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v

 Historically, radiation oncologists relied on bony landmarks to determine radiation portals and 
approximate areas that could be at risk for harboring gross and/or microscopic disease. 
The introduction of cross-axial imaging with CT scans in the 1970s and MRIs in the 1980s 
allowed us to more precisely visualize areas at risk for disease. The subsequent development 
of 3D conformal radiotherapy (3DCRT) and intensity-modulated radiotherapy (IMRT) allowed 
us to take advantage of more precise target defi nitions by sculpting the dose of radiation to 
avoid critical structures. These advances afforded us the possibility to improve outcomes while 
simultaneously decreasing toxicity from treatment. 

 However, these more precise techniques of radiotherapy pose a unique set of risks. 
Conformal radiotherapy requires signifi cantly more attention to target volume delineation 
(CTV) than was previously needed. For conventional 2D treatments, knowledge of bony 
 landmarks was suffi cient. Comparatively, the interpretation of cross-axial imaging requires 
signifi cantly more anatomic knowledge to accurately delineate target volumes (CTV). Further, 
IMRT can be very unforgiving if used inappropriately. If a region is not included in the target 
volume (CTV), it will receive a subtherapeutic dose and is at risk for recurrence. 

 Randomized trials over the past decade have demonstrated that conformal techniques can 
improve outcomes in patients. These trials have also uncovered signifi cant risks from these 
conformal techniques. In multiple disease sites, the quality of radiotherapy is consistently 
associated with outcomes. Central review of treatment plans has demonstrated that inadequate 
target volumes (PTVs and CTVs), leads to inadequate treatment, and subsequently poorer 
outcomes. 

 Although there are many textbooks in the fi eld, most focus on the natural history of disease 
and the evidence for radiotherapy, rather than on the technical details required for target 
 delineation. We saw an urgent need for a resource that focuses on how to delineate target 
 volumes (CTVs) for radiotherapy. The best way to understand what to target is to see cases, 
and so, each chapter provides slice-by-slice illustrations of target volumes on planning CT 
scans. We hope this book can serve as the equivalent of the radiologist’s atlas. The text in each 
chapter is focused on knowledge that is important for accurately delineating target volumes 
and the reasons behind the volumes. The text is not suffi cient to understand all the important 
oncologic aspects of a particular cancer, but it is suffi cient to understand the radiotherapy 
 technique for a particular disease. 

 We hope this will serve as a valuable resource to physicians in the community, residents in 
training, and others looking to understand the anatomic underpinnings of radiotherapy.  

 New York Nadeem Riaz 
 Shanghai Jiade Lu 
 New York Nancy Lee 

  Pref ace   
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1                 Anatomy and Patterns of Spread 

•     The nasopharynx is a cubodial chamber that is posteriorly 
bound by the C1–C2 vertebral body and sphenoid bone. 
Anteriorly, it connects with the nasal cavity and begins at 
the posterior choanae. Inferiorly, it connects with the oro-
pharynx and the superior surface of the soft palate forms 
the fl oor of the cavity (Fig.  1a ).  

•   The eustachian tube is located in the lateral wall and 
bounded by a prominence known as the torus tubarius. 
Posterior to the torus is the fossa of  Rosenmüller,  which is 
the most common site for nasopharyngeal malignancies. 
In advanced cases, the tumor can invade the middle ear 
through the eustachian tube (Fig.  1b ).

•      Anteriorly, the tumor can extend into the nasal fossa 
(87 %) (Fig.  7 ) and result in destruction of the pterygoid 
plates (27 %). Less commonly, the tumor can invade the 
ethmoid and maxillary sinus or infi ltrate the orbital apex.  

•   Laterally, the tumor can extend into the parapharyngeal 
space (68 %), which is an important part of T staging for 
a tumor (Figs.  7  and  8b ). Extension into this space can 
occasionally lead to invasion of cranial nerves IX to XII 
in advanced disease.  

•   Superiorly, nasopharyngeal carcinoma can directly invade 
the base of the skull, the sphenoid sinus, and the clivus 
(41 %). The foramen lacerum is a vulnerable spot through 
which the tumor may enter the cavernous sinus (16 %) 
and the middle cranial fossa to invade cranial nerves III to 
VI. The foramen ovale also allows access for the tumor to 
invade the middle cranial fossa, in addition to the petrous 
portion of the temporal bone (19 %), and the cavernous 
sinus.  

•   The posterior extension of NPC is less common and can 
include invasion of prevertebral muscles (19 %) and infe-
rior invasion of the oropharynx (21 %).  
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•   Ipsilateral lymphadenopathy is appreciable in 85–90 % of 
NPC cases, and bilateral disease is present in approxi-
mately 50 % of cases.  

•   Retropharyngeal lymph nodes are commonly involved in 
nasopharyngeal cancer (Fig.  3b ).  

•   Lypmh node chains routinely involved include levels 
II–V. Level IA is rarely invovled with the disease. Figure  2  
shows the frequency of detection of lymph nodes at vari-
ous levels in NPC based on an MR study (Ng et al.  2007 ).

2           Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Fiber-optic examination provides the best means to assess 
the mucosal spread of disease. Typically, lesions are exo-
phytic in nature; however, 10 % may be submucosal and 
not visible on endoscopic examination.  

•   Cranial nerve defi cits can occur in 10 % of patients with 
NPC, and their detection will result in alterations to target 
volumes (most commonly CN VI, V, XII, IX, and X).
 –    For CN IX and X: Cover jugular foramen  
 –   For CN V: Cover pterygopalatine fossa, cavernous 

sinus, foramen rotundum, and foramen ovale  
 –   For CN VI: Cover cavernous sinus     

•   MRI provides superior assessment of skull base involve-
ment and tumor invasion into soft tissue structures com-
pared to CT scan (Abdel Khalek Abdel Razek & King 
 2012 ), in particular.

 –    T2-weighted fast spin echo: Depict involvement of 
parapharyngeal space, paranasal sinus, and retropha-
ryngeal lymph node involvement (Fig.  3b ).  

Nasopharynx

Sphenoid sinus

Soft palate

Oropharynx

C2

Torus tubarius

Fossa of rosenmuller

a b

  Fig. 1    ( a ) T1-weighted sagittal sequence. ( b ) T1-weighted axial sequence       

  Fig. 2    Distribution    of positive nodes at different neck levels based on 
magnetic resonance imaging in 202 patients (Ng et al.  2007 ) (Adapted 
from Jack Baskin et al. ( 2013 ) Fig. 8.1 (with permission))       
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 –   T1 non-contrast: Determine involvement of clivus 
(sagittal cuts) and skull base involvement (Fig.  3c ). 
Tumor invasion of marrow is typically hypointense 
relative to normal marrow.  

 –   T1 post-contrast: Determine perineural invasion and 
intracranial involvement (Fig.  8 ).     

•   Fusion of the skull base portion of the MRI can aid in the 
delineation of the GTV. CT still provides superior assess-
ment of cortical bone involvement.  

•   MRI is better able to differentiate retropharyngeal lymph 
nodes from the primary tumor compared to CT.  

•   Any evidence of enlarged retropharyngeal lymph nodes 
should be considered gross disease. For other lymph node 
beds, the presence of central necrosis, extracapsular 
spread, or a short-axis diameter of 10 mm suggests pos-
sible involvement with the disease. PET/CT may also 
help clarify whether borderline nodes are involved with 

the disease. As a general rule, given that NPC has a high 
likelihood of nodal spread, any suspicious nodes should 
be considered as gross disease.

3           Simulation and Daily Localization 

•     Set up the patient in supine position with the head 
extended. The immobilization device should include at 
least the head and neck. If possible, shoulders should also 
be immobilized to ensure accurate patient setup on a daily 
basis especially when an extended-fi eld IMRT plan is 
used. A bite block can be placed during simulation and 
throughout radiation to push the tongue away from the 
high-dose nasopharynx region.  

•   CT simulation using 3 mm thickness with IV contrast 
should be performed to help guide the GTV target, 

a

c

b

  Fig. 3    MR imaging of the nasopharynx: ( a ) T1-weighted post-contrast 
sequence demonstrates a right-sided nasopharyngeal primary invading 
the prevertebral musculature. Note that the fascial plane demarcating 
the parapharyngeal space is intact ( arrow ). ( b ) T2-weighted fat- 

saturated sequence demonstrating a left-sided retropharyngeal lymph 
node ( arrow ). Often on CT, these can be diffi cult to distinguish clearly 
from the primary. ( c ) Sagittal T1-weighted sequence demonstrates dif-
fuse infi ltration of the marrow of the clivus ( arrow )       
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 particularly for the lymph nodes. We typically recom-
mend a simulation scan from the top of the head includ-
ing the brain to the carina. 5 mm thickness can be 
reconstructed below the clavicle to the level of the carina. 
The isocenter is typically placed just above the 
arytenoids.  

•   Image registration and fusion applications with MRI and 
PET scans should be used to help in the delineation of 
target volumes, especially for regions of interest encom-
passing the GTV, skull base, brainstem, and optic chiasm. 
The GTV and CTV and normal tissues should be outlined 
on all CT slices in which the structures exist.  

•   Daily image-guided setup with KV images can allow for 
reduced margins near critical structures (brainstem), and 
we often utilize this in our own clinical practice.     

4     Target Volume Delineation 
and Treatment Planning 

•     Suggested target volumes at the GTV and high-risk CTV 
are detailed in Table   s  1  and  2  and are based on guidelines 
from RTOG Nasopharyngeal Cancer Trials (Lee et al. 
 2009 ). Alternative volume delineation strategies and dose 

fractionation schemes are thoroughly discussed in a 
review article by Wang et. al (Wang et al.  2012 ). Selected 
fractionation schemes are briefl y reviewed in Table  3 .  

   Table 1    Suggested target volumes at the gross disease region   

 Target volumes  Defi nition and description 

 GTV 70  a  (the subscript 
70 denotes the radiation 
dose delivered) 

 Primary: all gross disease on physical 
examination and imaging (see above 
regarding the importance of MRI) 
 Neck nodes: all nodes ≥ 1 cm or those with 
necrotic center 

 CTV 70  a   GTV 70  + 3 mm margin or less around 
critical structures like the brainstem, a 
1 mm margin is acceptable (Figs.  5  and  7 ) 

 PTV 70  a   CTV 70  + 3–5 mm, depending on the 
comfort level of daily patient positioning. 
Around critical structures like the 
brainstem, a 1 mm margin is acceptable 
(Fig.  10 ) 

   a PTV 70  receives 2.12 Gy/fraction to 70 Gy over 33 fractions. For the 
treatment of nodes that are small (i.e., ~1 cm), a lower dose of 63 Gy 
(PTV 63 ) can be considered at the discretion of the treating physician  

     Table 2    Suggested target volumes at the high-risk subclinical region   

 Target volumes  Defi nition and description 

 CTV 59.4  a   CTV 59.4  (Fig   s.  4 ,  5 ,  6 ,  7 ,  8 ,  9 ,  10 , and  11 ) should 
encompass CTV 70  with a 5 mm margin and regions 
at risk for microscopic disease which include: 
  Entire nasopharynx 
   Anterior 1/3 of the clivus (entire clivus, if 

involved) 
   Skull base (ensuring coverage of the foramen 

ovale where V3 resides and the foramen 
rotundum) 

  Pterygoid fossa 
  Parapharyngeal space 
   Inferior sphenoid sinus (entire sphenoid sinus 

in T3–T4 disease) 
   Posterior 1/4 of the nasal cavity/maxillary 

sinuses (ensuring coverage of the 
pterygopalatine fossa where V2 resides) 

  Inferior soft palate 
  Retropharyngeal lymph nodes 
  Retrostyloid space 
  Bilateral nodal levels IB through V b  
 Include cavernous sinus for advanced T3–T4 
lesions (Fig.  7 ) 
 Importance of reviewing bone window while 
contouring on CT scan to ensure coverage of skull 
base foramens (Fig.  6 ) 

 PTV 59.4  a   CTV 59.4  + 3–5 mm, depending on the comfort of 
the physician, but around critical structures like the 
brainstem, a 1 mm margin is acceptable (Fig.  5 ) 

   a High-risk subclinical dose (PTV 59.4 ): 1.8 Gy/fraction to 59.4 Gy. For 
lower-risk    subclinical regions  excluding the nasopharynx/skull base 
regions where they are always considered high risk , 1.64 Gy/fraction to 
54 Gy (PTV 54 ), i.e., N0 neck or low neck (levels IV and VB), can be 
considered at the discretion of the treating physician 
  b Level IB can be omitted in node-negative disease. At the discretion of 
the physician, level 1B may also be spared in low-risk node-positive 
patients (e.g., isolated retropharyngeal nodes or isolated level IV nodes 
are considered low risk for level 1B involvement). At the same time, the 
treatment of level 1B should be considered in node-negative patients 
with certain features (e.g., involvement of hard palate or nasal cavity)  

N. Riaz et al.
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•   The gross tumor volume (GTV) is defi ned as all known 
gross disease deteremined from CT, MRI, clinical infor-
mation, and endoscopic fi ndings. Grossly positive lymph 
nodes are defi ned as any lymph nodes > 1 cm or nodes 
with a necrotic center.  

•   CTV59.4 is defi ned as regions at high risk for micro-
scopic disease, which include all potential routes of 
spread for primary (CTV59.4-P) and nodal disease 
(CTV59.4-N). See Table  2  for full details.  

•   CTV59.4-N for microscopic nodal disease includes high- 
risk lymph node regions. These include the bilateral upper 
deep jugular, retropharyngeal, and level II, III, IV, and V 
lymph nodes. Level IB can be spared in selected patients 
(see Table  2  for full details).  

•   The low anterior neck can be separately treated with con-
ventional AP or AP/PA portals. This volume is defi ned as 
a low-risk subclinical region and can receive a lower dose, 
50.4 Gy in 1.8 Gy per fraction.  

•   At the discretion of the treating physician, an additional 
CTV can be used, CTV63. A lower dose of 63 Gy can be 
used for small-volume lymph node disease. An example 
of the appropriate application of this intermediate dose is 
when there are small lymph nodes close to the mandible 
or in the lower neck close to the brachial plexus.

•         High-risk CTV 59.4 coverage in this case begins at the 
inferior extent of the sphenoid sinus, which is a common 
route of superior extension for NPC.  

•   Note that the high-risk CTV covers the posterior portion 
of the nasal cavity.  

•   The coverage of the pterygoid plates by CTV59.4 in 
Fig.  4  is designed to ensure adequate coverage of the pter-
ygopalatine fossa, which is a common route of spread for 
NPC. The pterygoid plates serve as an easily identifi able 
landmark on CT.  

•   The CTV 59.4 contour includes several muscles that are 
not part of the parapharyngeal space or at high risk for 
microscopic spread – but, however, are included to provide 
a smooth volume for treatment planning purposes (see 
Fig.  4  annotation with parapharyngeal space and Fig.  6b ).

•      When the clivus is involved with the disease as in Fig.  3 , 
the entire clivus should be included in the high-risk CTV 
(see also Fig.  6b ).  

•   Note that adequate coverage of the base of the skull and 
foramen at high risk of microscopic disease requires bone 
windows for appropriate visualization (see Fig.  6a ).

•       Gross disease in the sphenoid sinus as in Fig.  7  requires 
coverage of the entire sphenoid sinus in the high-risk 
CTV (see MR correlate, Fig.  8 ). Note that in    these cases, 
high-risk CTV will abut optic structures and may need to 
compromise coverage in the region to stay within the tol-
erance of normal tissue.  

•   Note that in this case, the disease invades into the infra-
temporal fossa and the masticator space; see Fig.  8  for 
MR correlates.

•       Gross disease in the base of the skull is covered with very 
tight CTV expansion (≤1 mm) to protect the brainstem. In 
cases like this, daily KV imaging is recommended to 
ensure accurate setup.

   Table 3    Selected IMRT dose fractionation schemes used for nasopharyngeal cancer   

 RTOG (Lee et al.  2012 )  Fujan (Lin et al.  2009 )  SKL (Su et al.  2012 )  PWH (Kam et al.  2004 ) 

 Gross Dz dose (Gy)  69.96  66.0–69.75  68.0  66–74 
 Gross Dz (dose/fraction)  2.12  2.2–2.25  2.27  2.0 
 High-risk region dose  59.40  60–60.45  60.0  60 
 High-risk region dose/Fx  1.80  1.95–2  2.0  1.82 
 Low-risk region dose  50–54.12  54–55.8  50–54  54–60 
 Low-risk region dose/Fx  1.64–2.0  1.8  1.8–2.0  2 
 Margin around GTV (mm) a   10  8–13  NA  13 

   SKL  State Key Laboratory of Oncology in Southern China (Guangzhou);  PWH  Prince of Wales Hospital (Hong Kong) 
  a Margin is for primary tumor GTV70, including CTV expansion on GTV and PTV expansion  

Nasopharyngeal Carcinoma
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CTV59.4: coverage of
inferior sphenoid

sinus
CTV70: nasopharynx

primary tumor

CTV59.4: cover
pterygoid plates

CTV59.4: cover
parapharyngeal
space & NPX

CTV59.4: cover age of
retrostyloid space

  Fig. 4    Target delineation GTV 70  ( red ) and CTV 59.4  ( green ) in a patient 
with T1N1 nasopharyngeal carcinoma with retropharyngeal and level II 
nodes in a cranial-to-caudal direction. Notice the inclusion/exclusion of 

nodal level 1B of the N + ( green ) versus N0 ( blue ) neck. Please note that 
these are representative slices and not all slices are included         
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CTV59.4: begin
covering Level V at

hyoid bone

Level IB absent
on N0 side

Fig. 4 (continued)
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  Fig. 5    Target delineation GTV 70  ( red ) and CTV 59.4  ( green ) in a patient with T3N2 nasopharyngeal carcinoma. Please note that these are representa-
tive slices and not all slices are included         

CTV59.4: cover
posterior portion
of nasal cavity

Note primary
tumor involving

b/l NPX

Since T3, coverage
of Clivus in GTV70
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Fig. 5 (continued)

CTV59.4:
Coverage of

Foraman
Ovale

Cochlea

CTV59.4: Coverage
of Ptergopalatine

Fossa
CTV59.4:

Coverage of
Parapharyngeal

Fat

CTV59.4: Coverage of Soft
Palate

CTV59.4: Coverage of Skull Base

a b

  Fig. 6    An example of GTV 70  ( red ) and CTV 59.4  ( green ) in T3N2 nasopharyngeal carcinoma: ( a ) bone window; ( b ) soft tissue window       
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Optic chiasm Sphenoid sinus

Gross disease in
posterior nasal cavity

Invasion into
infratemporal fossa

Invasion into
parapharyngeal and

masseter space

  Fig. 7    Target delineation GTV 70  ( red ) and CTV 59.4  ( green ) in a patient with T4N2 nasopharyngeal carcinoma with focus at the primary site. Please 
note that these are representative slices and not all slices are included       
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a b

  Fig. 8    MRI for the patient in Fig.  7 . ( a ) Coronal T1 post-contrast 
sequence demonstrating infratemporal invasion ( white arrow ) and 
involvement of sphenoid sinus ( red arrow ). ( b ) Axial T1 post-contrast 

sequence demonstrating parapharyngeal involvement and V3 involve-
ment ( white arrow )       
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Gross disease in
cavernous sinus

Note CTV59.4
coverage of posterior
maxillary sinus, nasal

cavity

Gross disease in
base of skull

  Fig. 9    Target delineation GTV 70  ( red ) and CTV 59.4  ( green ) in another patient with T4N2 nasopharyngeal carcinoma focusing at the primary site. 
Please note that these are representative slices and not all slices are included       
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PTV 70

PTV margins as small as 1mm
in areas near brainstem

PTV 59.4

PTV 59.4

a b

  Fig. 10    ( a ) Red: GTV70 and PTV70 (inner and outer). Green CTV and PTV 59.4. ( b ) Same coloring as ( a )       

Important to cover posterior neck unlike other head and
neck sites

CTV59.4: Posterior Coverage of level V (Trapezius Muscle)

CTV59.4: Posterior Coverage of level V (Trapezius Muscle)

a b

  Fig. 11    An    example of level V nodal disease. Therefore, it is important to have level V nodal coverage: ( a ) CTV 59.4  ( green ), GTV 70  ( red ) and ( b ) 
CTV 59.4  and PTV 59.4  (inner and outer contours, respectively)       
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5            Plan Assessment 

•     In advanced cases, we typically prioritize normal struc-
ture constraints, specifi cally the brainstem, spinal cord, 
and optic chaism over full coverage of the tumor.  

•   Ideally, at least 95 % of the volume of PTV 70  should 
receive 70 Gy. In addition, the minimum dose to 99 % of 
CTV 70  should be > 65.1 Gy. The maximum dose received 
by 0.03 cc of PTV 70  should be < 80.5 Gy.  

•   For PTV 59.4 , 95 % of the volume should receive the pre-
scribed dose. The minimum dose to 99 % of CTV 59.4  
is > 55.2 Gy. The maxiumum dose to 0.03 cc of PTV 59.4  
should be 68.3 Gy.  

•   Many critical normal structures surround the nasophar-
ynx and therefore need to be outlined for dose constraints 
(Table  4 ). These structures include    the brainstem, spinal 
cord, optic nerves, chiasm, parotid glands, pituitary, tem-
poromandibular (T-M) joints and middle and inner ears, 
skin (in the region of the target volumes), oral cavity, 

mandible, eyes, lens, temporal lobe, brachial plexus, and 
esophagus (including the postcricoid pharynx), and the 
glottic larynx should be outlined.

       Suggested Reading 

    INT 00-99 (Al-Sarraf et al.  1998 ): Established role of che-
motherapy in locally advanced NPC  

  RTOG 06-15 (Lee et al.  2012 ): Describes RTOG treatment 
guidelines for NPC  

  Wang et al. ( 2012 ): Reviews differences in treatment vol-
umes amongst published IMRT studies in NPC  

  RTOG neck contouring atlas (Gregoire et al.  2003 )  
  MRI and CT anatomy reference (Abdel Khalek Abdel Razek 

and King  2012 ): MRI and CT nasopharyngeal carcinoma 
anatomy         
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   Table 4    Intensity-modulated radiation therapy: normal tissue dose 
constraints   

 Critical structures  Constraints 

 Brainstem  Max < 54 Gy or 1 % of the PTV cannot 
exceed 60 Gy 

 Optic nerves  Max < 54 Gy or 1 % of the PTV cannot 
exceed 60 Gy 

 Optic chiasm  Max < 54 Gy or 1 % of the PTV cannot 
exceed 60 Gy 

 Spinal cord  Max < 45 Gy or 1 cc of the PTV cannot 
exceed 50 Gy 

 Mandible and TMJ  Max < 70 Gy or 1 cc of the PTV cannot 
exceed 75 Gy 

 Brachial plexus  Max < 66 Gy 
 Temporal lobes  Max < 60 Gy or 1 % of the PTV cannot 

exceed 65 Gy 
 Other normal 
structures 

 Constraints 

 Oral cavity  Mean < 40 Gy 
 Parotid gland  (a) Mean ≤ 26 Gy in one gland 

 (b) Or at least 20 cc of the combined volume 
of both parotid glands will receive < 20 Gy 
 (c) Or at least 50 % of one gland will 
receive < 30 Gy 

 Cochlea  V55 < 5 % 
 Eyes  Mean < 35 Gy, max < 50 Gy 
 Lens  Max < 25 Gy 
 Glottic larynx  Mean < 45 Gy 
 Esophagus, 
postcricoid pharynx 

 Mean < 45 Gy 

   PTV  planning target volume 
 Based on guidelines presently used at Memorial Sloan-Kettering 
Cancer Center  
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1                      Anatomy and Patterns of Spread 

•     The oropharynx is contiguous with the oral cavity 
 anteriorly, the larynx and hypopharynx inferiorly, and the 
nasopharynx superiorly. It is commonly divided into four 
subsites: the tonsillar region, base of the tongue, soft pal-
ate, and pharyngeal wall (Fig.  1 ).

•      The anterior and posterior tonsillar pillars are mucosal 
folds produced by the underlying palatoglossal muscle 
and palatopharyngeal muscle, respectively. These pillars 
defi ne the borders of the tonsillar fossa, which contains 
the palatine tonsil. Tonsillar cancers most commonly arise 
on the anterior pillar and may extend superiorly along this 
structure towards the soft palate or inferiorly towards 
the base of the tongue. Anterolateral spread along the 
pharyngeal constrictor muscle to the  pterygomandibular 
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  Fig. 1    Subsites of the oropharynx:  a  tonsil,  b  base of the tongue,  c  soft 
palate,  d  pharyngeal wall       
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raphe and retromolar trigone may occur. Superolateral 
spread to the infratemporal space can be seen in advanced 
cases.  

•   The base of the tongue is bounded anteriorly by the cir-
cumvallate papillae. Inferiorly, the vallecula is considered 
part of the base of the tongue, while the epiglottis belongs 
to the supraglottic larynx. Cancers of the tongue base may 
spread anteriorly into the oral tongue and/or fl oor of the 
mouth or posteriorly/inferiorly via the vallecula into the 
preepiglottic space.  

•   The inferior surface of the soft palate and uvula belong to 
the oropharynx, while the superior surface is a nasopha-
ryngeal structure. Tumors of the soft palate may spread 
laterally/inferiorly to the tonsil via the anterior tonsillar 
pillar or superiorly towards the nasopharynx.  

•   The superior pharyngeal constrictor muscle forms the 
posterior and lateral walls of the oropharynx. Cancers of 
the lateral and posterior pharyngeal walls may spread via 
the mucosa or submucosa towards the hypopharynx and/
or nasopharynx. Skip lesions are not uncommon.

•      Lymphatic spread is predictable. Ipsilateral level II is the 
most common location for lymph node metastasis. Next 
echelon lymphatic drainage includes levels III and IV and 
the retropharyngeal lymph nodes. Involvement levels I 
and V is uncommon (Fig.  2 ).  

•   The incidence of retropharyngeal nodal involvement 
 varies by subsite. Bussels et al. reported a signifi cantly 
higher incidence in those with primary tumors of the 
 posterior pharyngeal wall (38 %) and soft palate (44 %) 
than those with primary tumors of the base of the tongue 
(13 %) or tonsil (14 %) (Bussels et al.  2006 ).     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Both physical examination and imaging should be used 
for delineation of the gross tumor volume.  

•   Visual inspection, palpation, and fi ber-optic examination 
are critical for accurate delineation of mucosal extension. 
The true extent of mucosal extension may be missed on 
imaging but appreciated on clinical examination (Fig.  3 ).

•      MRI has distinct advantages in soft tissue discrimination 
and reduced dental amalgam interference. It provides 
complementary information to CT and PET and may 
allow for improved GTV and normal tissue delineation.
 –    T2-weighted with fat saturation: assessment of retro-

pharyngeal lymph nodes, parapharyngeal space, and 
preepiglottic space  

 –   T1-weighted pre-contrast: used primarily for evalua-
tion of fate planes, especially parapharyngeal fat space 
for asymmetry. Additional utility for assessment of 
bone marrow  

 –   T1-weighted post-contrast: assessment of perineural 
invasion     

•   The use of MRI requires co-registration or fusion with the 
CT simulation scan. The use of immobilization mask 
 during MRI allows for improved fusion accuracy but 
may  preclude the use of a dedicated head and neck coil.  

•   Diffusion-weighted (DWI) MRI provides apparent diffu-
sion coeffi cients (ADC), which are inversely correlated 
with tissue cellularity. DW-MRI has a high negative pre-
dictive value for the assessment of lymph node metastases 
(Vandecaveye et al.  2009 ).  

  Fig. 2    Estimated risk of pathologic nodal involvement by level when 
negative by CT imaging for T1–T2 oropharyngeal primary tumors 
(Sanguineti et al.  2009 ) (Figure printed with permission from 
publisher- Elsevier)       
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•   CT remains superior to MRI for the assessment of cortical 
bone invasion. Administration of iodinated contrast is 
recommended for enhanced tumor discrimination.  

•   FDG-PET provides metabolic information that is comple-
mentary to CT and MRI. It has been shown to reduce 
interobserver variability in tumor delineation and may aid 
in the identifi cation of tumor extension missed by CT or 
MRI (Syed et al.  2005 ).  

•   FDG-PET has been shown to provide metabolic informa-
tion that is of prognostic value independent of tumor size 
and T-category (Romesser et al.  2012 ).  

•   Limitations of FDG-PET include poor spatial resolution 
and low sensitivity for small-volume lymph node metas-
tases. The absence of FDG uptake in an otherwise suspi-
cious lymph node should not be considered reassuring.     

3     Simulation and Daily Localization 

•     The patient should be set up in the supine position with 
the neck extended. The immobilization device (Aquaplast 
mask) should provide adequate shoulder immobilization. 
Bite-block and/or mouth guard may be inserted.  

•   CT simulation using 2.5–3 mm slice thickness with IV 
contrast. Isocenter is typically placed just above the aryte-
noid cartilages.  

•   MRI and PET images, if available, may then be registered 
or fused to the CT simulation scan.  

•   At MSKCC, image guidance is achieved with daily linear-
accelerator- mounted 2D kV imaging and weekly kV 
conebeam CT. Alternative methods for image guidance 
include orthogonal kV imaging (“ExacTrac”) or linear-
accelerator- mounted MV CT images (“TomoTherapy”).  

•   CTV to PTV expansion of 3–5 mm, depending on the 
accuracy of daily patient positioning and image guidance.     

4     Target Volume Delineation 
and Treatment Planning 

4.1     Selected IMRT Dose Fractionation 
Schemes for Oropharyngeal Cancer 

•     Standard fractionation (33 fractions) with integrated 
boost. Gross disease dose: 69.96 Gy in 33 fractions. High-
risk subclinical disease dose: 59.4 Gy in 33 fractions. 
Low- risk subclinical disease dose: 54.12 Gy in 33 frac-
tions. Single phase (simultaneous integrated boost), with 
5 fractions weekly (Garden et al.  2013 ; Setton et al.  2012 ).  

•   Standard fractionation (35 fractions) with cone-down. 
Gross disease dose: 70 Gy in 35 fractions. Subclinical dis-
ease dose: 54 Gy in 30 fractions. Initial phase (simultane-
ous integrated boost): 2 Gy per fraction to gross disease, 
1.8 Gy per fraction to subclinical disease (30 fractions). 
Boost: 2 Gy per fraction to gross disease.  

•   RTOG 00–22. Gross disease dose: 66 Gy in 30 fractions. 
Subclinical disease dose: 54 Gy in 30 fractions. Optional 
high-risk subclinical disease dose: 60 Gy in 30 fractions. 
Single phase with one plan (simultaneous integrated 
boost), with 5 fractions weekly (Eisbruch et al.  2010 ).  

•   RTOG 10–16. Gross disease dose: 70 Gy in 35 fractions. 
High-risk subclinical disease dose: 56 Gy in 35 fractions. 
Low-risk subclinical disease dose: 50–52.5 Gy in 35 frac-
tions. LAN fi eld dose: 44 Gy in 22 fractions. Single phase 
with one plan (simultaneous integrated boost), six frac-
tions weekly.  

•   Concomitant boost (RTOG 90–03, 01–29): two phases, 
twice daily treatment for the last 12 days. Total duration 
of 6 weeks. 54 Gy in 30 fractions to gross and subclinical 
disease. For the last 12 fractions, a second daily fraction 
to gross disease of 1.5 Gy is delivered (at least 6-h inter-
val) (Ang et al.  2010 ; Beitler et al.  2014 ).     

4.2     Split-Field Versus Whole-Field IMRT 

•     For patients without low neck disease, a low anterior AP 
fi eld with larynx block is matched to the IMRT fi eld at the 
isocenter just above the arytenoids. Dose is 45–50 Gy in 
20–25 fractions, prescribed to 3 cm depth. In cases of 
gross involvement of the low neck or near the match-line, 
whole neck IMRT is preferred.     

Low bulk
tumour
extension
to
retromolar
trigone

  Fig. 3    Direct visualization of anterior mucosal spread to retromolar trigone       
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4.3     Suggested Target Volumes 

  Table 1    Suggested target volumes for gross disease           

 Target volumes  Defi nition and description 

 GTV 70   Primary: all gross disease as defi ned by clinical examination (e.g., base of tongue tumors that are superfi cial and not apparent 
on imaging) and imaging 
 Neck nodes: all suspicious (>1 cm, necrotic, enhancing, or FDG avid) lymph nodes. Borderline suspicious lymph nodes may 
be treated to an intermediate dose (66 Gy in 33 fractions) 

 CTV 70   Typically same as GTV 70  (no added margin). Margin of 5 mm may be added if there is uncertainty in extent of gross tumor so 
that GTV 70  + 5 mm = CTV 70  

 PTV 70   CTV 70  + 3–5 mm, depending on accuracy of daily patient positioning and image guidance 

  Table 2    Suggested target volumes for subclinical disease: general guidelines           

 Target volumes  Defi nition and description 

 CTV 59.4   Primary: generally the primary CTV59.4 should encompass GTV + minimum 1 cm margin while respecting anatomical 
barriers to spread, including bone, air, and skin 
 Neck nodes – should include the at-risk lymphatic areas in the  node-positive neck : 
  Levels II–IV 
  Lateral retropharyngeal lymph nodes up to skull base/jugular foramen 
  High level II/retrostyloid space (see Fig.  7 ) 
 Although sparing of ipsilateral IB is controversial, at MSKCC, it is routinely spared unless there is gross involvement or 
extension of the primary GTV into the oral cavity (Tam et al.  2013 ) 

 CTV 54   Neck nodes – should include the at-risk lymphatic areas in the  node-negative  neck: 
  Levels II–IV 
  Lateral retropharyngeal lymph nodes up to C1 
  High level II/retrostyloid space is excluded 

  Table 3    Suggested target volumes for subclinical disease: subsite-specifi c guidelines           

 Target volumes  Defi nition and description 

  Tonsil  
 Primary CTV 59.4   Ipsilateral soft palate, ipsilateral base of the tongue, ipsilateral glossotonsillar sulcus. Superiorly, ipsilateral 

pharynx superiorly to pterygoid plate (Figs.  4  and  5 ). Inferiorly, at least 1 cm below GTV, down to level of the 
hyoid for advanced tumors. Consider coverage of ipsilateral retromolar trigone if anterolateral spread along 
pharyngeal constrictor to the pterygomandibular raphe is suspected 

 Nodal CTV 59.4  or CTV 54   In patients with well-lateralized T1-2, N0-1 primary tumors (at least 1cm from central structures) without base of 
tongue or soft palate involvement, treatment of the ipsilateral neck may be considered. In such cases, the nodal 
CTV can be limited to ipsilateral levels II–IV, ipsilateral lateral retropharyngeal lymph nodes (Figs.  4  and  5 ). In 
node-positive patients, treat level II–IV bilaterally and lateral retropharyngeal nodes. At MSKCC, we do not 
routinely treat level Ib or V, unless involved or considered at high risk 

  Base of the tongue  
 Primary CTV 59.4   Glossotonsillar sulcus, vallecula, preepiglottic space (Figs.  6  and  7 ). Superiorly cover to level of the tip of the 

uvula. Consider inclusion of entire supraglottic larynx with epiglottic involvement (Fig.  7 ). Anteriorly, ensure the 
entire base of the tongue is covered; often this may require 1 cm of coverage of oral tongue (use signal differences 
in lymphoid tissue to help delineate as one cannot see circumvallate papillae) 

 Nodal CTV 59.4  or CTV 54   Bilateral levels II–IV, lateral retropharyngeal LN. IB only with signifi cant extension of the primary GTV into the 
oral cavity. At MSKCC, we do not routinely treat level Ib or V, unless involved or considered at high risk 

  Soft palate  
 Primary CTV 59.4   Entire soft palate, superior aspect of tonsillar pillars + fossa, adjacent nasopharynx superiorly to pterygoid plate. 

For advanced primaries, consider inclusion of pterygopalatine fossa. Ensure adequate coverage anteriorly, which 
may require coverage of portion of the hard palate. If pterygopalatine fossa is involved, assessment of the base of 
skull with MRI is required. 

 Nodal CTV 59.4  or CTV 54   Bilateral levels II–IV, lateral retropharyngeal LN to skull base given propensity for involvement (Fig.  9 ). At 
MSKCC, we do not routinely treat level Ib or V, unless involved or considered at high risk 

  Pharyngeal wall  
 Primary CTV 59.4   Generous superior-inferior margins given the possibility of skip lesions. In patients with advanced primary tumors, 

consider extending CTV cranially to include nasopharynx and caudally to include hypopharynx (Fig.  8 ) 
 Nodal CTV 59.4  or CTV 54   Bilateral levels II–IV, lateral retropharyngeal LN. Consider inclusion of lateral retropharyngeal lymph nodes to 

skull base given propensity for involvement. At MSKCC, we do not routinely treat level Ib or V, unless involved or 
considered at high risk 
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Pterygoid plates

CTV59.4:ipsilateral
soft palate

CTV59.4:pterygomandibular raphe

CTV59.4:coverage of
ipsilateral pharynx to
pterygoid plates

Posterior belly
of digastric m.

Retromolar trigone

Anterior belly
of digastric m.

CTV54:omission of high level II

CTV59.4:omission of ipsilateral IB

CTV59.4:1 cm CTV margin

IJV

GTV70:base of tongue extension

Greater horn
of hyoid

CTV59.4:coverage to hyoid

  Fig. 4    Representative slices of target delineation in a patient with cT4aN2b squamous cell carcinoma of the right tonsil. GTV 70  ( red ), CTV 59.4  
( green ), CTV 54  ( blue )       
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Pterygomandibular raphe
GTV70: extension along
glossotonsillar sulcus

GTV70: base of tongue
extension

GTV70: extension to
vallecula, epiglottis

Parapharyngeal space

Genioglossus m.

Medial pterygoid m.

Mylohyoid m.

Hyoglossus m.

Pharyngeal
constrictor m.

  Fig. 5    Representative axial slices from registered MRI/CT simulation scan for a patient with cT3N2c squamous cell carcinoma of the right tonsil 
(GTV 70 :  red , CTV 59.4 :  green )       
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CTV54:coverage of
ipsilateral pharynx to
pterygoid plate

CTV54:coverage of
ipsilateral soft palate

CTV54:coverage of
adjacent ipsilateral
tongue base

CTV54:spare ipsilateral
level IB

Isocentric match to
unilateral LAN field.

GTV70:well-lateralized
primary lesion

  Fig. 6    Representative slices of target delineation in a patient with cT1N0 well-lateralized squamous cell carcinoma of the left tonsil. GTV 70  ( red ), 
CTV 54  ( green )       
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CTV59.4 : glossotonsillar
sulcus

CTV59.4 : superiorly cover to
level of tip of uvula

CTV54 : coverage of bilateral
RP to C1

CTV54 : sparing of
contralateral high level II

CTV59.4 : coverage of entire
base of tongue anteriorly

CTV54 : RP
coverage to
hyoid

GTV70 : extension to
vallecula

CTV59.4 : coverage of
pre-epiglottic space

ipsilateral NO neck
included in CTV54 :

Uvula

  Fig. 7    Representative slices of target delineation in a patient with cT2N0 squamous cell carcinoma of the right base of the tongue and vallecula. 
GTV 70  ( red ), CTV 59.4  ( green ), CTV 54  ( blue )       
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CTV59.4: coverage of
bilateral RP to skull
base in N+ neck

CTV59.4: coverage of
retrostyloid apace/
high level II in N+ neck

CTV59.4: coverage of ipsilateral
tonsillar region

CTV59.4: coverage of ipsilateral
IB given bulky nodal disease

CTV59.4: coverage of 
pre-epiglottic space

CTV59.4: subclavicular
fossa coverage in
bilateral N+ necks

  Fig. 8    Representative slices of target delineation in a patient with cT3N2c squamous cell carcinoma of the base of the tongue. GTV 70  ( red ), 
CTV 59.4  ( green )       
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CTV59.4: coverage of
bilateral RP to skull base

CTV59.4: coverage of
ipsilateral nasopharynx given
propensity for skip metastasis

CTV59.4: coverage of bilateral
retrostyloid space/high level II 

CTV59.4: glossotonsillar sulcus

CTV59.4: omission of 1BLymph node
with fatty hilum

CTV59.4: minimum 1.5 cm 
sup/inf pharyngeal margin

  Fig. 9    Representative slices of target delineation in a patient with cT3N2c squamous cell carcinoma arising from posterior pharyngeal wall. 
GTV 70  ( red ), CTV 59.4  ( green )       
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Inferior portion of
pterygopalaine fossa

Greater palatine foramen

CTV59.4: coverage of 
adjacent nasopharynx to 
pterygoid plate

CTV59.4: coverage of 
superior tonsillar region 
bilaterally

CTV59.4: minimum 1cm
mucosal margin

CTV54: coverage of RP to base of skull
bilaterally given propensity for
involvement with soft palate primary

Mandibular
foramen

Retromolar
trigone

Genioglossus m. Level 1B omitted

  Fig. 10    Representative slices of target delineation in a patient with cT3N0 squamous cell carcinoma of the soft palate. GTV 70  ( red ), CTV 54  ( blue )       
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CTV60: ipsilateral pharynx to
pterygoid plate

CTV60: ipsilateral soft palate

CTV60: ipsilateral glossotonsillar sulcus

CTV60: ipsilateral level V given
preoperative involvement

CTV54: contralateral RP start
at C1 in node-negative neck

CTV60: omit contralateral
high level II

  Fig. 11    Representative axial slices from postoperative CT simulation 
scan of patient with pT2N2b squamous cell carcinoma of the left tonsil 
treated with transoral robotic radical tonsillectomy and left modifi ed 

radical neck dissection yielding negative surgical margins and no 
 evidence of extracapsular extension (CTV 60 :  green , CTV 54 :  blue )       
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5                    Plan Assessment 

•     Prioritization for IMRT planning is as follows: critical struc-
tures > planning target volumes > other normal structures.  

•   PTV coverage and dose homogeneity criteria are listed in 
Table  4 . A 3-D isodose surface display is reviewed to 
ensure that hot spots are located inside the PTV.   
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   Table 4    Intensity-modulated radiation therapy: target criteria   

 PTV coverage  D95 ≥ prescription dose 
 Dose homogeneity  D05 PTV 70  ≤ 108 % of prescription dose 

(75.6 Gy) 
 D05 of PTV 59.4  and PTV 54  ≤ prescription 
of next higher-dose volume (70 Gy) 

  Based on guidelines presently used at Memorial Sloan-Kettering Cancer 
Center 
  PTV  planning target volume  

  Table 5    Intensity-modulated radiation therapy: normal tissue dose 
constraints   

  Critical structures    Constraints  
 Brain stem  Max < 54 Gy (guideline), <60 Gy (limit) 
 Optic nerves  Max < 54 Gy (limit) 
 Optic chiasm  Max < 54 Gy (guideline), <60 Gy (limit) 
 Spinal cord  Max < 45 Gy (guideline), <50 Gy (limit) 
 Brachial plexus  Max < 65 Gy (limit) 
  Other normal structures    Constraints  
 Oral cavity  Mean < 40 Gy 
 Submandibular gland  Mean < 39 Gy 
 Parotid gland  (a) Mean ≤ 26 Gy in one gland 

 (b)  Or at least 20 cc of the combined 
volume of both parotid glands will 
receive < 20 Gy 

 (c)  Or at least 50 % of one gland will 
receive < 30 Gy 

 Cochlea  Mean < 45 Gy, V55  < 5% 
 Eyes  Mean < 35 Gy, Max < 50 Gy 
 Lens  Max < 25 Gy 
 Glottic larynx  Mean < 45 Gy 
 Mandible not PTV  Max < 70 Gy 
 Mandible  No hot spots 
 Esophagus  Mean < 45 Gy 

  Based on guidelines presently used at Memorial Sloan-Kettering 
Cancer Center 
  PTV  planning target volume  
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1                 Anatomy and Patterns of Spread 

•     The oral cavity is the most anterior head and neck site. It 
is separated from the oropharynx by an imaginary line 
extending from the anterior tonsillar pillars to the junction 
of hard and soft palate to the circumvallate papillae.  

•   The oral cavity is divided into several subsites including 
the oral tongue, fl oor of the mouth, retromolar trigone, 
alveolar ridge, hard palate, buccal mucosa, gingiva and 
lips (Fig.  1 ).

•       Oral tongue : The oral tongue is the most common site of 
carcinoma within the oral cavity. It consists of the ante-
rior two-thirds of the tongue and extends posteriorly to 
the circumvallate papillae, which separate it from the 
base of the tongue. Squamous cell tumors often arise 
along the lateral borders of the tongue. Oral tongue 
tumors may spread to involve the intrinsic and extrinsic 
musculature, fl oor of the mouth, neurovascular bundle or 
mandible.  

•    Floor of the mouth : The fl oor of the mouth is the second 
most common subsite. This semilunar space is formed by 
the mylohyoid, geniohyoid and genioglossus muscles 
inferiorly. Due to the lack of substantial fascial barriers 
to spread, fl oor of the mouth tumors tend to be locally 
invasive and spread to regional lymph nodes early in 
their course. The majority of tumors originate near the 
midline. These can spread laterally into the mandible, 
superiorly into the ventral tongue and lingual neurovas-
cular bundle, or posteriorly into the base of the tongue. 
Invasion of the mylohyoid signifi es involvement of the 
submandibular gland, which surrounds the posterior free 
edge of the muscle. Sublingual spread can obstruct the 
Wharton duct, leading to duct dilation and submandibu-
lar sialadenitis.  

•    Retromolar trigone : The retromolar trigone is a small 
mucosal region behind the posterior molars. Tumors of 
this region are associated with a high rate of occult lymph 
node metastases. Tumors can invade the buccinator, 
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 orbicularis oris, or superior constrictor muscles, which 
insert in this region. They can also spread along the ptery-
gomandibular raphe, reaching the pterygoid plate and 
base of skull superiorly, or the fl oor of the mouth inferi-
orly. They tend to invade bone early. Perineural spread 
can occur along the inferior alveolar nerve, a branch of 
CN V 3  (Yao et al.  2007 ) (Fig.  2 ).

•       Alveolar ridge : The alveolar ridges include the maxillary 
and mandibular alveolar processes and their overlying 
mucosae. The upper alveolar ridge extends from the upper 
gingival buccal gutter to the junction of the hard palate 
and is bordered posteriorly by the upper end of the ptery-

gopalatine arch. The lower alveolar ridge extends from 
the lower buccal gutter to the line of free mucosa along 
the fl oor of the mouth. It is bordered posteriorly by the 
ascending mandibular ramus. Like tumors of the retromo-
lar trigone, carcinomas of the alveolar ridge tend to invade 
bone early. Carcinomas of the lower ridge may spread via 
the mandibular canal and inferior alveolar nerve (Fig.  2 ). 
Those of the upper alveolar ridge may invade the maxil-
lary antrum or the base of the nose.  

•    Hard palate : The hard palate is a semilunar space encom-
passing the inner surface of the superior alveolar ridge to 
the posterior edge of the maxillary palatine bone. Tumors 
of the hard palate tend to be confi ned by the dense muco-
periosteum surrounding it. However, they may invade 
through exposed areas at the greater palatine foramina or 
between the primary and secondary palates at the incisive 
fossa where they can access the nasal cavity. Perineural 
invasion is most common along the greater palatine 
nerves, leading to spread along CN V 2  from the pterygo-
palatine fossa through the foramen rotundum to the cav-
ernous sinus and Meckel’s cave (Ginsberg and DeMonte 
 1998 ) (Fig.  3 ).

•       Buccal mucosa and gingiva : Tumors of the buccal mucosa 
are rare but tend to be highly aggressive. The buccal 
mucosa includes the mucosal surfaces of the cheek and 
lips. This extends to the pterygomandibular raphe posteri-
orly and to the line of attachment of the mucosa of the 
upper and lower alveolar ridges superiorly and inferiorly. 
Tumors may invade the buccinator muscle, the buccal fat 
pad, or adjacent subcutaneous tissue.  

•    Lip : Most tumors in this region arise at the vermillion bor-
der and can spread to adjacent skin or underlying muscu-
lature. Lesions located along the gingivobuccal sulcus 
may erode into the mandibular or maxillary alveolar 
ridges. Upper lip cancers tend to be more aggressive than 
those originating in the lower lip.  

•   Lymph node involvement is dependent on several factors, 
including the subsite and the size of the primary tumor. 
Retropharyngeal lymph nodes are rarely involved in oral 
cavity cancer. Lymph node chains routinely involved 
include levels I–IV (Shah  1990 ) (Fig.  4 ).

2           Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Initial evaluation of suspected oral cavity tumors should 
involve a thorough history. History taking should focus on 
risk factors such as tobacco and alcohol use, as well as 
specifi c symptoms that may indicate involvement of sur-
rounding structures. Otalgia suggests involvement of 
branches of CN V 3 , which innervates the ear via the auric-
ulotemporal branch. Facial numbness can suggest CN V 
involvement. Trismus can indicate invasion of the ptery-
goid or masseter muscles.  
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  Fig. 1    Diagram illustrating oral cavity subsites       
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•   Physical examination should be performed to help delin-
eate the extent of tumor, which may be beyond what is 
identifi ed on imaging. Mucosal extent of tumor is often 
best appreciated on physical examination. This should 
include inspection and palpation of the oral cavity and 
neck. Patients should also be referred to a dentist for a 
complete dental evaluation prior to treatment.  

•   CT can be used as an initial modality to determine the 
extent of soft tissue destruction and bony involvement, 
including the pterygopalatine fossa, mandible and hard 
palate. If CT cannot be obtained, dental panoramas can be 
used to visualize mandibular involvement.  

•   MRI is critical in the evaluation of perineural spread and 
is useful in the delineation of the extent of primary 
tumors. It may also be more helpful than CT if dental 
artifact makes visualization diffi cult. T1-weighted 
images can provide contrast between hypointense tumor 
and hyperintense bone marrow and fat. However, squa-
mous cell carcinomas are often isointense to muscle on 
pre-contrast T1-weighted images, making delineation of 
tumor more diffi cult in regions such as the oral tongue 
(Fig.  5 ). Tumor appears more hyperintense on post-gad-
olinium T1-weighted images, which can help character-
ize true bone invasion by tumor (hyperintense) and 

Pterygopalatine
ganglion, fossa

Infraorbital
nerve

Anterior
superior
alveolar
nerve

Palatine
nerves Pterygoid

canal
Deep petrosal
nerve

Internal carotid
artery

Geniculate
ganglion

Pterygoid
canal

Pterygo-
palatine
fossa

Foramen
rotundum

Cavernous
sinus

Gasserian
ganglion Greater superficial

petrosal nerve

Facial
nerve (VII)

Pterygo-
palatine
ganglion

Vidian
nerve

  Fig. 3    Innervation of the hard palate       
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  Fig. 4    Distribution of positive lymph nodes in clinically node negative 
oral cavity cancer.  Shah characterized 65 clinically node negative 
patients with pathologically positive lymph nodes at the time of radical 
neck dissection.  Numbers indicate the percentage of patients with posi-
tive lymph nodes at each anatomic level (Shah  1990 )       
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edema (hypointense) (Hermans  2012 ). Tumor also 
appears slightly hyperintense to muscle on T2-weighted 
images.

•      PET imaging is an emerging modality for the evaluation 
of oral cavity cancers. PET has been shown to be superior 
to CT and MRI in detecting occult nodal metastasis in 
oral cavity cancers (Ng et al.  2006 ). It can also occasion-
ally detect fl at tumors that may not be visible on MRI 
(Fig.  6 ). PET remains limited, however, in the detection 
of small metastases and should not be used in isolation.

•      In the postoperative setting, MRI and PET imaging can be 
employed to rule out the presence of gross recurrence 
prior to initiation of treatment. Any suspicious lesions on 

postoperative imaging should be biopsied, and if positive, 
surgical re-excision should be considered prior to any 
course of radiation therapy. Preoperative imaging can 
help defi ne those regions that should be encompassed in 
the high-risk CTV.     

3     Simulation and Daily Localization 

•     The patient should be simulated in the supine position 
with the neck in slight hyperextension. A five-point 
mask should be utilized to immobilize the head, neck, 
and shoulders. For oral tongue cancers, a bite block 

a b c

  Fig. 5    Axial T1-weighted ( a ), post-gadolinium T1-weighted ( b ) and T2- weighted ( c ) MR images, which demonstrate evaluation of a primary 
oral tongue squamous cell carcinoma. Arrows indicate the location of the primary tumor       

a b

  Fig. 6    PET-CT ( a ) and post-gadolinium T1-weighted MR ( b ) imaging of a stage T1 fl oor of mouth squamous cell carcinoma. The tumor is FDG 
avid on PET but not clearly visible on MRI. Arrows indicate the location of the primary tumor       
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can be used during simulation and throughout the 
course of treatment to elevate the hard palate and 
decrease dose to the superior oral cavity. For cases in 
which the hard palate is target, a bite block can be 
employed to limit dose to the tongue and inferior oral 
cavity.  

•   CT simulation should be performed using a slice 
thickness of 3 mm or less. IV contrast is useful in tar-
get delineation, particularly with respect to identifica-
tion of cervical lymph nodes. The patient should be 
scanned from the top of the head to the carina. The 
isocenter is typically placed just superior to the 
arytenoids.  

•   If available, MRI or PET scans obtained at the time of 
simulation can often be helpful in defi ning target 
volumes.  

•   The tumor volumes and normal tissue volumes should be 
outlined on all CT slices on which the structures exist. 
Image guidance should be used to verify patient position-
ing during treatment. We favor daily kV imaging, which 
can minimize setup error and allow for smaller PTV mar-
gins. Setup uncertainty is typically greatest in the mental 
region, which is farthest from the pivot point for neck 
rotation.     

4     Target Volume Delineation 
and Treatment Planning 

•     The GTV 70  is defi ned as all known gross disease, as deter-
mined by CT, MRI, PET and physical examination. This 
volume includes all grossly positive lymph nodes, which 
are those measuring >1 cm, containing a necrotic center 
or FDG avid on PET imaging. The high-risk CTV 70  is 
typically identical to the GTV 70 , although a margin of 
5 mm can be added if uncertainty exists regarding the 
extent of gross disease.  

•   For defi nitive cases, an intermediate-risk volume 
(CTV 59.4) ) encompasses an additional margin around the 
primary tumor, including potential sites of spread. Nodal 
levels at high risk for microscopic disease are also 
included in the CTV 59.4 . Those nodal levels at lower risk 
are encompassed by the CTV 54 . .  See Tables  1  and  3  for 
details.

•      In the postoperative setting, the intermediate-risk volume 
(CTV 60 ) should encompass the preoperative gross dis-
ease, the entire operative bed, and nodal regions at great-
est risk for microscopic involvement. A high-risk volume 
(CTV 66 ) should include any regions of bone invasion, 
positive margins, or extracapsular extension. As in the 
defi nitive setting, low-risk nodal levels within the nonsur-
gically violated side of the neck are encompassed by the 
CTV 54 . See Tables  2  and  3  for details.

•       Planning target volumes (PTV) should be defi ned at 
each dose level. An expansion of 3–5 mm is typically 

used around each CTV. The margin necessary will 
depend on setup uncertainty, as determined by immobi-
lization and imaging techniques utilized during 
treatment.  

•   In the absence of any grossly positive low-lying cer-
vical lymph nodes, the low anterior neck can be sepa-
rately treated with conventional AP or AP/PA portals. 
This volume is defined as a low-risk subclinical 
region and can receive a lower dose of 50.4 Gy in 1.8 
Gy fractions. (Figs   .  7 ,  8 ,  9 ,  10 ,  11 ,  12 ,  13 ,  14 ,  15 ,  16 , 
 17 , and  18 ).

   Table 1    Suggested target volumes for defi nitive treatment of oral cav-
ity cancers   

 Target volumes a   Defi nition and description 

 GTV 70   Primary: all gross disease on physical 
examination and imaging 
 Neck nodes: all gross disease and physical 
examination and imaging 

 CTV 70   Same as GTV 70 , although a 5 mm margin can 
be added if uncertainty exists regarding the 
extent of gross disease 

 CTV 59.4   Primary: encompass the entire CTV 70  with an 
additional margin of up to 10 mm 
 Neck nodes: nodal levels with pathologic 
involvement and adjacent ipsilateral or 
contralateral nodal regions at high risk for 
subclinical disease (site-specifi c 
recommendations given in Table  3 ) 

 CTV 54   Ipsilateral and/or contralateral uninvolved nodal 
levels at low risk for subclinical disease 
(site-specifi c recommendations given in 
Table  3 ) 

   a Subscript numbers represent suggested prescribed doses. CTV 70  is 
2.12 Gy/fraction to 69.96 Gy in 33 fractions. PTV 59.4  is 1.8 Gy/fraction, 
and PTV 54  is 1.64 Gy/fraction  

   Table 2    Suggested target volumes for postoperative treatment of oral 
cavity cancers   

 Target volumes a   Defi nition and description 

 CTV 66   Primary: preoperative tumor volume can guide 
the targeting of CTV66. Regions of soft tissue 
invasion, bone invasion, or microscopically 
positive margins should be included in this 
volume 
 Neck nodes: regions of extracapsular extension 

 CTV 60   Primary: preoperative gross disease and the 
entire operative bed 
 Neck nodes: preoperative gross disease and 
adjacent ipsilateral or contralateral nodal regions 
at high risk for subclinical disease (site-specifi c 
recommendations given in Table  3 ) 

 CTV 54   Ipsilateral and/or contralateral uninvolved nodal 
levels at low risk for subclinical disease 
(site-specifi c recommendations given in Table  3 ) 

   a Subscript numbers represent suggested prescribed doses. CTV 66  is 
2.0–2.2 Gy/fraction, CTV 60  is 2.0 Gy/fraction, and CTV 54  is 1.8 Gy/
fraction  
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        Table 3    Site-specifi c guidelines for clinical target delineation of oral cavity cancers   

 Tumor site  Stage  Clinical treatment volume 

 Oral tongue, fl oor of the mouth  T1–T4N0  Include the tumor bed, the entire oral tongue and the base of the tongue. For fl oor of 
the mouth lesions, consider including the alveolar ridge, due to its proximity to the 
fl oor of the mouth. Both sides of the neck should be treated with radiotherapy (even 
for well-lateralized T1–T2N0 lesions, if the depth of invasion is >4 mm), although 
physician discretion can be used to determine if these should be in the low- or 
high-risk CTV. Consider ipsilateral and/or contralateral levels I–IV 

 T1–T4N1–3  Include the tumor bed, the entire oral tongue and the base of the tongue. For fl oor of 
the mouth lesions, consider including the alveolar ridge, due to its proximity to the 
fl oor of the mouth. Both sides of the neck should be treated with radiotherapy, 
although physician discretion can be used to determine if these should be in the 
low- or high-risk CTV. Consider ipsilateral and/or contralateral levels I–V 

 Buccal mucosa  T1–T4N0  It is important to be generous with target volumes when treating the inner cheek.  
Include the tumor bed and the entire buccal mucosa.  Posteriorly, this should extend 
to retromolar trigone.  Superiorly, this should extend to near the inferior orbital rim.  
If the tumor is well lateralized, ipsilateral levels I-IV alone can be treated.  
Otherwise, consider treating bilateral cervical lymph nodes 

 T1–T4N1–3  It is important to be generous with target volumes when treating the inner cheek.  
Include the tumor bed and the entire buccal mucosa.  Posteriorly, this should extend 
to retromolar trigone. Superiorly, this should extend to near the inferior orbital rim.  
Ipsilateral levels I-IV should be treated within the neck.  Depending on pathologic 
fi ndings and discussions with the surgeon, consideration can be given to treating the 
contralateral neck as well 

 Retromolar trigone, hard palate, 
gingiva 

 T1–T4N0  Include the preoperative tumor volume and postoperative tumor bed. Consider 
covering ipsilateral levels I–IV for all cases. Treatment of the contralateral neck is at 
the physician’s discretion.  Hard palate tumors are generally minor salivary gland 
tumors, and treatment guidelines from “Chapter 8: Major Salivary Glands” should be 
used to guide treatment of lymph node regions 

 T1–T4N1–3  Include the preoperative tumor volume and postoperative tumor bed. Treat the 
ipsilateral levels I–IV for all cases and consider treatment of the contralateral neck.  
Hard palate tumors are generally minor salivary gland tumors, and treatment 
guidelines from “Chapter 8: Major Salivary Glands” should be used to guide 
treatment of lymph node regions 
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CTV60: Cover
entire tongue

CTV60: Can
consider including

ipsilateral tonsil

CTV54: Cover
contralateral
level IB to IV

CTV60: Cover
the postop bed
including scar

  Fig. 7    A    patient with squamous cell carcinoma of the left lateral 
tongue, pathologic stage T1N0 with 4 mm tumor thickness, perineural 
invasion, and dysplasia in multiple surgical margins. The patient was 
randomized to radiation alone on protocol RTOG 0920. The patient 
was unable to tolerate a bite block at the time of simulation. The high-
risk CTV 66  is shown in  red  and includes the region where dysplasia 
was present at the margin. The high-risk CTV 60  is shown in  green  and 

 covers the entire tongue and ipsilateral levels I–IV. Even with small, 
well-lateralized tumors, the entire tongue is at risk of microscopic 
tumor involvement, especially when there is evidence of invasive 
islands. If the tumor is located posteriorly, coverage of the ipsilateral 
tonsil can be considered. The low-risk CTV 54 , shown in  blue , encom-
passes the contralateral levels IB–IV. A low anterior neck fi eld was 
used to treat below the level of the arytenoids       
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Recurrence in
level IA

  Fig. 8    CT image demonstrating recurrent tumor in a level IA lymph 
node after postoperative radiation for a T1N1 squamous cell carcinoma 
of the oral tongue. At our institution, we routinely cover level IA lymph 
nodes when treating tumors of the oral tongue, whether or not the 
tumors involve the anterior third of the tongue. Level IA can be omitted 
at the physician’s discretion when tumors do not involve the fl oor of the 
mouth or the anterior third of the oral tongue       

  Fig. 9    A patient with squamous cell carcinoma of the oral tongue, patho-
logic stage T2N1, status post partial glossectomy and left neck dissection, 
with one positive lymph node and multiple close margins. A bite block 
was used at the time of simulation. The high-risk CTV 66  is shown in  red  
and includes the region where close margins were identifi ed. The high-
risk CTV 60  is shown in  green  and covers the entire tongue and all 
 postoperative changes, including the fl ap reconstruction. In the absence 

of bone invasion, the mandible can be excluded from the CTV 60 . Note 
that the region near the ipsilateral parotid gland is well covered. The high-
risk CTV 60  within the neck includes the ipsilateral levels I–V, including 
level IA. We utilize bolus and fl ash anteriorly to adequately dose level IA. 
The low-risk CTV 54 , shown in blue, again encompasses the contralateral 
levels IB–IV       
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Cover retrostyloid
space in N+ neck

CTV66: Cover
entire tongue

Cover
level IA

  Fig. 10    A patient with squamous cell carcinoma of the oral tongue, 
pathologic stage T3N2b, status post partial glossectomy with micro-
scopically positive surgical margins. The high-risk CTV 66  is shown in 
 red  and covers the positive margin. The high-risk CTV 60  is shown in 
 green  and the low-risk CTV 54  is shown in  blue . Neck nodal levels I–V 
are included on the ipsilateral side, and levels I–IV are included on the 

contralateral uninvolved side. Level IA should be covered, as should the 
ipsilateral level V lymph nodes, especially after surgical manipulation 
of the neck. We put bolus and fl ash anteriorly to adequately dose level 
IA. The ipsilateral retrostyloid space is at risk for nodal metastasis, 
especially with level II nodal involvement. Retropharyngeal nodes are 
at low risk and are not included       
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GTV70 includes
enlarged or FDG-avid

lymph nodes

Use bolus and flash to
increase skin dose

  Fig. 11    A patient with locally advanced squamous cell carcinoma of the oral 
tongue, clinical stage T4aN2b, with extension to the fl oor of the mouth and 
involvement of extrinsic muscles of the tongue. Given the extensive nature of 
the resection required, the patient decided to proceed with defi nitive cisplatin-
based concurrent chemoradiation. The GTV 70  is shown in  red  and encom-
passes all gross disease visible on CT and PET. The CTV 70  is equal to the 

GTV 70 , although a margin could be added if uncertainty exists regarding the 
extent of gross tumor extension. The high- risk CTV 59.4  is shown in  green  and 
includes the ipsilateral levels I–V. The low-risk CTV 54  encompasses the con-
tralateral neck and is shown in  blue . Volumes should be generous when treat-
ing carcinomas of the oral tongue, and bolus and fl ash should be used 
anteriorly to increase dose to the skin and underlying soft tissue       

 

Oral Cavity Cancer



42

  Fig. 12    A patient with squamous cell carcinoma of the retromolar tri-
gone, pathologic stage T4aN2b, with medial pterygoid involvement. 
The patient is status post resection and right neck dissection, with gross 
residual disease within the tumor bed. The gross disease (GTV 70 ) is 
shaded in  red  and delineated based on operative fi ndings, as well as 
pre- and postoperative imaging. The high-risk CTV (CTV 59.4 ) is shown 

in  red  in the region of the tumor bed and in  green  in the ipsilateral neck. 
This includes pterygopalatine fossa, given the pterygoid muscle inva-
sion, and ipsilateral levels I–V. If extracapsular extension is identifi ed, 
the sternocleidomastoid muscle should be well covered. The low-risk 
CTV (CTV 54 ) is in  blue  and includes contralateral levels IB–IV       

Cover pterygopalatine
fossa if pterygoid
muscle invasion

CTV59.4: Margin
around gross

residual disease

Cover entire postop bed
and, if extranodal

extension, include SCM
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  Fig. 13    A    patient with locally advanced squamous cell carcinoma of 
the fl oor of the mouth, clinical stage T2N2c, who is not a surgical can-
didate. The GTV 70 , shown in red, includes all gross disease within the 
primary site and all positive neck nodes. Given the high reliability of 
available imaging, the CTV 70  was equal to the GTV 70 . Bolus should be 

placed anteriorly to provide adequate dose to anterior fl oor of the mouth 
tumors. Given that lymph nodes are involved bilaterally, both the ipsi-
lateral and contralateral neck are included in the high-risk CTV 59.4  high-
lighted in  green . This should include the retrostyloid space and levels 
I–V       

Cover retrostyloid
space in N+ neck

Cover level IA

Cover level V in N+ neck
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  Fig. 14    A    patient with squamous cell carcinoma of the fl oor of the 
mouth, pathologic stage T2N2b, status post resection and right modi-
fi ed radical neck dissection. The CTV 66 , shown in red, denotes the high-
est risk region based on pathologic fi ndings, while the CTV 60 , shown in 
green, includes the entire postoperative bed and levels I–V within the 

ipsilateral neck. The CTV 54 , shown in blue, encompasses the CTV 60  in 
the region of the primary tumor and extends an additional 0.5–1 cm 
superiorly. The CTV 54  also includes levels IB to IV within the clinically 
N0 contralateral neck       
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  Fig. 15    A patient with squamous cell carcinoma of the buccal mucosa, 
pathologic stage T4aN0 with minimal cortical bone invasion. The 
patient is status post tumor resection, marginal mandibulectomy and 
left neck dissection. Surgical margins were widely clear. The high-risk 
CTV (CTV 60 ) is shown in  green . Neck nodal levels I–IV are included 
on the ipsilateral side. The CTV extends cranially to the buccal-gingival 

sulcus and infratemporal fossa, caudally to the buccal-gingival sulcus 
and submandibular gland, anteriorly to the lip commissure, and posteri-
orly to the retromolar trigone. The high-risk CTV should extend supe-
riorly to the inferior orbital rim (not shown). Wide margins should be 
used, even in the case of small T1 tumors. Bolus is placed on the skin to 
provide adequate coverage of the high-risk CTV       

Cover the entire
buccal mucosa

Treat the
ipsilateral neck
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  Fig. 16    A patient with adenoid cystic carcinoma of the right hard palate, 
pathologic stage T2N0. The patient is status post bilateral partial maxillec-
tomy, with extensive perineural invasion and positive margins. The patient 
was randomized to treatment with cisplatin-based chemoradiation on pro-
tocol RTOG 1008. A bite block was used at the time of simulation. The 

high-risk CTV 60  is shown in  red . It encompasses the entire postoperative 
bed and extends at least 1.5–2 cm beyond the preoperative GTV. Given the 
presence of extensive perineural invasion, the low-risk CTV 50 , shown in 
 blue , includes the path of cranial nerve V 2  through the pterygopalatine fossa 
and foramen rotundum to the cavernous sinus and Meckel’s cave       

Cover CN V2 starting
just inferior to optic

chiasm

CN V2 at foramen
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block
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  Fig. 17    A patient with squamous cell carcinoma of the left maxillary 
alveolar ridge, pathologic stage T4N0 with bone invasion and perineu-
ral invasion, status post left inferior maxillectomy with obturator recon-
struction. The high-risk CTV 66 , shown in  red , covers the obturator and 
postoperative changes in the region of the primary tumor bed. This is 
treated to 66 Gy due to the presence of bone invasion. The CTV 50 , 

shown in  blue , includes the ipsilateral levels IB to IV. When extensive 
perineural invasion or named nerve invasion is present, the CTV 50  can 
include adjacent nerves to the skull base. In this case, the greater pala-
tine nerve is included, extending to cranial nerve V 2  and the base of 
skull (Fig.  3 )       

PNI of named nerve –
cover path of CN V2

Cover the entire
obturator
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  Fig. 18    A patient with squamous cell carcinoma of the left mandibular 
alveolar ridge, pathologic stage T4aN1, with bone invasion. The patient 
is status post tumor resection with marginal mandibulectomy and left 
neck dissection. The high-risk CTV 66  is shown in  red  and encompasses 

the region of bone invasion by tumor. The high-risk CTV 60  is shown in 
 green  and includes the operative bed and ipsilateral levels I–IV. The 
low-risk CTV 54  is shown in  blue  and covers the contralateral levels 
I–IV       

CTV66: Cover
location of bone

invasion

CTV54: Cover levels
IB to IV in N0 neck

CTV60: Cover entire
operative bed
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5                      Plan Assessment 

•     If contralateral lymph nodes are uninvolved, efforts 
should be made to spare the contralateral parotid gland to 
help preserve salivary function. The dose to the ipsilateral 
parotid gland and the submandibular glands can be com-
promised for maximal coverage of the PTV.  

•   Ideally, at least 95 % of the PTV for each dose level 
should receive the prescription dose. For advanced 
tumors, coverage can be compromised to meet normal tis-
sue constraints if necessary.  

•   Critical normal structures surrounding the oral cavity 
include the brainstem, spinal cord, optic nerves, optic chi-
asm, lenses, cochlea, parotid glands, submandibular 
glands, mandible, skin, brachial plexus, and glottic lar-
ynx. Each of these should be outlined. Suggested normal 
tissue constraints are listed in Table  4 .
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   Table 4    Intensity-modulated radiation therapy: normal tissue dose 
constraints a    

 Critical structures  Constraints 

 Brainstem  Max < 50 Gy 
 Optic nerves  Max < 54 Gy 
 Optic chiasm  Max < 54 Gy 
 Spinal cord  Max < 45 Gy or 1 cc of the PTV cannot 

exceed 50 Gy 
 Mandible  Max < 70 Gy outside high dose PTV, avoid 

hot spots 
 Brachial plexus  Max < 65 Gy outside high dose PTV 
 Other normal 
structures 

 Constraints 

 Parotid gland  (a) Mean ≤26 Gy in one gland 
 (b) Or at least 20 cc of the combined volume 
of both parotid glands will receive <20 Gy 
 (c) Or at least 50 % of one gland will receive 
<30 Gy 

 Submandibular gland  Mean dose <39 Gy 
 Cochlea  Max < 50 Gy or D 05  < 55 Gy 
 Lens  Max < 5 Gy 
 Glottic larynx  Mean < 45 Gy 
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1                 Introduction 

 Laryngeal    cancer affects approximately12,000 people in the 
United States each year, and nearly half of tumors present as 
an early-stage tumor (T1–2 N0) arising from the true vocal 
cords. The major risk factor for laryngeal carcinoma is 
tobacco use, and greater the 95 % of patients with laryngeal 
cancer have a history of smoking (Wydner et al.  1956 ). Other 
risk factors, like alcohol and gastroesophageal refl ux disease, 
also may play a role in the in development of laryngeal can-
cers, although they rarely lead to this malignancy without a 
concomitant smoking history. The role of HPV in the etiol-
ogy of laryngeal cancer is not clear, although HPV-positive 
laryngeal cancers have been reported. 

 The larynx is divided into the supraglottis, glottis, and 
subglottis. The supraglottic larynx includes the false vocal 
cords, arytenoids, aryepiglottic folds, and the epiglottis. 
The glottic larynx is defi ned as the region including the true 
vocal cords and extending 0.5 cm inferiorly from the free 
margin of the true vocal cords. The subglottis extends from 
the inferior border of the glottis to the superior border of 
the trachea. The probability of cancer in these regions is 
markedly different. The glottis is by far the most common 
origin for cancers of the larynx, and the management of 
early-stage glottic carcinoma will be the focus of this 
chapter. 

 The management of early-stage glottic carcinoma is con-
troversial, and radiotherapy, laser excision, and partial laryn-
gectomy are therapeutic options. These approaches have not 
been compared in a prospective randomized fashion. 
Nevertheless, defi nitive radiation not only provides excellent 
rates of disease eradication, with long-term local control in 
about 90 % of T1N0 and 75 % of T2N0 patients, but also 
allows larynx preservation and excellent posttreatment voice 
quality in most cases (Frata et al.  2005 ; Cellai et al.  2005 ). 
The necessity for laryngectomy due to late toxicity, such as 
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radiation-induced necrosis, is very rare and occurs in less 
than 1 % of patients. 

 Early-stage glottic carcinoma is unique among cancers of 
the head and neck in that metastatic spread to the cervical 
lymph nodes is extremely rare, given that the true vocal cords 
lack a rich lymphatic drainage network. Because of this, it is 
one of the only head and neck cancers where elective cervi-
cal nodal irradiation is not recommended. Therefore, a much 
smaller radiation fi eld is employed to treat early-stage glottic 
carcinoma than other cancers of the head and neck, and acute 
and late toxicity is much lower.  

2     Diagnostic Workup 

 Given the marked difference in the management of early 
and advanced-stage glottic carcinoma, a careful workup is 
critical. A thorough physical exam, including indirect of 
fl exible fi beroptic laryngoscopy with biopsy of all suspi-
cious lesions and confi rmation of vocal cord mobility, is 
imperative. In addition, exam under anesthesia by an expe-
rienced head and neck surgeon is helpful to evaluate the 
mucosal extent of disease, especially for subglottic exten-
sion, which can be diffi cult to appreciate on imaging and 
offi ce laryngoscopy. High-quality imaging is essential for 
accurate staging and treatment of laryngeal cancer. Although 
imaging of the cervical lymph nodes in early-stage glottic 
carcinoma has a low likelihood of changing management, a 
high-resolution CT scan with thin cuts through the larynx 
can be useful for determining extralaryngeal spread of dis-
ease, including thyroid cartilage invasion. Because of 
motion artifact from swallowing, CT scan is often prefera-
ble to MRI. PET scan is generally not employed for early-
stage disease.  

3     Simulation and Daily Localization 

 CT simulation should be used for all patients, typically with 
a 3 mm slice thickness. IV contrast, although not required, 
may be helpful in delineating the carotid arteries. The patient 
should be set up in the supine position with the head extended. 
Immobilization of the head, neck, and shoulders should be 
achieved utilizing a customized aquaplast mask. The isocen-
ter may be placed at the top of the arytenoids or in the center 
of the true vocal cords. 

 For IMRT treatment, daily 2D kV imaging pretreatment is 
recommended. Additionally, at our institution, we perform 
weekly CBCT and a posttreatment 2D kV imaging to ensure 
accurate patient setup. For disease affecting the anterior third 
of the vocal cord or anterior commissure, anterior bolus 
should be used if any part of the PTV in this region is receiv-
ing less than the prescription dose.  

4     Radiation Techniques and Target 
Delineation 

 Two main techniques may be employed for defi nitive radio-
therapy of early-stage glottic carcinoma. Conventional radia-
tion with CT-based planning can be delivered with opposed 
lateral beams collimated to align parallel to the axis of the 
larynx. In this case, for T1N0 tumors, the opposed lateral 
fi elds should consist of a 5 × 5 cm square extending to the 
bottom of the hyoid bone or the top of the thyroid notch 
superiorly, the bottom of the cricoid inferiorly, the anterior 
edge of the vertebral bodies posteriorly, and 1 cm fl ash ante-
riorly    (Figs.  1  and  2 ). For T2N0 tumors, the fi eld may be 
expanded to a 6 × 6 cm box to extend inferiorly to include the 
fi rst tracheal ring. Occasionally, it may be necessary to angle 
the beams approximately 5°–10° inferiorly in order to avoid 
treating through the shoulders, especially in patients with 
relatively short necks or who have diffi culty positioning their 
shoulders inferiorly (Fig.  3 ). Fifteen or 30° wedges are often 
used to ensure a more homogeneous dose distribution 
throughout the larynx. For unilateral lesions, some advocate 
more heavily weighting the beam entering from the side of 
the tumor, for example, using a 3:2 ratio.

     An alternative to conventional radiotherapy is carotid- 
sparing IMRT (Gomez et al.  2010 ; Rosenthal et al.  2010 ; 
Chera et al.  2010 ). For IMRT, a GTV should be delineated to 
encompass all suspicious lesions identifi ed from laryngos-
copy and imaging studies. The CTV should encompass the 
entire larynx, including the both the anterior and posterior 
commissures and the arytenoids. Although the inferior piri-
form sinuses are not part of the target volume, they are often 

  Fig. 1    A typical 5 × 5 cm fi eld used for conventional radiotherapy with 
opposed laterals for T1N0 glottic carcinoma       
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included in the CTV at our institution given the relatively 
small increase in total volume. The PTV is typically a 
0.5–1 cm three-dimensional expansion on the CTV, although 
the margin may be reduced to as little as 0.3 cm near the 

carotid arteries. The superior and inferior borders should be 
similar to the respective borders used in conventional radio-
therapy. The superior extent of the PTV should extend to the 
thyroid notch. The inferior extent of the PTV varies 

PTV begins just inferior
to thyroid notch

Gross Disease from
exam and PET

Exclude Carotid
Arteries from PTV

PTV extends to
bottom of cricoid

50% iso dose line
(>2 cm from gross

disease)

  Fig. 2    A patient with T1N0 squamous cell carcinoma of the left vocal 
cord. Because of the low rate (<5 %) of nodal metastases for early-stage 
glottis cancer, there is no elective nodal irradiation. Please note that 
these are representative slices and not all slices are included.  Blue  = GTV, 
 Green  = CTV,  Red  = PTV. GTV is delineated by laryngoscopy fi ndings 
only. For T1 larynx tumors, there are typically no CT abnormalities. 

The entire larynx is delineated as CTV to include both false and true 
vocal cords, anterior and posterior commissures, arytenoids and aryepi-
glottic folds, as well as the subglottic region. The PTV extends from 
thyroid notch to the bottom of the cricoid cartilage. A 5 mm margin is 
added in all directions except posterolaterally where it is limited to 
3 mm to spare the carotid artery       
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  Fig. 3    A patient with T2N0 squamous cell carcinoma of the right vocal 
cord with subglottic extension.  Yellow  = GTV,  Orange  = CTV,  Red  = PTV. 
GTV is delineated by laryngoscopy fi ndings only. The entire larynx is 
delineated as CTV to include both false and true vocal cords, anterior 
and posterior commissures, arytenoids and aryepiglottic folds, as well as 
the subglottic region. Note in these images, the piriform sinuses are 

included in the CTV, as has been the historical practice at our institution. 
However, given that the piriform sinuses are not part of the true larynx, 
they may be excluded from the CTV to enhance carotid sparing. The 
PTV extends from thyroid notch to the bottom of the fi rst tracheal ring 
inferiorly. A 1 cm margin is added in all directions except posterolater-
ally, where it is reduced to as little as 3 mm to exclude the carotid artery       
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 depending on the tumor stage. For T1N0 tumors, generally 
the inferior border of the PTV is the bottom of the cricoid. 
For T2N0 tumors, especially if there is subglottic extension, 
the inferior border of the PTV should be extended an addi-
tional 1 cm to include the fi rst tracheal ring. In general, the 
PTV should also extend a minimum of 2 cm above and below 
the GTV (Table  1 ).

   In terms of radiation dose and fractionation, there is pro-
spective randomized evidence to suggest that using 2.25 Gy 
fractions improves local control compared to 2 Gy fractions 
(Yamazaki et al.  2006 ). Therefore, we recommend treating 
patients to 63 Gy in 28 fractions or 65.25 Gy in 29 fractions 
for T1N0 and T2N0 tumors, respectively. 

 Hyperfractionation has also been investigated for T2N0 
tumors. A randomized phase III trial by the RTOG compared 
70 Gy in 35 daily fractions to 79.2Gy delivered in 66 twice 
daily fractions in 250 patients with T2N0 tumors. Although 
the authors reported a trend toward improved 5-year local 
control (79 % vs. 70 %,  P  = 0.11) and disease-free survival 
(51 % vs. 37 %,  P  = 0.07) with hyperfractionation, this did 

not reach statistical signifi cance (Trotti et al.  2006 ). 
Nevertheless, 79.2 Gy in 66 twice daily fractions is an alter-
native acceptable regimen for patients with T2N0 tumors. 

 Concurrent chemotherapy is not recommended for early- 
stage glottic carcinoma.
•    For T1N0 glottic tumors, a dose of 63 Gy in 2.25 Gy/frac-

tion is typically used.  
•   For T2 N0 glottic tumors, a dose of 65.25 Gy in 2.25 Gy/

fraction is typically used.  
•   For T2 N0 glottic tumors, a dose of 79.2 Gy in 1.2 Gy/

fraction bid is also used.        
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   Table 1    Suggest target volumes for carotid-sparing IMRT in 
 early-stage glottic carcinoma   

 Target volumes  Defi nition and description 

 GTV  All gross disease on laryngoscopy and imaging 
 CTV  The entire larynx, including the both the anterior 

and posterior commissures and the arytenoids. 
The superior and inferior extents of the CTV are 
defi ned based on the PTV borders below 

 PTV  A 0.5–1 cm three-dimensional expansion of the 
CTV, with allowable reduction of the margin to as 
little as 3 cm near the carotid arteries. In general, 
the superior extent of the PTV should be at the 
thyroid notch. For T1N0 tumors, the inferior 
border of the PTV should extend to the bottom of 
the cricoid cartilage. For T2N0 tumors, the fi eld 
should extend 1 cm more inferiorly to include the 
fi rst tracheal ring. Additionally, the PTV should 
be modifi ed to extend at least 2 cm above and 
below the GTV if it does not do so using 
traditional borders 
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1         Anatomy and Patterns of Spread 

•     Advanced laryngeal cases are defi ned here as T stages ≥3 
and/or N + disease, i.e., cases for which limited larynx- 
only fi elds are not appropriate.  

•   The larynx is divided into three sites: supraglottis, glottis, 
and subglottis.  

•   The subglottic space extends from the fi rst tracheal ring to 
5 mm inferior to the free edge true vocal cords (TVCs).  

•   The glottic larynx contains the true vocal folds, anterior 
commissure, posterior commissure, and the infraglottic 
space (5 mm inferior to the free edge of the TVCs).  

•   The supraglottic larynx contains the following subsites of 
the larynx: ventricles, false vocal folds (FVCs), aryepi-
glottic folds, and epiglottis (infrahyoid, suprahyoid, 
laryngeal surface, lingual surface).  

•   For cases involving the TVC and the ventricle, there can 
be uncertainty about whether the primary is a T2N0 glot-
tic cancer (for which the limited fi elds are appropriate) or 
a T2N0 supraglottic cancer (for which elective nodal 
coverage is appropriate). In these cases, the physician 
should make a best possible determination of the epicen-
ter of the tumor in order to decide the appropriate 
approach.  

•   Similarly, a glottic tumor can have subglottic extension 
(more than 5 mm of involvement inferiorly from the 
TVC) and remain a T2 glottic case as long as the epicen-
ter of the tumor is glottic. True subglottic cases are rare 
(1 % of laryngeal cases) and have a signifi cantly worse 
prognosis, and elective nodes should be treated.  

•   TVC mobility must be assessed on laryngoscopy to doc-
ument mobility (normal, hypomobility, fi xation). A 
medialized fi xed cord is caused by recurrent laryngeal 
nerve injury, whereas a lateralized fi xed or hypomobile is 
caused by injury of intrinsic laryngeal muscles. 
Lateralized fi xed/hypomobile TVCs are often seen with 
laryngeal cancer.  
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•   The paraglottic and pre-epiglottic spaces are connected 
fat planes. The paraglottic space is bounded by the thy-
roid cartilage laterally and the TVCs, FVCs medially. The 
pre-epiglottic fat space is bounded by the mucosal surface 
of the vallecula superiorly, hyoid/thyroid strap muscles 
anteriorly, and root of the epiglottis posteriorly and inferi-
orly communicates with the paraglottic spaces.  

•   Laryngeal cancer often invades the paraglottic and pre- 
epiglottic spaces. There are no barriers to spread to the 
adjacent space if one is involved.  

•   The AJCC 6th edition added paraglottic space invasion to 
the staging system, denoting laryngeal tumors with this 
clinical feature as T3. Some practitioners continue to treat 
a T3N0 glottic SCC (T3 due only to paraglottic invasion) 
with limited fi elds (Dagan et al.  2007 ).  

•   The thyroid cartilage has an inner and outer cortex. 
Invasion of the inner cortex only signifi es T3 disease 

and invasion through the outer cortex signifi es T4 dis-
ease. The degree of invasion can only be assessed 
through CT imaging with appropriate windowing and 
must be carefully reviewed by the treating radiation 
oncologist.  

•   Surgeries relevant to advanced laryngeal cancer include 
total laryngectomy, supraglottic laryngectomy (also 
called horizontal partial laryngectomy), and vertical 
hemilaryngectomy transoral laser microsurgery (TLM). 
Supraglottic laryngectomy is appropriate only for cases 
without vocal fold fi xation, involvement of the arytenoids, 
and/or thyroid cartilage invasion. Patient must also have 
good respiratory function in case of aspiration postsur-
gery. Historically, the inferior extent of the tumor must 
not exceed the level of the FVCs for this surgery, as the 
inferior surgical margin is the ventricles.  

•   In general TLM is contraindicated for T3 or T4    disease.   

Paraglottic space Paraglottic space

Outer cortex Inner cortex

False Cords

True Cords

Hyoid bone

Thyroid cartilage

Cricoid cartilage

Pre-epiglottic space

Base of
Tongue 

Vallecula
Epiglottis

True Cords

False Cords
Ventricle

a b

c d

Epiglottis

Cricoid cartilage

  Fig. 1    CT anatomy    of the larynx. ( a ) Sagittal CT of the larynx. The 
pre-epiglottic space is anterior to the epiglottis and superior to the vocal 
folds. It is contiguous with the paraglottic space and base of tongue. 
The hyoid bone divides the epiglottis into infra- and suprahyoid 
 portions. ( b )    Coronal CT  demonstrates the false cord, the true cord, 

and the ventricle in between. ( c ) The paraglottic space is a small fat 
plane adjacent to the thryoid cartilage. ( c ,  d ) FVCs can be distinguished 
from the TVCs because the FVCs have a band of fatty tissue and the 
TVCs do not       
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2         Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Critical parts of the history include an assessment of 
voice, swallowing (i.e., modifi ed barium swallow), respi-
ratory, and constitutional status. A history of an emergent 
tracheostomy for respiratory dysfunction is a recurrence 
risk factor for T3 cases using organ preserving radiation, 
and thus total laryngectomy is a reasonable recommenda-
tion. Smoking cessation interventions should be 
instituted.  

•   On examination, the larynx should be palpated and gently 
moved. Very advanced disease may exhibit absence of 
laryngeal crepitus because of invasion of the post-cricoid 
area. The nodal basins should be carefully palpated. In 
postoperative cases, the surroundings of the stoma should 
be carefully palpated and viewed. Cranial nerves are 
rarely involved but should be assessed. The examiner 
should ask the patient to extrude the tongue and check for 
trismus, in case of very advanced disease. The tongue and 
tongue base should be palpated.  

•   Fiberoptic nasopharyngolaryngoscopy should be per-
formed to defi ne the location of the disease. An assess-
ment should start by identifying the bulk and boundaries 
of disease and determining the origin: supraglottic, glot-
tic, or subglottic and subsites involved. Then vocal fold 
mobility should be assessed carefully and repeated. 
Careful attention should be paid to hypopharynx, vallec-
ula, and base of tongue involvement.  

•   Outpatient nasopharyngolaryngoscopy may be inade-
quate for truly visualizing the ventricle, the post-cricoid, 
and subglottic regions. For this reason, a dedicated exam-
ination under anesthesia by an otolaryngologist is needed.  

•   Imaging should include a dedicated, thin slice (1–2 mm 
cuts) CT of the head and neck with IV contrast. Pre- 
epiglottic and paraglottic space invasion as well as thy-
roid cartilage invasion can only be assessed by CT 
accurately. Examine if there is more than 1 cm of base of 
tongue invasion, which was an exclusion criterion for lar-
ynx preservation trials.  

•   A PET/CT is not required to treat this disease but may be 
informative in some cases, particularly when borderline 
nodes are identifi ed on CT.     

3     Organ Preservation Versus Total 
Laryngectomy 

•     Fifty-six percent of T4 patients required a salvage laryn-
gectomy in the VA larynx trial, which led to the general 
recommendations for total laryngectomy for T4 cases and 
organ preservation for T1–T3. However, the decision is 
often more nuanced.  

•   In our practice there have been successes with organ 
preservation for some carefully selected T4 candidates 
such as those with small T4 disease with a good func-
tional larynx (normal swallowing study, no airway 
compromise).  

•   In addition, some T3 cases may not be appropriate for 
organ preservation. We offer the following 
considerations:
 –    RTOG 91-11 excluded cases with more than 1 cm 

invasion of the base of tongue.  
 –   It has been suggested that one possible reason survival 

statistics for laryngeal cancer have worsened is inap-
propriate usage of chemoradiation for advanced cases 
(Olsen  2010 ).  

 –   Retrospective evidence suggests that if an emergent 
tracheostomy was required for respiratory compro-
mise, these patients may exhibit worse locoregional 
control after chemoradiation and may be better served 
by total laryngectomy.  

 –   Retrospective evidence also suggests that tumor bulk 
predicts outcome following chemoradiation 
(Mendenhall et al.  2003 ). Volume >6 cm 3  is considered 
bulky for supraglottic disease and >3.5 cm 3  is bulky for 
glottic cancers. One system in use is to offer chemora-
diation for all true glottic and supraglottic cases <6 cm 3  
and for supraglottic cases up to 6–12 cm 3  if there is no 
vocal fold fi xation.        

  Table 1    Regional nodal involvement   

 Overall involvement at presentation (pre-CT 
era) (Lindberg  1972 ; Candela et al.  1990 ) (%) 

 Overall involvement at presentation (CT 
era) (Buckley and MacLennan  2000 ) (%) 

 Occult involvement at neck dissection for 
a N0 neck (Zhang et al.  2006 ) (%) 

 IB  1–3  0 
 II  33–37  24  18–20 
 III  26–34  19 
 IV  8  14 
 V  5  2 
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4     Simulation and Daily Localization 

•     Patient is supine with neck extended. The arms are at the 
sides and shoulders are immobilized and extended down 
toward the feet. An arm strap can be used to keep the arms 
and shoulders in position, or an immobilization device 
can secure both the head and the shoulders. The head and 
neck should be immobilized with the head comfortably 
and securely opposed to a head cushion.  

•   The CT simulation should use ≤3 mm slices with IV con-
trast. The CT should include the entire vertex of the head 
through the carina   . Historically with 2D and 3DCRT 
techniques, the isocenter should be placed at the bottom 
of the cricoid if there is no subglottic or hypopharyngeal 
extension. If either is present, then the isocenter is placed 
1 cm below the cricoid.  

•   For postoperative cases, it may be helpful to place a radi-
opaque marker on the scar if there is a positive margin or 
extra-nodal extension.  

•   A variety of IGRT approaches are used in laryngeal can-
cer. The most common approaches are daily kV or MV 
cone beam CTs or daily cone beam CT for the fi rst 5 days 
of treatment and if stable, biweekly thereafter.     

5     Target Volume Delineation 
and Treatment Planning 

5.1     Intact Larynx 

•     Typically 3 CTVs are drawn: CTV70, CTV60 (actually 
59.4–63 Gy), and CTV54 (actually 46–54 Gy). Depending 
on the clinical situation, the CTV60 may be omitted. All 
3 (or 2) CTVs can be treated in one dose-painting IMRT 
plan. However, if one is concerned with the low-dose per 
fraction (i.e., <1.8 Gy) for the CTV low risk, 2 sequential 
IMRT plans may be created: one that includes the CTV60 
and CTV54 and one for the CTV70.  

•   In Table  2 , common target volumes and fractionation 
schemes are presented. Many other variations exist, how-
ever. Out of concern for higher long-term toxicity (i.e. 
laryngeal necrosis), we do not use the 70 Gy/33 fraction 
regimen involving 2.12 Gy doses.  

•   The terms high, intermediate, and low risk are used differ-
ently by practitioners to describe the IMRT volumes that 
roughly correspond to the 70, 60, and 50 Gy volumes 
used with non-IMRT conventional planning. In this chap-
ter, we use terms such as CTV70, CTV60, and CTV54 to 
avoid confusion.

•      The two-volume approach can be used for all cases and is 
especially attractive for node-negative cases. The three- 
volume approach is attractive for when there are nodes of 
indeterminate signifi cance or when a tracheostomy/stoma 

site needs to be boosted to ~60 Gy. Another consideration 
is the practicality of developing sequential IMRT plans 
(dose painting abrogates this challenge). Furthermore the 
dose conformality and the ability to spare normal tissues 
are better when dose painting is used.  

•   Indications for boosting a tracheostomy site include (1) 
cases when an emergent tracheostomy was required, (2) 
soft tissue extension into level VI, and (3) subglottic 
extension (especially when the tracheostomy had to be 
inserted in close proximity to the primary tumor).  

•   The typical treatment plan at MSKCC is the three-volume 
approach above, whereas at the University of North 
Carolina, a two-volume approach is more typical.  

•   If the patient is not a candidate for either concurrent cis-
platin chemotherapy or cetuximab, then altered fraction-
ation is indicated. Options include:
 –    Six fractions per week (DAHANCA trials). Two frac-

tions, 6 h apart, can be given once per week. Any of the 
planning and dose fractionation strategies above can 
be used.  

 –   Concomitant boost (RTOG 90-03). A second after-
noon boost treatment is given in the afternoons (>6 h 
after the AM fractions). Thus the two-volume, sequen-
tial approach described above is the only feasible 
method. The low risk is treated with 54 Gy in 30 frac-
tions of 1.8 Gy and during the last 12 days of treat-
ment, the high risk is boosted in 1.5 Gy fractions in the 
afternoons to 72 Gy.  

 –   Hyperfractionation (RTOG 90-03). Daily BID 1.2 Gy 
fractions are applied. Thus only the sequential plan 
strategy can be used rather than dose painting. The 
low-risk volume can be treated to 57.6 Gy in 48 frac-
tions of 1.2 Gy BID. The high-risk volume can be then 
be boosted to 76.8–79.2 Gy in 16–18 additional 

   Table 2    Variations in treatment approaches for the intact larynx   

 Two-volume approach  Three-volume approach 

  CTV70 : whole larynx, 
primary, involved nodes 

  CTV70 : primary, involved nodes 

  CTV54 : elective nodal areas   CTV60 : remaining larynx, involved 
and adjacent nodal levels, 
indeterminate nodes, stoma, 
tracheostomy site. 
  CTV54:  elective nodal areas 

  Sequential:  46–54 Gy in 
2 Gy daily fractions, 
followed by a sequential 
IMRT plan to the CTV70 in 
2 Gy daily fractions to 70 Gy 

  Sequential:  two consecutive IMRT 
plans: (1) 60 Gy/30 fractions to 
CTV60 and 54 Gy/30 fractions to 
CTV54 and (2) 10 Gy/5 fractions to 
CTV70 

  Dose painting : 54–63 Gy in 
35 daily fractions and 70 Gy 
in 35 daily fractions of 2 Gy 
to the CTV70 

  One IMRT plan : 70, 63, and 54 Gy in 
35 daily fractions to the CTV70, 
CTV63, and CTV54, respectively. 
Another scheme is 33 daily fractions 
of 2.12, 1.8, and 1.64 Gy fractions to 
these volumes 
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 fractions of 1.2 Gy BID. If an intermediate-risk  volume 
is used, then 64.8 Gy may be an appropriate dose. Note 
the high-risk dose used now is typically lower than that 
used in RTOG 90-03 (81.6 Gy).     

•   Of these three options, we recommend the hyperfraction-
ation regimen. The MARCH meta-analysis suggests that 
hyperfractionation produces the best locoregional control 
(Baujat et al.  2010 ). The concomitant boost technique led 
to more late toxicity in RTOG 90-03.  

•   The gross tumor volume (GTV) is defi ned as all known 
gross disease determined from CT, MRI, clinical informa-
tion, and endoscopic fi ndings.  

•   Positive nodes in the neck should be defi ned as those with 
central necrosis, extracapsular extension, and/or a short 
axis diameter of >1 cm. For borderline cases, those with 
FDG avidity should be considered disease. Small nodes 
that are bean-shaped or exhibit a fatty hilum are more likely 
benign. Enlarged RP nodes, although unusual in laryngeal 
cancer, should be considered positive even if small.  

•   For ≥T3, the bilateral necks must be electively treated (at 
least levels II–IV). Unilateral treatment is never 
appropriate.  

•   Before the IMRT era, levels I–VII were covered at least in 
the 50 Gy volume even though nodal involvement is most 
common in II–IV. The low anterior neck covered levels V, 
VI, and VII, and level IB was unavoidable in the lateral 
fi elds. Surgeons have traditionally resected only levels II–
IV for the node-negative neck in larynx cancer, then and 
now. In the IMRT era, level V can clearly be omitted in 
the node-negative neck. Elective coverage of levels IB, 
VI, and VII is more varied among practitioners.  

•   Level IB is in close proximity to the larynx and the sub-
mandibular gland cannot easily be spared with IMRT 
without sacrifi cing laryngeal coverage. Thus part or most 
of it is generally included.  

•   Level VI is a small nodal region without critical structures 
apart from part of the thyroid gland, which is unavoidably 
treated to a high dose in any case. We generally include it 
for all cases, but others reserve coverage only for subglot-
tic extension/subglottic primary tumors, hypopharyngeal 
extension, gross level IV adenopathy, emergent tracheos-
tomy, or soft tissue extension from the primary into the 
neck. The tracheoesophageal nodes (part of level VI) 
must be covered in these cases.  

•   Level VII (upper mediastinum) is recommended for node- 
positive cases, subglottic extension, or hypopharyngeal 
involvement. Prior to IMRT, this region was always 
included in the low anterior neck AP fi eld, which extended 
to 1 cm below the inferior clavicular head.  

•   Regional involvement is very common for supraglottic 
cases and thus elective treatment (surgery or radiation) to 
both necks is always required, regardless of T stage. Level 
VI should also be treated including the tracheoesophageal 

nodes. Some practitioners cover only levels II and III for 
T1 and T2N0 supraglottic cases.  

•   In an electively treated neck, the superior border of level 
II can be where the posterior belly of the digastric muscle 
crosses the internal jugular vein. This represents the supe-
rior most region that is dissected in elective neck dissec-
tions and is often at the same level as the caudal edge of 
the lateral process of C1. This allows for sparing of the 
ipsilateral parotid.  

•   When there are positive nodes in a hemi-neck, then the 
ipsilateral V is included. The entire level II to the base of 
skull and the ipsilateral retropharyngeal nodes are 
included because of the possibility of “backed up” lym-
phatics in the involved neck. Some would neither treat the 
retropharyngeal nodes nor treat level II all the way to the 
jugular foramen.   

  Table 4    Suggested targeted regions for 59.4–63 Gy   

 Target volumes  Defi nition and description 

 CTV59.4–63  CTV should encompass the entire CTV70 
 Includes the entire larynx, from the top of the 
thyroid notch to the bottom of the cricoid 
cartilage 
 High-risk nodal regions, such as levels II–IV on 
the involved N + neck 

 PTV59.4–63  CTV59.4–63 + 3–5 mm 

  Table 3    Suggested target volumes for 70 Gy   

 Target volumes  Defi nition and description 

 GTV  Primary: all gross disease on physical 
examination and imaging 
 Neck nodes: all nodes ≥1 cm or PET positive 
should be included as GTV – include borderline 
lymph nodes in doubt as GTV to avoid 
undertreatment 

 CTV70  Primary: 5–10 mm expansion of the GTV. If a 
2-volume approach is taken, the entire larynx 
should be in the 70 Gy volume 
 Nodes: 6–8 mm expansion on involved nodes 

 PTV70  CTV70 + 3–5 mm, depending on immobilization, 
localization, etc. We use 3 mm with on-board CT 
imaging 

  Table 5    Suggested target volumes for low-risk subclinical regions   

 Target volumes  Defi nition and description 

 CTV54  CTV 54 should encompass the entire 
CTV59.4–63 
 At least levels II–IV of the uninvolved neck. At 
least I–V for the involved neck. See discussion 
above and Table  6  for recommendations on 
levels I, VI, VII and RP nodes 

 PTV54  CTV54 + 3–5 mm 
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5.2           Postoperative RT for Laryngeal Cancer 

•     Postoperative radiation is indicated for any of these path-
ological features: pT3–4 disease, pN2–3, extra-nodal 
extension, and close/positive margin. PNI/LVSI is a minor 
indication and radiation is often still recommended. 
Concurrent chemotherapy should be added for + margin 
and extracapsular extension. The addition of chemother-
apy is debatable for the weaker pathological indications 
of ≥2 nodes, PNI, or LVSI.  

•   The stoma is always included in the low-risk volume.    The 
stoma is boosted to ~60–70 Gy for subglottic extension 
and positive level IV nodes and if an emergent tracheos-
tomy was performed. Anatomically a stomal recurrence is 
a tracheoesophageal node.  

•   Historically, placement of bolus over the scar was done 
for positive margins and extracapsular extension. In 
IMRT treatment planning, the target volumes are pur-
posefully pulled away from the skin to prevent severe 
dermatitis. The practice of placing bolus over the scar 
when IMRT is used is variable. If concerned, one may 
place 5 mm to 1 mm bolus over the scar. The bolus should 
be accounted for in the treatment planning by either sim-
ulating the patient with applied bolus or  mocking up a 
“ghost” bolus in the treatment planning system.  

•   If there is a positive margin or extracapsular extension, 
the at-risk operative bed/nodal region is treated to 66 Gy 
rather than 60 Gy.   

6          Plan Assessment 

   Table 6    Management of the neck in advanced laryngeal carcinoma   

 Target volumes  Notes about coverage 

 IA  Not included 
 IB  Hard to avoid while preserving coverage of the 

larynx. Generally included, defi nitely included 
in node-positive hemi-neck 

 II  Always covered. If neck is negative, superior 
border is where the posterior belly of the 
digastric crosses the IJ (or transverse process of 
C1). If neck is positive, level II is covered to 
skull base 

 III  Always covered 
 IV  Always covered 
 V  Covered if ipsilateral neck is involved 
 VI (including 
tracheoesophageal 
nodes) 

 Covered for subglottic extension/subglottic 
primary tumors, hypopharyngeal involvement, 
gross level IV adenopathy, emergent 
tracheostomy, or soft tissue extension from the 
primary into the neck. Some practitioners 
always cover level VI, some do not 

 RP nodes  Covered only if ipsilateral bulky neck nodes, 
which can cause “backed” lymphatics to RP 
nodes 

 VII (upper 
mediastinum) 

 Recommend covering for node-positive cases 
and for subglottic extension or hypopharyngeal 
involvement 

  Table 7    Fractionation/dose regimens for postoperative larynx cases   

 Negative margins, no 
ECE  Positive margins and/or ECE 

  CTV60:  60 Gy in 30 
fractions (2.0 Gy per 
fraction) 

  Option 1:  three volumes, all dose 
painting. 66, 60, and 54 Gy in 33 
fractions 

  CTV54:  54 Gy in 30 
fractions (1.8 Gy per 
fraction) 

  Option 2:  three volumes, sequential. 60 
and 54 Gy in 30 fractions (dose painting) 
followed by a separate sequential 
6 Gy/3fx 
  Option 3:  two volumes, dose painting. 
66 Gy/33fx and 54–60 Gy/33fx 

  Table 8    Suggested target volumes at the high-risk subclinical region   

 Target volumes  Defi nition and description 

 CTV66 (if needed)  Operative bed if positive margins 
 Operative bed + areas of ECE if there is ECE 
 Stoma boost if indicated 

 CTV60  Entire operative bed, including scar 
 Stoma boost if indicated 
 Lymph node stations where nodes positive 

 CTV54  CTV60–66 volume 
 Elective nodal areas, at least levels II–IV 
 Stoma 
 Same nodal coverage rules apply as in intact 
larynx. Note that the stoma is created within 
level VI and thus is always covered 

 PTV  CTVs + 3–5 mm 

  Table 9    Constraints used at the University of North Carolina   

  PTVs  
 ≥95 % of the PTV should receive 100 % of the prescription dose 
 ≥99 % of the PTV receives ≥93 % of the prescription dose (i.e., 
cold spot) 
 ≤20 % of the PTV >110 % of the prescription dose (i.e., hot spot) 
  Normal tissues  
 Nonspecifi ed tissue outside PTV: ≤1 % receives >110 % of the 
prescription dose 
 Brain stem: max dose (voxel or 0.1 cc) 54 Gy 
 Spinal cord: max dose (voxel or 0.1 cc) 50 Gy 
 Parotid: mean dose <26 Gy and/or 50 % receives <30 Gy 
 Cochlea: mean dose <45 Gy 
 Oral cavity: mean dose <39 Gy 
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  Fig. 2    T2N2cM0    squamous cell carcinoma of the epiglottis involving 
right AE fold and bilateral cervical lymph nodes. Please note that these 
are representative slices and not all slices are included. For this case, a 
three-volume approach was employed   . ( a )  Magenta  GTV LN,  purple  

GTV primary,  blue  CTV 59.4,  orange  CTV 54. ( b ) Additional axial 
slices. ( c ) Additional axial slices.  PET/CT imaging in lower panels.  
Green  GTV designed with assistance from PET imaging           

CTV 59.4 includes RP
nodes on side of bulky
adenopathy because of

retrograde flow

a

Level 2 begins at C1
transverse process with RP

nodes not covered
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Entire larynx
included in CTV 59.4

Small level 3 lymph
nodes condoured with
PET fusion (see below)

Level 5 not
routinely covered for

larynx cancer

Low neck and
supraclav can be
treated to 54Gy

b

Fig. 2 (continued)
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Small level 3 node
contoured with PET

fusion

c

Some practitioners always 
cover VI;

others reserve coverage 
for high risk cases 

(e.g. subglottic extension)

Fig. 2 (continued)
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Transverse
process of C1 

Superior Most Slice

Inferior Most Slice

Tracheoesophageal 

groove

Level VI covered

Clavicular head

Whole larynx, 
vallecula, small part
of base of tongue in
CTV-HR  

Last CTV-HR slice at
inferior cricoid 

Pre-epiglottic
space, base of
tongue covered  

Difficult to
avoid SMG,
level IB  

Include larynx
cartilage and strap
muscles in CTV-HR   

No need to cover
level V in node
negative neck  

Not covering
level VII 

  Fig. 3    T3N0M0 supraglottic squamous cell carcinoma of the larynx. 
IMRT was required because target straddles the shoulders. Case illus-
trates bilateral parotid sparing. A two-volume approach was taken. 

Levels II–IV are covered as well as level VI and part of level IB. GTV 
is in  red . CTV70 is in  green . PTV54 is in  blue        
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Parotid sparing
in N- neck

Neck extended

6-8mm margin on
positive nodes

Level II covered to base
of skull in N+ neck

Superior Most Slice

Distinguish between
soft palate (not
covered) and base of
tongue (covered) Level V covered in N+

neck

Level IB entirely
covered in N+ neck

RTOG atlas recommends
covering to trapezius

Inferior Most Slice

Electively treated
level V may not
need to extend
posteriorly (unlike
in nasopharyngeal
cancer)

Level VII not
covered – no
level IV nodes,
subglottic or
hypopharyngeal
involvement

  Fig. 4    T3N1M0 supraglottic squamous cell carcinoma of the larynx. A 
two-volume approach was taken. Levels II–IV are covered as well as ipsi-
lateral level V and IB on the involved side. Level VI is covered. Though this 

patient is node positive, level VII is not covered because there was no sub-
glottic extension, hypopharyngeal involvement, or level IV nodes   . GTV is 
in  red . CTV70 is in  green . PTV54 is in  blue . L parotid gland is in  orange        
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Superior Most Slice

CTV70 to first
tracheal ring because
of subglottic extension

Tracheostomy
site covered

Level VII
covered

Level IB fully
covered in
ipsilateral neck

Epiglottic
Involvement

Inferior Most Slice

  Fig. 5    T3N1M0 supraglottic squamous cell carcinoma of the larynx 
with subglottic extension. A two-volume approach is taken. Due to the 
history of a need for an emergent tracheostomy and because of large 
tumor bulk, this patient should have ideally undergone a total laryngec-
tomy. However, due to hypercarbic respiratory failure, the patient was 

not a candidate for surgery. Case illustrates coverage of the tracheos-
tomy site. Levels II–IV, ipsilateral V and IB, and level VI are covered. 
In contrast to Fig.  4 , level VII is covered because of the subglottic 
extension. GTV is in  red . CTV70 is in  green . PTV54 is in  blue        
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  Fig. 6    ( a ,  b ) Axial slices with contours drawn. pT4N0M0    squamous 
cell carcinoma of the left glottis status total laryngectomy and left neck 
dissection. In the postoperative setting, the high-risk CTV (operative 

bed) receives 60 Gy in 2 Gy/fraction and the low-risk CTV receives 
54 Gy in 2 Gy/fraction.  Blue  CTV 54,  green  CTV 60         

RP nodes not included
for negative neck

a

Level IB not included
in negative neck

Include post-op bed in
CTV60

Bolus placement here to
adequately cover stoma

Oropharyngeal mucoa
can be spared

Tracheostomy site
included in CTV60

b Exclude scale muscles
from CTV
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Superior Most Slice

Inferior Most Slice

Level II coverage
to base of skull in
N+ neck

Only involved
neck in CTV60

Stoma

Level IB  covered:
lymphatics disrupted by
surgery, operative bed
immediately adjacent 

Generously
contour the neck
in post-op cases

Start covering level II in N-
neck at transverse process of
C1

  Fig. 7    T3N2bM0 squamous cell carcinoma of the supraglottis larynx. 
Pathology indicates close margins (4 mm), +LVSI, 2 positive left level 
II nodes with no ECE. CTV60 includes the operative bed, the involved 

level II nodal region, and the stoma. Level II is covered ipsilaterally to 
base of skull   . CTV60 is in  green . CTV54 is in  blue . The R parotid gland 
is contoured in  orange        

 

D. Higginson et al.



71

Superior Most Slice for CTV66

Inferior Most Slice

Conventional 2D
fields used the
posterior edge of
spinous processes as
a landmark --similar
to IMRT.

Vallecula involved by
tumor; base of
tongue in CTV66

BL level 2A involved
with ECE, thus in
CTV66

Post-neck dissection,
lymphatics are disrupted.
Use very generous volumes
to cover the neck

BL levels V
covered for BL N+
necks 

Generous base of
tongue coverage

Coverage of VI and VII

Level II coverage to
base of skull because
of BL N+ necks

Stoma in CTV66 because of
positive margins

Tracheoesophageal
groove

Upper mediastinum covered. Arch of aorta
an inferior landmark . Can also compare to
conventional 2D fields  that extended to
inferior clavicular head.

  Fig. 8    pT4aN2cM0 squamous cell carcinoma of the supraglottic lar-
ynx that involved the vallecula/base of tongue and hypopharynx. Close 
margins; bilateral level 2A nodes with extracapsular extension. CTV66 

is in  green . CTV60 in  blue . 66 Gy was used because of the ECE and 
close margins. Bilateral level II treated to the base of skull. Lower level 
II included in 66 Gy volume because of ECE       
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            Suggested Reading 

    VA Larynx Trial. Foundational trial for organ preserving 
radiation in advanced laryngeal cancer (The Department 
of Veterans Affairs Laryngeal Cancer Study Group  1991 )  

  RTOG 91-11. Chemoradiation for laryngeal cancer and other 
subsites of head and neck (Forastiere et al.  2013 )  

  RTOG contouring atlas (Gregoire et al.  2003 )  
  RTOG 1216 protocol. Current RTOG trial for post-operative 

radiation in head and neck cancer  
  Debate about organ preservation versus total laryngectomy 

(Olsen  2010 )         
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1           Anatomy and Patterns of Spread 

•     The hypopharynx extends from the level of the hyoid bone 
to the inferiormost level of the cricoid cartilage. Anteriorly, 
the border is formed by the connection of the two pyriform 
sinuses at the postcricoid region and with the posterior 
extent defi ned by the posterior pharyngeal wall.  

•   The three subdivisions and their distribution of tumor 
involvement according to the SEER database, from 2000 
to 2008, are the pyriform sinuses (83 %), posterior pha-
ryngeal wall (9 %), and postcricoid region (4 %).
 –    Pyriform sinus

•    “Pear-shaped” structure that begins superiorly at 
the glossoepiglottic fold with its apex extending 
inferiorly to the level of the cricopharyngeus. It 
is laterally bound by the thyroid cartilage and 
medially defi ned by the cricoid cartilages, aryte-
noids, and the lateral surface of the aryepiglottic 
fold.
 –    Superiorly, cancers can invade the arytenoids 

and aryepiglottic folds as well as the paraglottic 
and preepiglottic space.
•    Involvement of thyrohyoid membrane, which 

surrounds the pyriform sinuses superiorly 
and where internal branch of superior laryn-
geal nerve passes through cause referred 
otalgia.     

 –   Laterally, tumors can invade into the segments of 
the thyroid cartilage and then further into the lat-
eral neck compartments.  

 –   Medially, intrinsic laryngeal muscles can be 
involved causing vocal cord fi xation.  

 –   Inferiorly, extension past the apex can involve 
the thyroid gland.        

 –   Posterior pharyngeal wall
•    Formed by the constrictor muscles and directly con-

tacts the paravertebral fascia. Extends from hyoid 
bone to the inferior aspect of the cricoid.

     Hypopharyngeal Carcinoma 
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 –    Tumors can extend to involve the oropharynx 
superiorly, the prevertebral fascia and retropha-
ryngeal space posteriorly, and the cervical 
esophagus inferiorly.        

 –   Postcricoid region
•    Extends from the posterior surface of the aryepi-

glottic fold and arytenoids to the cricoid cartilage.
 –    Anteriorly, tumors can invade the larynx causing 

vocal cord fi xation.  
 –   Radially, the cricoid cartilage can be involved.  
 –   Other areas at risk from advanced local exten-

sion are the esophagus, trachea, and pyriform 
sinuses.           

•   Dosimetric coverage of the primary site can be a chal-
lenge because hypopharyngeal cancers have a propensity 
for submucosal spread. Approximately 60 % microscopic 
spread of about 10 mm (superiorly), 20 mm (laterally and 
inferiorly), and 25 mm (medially) (Ho et al.  1993 ).  

•   The rich lymphatic network of the hypopharynx drains 
primarily into the jugulodigastric lymph nodes and mid-
dle jugular chains (see Fig.  1 ). 
 –    Pyriform sinuses drain primarily to the upper and mid-

dle jugular nodes, posterior cervical nodes, and retro-
pharyngeal lymph nodes.  

 –   Posterior pharyngeal wall empties into the jugular 
nodes and retropharyngeal nodes (Allen et al.  2007 ).  

 –   Postcricoid region drains to the middle and lower jugu-
lar nodes and to the paratracheal nodes.        

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Clinical examination with a thorough laryngoscopic eval-
uation is critical in defi ning the mucosal extent of hypo-
pharyngeal cancers, particularly for those arising in the 
pyriform sinus.  

•   MRI may better delineate primary tumor borders, inform 
regarding potential cartilage or esophageal invasion, and 
may also facilitate identifi cation of abnormally enhancing 
lymph nodes (Castelijns et al.  1988 ; Roychowdhury et al. 
 2000 ; Rumboldt et al.  2006 ; Wenig et al.  1995 ).  

•   The sensitivity and specifi city of PET are superior to CT 
alone (Di Martino et al.  2000 ). FDG-PET provides meta-
bolic information and may identify hypermetabolic can-
cer cells within morphologically normal-appearing lymph 
nodes (Adams et al.  1998 ; Schwartz et al.  2005 ), which 
should be included within the high-dose PTV.     

3     Simulation and Daily Localization 

•     CT simulation using 3-mm slice thickness with IV contrast 
is used (unless medically contraindicated) to delineate the 
primary tumor, gross lymphadenopathy, and additional 
regions at risk. The simulation scan should extend from the 
top of the skull to the carina with the isocenter generally 
placed immediately above the arytenoids.  

•   The patient should be immobilized with a 5-point thermo-
plastic head and neck mask or with a 3-point thermoplas-
tic head and neck mask and a shoulder pull board. The 
neck should be maximally hyperextended to pull as much 
of the oral cavity and mandible out of the fi eld as possible, 
and the shoulders should be pulled inferiorly to minimize 
the risk of beam interference.     

4     Target Volume Delineation 
and Treatment Planning 

•     Due to concerns regarding treatment-related late toxici-
ties, hypofractionation and/or simultaneous integrated 
boost with IMRT is not recommended for this disease site.  

•   We utilize dose-painting IMRT (Lee et al.  2007 ) and pre-
scribe to 70 Gy in 2 Gy fractions to sites of gross disease, 
59.5 Gy in 1.7 Gy fractions to high-risk subclinical regions, 
and 56 Gy in 1.6 Gy fractions to lower-risk subclinical 
regions. Additional fractionation regimens as well as 
cone-down IMRT approaches are also appropriate.  

•   We routinely use all-in-one IMRT for hypopharynx can-
cers, as a match line to a low anterior neck fi eld would 

  Fig. 1    Distribution of nodal metastases by neck level based on radical 
neck dissections in 104 patients (Candela et al.  1990 )       
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frequently fall in the region of the primary tumor or 
involved lymph nodes.  

•   Suggested treatment target volumes for gross disease 
(Table  1 ), high-risk subclinical (Table  2 ), and lower-risk 
subclinical regions (Table  3 ) are described in the follow-
ing tables. The principles of target delineation are similar 
for early and advanced stages (Figs.  2  vs  3 ,  4 , and  5 ). 
Shown here are examples of each subsite: pyriform sinus 
(Figs.  2  and  3 ), posterior pharyngeal wall (Fig.  4 ), and 
postcricoid region (Fig.  5 ).            

5     Plan Assessment 

•     Coverage should attempt to achieve at least 95 % of the 
volume of the PTV 70  receiving prescription dose. The 
minimum dose to 99 % of the CTV 70  should be >65.1 Gy. 
The maximum dose received by 0.03 cc of the PTV 70  
should be <80.5 Gy.  

•   We typically prioritize normal structure constraints, par-
ticularly critical structures. Below are suggested dose 
constraints utilized at our center (Table  4 ).

   Table 3    Suggested target volumes at the lower-risk subclinical region   

 Target volumes  Defi nition and description 

 CTV 56  a   The CTV 56  should include lymph node levels II–IV and retropharyngeal LNs in the N0 neck. The only exception is for 
midline tumors, where an N0 neck might also be considered high risk if there is contralateral nodal disease. For the 
contralateral N0 neck considered lower risk, the superior extent of level II coverage need not extend beyond where the 
posterior belly of the digastric muscle crosses over the internal jugular vein. Similarly, coverage of the superior 
retropharyngeal nodes in the contralateral N0 neck can terminate at the level of the C1 vertebral body 

 PTV 56  a   CTV 56  + 3–5 mm, depending on comfort level of daily patient positioning 

    a Example lower-risk subclinical dose: 1.6 Gy/fraction to 56 Gy  

   Table 2    Suggested target volumes at the high-risk subclinical region: primary tumor expansion and N + neck   

 Target volumes  Defi nition and description 

 CTV 59.5  a   Primary: the CTV 59.5  should encompass the entire CTV 70  with at least 1-cm margin and should include the entire subsite 
of the involved hypopharynx as well as adjacent superior and inferior structures. Potential directions of microscopic 
mucosal and submucosal spread should be considered and targeted. The larynx (from hyoid to cricoid) is at high risk for 
subclinical disease and should be included in the CTV 59.5 . Adjacent fat spaces, such as the preepiglottic fat and 
prevertebral fascia, should be included in this high-risk region 
 Neck nodes: CTV59.5 should encompass at least 3-mm margin on CTV 70  lymph node regions. Include ipsilateral cervical 
LN levels Ib–IV as well as the lateral retropharyngeal lymph nodes. If there is gross adenopathy in levels II–IV, coverage 
of ipsilateral level V should be considered. For postcricoid and posterior pharyngeal wall tumors that are close to 
midline, the same RT dose may be prescribed to both sides of the neck. For an N + neck, retropharyngeal lymph node 
coverage should extend superiorly to the entrance of the carotid canal at the skull base. Similarly, upper level II lymph 
nodes in the retrostyloid space should also be included in the target volume, superior to the level where the posterior 
belly of the digastric muscle crosses over the internal jugular vein. Inferior hypopharyngeal cancers that involve the 
postcricoid region mandate coverage of the paratracheal lymph nodes in the superior mediastinum as well 
 Any tissue that lies between the primary tumor and level III–IV lymphadenopathy should be contoured in the CTV 59.5 , as 
it is at high risk for submucosal microscopic invasion 

 PTV 59.5  a   CTV 59.5  + 3–5 mm, depending on comfort level of daily patient positioning 

    a Example high-risk subclinical dose: 1.7 Gy/fraction to 59.5 Gy  

   Table 1    Suggested target volumes at the gross disease region   

 Target volumes  Defi nition and description 

 GTV 70  a  (the subscript denotes the 
total radiation dose prescribed, in 
Gy) 

 Primary: all gross disease on physical examination and imaging 
 Neck nodes: all nodes ≥1 cm in short axis; grossly abnormal as well as suspicious lymph nodes should be 
contoured as GTV 

 CTV 70  a   Usually the same as GTV 70  (no need to add margin); if a margin is needed due to uncertainty of 
macroscopic disease, add 5 mm so that GTV 70  + 5 mm = CTV 70  
 For suspicious nodes that are small (i.e., ≤1 cm), a lower dose of 66 Gy may be considered 

 PTV 70  a   CTV 70  + 10 mm for the primary tumor, depending on comfort level of daily patient positioning. 
Hypopharynx structures are highly mobile, so we do not recommend smaller PTV margins. An exception 
might be posterior pharyngeal wall disease, where posterior expansion margins are minimized due to 
decreased motion in that direction and to maintain adequate separation from the spinal cord 
 CTV 70  + 3–5 mm for lymph nodes, depending on precision of daily positioning 

    a Suggested dose to gross disease is 2 Gy/fraction to 70 Gy  
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CTV70

CTV59.5

CTV56

  Fig. 2    Early-stage T2N0 left pyriform sinus HNSCC. The principles of 
targeting early-stage hypopharyngeal cancers are shared among all sub-
sites. It is critical to perform multiple imaging studies including CT 

with IV contrast, MRI, and/or PET to confi rm with highest certainty 
that there is no detectable nodal disease. For high confi dence cN0 dis-
ease, the bilateral neck may receive the lower-risk RT dose, e.g., 56 Gy       
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CTV70

CTV70(LN)

CTV59.5

CTV56

CTV70

CTV70(LN)

CTV59.5

CTV56

  Fig. 3    Advanced-stage T2N2b pyriform sinus HNSCC. Similar prin-
ciples are used to delineate IMRT targeting for all subsites of advanced-
stage hypopharyngeal cancer. Inferior tumors involving the postcricoid 
region must include the paratracheal LNs of the superior mediastinum 

as well as consideration of the central compartment of the neck in the 
high-risk subclinical treatment volume. It is important that targeting of 
the N + neck extends superiorly to the base of skull       
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  Fig. 4    Advanced-stage T3N2a posterior pharyngeal wall HNSCC. 
PET/CT identifi ed right oropharyngeal extension with additional FDG-
avid disease in a left retropharyngeal node; left level II, III, and IV 

cervical nodes; and a right level II cervical node. Though contoured 
here, level V nodes are not routinely treated at our center, but at the 
discretion of the prescribing physician         
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CTV59.5: Left lvl V
covered further

inferiorly because of
ipsilateral gross LN

involvement

CTV59.5: Inferior
border at

sternal notch

CTV70

CTV70(LN)

CTV59.5

CTV56

Fig. 4 (continued)
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  Fig. 5    Advanced-stage T3N1 postcricoid HNSCC who underwent induction chemotherapy. A large exophytic tumor was appreciated on fi ber- optic 
examination. CTV was contoured from the preinduction CT and PET imaging. PET demonstrated esophageal extension, which was included in the CTV         
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CTV70

CTV70(LN)

CTV59.5

CTV56

Fig. 5 (continued)

 Critical structures  Constraints 

 Brainstem  Max < 54 Gy or 1 % of PTV cannot exceed 60 Gy 
 Optic nerves  Max < 54 Gy or 1 % of PTV cannot exceed 60 Gy 
 Optic chiasm  Max < 54 Gy or 1 % of PTV cannot exceed 60 Gy 
 Spinal cord  Max < 45 Gy or 1 cc of the PTV cannot exceed 50 Gy 
 Mandible and TMJ  Max < 70 Gy or 1 cc of the PTV cannot exceed 75 Gy 
 Brachial plexus  Max < 65 Gy 
 Temporal lobes  Max < 60 Gy or 1 % of PTV cannot exceed 65 Gy 
 Other normal structures  Constraints 
 Oral cavity  Mean ≤ 40 Gy 
 Parotid gland  (a) Mean ≤ 26 Gy in one gland 

 (b) Or at least 20 cc of the combined volume of both parotid glands will 
receive < 20 Gy 
 (c) Or at least 50 % of one gland will receive < 30 Gy 

 Submandibular gland  Mean ≤ 39 Gy 
 Cochlea  (a) Max ≤ 50 Gy 

 (b) V55 < 5 %, if max dose constraint not possible 
 Eyes  Mean < 35 Gy, max < 50 Gy 
 Lens  Max < 5 Gy 

    PTV  planning target volume 
 Based on guidelines presently used at Memorial Sloan Kettering Cancer Center  

  Table 4    Intensity-modulated 
radiation therapy: normal tissue 
dose constraints  
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       Suggested Reading 

    EORTC 24891 (Lefebvre et al.  1996 ): Demonstrated laryn-
geal preservation and equivalent overall survival with 
induction chemotherapy followed by radiotherapy when 
compared to surgery followed by radiotherapy for pyri-
form sinus and aryepiglottic fold cancers  

  Lee et al. ( 2007 ): Concurrent chemotherapy with IMRT 
experience at MSKCC for laryngeal and hypopharyngeal 
carcinoma  

  Prades et al. ( 2010 ): Phase III trial demonstrating increased sur-
vival in concurrent chemoradiotherapy for pyriform sinus 
carcinoma when compared to induction chemotherapy  

  RTOG neck contouring atlas (Gregoire et al.  2003 )         
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1                 Anatomy 

•     The paranasal sinuses are composed of seven bones (eth-
moid, maxilla, palatine, lacrimal, pterygoid plate of sphe-
noid, nasal, and inferior turbinate), four paired sinuses 
(frontal, ethmoid, maxillary, and sphenoid), and complex 
networks of nervous, vascular, and lymphatic structures   .   

2         Patterns of Spread 

•     Paranasal sinus cancers often spread via local extension 
into adjacent sinuses and bony structures. The paranasal 
sinuses (and nasal cavity) are all interconnected via mul-
tiple ostia and are separated by thin septi allowing for 
invasion into adjacent air cavities.
 –    Maxillary Sinus (as a representative example):

•    Medial infrastructure lesions invade the nasal cav-
ity early via the porous medial wall.  

•   Lateral infrastructure lesions erode the lateral wall 
of the antrum and may present as a submucosal 
mass in the maxillary gingiva.  

•   Posterior infrastructure lesions may invade the 
infratemporal fossa or extend into the pterygopala-
tine fossa and pterygoid plates. These lesions may 
invade the orbit by direct superior extension or via 
extension into the ethmoids.  

•   Suprastructure lesions spread either laterally, invading 
the malar process of the maxilla and the zygoma, or 
medially, invading the nasal cavity and ethmoid sinuses.        

•   Involvement of nerve branches (see Table  1 ) by tumor 
often leads to numbness and paresthesias in the skin and 
mucous membranes of this region. It is of critical impor-
tance if cranial nerve involvement is present to cover the 
involved nerve(s) back to the skull base.  
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•   Lymphatic drainage of the paranasal sinuses is thought to 
have limited capillary lymphatic supply. Hence, the fre-
quency of lymph node involvement is low, unless the 
tumor involves adjacent areas with extensive lymphatic 
supply (the nasal cavity, nasopharynx, or skin).

 –    Ten percent of patients present with cervical lymph 
node involvement, and an additional 10–15 % develop 
cervical neck lymph node metastases.        

3     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Physical examination: bimanual palpation of the orbit, 
oral and nasal cavities, and nasopharynx and direct fi ber- 
optic endoscopy. Neurologic examination should empha-
size cranial nerve function, because nasal cavity and 
paranasal sinus tumors can be associated with cranial 
nerve palsies, especially of the trigeminal branches. 
Cervical lymph nodes should be palpated for adenopathy.  

•   Imaging has essentially replaced surgical exploration for 
staging and tumor mapping in this region. The most 

 useful studies are computed tomography (CT) and mag-
netic resonance imaging (MRI). CT defi nes early corti-
cal bone erosion more clearly, whereas MRI better 
delineates soft tissue. CT performs better than MRI in 
evaluating thin bony structures, such as paranasal 
sinuses and orbita. MRI may demonstrate subtle peri-
neural spread and involvement of the cranial nerve fora-
men and canals.  

•   Paranasal sinus tumors are best approached using endo-
scopic sinus surgery instruments or by an open transcuta-
neous or transoral procedure. Caldwell-Luc procedures 
have been used to gain access to the maxillary antrum.     

4     Simulation and Daily Localization 

•     Set up the patient in supine position with head extended. 
The immobilization device should include at least the 
head and neck. If possible, shoulders should also be 
immobilized to ensure accurate patient setup on a daily 
basis especially when an extended-fi eld IMRT plan is 
used. A bite block can be placed during simulation and 

   Table 1    Anatomy of paranasal sinuses   

 Sinus  Overview and boundaries  Blood supply and innervation 
 Frontal  Located in the frontal bone superior to the orbits in the forehead  Supraorbital and supratrochlear arteries of the 

ophthalmic artery 
 Funnel-shaped structure  Supraorbital and supratrochlear nerves of the fi rst 

division of the trigeminal nerve  An upward extension of anterior ethmoid cells 
 The posterior wall separates the sinus from the anterior cranial fossa. 
The fl oor is formed from the upper part of the orbit 

 Sphenoid  Located in the sphenoid bone at the center of the head  Sphenopalatine artery (and branches), except for the 
planum sphenoidale, which is supplied by the posterior 
ethmoidal artery 

 Closely related to many critical structures: pituitary gland, 
superiorly; optic nerve and carotid artery, laterally; and nerve(s) of 
the pterygoid canal at the fl oor 

 Branches of the fi rst and second divisions of the 
trigeminal nerve 

 May extend as far as the foramen magnum 
 Maxillary  Pyramidal shaped (the base is along the nasal wall and the apex 

points laterally toward the zygoma) 
 Branches of the internal maxillary artery (infraorbital, 
alveolar, greater palatine, and sphenopalatine arteries) 

 The roof is the fl oor of the orbit. The fl oor is made from the alveolar 
process of the maxilla and hard palate 

 Branches of the second division of the trigeminal nerve, 
the infraorbital nerve, and the greater palatine nerves 

 Behind the posteromedial wall of this sinus lays the pterygopalatine 
fossa (houses important neurovascular structures and communicates 
with skull base foramina) 
 The infratemporal fossa lies behind the posterolateral wall of the 
maxillary sinus 

 Ethmoid  Located in the ethmoid bone, forming multiple air cells (~6–15) 
between the eyes 

 Anterior and posterior ethmoidal arteries from the 
ophthalmic artery (internal carotid system), as well as 
by the sphenopalatine artery from the terminal branches 
of the internal maxillary artery (external carotid system) 

 The ethmoid cells are shaped like pyramids and are divided by thin 
septa 

 V1 supplies the more superior aspect with V2 
innervating the inferior regions. Parasympathetic 
innervation is via the Vidian nerve  Bordered by the middle turbinate medially and the medial orbital 

wall laterally. The roof is formed from frontal bones anteriorly, and 
the sphenoid and orbital process of palatine bones posteriorly 
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throughout radiation to push the tongue away from the 
high-dose nasopharynx region.  

•   CT simulation using 3 mm thickness with IV contrast 
should be performed to help guide the GTV target, par-
ticularly for the lymph nodes. We typically recommend a 
simulation scan from the top of the head including the 
brain to the carina. 5 mm thickness can be reconstructed 
below the clavicle to the level of the carina. The isocenter 
is typically placed just above the arytenoids.  

•   Image registration and fusion applications with MRI and 
PET scans should be used to help in the delineation of 
target volumes, especially for regions of interest encom-
passing the GTV, skull base, brain stem, and optic chiasm. 
The GTV and CTV and normal tissues should be outlined 
on all CT slices in which the structures exist.     

5     General Principles of Target 
Delineation 

•     The surgical approach (midfacial degloving, lateral rhi-
notomy, craniofacial, or endoscopic) can complicate the 
radiation fi eld. If a craniofacial resection has been per-
formed, the frontal graft should be included in the target 
volume. Fiducial markers implanted during surgery can 
help to delineate the tumor bed.  

•   Preoperative CT and MRI should be evaluated to ensure 
that the initial tumor volume is covered in the high-risk 

CTV. Detailed description of the surgical procedure and 
pathology report is mandatory to properly defi ne the CTV 
that should encompass all initial sites of disease and the 
subclinical tumor spread. MRI should be used in all cases 
to help delineation of the tumor unless medically 
contraindicated.  

•   Adenoid cystic carcinomas are highly neurotrophic so radio-
therapy volumes must encompass the afferent and efferent 
local nerves to the skull base. Esthesioneuroblastomas 
arise in the superior nasal cavity and in their early stages 
tend to invade the cribriform plate and anterior cranial 
fossa, and therefore, these regions should be encompassed 
in the target volume.  

•   Lymph node metastases are unusual, so elective treatment 
of the neck is not mandatory but can be done at the discre-
tion of the treating physician. However, elective neck irra-
diation should be considered for esthesioneuroblastoma; 
high-grade, high-stage squamous cell carcinoma, espe-
cially if originating from the maxillary sinus or there is 
invasion of the mucosa of the palate or of the nasophar-
ynx; when there is involvement of the skin of the cheek or 
of the anterior nose; and invasion of the maxillary gingiva 
or the alveolus. Depending on the clinical situation, cover 
either ipsilateral or bilateral levels Ib–IV. The need to 
include level V is determined by the location of the pri-
mary (i.e., level V should be encompassed in ethmoid car-
cinomas invading the nasopharynx).  

•   Suggested target volumes at the gross disease, high- and 
low-risk regions are detailed in Tables  2  and  3 .   

   Table 2    Suggested target volumes for gross disease   

 Target volumes  Defi nition and description 

 GTV 70   All gross disease on physical examination and imaging (CT and MRI). PET can help further defi ne the tumor extent 
 CTV 70   Usually same as GTV 70.  If a margin is needed due to uncertainness during gross disease delineation, add 3–5 mm so that 

GTV 70  + 3–5 mm = CTV 70  
 PTV 70   CTV 70  + 3–5 mm depending on comfort level and can be as small as 1 mm when near critical normal structures 
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   Table 3    Suggested target volumes at the high- and low-risk subclinical regions   

 Defi nition and description 

 Target volumes  Ethmoid  Maxillary 

 CTV 66   Tumor implantation area or microscopically affected margins 
 CTV 60   The CTV 60  should encompass the areas at high risk of microscopic tumor spread from initial macroscopic tumor. Although 

the CTV 60  has to be defi ned in a case-by-case evaluation, the general proposed limits are: 
  Superior : if the cribriform plate has not been resected, it should be included for ethmoid sinus tumors; if it has been 
resected, the CTV 60  should encompass the dura or the dural graft, extending at least 10 mm superior to the cribriform plate, 
or encompass the initial gross tumor volume 
  Inferior : the inferior turbinate; if the inferior border 
of the tumor allows a 10 mm margin around the 
original disease, then the entire hard palate does not 
need to be included 

  Inferior : the inferior border of the maxilla and the hard palate but 
should encompass a 10 mm margin around the initial gross disease 

  Lateral : the nasal cavity, ethmoid sinuses, and the 
ipsilateral maxillary sinus and when indicated the 
volume should extend to the rectus muscle 

  Lateral : medial aspect should be the nasal septum, unless violation 
of midline structures occurs 

  Posterior : include the sphenoid sinus. The 
retropharyngeal lymph nodes should be 
encompassed if the tumor extended close to the 
nasopharynx or if there are metastatic neck nodes 
from an ethmoidal carcinoma 

  Posterior : the pterygopalatine and the infratemporal fossa should be 
included, paying special attention to encompass the masticator space 
and the infraorbital fi ssure 

 PTV 66  a   CTV66 + 3–5 mm, depending on comfort level of daily patient positioning. Image guidance is recommended to reduce 
random and systematic setup errors. The PTV can be further modifi ed to produce expansions as small as 1 mm in areas 
adjacent to critical normal structures 

 PTV 60  a   CTV60 + 3–5 mm, depending on comfort level of patient positioning but can be as small as 1 mm in areas adjacent to 
critical normal tissues 

   a High-risk subclinical dose: postoperatively, 2Gy/fraction to 60 Gy or 66 Gy (any region that has been surgically violated should be kept at least 
to 2Gy per fraction); for the nonsurgically violated neck or prophylactic cranial nerves coverage, can consider 1.8Gy/fraction to 54 Gy (PTV 54 ). In 
the radical setting when a simultaneous integrated boost is used with chemotherapy, the suggested doses are 1.8 Gy/fraction to 59.4 Gy and 
1.64 Gy/fraction to 54 Gy. PTV 70  can be treated either in 2Gy or 2.12Gy/fraction  
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  Fig. 1    Representative normal anatomy from axial CT slices       
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  Fig. 2    An    example of a 91-year-old patient with a T4aN0 squamous 
cell carcinoma of the maxillary sinus. Patient refused surgery and was 
treated with defi nitive chemoradiation. The GTV is noted in  green 
color , while the high-risk subclinical CTV is noted in  red color . Only 

the ipsilateral neck was treated given the tumor involved only the right 
maxillary sinus and hard palate and his elderly age. The  pink color  
shows the ipsilateral CTV nodal coverage       
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  Fig. 3    An example of a 43-year-old patient with a pT4aN0 squamous 
cell carcinoma of the ethmoid sinus. Patient is s/p ethmoidectomy, 
sphenoidectomy, nasal exenteration, and anterior craniotomy. Patient 

then received adjuvant chemoradiation. The CTV is noted in  pink color . 
As this was a low-grade tumor with no neck involvement, no LN 
regions were treated       

 

D.E. Spratt and N.Y. Lee



89

  Fig. 4    An example of a 36-year-old patient with a squamous cell car-
cinoma of the frontal sinus. Patient is s/p en bloc resection of frontal 
sinus with autologous calvarial graft with positive margins. Patient then 

received adjuvant radiation. The CTV is noted in  pink color . As this 
was a well- differentiated tumor with no perineural invasion or neck 
involvement, no adjuvant chemotherapy or LN regions were treated       
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1                 Anatomy and Patterns of Spread 

1.1     Parotid Gland 

•     The parotid gland is a paired, irregular wedge-shaped uni-
lobular organ in the preauricular region deep to the skin 
and subcutaneous tissues.  

•   The parotid compartment contains the parotid gland and 
associated vessels, nerves, and lymphatics and is bounded 
by the following landmarks:
 –    Superior – zygomatic arch  
 –   Inferior – styloid process, styloid muscles, and internal 

carotid and jugular vessels  
 –   Anterior – anterior border of masseter  
 –   Posterior – mastoid process and external auditory 

canal     
•   Stensen’s duct is the parotid duct which lies anterior and 

exits the buccal mucosa at the level of the second upper 
molar.  

•   The facial nerve exits the skull base through the stylomas-
toid foramen, which lies medial to the mastoid tip and 
lateral to the styloid process. After giving off 3 motor 
branches to the stylohyoid, postauricular, and posterior 
belly of the digastric muscles, it turns laterally to enter the 
parotid gland posteriorly, dividing the gland into a larger 
supraneural and smaller infraneural component. Within 
the parotid gland, the nerve divides at the pes anserinus 
(goose’s foot) or parotid plexus into the upper temporofa-
cial and lower cervicofacial divisions, which then form 
the 5 major branches: temporal, zygomatic, buccal, man-
dibular, (marginal) and cervical.  

•   Lymphatic drainage is via two layers of lymph nodes. 
The superfi cial layer consists of 3 to 20 nodes and drains 
the gland, external auditory canal, pinna, scalp, eyelids, 
and lacrimal glands. The deep layer lies deep in parotid 
tissue and drains the gland, external auditory canal, 
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 middle ear, nasopharynx, and soft palate. Both systems 
empty into the superfi cial and deep cervical lymphatic 
systems.  

•   The main pattern of spread is local invasion of surround-
ing tissues adjacent to the parotid gland, following the 
anatomical borders of the parotid gland. Perineural inva-
sion can occur along the facial nerve to the stylomastoid 
foramen.     

1.2     Submandibular Gland 

•     The paired submandibular gland lies within the subman-
dibular triangle, formed by the anterior and posterior bel-
lies of the digastric muscle and the inferior margin of the 
mandible. It is medial and inferior to the mandibular 
ramus and wraps around the mylohyoid muscle, forming 
a smaller superfi cial and a larger deep lobe.  

•   The Wharton duct exits the medial surface of the gland 
and travels between the mylohyoid and hyoglossus mus-
cles to the genioglossus muscle, opening intraorally lat-
eral to the lingual frenulum at the fl oor of the mouth.  

•   The hypoglossal nerve lies inferiorly, and the lingual 
nerve superiorly, as the duct exits the gland. The man-
dibular and cervical branches of the facial nerve lie later-
ally. These nerves provide a potential pathway for 
perineural spread to the base of the skull. Hence, a named 
nerve with perineural invasion is tracked to the base of the 
skull and encompassed in the CTV.      

2     Diagnostic Imaging for Target 
Volume Delineation 

•     Contrast-enhanced computed tomography (CT) or mag-
netic resonance imaging (MRI) of the head and neck 
region, from the base of skull to the clavicles, should be 
performed for salivary gland cancers. As far as possible, 
the head and neck imaging should be performed in the 
radiation therapy treatment position.  

•   The MRI signal intensity of the parotid gland is hyperin-
tense (bright), intermediate between fat and muscle, on 
T1-weighted sequences and closer to the signal intensity 
of fat on T2-weighted sequences. The submandibular 
gland has less fat and appears closer to the signal intensity 
of muscle on both T1- and T2-weighted sequences.  

•   Neoplastic lesions are better visualized and delineated 
with MRI compared to CT, given the superior soft tissue 
contrast in the gland. The T1-weighted images can give 
an excellent assessment of the margin of the tumor, its 
deep extent, and its pattern of infi ltration. With the addi-
tion of fat-saturated, contrast-enhanced T1-weighted 
imaging, perineural spread, bone invasion, or meningeal 

infi ltration can be better visualized. CT is more useful 
than MRI in imaging calcifi cations.  

•   Systemic staging can be completed with CT thorax and 
liver. Hybrid positron emission tomography (PET)/CT 
imaging is more sensitive for distant metastases than con-
ventional modalities and has an increasing important role 
in staging. However, PET/CT should not replace MRI 
head and neck because it has inferior spatial and soft tis-
sue resolution, especially close to the skull base, com-
pared to MRI.     

3     Simulation and Daily Localization 

•     The patient is typically set up in a supine position with 
head extended. The immobilization shell would encom-
pass the head and neck down to the shoulders. Surgical 
scars are wired if present.  

•   CT simulation is performed from the vertex to the carina 
using 3 mm slices at the region of interest and 5 mm 
elsewhere.  

•   IV contrast should be performed to help guide the gross 
target volume (GTV) delineation, particularly for lymph 
nodes. Fusion with diagnostic MRI is recommended, 
typically with the sagittal gadolinium-enhanced T1 
sequence.  

•   Image-guided radiation therapy should be considered in 
all cases treated with radical intent. Typically, cone-beam 
CT images will be acquired on the fi rst 4 fractions, then 
on a weekly basis. Matching is at the PTV, except in 
locally advanced cases where the high-dose PTV abuts 
critical structures, e.g., brain stem, whereby matching to 
the critical structure may take precedence over PTV.  

•   Change in contour over the treatment course is to be 
expected, due to weight loss or tumor/surgical bed 
changes. Repeat shell and CT simulation should be indi-
vidualized. Currently, there is no evidence that adaptive 
radiation therapy (e.g., reducing dose or volume as tumor 
shrinks) provides an improved therapeutic index and is 
discouraged.     

4     Target Volume Delineation 
and Treatment Planning 

     Doses for curative treatment are outlined in tables  1  and  2 . 
Doses for treatment with palliative intent vary according to 
the clinical circumstances and must be individualized. Typical 
hypofractionated doses include:
•    20 Gy in 5 fractions over 1 week  
•   30 Gy in 10 fractions over 2 weeks  
•   14 Gy in 4 fractions over 2 or 4 days, repeated monthly 

to a total of 28 Gy in 8 fractions (2 cycles, within cord 
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 tolerance), or 42 Gy in 12 fractions (3 cycles, 
off-cord)  

•   40 Gy in 16 fractions over 3½ weeks  
•   50–55 Gy in 20 fractions over 4 weeks     

5     Plan Assessment 

•     For superfi cial tumors or tumors with skin infi ltration, a 
bolus of 0.5 to 1 cm should be applied to ensure adequate 
surface coverage.  

•   Suggested target volumes at the gross disease and high- 
risk regions are detailed in Tables  1  and  2 .  

•   Intensity-modulated radiation therapy (IMRT) plan-
ning parameters follow the standard head and neck 
radiation therapy norms. Normal tissue constraints fol-
low the Quantitative Analyses of Normal Tissue Effects 
in the Clinic (QUANTEC) recommendations. Of note, 
for unilateral radiation, we recommend a stricter dose 
constraint for the contralateral parotid gland (<20 Gy 
mean dose) compared to <25 Gy mean dose if there 
is bilateral irradiation    (Figs.  1 ,  2 ,  3 ,  4 ,  5 ,  6 ,  7 ,  8 ,  9 ,  10 , 
 11 , and  12 ).

    Table 1    Suggested target volumes at the gross disease region   

 Target volumes  Defi nition and description 

 GTV 70  a  (the subscript 
70 denotes radiation 
dose delivered) 

 Parotid or submandibular primary: all gross 
disease on physical examination and 
imaging 
 Neck nodes: all nodes ≥ 1 cm in short axis 
diameter or nodes with necrotic center 

 CTV 70   Add 5 mm so that GTV 70  + 5 mm = CTV 70  
 For nodes that are small but suspicious for 
disease (i.e., <1 cm), can consider a lower 
dose of 63–66 Gy 

 PTV 70   Margin specifi c to treatment center and less 
if image guidance available 
 Typically CTV 70  + 3 to 5 mm = PTV 70  

   a Suggested dose to gross disease is 2 Gy/fraction to 70 Gy.  

    Table 2    Suggested target volumes at the high-risk subclinical region   

 Target 
volumes  Defi nition and description 

 CTV 60   Parotid or submandibular CTV 60  should encompass the 
entire GTV or the surgical bed for postoperative 
patients 
 Landmarks for the parotid surgical bed 
 Superior: zygomatic arch 
 Anterior: masseter muscle 
 Lateral: soft tissue of neck 
 Medial and inferior: styloid process at depth 
 Posterior: mastoid bone 
 Landmarks for the submandibular surgical bed: include 
the entire surgical bed, all postoperative changes, and 
use the contralateral submandibular gland as a guide 
 Highly consider a boost of 6–10 Gy to residual disease or 
positive margins. The surgeon should be encouraged to 
leave clips where possible for localization 

 CTV 50    Clinically node-positive tumors  
 Electively irradiate rest of the ipsilateral neck (levels 
Ib–V) to 50 Gy 
  Clinically node-negative tumors  
  Ipsilateral neck : include at least levels Ib–III for high-
grade or large (T3–T4) tumors. Adenoid cystic or acinic 
cell cancers typically do not require elective nodal 
irradiation because of the low risk of lymphatic spread 
  Contralateral neck  
  Parotid tumors : consider treating when clinically 
concerned, e.g., multiple nodes <1 cm 
  Submandibular tumors : treat contralateral levels I–III 
for tumors close to midline 

 PTV 60   Margin specifi c to treatment center and less if image 
guidance available 
 Typically CTV 60  + 3 to 5 mm = PTV 60  

  Fig. 1    Axial contrast-enhanced CT image of a patient with a history of 
excision of a cutaneous squamous cell carcinoma ( SCC ) in the right 
temporal region, who now presents with an ipsilateral parotid mass, 
confi rmed on biopsy to be metastatic SCC       
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  Fig. 3    Base of the skull. Delineation of structures in the base of skull 
should be done using bone windows. Structures as follows:  Red , fora-
men ovale;  blue , cochlea;  orange , vestibule;  violet , internal auditory 
canal;  green , semicircular canals       

  Fig. 4    The parapharyngeal space ( red arrow ) is a predominantly fat- 
fi lled space extending from the base of the skull to the hyoid and should 
be included for large or deep parotid tumors. The retrostyloid space 
( green arrow ) is posterolateral to the styloid process, may contain 
lymph nodes, and should be included in the CTV 60        

  Fig. 2    CT simulation with 3 mm slices in a head shell was performed in 
the same patient following superfi cial parotidectomy with clear margins. 
These are representative slices and not all slices are included. Of note, the 

temporal region where the skin cancer was should also be included using 
either electrons matching to IMRT or 3D CRT, or all inclusive IMRT or 3D 
CRT plan, especially if primary site treatment was less than a year prior       
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  Fig. 5    Stylomastoid    foramen. Note pattern of perineural recurrence in 
these T1-weighted contrast-enhanced MRI images, which show recur-
rent mucoepidermoid carcinoma of the left parotid gland infi ltrating the 
left facial nerve through the stylomastoid foramen ( green arrowheads ). 

For parotid tumors, include facial nerve when involved, or if histology 
is adenoid cystic carcinoma. Include intra-temporal course of the nerve, 
via the facial canal, which extends from the internal auditory canal to 
the stylomastoid foramen         

Stylomastoid foramen

Thickened enhancing
facial nerve recurrence

Vestibulocochlear nerve

Stylomastoid foramen
within temporal bone

Internal carotid artery
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  Fig. 6    Skin. Include involved skin as a target structure by utilizing a 
bolus if there is clinical or radiological ( red arrow ) evidence of dermal 
infi ltration. Include the scar in cases with perioperative tumor spillage       

  Fig. 7    Mandible. Assess bone involvement with bone windows on CT 
scans and include in CTV if required.  White arrow  indicates periosteal 
reaction at posterior aspect of left ramus of mandible, suggesting 
involvement       

Internal jugular vein Mastoid process

Fig. 5 (continued)
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Zygomatic arch
infiltration

Mastoid process
infiltration

Level V nodes

  Fig. 9    Inoperable parotid gland porocarcinoma. Representative slices 
of a CT simulation in a patient with a history of right temporal porocar-
cinoma and who now has an inoperable ipsilateral parotid recurrence 
and distant metastases. There is extensive bony infi ltration and disease 
in the right level I, II, III, and IV cervical lymph nodes which are 

included in the high-dose CTV (55 Gy in 20 fractions over 4 weeks). 
The rest of the ipsilateral neck is irradiated to 50Gy. Structures as fol-
lows:  red  GTV,  green  phase 1 CTV 54 ,  blue  phase 2 boost CTV. A 0.5 cm 
bolus is applied to ensure adequate coverage at the skin       

  Fig. 8    Submandibular gland. Selected CT simulation images of a 
patient who underwent complete excision of a cT1N1M0 high-grade 
mucoepidermoid carcinoma of the right submandibular gland with 
clear margins. Structures as follows:  Red  – CTV 60–66  (surgical bed), 
 green  – CTV 50–54  (ipsilateral nodal stations and parapharyngeal space to 
base of skull). Lingual or hypoglossal nerves should be treated to the 

base of the skull especially when these named nerves are involved. The 
lingual nerve originates from the mandibular (V3) branch of the tri-
geminal nerve at the foramen ovale and courses via the parapharyngeal 
space to the medial aspect of the submandibular gland before terminat-
ing in the tongue       
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Contralateral
Foramen ovale

  Fig. 11    CT simulation images of the same patient. The V3 nerve is 
tracked to the foramen ovale and covered in the high-dose PTV due to 
the risk of perineural recurrence. The ipsilateral neck was electively 

irradiated in view of tumor recurrence. Structures as follows:  red  PTV 70 , 
 blue  PTV 60 ,  green  PTV 50 . See chapter on cranial nerves for additional 
details       

Enlarged V3

Parapharyngeal
recurrence

Enlarged V3

  Fig. 10    Foramen ovale T1-weighted contrast-enhanced MRI images in a patient with a history of right parotid acinic cell carcinoma and who now has 
a parapharyngeal recurrence. Note the disease involvement of the right mandibular branch (V3) of the trigeminal nerve which is abnormally enlarged       
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Sublingual space

Sternocleidomastoid
muscle

Level V node

  Fig. 12    Inoperable submandibular carcinoma. Representative slices of 
a CT simulation in a patient who presented with a fungating right sub-
mandibular mass that was biopsy proven to be a poorly differentiated 
carcinoma. There is extensive locoregional infi ltration, rendering it 
inoperable. The right sternocleidomastoid muscle, right sublingual 

space, right hyoglossus muscle, and right masseter muscle were all 
involved with disease. There is bony destruction of the right hemi-
mandible as well. Right level II to V and left level II cervical nodes 
were enlarged. Structures as follows:  magenta  PTV 70 ,  blue  PTV 60 , 
 green  PTV 50 . A 0.5 cm bolus was applied (not shown)       
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1                 Anatomy and Patterns of Spread 

•     The thyroid gland is a highly vascular endocrine organ in 
the anterior low neck that spans from the fi fth cervical 
vertebrae to the fi rst thoracic vertebrae (Strandring  2005 ; 
Harnsberger et al.  2011 ).  

•   The gland consists of a right lobe and a left lobe con-
nected by a narrow, median isthmus. A pyramidal lobe, 
ascending from the isthmus toward the hyoid, is present 
in approximately 40 % of patients (Harnsberger et al. 
 2011 ).  

•   The lobes are conical with ascending apices diverging lat-
erally to the level of the oblique lines on the lamina of the 
thyroid cartilage (Strandring  2005 ).  

•   Small detached masses of thyroid tissue may occur above 
the lobes or isthmus as accessory thyroid glands.  

•   Importantly, the medial surface of the gland abuts the lar-
ynx and trachea. The posterolateral surface of the gland is 
close to the carotid sheath and overlaps with the common 
carotid artery.  

•   The thyroid has a thin capsule of connective tissue, which 
extends into the glandular parenchyma and divides each 
lobe into irregularly shaped lobules. The follicles contain 
a colloid core, which comprises mostly iodo- thyroglobulin, 
an inactive storage form of thyroid hormone T4 produced 
by follicular epithelial cells (follicular cells).  

•   The thyroid parenchyma also contains C-cells, which pro-
duce the peptide hormone calcitonin.  

•   An enlarged thyroid from malignancy or benign condi-
tions can result in pressure on the trachea, recurrent 
laryngeal nerve, or venous engorgement (Strandring 
 2005 ).  

•   The thyroid is usually supplied by the superior and infe-
rior thyroid arteries.
 –    The superior thyroid artery usually arises from the fi rst 

branch of the external carotid artery (a common ana-
tomical variant occurs where it arises more inferiorly 
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from the common carotid artery) and divides into ante-
rior and posterior branches. The anterior branch will 
form an anastomosis with the contralateral anterior 
branch of the superior thyroid artery (Oertli and 
Udelsman  2012 ). Conversely, the posterior branch will 
form an anastomosis with the superior branch of the 
inferior thyroid artery (Oertli and Udelsman  2012 ).  

 –   The inferior thyroid artery divides into an inferior and 
superior branch. The superior branch forms an anasto-
mosis with the posterior branch of the superior thyroid 
artery. The inferior branch supplies the inferior part of 
the gland.     

•   Approximately 3 % of the population has a thyroid ima 
artery, which arises from the aortic arch or brachioce-
phalic artery (Harnsberger et al.  2011 ).  

•   Venous drainage is usually via three pairs of veins: the 
superior, middle, and inferior thyroid veins (Strandring 
 2005 ; Harrison et al.  2014 ).

 –    The superior thyroid vein emerges from the upper 
aspect of the gland and runs with the superior thyroid 
artery toward the carotid sheath to drain into the inter-
nal jugular vein.  

 –   The middle vein drains the inferior aspect of the gland, 
emerges laterally, and drains into the internal jugular vein.  

 –   The tracheal plexus, formed from the inferior thyroid 
veins, is located below the thyroid gland in front of the 
trachea.     

•   The thyroid lymphatic drainage consists of a rich intrag-
landular network, which has been implicated in the high 
rates of multifocal disease, and an extraglandular compo-
nent (Harrison et al.  2014 ).  

•   Thyroid lymphatic vessels communicate with the tracheal 
plexus and pass to the prelaryngeal nodes (neck lymph 
node level VI) just above the thyroid isthmus and to the 
pretracheal and paratracheal nodes (thoracic lymph node 
levels II, III, and IV) (Strandring  2005 ).  

•   Laterally the gland is drained by vessels lying along the 
superior thyroid veins to the deep cervical nodes.  

•   In addition, thyroid lymphatics may drain directly to the 
thoracic duct.  

•   Many important nerves lie in close proximity to the thy-
roid gland.

 –    The external laryngeal nerve is a division of the 
superior laryngeal nerve and a branch of the vagus 
nerve and supplies the cricothyroid muscle (Oertli 
and Udelsman  2012 ). Damage to the external laryn-
geal nerve will impair phonation (Oertli and 
Udelsman  2012 ).  

 –   The recurrent laryngeal nerve, a branch of the vagus 
nerve, supplies the remainder of the laryngeal muscula-
ture as well as sensation on and inferior to the vocal 
folds (Oertli and Udelsman  2012 ). Its path differs on the 

right and left side. On the right side, the recurrent laryn-
geal nerve loops posterior to the subclavian artery to 
ascend obliquely until it reaches the tracheoesophageal 
groove near the inferior extent of the thyroid (Oertli and 
Udelsman  2012 ). On the left side, the nerve loops poste-
rior to the aortic arch and ascends to the larynx in the 
tracheoesophageal groove. The recurrent laryngeal 
nerve has a close but variable relationship with the infe-
rior thyroid artery and is closely related to or within the 
ligament of Berry (fascia attachment between the thy-
roid and the cricoid  cartilage   ) (Figs.  1 ,  2 , and  3 ).

2                Diagnostic Workup Relevant 
for Target Volume Delineation 

•     In addition to a focused head and neck examination, 
radiographic imaging should be obtained for diagnosis, 
staging, and treatment planning.  

•   All patients should undergo a CT of the neck, preferably 
with contrast, though this will ultimately delay  radioactive 

Superior
thyroid artery

Cricoid
cartilage

Thyrocervical
trunk

Inferior thyroid
vein draining
into innomi-
nate vein

Thyroid ima
artery

Inferior
thyroid
artery

Superior
and middle
thyroid vein

Internal
jugular
vein

External
carotid
artery

  Fig. 1    Arterial    supply and venous drainage of the thyroid gland. The 
superior and inferior thyroid arteries (STA and ITA) arise from the exter-
nal carotid arteries and the thyrocervical trunks, respectively. Rarely, the 
thyroid ima artery, a branch of the brachiocephalic artery, may enter the 
inferior margin of the thyroid isthmus. The STA is usually the fi rst 
branch of the external carotid artery, and it has an intimate relationship 
with the superior laryngeal nerve, making this nerve and its motor 
branch, the external laryngeal nerve, susceptible to injury during thy-
roidectomy or from direct compression in patients with locally advanced 
thyroid cancers. The venous drainage of the thyroid gland is variable as 
in other organs. Generally, the superior and middle thyroid veins drain 
into the internal jugular vein, and the inferior thyroid veins drain into the 
brachiocephalic vein (From Springer reference   https://www.springerim-
ages.com/Images/MedicineAndPublicHealth/2-ACE0101-14-001A    )       
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iodine therapy if applicable. It is important to include the 
superior mediastinum in the scan to assess for the pres-
ence of superior mediastinal lymphadenopathy.  

•   If there is concern for cervical esophagus involve-
ment, a MR neck with gadolinium may aid in the 
diagnosis.  

•   Laboratory workup should include complete blood count 
(CBC), comprehensive metabolic panel (CMP), thyroid- 
stimulating hormone (TSH), T3, free T4, and thyroglobu-
lin level.  

•   As the defi nitive treatment for non-anaplastic thyroid car-
cinomas is surgical resection, all patients should be evalu-
ated by an experienced head and neck surgeon to assess 
resectability.     

3     General Treatment Considerations 

•     Thyroid malignancies constitute the widest range of clini-
cally aggressive tumors. Patients with well-differentiated 
carcinoma carry an extremely favorable prognosis, 
whereas anaplastic thyroid carcinoma is among the dead-
liest of all human cancers.  

•   The role of external beam radiation therapy (EBRT) in the 
treatment of differentiated thyroid cancer remains contro-
versial but is better established for medullary carcinoma 
and anaplastic carcinoma.  

•   There is a lack of prospective trials evaluating the effi cacy 
of EBRT in patients with well-differentiated thyroid 
carcinoma.
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  Fig. 2    Thyroid gland and its relations at the level of the thyroid carti-
lage. Color enhancement demonstrates major arteries ( red ), veins 
( blue ), and nerves ( yellow ). The thyroid gland is enhanced with  pink . It 
is important to note the close relationship of the superior pole of the 

thyroid gland, with the carotid sheath and sympathetic chain (From 
Springer reference: Oertli and Udelsman  2012 .   http://link.springer.
com/chapter/10.1007%2F978-3-642-23459-0_2/fulltext.html    )       
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 –    Multiple single-institution experiences have demon-
strated that EBRT improves locoregional control in 
patients with microscopic/gross residual disease after 
surgical resection and those with unresectable disease.     

•   Postoperative radiation therapy for patients with extrathy-
roid extension or even extranodal extension with well- 
differentiated histology remains controversial, as 
alternative adjuvant therapies, such as radioactive iodine 
(RAI), are often preferred.  

•   Postoperative radiation therapy should be considered for 
any patient with well-differentiated RAI-refractory dis-
ease or medullary carcinoma with concern for micro-
scopic or gross residual disease.  

•   Patients with anaplastic carcinoma require immediate 
referral to a tertiary cancer center and mandate multidis-
ciplinary care given their poor prognosis.  

•   Intensity-modulated radiation therapy (IMRT) is the rec-
ommended technique for defi nitive or postoperative radia-
tion therapy for thyroid cancer to decrease treatment-related 
morbidity (Schwartz et al.  2009 ).

4               Principles of Simulation and Target 
Delineation 

•     Given the accuracy of IMRT treatment, effi cacy is largely 
dependent on tumor localization.  

•   Imaging may be diffi cult to interpret as many of these 
patients have undergone multiple head and neck surgeries.  

•   Fludeoxyglucose positron emission tomography (FDG- PET) 
can be useful for the delineation of tumor in patients with 
anaplastic and RAI-refractory-differentiated carcinomas.
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  Fig. 3    Thyroid gland and its relations at the level of the third tracheal 
ring. Note the posteromedial relationships of the thyroid gland with the 
recurrent laryngeal nerve and the middle thyroid veins. The thoracic 
duct ( green ) is atypically dilated close to where it joins the left internal 
jugular and subclavian veins. The inferior thyroid artery follows a 

 looping course. An inferior right parathyroid gland ( purple ) is evident 
near the recurrent laryngeal nerve and middle thyroid veins. Major 
nerves ( yellow ), arteries ( red ), veins ( blue ), and thyroid ( pink ) are indi-
cated (From Springer reference: Oertli and Udelsman  2012 .   http://link.
springer.com/chapter/10.1007%2F978-3-642-23459-0_2/fulltext.html    )       
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 –    FDG uptake has been inversely correlated with 
RAI uptake and thus is of particular benefit in 
patients with RAI-refractory, well-differentiated 
thyroid carcinoma (Wang et al.  2001 ; Grunwald 
et al.  1999 ).     

•   We generally recommend PET-CT simulation. The use of 
iodinated contrast is preferable, though it needs to be jus-
tifi ed clinically as stated above.  

•   We generally recommend 3 mm or less slice 
thickness.  

•   A thermoplastic mask is used for immobilization (Orfi t 
Industries, Wijnegem, Belgium).
 –    Immobilization of the head, neck, and shoulders is 

preferable to immobilizing only the head and neck 
region.     

•   The head should be slightly extended to allow sparing of 
the oral cavity.  

•   Gross disease, as documented by clinical or radiographic 
examination, should be treated to 7,000 cGy (Lee and 
Lu  2012 ).  

•   Microscopic residual disease should be treated to 
6,600 cGy (Lee and Lu  2012 ).  

•   High-risk areas, including the operative or tumor bed, 
operative thyroid gland volume, tracheoesophageal 
grooves, and central nodal compartment (covered superi-
orly to the caudal edge of hyoid bone), should be treated 
to 6,000 cGy.  

•   Low-risk areas including the upper and lower paratra-
cheal lymph node levels and uninvolved cervical lymph 
node levels should be treated to 5,400 cGy. In some 
patients the lateral neck can be omitted if after thorough 
discussions with the surgeon, it is deemed to be low risk 
and surgical salvage remains available.  

•   Patients may be treated in 30–35 fractions with an all-in- 
one dose-painting IMRT plan or alternatively an initial 
IMRT course followed by a boost.  

•   Suggested target volumes for gross disease and at-risk 
regions are detailed in Tables  1  and  2 .

•       Suggested normal tissue dose constraints are detailed in 
Table  3 .

Tracheo-esophageal groove

Ensure adequate coverage of
surgical bed and scar

Ensure adequate coverage of thyroid bed
into the superior mediastinum

Pre-surgical anatomy and extent of surgery
will dictate cranial/ caudal coverage

Tracheo-esophageal groove

  Fig. 4    A 75-year-old woman with a 1.5 cm medullary thyroid carci-
noma status post total thyroidectomy with a microscopic positive surgi-
cal margin who refused re-excision. Postoperative radiation therapy 
was recommended to decrease the risk of local recurrence. The CTV 60Gy  

is in green. As she had early-stage disease with no evidence of lymph 
node involvement, a neck dissection and hence neck irradiation were 
deferred. These are representative slices, and not all slices are included       
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Tracheo-esophageal groove
Esophagus

Ensure adequate coverage of
level VI lymph nodes to level of hyoid

Thyroid bed

Ensure adequate coverage
of surgical bed

Cover the superior mediastinal lymph
nodes to the level of the carina

Surgical clips marked
unresectable gross disease

  Fig. 5    A 59-year-old woman with multiply recurrent papillary carci-
noma, tall-cell variant, with gross residual disease involving the recur-
rent laryngeal nerve and left subglottic larynx after a repeat total 
thyroidectomy and left neck dissection. Defi nitive radiation therapy to 
the thyroid bed, central compartment, and cervical neck levels II–IV 

was recommended. The clinical target volume (CTV) 70Gy  is in  red , and 
the CTV 60Gy  is in  green . Please note the omission of IV contrast given 
the plan for postradiation radioactive iodine (RAI) therapy to assess and 
treat micrometastatic disease       
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  Fig. 6    A 58-year-old man with multiply recurrent metastatic papillary 
thyroid carcinoma status post multiple surgical resections now with an 
unresectable local recurrence and multiple involved mediastinal lymph 

nodes. Chemoradiation with concurrent doxorubicin was recommended 
to prevent local progression. The CTV 70Gy  is in  red  and the CTV 60Gy  is 
in  green . These are representative slices and not all slices are included         

Esophagus

Tracheo-esophageal groove Spar the anterior scalene
Gross unresectable

disease

Ensure adequate coverage of
central compartment to level of hyoid

Cover level V if ipsilateral
LN+ disease
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Boost involved superior
mediasinal lymph nodes

Ensure adequate coverage of the
superior mediastinum to the carnia

Ensure adequate coverage of
gross disease and thyroid bed

Tracheo-esophageal groove

Fig. 6 (continued)
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Include scar in CTV

Ensure adequate coverage
of the thyroid bed

Cover the superior mediastinal lymph
Nodes to the level of the carina

Ensure adequate coverage
of surgical bed

Cover level V if ipsilateral
LN+ disease Tracheo-esophageal groove

Start level II lymph node coverage
just caudal to mastoid process

  Fig. 7    A 69-year-old man presented with left neck adenopathy. A fi ne-
needle aspiration was consistent with papillary thyroid carcinoma. He 
subsequently underwent a total thyroidectomy and left neck dissection. 
Pathology noted papillary carcinoma, tall-cell variant, with associated 
anaplastic carcinoma involving 6 of 122 lymph nodes with extranodal 

extension in the left neck. No disease was identifi ed within the thyroid 
gland itself. Postoperative chemoradiation with concurrent doxorubicin 
was recommended. The clinical target volume (CTV) 60Gy  is in  green  and 
the CTV 54Gy  is in  blue . These are representative slices and not all slices 
are included       
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  Fig. 8    A 73-year-old woman with unresectable anaplastic thyroid car-
cinoma invading the trachea and esophagus. Defi nitive chemoradiation 
with concurrent doxorubicin was recommended after multidisciplinary 
evaluation and discussion to prevent further local progression. Clinical 

target volume (CTV) 70Gy  is in  red  and the CTV 60Gy  is in  green . Although 
the manubrium is not routinely encompassed in the at-risk volume, it 
was included for this patient with aggressive bulky anterior neck dis-
ease. These are representative slices and not all slices are included         

Unresectable gross disease
involving the larynx

Unresectable gross disease
involving the esophagus

Cover level V in
node + neck

Start level II lymph node coverage
just caudal to mastoid process
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Ensure adequate coverage of
all gross residual disease

Cover the superior mediastinal lymph
nodes to the level of the carina

Cover the tracheostomy site

Fig. 8 (continued)
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   Table 2    Suggested target volumes for at-risk subclinical region   

 Target volumes  Defi nition and description 

 CTV 60–54  a   Primary: Should include tracheoesophageal 
groove and >5 mm margin around any CTV 70–66  
 In the postoperative setting, should encompass 
tumor bed, surgical bed, and tracheoesophageal 
groove on the involved side(s). If tracheostomy 
performed, should also encompass tracheostomy 
stoma to the skin surface 
 Optimally, the upper larynx (vocal cords/
arytenoid cartilage and above) and posterior 
esophagus should be excluded, if not adjacent to 
tumor/tumor bed (See Table 9–1, regarding 
positive margins.) 
 Neck regions: In locally advanced or node-
positive disease generally include nodal levels 
II–VII. The upper mediastinum (thoracic lymph 
node levels II, III, and IV) should be covered to 
the level of the carina. Level V should be covered 
in the node-positive neck but can be spared in the 
node-negative neck if clinical suspicion is low. 
Omission of the lateral cervical neck can be 
considered in a node-negative neck if after 
thorough discussions with the surgeon it is 
deemed to be low risk and surgical salvage 
remains available 
 Level I and retropharyngeal nodes may be 
covered if there is bulky neck disease 

 PTV 60–54  a   CTV 60–54  + 3–5 mm, depending on variability in 
daily patient positioning. If the CTV is adjacent 
to the spinal cord, a 1 mm margin is acceptable 

    a  Suggested at-risk subclinical dose: 60 Gy. Uninvolved nodal regions 
may be deemed as low-risk subclinical regions and treated to 54 Gy at 
the discretion of the treating physician  

   Table 3    Normal tissue dose constraints   

 Organ at risk (OAR)  Constraints 

 Parotid  Mean <26 Gy 
 Larynx  Mean <45 Gy 
 Esophagus  Mean <34 Gy 
 Brachial plexus  Max point dose <65 Gy 
 Spinal cord  Max point dose <45 Gy 
 Lung  Mean dose <21 Gy, V20 < 37 %, NTCP <25 % 

  Based on guidelines presently used at Memorial Sloan-Kettering 
Cancer Center 
  PTV  planning target volume  

   Table 1    Suggested target volumes for gross disease   

 Target volumes  Defi nition and description 

 GTV 70–66  a   Primary: All gross disease on physical 
examination and imaging 
 Neck nodes: All nodes ≥1 cm or with necrotic 
center 

 CTV 70–66  a   Usually same as GTV 70–66 . If a margin is needed 
due to uncertainty of the gross disease, add 3–5 
mm so that GTV 70–66  + 3–5 mm = CTV 70–66  
 If the GTV is adjacent to the spinal cord, a 1 
mm margin is acceptable, as protection of the 
spinal cord is required 
 For suspicious nodes that are small (i.e., 
~1 cm), a lower dose of 66 Gy (CTV 66 ) can be 
considered 

 PTV 70–66  a   CTV 70–66  + 3–5 mm, depending on variability in 
daily patient positioning. If the CTV is adjacent 
to the spinal cord, a 1 mm margin is acceptable 

   a Suggested dose for gross disease is 70 Gy. In cases where there is con-
cern for brachial plexus, laryngeal, spinal cord, lung, or esophageal 
toxicity, 66 Gy may be considered. In postoperative cases with gross 
resection but signifi cant concern for residual disease based on positive 
margin(s), the tumor bed or region of concern can be treated to 66 Gy  
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1            Anatomy and Patterns of Spread 

•     Squamous cell carcinoma of unknown primary (SQCUP) 
in the head and neck is defi ned by malignancy in the cer-
vical lymph nodes without identifi cation of the primary 
tumor after extensive workup.  

•   Potential sites of the occult primary tumor include the naso-
pharynx, oropharynx, larynx, and hypopharynx (Fig.  1 ).  

•   The most common primary sites that are eventually iden-
tifi ed upon workup for patients with SQCUP are the ton-
sils and base of the tongue (~90 %) (Cianchetti et al. 
 2009 ).  

•   The distribution of lymph node metastases from a SQCUP 
of the head and neck is shown in Fig.  2 . The most com-
mon sites of involvement are levels II and III.   
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Nasopharynx

Oropharynx

Larynx/ Hypopharynx

  Fig. 1    Potential sites of occult primary tumor in SQCUP. The  red  circle  
represents the level of the isocenter for an intensity modulated radiation 
therapy plan for squamous cell carcinoma of unknown primary. The  red 
dotted  lines delineate the anatomical divisions between the  nasopharynx, 
oropharynx and larynx and hypopharynx, respectively       
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2         Diagnostic Workup Relevant 
for Target Volume Delineation 

•     A thorough workup is necessary to rule out a site of origin 
before proceeding with a diagnosis of an unknown pri-
mary. At a minimum, this should consist of a careful 
physical examination including testing of the cranial 
nerves; fi beroptic examination visualizing the nasophar-
ynx, oropharynx, larynx, and hypopharynx; and cross- 
sectional imaging with at least a high-resolution CT scan 
with contrast. Obtaining a careful patient history, includ-
ing a smoking history, is also critical to determine risk 
factors for cancer and to consider possible infraclavicular 
primary sources (e.g., thoracic, gynecologic, or gastroin-
testinal). Panendoscopy may also be useful.  

•   HPV and EBV testing should be performed to help deter-
mine possible primary locations.  

•   Directed biopsies of all suspicious lesions in the pharyn-
geal axis are mandatory; blind biopsies of normal- 
appearing mucosa have tradiationally been recommended 
but are only occasionally helpful in identifying the pri-
mary tumor.  

•   PET/CT is able to identify the primary site in 25 % of 
tumors that are undectected by other modalities, with a 
sensitivity, specifi city, and accuracy of 88.3, 74.9, and 
78.8 %, respectively (Rusthoven et al.  2004 ).  

•   PET/CT should be performed before biopsy when possi-
ble to decrease the incidence of false-positive fi ndings.  

•   The chapter on lymph node contouring in the head and 
neck contains further details of diagnostic imaging to 
assess lymphatic involvement.     

3     Simulation and Daily Localization 

•     Set up the patient in supine position with head extended. 
The immobilization device should include at least the head 
and neck. If possible, shoulders should also be immobi-
lized to ensure accurate patient setup on a daily basis espe-
cially when an extended-fi eld IMRT plan is used.  

•   CT simulation using 3 mm thickness with IV contrast 
should be performed to help guide the GTV and CTV tar-
gets, particularly for the lymph nodes. We typically rec-
ommend a simulation scan from the top of the head 
including the brain to the carina. Five millimeter thick-
ness can be reconstructed below the clavicle to the level 
of the carina.  

•   Image registration and fusion applications with MRI and 
PET scans should be used to help in the delineation of 
target volumes, especially for regions of interest encom-
passing the GTV, skull base, brainsteam, and optic chi-
asm. The GTV and CTV and normal tissues should be 
outlined on all CT slices in which the structures exist.     

4     Target Volume Delineation 
and Treatment Planning 

•     Treatment to the bilateral neck and areas of pharynx at 
risk for harboring a primary is typically recommended.  

•   Generally, cervical lymph nodes (levels IB-V) and retro-
pharyngeal nodes should be included for the node- positive 
neck. For the contralateral neck, nodal levels II–IV and 
the retropharyngeal nodes should be targetted to a pro-
phylactic dose (50–54 Gy). Inclusion of level IB and V 
can be considered on a case-by-case basis.  

•   Irradiation of the ipsilateral neck alone is controversial. 
Several single institutional reports have shown a low risk 
of contralateral neck failure and no difference in disease- 
free or overall survival when an ipsilateral approach is 
used (Grau et al.  2000 ; Ligey et al.  2009 ; Lu et al.  2009 ; 
Perkins et al.  2012 ; Weir et al.  1995 ), whereas other stud-
ies have demonstrated improved outcomes with more 
extensive treatment volumes (Reddy and Marks  1997 ).  

•   The extent of the pharynx to irradiate must be determined 
on a case-by-case basis and remains an area of active 
 investigation. The pattern of lymph node spread can further 
help guide decisions on how much of the pharynx to treat.

All patients
(n=352)

1
3

32

183 31

14

8 60 29

111

  Fig. 2    Distribution of involved lymph nodes in SQCUP (Grau et al. 
 2000 )       
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 –    Some authors have advocated sparing the larynx when 
there are no low lymph nodes involved (Barker et al. 
 2005 ) (see Fig.  7 ).  

 –   Irradiating the oropharynx alone may be suffi cient for 
an HPV + patient; however, the nasopharynx should be 
included if there is any suspicion of a nasopharyngeal 
primary, as recent data demonstrated poor outcomes 
for patients with HPV + nasopharyngeal carcinoma 
(Stenmark et al.  2013 ).  

 –   EBV + patients may only need treatment to the 
nasopharynx.     

•   When in doubt, the entire pharynx should be treated.  
•   In the postoperative setting, concurrent chemotherapy 

should be considered when extracapsular extension is 
present (ECE). In the defi nitive setting, advanced nodal 
disease is a consideration for concurrent chemotherapy.   

5               Plan Assessment 

•     Ideally, 95 % of the volume of each PTV should receive 
the prescription dose (D95% ≥ Rx).  

•   The dose to the 5 % of the PTV receiving the highest dose 
should not exceed 108 % of the presecription (D05 
≤108 % Rx).  

•   Many critical normal structures surround the pharyngeal 
axis and neck and therefore need to be outlined for dose 
constraints (Table  2 ). These structures including the brain 
stem, spinal cord, optic nerves, chiasm, parotid glands, 
pituitary, temporomandibular (T-M) joints and middle 
and inner ears, skin (in the region of the target volumes), 
oral cavity, mandible, eyes, lens, temporal lobe, brachial 
plexus, esophagus (including postcricoid pharynx), and 
glottic larynx should be outlined.   

  Table 1    Suggested target volumes   

 Target volumes  Defi nition and description 

 GTV 70  a  (The subscript 70 
denotes the radiation dose 
delivered) 

 All lymph nodes ≥1 cm in short axis, signifi cantly FDG avid, or positive on biopsy. Contour any lymph nodes 
in doubt as GTV 

 PTV 70  a   GTV 70  + 3–5 mm depending on institutional accuracy of daily patient positioning 
 CTV nasopharynx  b   Extends from the base of skull superiorly to the soft palate inferiorly. Anteriorly extends from the posterior 

choana to the posterior pharyngeal wall. Laterally ensure adequate coverage on the fossa of Rosenmüller 
 CTV oropharynx  b   Extends superiorly from the surface of the soft palate to the fl oor of the vallecula inferiorly (or hyoid bone). 

Anteriorly, the base of tongue should be covered; however, an additional margin covering the oral tongue is not 
necessary. Laterally, the tonsils should be covered adequately. Posteriorly, the entire pharyngeal wall should be 
covered 

 CTV larynx & hypopharynx  b   Extends superiorly from the hyoid bone to the bottom of cricoid cartilage 
 PTV mucosa  b   A 3–5 mm expansion on the mucosal surface CTVs depending on institutional accuracy of daily patient 

positioning 
 CTV neck nodes  c   RPN, levels IB-V in the node-positive neck. RPN, levels II–IV on the node-negative neck 
 PTV neck nodes  c   A 3–5 mm expansion on the neck node CTVs depending on institutional accuracy of daily patient positioning 

    Note : If the patient underwent surgery, the postoperative dissected neck should be treated anywhere from 60 to 66 Gy in 2 Gy per fractions 
  a Suggested dose to gross disease is 2.12 Gy/fraction to 69.96 Gy 
  b Suggested dose to mucosal surfaces at risk for harboring a primary is 54–60 Gy in 1.64 and 1.8 Gy fraction sizes, respectively 
  c High-risk subclinical dose, 1.8 Gy/fraction to 59.4 Gy. Lower risk subclinical regions can consider 1.64 Gy/fraction to 54 Gy  
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=CTV54

=CTV59.4

=GTV70

CTV54: Coverage of
ipsilateral
retrostyloid space

CTV54: Coverage
starts at oropharynx

Coverage of
contralateral
neck starts at
Level II

Coverage of
ipsilateral level V
begins at hyoid
bone

Level V spared on
contralateral N0
side

Gross nodal
disease treated
to 70 Gy

Level IB spared
on contralateral
N0 side

  Fig. 3    52M    with TxN2bM0 SQCUP. He underwent an excisional biopsy 
of a right submandibular lymph node that demonstrated metastatic SCC. 
A PET/CT showed multiple hypermetabolic lymph nodes in right level 
IB, level II, and level IV. There was also asymmetric uptake in the right 
base of the tongue, but biopsy of this area failed to demonstrate tumor. He 
was treated with concurrent chemoradiation therapy to a total dose of 

54 Gy to the nasopharynx, larynx, and uninvolved left neck (CTV 54  =  green  
contour). Given the high suspicion of an oropharyngeal primary, the oro-
pharynx was treated to 59.4 Gy along with the right neck (CTV 59.4  =  orange  
contour). The gross nodal disease was treated to 70 Gy using concomitant 
boost technique (GTV 70  =  red  contour). Please note that these are repre-
sentative slices and not all slices are included       
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  Fig. 4    A 50-year-old gentleman with a TxN2c squamous cell carcinoma 
referred for defi nitive treatment. An open biopsy of a left lymph node 
demonstrated extra-nodal extension. HPV ISH and p16 testing were neg-

ative. He received defi nitive chemoradiotherapy. The CTV 70Gy  is in  red , 
the CTV 60Gy  is in  green , and the CTV 54Gy  is in  blue . Please note that these 
are representative slices and not all slices are included         

=CTV54

=CTV60

=CTV70

Coverage starts
at nasopharynx

Note: higher
dose starting at

oropharynx

Decreased dose to left
neck because of lower

burden of disease
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Boosting a small node,
without increasing dose

to entire level

Note coverage of
entire pharynx in

this case

Fig. 4 (continued)
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=CTV54

=CTV50

=CTV66

CTV54: Coverage of
pharyngeal axis
begins at
oropharynx.

CTV59.4: Coverage of ipsilateral
N+ neck and surgical bed,
including level IB (spared on
contralateral N0 side)

CTV50: Larynx

Level V spared
bilaterally

Nasopharynx
spared.

  Fig. 5    64M with TxN2bM0 SCC. He underwent a tonsillectomy and 
right-sided neck dissection that showed 2/21 lymph nodes positive with 
extracapsular extension. Immunostaining for p16 and HPV in situ 
hybridization was positive. Given the HPV positivity of the tumor and 
the high suspicion of an oropharyngeal primary, the nasopharynx and 

bilateral level V were spared and the larynx was treated to a reduced 
dose of 50 Gy (CTV 50  =  yellow  contour). The oropharynx and left neck 
were treated to 54 Gy (CTV 54  =  green  contour) and the right neck was 
treated to 66 Gy (CTV 66  =  orange  contour). Please note that these are 
representative slices and not all slices are included       
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  Fig. 6    A 62-year-old male with a TxN2a unknown primary referred for 
postoperative treatment. He underwent bilateral tonsillectomy and a 
right neck dissection which revealed a single 4.6 cm level II lymph 
node. Notice the difference in the target delineation in the involved 

neck versus the contralateral neck. The CTV 66Gy  is in  red , the CTV 54-60Gy  
is in  green , and the CTV 54Gy  is in  blue . Please note that these are repre-
sentative slices and not all slices are included         

=CTV54

=CTV54-60

=GTV66

Contra-lateral RP
nodes start at C1

Do not include oral
tongue in CTV

Note, inclusion of
ipsilateral SCM since
post-op & risk of ECE
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Cover entire
post-op bed, in

this case level IB

CTV should
include base of

vallecula

Fig. 6 (continued)
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  Fig. 7    76M Hx of TxN1M0 SQCUP. He underwent a right neck dissec-
tion that showed 1/26 lymph nodes positive at level III of the right neck, 
without ECE. On examination, there was fullness in the nasopharynx, but 
imaging, biopsy, and EBV staining failed to identify a nasopharyngeal 
primary tumor. The suspicion for a nasopharyngeal primary remained 

high. He was treated with comprehensive pharyngeal irradiation to a total 
dose of 54 Gy (CTV 54  =  green  contour). The larynx and left neck were 
treated to 50 Gy (CTV 50  =  yellow  contour) and the surgical bed and right 
neck were treated to 60 Gy (CTV 60  =  orange  contour). Please note that 
these are representative slices and not all slices are included         

=CTV54

=CTV50

=GTV60

CTV54: Pharyngeal
axis

CTV60: Retrostyloid
space on N+ side

Level IB spared on
N0 side
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CTV50: Larynx

Fig. 7 (continued)
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=CTV54

=CTV60

CTV60: Coverage of
N+ neck, including
retrostyloid space

CTV54: Pharyngeal
axis and N0 neck

CTV60: Includes
coverage of post
operative bed and
Level IB

CTV54: Includes low
neck and Level V
on N+ side

CTV54: Extension
into upper
mediastinum due
to low lying
positive lymph
node

Sparing of
esophagus

  Fig. 8    A 57-year-old male with TxN1M0 SQCUP who underwent left 
modifi ed radical neck dissection showing 2/44 positive lymph nodes 
with extracapsular extension in the left posterior triangle. He was treated 
with concurrent chemoradiation therapy. The pharyngeal axis and right 

neck were treated with 54 Gy (CTV 54  =  green  contour), the upper left 
neck and postoperative bed were treated to 60 Gy (CTV 60  =  orange  con-
tour), and the left low neck was treated to 54 Gy. Please note that these 
are representative slices and not all slices are included       
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=CTV54

=CTV59.4

CTV54: Larynx
spared
beginning at
the top of the
arytenoid
cartilage

  Fig. 9    56M TxN3M0 SQCUP. He underwent resection and was 
treated with postoperative chemoradiation therapy. The postoperative 
bed and ipsilateral neck were treated to a dose of 66 Gy (CTV 66  =  orange  

 contour). The pharyngeal axis was treated to 54 Gy (CTV 54  =  green  
contour) with sparing of the larynx. Please note that these are represen-
tative slices and not all slices are included       

   Table 2    Intensity-modulated radiation therapy: normal tissue dose constraints   

 Critical structures  Constraints 

 Brain stem  Max <50 Gy or 1 % of PTV cannot exceed 60 Gy 
 Optic nerves  Max <54 Gy or 1 % of PTV cannot exceed 60 Gy 
 Optic chiasm  Max <54 Gy or 1 % of PTV cannot exceed 60 Gy 
 Spinal cord  Max <45 Gy or 1 cc of the PTV cannot exceed 50 Gy 
 Mandible and TMJ  Max <70 Gy or 1 cc of the PTV cannot exceed 75 Gy 
 Brachial plexus  Max <65 Gy 
 Temporal lobes  Max <60 Gy or 1 % of PTV cannot exceed 65 Gy 
 Other normal structures  Constraints 
 Oral cavity  Mean <40 Gy 
 Parotid gland  (a) Mean ≤26 Gy in one gland 

 (b) Or at least 20 cc of the combined volume of both parotid glands will receive <20 Gy 
 (c) Or at least 50 % of one gland will receive <30 Gy 

 Cochlea  (a) Max <50 Gy 
 (b) Or V55 <5 % 

 Eyes  Mean <35 Gy, max <50 Gy 
 Lens  Max <5 Gy 
 Esophagus, postcricoid pharynx  Mean <45 Gy 

   PTV  planning target volume 
 Based on guidelines presently used at Memorial Sloan Kettering Cancer Center  
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1  Anatomy and Patterns of Spread

The skin is composed of two layers: the more superficial and 
thinner epidermis and the deeper and thicker dermis.

The epidermis (average thickness 0.05 mm) contains 
keratinocytes (basal cells and squamous epithelial cells), 
melanocytes, and Langerhans cells among others. Structures 
such as hair and glandular ducts project through the 
epidermis.

The dermis (average thickness 2 mm) contains Merkel 
cells, lymphatic and vascular channels, nerves, mast cells, 
fibroblasts, macrophages, and dendritic cells among others. 
Structures such as hair follicles, sweat glands, and small 
muscles are present in the dermis.

The division between the epidermis and the dermis is the 
basement membrane.

The hypodermis (subcutis or subcutaneous tissue) is deep 
to the dermis and also contains lymphatic and vascular chan-
nels, nerves, adipose, and other tissues that connect the skin 
to underlying muscles, bones, and cartilage (Fig. 1).

The thickness of the skin (epidermis and dermis) varies 
between 0.5 and 4 mm in locations such as the eyelids and 
palms/soles, respectively.

The skin covers almost all external surfaces of the body, 
for an average surface area of 1.79 m2 (men 1.91 m2, women 
1.71 m2) (Sacco et al. 2010). Body surface area can be 
approximated by height and mass using the Dubois and 
Dubois method:

 

Bodysurfacearea inm mass in kg

height in cm

2 0 425

0 725
0

( ) = ( )
´ ( ) ´

.

.
.0007184  

The palm of a patient’s hand is estimated to be approx-
imately 0.5 % of the total body surface area (Rhodes 
et al. 2013).
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The lymphatic channels of the skin are within the dermis 
and drain to lymphatic channels of the hypodermis and even-
tually to the regional lymph node basins. Note that some skin 
regions will drain to multiple lymph node basins.

An interactive tool is available to aid in the prediction of 
the draining lymph node basin for primary skin cancers of 
the head and neck (http://sites.bioeng.auckland.ac.nz/
hrey004/head/) and trunk and extremities (http://sites.bio-
eng.auckland.ac.nz/hrey004/) (Figs. 2, 3, 4, 5, and 6).

Different types of skin cancer have different proclivities 
for spread.

Local spread can occur superficially along planes of the skin 
and hypodermis (SCC, especially sclerosing or desmoplastic 
subtypes; BCC, especially infiltrative or morpheaform sub-
types; angiosarcoma), along cutaneous nerves (SCC, BCC, and 
melanoma, especially desmoplastic and/or neurotropic sub-
types), and through direct invasion of subcutaneous and deeper 
tissues (SCC, BCC, especially deeply invasive subtypes).

Regional spread can develop via “in-transit” dermal lym-
phatics to lymph node basins (Merkel cell carcinoma,  melanoma, 
angiosarcoma, SCC, especially deeply invasive subtypes).

Distant spread can occur hematogenously (Merkel cell 
carcinoma, melanoma, SCC, especially those that have 
spread regionally).

2  Diagnostic Workup for Relevant 
Target Volume Delineation

2.1  Clinical Evaluation

Symptom assessment is critical to help determine if a skin 
cancer harbors high-risk features.

Local neurologic symptoms such as pain, paresthesias, 
anesthesia, dysesthesia, pruritus, and formications can her-
ald neurotropic cancer and should be routinely queried and 
investigated further if present.

Physical examination for abnormal local neurologic signs 
in the case of potentially neurotropic skin cancers is  essential. 
Strength, sensory, or reflex impairments should prompt fur-
ther evaluation when abnormalities are present.

Examination of regional lymph node basins at risk for dis-
ease is also vital. Primary skin cancers at or approaching mid-
line require examination of the lymph node basins bilaterally.

Direct visualization of the skin under bright light (pro-
jected at different angles) and magnification is the best 
means of determining the extent of superficial disease. 
Carefully observing the color, texture, creases, follicles, and 
hair growth pattern of the skin harboring cancer and compar-
ing this to normal skin can be helpful.

Palpation of the skin can also help delineate the extent of 
superficial disease. For skin cancers on surfaces that can be 
palpated between gloved fingers from opposing surfaces (lip, 
ear, cheek), this practice is encouraged. Assess fixation to 
underlying structures by moving the lesion along the plane 
of the skin surface. Fixation of the skin cancer to the struc-
tures beneath subcutaneous tissues can suggest local inva-
sion and requires further evaluation when present.

2.2  Imaging

Calibrated clinical digital photography is encouraged to 
characterize and record the appearance of skin cancer. 
Appropriate lighting, positioning, focus, exposure, and zoom 
are encouraged (Bhatia 2006).

Fig. 1 Composition of the skin. 
(sq) squamous cells, (b) basal 
cell, (m) melanocytes, 
(f) fibroblast, (dc) dendritic cell, 
(lc) Langerhans cell, (mc) mast 
cell, (Mc) Merkel cell, (h) hair, 
(n) nerve, (P) Pacinian corpuscle, 
(v) vessels, (s) sebaceous gland, 
(mu) muscle, erector pili, 
(ec) eccrine gland, 
(Me) Meissner’s corpuscle. 
(Credited to MSKCC)
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Wood’s lamp (ultraviolet light at ~365 nm) can help 
delineate the extent of pigmented skin cancers (Paraskevas 
et al. 2005).

Investigational modalities for determining the superficial 
extent of skin cancer include, but are not limited to, reflec-
tance confocal microscopy, high-frequency ultrasonography, 
optical coherence microscopy, and in vivo fluorescence 
microscopy.

Gadolinium-enhanced MRI can help assess the extent of 
perineural invasion (PNI) in cases of neurotropic skin can-
cer. Typically, patients with radiographic evidence of peri-
neural spread will also have symptoms or signs of PNI 
(clinical PNI or cPNI) and pathologic evidence of PNI 
(pPNI). The absence of radiographic evidence of perineural 
spread does not exclude the possibility of neurotropic skin 
cancer.

CT provides a superior assessment of cortical bone and is 
the preferred modality for determining the extent of local 
bone invasion. MRI can identify marrow involvement.

MRI and CT with or without PET can all be valuable in 
the assessment of regional lymphadenopathy. Nodes are 
 considered involved with cancer when they exhibit abnormal 
morphology (metabolically active, centrally necrotic, irregu-
lar capsule, rounded shape without fatty hilum) or size 
(>10 mm in short axis) (Schwartz et al. 2009).

2.3  Tissue Sampling

Punch, rather than shave, biopsy to the superficial reticu-
lar dermis through the tumor is the preferred method of 
diagnosis of skin cancer. Shave biopsy may be preferable 
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Fig. 2 Likelihood of lymphatic 
drainage to axillary lymph nodes 
from different sites of primary 
skin cancer (Reynolds et al. 
2007). Drainage to left axillary 
lymphatics (a, b); and right 
axillary lymphatics (c, d). 
Regions of skin with no 
lymphatic drainage to axilla are 
colored black. (a, c) are anterior 
projections and (b, d) are 
posterior projections
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Fig. 3 Likelihood of lymphatic drainage to the groin 
lymphatics from different sites of primary skin cancer 
(Reynolds et al. 2007). Drainage to left groin lymphatics  
(a, b); and right groin lymphatics (c, d). (a, c) are anterior 
projections and (b, d) are posterior projections
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Fig. 4 Likelihood of lymphatic drainage to the left (a) and right (b) preauricular lymphatics from different sites of primary skin cancer (Reynolds et al. 2009)
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Fig. 5 Likelihood of lymphatic drainage to the left (a) and right (b) upper cervical (level II) lymphatics from different sites of primary skin cancer 
(Reynolds et al. 2009)
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in cosmetically sensitive areas or in certain patient popu-
lations; however, the depth of invasion and high-risk his-
topathologic features are often difficult to ascertain on 
shave biopsy.

Some “infiltrative” types of skin cancers are superficially 
occult. Mapping biopsies at the periphery of a poorly defined 
skin cancer can help determine the extent of disease not 
apparent on visual inspection.

Sentinel lymph node biopsy should be considered for 
several forms of skin cancer when there is no clinical evi-
dence of regional lymph node metastasis: cutaneous mela-
noma >0.75 mm thick, all Merkel cell carcinoma 
(regardless of size or thickness), cutaneous SCC >2 mm 
thick.

3  Simulation and Daily Localization

3.1  General Guidelines

Patient positioning for the treatment of skin cancer is highly 
dependent on the location of the target volume and radio-
therapy technique.

CT (with or without PET, with or without MRI) is per-
formed for simulation. Intravenous contrast media is 
 recommended for all sites, when not medically contraindi-
cated. Oral contrast is recommended for patients with a tar-
get volume near the gastrointestinal tract. Slice thickness of 
2 mm is preferred for target volumes incorporating cranial 
nerves or the skull base. Otherwise, a slice thickness of 3 mm 
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Fig. 6 Likelihood of lymphatic drainage to anterior (preauricular, submental, cervical I–IV, a) or posterior (postauricular, suboccipital, cervical 
V, supraclavicular, b) neck lymphatics from different sites of primary skin cancer (Reynolds et al. 2009)
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is preferred. Head and neck scans should include the entire 
head and neck through the carina. Upper trunk and extremity 
scans should include the mastoid processes through the 
entire volume of the lungs. Lower trunk and extremity scans 
should include the iliac crests through the popliteal fossa. 
Isocenter is placed in the center of the target volume.

Image registration and fusion of MR and PET with 
CT should be performed to help guide target delineation 
or relevant targets (nerves, ganglia, hypermetabolic 
tumors).

3.2  Skin Surface Targets

Prior to simulation, patients should be reexamined and the 
superficial extent of the skin cancer marked on the skin sur-
face with a single use sterile marker. Fiducial markers (radi-
opaque wires with adhesive) should be placed on these 
marks to aid in target volume delineation in CT datasets. Of 
note, patients with clinical or pathologic evidence of extra-
nodal extension of carcinoma are at risk for dermal disease 
in proximity to any surgical scars. A 2 cm perimeter is 
marked around surgical scars, and this along with the surgi-
cal scars themselves (incision and drain sites) should be 
marked with fiducial markers. Prior radiotherapy sites 
should also be delineated on the skin surface using fiducial 
markers.

Patients with skin, in-transit lymphatics, or regional node 
basins at risk for dermal disease should have appropriate tis-
sue equivalent bolus fabricated prior to fabrication of the 
immobilization equipment. Bolus thickness will depend on 
radiotherapy technique (generally, we use 0.5 cm for confor-
mal plans incorporating beams oblique to the skin surface 
and 1.0–1.5 cm for single-field and parallel-opposed beam 
arrangements when beams are normally incident to the skin 
surface). Tissue equivalent bolus should be positioned 
between the skin surface at risk and the immobilization 
equipment. When possible, the tissue equivalent bolus 
should be fixed to the immobilization equipment to aid in 
setup reproducibility.

When the skin surface is at risk, in vivo dosimetry is 
encouraged to confirm adequate dose at the skin surface. 
This is particularly important with heavily modulated plan-
ning techniques (e.g., IMRT) (Price et al. 2006).

3.3  Head and Neck Targets

Patients with skin cancers of the head and neck are usually 
immobilized supine with a thermoplastic mask. In some 

cases, the prone position may be preferable for posterior tar-
gets. For the treatment of the neck lymphatics only, the neck 
is extended. For the treatment of cranial nerves V1 and V2 or 
the skull base, the neck is kept in a neutral position, with the 
hard palate normal to the table top. Gaze fixation and intra-
oral stent may also be valuable in this situation.

3.4  Upper Trunk or Extremity Targets

Patients with skin cancers of the upper trunk or extremi-
ties are immobilized supine in an alpha cradle. In some 
cases, the prone position may be preferable for posterior 
targets. For patients with a target volume in the axilla, the 
ipsilateral arm is placed akimbo. This position is preferred 
to arm maximally abducted as patients are often elderly 
and have very recently undergone axillary surgery, which 
limits the ability to abduct the arm. Absent these 
 conditions, maximal arm abduction is an acceptable 
 alternative position. CT bore and linear accelerator gantry 
permitting, the arm should be abducted enough so that no 
skin folds are present in the axilla. This helps reduce der-
matitis in the axilla. Rotation of the arm and immobiliza-
tion at the hand may be necessary for patients with target 
volumes along the length of the extremity or in the 
 epitrochlear fossa.

3.5  Lower Trunk or Extremity Targets

Patients with skin cancers of the lower trunk or extremities 
are immobilized supine in an alpha cradle. In some cases, the 
prone position may be preferable for posterior targets. For 
patients with a target volume in the groin, the ipsilateral hip 
is abducted (“frog-leg”). CT bore and linear accelerator gan-
try permitting, the leg should be abducted enough so that no 
skin folds are present in the groin. This helps prevent derma-
titis in the groin. Rotation of the leg and immobilization of 
the foot may be necessary for patients with target volumes 
along the length of the leg or in the popliteal fossa.

3.6  Daily Localization

Localization is dependent on the anatomic region being 
treated. Generally, for skin cancers of the head and neck, 
daily orthogonal kV images are used for localization. This is 
particularly important when targeting cranial nerves and the 
skull base. For skin cancers of the extremity and trunk, 
weekly MV images are used for localization.
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Wires place at border of
prior radiotherapy field 

5 mm bolus over CTV-in-
transit for CT scan

CTV-node includes skin surface and muscle
because of extracapsular extension 

Fig. 7 Target delineation of CTVs in a 75-year-old man with rpT0N-
2bM0R0 cutaneous squamous cell carcinoma of the vertex of the scalp 
in axial CT displayed from cranial to caudal direction. He underwent 
wide excision of the primary tumor, adjuvant radiotherapy to the scalp 
vertex, and recurrence in left temporal in-transit and preauricular lym-
phatics. He underwent excision of the left temporal in-transit metastasis 
and left superficial parotidectomy. Pathology revealed squamous cell 
carcinoma within the left temporal dermis and parotid gland, not within 

a lymph node. Adjuvant radiotherapy was recommended to the left tem-
poral in-transit lymphatics (orange, intact; dark blue, free flap), left 
preauricular (light blue), postauricular (yellow) and cervical (IB-VB, 
pink) lymphatics, and the facial nerve (green) to a dose of 60 Gy in 30 
fractions, with a cone-down boost to the sites of resected carcinoma 
(turquoise and light blue) to a total dose of 70 Gy in 35 fractions over 
7 weeks. Please note that these are representative images and not all 
images are included
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5 mm bolus between CTV-
in-transit and CTV-primary

CTV-in-transit between CTV-
primary and CTV-node 

CTV-primary extends from
skin surface to deep fascia 

Fig. 8 Target delineation of CTVs in a 54-year-old woman with 
pT2N1aM0R0 Merkel cell carcinoma of the left posterior thigh in axial 
CT displayed from cranial to caudal direction. She has a history of renal 
allograft (note left pelvic kidney) and underwent wide excision of the 
primary tumor and sentinel lymph node biopsy of a left inguinofemoral 
lymph node. Pathology revealed a 4.5 cm Merkel cell carcinoma, with 
microscopic involvement of the sentinel lymph node. Adjuvant radio-

therapy was recommended to the left posterior thigh primary tumor site 
(yellow), in-transit lymphatics (pink), and left inguinofemoral lymphat-
ics (blue) to a dose of 50 Gy in 25 fractions, with a cone-down boost to 
the site of resected carcinoma to a total dose of 60 Gy in 30 fractions 
over 6 weeks. Please note that these are representative images and not 
all images are included
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CTV-in-transit between CTV-
primary and CTV-node 

Radiopaque marker on
drain sites and incisions

5 mm bolus covering drain
sites and incisions

Fig. 9 Target delineation of CTVs in a 54-year-old man with rpT0N-
2bM0R0 basal cell carcinoma of the right posterior trunk in axial CT 
displayed from cranial to caudal direction. He has a history of acquired 
immunodeficiency syndrome and underwent excision and subsequent 
re-excision of the primary tumor for recurrence. He subsequently 
recurred in the in- transit lymphatics of the posterior trunk between the 
primary tumor and the draining lymph node basin in the right axilla. 

Excision of the in-transit metastasis and axillary lymphadenectomy 
revealed carcinoma, not within a node. Adjuvant radiotherapy was rec-
ommended to the left posterior trunk primary tumor site (green), in-
transit lymphatics (yellow), and axilla (blue) to a dose of 60 Gy in 30 
fractions, with an integrated boost to the site of resected carcinoma to a 
total dose of 66 Gy in 30 fractions over 6 weeks. Please note that these 
are representative images and not all images are included
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CTV-node is supraclavicular
fossa to external jugular

Radiopaque marker on
drain sites and incisions

5 mm bolus covering drain
sites and incisions

Fig. 10 Target delineation of CTVs in a 55-year-old man with pT4bN-
2bM0R0 cutaneous melanoma of the right shoulder in axial CT dis-
played from cranial to caudal direction. He underwent wide local 
excision of the primary tumor and axillary lymphadenectomy revealing 
3 nodes involved with melanoma, measuring up to 5.3 cm in size, with 

extranodal extension. Adjuvant radiotherapy was recommended to the 
right axilla and supraclavicular fossa (green). The patient requested an 
abbreviated course of therapy and was therefore given a dose of 30 Gy 
in 5 fractions over 2.5 weeks. Please note that these are representative 
images and not all images are included
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2 sheets of 5 mm tissue equivalent
bolus placed for CT simulation scan

CTV-in-transit is between primary
tumor and draining lymphatic basin

CTV-cPNI follows path of V1 to
cavernous sinus

CTV-nodes includes preauricular
and upper cervical (IB-III)

Fig. 11 Target delineation CTVs in a 79-year-old man with cT3N0M0 
cutaneous squamous cell carcinoma of the right brow in axial CT dis-
played from cranial to caudal direction. Imaging revealed perineural 
invasion along the distal right ophthalmic branch of the trigeminal 
nerve (V1) at the supraorbital notch. Definitive radiotherapy was rec-
ommended to the primary tumor (green), the V1 nerve (blue), and the 

in-transit (purple), preauricular (pink), and upper cervical (IB-III, tur-
quoise) lymphatics and facial nerve (yellow) to a dose of 56 Gy using in 
23 fractions, with an cone-down boost (using electrons and an internal 
eye shield) to the primary tumor to a total dose of 86 Gy in 43 fractions 
over 8.6 weeks. Please note that these are representative images and not 
all images are included
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4  Target Volume Delineation  
and Treatment Planning  
(Figs. 7, 8, 9, 10, and 11)

GTV-T – tumor (clinically apparent tumor on physical exam 
or imaging)

GTV-N – nodes (clinically apparent nodes on physical exam 
or imaging)

CTV-T – peritumor (subclinical disease on skin surface 
adjacent to primary tumor [radial distance along skin 
surface from primary tumor according to Table 1], and 
deep to this including the dermis, and hypodermis to 
deep fascia); tumors with clinical evidence of deep 
invasion may require more extensive CTV-T (i.e., 
when primary tumor invading paranasal sinus, adja-
cent paranasal sinuses may need to be included as 
CTV-T)

CTV-IT – in-transit (subclinical disease in dermal lymphat-
ics between primary tumor and draining node basin for 
distances <20 cm)

CTV-N – node (subclinical disease in draining node basin; 
see Figs. 2, 3, 4, 5, 6, 12, 13, and 14 and Table 2)1

CTV-lpPNI – limited pathologic perineural invasion (sub-
clinical disease surrounding primary tumor, 2 cm sur-
rounding primary tumor)

1 For patients with node basin recurrence <1 year after treatment of pri-
mary skin cancer, generally the primary tumor and in-transit lymphatics 
are irradiated, if feasible and not previously treated.

Table 1 CTV skin surface margin on GTV (respecting natural 
 anatomic barriers to spread)

Skin cancer GTV to CTV margin (mm)

Low-risk SCC/BCC 4
High-risk SCC/BCC 20
Melanoma in situ 5
Desmoplastic neurotropic melanoma 20
Merkel cell carcinoma 40
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Fig. 12 Skin surface borders for adjuvant electron beam radiotherapy 
after lymphadenectomy for cutaneous melanoma metastatic to the pre-
auricular or cervical lymphatics (Burmeister et al. 2006)
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CTV-epPNI – extensive pathologic perineural invasion 
(CTV – limited PNI + sensory dermatome + motor myo-
tome (when feasible) to distal bony foraminal origin)

CTV-cPNI – clinical perineural invasion (CTV – extensive 
PNI + nerve pathway to origin at brainstem or spinal 
cord)

PTV – depends on immobilization and daily localization, but 
generally 2–10 mm. Smaller for HN and larger for trunk 
and extremities (Table 3)

5  Plan Assessment

Standard planning goals for conventional fractionation set 
forth in other chapters of this textbook are generally used for 
skin cancers. Prospective studies of hypofractionated radio-
therapy for skin cancer have used specific dose constraints 
detailed below:

TROG constraints. The TROG 96.06 and 02.01 studies 
using standardized fields (Figs. 12–14, depicted above) also 
limited doses to several organs and tissues when delivering a 
dose of 48 Gy in 20 fractions of 2.4 Gy.

Brain and spinal cord ≤40 Gy
Bowel (small volume), brachial plexus, mandible, and 

larynx ≤45 Gy
Femoral neck, bowel (V1000 cm3) ≤35 Gy
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Groin
crease
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1/3rd

Femoral
pulse

Anterior
superior
iliac
spine

Fig. 14 Field borders for adjuvant high-energy photon radiotherapy 
after lymphadenectomy for cutaneous melanoma metastatic to the 
inguinofemoral lymphatics (Burmeister et al. 2006)

Table 2 Expert consensus of cervical lymphatics at risk in cutaneous 
SCC metastatic to the preauricular/parotid region based on primary 
tumor location (O’Hara et al. 2011)

Location of primary tumor Cervical lymphatics at risk

Face I–III and external jugular node
Anterior scalp and external ear II–III and external jugular node
Posterior scalp and neck II–IV and external jugular node
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Table 3 Dose and fractionation schema for selected locally advanced and high-risk cutaneous malignancies

Disease Source Site Condition Total dose (Gy)
Fractions 
(number) Margins

MCC NCCN (2014a) Primary tumor R0 resection 50–56 25–28 5 cm if possible
NCCN (2014a) Primary tumor R1 resection 56–60 28–30 5 cm if possible
NCCN (2014a) Primary tumor R2 resection or unresectable 60–66 30–33 5 cm if possible
Jouary et al. (2012) Primary tumor Local excision with ≥1.5 cm 

radial margin deep to 
perimuscular aponeurosis

60 30 3 cm around 
excision if 
possible

NCCN (2014a) Lymph node 
basin

cN0, not sampled or 
dissected

46–50 23–25

NCCN (2014a) Lymph node 
basin

cN0, sampled and negative 
(axilla or groin)

Radiation not 
indicated

NCCN (2014a) Lymph node 
basin

cN0, sampled and negative 
(head and neck)

46–50 23–25

NCCN (2014a) Lymph node 
basin

cN0, sampled and positive 
(axilla or groin)

50 25

NCCN (2014a) Lymph node 
basin

cN0, sampled and positive 
(head and neck)

50–56 25–28

NCCN (2014a) Lymph node 
basin

cN+, not dissected 60–66 30–33

NCCN (2014a) Lymph node 
basin

cN+, dissected (axilla or 
groin)

50–54 25–27

NCCN (2014a) Lymph node 
basin

cN+, dissected (head and 
neck)

50–60 25–30

Jouary et al. (2012) Lymph node 
basin

cN0, not sampled or 
dissected

50 25

Melanoma TROG Lymph node 
basin

cN+, dissected 48 20

MDACC Lymph node 
basin

cN+, dissected 30 5

BCC/SCC NCCN (2014b) Primary tumor Intact, <2 cm tumor 64 32 1–1.5 cm
NCCN (2014b) Primary tumor Intact, <2 cm tumor 55 20 1–1.5 cm
NCCN (2014b) Primary tumor Intact, <2 cm tumor 50 15 1–1.5 cm
NCCN (2014b) Primary tumor Intact, <2 cm tumor 35 5 1–1.5 cm
NCCN (2014b) Primary tumor Intact, ≥2 cm tumor 66 33 1.5–2 cm
NCCN (2014b) Primary tumor Intact, ≥2 cm tumor 55 20 1.5–2 cm
NCCN (2014b) Primary tumor Excised 60 30 1.5–2 cm
NCCN (2014b) Primary tumor Excised 50 20 1.5–2 cm
Mendenhall et al. 
(2009)

Primary tumor Large, untreated with bone/
cartilage invasion or 
recurrent

71.5 35

Mendenhall et al. 
(2009)

Primary tumor Large, untreated with 
minimal or suspected bone/
cartilage invasion

66 35

Mendenhall et al. 
(2009)

Primary tumor Moderate to large inner 
canthus, eyelid, nasal, or 
pinna

60.5 30

Mendenhall et al. 
(2009)

Primary tumor Small, thin lesion around the 
eye, nose, or ear

55 20

Mendenhall et al. 
(2009)

Primary tumor Moderate-sized lesion on 
free skin

50.5 15

Mendenhall et al. 
(2009)

Primary tumor Small lesion on free skin 44 10

Mendenhall et al. 
(2009)

Primary tumor Small lesion on free skin 33 5

Mendenhall et al. 
(2009)

Primary tumor Excised with positive 
margins

50.5 15

C. Barker
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MDACC constraints. The MDACC phase II study of 
adjuvant radiotherapy for cutaneous melanoma of the 
head and neck limited doses to several organs and tissues. 
Subsequent application of this regimen (30 Gy in 5 frac-
tions of 6 Gy) has been described in other non-head and 
neck sites.

Brain, spinal cord, and bowel ≤24 Gy.

Suggested Reading

Melanoma (Burmeister et al. 2006, 2012; Ang et al. 1990, 
1994)

Basal cell and squamous cell carcinoma (O’Hara et al. 2011; 
Mendenhall et al. 2009; Brantsch et al. 2008)

Merkel cell carcinoma (Jouary et al. 2012)
Perineural invasion (Balamucki et al. 2013; Barnett et al. 

2013; Gluck et al. 2009)
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1                 Anatomy and Patterns of Spread 

 IMRT is utilized for treatment in head and neck sites to max-
imize target coverage and decrease normal tissue toxicity, 
such as xerostomia and dysphagia. The most common at-risk 
nodal levels for head and neck cancers typically include lev-
els I to VII and the lateral retropharyngeal lymph nodes 
(RPLN). 

 Ipsilateral neck treatment is reasonable for the clinically 
N0 neck in small T1–2 oropharyngeal carcinomas that are 
well lateralized (>1 cm between midline and medial extent 
of tumor), without signifi cant soft palate or base of tongue 
involvement, as well as small carcinomas of the parotid 
gland, buccal mucosa, retromolar trigone, gingiva, or lateral 
border of the oral tongue (O’Sullivan et al.  2001 ). Early 
stage, small glottic larynx carcinomas (T1–2) do not require 
additional prophylactic neck treatment. 

 Typically, one ipsilateral nodal region beyond the patho-
logically involved level must be covered. Often, the N + neck 
requires coverage of levels IB to V, as well as coverage of the 
RPLN. 

 Lateral RPLN should be electively covered in clinically 
N0 pharyngeal tumors (naso-, oro-, and hypopharynx), 
supraglottic carcinomas, and high-risk paranasal carcino-
mas. The medial RPLN are not contoured in this chapter 
given low locoregional rates of relapse and the ability to 
spare pharyngeal constrictors (Feng et al.  2010 ). However, 
with posterior pharyngeal wall or gross RPLN involve-
ment, it is recommended to include the medial and lateral 
RPLN. In the N0 neck, it is possible to start the superior 
extent of the RPLN at the inferior level of C1 and stop 
caudally at the superior edge of the hyoid bone. In the 
N + neck, especially in the presence of high level II ade-
nopathy, RPLN should be treated up to the skull base. 
Routine inclusion of uninvolved RPLN will increase the 
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dose to the pharyngeal constrictors and therefore should be 
carefully considered. 

 High level II and the retrostyloid (RS) lymph nodes (a 
cranial continuation of level II up to the skull base) can be 
spared in the N0 neck in order to reduce parotid gland dose. 
The N0 level II contours may begin where the posterior belly 
of the digastric muscle crosses the internal jugular vein (usu-
ally at the level of C1). In the N + neck, level II and the RS 
nodes should be treated up to the skull base    (Figs.  2  and  3 ). 
The primary sites at highest risk of RS involvement include 
the nasopharynx and bulky involvement of upper level II due 
to retrograde fl ow. 

 Level I is at high risk for nodal involvement in oral cavity 
tumors. Specifi cally, IA drains the anterior oral cavity includ-
ing the lip, the anterior mandibular alveolar ridge, the ante-
rior oral tongue, and the fl oor of the mouth. Level IB is at 
highest risk in oral cavity tumors, the anterior nasal cavity, 
and cheek. 

 Levels II, III, and IV will be the most commonly treated 
nodal levels in the vast majority of mucosal head and neck 
cancers, given drainage patterns following the internal 
carotid artery and internal jugular vein. Levels II and III are 
at risk in nasopharynx, oropharynx, hypopharynx, and laryn-
geal tumors. Level IV is at risk of involvement in hypophar-
ynx, larynx, and thyroid tumors. 

 Level V is infrequently involved in oral cavity, oropha-
ryngeal, hypopharyngeal, and laryngeal tumors in the N0 
neck. Posterior level V (Vb) has to be carefully included in 
thyroid, nasopharyngeal, parotid gland, and cutaneous 
carcinomas. 

 Level VI should be treated in laryngeal carcinomas with 
subglottic extension and in thyroid tumors. 

 Level VII should be treated in thyroid tumors, extending 
inferiorly for node-positive disease from the brachiocephalic 
vein to the carina. 

 Supraclavicular (SCV) nodes include part of the histori-
cally referenced “triangle of Ho.” Nasopharyngeal tumors 
are highest risk of metastases to the SCV region, 
bilaterally. 

 Surgical dissection of the neck may be performed prior to 
radiation treatment, depending on the location and treatment 
of the primary tumor (Table  1 ). All surgical clips should be 
covered in the clinical target volume, and microscopically 
positive mar-gins or ECE should be included in the high-risk 
tumor vol-ume.

   Well-lateralized N + tumors after unilateral neck dissec-
tion strongly warrant bilateral postoperative radiation ther-
apy, due to altered lymphatic drainage. 

 Factors strongly recommended for postoperative chemo-
radiation, per EORTC 22931 and RTOG 9501, are extracap-
sular extension and positive margins.  

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

 Clinical examination, CT with IV contrast, and PET scan are 
the best modalities for the majority of cases. PET scan is 
helpful for small FDG-avid nodes that fall under size criteria 
on CT scan. Note the PET fusion may be misleading due to 
patient movement and should be evaluated closely for any 
inconsistencies without CT correlate. Ultrasound can be 
helpful when combined with fi ne-needle aspiration for stag-
ing the neck when other radiographic modalities are 
nondiagnostic. 

 MRI with contrast may be helpful in those who cannot 
receive CT with IV contrast and in cases where nodal ade-
nopathy is obscured or is not easily delineated with 
contrast CT.  

3     Simulation and Daily Localization 

 CT simulation with 3 mm slice thickness and IV contrast is 
preferred to ease delineation of vascular structures from 
lymph nodes. Supine patient positioning with rigid head 
cradle with the neck extended to reduce oral cavity exit dose 
is recommended. A custom thermoplastic mask to immobi-
lize the nose, chin, and forehead is utilized. Shoulder pulls 
or other reproducible devices are used to reduce beam inter-
ference and allow adequate neck exposure. The CT 

   Table 1    Types of neck dissection   

 Surgical neck 
management  Defi nition 

 Radical neck dissection  En bloc removal of neck levels I–V, 
sternocleidomastoid, internal jugular vein, 
spinal accessory nerve (CN XI) 

 Modifi ed radical neck 
dissection 

 Removal of neck levels I–V but sparing of 
at least one uninvolved non-lymphatic 
structure (sternocleidomastoid, internal 
jugular vein, and/or accessory nerve) 

 Selective neck 
dissection 

 Removal of neck levels I–V, with 
preservation of at least one nodal level 

 Types 
 Supraomohyoid  Typically performed in oral cavity 

carcinomas, levels I–III, or in occasional 
skip metastases, to level IV (referred to as 
extended supraomohyoid neck dissection) 

 Lateral  Typically performed in oropharyngeal, 
hypopharyngeal, and laryngeal 
carcinomas: levels II–IV 

 Anterior compartment  Thyroid carcinomas at highest risk: 
level VI 

  Selected procedures from 2001 American Head and Neck Society  

J. Zhung et al.
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 simulation scan should encompass adequate superior extent 
of coverage of the primary disease and inferiorly to the level 
of the carina. 

 Image fusion depending upon the primary disease may 
include MRI and/or PET to aid in delineating involved gross 
disease in the neck. Attention should be paid to image fusion 
between primary disease and fusion to nodal disease, as 
patients will not have PET images in the CT simulation posi-
tion (neck extended, shoulders pulled down). 

 Mediastinal windows should be used for contouring the 
neck nodal contents. 

 IGRT is recommended to aid in decreasing the PTV mar-
gins, depending upon patient positioning reproducibility and 
treatment machine considerations. 

 Uninvolved glottic larynx may be spared to limit 
RT-related speech disorders. Two possible techniques to 
treat the entire neck include an extended fi eld IMRT or 
split fi eld using an upper IMRT fi eld matched to a lower 
anterior neck    fi eld (Fig.  1 ). Advantages of a split fi eld 
include signifi cantly reduced mean dose to the uninvolved 
larynx and inferior pharyngeal constrictors (Caudell et al. 
 2010 ). This technique is not recommended in laryngeal, 

hypopharyngeal, or unknown primary head and neck cases 
or when gross primary or nodal disease is present at the 
matchline or inferior to the larynx. In these cases, extended 
fi eld IMRT will provide excellent coverage, whereas a 
split fi eld may contribute to matchline failures or under-
dosage (Lee et al.  2007 ).

4        Target Volume Delineation 
and Treatment Planning 

 Fractionation schemes may vary between dose-painting 
IMRT and conventional IMRT (Table  2 .) Suggested target 
volumes for nodal GTV and CTVs are detailed in Tables  3 , 
 4 , and  5 .

5           Plan Assessment 

 The spinal cord is the only structure within the neck that 
carries the highest priority over tumor coverage. The bra-
chial plexus (Hall et al.  2008 ), parotids and submandibu-
lar glands, mandible, temporomandibular joint, and 
constrictors are important normal tissue structures that 
need to be weighed appropriately when evaluating target 
coverage. 

 Occasionally, treatment of involved cranial nerves will 
warrant coverage to the base of the skull. In this case, the 
brainstem will therefore carry higher priority over tumor 
coverage. 

 Ideally, at least 95 % of the PTV should receive the pre-
scription dose. The minimum dose to 99 % of the CTV 
should be >93 % of the dose. The maximum dose to the PTV 
should not exceed 115 %. 

 Several critical normal structures at risk in the neck 
should be carefully outlined to calculate dose. The spinal 

Isocenter just
superior to
arytenoids

  Fig. 1    Beam’s eye view of low anterior neck fi eld       

   Table 2    Selected IMRT dose fractionation schemes for the neck   

 Concomitant dose-painting IMRT  Postoperative dose-painting IMRT  Defi nitive dose-painting IMRT 

 Total dose/dose per fraction (Gy) 
 GTV  69.96/2.12, 66/2.0 a   70/2.0 c   69.96/2.12 

 70/2.0 b  
 CTV high risk   59.4/1.8  66-60/2.2-2.0  59.4/1.8 

 59.5/1.7 b  
 CTV low risk   54/1.64  54/1.8 not surgically manipulated  56/1.7 

 56/1.70 b  
  Optional CTV  
 CTV low neck   50.4/1.8 

   a Small, suspicious involved nodal disease 
  b Suggested dose levels without simultaneous integrated boost 
  c If gross disease is present postoperatively  
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cord should be contoured at the top of vertebral body C1 
down to T4 or 2 cm beyond the lowest extent of the target 
volume. The uninvolved pharyngeal constrictors should 
be contoured as suggested by Levendag et al. ( 2007 ). The 
glottic larynx should be contoured superiorly from the 
hyoid to the cricoid cartilage and including the arytenoids. 
Critical structures that traverse the length of the treated 
organ should be contoured 2 cm above and below the 
superior and inferior most extent of the combined target 
volumes. The structures at risk are detailed in Table  6 .

   A PRV or planning risk volume may be created for at-risk 
organs, such as the spinal cord (+5 mm) or brainstem 
(+3 mm).  

   Table 3    Suggested target volumes for involved nodal disease   

 Target volumes  Defi nition and description 

  Concomitant or defi nitive dose-painting IMRT  
 GTV 70   Neck nodes: clinically involved, 

nodes ≥ 1 cm, central necrosis, FDG-avid 
on PET, or biopsy proven. Include any 
suspicious or questionable nodes 

 GTV 66   Small, involved nodal disease can be 
treated to 66 Gy 

 CTV 70 or 66   No margin from GTV. Consider GTV 70 or 

66  + 5–10 mm margin if unclear or imaging 
quality is reduced 

 PTV 70 or 66   CTV 70  + 3–5 mm, variable 
  Postoperative IMRT  
 CTV postop66   Extracapsular involvement. 70 Gy may be 

needed for residual gross disease 
 PTV postop66   CTV postop66  + 3–5 mm, variable 

   Table 4    Suggested target volumes for high-risk nodes   

 Target volumes  Defi nition and description 

  Concomitant or defi nitive dose-painting IMRT  
 CTV 59.4   Typically, one level above and below 

grossly involved nodal disease. May 
involve entire involved muscle or at least 
one level above and below the muscle if 
ECE is present 

 PTV 59.4   CTV 59.4  + 3–5 mm, variable 
  Postoperative IMRT  
 CTV postop60   Preoperative gross nodal disease with 

negative margins, entire operative bed 
without ECE. Include entire muscle (at 
least one level above and below the 
level of involvement) if involved. May 
include bilateral necks, depending on 
primary site 

 PTV postop60   CTV postop60  + 3–5 mm, variable 

   Table 5    Suggested volumes for low-risk nodes   

 Target volumes  Defi nition and description 

  Concomitant or defi nitive dose-painting IMRT  
 CTV 54–56   Low-risk ipsilateral and/or contralateral 

neck 
 PTV 54–56   CTV 54–56  + 3–5 mm, variable 
  Postoperative IMRT  
 CTV postop54   Contralateral neck and occasionally the 

uninvolved, low-risk, nonsurgically 
violated ipsilateral neck 

 PTV postop54   CTV postop54  + 3–5 mm, variable 

   Table 6    Intensity-modulated radiation therapy: normal tissue dose 
constraints   

 Target coverage  Constraints 

 PTV GTV   D95 ≥ prescription dose (70 Gy) 
 D05 ≤ 108 % of prescription dose 

 PTV CTV high risk   D95 ≥ prescription dose (59.4 Gy) 
 D05 ≤ GTV prescription dose 

 PTV CTV low risk   D95 ≥ prescription dose (54 Gy) 
 D05 ≤ CTV high risk  prescription dose 

 Critical structures  Constraints 
 Spinal cord  Max < 45 Gy or 1 cc of the PRV cannot 

exceed 50 Gy 
 Brainstem  Max < 54 Gy or 1 % of PRV cannot 

exceed 60 Gy 
 Pharyngeal constrictors  V50 < 33 %, V60 < 15 % and mean 

<45 Gy 
 Brachial plexus  Max < 66 Gy, D05 < 60 Gy 
 Mandible and TMJ  Max < 70–66 Gy or 1 cc of the organ 

cannot exceed 75 Gy 
 Oral cavity  Mean < 40 Gy, mean <30 Gy if 

uninvolved 
 Parotid gland  (a) Mean ≤ 26 Gy in one gland 

 (b) Or at least 20 cc of the combined 
volume of both parotid glands will 
receive <20 Gy 
 (c) Or at least 50 % of one gland will 
receive <30 Gy 

 Submandibular gland  Mean < 39 Gy 
 Glottic larynx  Mean < 45 Gy or 20 Gy if uninvolved 
 Esophagus/postcricoid 
pharynx 

 Mean < 45–30 Gy 

  Based on guidelines used at Memorial Sloan Kettering Cancer Center 
and RTOG 1016. Dmax = 0.03 cc or 3 mm × 3 mm × 3 mm cube  
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6     Target Volumes for the Node-
Negative and Node-Positive Neck 

Node negative
contralateral neck

Node positive
ipsilateral neck

LC

LC

N+ RPLN (cyan) start at the base of 
skull.

In cases of posterior 
pharyngeal wall or 
gross involvement 
of the RPLN nodes,
the entire RP should 
be contoured. 

Key
RP+(cyan)
RS+ (mint)

RP contoured 
anterolaterally down
prevertebral m. 
(longus colli, longus 
capitis) 

  Fig. 2    Intact neck    target delineation volumes. Patient with multiple 
level II and III nodal involvement with strongly suggestive extracapsular 
muscle involvement on CT. Each nodal level contoured with the left side 
showing examples of node-positive contours ( right neck ) and the right 
side showing examples of node-negative contours ( left neck ).  LC  longus 
capitis,  PD  posterior belly of the digastric muscle,  AD  anterior belly of 
the digastric muscle,  GH  geniohyoid muscle,  ECA  external carotid 
artery,  ICA  internal carotid artery,  IJV  internal jugular vein,  CA  common 

carotid artery,  SCM  sternocleidomastoid,  SP  superfi cial lobe of the 
parotid gland,  DP  deep lobe of the parotid gland,  SG  submandibular 
gland,  BH  body of hyoid,  TZ  trapezius muscle,  LS  levator scapulae mus-
cle,  SL  splenius capitis muscle,  CR  cricoid cartilage,  ASC  anterior sca-
lene muscles,  BP  brachial plexus,  MSC  middle scalene muscles,  PSC  
posterior scalene muscles,  BT  brachiocephalic trunk,  RBV  right brachio-
cephalic vein,  RSA  right subclavian artery,  LBV  left brachiocephalic 
vein,  LCA  left common carotid artery,  LSA  left subclavian artery                 
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SCM

IJV

Transverse process 
of C1

ICA SPDP

High risk level II, due to nodal 
involvement should be a 
continuation of the RS 
nodes from the skull base  

In the N0 neck, 
the RP (blue) 
may start at the
transverse 
process of C1

Key
RP+ (cyan)
RP-(blue)
RS+ (mint)
Level II+ (yellow)

Contouring the superficial
and deep parotid (SP, DP)
separately may assist in
parotid gland sparing  

Fig. 2 (continued)
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Level II-(red)

Low risk II starting where 
the posterior belly(PD) of 
the digastric crosses the 
IJV   

In the N0 neck, consider a
low risk, modified IB (white) 
contouring the submandibular
gland only. 

Key
RP+ (cyan) level II- (red)
RP- (blue) level Ib+ (mint)
Level II+ (yellow) level Ib- (orange)
Level Ia (black) involved node (magenta)
Modified level Ib (white)

Fig. 2 (continued)
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RP ends at the
cranial edge of 
body of hyoid bone 

Entire SCM
contoured
due to ECE

Key
RP+ (cyan) Level Ib+ (mint)
RP-(blue) Level Ib-(orange)
Level II+ (yellow) Level II-(red)
Level Ia (black) Involved node (magenta)
Modified level Ib (white)
Level III+ (green) Level III-(blue)
Level V+ (pink) Level V-(cyan)

Fig. 2 (continued)
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Key
Level III+ (green) Level III-(blue)
Level V+ (pink) Level V-(cyan)
Involved node (magenta)
Modified level VI (dashed white)
Brachial plexus (red)

There are occasional nodes
at high risk of involvement
in the lower lip, anterior tip
of the oral tongue and
anterior floor of mouth
that involves level VI,
superiorly from the inferior
edge of the hyoid bone
down.  

Nodes 
(magenta) with 
ECE

Fig. 2 (continued)
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Note level V contoured 
around the scalene 
muscles

Note Vb (white) may not require 
coverage in the N0 neck, but 
en�re level V should be covered if 
at high risk(N+ or NPC primary)

Key
Level III+ (green) Level III- (blue)
Level IV+ (yellow) Level IV-(magenta)
Level V+ (pink) Level V-(cyan)
SCV+ (green) SCV- (yellow)
Involved node (magenta)
Modified level VI (dashed white)
Level VI (solid white)
Brachial plexus (red)

Fig. 2 (continued)
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Key
Level IV+ (yellow) Level IV-(magenta)
Level V+ (pink) Level V-( cyan)
SCV+ (green) SCV-(yellow)
Level VI (white) 
Brachial plexus (red)

Fig. 2 (continued)
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MN

Key
SCV+ (green) SCV-(yellow)
Level VI (white)

Fig. 2 (continued)
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 Level  Superior/inferior  Medial/lateral  Anterior/posterior 

 Lateral RPLN  Base of the skull or inferior transverse 
process of C1 → cranial edge of the 
hyoid bone 

 Lateral edge of the longus capitis 
muscle → medial edge of internal 
carotid artery 

 Fascia under pharyngeal mucosa 
- > prevertebral muscles (longus colli, 
longus capitis) 

 RS  Jugular foramen → inferior aspect of 
C1 (top of level II) 

 Medial edge of internal carotid 
artery → deep parotid lobe 

 Parapharyngeal space → skull base and 
transverse process of C1 

 IA  Basilar edge of the mandible → body 
of the hyoid 

 Space between the anterior bellies of 
the digastric muscles 

 Platysma → geniohyoid muscles 

 IB  Superior aspect of the submandibular 
gland → body of the hyoid 

 Digastric muscle/ cranially the medial 
border of the mandible and caudally 
the platysma 

 Platysma → posterior submandibular gland 

 II  Inferior border of transverse process 
of C1 (continuation of the RS 
nodes) → inferior body of the hyoid 
bone 

 Medial internal carotid artery, 
paraspinal muscles → SCM 

 Anterior edge of internal carotid artery/
SG → posterior edge of the SCM 

 II (low risk)  Posterior belly of the digastric muscle 
crosses the internal jugular vein 

 Same  Same 

 III  Caudal edge of the hyoid 
bone → inferior cricoid 

 Medial internal carotid artery and 
scalenus muscles → SCM 

 Anterior edge of SCM → posterior edge of 
SCM 

 IV  Caudal edge of the cricoid 
cartilage → 2 cm superior to the 
sternoclavicular joint 

 Thyroid gland, internal carotid artery 
and scalenus muscles → SCM 

 Anterior edge of SCM → posterior edge of 
SCM 

 Va  Cranial edge of the hyoid bone → CT 
slice containing the transverse cervical 
vessels 

 Paraspinal muscles → platysma and 
skin 

 Posterior border of the SCM → anterior 
edge of the trapezius muscle 

 Vb  Cranial edge of the cricoid → CT slice 
containing transverse cervical vessels 

 Same  Anterior edge of the trapezius 
muscle → posterior border of the trapezius 
muscle 

 VI  Caudal edge of the thyroid cartilage 
(hyoid bone in anterior fl oor of mouth, 
tip of the tongue or lower lip 
tumors) → manubrium 

 Trachea → medial edge of the SCM/
thyroid gland 

 Platysma → thyroid cartilage/thyro-hyoid 
membrane/anterior border of the esophagus 

 SCV  Inferior border of IV/V → superior 
edge of the manubrium 

 Posterior edge of SCM/medial edge 
of carotids/medial clavicular 
edge → trapezius superiorly, medial 
edge of the clavicle inferiorly 

 SCM/clavicle → posterior edge of carotids/
anterior surface of scalene muscles 
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  Fig. 3    Postoperative nodal level delineation. Example of a patient 
undergoing a modifi ed radical neck dissection, with sacrifi ce of the ster-
nocleidomastoid, with extracapsular extension in level II and found to 

have involvement of the ipsilateral retrostyloid. Each nodal contour 
depicts involved node involved/positive side on the left (patient’s right) 
and uninvolved, node-negative side on the right (patient’s left)                     

Node positive
ipsilateral neck

Node negative
contralateral neck

Key
RP+ (cyan)
RS+ (mint)
Node (magenta)
Level II+ (yellow)

High risk RPLN starting
at the skull base 

If a node <1cm, may
boost to 66 Gy 
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PD

Low risk RP (blue)
starting at the
transverse process of C1

Level II on the N0 side
contoured in blue where
the posterior belly of the
digastric (PD) crosses
the internal jugular vein

Key
RP+ (cyan)
RS+ (mint)
Level II+ (yellow)
Level Ib+ (mint)

RP-(blue)

Level II (red)
Level Ib (white)

Cover all surgical clips
in the high-risk
volume

Fig. 3 (continued)
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Key
RP+ (cyan) RP-(blue)
Level Ia (black)
Level Ib+ (mint) Level Ib  (white)
Level II+ (yellow) Level II - (red)
Level III+ (lime) Level III- (blue)
Level V+ (pink) Level V -(cyan)
Brachial plexus (red)

Bolus is recommended
for the scar and soft
tissue involvement 

Fig. 3 (continued)
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Key
Level III+ (lime) Level III- (blue)
Level Ib+ (mint) Level Ib (white)
Level V+ (pink) Level V- (cyan)
SCV+ (yellow) SCV-(green)
Level VI (white)
Brachial plexus (red)

Cover the full
extent of surgically
manipulated tissue

Fig. 3 (continued)

Target Delineation of the Neck in Head and Neck Carcinomas



164

Key
Level III+ (lime) Level III- (blue)
Level IV + (magenta) Level IV-(pink)
SCV+ (yellow) SCV-(green)
Level VI (white)
Brachial plexus (red)

Fig. 3 (continued)
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Fig. 3 (continued)

Note for involved cranial nerves :

CN IX, X, XI CTV (green).
CN XII(red) exits the
brainstem inferiorly and
courses superiorly
through the hypoglossal
canal 

When there is involvement of
CN IX, X, or XI, cover the carotid
sheath starting at the jugular
foramen/skull base down to the
bifurcation of the common
carotid artery or lower border of
C3  
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1                 Introduction 

 For the Radiation Oncologist, knowledge and identifi cation of 
the cranial nerve pathways in cancers of the head and neck is 
important for both characterizing extent of disease involvement 
and determining clinical treatment volumes. There are two pro-
cesses by which tumors involve nerve pathways. Perineural 
invasion involves tumor cells directly invading a nerve in close 
proximity to the primary lesion. Perineural spread is a meta-
static process whereby malignant cells travel along a nerve 
pathway in either retrograde or anterograde directions.  

2     Anatomy and Contouring 

2.1     Important Foramina, Fossa, Cavities, 
and Canals 

 Understanding relevant anatomic landmarks is critical to 
defi ning the pathways of the cranial nerves when contouring 
clinical cases with possible cranial nerve involvement or to 
identify them as avoidance structures. Notable are the skull 
base foramina, osseous canals, and anatomically defi ned 
fossa and cavities that contain many of the cranial nerves 
along their course from the brainstem. Table  1  defi nes the 
major foramina, fossa, and cavities with respect to their con-
tents and anatomic  boundaries. Figures  1 ,  2 , and  3  identify 
these structures on a non-contrast planning CT scan.

2.2            The Cranial Nerve Pathways 

  Cranial Nerve I : The  cribriform plate  of the ethmoid bone is 
the primary landmark to identify the location of CN I. It 
forms the roof of the nasal cavities. Small foramina in the 
 cribriform plate  allow passage of numerous olfactory nerves 
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   Table 1    Important foramina, fossa, and canals involving the cranial nerves   

 Name  Contents  Anatomic location 

 Supraorbital foramen  Supraorbital nerve ( CN V   1  ) and vessels  Frontal bone – superior to the orbit and inferior to the 
superciliary arch 

 Superior orbital fi ssure   CN III, CN IV, CN V   1   , CN VI , ophthalmic vein, and 
sympathetic fi bers from the cavernous plexus 

 Between lesser and greater wings of the sphenoid bone 

 Optic canal  Optic nerve ( CN II ) and ophthalmic artery  Superior aspect of the body and small wing of the 
sphenoid bone 

 Cavernous sinus   CN III, CN IV, CN V   1   , CN V   2   , CN VI , internal carotid 
artery, and sympathetic plexus 

 Lateral to the sella turcica, on superior portion of the 
body of the sphenoid bone, and anterior to apex of the 
petrous part of the temporal bone 

 Foramen rotundum  Maxillary nerve ( V   2  )  Within the anteromedial portion of the sphenoid bone 
and inferolateral to the superior orbital fi ssure 

 Inferior orbital fi ssure  Zygomatic branch of  V   2   and ascending branches of 
pterygopalatine ganglion 

 Junction of sphenoid bone and maxilla in the fl oor of 
the orbit 

 Internal auditory canal   CN VII, CN VIII , and nervous intermedius ( VII )  Opening in the posterior portion of the petrous 
temporal bone 

 Meckel’s cave a   Trigeminal ganglion ( CN V )  Bounded by clivus medially, lateral wall of the cavernous 
sinus superomedially, cerebellar tentorium superolaterally, 
and apex of the petrous temporal bone inferolaterally 

 Pterygopalatine fossa (PPF)  Maxillary nerve ( V   2  ), Vidian nerve (junction of 
greater and deep petrosal nerves), terminal portion of 
the maxillary artery, and pterygopalatine ganglion 

 Bounded by the infratemporal surface of the maxilla 
anteriorly, root of the pterygoid process posteriorly, 
palatine bone medially, pterygomaxillary fi ssure laterally, 
and pyramidal process of the palatine bone inferiorly 

 Palatovaginal canal  Pharyngeal branch of  V   2    Connects sphenoid and palatine bones connecting 
nasopharynx to the pterygopalatine fossa 

 Zygomaticofacial foramen  Zygomaticofacial nerve ( V   2  )  Malar/lateral surface of the zygomatic bone 
 Foramen ovale  Mandibular nerve ( V  3 ), lesser petrosal nerve (branch of 

 IX ), accessory meningeal artery, emissary veins from 
the cavernous sinus, and the otic ganglion 

 Posterior portion of the greater wing of the sphenoid 
bone, posterolateral to foramen rotundum, and 
anteromedial to foramen spinosum 

 Sphenopalatine foramen  Nasopalatine nerve ( V   2  ) and sphenopalatine vessels  Processes of the superior border of the palatine bone 
and superiorly by the body of the sphenoid bone 

 Pterygoid/vidian canal  Nerve (junction of greater and deep petrosal nerves), 
artery, and vein of the pterygoid canal 

 Within medial pterygoid plate of the sphenoid bone 

 Foramen spinosum  Meningeal branch of  V   3   and middle meningeal 
vessels 

 Posteromedial to the foramen ovale, medial to the 
mandibular fossa, and anterior to the Eustachian tube 

 Greater petrosal foramen  Greater petrosal nerve ( VII ) and petrosal branch of 
middle meningeal artery 

 An oblique extension of the facial canal emerging 
from the anterior surface of the petrous temporal bone 

 Tympanic canaliculus  Tympanic nerve or  nerve of Jacobson  ( IX )  Small canal within the ridge of the temporal bone 
separating the carotid canal from the jugular foramen 

 Carotid canal  Internal carotid artery and carotid plexus of nerves  Within the temporal bone, anterolateral to the jugular 
foramen, and mediolateral to the Eustachian tube 

 Jugular foramen   Pars Nervosa  –  CN IX , tympanic nerve or  nerve of 
Jacobson  ( IX ), and inferior petrosal sinus 

 Posterior to the carotid canal at the intersection of the 
petrous temporal and occipital bones.  Pars nervosa  is 
the anteromedial portion, while the  pars vascularis  is 
the larger posteromedial portion 

  Pars vascularis  –  CN X ,  CN XI , auricular branch of  X  
or  Arnold’s nerve , superior bulb of the internal 
jugular vein, and meningeal branches of ascending 
pharyngeal and occipital arteries 

 Greater palatine foramen  Greater palatine nerve ( V   2  ) and descending palatine 
vessels 

 Foramen at the termination of the greater palatine 
canal which begins in the inferior PPF passing through 
the sphenoid and palatine bones to the posterior angle 
of the hard palate 

 Infraorbital foramen  Infraorbital nerve ( V   2  ) and vessels  Opening in the maxillary bone inferior to the 
infraorbital margin of the orbit 

 Hypoglossal canal   CN XII   Superior to the foramen magnum and between the 
basiocciput and jugular process of the occipital bone 

 Lesser palatine foramen  Lesser palatine nerve ( V   2  )  Posterior to the greater palatine foramen and within 
the pyramidal process of the palatine bone 

 Mandibular foramen  Inferior alveolar nerve ( V   3  ) and artery  Foramen on internal surface of the ramus of the 
mandible 

 Mental foramen  Mental nerve ( V   3  ) and vessels  Anterior surface of the mandible 

   a Meckel’s cave has relatively indistinct borders and is not routinely identifi able on a standard CT scan. Given its importance as the junction of all three 
branches of the trigeminal nerve, it should be identifi ed when CN V perineural spread is suspected. Using either T1-weighted SPGR or T2-weighted 
MRI sequences, the images produced reveal Meckel’s cave as either a hypointense cavity or hyperintense fl uid collection, respectively (Fig.  4 )  
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  Fig. 1    Important    foramina, fossa, and canals of the cranium and skull base       
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  Fig. 2    Important foramina, fossa, and canals of the cranium and skull base       
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  Fig. 3    Important foramina, fossa, and canals of the cranium and skull base       
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from the roof of the nasal cavity, superior portion of the nasal 
septum, and superior nasal concha. After passing through the 
 cribriform plate , these nerves traverse the dura mater and 
subarachnoid space before ending in the olfactory bulb, 
which is situated under the basal surface of the frontal lobe.

        Identifi cation    of the olfactory nerve is not routinely per-
formed in planning for radiotherapy. It may be important in 
the treatment of certain skull base tumors such as olfactory 
groove meningiomas and esthesioneuroblastomas as recently 
reported by the University of Pittsburgh Medical Center 
(Gande et al.  2014 ). The  cribriform plate  is seen in Fig.  1 .    

  Cranial Nerve II : The axons of the retinal ganglion cells in the 
eye are the basis of CN II which originates where they pass 
through the sclera. The nerve passes posteromedially beneath 
the  superior rectus muscle  and between the medial and lateral 
rectus muscles. It exits the orbit through the  optic canal  located 
in the  sphenoid bone . Intracranially, the nerve passes supero-
medially to the  ophthalmic artery  and terminal segments of 
the  internal carotid artery . The nerve ends at the  optic chiasm  
which lies superior to the  sella turcica , anterior to the  pituitary 
stalk , and inferior to the supra-optic recess of the  third ventri-
cle . The  central retinal artery and vein  travel with the optic 
nerve within the meninges until they rejoin the  ophthalmic 
artery  and  superior ophthalmic vein , respectively.

        The optic nerve is not often a treatment target unless it is 
grossly involved with disease (see Case 6). More often it is 

contoured as an organ at risk (OAR) for treatment planning 
assessment. Use of a fused T1-weighted MR image is best 
for delineating the chiasm. Figure  5  illustrates the path of 
CN II with respect to the structures discussed above.

       Cranial Nerve III : The oculomotor nerve originates from 
two nuclei (somatic and visceral motor) located in the 
  midbrain   at the level of the  superior colliculus  and anterior 
to the  cerebral aqueduct . The nerve exits the midbrain into 
the  interpeduncular fossa  medial to the  basilar artery . It 
immediately passes between the  posterior cerebral artery  
and  superior cerebellar artery . The nerve enters the cavern-
ous sinus lateral to the  internal carotid artery  and superior to 
 CN IV . It enters the orbit through the  superior orbital fi ssure  
wherein it divides into the superior and inferior divisions to 
supply motor innervation to its target extraocular muscles. 
The inferior division carries the parasympathetic fi bers to the 
ciliary and constrictor pupillae muscles.

        The oculomotor nerve is typically not contoured indepen-
dent of other structures. If there is concern for involvement 
of the cavernous sinus, all structures within are at risk and 
the whole region is covered by a treatment volume. As 
shown in Fig.  6 , the path of CN III is traceable into the orbit.

       Cranial Nerve IV : The trochlear nerve motor nucleus is in 
the periaqueductal gray matter of the  midbrain  at the level 
of the  inferior colliculus . The nerve fi bers emerge dorsally 
from the midbrain, travelling anterolaterally between the 
 posterior cerebral artery  and  superior cerebellar arteries . It 
enters the lateral wall of the cavernous sinus inferolateral to 
 CN III . To enter the orbit, the nerve passes medially through 
the  superior orbital fi ssure  below the  anterior clinoid pro-
cess  and  CN III .

        Similar to CN III, the trochlear nerve is not contoured 
independent of other structures. If there is clinical or radio-
graphic involvement of the nerve, the contents of the entire 
cavernous sinus are often involved and treated. Figure  7  
depicts the course approximate of CN IV into the orbit.

       Cranial Nerve V : The trigeminal nerve originates from 4 
nuclei – 1 motor and 3 sensory. The locations and paths of 
these nuclei are beyond the scope of this chapter and can be 
reviewed elsewhere (Bathla and Hegde  2013 ; Moore and 
Dalley  1999 ). CN V emerges from the pons as essentially 
two separate nerves: a small motor and large sensory root. 
The collection of cranial nerve roots enters  Meckel ’ s cave  
(Fig.  8 ) wherein the sensory branches coalesce into the  tri-
geminal ganglion , while the motor root travels medially and 
rejoins the sensory portion of V 3  to create the mandibular 
nerve. The trigeminal ganglion splits into the 3 branches of 
CN V: the  ophthalmic nerve  (V 1 ),  maxillary nerve  (V 2 ), and 
the sensory component of the  mandibular nerve  (V 3 ). Both 

  Fig. 4    Meckel’s cave which contains the trigeminal ganglion is easily 
identifi able on a number of MRI sequences. In this fi gure, Meckel’s 
cave (in  green ) is seen as a hypointense structure on a T1-weighted 
FSPGR image and a hyperintense fl uid-fi lled structure on a T2-weighted 
fast relaxation fast spin echo ( FRFSE ) image       
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  Fig. 5    Path of the optic nerve ( yellow ) into the optic chiasm. Images on the left are non-contrast CT scans with corresponding images from a T1w 
3D FSPGR MRI on the right.  ICA  internal carotid artery       
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V 1  and V 2  pass through the lateral wall of the  cavernous 
sinus  inferolateral to  CN IV  and  III .
•     The  ophthalmic nerve  ( V   1  ) enters the orbit through the 

 superior orbital fi ssure  where it divides into its terminal 
branches: the lacrimal, frontal, and nasociliary nerves. 
The  lacrimal nerve  follows the course of the  lateral rectus  
along its superior edge until it reaches the  lacrimal gland . 
The  frontal nerve  passes medial to the  lateral rectus mus-
cle  and travels superior to the  superior rectus  fi nally ter-
minating as the supratrochlear and supraorbital nerves. 
The  nasociliary nerve  travels medially in the orbit until it 
divides into its terminal branches that supply sensation to 
nasal cavity and paranasal sinuses.

        If there is perineural spread along V 1 , the clinical 
treatment volume (CTV) encompasses nearly the 
whole of the orbit to Meckel’s cave. This covers both 
retrograde and anterograde spread along the terminal 
branches. As seen in Fig.  9 , the CTV for the  lacrimal 
nerve  includes the  lateral rectus  and extends superi-
orly eventually encompassing the  lacrimal gland  on 
more superior axial slices. A CTV for the  frontal nerve  
includes the ophthalmic artery and  superior rectus . It 
also encompasses the supraorbital foramen in the most 
superior aspect. The  nasociliary nerve  spreads out into 
multiple branches along the medial wall of the orbit of 
which a CTV would include.

  Fig. 6    Path of cranial nerve III, the oculomotor nerve ( yellow ), from 
the midbrain through the cavernous sinus and fi nally into the orbit 
through the superior orbital fi ssure. Images on the left are non-contrast 

CT scans with corresponding images from a T1w 3D FSPGR MRI on 
the right.  ICA  internal carotid artery       
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•         After traversing the  cavernous sinus , the  maxillary nerve  
( V   2  ) exits through the  foramen rotundum  and enters the 
 pterygopalatine fossa . Prior to entering the  foramen rotun-
dum , V 2  gives off the  middle meningeal nerve  which enters 
the  foramen spinosum . Within the  pterygopalatine fossa , 
V 2  divides into its terminal branches: zygomatic, greater 
palatine, lesser palatine, nasopalatine, posterior- superior 
alveolar, and infraorbital nerves. The  zygomatic nerve  
enters the orbit through the  inferior orbital fi ssure  and sup-
plies sensation to the skin over the zygomatic and tempo-
ral bones. Sphenopalatine branches of V 2  directly supply 
the pterygopalatine ganglion and continue into the  greater 
and lesser palatine nerves . The  greater palatine nerve  
moves inferiorly from the  pterygopalatine fossa  and enters 
the hard palate through the  greater palatine foramen . The 
 lesser palatine nerve  follows a similar course and emerges 
to innervate the soft palate, tonsils, and uvula through the 
 lesser palatine foramen . The  posterior- superior alveolar 
nerve  arises from V2 prior to entering the  infraorbital 
groove  and descends to supply a portion of the gums and 
teeth. The  infraorbital nerve  enters the orbit through the 
 inferior orbital fi ssure  and enters the  infraorbital canal  
exiting to innervate the lower eyelid, upper lip, and part of 
the nasal vestibule through the  infraorbital foramen .

        The CTV for CV V 2  is illustrated in Fig.  10 . Here the 
CTV includes all the major branches of V 2  except for 
the  nasopalatine  and  posterior-superior alveolar nerve . 
Inclusion of these branches is important when there is 
gross tumor involvement of the  pterygopalatine fossa  
(see Case 6). A CTV that includes the  nasopalatine 
nerve  would encompass the nasal septum down to the 
 incisive foramen  in the anterior hard palate. The osse-
ous structures around the nerves are included in the 
CTV given variability in nerve position and diffi cult 
visualization on MRI unless there is perineural spread.

•         The  mandibular nerve  ( V   3  ) exits  Meckel ’ s cave  inferiorly 
through the  foramen ovale . Upon exiting the  foramen 
ovale , the nerve splits into an anterior and posterior 
branch. The anterior nerve supplies the  masseteric ,  deep 
temporal ,  buccal,  and  medial and lateral pterygoid 
nerves . The posterior division divides into the  auriculo-
temporal ,  lingual , and  inferior alveolar nerves  and motor 
branches to the  mylohyoid  and  anterior belly of the digas-
tric  muscles. The  inferior alveolar nerve  enters the  man-
dibular foramen  and supplies sensation to the mandibular 
teeth and fi nally the lower lip and chin after it exits the 
mandible through the  mental foramen  as the mental nerve.

  Fig. 7    Approximate path of cranial nerve IV, the trochlear nerve 
( dashed yellow ), from the dorsal midbrain through the cavernous sinus 
and fi nally into the orbit through the superior orbital fi ssure inferior to 

the anterior clinoid process. Images on  top  are non-contrast CT scans 
with corresponding images from a T1W 3D FSPGR MRI on the  bot-
tom.   ICA  internal carotid artery       
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        The CTV for CN V 3  is defi ned by the parapharyngeal 
spaces containing the vessels and best highlighted by a 
T2-weighted MRI (Fig.  11 ). The CTV begins superiorly 
at  Meckel ’ s cave  and includes the  foramen ovale  and 
these parapharyngeal spaces to the mandibular foramen 
and the sublingual space along the lingual artery. If there 
is gross perineural spread, the muscles innervated by the 
V 3  should be included in the CTV (Cases 2 and 5).

          Cranial Nerve VI : The abducens nerve arises in the medial 
aspect of the pons near the fl oor of the 4th ventricle and adja-
cent to the motor nucleus of  CN VII . It emerges into the pon-
tine cistern at the pontomedullary junction. It travels 
anteriorly along the basilar artery and enters the  cavernous 
sinus  through  Dorello ’ s canal  (Fig.  12 ) after bending over 

the petrous portion of the temporal bone. In the cavernous 
sinus it is immediately posterolateral to the  internal carotid 
artery  and medial to  CN III and IV . It enters the orbit through 
the medial aspect of the  superior orbital fi ssure  where it 
innervates  the lateral rectus muscle . The approximate path-
way through the cavernous sinus is seen in Fig.  13 .

          The abducens nerve is diffi cult to image except on very 
dedicated scans as shown in Fig.  12 . If it is clinically 
grossly involved with disease, the entire cavernous sinus 
is included in the CTV.    

  Cranial Nerve VII : The facial nerve originates from two sep-
arate nerves exiting the brainstem at the  cerebellopontine 
angle . The motor component arises from the motor nucleus 

  Fig. 8    The trigeminal trunk is illustrated emerging from the pons ( blue ) and entering Meckel’s cave where it forms the trigeminal ganglion. 
Images on the left are non-contrast CT scans with corresponding images from a T1w 3D FSPGR MRI on the right       
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  Fig. 9    The approximate pathway and branches of the ophthalmic 
branch (CN V1) of the trigeminal nerve (CN V) are shown here after 
exiting Meckel’s cave. Images on the  top  are non-contrast CT scans 

with corresponding images from a T1w 3D FSPGR MRI on the  bottom. 
CN V1  yellow       
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  Fig. 10    The pathway and branches of the maxillary branch (CN V2) of 
the trigeminal nerve (CN V) are shown here after exiting Meckel’s cave. 
The CTV is shown in  green . Images on the  top  are non-contrast CT 

scans with corresponding images from a T1w 3D FSPGR MRI on the 
 bottom.   CN V2  yellow       
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in the dorsal pons. The sensory component, often called the 
nervus intermedius, arises from a combination of inputs from 
the spinal nucleus of CN V, the superior salivary nucleus, and 
the nucleus solitarius. The two nerves cross the  cerebellopon-
tine cistern  and join at the internal acoustic meatus. The 
facial nerve travels with  CN VIII  until it enters the 
 facial / fallopian canal  and travels anterolaterally. At the 
 geniculate ganglion  the nerve abruptly changes direction 
forming the  fi rst genu . Here, the  greater petrosal nerve  
branches off the facial nerve and travels through the  greater 
petrosal foramen  into the middle cranial fossa until it reaches 

the  vidian canal  where it forms the  vidian nerve  and fi nally 
reaches the pterygopalatine ganglion. The facial nerve travels 
posteriorly along the medial wall of the   tympanic cavity  
wherein it gives rise to the  nerve to the stapedius . At the end 
of the  tympanic cavity  is the  second genu  where the nerve 
turns 90° inferiorly and enters the  mastoid bone . In this seg-
ment, the facial nerve gives rise to the  chorda tympani  which 
eventually joins the  lingual nerve  of  CN V   3   to supply taste to 
the anterior two-thirds of the tongue. The facial nerve then 
exits the cranium through the  stylomastoid foramen  and 
enters the substance of the  parotid gland . The nerve  terminates 

  Fig. 11    The pathway of the mandibular nerve, CN V3 ( yellow ), of the 
trigeminal nerve (CN V) is shown here after exiting Meckel’s cave 
and entering the foramen ovale. The CTV is indicated in  green . 

Images on the  top  are contrast CT scans with corresponding images 
from a T2w 3D MRI on the  bottom. ICA  internal carotid artery,  IJV  
internal jugular vein       
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a c

b

  Fig. 12    The abducens nerve (CN VI) as it exits the pontomedullary junction as seen on a 3D FIESTA MRI ( a ). ( b ,  c ) show CN VI entering 
Dorello’s canal after traveling superiorly in the pontine cistern. Additional cranial nerves are also seen in these images.  Yellow circles  CN VI       

  Fig. 13    The approximate pathway of the abducens nerve, CN VI 
( dashed yellow ), is shown here after entering Dorello’s canal and cross-
ing the petrous apex. Images on the  top  are non-contrast CT scans with 

corresponding images from a T1w 3D FSPGR MRI on the  bottom. ICA  
internal carotid artery       
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in six branches: the posterior auricular, temporal, zygomatic, 
buccal, mandibular, and cervical nerves.  Additional informa-
tion on the anatomy and path of the facial nerve can be found 
elsewhere  (Gilchrist  2009 ; Veillona et al.  2010 ).

        If there is facial nerve involvement of disease, the CTV 
typically includes the entire parotid gland as the 6 terminal 
branches are within its substance. The CTV continues 
superiorly through the  stylomastoid foramen  in the mastoid 
bone. Inclusion of the  chorda tympani  in the CTV may also 
be important based on clinical considerations. Unless there 
is gross perineural invasion of CN VII into the stylomastoid 
foramen, the CTV can stop below the 2nd genu given addi-
tional toxicity to the cochlea and inner ear. Case 1 demon-

strates a CTV for CN VII involvement. The course of the 
nerve within the mastoid bone is illustrated in Fig.  14 .

       Cranial Nerve VIII  (Fig.  15 ): The vestibulocochlear nerve 
comprises a collection of two separate nerve fi bers, the vestibu-
lar and cochlear. Four vestibular nuclei are found in the lateral 
aspect of the fl oor of the fourth ventricle between the pons and 
medulla. Two cochlear nuclei are located in the rostral medulla 
adjacent to the inferior cerebellar peduncle. The nerve exits the 
brainstem at the  pontomedullary junction  and crosses the  cer-
ebellopontine cistern  lateral to  CN VII  and enters the  internal 
acoustic meatus . After passing through the  internal acoustic 
meatus , CN VIII splits into the  cochlear  and  vestibular  
branches which independently form separate ganglia (Fig.  15c ). 

  Fig. 14    Axial slices through the mastoid bone with the pathway of the facial nerve (CN VII) identifi ed. Images on the  top  are non-contrast CT 
scans with corresponding images from a T1w 3D FSPGR MRI on the  bottom         
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The cochlear ganglion collects afferent fi bers from the organ of 
Corti, while the vestibular ganglion collects afferent fi bers 
from the hair cells in the maculae of the utricle, saccule and 
ampullae of the semicircular ducts.  A full discussion regarding 
CN VII can be found elsewhere  (Landau and Barner  2009 ).

    Cranial Nerve IX : The glossopharyngeal nerve arises 
from 4 nuclei in the medulla which it shares with  CN X  and 
 CN XI . These are the  nucleus ambiguous  (efferent),  inferior 
salivary nucleus  (efferent),  nucleus of the solitary tract  
(afferent), and  spinal nucleus of the trigeminal nerve  (affer-
ent). The nerve exits the medulla in its posterolateral aspect 
and traverses the  cerebellopontine cistern  in an anterolateral 
direction to the  jugular foramen . It enters the foramen on the 
medial aspect and travels inferoanteriorly to  CN X  and  CN 
XI . In the  jugular foramen , CN IX forms the  superior  and 
 inferior  ( petrous )  glossopharyngeal ganglia . At this point, 
the  tympanic nerve  (or  nerve of Jacobsen ) branches off the 
 petrous ganglion  and enters the  tympanic canaliculus  where 
it supplies innervation to the middle ear, secretory function 
of the parotid gland via the  lesser petrosal nerve , and con-
nects with the  auriculotemporal branch  of  CN V   3  . Upon exit-
ing the  jugular foramen , CN IX passes between the  internal 
jugular vein  and  internal carotid artery . Below the  styloid 
process , the nerve passes laterally and then anteriorly across 
the  internal carotid artery  following the trajectory of the  sty-
lopharyngeus muscle , which it innervates. It passes through 
the medial aspect of the  parapharyngeal space  where it 

eventually reaches its terminal branches supplying sensation 
( pharyngeal ,  tonsillar , and  lingual ) and visceral sensory 
from the carotid body and carotid sinus.  Further details on 
the anatomy and course of CN IX can be found elsewhere  
(Erman et al.  2009 ; Roldan-Valadez et al.  2014 ).

        At the level of the skull base and  fi rst cervical vertebrate , 
cranial nerves IX, X, and XI travel together and a single 
CTV encompasses all of them (Fig.  16 ). The suggested 
guidelines for contouring these lower cranial nerves are 
found in the RTOG atlas (  http://www.rtog.org/CoreLab/
ContouringAtlases/HNAtlases.aspx    ) and is published in 
detail elsewhere (Mourad et al.  2013 ). Briefl y, starting at 
the  jugular foramen , the CTV encompasses the  internal 
carotid artery  and the  internal jugular vein . CN IX tra-
verses the  jugular foramen  medially in the  pars nervosa  
compartment. Traveling inferiorly, the CTV encloses the 
 internal carotid artery  with a 3 mm margin to ensure the 
 carotid sheath  is covered given it contains the lower cra-
nial nerves. A portion of the anterior aspect of the  internal 
jugular vein  is also covered. At the level of the end of the 
styloid process, the CTV for CN IX includes both the 
carotid sheath and the  stylopharyngeus muscle  (Fig.  17 ). 
The CTV includes the medial parapharyngeal space at 
this level. The contours continue until the fi bers of the 
 stylopharyngeus muscle  are lost in the medial parapha-
ryngeal space near the pharyngeal wall.

a

b

c

  Fig. 15    The pathway of the vestibulocochlear nerve (CN VIII) depicted on axial slices of a non-contrast CT ( a ) and respective T2-weighted MRI 
( b ). Sagittal sections through the internal auditory canal reveal CNVIII splitting into its cochlear and vestibular branches ( c )       
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  Fig. 16    Cranial nerves IX, X, and IX all pass extracranially through the jugular foramen (JF). The CTV of the shared portion of their path is shown 
in  green . The ICA ( red ) and IJV ( blue ) are also indicated with respect to the CTV. CNIX is shown in  yellow        
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  Fig. 17    The clinical treatment 
volume ( green ) for the 
glossopharyngeal nerve (CN IX) 
is depicted on axial slices of a 
contrast CT ( right ) and respective 
T2-weighted MRI ( left ). The 
internal carotid artery ( red ) and 
internal jugular vein ( blue ) are 
also identifi ed in relation to the 
CN IX pathway ( yellow ).  SPM  
stylopharyngeus muscle       
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        Cranial Nerve X : The vagus nerve originates from the brain-
stem as a series of rootlets emerging from the medulla infe-
rior to  CN IX . As discussed, the vagus nerve shares the same 
nuclei with  CN IX  and  CN XI . The vagus nerve follows  CN 
IX  into the  jugular foramen  and travels inferiorly along the 
posteromedial wall of the  internal jugular vein . Within the 
 jugular foramen , the vagus nerve forms the  superior gan-
glion of the vagus nerve  (or  jugular ganglion ) from which 
arises the  auricular branch , also known as  Arnold’s nerve  
supplying sensation to the skin of the external acoustic 
meatus. Upon exiting the  jugular foramen , the vagus nerve 
forms the  inferior ganglion of the vagus nerve  (or  nodose 
ganglion ) at the level of the transverse process of  C1 . This 
carries much of the visceral afferent sensation. Extracranially, 
the vagus nerve travels lateral to  CN XII  between the  internal 
carotid artery  and  internal jugular vein  within the  carotid 
sheath . Arising from the  nodose ganglion  are the nerve fi bers 
for the  pharyngeal branch  and  superior laryngeal nerves  
which both cross the  internal carotid artery  and innervate 
intrinsic skeletal muscles of the pharynx and larynx. The 
vagus nerve then passes posterolaterally to the  common 
carotid artery  as it enters the thorax. Of import to the head 
and neck, the  right recurrent laryngeal nerve  branches off 
the right vagus at the level of the  aortic arch  and wraps 
around the  right subclavian artery  ascending to innervate the 
larynx via the tracheoesophageal groove. The  left recurrent 
laryngeal nerve  is longer as it wraps around the  aortic arch  
prior to ascending to the larynx.  Descriptions of the innerva-
tion of the vagus nerve to the visceral organs can be found 
elsewhere  (Moore and Dalley  1999 ).

        The CTV for the superior portion of the vagus nerve fol-
lows the description above for  CN IX . After  CN IX  exits 
the  carotid sheath  at the level of the  1st cervical verte-
brate  or tip of the  styloid process , the CTV for CN X con-
tinues inferiorly as a 3 mm margin around the  internal 
carotid artery  including a portion of the  internal jugular 
vein  (Fig.  18 ). As per the RTOG lower cranial nerve atlas, 
the CTV stops below the level of the 3rd cervical verte-
brate. Although if there is gross or clinical involvement 
below that level, the CTV continues as needed.

       Cranial Nerve XI : The spinal accessory nerve has both cranial 
and spinal origins. The cranial component arises from the 
 nucleus ambiguous  in the medulla which it shares with  CN IX  
and  CN X . The spinal portion originates from rootlets in the 
dorsal horns of the fi rst 4 or 5 cervical levels and coalesces to 
form the spinal accessory nerve which passes intracranially 
through the  foramen magnum . The two parts temporarily join 
in the  jugular foramen  as CN XI travels inferiorly through the 
skull base. Once extracranial, the cranial root separates and 
joins the  vagus nerve  through the  nodose ganglion  to inner-
vate the striated muscles of the soft palate, pharynx, larynx, 

and esophagus. The spinal root continues inferiorly and pos-
teriorly, crossing the  internal jugular vein  along its course 
into the  posterior cervical triangle . The spinal component 
terminates in branches innervating the  sternocleidomastoid  
and  trapezius  muscles. Sensory fi bers from C2 to C4 join the 
spinal accessory nerve in the  posterior cervical triangle  to 
supply pain and proprioceptive fi bers.  Further details on CN 
XI can be found elsewhere  (Massey  2009 ). 

  Cranial Nerve XII : The hypoglossal nerve arises in the 
medulla from the  hypoglossal nucleus  and exits as a series of 
rootlets between the olive and pyramid. The rootlets cross the 
subarachnoid space posterior to the  vertebral artery  and exit 
the posterior fossa through the  hypoglossal canal  in which 
they coalesce. Upon emerging from the skull base, the  menin-
geal branch  separates from CN XII and travels back through 
the  hypoglossal canal  to innervate the posterior dural space. 
CN XII is then joined by a branch of the  cervical plexus  con-
taining fi bers from the C1 and C2 spinal nerves. These same 
fi bers eventually separate from CN XII to join a branch of the 
 ansa cervicalis  to innervate the infrahyoid musculature. The 
nerve travels inferiorly adjacent to  CN X  and  CN XI  and pos-
teromedial to the  internal carotid artery . It eventually passes 
between the  internal carotid artery  and  internal jugular vein  
travelling lateral to the  external carotid artery  in the  lateral 
pharyngeal space . At the  angle of the mandible  it crosses 
deep to the  posterior belly of the digastric  into the  sublingual 
space  and inferior to the  lingual artery . At this level, the 
hypoglossal nerve terminates in branches that supply the 
extrinsic and intrinsic muscles of the tongue.

        The CTV for the hypoglossal nerve is also described in 
the RTOG atlas. The superior extent of the CTV begins at 
the  hypoglossal canal  and encompasses the  internal 
carotid artery  with a 3 mm margin (Fig.  19 ). At the level 
of the  anterior belly of the digastric muscle  and  common 
carotid artery,  the CTV expands to include the medial 
 parapharyngeal space  as well as the anterior portion of 
the  internal carotid artery . The parapharyngeal space is 
included in the CTV below the  anterior belly of the digas-
tric  and the  lingual artery  along the hyoglossus muscle 
until it reaches the substance of the base of tongue. The 
horns of the  hyoid bone  are not ideal markers as they 
move with swallowing.

2.3           Anastomoses Between Cranial Nerves 

 While a primary cranial nerve pathway may be involved with 
disease, interconnections between cranial nerves may serve 
as conduits for further dissemination of metastatic cancer in 
an anterograde or retrograde fashion. Knowledge of the 
major connections between the cranial nerves helps the radi-
ation oncologist identify potential regions at risk if certain 
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  Fig. 18    The clinical treatment volume ( green ) for the vagus nerve (CN 
X) is depicted on axial slices of a contrast-enhanced CT ( left ) and 
respective T2-weighted MRI ( right ) after the glossopharyngeal nerve 

(CN IX) exits the carotid sheath. The internal carotid artery ( red ), inter-
nal jugular vein ( blue ), and common carotid ( pink ) are also identifi ed in 
relation to the CN X pathway ( yellow )       
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  Fig. 19    The clinical treatment volume ( green ) for the hypoglossal 
nerve (CN XII) is depicted on axial slices of a contrast-enhanced CT 
( top ) and respective T2-weighted MRI ( bottom ) upon exiting the 

 hypoglossal canal. The internal carotid artery ( red ), internal jugular 
vein ( blue ), and digastric muscle ( orange ) are indicated with respect to 
the path of CN XII ( yellow ).  CCA  common carotid artery       
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cranial nerves are clinically or radiographically involved. 
Table  2  highlights some of the most clinically relevant 
 anastomoses between cranial nerves. There are many addi-
tional connections that vary between individuals. Further 
details on these lesser known interconnections are reviewed 
elsewhere (Shoja et al.  2014a ,  b ).

3             Physical Exam 

 To identify potential cranial nerve involvement in malignancies 
of the head and neck, it is important for the Radiation Oncologist 
to perform a thorough clinical exam. Understanding the senso-
rimotor targets of the individual  cranial nerves is essential in 
identifying both the potential nerves involved with disease and 
their target tissues which may be at risk for perineural spread. 
Table  3  lists the cranial nerves and their motor and sensory func-
tions. The reader is directed elsewhere for further details on the 
cranial nerve exam (Damodaran et al.  2014 ; Swartz  2002 ).

4        Imaging 

•     CT Scan: Ideal to image the skull base foramina 
through which the cranial nerves or their branches 
pass. To ease identifi cation of the anatomic features, a 
slice thickness of 2 mm or less should be obtained dur-
ing treatment planning. CT cisternography, which is 
routinely used to identify cerebrospinal fl uid (CSF) 
leaks in patients, can also be useful in the identifi cation 
of the cranial nerve origins from the brainstem (Roldan-
Valadez et al.  2014 ). This technique is not routinely 
used in treatment planning unless a myelogram is 
needed for treatment of lesions in close proximity to 
the spinal cord.  

•   MRI T1-weighted sequences: Tissues with high adipose 
content appear bright, while edema and tissues with 
increased water content appear dark. Gadolinium contrast 
appears bright on T1-weighted images.

   Table 2    Important anastomoses between cranial nerves   

 Nerve  Interconnection  Innervation  Anatomy  Site of concern 

 Greater petrosal 
(Fig.  20 ) 

 V 2  ↔ VII  Lacrimal gland, palate (taste), 
nasal cavity, and pharynx 
(parasympathetic) 

 Geniculate ganglion at 
hiatus → along the 
temporal bone → 
Meckel’s cave → joins 
deep petrosal nerve in 
Vidian canal → PPF→ V2 

 Tumor in PPF or 
Meckel’s cave 

 Lesser petrosal 
(Fig.  21 ) 

 IX ↔ VII  Parotid (parasympathetic)  Tympanic plexus → 
hiatus in temporal bone 
→ fl oor middle cranial 
fossa → foramen ovale → 
otic ganglion → parotid 
gland 

 Tumors involving the 
parotid gland or foramen 
ovale 

 Auriculotemporal 
(Fig.  22 ) 

 V 3  ↔ VII (temporofacial n.)  Parotid gland and sensation 
to auricle and skin of 
temporal region 

 Branch of V3 after exiting 
the foramen ovale → 
encircle middle 
meningeal artery → 
parotid gland posterior to 
the mandibular ramus → 
posterior and superior, 
deep to superfi cial 
temporal artery 

 Interconnections in 
parotid gland  V 3  ↔ V 2  (zygomaticotemporal n.) 

 Chorda tympani 
(Fig.  23 ) 

 VII ↔ V 3  (lingual n.)  Taste to anterior  2 / 3  of the 
tongue. Parasympathetic to 
submandibular and 
sublingual glands 

 VII (near exit of the 
stylomastoid foramen) → 
petrotympanic fi ssure → 
infratemporal fossa → 
lingual nerve 

 Tumors of the parotid, 
tongue, and minor 
salivary glands 

 Interconnections 
along extrinsic 
muscles of tongue 

 V 3  ↔ XII (lingual n.)  Sensation to anterior  2 / 3  of the 
tongue and motor to tongue 

 -  Tumors involving the 
tongue, BOT, and minor 
salivary glands 
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  Fig. 20    Path of the greater petrosal nerve ( GPN ) connecting the facial nerve 
(VII) to the pterygopalatine fossa ( PPF ) which contains branches of the max-
illary branch of the trigeminal nerve (V3). The GPN passes through both 

Meckel’s cave and the Vidian canal in route to the PPF. Images on the  left  are 
non-contrast CT scans with corresponding images from a T1w 3D FSPGR 
MRI on the  right.   ICA  internal carotid artery       
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  Fig. 21    Path of the lesser petrosal nerve ( LPN ) connecting the glosso-
pharyngeal nerve (IX) to the facial nerve (VII). The LPN enters the 
fl oor of the middle cranial fossa through a hiatus in the temporal bone 

from the tympanic plexus. It courses to the parotid through the foramen 
ovale and otic ganglion. Images on the  left  are non-contrast CT scans 
with corresponding images from a T1w 3D FSPGR MRI on the  right        

 

R. Lanning et al.



191

  Fig. 22    CTV of the auriculotemporal nerve ( ATN ) connecting the man-
dibular branch of the trigeminal nerve (V3) to both the facial nerve (VII) 
and maxillary branch of the trigeminal nerve (V2). The ATN emerges 
from V3 as two branches shortly after exiting the foramen ovale. It 
encircles the middle meningeal artery and then enters the substance of 

the parotid gland along the posterior aspect of the mandibular ramus. If 
involved by tumor, the remainder of the CTV would include the parotid 
and pass superiorly with the superfi cial temporal artery. Images on the 
 left  are non- contrast CT scans with corresponding images from a T2w 
3D post-contrast MRI on the  right        
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 –    FSPGR 3D ( F ast  Sp oiled  Gr adient Echo): High- 
resolution imaging useful for imaging all segments of 
the cranial nerves (Borges and Casselman  2010 ).  

 –   Post contrast: Critical for identifying malignant perineu-
ral invasion along cranial nerves as well as infl ammatory 
processes. Fat-suppressed T1-weighted post-contrast 
sequences produce the best images for nerve segments in 
tissues with high adipose content such as the orbits 
(Morani et al.  2011 ).     

•   MRI T2-weighted sequences: Tissues with increased 
water content such as edema and tumors are bright on 
T2-weighted images.
•    FIESTA 3D ( F ast  I maging  E mploying  S teady 

S t ate  A cquisition): Permits imaging of the 

  cisternal  segments  of the cranial nerves given the 
hypointensity of the roots surrounded by hyperin-
tense CSF (Morani et al.  2011 ) and also within 
other hyperintense structures such as the parotid 
gland (Li et al.  2012 ). For optimal imaging, 
 acquisition image thickness should be submilli-
meter (Alves  2010 ). Analogous sequences include 
CISS (constructive interference in steady state) 
(Borges  2008 ).     

•   There are many additional MRI sequence names analo-
gous to those described above that are dependent on the 
MRI instrument manufacturer.  

•    Perineural Spread : Suggested by obliteration of the fatty 
tissue within and adjacent to the skull base foramina 

  Fig. 23    CTV for the chorda tympani nerve ( blue ) that connects the 
facial nerve (VII,  yellow ) with the lingual branch of the mandibular 
nerve (V3). The chorda tympani connects to CN VII at the level of the 
pterygotympanic fi ssure ( arrow ) near the extracranial portion of the 

 stylomastoid foramen. It then travels through the parapharyngeal space 
and fi nally the lateral masticator space adjacent to the medial pterygoid. 
It is here that it joins the lingual nerve (V3)       
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   Table 3    Sensorimotor targets of the cranial nerves   

 Cranial nerve  Somatic motor  Sensory  Visceral motor 

 I  Olfactory  –  Smell  – 
 II  Optic  –  Vision  – 
 III  Oculomotor  Superior, medial, and inferior 

rectus, inferior oblique, and 
levator palpebrae superioris 

 –  Sphincter pupillae – 
 pupillary constriction  
 Ciliary m. –  accommodation  

 IV  Trochlear  Superior oblique  –  – 
 V  Ophthalmic (V 1 )  –  Cornea; skin of forehead, scalp, 

eyelids, and nose; mucosa of the 
nasal cavity and paranasal 
sinuses 

 – 

 Maxillary (V 2 )  –  Skin over maxilla and upper lip. 
Maxillary teeth. Mucosa of nose, 
maxillary sinus and palate 

 – 

 Mandibular (V 3 )  M. mastication (temporalis, 
masseter, and pterygoid), 
anterior belly digastric, tensor 
veli palatini, and tensor tympani 

 Skin over mandible, lower lip 
and side of head. Mandibular 
teeth. Temporomandibular joint. 
Mucosa of mouth. Anterior 2/3 
of the tongue 

 – 

 VI  Abducens  Lateral rectus  –  – 
 VII  Facial  M. facial expression and scalp. 

Stapedius, stylohyoid, and 
posterior belly digastric 

 Skin of external acoustic meatus  Submandibular, sublingual, 
and lacrimal glands  Taste anterior 2/3. Mucosa of the 

tongue, fl oor of the mouth, and 
palate 

 VIII  Vestibular  –  Equilibrium – semicircular ducts, 
utricle, and saccule 

 – 

 Cochlear  –  Hearing  – 
 IX  Glossopharyngeal  Stylopharyngeus  Skin of the external ear  Parotid 

 Taste posterior 1/3 tongue 
 Parotid, carotid body and sinus, 
pharynx, and middle ear 

 X  Vagus  Pharyngeal constrictor m., 
intrinsic m. larynx, 
palatoglossus, m. palate, striated 
m. in superior 2/3 esophagus 

 Auricle, external acoustic 
meatus, and dura mater of the 
posterior cranial fossa 

 Smooth m. of the trachea, 
bronchi, digestive tract, and 
heart 

 Taste – epiglottis and palate 
 Base of the tongue, pharynx, 
larynx, trachea, bronchi, heart, 
esophagus, stomach, and 
intestine 

 XI  Spinal accessory  Sternocleidomastoid and 
trapezius 

 –  – 

 Striated m. soft palate, pharynx, 
and larynx 

 XII  Hypoglossal  Extrinsic and intrinsic m. tongue 
(styloglossus, hyoglossus, and 
geniglossus), thyrohyoid and 
geniohyoid 

 Dura of posterior cranial fossa  – 

where cranial nerves pass (Borges  2008 ; Moonis et al. 
 2012 ). On CT this can be seen as alterations in the bony 
foramina such as widening or destruction. Perineural fat 
along the nerves and at the foramina is best imaged with 
a precontrast T1-weighted MRI. Irregularities are sug-
gestive of perineural spread. Tumor spread along the 
nerves is best appreciated on post-gadolinium T1w 
images.     

5     Target Volume Delineation 
and Treatment Planning 

5.1     Primary Tumor Site and Cranial Nerves 
at Risk 

 The risk of cranial nerve involvement is dependent upon 
the site of the primary lesion in the head and neck. 
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In  addition, certain cancer types have an increased predi-
lection for perineural invasion (PNI) and spread. Tropism 
for PNI is found more commonly in adenoid cystic carcino-
mas (Gomez et al.  2008 ), nasopharyngeal carcinoma 
(Chang et al.  2005 ), sinonasal carcinoma (undifferentiated) 
(Gil et al.  2009 ), squamous cell carcinoma, salivary gland 
carcinoma, and adenocarcinoma. PNI is fairly uncommon 
in sarcomas or malignant melanoma. Further reports have 

suggested that smaller nerves are often more likely invaded 
by malignant cells (Gil et al.  2009 ). For cutaneous malig-
nancies, it is important to note that the dermatomal and 
myotomal distributions of cranial nerves are at risk for peri-
neural invasion and metastatic spread (Gluck et al.  2009 ). 
Table     4  identifi es primary tumor sites in the head and neck 
and the associated cranial nerves at risk for perineural 
spread.

   Table 4    Cranial nerves at risk for perineural spread for given primary head and neck sites   

 Site  Cranial nerves at risk  Pathways 

 Base of tongue  XII  Hypoglossal nerve 
 Cheek  V 2 , V 3 , and VII  Zygomaticofacial n. (V 2 ) 

 Deep temporal n. (V 3 ) 
 Auriculotemporal n. (V 3 ) 
 Zygomatic and temporal branches (VII) 

 Ear  V 3  and VII  Greater auricular n., auriculotemporal n. 
 Ethmoid sinus  II, III, IV, V 1 , VI  Nasociliary n. (V 1 ) 

 Optic n.(II) 
 Nerves of EOM (III, IV, VI) 

 Eyelid  V 1  (Upper)  Supraorbital n. (V 1 ) 
 V 2  (Lower)  Infraorbital n. (V 2 ) 

 Forehead  V 1   Supraorbital n. (V 1 ) 
 Frontal sinus  V1  Supraorbital n. (V 1 ) 
 Lacrimal gland  V1  Lacrimal n. (V1) 
 Lower lip and chin  V 3  and VII  Mental n. (V 3 ) 

 Marginal mandibular n. (VII) 
 Mandible  V 3   Inferior alveolar n. (V 3 ) 
 Maxillary sinus  V 2   Superior alveolar n. (V 2 ) 
 Nasal cavity  V2  Direct extension to PTF 
 Nasopharynx (Chang et al.  2005 ; Lu et al. 
 2001 ) 

 V and VI (less common II, III, IV, XII)  Direct extension to Meckel’s cave, cavernous sinus, 
and carotid space 

 Nose (Barnett et al.  2013 )  V 1  (bridge) or V 2  (nares)  Supraorbital n. (V 1 ) 
 Infraorbital n. (V 2 ) 

 Oral cavity (buccal surface)  V 3  and VII  Buccal branches of V 3  and VII 
 Oral cavity (fl oor)  V 3   Lingual n. (V 3 ) 
 Palate  V 2   Greater and lesser palatine n. (V 2 ) 
 Parotid gland  V 3 , VII, and IX  Auriculotemporal n. (V 3 ) 

 Facial nerve branches (VII) 
 Lesser petrosal n. (IX) 

 Retromolar trigone  V 3,  V 2 , and IX  Lingual nerve and inferior alveolar n. (V 3 ) 
 Lesser palatine n. (V 2 ) 
 Pharyngeal branches of CN IX 

 Sphenoid sinus  II, III, IV, V, VI (cavernous sinus 
syndrome) 

 Direct extension 

 Submandibular and sublingual gland  V 3  and XII  Lingual n. (V 3 ) 
 Hypoglossal n. (XII) 

 Temple  V 2  and VII  Zygomatic n. (V 2 ) 
 Temporal branches (VII) 

 Tonsil (palatine)  V 2  and IX  Lesser palatine n. (V 2 ) 
 Glossopharyngeal n. (IX) 

 Upper lip  V 2  and VII  Infraorbital n. (V 2 ) 
 Buccal branch of VII 

  Adapted from Moonis et al. ( 2012 ), Gluck et al. ( 2009 ), Ibrahim et al. ( 2007 )  
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5.2        Prescription Doses for Cranial Nerve 
Target Volumes (Table  5 ) 

6             Cases 

•     Case 1 (Fig.  24 ): pT2N2b adenoid cystic carcinoma of the 
left parotid status post a left parotidectomy and left neck 
dissection. In the OR, cranial nerve VII had gross inva-
sion by carcinoma and the marginal and cervical branches 
were divided. Surgical pathology was notable for perineu-
ral invasion and positive margins. No evidence of PNI 
along CN VII on imaging.
 –      Cranial nerves at risk :  V   3  ,  VII ,  and IX   
 –   PTV 66Gy should include the  parotid gland ,  CN VII  to 

the  stylomastoid foramen,  and the  auriculotemporal 
nerve . No gross disease remaining as patient is post-
 op = no PTV 70 Gy.  

 –   Given connections through the  ATN  and the  lesser 
petrosal nerve , both CN V 3  and CN IX are at risk for 
PNS. These are contained within the PTV 54Gy.  

 –   CTV 54Gy encompasses only the parapharyngeal 
space and not the innervated targets such as the mus-
cles since there is no clinical or radiographic spread 
along the nerves.  

 –   The terminal branches of CN V 3  (inferior alveolar 
nerve and lingual nerve) are not included in any CTV.     

•   Case 2 (Fig.  25 ): pT2N0 (stage II) adenoid cystic carci-
noma of the right sublingual gland s/p resection, right par-
tial glossectomy including the mylohyoid muscle, lingual 
nerve, and right submandibular gland en bloc. Surgical 
pathology was notable for extensive perineural invasion, 
lymphovascular invasion, close margins, and no meta-
static lymph nodes. No MRI evidence of PNI along CN 
V 3  or its terminal branches.

 –      Cranial nerves at risk :  V   2  ,  V   3  ,  chorda tympani  ( VII ), 
 and XII . CN V 2  is at risk due to a close margin to the 
retromolar trigone.  

 –   CTV60 includes the post-op bed (inferior slices, not 
completely shown), but no CN.  

 –   CTV54 encompasses  Meckel ’ s cave ,  foramen rotun-
dum ,  pterygopalatine fossa ,  foramen ovale , and  stylo-
mastoid foramen  on the superior slices. This includes 
CN V 2 , V 3 , and VII ( chorda tympani ).  

 –   At the base of skull, CTV54 includes the  hypoglossal 
canal  and thus CN XII as well as the  pterygoid plates  
(PPF). Further inferiorly it encloses the right  mandible  
from the  mandibular  to the  mental foramen . CN VII is 
not followed into the substance of the  parotid gland .  

 –   There is no specifi c need to include the muscles of masti-
cation supplied by CN V 3 , but given the extent of the low 
dose CTV, the  pterygoid muscles  are partially included.     

•   Case 3 (Fig.  26 ): pT2cN0 adenoid cystic carcinoma of the 
right hard palate s/p bilateral partial maxillectomy. 
Intraoperative fi ndings were notable for a fi rm tumor 
invading the mucosa of the hard palate right of midline and 
adjacent to the premolar and molar teeth. Surgical pathol-
ogy revealed extensive perineural and intraneural invasion 
and invasion of the hard palate. MRI showed no PNI.
 –      Cranial nerves at risk :  V   2    
 –   PTV/CTV66 includes the hard palate and the  greater 

and lesser palatine ,  nasopalatine ,  and posterior - supe-
rior alveolar branches  of CN V 2  to the level of the 
PPF. CTV66 extends further on the right inferiorly 
based on the postoperative volume.  

 –   PTV/CTV50 includes the  infraorbital  and  zygomati-
cofacial branches  of CN V 2  as these do not directly 
supply the maxillary teeth and hard palate or pass 
through the PPF.  

 –   PTV50 extends superiorly through the  foramen rotun-
dum  and into  Meckel ’ s cave .     

   Table 5    IMRT dose fractionation schemes used at MSKCC for cranial 
nerve involvement   

 Target volumes  Dose/fraction (Gy)  Defi nition and description 

 GTV 70   –  Gross perineural spread by 
imaging (T1-weighted 
post- contrast MRI) 
 Clinical involvement of a 
cranial nerve on exam 

 CTV 70   –  CTV 70  = GTV 70  or GTV 70  + 
≥5 mm margin 

 PTV 70   69.96/2.12  CTV 70  + 3–5 mm, depending 
upon patient immobilization 
and positioning 

 CTV 60–66   66.0/2.0  Extensive perineural 
invasion noted on surgical 
pathology 

 59.40/1.80  Nerve sacrifi ced and 
excised due to gross 
involvement of disease 
 No gross disease evident on 
imaging 
 Microscopic perineural 
invasion 

 CTV 50–54   54.12/1.64  Low risk for perineural 
spread 

 50.0/2.0  Innervates structures 
involved with disease that 
were surgically removed 
 No perineural invasion seen 
on path near CN terminal 
branches 

  PTV = CTV + 3–5 mm depending on comfort level with patient posi-
tioning and daily imaging. Treatment volumes typically include the 
skull base foramina, but not the cranial nerve roots into the brainstem. 
Margin of target volumes around the foramina can be minimal unless 
there is evidence of osseous invasion of disease on CT scan in the 
foramina  
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  Fig. 24     Case 1 : PTV66 =  red . PTV54 =  green . CTV54 =  blue . CN 
V3 =  yellow . CN VII =  purple . CN IX =  orange . MRI sequences are of 
the brain and obtained prior to surgery.  1st column  contrast-enhanced 

planning CT scan,  2nd column  T1w post-contrast MRI,  3rd column  
T2w fat saturation MRI,  ATN  auriculotemporal nerve,  LPN  lesser 
petrosal nerve,  SMF  stylomastoid foramen       
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  Fig. 25     Case 2 :  Top  contrast-enhanced CT, Bottom T1w post-contrast fat saturation MRI oral cavity       
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  Fig. 26     Case 3 :  Top  contrast-enhanced CT.  Bottom  T1w post-contrast fat saturation MRI oral cavity       
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  Fig. 27     Case 4 : Contrast-enhanced planning CT scan       
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•   Case 4 (Fig.  27 ): pT2N2b adenoid cystic carcinoma of the 
left submandibular gland s/p resection. Pathology was 
notable for scattered soft tissue tumor deposits and peri-
neural invasion.
 –      Cranial nerves at risk :  V   3  ,  XII ,  and the chorda tympani  

( VII )  
 –   CTV54 begins superiorly at the  foramen ovale . Slightly 

inferiorly, it includes the  hypoglossal canal  and the 
 stylomastoid foramen .  

 –   Given tumor deposits, PNI and nodal disease, PTV66 
begins just below the level of the hypoglossal canal 
and encompasses the parapharyngeal space around CN 
XII and the  chorda tympani .  

 –   On inferior slices,  PTV66 encompasses much of the 
level II neck nodes, the  lingual  and  inferior alveolar 
branches  of V 3  and termination of XII at the base of 
the tongue around the postoperative bed (PTV70) of 
the submandibular gland where scattered tumor depos-
its are still present. PTV/CTV54 are shown to illustrate 
the at risk volume for the cranial nerves. Note that the 
mandible is included in the treatment volume due to 
the  inferior alveolar branch  of V 3 .     

•   Case 5 (Fig.  28 ): pT3N0 adenoid cystic carcinoma of the 
left sublingual gland s/p transoral resection. Pathology 
demonstrated perineural invasion and a positive surgical 
margin. MRI revealed perineural tumor spread along CN 
V 3  extending to the inferior aspect of Meckel’s cave.
 –      Cranial nerves at risk :  V   3  ,  chorda tympani  ( VII ),  and 

XII .  
 –   GTV70 follows the course of V 3  from Meckel’s cave 

through the  foramen ovale ,  mandibular foramen , and 
fi nally the  mental foramen . PTV70 is an expansion of 

~1 cm on the GTV. Note that the enhancement indica-
tive of PNI included defi nes the GTV70 on the supe-
rior slices.  

 –   PTV66 includes PTV70 as well as the muscles sup-
plied by V 3  ( pterygoid muscles and anterior body of 
the digastric ) given their high risk of microscopic dis-
ease  involvement. Inferiorly it includes the base of the 
tongue and sublingual region on the left side given the 
primary site.  

 –   PTV54 includes the superior and inferior aspects of 
CN XII as well as the superior aspect of the  chorda 
tympani  in the  stylomastoid foramen .     

•   Case 6 (Fig.  29 ): pT2Nx adenoid cystic carcinoma of the 
upper lip s/p full thickness excision with pathology nota-
ble for perineural invasion and a positive margin. MRI of 
the orbits demonstrated left CN V 2  perineural spread 
involving the left cavernous sinus and extending through 
the left foramen rotundum and left orbital fi ssure. Tumor 
completely surrounds the left orbital nerve.
 –      Cranial nerves at risk :  II ,  III ,  IV ,  V   2  ,  and VI   
 –   GTV70 defi nes the tumor involving the cavernous 

sinus, CN II, and proximal portion of V 2  in the  fora-
men rotundum  to the level of the PPF.  

 –   PTV66 includes Meckel’s cave, the PPF, and the  zygo-
maticofacial ,  infraorbital ,  and greater and lesser pal-
atine branches  of V 2  on the left. Given the primary site 
involved, the upper lip on the left, the upper lip, and 
lower nasal vestibule are included.  

 –   PTV54 encompasses the minor branches of V2 on the 
right given concern for spread on the skin surface and 
retrograde’ spread. Given this is a low risk volume; 
there is no need to cover Meckel’s cave.           
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  Fig. 28     Case 5 : The  2nd row  includes T1w post-contrast MRI oral cavity images       
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1           General Principles of Planning 
and Target Delineation 

 Three-dimensional radiation therapy (3D CRT) with appro-
priate compensation using a fi eld-in-fi eld technique or 
intensity- modulated radiation therapy (IMRT) to provide 
homogeneous dose to the breast tissue is the standard mod-
ern technique for defi nitive radiation therapy for early-stage 
breast cancer. While two-dimensional radiation therapy with 
planning performed using x-rays has provided excellent out-
comes, it does not allow for the use of more advanced com-
pensation for improved homogeneity and does not allow for 
collection of DVH data or visualization of all structures 
including the left anterior descending artery (LAD) or cham-
bers of the heart. The highest level of evidence supports 
whole-breast irradiation followed by a boost to the lumpec-
tomy cavity. At present, this treatment represents the most 
established optimal radiation course (Fisher et al.  1998 , 
 2002 ). The use of hypofractionated whole-breast radiation 
has been studied in the randomized controlled setting and 
shown to provide similar outcomes for disease control and 
toxicity (Whelan et al.  2010 ). This treatment allows for a 
shorter course of treatment, typically 3–4 weeks, without a 
change in the treatment volume. Randomized trials included 
only patients with early-stage invasive breast cancer. While 
there is less data for patients with preinvasive cancer or those 
with early-stage cancer that received systemic chemother-
apy, retrospective data is available reporting safety, tolerabil-
ity, and excellent local control for these patients (Ciervide 
et al.  2012 ; Hathout et al.  2013 ). Accelerated partial breast 
irradiation (APBI), although not yet the standard of care, 
may be an acceptable alternative for select patients unable to 
receive several weeks of radiation therapy. Several institu-
tional trials have been published establishing safety and effi -
cacy for early invasive breast cancer. The RTOG/NSABP 
randomized controlled trial has been completed, but results 
are not yet available. ASTRO consensus guidelines have 
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been published and may serve as a guide for the use of APBI 
off protocol (Smith et al.  2009 ).  

2     Workup 

 In addition to thorough history and physical examination, 
adequate imaging studies and pathological examination 
should be obtained for diagnosis, staging, and planning. All 
patients should undergo mammogram at diagnosis. Imaging 
also often includes ultrasound and magnetic resonance imag-
ing (MRI) of the breast. These imaging studies should be 
reviewed prior to radiation planning. Image-guided biopsy 
generally confi rms a diagnosis of cancer. Surgery consisting 
of segmental excision alone for ductal carcinoma in situ 
(DCIS) and segmental excision and sentinel lymph node 
biopsy (SLNB) for early invasive disease is standard for 
breast-conserving therapy. Pathology should be reviewed to 
ensure adequate margins and confi rm an early-stage breast 
cancer requiring radiation to the breast without inclusion of 
the regional lymphatics. Surgical clips should be placed at 
the time of surgery if possible to assist in delineation of the 
tumor bed and for radiographic localization prior to radiation 
delivery.  

3     Anatomy/Imaging 

 An understanding of breast anatomy and familiarity with 
breast imaging is critical for the radiation oncologist to facil-
itate accurate delineation of breast tissue and the regions of 
the breast at highest risk of recurrence. The female breast is 
composed of lobules, ducts, fat, and connective tissue, which 
lies anterior to the pectoralis muscles. A network of ducts 
connects the lobules together and to the nipple. The lobules 
and ducts are surrounded by fat, ligaments, and connective 
tissue. Breast cancer originates from the ducts (ductal car-
cinoma) or lobules (lobular carcinoma). Mammography is 
the standard of care for screening. Screening should be per-
formed with two-view mammography including craniocau-
dal (CC) and mediolateral oblique (MLO) views. The MLO 
view should include the pectoralis muscle to the level of the 
nipple. These images should be reviewed prior to radiation 
planning to determine the highest-risk region of the breast 
and to assist in contouring the surgical cavity/location of the 
primary breast tumor. A focal ultrasound of the region show-
ing an abnormality by mammography or a palpable lesion is 
usually performed and may be useful for treatment planning. 
Additional alternative imaging that is sometimes acquired 
includes MRI and tomosynthesis. MRI is used as a screening 
tool for select high-risk women and sometimes obtained after 

the diagnosis of a primary breast cancer to  better defi ne the 
known breast cancer and to rule out additional areas of dis-
ease in the breast. MRI provides a  three- dimensional image 
in the prone position. MRI can be very helpful in determining 
the location of primary breast tissue and should be reviewed 
at the time of radiation planning if available. Digital breast 
tomosynthesis has recently been introduced into screening 
mammography. Tomosynthesis images use mammography 
to provide three-dimensional images through the use of com-
puter software that synthesizes projection images made pos-
sible by digital detectors. The resulting images appear as thin 
slices through the breast. Similar to MRI, these images give 
a better idea of the location of a breast tumor in 3D images.  

4     Contours 

 Target volumes for early-stage breast cancer include the 
breast tissue and lumpectomy cavity for whole-breast irra-
diation and lumpectomy cavity, lumpectomy CTV, and 
lumpectomy PTV for APBI. Organs at risk (OAR) should 
include the heart, lung, LAD, and left ventricle. Suggested 
target volumes are described in Table  1 .

   The breast tissue contour should include all visible glan-
dular tissue as well as tissue encompassed in a wire (if used) 
or pendulous tissue. For some patients with tissue folds, it 
may be diffi cult to determine the lateral or superior edge of 
the breast tissues. In such cases, bony landmarks may be use-
ful, but one should be careful to ensure all glandular tissue is 
included in the volume. The lumpectomy cavity should 
include all visible postsurgical changes and clips (if placed by 
surgeon). In cases where it is diffi cult to detect postsurgical 
changes, mammogram, ultrasound, and MRI should be uti-
lized. Although breast cancers are not well visualized on CT, 
a preoperative CT may be helpful and should be reviewed if 
the patient had one completed. The heart should be contoured 
for all patients with left-sided breast cancer. Most physicians 
begin the heart OAR just below the pulmonary vessels. The 
left ventricle and LAD should be contoured if they can be 
identifi ed (Fig.  1 ). This may be diffi cult on a noncontrast 
CT scan.

5        Supine Positioning 

 For supine positioning, the patient should be positioned on 
a breast board with arms above the head. We recommend 
neutral head position, and patient comfort should be ensured. 
CT images should be obtained to encompass entire breast 
volume with a generous margin. We recommend scanning 
from the chin to upper abdomen with a CT slice thickness of 
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≤3 mm. Some physicians prefer to place a wire around the 
breast tissue, while others may prefer to place a wire 2 cm 
under the breast tissue to assist with determination of the 
lower border. Most landmarks can be determined on CT 
scan and also seen on digitally reconstructed radiographs 
(DRR). The seroma can usually be identifi ed on CT, but a 
wire on the incision  may  be helpful in determining seroma 
location. Caution should be taken, however, as incisions do 
not always correlate well with seromas and is often placed 
some distance away from the site of the breast cancer for 
cosmetic reasons. All glandular breast tissue and OARs 
should be contoured (Fig.  2 ). The physician or dosimetrist 
then determines tangent fi elds. These fi elds should encom-
pass all breast tissue, collimated to be parallel with the chest 
wall. Gantry angles, collimation, and multileaf collimator 
(MLC) or cerrobend blocks can be used to best avoid heart 

and lung while treating the breast tissue and being careful to 
give an adequate margin for the seroma. After choosing and 
approving tangent fi elds, compensation for homogeneity is 
addressed. Some centers use wedges for compensation. 
Another option that may require more work on the part of 
the dosimetrist, but will provide better compensation and 
allow for more effi cient delivery in the treatment room, is 
MLC fi eld segment compensation. The concept is to reduce 
the dose in high- dose regions by adding an additional fi eld 
or two that block the high-dose regions but do not reduce the 
dose coverage to the remainder of the breast and the resec-
tion site. MLCs are added to the fi eld edges including any 
already determined blocking (i.e., heart block) and the 
energy of the beams should remain the same. To do this, 
each fi eld is copied and named as a subfi eld. The dose is 
displayed in BEV windows and the high-dose areas noted 
and displayed alone (Fig.  3 ). This beam is then modifi ed 
using the MLC leaf positions to cover this isodose volume. 
The number of monitor units for each of these fi elds is usu-
ally very small. Typically 2–4 subfi elds are necessary to 
reduce hot spots to less than 8 %. Another option is to use 
intensity-modulated radiation  therapy (IMRT). IMRT uses 
inverse planning optimizing plans through a software sys-
tem that takes constraints and desires for treatment plan and 
runs multiple iterations of treatment plans until the “best” 
treatment plan is achieved. This process is less labor inten-
sive for dosimetry and results in a very homogeneous plan; 
however, it is more expensive.

    For left-sided breast cancer patients, an increasingly used 
technique is breath hold. This technique involves the patient 
taking a deep inspiration and holding for a short time (30 s to 
1 min). This allows for displacement of the heart from the 
chest wall and often allows for better breast/chest wall 

   Table 1    Suggested target volumes for early-stage breast cancer for whole-breast irradiation and APBI   

 Target volumes  Defi nition and description 

 Breast  Clinical reference is required for breast tissue delineation. Breast tissue may be wired or borders may be placed 
clinically at the time of CT. Contour should include all glandular breast tissue. The cranial border should be below 
the head of the clavicle at the insertion of the second rib. Caudal border is defi ned by the loss of breast tissue. 
Medial border is at the edge of the sternum and should not cross midline. Lateral border is defi ned by the 
midaxillary line but is dependent on ptosis of the breast tissue. Anterior border is the skin or a few millimeters 
from the surface of the skin (for dose reporting) and the posterior border is the pectoralis muscles and muscles of 
the chest wall. The volume should not include these muscles or the ribs 

 Lumpectomy cavity  Seroma, surgical clips, and notable differences in the glandular breast tissue should be included. Comparison to 
the contralateral breast may be useful particularly when fl uid and/or surgical clips are not present. All imaging 
studies should be reviewed prior to planning to assist in delineating this volume. This volume should not extend 
outside of the breast tissue 

 Lumpectomy CTV a   Lumpectomy cavity with a 1.0–1.5 cm expansion. This volume should not extend outside of the body or into the 
pectoralis muscles and/or muscles of the chest wall 

 Lumpectomy PTV a   Lumpectomy CTV with a margin based on setup uncertainty and predicted patient motion (generally 0.5–1.0 cm). 
This volume may extend outside of the patient surface and into the pectoralis muscles and/or muscles of the chest 
wall. Adjustments to this volume may be necessary for dose reporting purposes 

   a For APBI only; for whole-breast irradiation, the lumpectomy cavity alone is the target for boost  

  Fig. 1    Cardiac contours including the left ventricle, left anterior 
descending artery, and heart       
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  Fig. 2    Axial images in the supine position for a woman with left-sided stage I breast cancer       

  Fig. 3    MLC fi eld segment compensation. The dose is displayed in beam’s eye view windows and the high-dose areas noted and displayed. This 
beam is then modifi ed using the MLC leaf positions to cover this isodose volume       
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 coverage with improved cardiac sparing (Fig.  4 ). The tech-
nique is helpful for many, but not ideal for all patients. For 
some patients, no improvement is seen (Fig.  5 ). Other patients 
may fi nd it too stressful to be responsible for maintaining this 
position. It must be verifi ed that patients are consistently 

 taking a deep breath as simulated at the time of treatment plan-
ning. The use of a feedback system, such as ABC breath hold 
or respiratory gating may be used to assist in reproducibility. 
Vision RT has also been studied as a method of verifi cation.

6         Prone Positioning 

 Patients with pendulous breasts and/or tumor bed in close prox-
imity to the chest wall and critical structures (heart/lung) may 
benefi t from prone positioning. Prone breast positioning mini-
mizes inframammary desquamation and reduces the  separation 
for large-breasted women resulting in a more homogeneous 
dose distribution with lower/less hot spots. Avoidance of the 
heart is also a benefi t seen for many women, but not all. 

 For prone positioning, patient selection is important. The 
prone position will not be comfortable for all patients and 
reproducibility can be more challenging. It is crucial that the 
patient is relatively comfortable to allow for a position that 
can be reproduced on a daily basis. Patients with orthopedic 
injuries to the back or neck may not be ideal candidates for 
prone positioning. Many breast patients have had breast 
MRIs in the prone position. It may be useful to inquire about 
their comfort during this study to assess how well they will 
tolerate the prone position. In addition, depending on the 
breast board used, it is possible that the patient will be too 

  Fig. 4    Axial images in the supine position demonstrating breath-hold technique. This patient takes a deep inspiration during planning and treat-
ment. This results in displacement of the heart from the chest wall and increases the distance from the breast to the heart       

  Fig. 5    This fi gure demonstrates a case for which breath hold was inef-
fective. ( a ) Breath-hold scan, ( b ) free breathing scan       
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large to obtain necessary CT images. The breast board lifts 
the patient higher than the regular CT table and it may not be 
possible to capture the patient’s entire body, even with a 
wide-bore CT. 

 At our institution, we place radiopaque markers on the 
patient prior to the CT simulation. While the patient is 
supine, the physician places markers for the superior border 
of the breast fi eld just lateral to the head of the clavicle, at 
midline, and 2 cm inferior to the breast tissue. After the 
patient is positioned prone, midaxillary and breast radi-
opaque markers are placed (Fig.  6 ).

   To help with reproducibility, a small blue Vac-Lok bag 
may be placed on the prone breast board where the patient’s 
head and arms would fall when they lay down. The patient 
is then placed in the prone position on the board with both 
arms above the head. Patients can hold onto poles to assist 

with reproducibility. Once the patient is in a comfortable 
position, the air is removed out of the Vac-Lok bag (Fig.  7 ). 
We recommend having the patient turn her head toward the 
direction of the affected breast. This helps to minimize over-
rotation towards the affected breast and into the opening 
of the board. A good hand position should help keep both 
elbows on the board, minimize skin folds in the axilla, and 
keep arms comfortable. A wedge under the patient’s ankles 
may improve comfort and setup reproducibility.

   The breast tissue should fall through the center of the 
opening evenly. The breast must be completely in the open-
ing so all the breast tissue is below the breast board insert. 
This will cause some rotation of the body toward the 
affected breast. Before scanning, attempt to clinically 
straighten the spine. Scouts may be helpful to ensure the 
patient is as straight as possible. The isocenter should be 
placed at the level of the breast radiopaque marker ~3 cm 
from the medial skin surface. CT images should be obtained 
at a slice thickness of ≤3 mm. Breast contour will appear 
different compared with supine contours as the breast tis-
sue falls forward (Fig.  8 ). Tangent fi elds with MLC fi eld 
compensation as described above are used to create a 
homogeneous plan.

7        APBI 

 APBI can be delivered in the supine or prone position. 
Reproducibility is very important for these patients to ensure 
the lumpectomy cavity plus an adequate margin receive full 
prescription dose. The seroma, surgical clips, and notable 
differences in the glandular breast tissue should be included 
for the lumpectomy cavity. Comparison to the contralateral 
breast may be useful particularly when fl uid and/or surgical 
clips are not present. All imaging studies should be reviewed 
prior to planning. The CTV for APBI should include the 
lumpectomy cavity with a 1.0–1.5 cm expansion. This vol-
ume should not extend outside of the body or into the 
 pectoralis muscles, ribs, or muscles of the chest wall. PTV 
will vary based on institutional setup error. Standard PTV 
margins for ABPI are typically 1.5 cm. The ratio for PTV to 
breast volume should be <1:3. The PTV should not cross 
midline into the contralateral breast. OARs include the heart, 
lung, LAD, and left ventricle. A technique using mini- 
tangents and an en face electron fi eld is preferred at our insti-
tution. The majority of the dose is delivered through photon 
mini-tangent fi elds, and approximately 20 % is delivered 
through the electron fi eld (Figs.  9  and  10 ). Additional 
 techniques include the delivery of APBI in the prone position 
with mini- tangents only and the use of multiple noncoplanar 
photon fi elds.

DISTANCE TO
MEASURE FOR
CENTER OF
BREAST

CENTER OF
BREAST

  Fig. 6    Prone breast radiation positioning. It is important that the breast 
fall into the opening evenly. Radiopaque marker on the center of the 
breast may be useful for isocenter defi nition and reproducibility       

Adjustable hand grips
Small vac-loc bag

  Fig. 7    Prone breast radiation positioning. The use of small Vac-Lok 
bag and arm grips may be helpful for reproducibility       
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  Fig. 8    Axial images in the prone position for a woman with left-sided breast cancer       

  Fig. 9    Axial images for partial breast irradiation in the supine position       
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  Fig. 10    Representative beam angles and plan for APBI with mini-tangents and electron fi eld       
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1         General Principles of Target 
Delineation 

•     Patients undergo CT simulation in the treatment position 
with both arms extended above their head using an Alpha 
Cradle or breast board immobilization; IV contrast is not 
necessary.  

•   In cases where the patient has an intact breast, wires are 
placed around the borders of the breast on the patient’s 
skin prior to scanning.  

•   Patients are scanned from the cricoid through 5 cm below 
the clinically marked inferior port edge. The entire lung 
must be included.  

•   PTV is defi ned as any breast tissue or chest wall, 
 ipsilateral level I–III axillary lymph nodes, ipsilat-
eral supraclavicular lymph nodes, ipsilateral interpec-
toral lymph nodes, and ipsilateral internal mammary 
lymph nodes.  

•   A bolus of 3–5 mm is used daily over the chest wall or 
breast (Table  1 ).
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   Table 1    Suggested target volumes at the gross disease region   

 Target volumes  Defi nition and description 

 CTV  Breast tissue or chest wall as defi ned by RTOG 
Breast Cancer Atlas 1 , ipsilateral regional lymph 
nodes 2 , interconnecting lymphatic drainage routes, 
and chest wall musculature/skin determined to be at 
risk for microscopic disease 

 PTV  A margin of 3–5 mm medially, 5–10 mm laterally, 
3–5 mm posteriorly, and 5–10 mm superiorly, 
inferiorly, and anteriorly (to include the skin surface) 
will be added to the CTV. The amount of lung can 
be trimmed per physician discretion 
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  Fig. 2    Sagittal view.  Red  PTV,  light orange  CTV,  blue  level I lymph 
nodes,  light purple  level II lymph nodes,  dark orange  level III lymph 
nodes,  green  supraclavicular lymph nodes,  yellow green  internal mam-
mary nodes (IMN)       

  Fig. 1    Coronal    view.  Red  PTV,  light orange  CTV,  blue  level I lymph 
nodes,  light purple  level II lymph nodes,  dark orange  level III lymph 
nodes,  green  supraclavicular lymph nodes,  yellow green  internal mam-
mary nodes (IMN)       
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  Fig. 3    Axial slices in the cranial to caudal direction       
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  Fig. 4    Coronal view:  red  PTV,  light orange  CTV,  blue  level I lymph 
nodes,  light purple  level II lymph nodes,  dark orange  level III lymph 
nodes,  green  supraclavicular lymph nodes,  yellow green  internal mam-
mary nodes (IMN),  yellow  heart,  dark purple  contralateral breast       
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  Fig. 5    Axial slices in the cranial to caudal direction       
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  Fig. 6    Axial and coronal slices in the cranial to caudal direction:  red  PTV;  light orange  CTV;  yellow  level I, II, and III and supraclavicular lymph 
nodes;  yellow green  internal mammary nodes (IMN);  pink  contralateral implant;  purple  the superior border of daily bolus         
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  Fig. 7    Axial view of three beams: a medial en face electron beam ( red ) 
matched to two lateral opposing tangent fi elds ( blue  and  green )       

  Fig. 8    Coronal view of supraclavicular fi eld and lymph node targets       

  Fig. 10     Daily  setup tattoos in a patient receiving multi-beam breast 
IMRT. A diagram for right breast IMRT patient setup. The medial tattoo 
(MED TT) is the starting point for isocenter shift       

  Fig. 9    3D view of a boost to the tumor bed: An en face electron fi eld 
with a custom cutout ( blue ) encompasses the tumor bed ( maroon ), clips 
( light green ), and lumpectomy scar ( gray )       
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  Fig. 11     Align  RT for daily setup verifi cation. An example of a breast 
IMRT patient setup in a patient with left-sided breast cancer, using 
AlignRT surface images to align with the external contour of simulation 
CT image as the reference.  The solid pink area is the region of interest 
(ROI) on the CT contour and the green surface is the setup surface 
image acquired at treatment.  The arm, chin, and neck region are aligned 
well with the ROI surface       

IMRT Conventional RT

  Fig. 12    Dose-volume histograms of a conventional RT versus an 8-fi eld IMRT treatment plan       
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IMRT Conventional RT

  Fig. 13    Axial and sagittal views of isodose lines in a conventional RT versus an 8-fi eld IMRT treatment plan       

2                        Simulation and Setup Verifi cation 

 The radiotherapy treatment planning process starts at the 
time of simulation, where the patient position is set to the 
anticipated position for treatment planning. The rule of 
thumb for patient positioning includes (1) easy access by 
radiation beams without passing through unnecessary nor-
mal tissue or causing collision with the gantry, couch, or 
patient; (2) a comfortable position with an immobilization 
device that enables the patient to lie still in supine position 
during treatment; and (3) a reproducible approach with body 
tattoos, body-couch index, and image guidance to facilitate 
patient setup at treatments. A three-dimensional (3D) com-
puted tomography (CT) image of a patient at the treatment 
position will be acquired, which is essential for 3D or 
intensity- modulated radiotherapy (IMRT) planning (Leibel 
et al.  2002 ; Aird and Conway  2002 ). Additional imaging 
modalities may be prescribed and acquired to enhance the 
visualization of a tumor and surrounding normal tissues and 

to facilitate tumor delineation and localization, including 
positron emission tomography (PET)/CT, magnetic resonance 
imaging (MRI), or respiratory-correlated 4DCT images. 

 At Memorial Sloan Kettering Cancer Center, a simulation 
for breast IMRT treatment requires that the patient lies in 
supine position on a breast board (   CIVICO Medical Solutions, 
Kalona, Iowa) or a body mold, with the torso tilted upward 
with 5°–10° and both arms up. A clinician places wire mark-
ers around the breast or implant and on the surgical scar. 
Patient alignment is checked with scout radiograph images, 
followed by CT scanning with a fi eld of view from the chin to 
about 5 cm inferior to the marked breast tissue. It is essential 
to ensure that the entirety of both lungs is included in the simu-
lation scan, so that a lung DVH (dose- volume histogram) may 
be subsequently constructed at the treatment planning stage. 
Patients are scanned in free breathing on a helical CT scanner 
(BigBore Brilliance, Philips Healthcare, Andover, MA). 
After the treatment isocenter is localized on the reconstructed 
CT image, the room laser is used to mark the patient with 
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bi-angulation tattoos at the medial and lateral sides on the 
supraclavicular line, inferior treatment boarder and midline in 
between, as shown in Fig.  10 .    Three tattoos on the supracla-
vicular match line, two on the midline, and two on inferior 
boarder. These seven tattoos are used to straighten out the 
patient body at daily treatment to reproduce the simulation 
position. An additional tattoo is marked to refl ect the lateral 
shift to the isocenter from the medial tattoo (which is also 
used to defi ne the superior- inferior (SI) and vertical shifts to 
the isocenter – the tattoo is indicating the lateral shift only). 
The source-skin distance (SSD) at the medial tattoo and the 
isocenter will be checked before and after isocenter shift from 
the medial tattoo. A simulation document is written and 
checked by two simulation therapists, including the board tilt, 
bottom stop position, arm rest indexing, knee support size, as 
well as the coordinates of the isocenter, which again will be 
checked by a planner. A detailed setup instruction is also 
checked by the simulation therapists before releasing to the 
physics team for IMRT planning. 

2.1     Simulation for Breast Boost 

 For patients with an intact breast receiving a boost to the 
lumpectomy cavity, the same simulation CT image can be 
used to select electron boost beam angle, aperture, energy, 
and customized bolus. The boost beam is often en face 
(Fig.  9 ). Dose is prescribed to the 90 % isodose line, based 
on hand calculation. The boost treatment is delivered sequen-
tially following IMRT to the breast and regional lymph 
nodes. The boost treatment does not require IGRT and is 
verifi ed with conventional setup.   

3     Treatment Delivery 

 After the treatment plan has been generated, approved, and 
checked, the IMRT treatment plan is ready to be delivered. 
At MSKCC, an image-guided radiotherapy (IGRT) patient 
setup is utilized with optical surface imaging (AlignRT, 
VisionRT Ltd, London, UK) to align on the skin surface. 
Alternatively, if AlignRT is not available, orthogonal 2D 
kilovoltage (2DkV) imaging (OBI, Varian Medical Systems, 
Inc, Palo Alto, CA) is employed to align on the rib bones. 
The planner prepares AlignRT setup reference images with 
an appropriate region of interest (ROI) using the external 
contour from simulation CT image for surface alignment 
and/or two orthogonal digitally reconstructed radiograph 
(DRR) images for 2DkV alignment on bony structure. 

 At MSKCC, an IGRT patient setup is always preceded by 
conventional setup using the skin tattoos, which provides a 
reliable estimate of the treatment position (Li et al.  2012 ). 
Similar to the free breathing simulation, no respiratory gat-
ing or motion management is performed during IGRT setup. 

The 8 tattoo marks (3 on the supraclavicular line, 2 on medial 
and 2 on the lateral side, and one ISO-shift tattoo on the infe-
rior border, Fig.  10 ) will be used to check axial alignment on 
the medial three tattoos, body rotation on the lateral two tat-
toos, as well as the isocenter localization using the setup 
shifts in reference to the mediastinum tattoo and ISO-shift 
tattoo. After the isocenter is positioned, the source-to-skin 
distance (SSD) is checked comparing with the measurement 
on simulation CT image. 

3.1     AlignRT 

 The fi rst option of IGRT method is optical surface imaging 
using AlignRT. This imaging modality uses video-based ste-
reoscopic image capturing, triangulation algorithm for 3D 
surface reconstruction, and fast surface registration for align-
ment with the simulation CT reference surface (Fig.  11 ). 
AlignRT provides multiple advantages over x-ray imaging, 
including non-ionization radiation source, real-time perfor-
mance, large fi eld of view, and 3D surface for (breast) skin 
matching. It enables capture of 3D surface images at 1–3 
frames per second, provides real-time surface registration, 
and adjusts the couch position interactively using registra-
tion shift as guidance. The registration produces 6° of free-
dom (DOF), including body rotations for adjustment of the 
patient manually or using 6D couch. All of these actions 
occur inside the treatment room without leaving the room 
and closing the treatment room door. It also permits check-
ing of the arm and chin positions and the reproducibility of 
their simulation positions. In addition, the alignment of the 
ipsilateral arm is important to minimize the breast deforma-
tion due to different muscle stretching in patients with intact 
breast tissue (Bert et al.  2006 ). This will reduce the deforma-
tion of breast tissue, improving the surface alignment for 
setup. This is an important advantage of AlignRT, since axil-
lary and supraclavicular nodes are targeted in patients with 
locally advanced breast cancer. At MSKCC, we have devel-
oped a two-step breast setup procedure, in which the arm and 
chin alignments are fi rst checked and corrected by moving 
the arm and chin, and then the breast tissue is aligned with 
couch shifts to the isocenter. Currently, if any of the three 
translational shifts is greater than 5 mm from the conven-
tional setup position, then the procedure requires 2DkV 
imaging to verify setup alignment using bony landmarks.  

3.2     2D Kilovoltage Imaging 

 Daily 2DkV can be also prescribed for IGRT setup according 
to the breast IMRT protocol. A pair of LAO (45°) and RAO 
(135°) for the left breast and a pair of RL (270°) and PA 
(180°) for the right breast will be used for 2DkV setup. In bony 
alignment, the ipsilateral and anterior rib cage will be aligned 
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using DRR images from the simulation CT as the reference. 
The advantage of x-ray alignment is to use internal bony 
landmarks (rib bones), which lie adjacent to the breast and 
are relatively rigid, with only a small range of respiratory 
motion (usually less than 5 mm). However, the use of 2D 
radiographic images does not facilitate accurate verifi cation 
of the arm and chin positions, which are checked at the con-
ventional setup without IGRT verifi cation. 

 Because AlignRT uses 3D skin surface for alignment and 
2DkV uses 2D bony projections for alignment, they often 
provide slightly different results in terms of couch shift. 
Historically, x-ray imaging is an established clinical stan-
dard, so when there is considerable discrepancy (>5 mm) 
between conventional setup and AlignRT-guided setup, the 
2DkV method serves as a clinical standard. Because 7–9 
beam fi elds are usually employed in an IMRT plan, accurate 
imaging of the entire breast is critical for optimal plan deliv-
ery (Goddu et al.  2009a ). Therefore, unlike a tangent plan 
where only chest wall alignment is critical, the skin align-
ment is also important to deliver the planned dose distribu-
tion to the IMRT patients for proper dose coverage. From our 
clinical experience with AlignRT setup, it works well for 
breast cancer patient of average body habitus. Women with 
obese habituses and/or multiple skin folds may be subject to 
large deformation with AlignRT – the deformation leads to 
registration problems in AlignRT. In supine conditions, 
breast tissue deformation almost always occurs and cannot 
be corrected effectively and defi nitively. Using AlignRT, 
however, the tissue deformation caused by stretching of the 
chest wall can be minimized by reproducing the ipsi arm 
position at the treatment – a step that is often omitted from 
2DkV setup. In addition, the body rotation is also critical 
since it alters the relative position of the breast on the ellip-
soidal rib case, particularly in a woman with a large breast 
and small rib cage. Because of tissue deformation, the sur-
face registration accuracy is not as good as in rigid anatomy, 
such as the head (in head and neck cancer patients) (Schoffel 
et al.  2007 ; Li et al.  2011 ), leading to at least 3–5 mm of 
setup uncertainty. The dosimetric consequences of setup 
errors have been reported to be anisotropic, with the most 
error-sensitive region occurring at the chest wall with sharp 
dose falloff (Goddu et al.  2009a ). 

 In the current IGRT setup procedure, body rotation can-
not be corrected using a regular treatment couch that has 
only 3 or 4 DOF, unless manual adjustment of patient posi-
tion is performed or a 6 DOF treatment couch with 3 rota-
tional adjustments is used (yaw, along the vertical axis; roll, 
along the longitudinal axis; and pitch, along the lateral axis). 
Body rotation can be seen from both AlignRT and 2DkV 
images, while AlignRT quantifi es the rotation in 6 DOF. 
Rotation and translation are sometimes tangled, because only 
partial surface of the subject is used as the ROI for alignment, 
and the limited surface of interest is subject to deformation. 
In a breast IMRT patient setup, body rotation is controlled 

within 3° in any direction; otherwise, therapists will manu-
ally adjust the patient to improve alignment.   

4     Treatment Planning 

4.1     Conventional 3D Conformal Planning 

 The standard radiation treatment technique for the chest wall 
or reconstructed breasts is parallel-opposed tangential fi elds. 
The supraclavicular and axillary nodes are typically treated 
by an anterior oblique photon fi eld matched to the tangential 
fi elds (Fig.  8 ). Inclusion of IMN in the target can be accom-
plished either by using wider tangential fi elds or by matching 
a medial electron fi eld to the medial tangential designed to 
cover the IMNs (Fig.  6 ). In attempting to cover the target tis-
sues, these conventional treatment techniques can result in 
high dose to a signifi cant volume of the lung and heart, 
whereas the normal tissue outside of the tangential fi elds is 
spared. These radiation plans may constitute high-dose inho-
mogeneity due to the opposing tangential fi elds and the 
matching of radiation fi elds (Klein et al.  1994 ; van der Laan 
et al.  2005 ; Severin et al.  2003 ; Chui et al.  2005 ).  

4.2     IMRT Treatment Planning 

 To date, several experiences utilizing multiple beam IMRT 
fi elds, TomoTherapy, or volumetric modulated arc therapy 
(VMAT) have been reported (Jagsi et al.  2010 ; Goddu et al. 
 2009b ; Jin et al.  2013 ). These planning techniques differ from 
the conventional techniques by using multiple intensity- 
modulated fi elds or arcs in order to improve dose homogene-
ity and target coverage. These new treatment approaches 
introduce regions of low-dose radiation to areas that are nor-
mally spared when using the conventional techniques, such as 
the contralateral lung. A comparison of dose-volume histo-
grams (DVH) of a patient treated with conventional radiation 
techniques (tangents and a medial electron strip) but in whom 
a hypothetical 8-fi eld IMRT plan was generated is shown in 
Fig.  12 . The axial and sagittal views of the isodose lines of 
both plans (Fig.  13 ) demonstrate that there is improved cover-
age of the chest wall with the IMRT plan. In contrast, the 
conventional treatment demonstrates a “cold triangle” or lack 
of coverage of the chest wall, corresponding to where the 
electron strip matches the tangent beams. As would be 
expected with a plan utilizing multiple beams, a greater vol-
ume of the heart and lung are receiving low dose from the 
IMRT plan, with the 500 cGy isodose line including the entire 
ipsilateral hemithorax. The clinical signifi cance of low dose 
to the normal organs is not well established at this time, and 
dose constraints for these organs (detailed below) were met 
with both plans. The DVHs of both plans demonstrate that 
compared to conventional RT plan, the IMRT plan has 
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lower hot spots for the PTV, a lower V20 to the ipsilateral 
lung, and lastly, a slightly higher V25 to the heart, although 
still meeting the dosimetric goal of V25 < 25 %. The dose to 
the contralateral lung is higher than would be expected with a 
conventional RT plan; however, it met the dose constraint of 
V20 < 8 %. 

 IMRT treatment plans are generated using 8–10 fi elds 
equally spaced about 30° apart in an arc from close to a pos-
terior entry to and medial anterior oblique fi eld, not entering 
through the contralateral breast. The superior jaw is closed 
for posterior oblique fi elds to avoid entering through the 
shoulder area and to reduce the effect of possible position 
inaccuracy. The superior part of the PTV will then be treated 
with 4–5 anterior oblique fi elds. All IMRT fi elds are deliv-
ered with 6 MV photons. A 3 mm custom bolus is used to 
increase the skin dose over the chest wall. 

 The treatment plans were optimized to generate plans that 
met the MSKCC dosimetric criteria for breast IMRT, using a 
prescription dose of 50 Gy in 25 fractions. It is important to 
note that these parameters are guidelines that are subject to 
ongoing refi nement at MSKCC, as we gain increasing experi-
ence with IMRT treatment planning and delivery. Furthermore, 
consideration of the unique clinical needs of the patient is an 
essential component of IMRT plan evaluation.
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1        Anatomy and Patterns of Spread 

•     Carcinomas of the lung originate from the pulmonary 
parenchyma or the tracheobronchial tree. The latter consists 
of the trachea, which subdivides into the main bronchi 
and lobar bronchi bilaterally.  

•   The lung is surrounded by the pleura (visceral and parietal), 
with a potential space between the two layers.  

•   The mediastinum lies in the central region of the thorax 
and contains the heart, great vessels, thymus, esophagus, 
and regional lymph node levels. The regional lymph 
nodes extend superiorly-inferiorly from the supraclavicu-
lar region to the diaphragm. Several classifi cation schemes 
have been devised to describe the lymph node regions, the 
most widely used of which in North America and Europe 
is the American Thoracic Society lymph node map with 
the Mountain-Dresler modifi cation (MD-ATS) (Mountain 
and Dresler  1997 ) (Fig.  1 ).  

•   The pattern of spread for a primary lung malignancy is 
typically through the regional lymph nodes (levels 
N1-N3) and then distantly, with the most common distant 
sites being the brain, adrenal gland, bone, contralateral 
lung, liver, and pericardium. However, almost any organ 
can be potentially involved with disease, and many tumors 
spread distantly without fi rst demonstrating evidence of 
regional involvement.  

•   Both non-small cell lung cancer (NSCLC) and small cell 
lung cancer (SCLC) utilize the American Joint Committee 
on Cancer TNM staging system and have a predilection 
for distant spread. Differences between these two diseases 
with regard to presentation at diagnosis and patterns of 
spread include:
 –    NSCLC frequently presents with a primary malig-

nancy, while SCLC often is only detectable in the 
mediastinum at diagnosis.  
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 –   SCLC more frequently presents with bulky mediasti-
nal disease. Within the NSCLC subtype, squamous 
cell carcinoma more commonly presents in this 
manner.      

2       Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Target volume delineation for NSCLC is dependent on 
the following studies: computed tomography (CT) scan of 
the chest with contrast, positron emission tomography 
(PET)/CT imaging, and, particularly in the case of 
NSCLC, comprehensive mediastinal evaluation, either 
with mediastinoscopy or endobronchial ultrasound 
(EBUS).  

•   On CT scan with contrast, we consider lymph nodes mea-
suring at least 1 cm in shortest diameter are to be positive 
radiographically for malignant involvement.  

•   It has been found that with regard to tumor contouring, 
PET imaging provides novel information in up to 20 % of 
patients when compared to CT scan alone, and with 
upstaging occurring in approximately 15–30 % of patients 

(Nawara et al.  2012 ; Bradley et al.  2004 ), and that this 
modality can also be used to distinguish atelectasis from 
tumor.  

•   PET/CT scan is used in combination for imaging delineation. 
PET/CT scan provides a high level of sensitivity, and CT 
scan with contrast can be used to delineate involved 
lymph nodes from surrounding vasculature.  

•   PET/CT scans have been found to have false-positive 
rates of involved lymph nodes of up to 30 %, depending 
on the patient population (De Ruysscher et al.  2012 ; De 
Ruysscher  2011 ), and therefore, histologic confi rmation 
for the purposes of target delineation should be obtained 
when possible, particularly if positivity will substantially 
affect the dose to normal structures (e.g., contralateral 
lymph nodes).  

•   In addition, background avidity in normal thoracic tissues 
(lung, esophagus, aorta) can vary greatly between struc-
tures (Chen et al.  2013 ), indicating that this background 
uptake should also be taken into account with treatment 
planning (Fig.  2 ).

3          Simulation and Daily Localization 

•     Patients are typically immobilized with their arms over 
their head to maximize the number of potential beam 
angles. The upper body cradle extends inferiorly to pro-
vide immobilization through the thorax.  

•   CT simulations are performed with a slice thickness of 
2.5–3 mm. Intravenous contrast can be considered when 
necessary to differentiate tumor involvement from medi-
astinal structures such as the vasculature.  

•   Four-dimensional (4D) CT scans are acquired, to account 
for internal motion. When the magnitude of respiratory 
motion is ≥1 cm and regular, patients are treated with a 
“free-breathing” approach, in which they breathe regu-
larly during treatment. If irregular or motion >1 cm, then 
respiratory management is considered, either deep breath 
hold (inspiratory or expiratory) or respiratory gating, in 
which radiation is delivered at specifi c periods of the 
breathing cycle. Both techniques have been shown to be 
benefi cial in reducing target volumes for tumors that have 
substantial motion (Muirhead et al.  2010 ; Underberg 
et al.  2005 ).  

•   For patients to tolerate the deep breath hold technique, 
they need to be able to maintain the appropriate position 
in the respiratory cycle for at least 15 s, which is diffi cult 
for a signifi cant percentage of patients with lung 
cancer.  

•   The 4D CT scan range typically extends from at least the 
thoracic inlet to the inferior portion of the diaphragm.  

Superior Mediastinal Nodes

Inferior Mediastinal Nodes

N1 Nodes

Aortic Nodes

1  Highest Mediastinal
Brachiocephalic
(innominate) a.

2R

4R

10R

11R

PA

7

8

9

3

6

5

12.13.14R 12.13.14L

Inf.pulm.ligt.

Ligamentum
arteriosum

L.pulmonary a.

Phrenic.n.

Ao

PA

Azygos v.

4L

11L

10L

Ao

2  Upper Paratracheal

4  Lower Paratracheal
    (including Azygos Nodes)
N2 = single digit, ipsilateral

N2 = single digit, contralateral or superaclavcular

5  Subaortic (A-P window)

6  Para-aortic (ascending
    aorta or phrenic)

7  Subcarinal

10  Hilar

11  Interlobar

12  Lobar

13  Segmental

14  Subsegmental

8  Paraesophageal
    (below carina)

9  Pulmonary Ligament

3  Pre-vascular and Retrotracheal

  Fig. 1    Mountain-Dresler lymph node staging system (from Mountain 
and Dresler ( 1997 ), with permission)       
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•   Image fusion with PET/CT scans is recommended when 
feasible, particularly in cases with atelectasis or when 
directly adjacent to critical structures. Our iCTV-to-PTV 
margin is 5 mm if daily kV imaging is used and 3 mm for 
daily CBCT.  

•   Image registration and fusion applications with MRI 
and PET scans should be used to help in the delineation 
of target volumes, especially for regions of interest 
encompassing the GTV, skull base, brainstem, and optic 
chiasm. The GTV and CTV and normal tissues should 
be outlined on all CT slices in which the structures 
exist.  

•   At our institution, we routinely utilize daily kV imaging 
and weekly CT scan alignment for localization (cone- 
beam CT scan or CT scan on rails). Daily CT scan local-
ization is utilized when more precise localization is 
necessary (e.g., tumors adjacent to the spinal cord), 
when the size of the tumor is rapidly changing, or when 

bony landmarks are not representative of internal anatomy. 
Prior studies have shown that with daily kV imaging, 
interfractional variation is approximately 5 mm (Nelson 
et al.  2008 ) and, with CBCT, can be reduced to approxi-
mately 3 mm. These are thus the margins that are utilized 
at our institution (Borst et al.  2007 ).     

4    Target Volume Delineation 
and Treatment Planning 

•     When conformal techniques are utilized and the treating 
physician has performed a comprehensive evaluation of 
disease involvement, an involved fi eld approach is used 
for target volume delineation in NSCLC, due to the pub-
lished low likelihood of disease recurrence in elective 
lymph nodes (Rosenzweig et al.  2001 ,  2007 ). An 
involved fi eld technique plus inclusion of the ipsilateral 

a

c d

b

  Fig. 2    PET/CT imaging of a locally advanced NSCLC. ( a ) CT imaging alone, ( b ) PET imaging alone, and ( c ,  d ) fused images       
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hilum is also now recommended in the Radiation 
Therapy Oncology Group’s (RTOG’s) recent random-
ized trial examining the effect of dose on survival 
(RTOG 0538).  

•   Accounting for respiratory motion is critical in treatment 
planning. After assessing respiratory motion at the time 
of simulation, the standard International Commission of 
Radiological Units and Measurements (ICRU) volumes 
are as follows:

 –    Gross tumor volume (GTV) – gross disease, including 
primary tumor and lymph nodes.  

 –   Clinical target volume (CTV) – gross disease + region at 
risk for microscopic spread. In the setting of NSCLC in 
which an involved nodal technique is used, this volume 
often includes the remainder of the involved lymph 
node  station . For example, in the case of an involved 
subcarinal lymph node, the node would be covered in 
the iGTV and then expanded and the entire subcarinal 
nodal station also encompassed in the iCTV. This vol-
ume is also edited to respect anatomical boundaries 
(taken off of bones, arteries, etc.). Margins for micro-
scopic disease of 0.5–1.0 cm for either microscopic dis-
ease are generally considered acceptable, though studies 
establishing the extent of microscopic spread beyond 
that visualized on CT scan have been published in the 
setting of NSCLC (Giraud et al.  2000 ) but not SCLC.  

 –   Internal target volume (ITV) – clinical target vol-
ume + respiratory motion.  

 –   Planning target volume (PTV) – ITV + daily setup varia-
tion. At our institution, we utilize daily imaging for all 
patients being treated with locally advanced disease.     

•   At our institution, we frequently utilize a slight variation on 
standard treatment volumes, in which the GTV, rather than 
the CTV, is expanded to account for respiratory motion. 
One advantage to this technique from a practical standpoint 
is that it is often easier to assess motion on simulation 
imaging when evaluating the discrete tumor volume of the 
GTV if one exists. That is, when evaluating motion on the 
CTV, this region may consist of an anatomical space such 
as a lymph node region, leading to a less precise estimate of 
the true motion of the target volume. The target contours 
defi ned using this method are as follows:
 –    GTV – gross disease  
 –   Internal gross tumor volume (iGTV) – gross disease with 

motion, as measured on the 4D simulation CT scan  
 –   Internal clinical target volume (iCTV) – iGTV 

expanded to encompass microscopic disease and for 
involved lymph nodes, consideration of the remainder 
of the involved lymph node  station   

 –   PTV – iCTV plus a margin to account for daily setup 
variation     

•   These techniques are compared in Fig.  3  and yield an 
almost identical PTV. The generation of an iGTV can lead 
to slightly smaller volumes due to expansion of the GTV, 
rather than the CTV, for microscopic motion. However, 
this difference is very minor, and at our institution, we 
have observed similar to improved rates of locoregional 
control in locally advanced NSCLC using this approach 
(Liao et al.  2010 ).

•      Target volumes are delineated on the maximal projection 
image, to ensure adequate coverage. Normal structure 
contours are defi ned on the “average” image set.  

•   For patients who have undergone induction chemother-
apy with a reduction in tumor size, our guidelines are as 
follows:
 –    Parenchymal lesions: target post-chemotherapeutic 

volume with GTV; coverage of pre-chemotherapeutic 
volume with CTV is at physician’s discretion.  

 –   Involved lymph nodes: post-chemotherapy volume 
covered with GTV, entire nodal station (superior- 
inferior extent) covered with CTV.        

5    Case Examples: Locally Advanced 
NSCLC and SCLC 

•      Margins utilized are as follows: GTV to CTV = 8 mm and 
CTV to PTV = 5 mm. Daily kV imaging is utilized, with 
weekly CBCT imaging to ensure concordance with bony 
anatomy.  

•   CTV shaved off of the vessels, esophagus, and bone. 
Extension into the chest wall is considered for lesions 
directly adjacent to this structure.  

•   While involved nodal techniques are typically utilized, 
elective coverage of the ipsilateral hilum can be con-
sidered when there is involvement of the primary tumor 
and mediastinal lymph nodes, particularly in central 
tumors.   

•     With SCC, GTV-to-CTV margins of 6 mm can be utilized 
(vs. 8 mm in adenocarcinoma), based on a prior patho-
logic study showing that this margin can encompass 
histologic extension from radiographic fi ndings in 95 % 
of tumors (Giraud et al.  2000 ).  

•   Tumors located in the superior portion of the lung typi-
cally have reduced motion compared to inferior tumors in 
closer proximity to the diaphragm. Similarly, larger 
tumors have been shown to have reduced motion during 
breathing.  

•   With apical tumors, the brachial plexus should be con-
toured and constrained accordingly.  

•   Lung windows should be utilized for parenchymal lesions 
and abdominal windows for the mediastinal lymph nodes.   
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•     For apical tumors, contouring of the brachial plexus and 
attention to dose constraints is necessary.  

•   For high supraclavicular/low cervical tumors, contouring 
of the larynx may also be indicated.  

•   For patients with bilateral hilar involvement, the hila 
can be contoured individually, though sparing central 
structures in the subcarinal region is diffi cult in this 
scenario.   

•      As SCLC is more likely to present with bulky disease, it 
may be diffi cult to avoid the inclusion of the esophagus in 

the treatment volumes, particularly in the case of large- 
volume subcarinal lymphadenopathy.  

•   Involved fi eld techniques, incorporation of tumor motion, 
and guidelines for delineating target volumes based on 
available imaging (GTV, CTV, ITV) do not differ between 
locally advanced NSCLC and SCLC.  

•   GTV-to-CTV margins of 0.5–1.0 cm are considered 
acceptable.  

•   Coverage of the ipsilateral hilum should be considered, as 
outlined in protocol RTOG 0538.        
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GTV GTV GTV GTV

iGTV
iGTV iGTV
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  Fig. 3    Two different methods of target delineation, accounting for respiratory motion. ( Top ) Standard volumes that take into account tumor 
motion, with ICRU defi nitions. ( Bottom ) Variation used at MDACC in select patients       
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Primary Tumor

Primary Tumor

Involved lymph
node=GTV, lymph
node station=CTV

Shaved CTV off of
esophagus, but

lymph node directly
abutting structure

Subcarinal nodes
involved on

endobronchial
ultrasound

Covering entire
subcarinal lymph

node station in CTV,
3-5 cm below carina

  Fig. 4    A 52-year-old woman with h/o stage T2N2M0 adenocarcinoma 
of the right upper lobe, with multistation lymph node involvement. The 
patient received 66 Gy in 33 fractions with radiation therapy and 
received concurrent chemotherapy ( red  , GTV;  beige , CTV;  blue , PTV; 

 green , esophagus). Involved lymph node = GTV; lymph node sta-
tion = CTV. Shaved CTV off of esophagus, but lymph node directly 
abutting structure       
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vs. atelectasis

Entire paraaortic
space included in

CTV

Entire hilum
included in CTV

  Fig. 5    A 69-year-old woman with a history of T3N2M0 squamous cell carcinoma of the left upper lobe. The patient received concurrent chemo-
radiation to a total dose of 70 Gy in 35 fractions with concurrent chemotherapy ( red , iGTV;  beige , iCTV;  blue , PTV)       
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  Fig. 6    A 78-year-old woman with a history of T1N3M0 adenocarci-
noma of the left upper lobe, with contralateral lymph nodes diagnosed 
on mediastinal evaluation, referred for chemoradiation. The patient 

received a total dose of 60 Gy in 30 fractions with concurrent chemo-
therapy ( red , iGTV;  beige , iCTV;  blue , PTV)       
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  Fig. 7    A 57-year-old woman with history of 3.5 cm left lower lobe 
mass in continuity with the hilum, with FDG avid left paratracheal/AP 
window and subcarinal lymph nodes also involved with malignancy. 

The patient received a total dose of 66 Gy in 33 fractions with concur-
rent chemotherapy ( red , iGTV;  beige , iCTV;  blue , PTV)       
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1                 Anatomy and Patterns of Spread 

•     Carcinomas of the lung originate from the pulmonary 
parenchyma or the tracheobronchial tree. The latter con-
sists of the trachea, which subdivides into the main bron-
chi and lobar bronchi bilaterally.  

•   The lung is surrounded by the pleura (visceral and pari-
etal), with a potential space between the two layers.  

•   The mediastinum lies in the central region of the thorax 
and contains the heart, great vessels, thymus, esophagus, 
and regional lymph node levels. The regional lymph 
nodes extend superiorly and inferiorly from the supracla-
vicular region to the diaphragm. Several classifi cation 
schemes have been devised to describe the lymph node 
regions, the most widely used of which in North America 
and Europe is the American Thoracic Society lymph node 
map with the Mountain-Dresler modifi cation (MD-ATS) 
(Mountain and Dresler  1997 ).  

•   Several computed tomography (CT)-based atlases of 
mediastinal lymph nodes have been published, an excel-
lent example of which was published by investigators at 
the University of Michigan and delineates lymph nodes 
level 1–11 (Chapet et al.  2005 ) (Fig.  1  and Table  1 ).

•       The pattern of spread for a primary lung malignancy is 
typically through the regional lymph nodes (levels N1–
N3) and then distantly, with the most common distant 
sites being the brain, adrenal gland, bone, contralateral 
lung, liver, and pericardium. However, almost any organ 
can be potentially involved with disease, and many tumors 
spread distantly without fi rst demonstrating evidence of 
regional involvement.     
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  Fig. 1    Mediastinal lymph node station atlas (taken from Chapet et al., 2005)       

   Table 1    Description of mediastinal lymph node levels based on anatomical boundaries (permission pending   ) (Chapet et al.  2005 )   

 Station  Description 

 1R: Highest mediastinal nodes  Nodes lying above horizontal line at upper rim of bracheocephalic (left innominate) 
vein where it ascends to left, crossing in front of trachea at its midline 

 2R and 2L: Upper paratracheal nod  Nodes lying above horizontal line drawn tangential to upper margin of aortic arch and 
below inferior boundary of station 1 nodes 

 3: Prevascular nodes and retrotracheal nod  Prevascular and retrotracheal nodes may be designed 3A and 3P; midline nodes are 
considered to be ipsilateral 

 4R and 4L: Right and left lower paratracheal nodes  Lower paratracheal nodes on right lie to right of midline of trachea between horizontal 
line drawn tangential to upper margin of aortic arch and line extending across right 
main bronchus, and contained within mediastinal pleural envelope; lower paratracheal 
nodes on left lie to left of midline of trachea between horizontal line drawn tangential 
to upper margin of aortic arch and line extending across left main bronchus at level of 
upper margin of left upper lobe bronchus, medial to ligamentum arteriosum and 
contained within mediastinal pleural envelope 

 5: Subaortic (aortic–pulmonary window)  Subaortic nodes are lateral to ligamentum arteriosum or aorta or left pulmonary artery 
and proximal to fi rst branch of left pulmonary artery and lie within mediastinum 
pleural envelope 

 6: Paraaortic nodes  Nodes lying anterior and lateral to ascending aorta and aortic arch or innominate artery 
beneath line tangential to upper margin of aortic arch 

 7: Subcarinal nodes  Nodes lying caudal to carina of trachea but not associated with lower lobe bronchi or 
arteries within lung 

 8: Paraeosphageal nodes  Nodes lying adjacent to wall of esophagus and to right or left of midline, excluding 
subcarinal nodes 

 10: Hilar nodes  Proximal lobar nodes, distal to mediastinal pleural refl ection and nodes adjacent to 
bronchus intermedius on right; radiographically, hilar shadow may be created by 
enlargement of both hilar and interlobar nodes 

 11: Interlobar nodes  Nodes lying between lobar bronchi 
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2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•      SABR 
 –    SABR is primarily utilized for stage T1–T2, node- 

negative tumors.  
 –   The goal of the workup for early-stage lesions treated 

with SABR is thus to rule out locally advanced or met-
astatic disease. This staging approach therefore 
includes computed tomography (CT) scan of the chest 
and positron emission tomography (PET)/CT study. 
Magnetic resonance imaging (MRI) of the brain is also 
recommended for patients with T2 disease or higher. 
Mediastinal evaluation should be considered in all 
patients, particularly those with stage T2 disease or 
higher or in centrally located lesions.     

•    PORT 
 –    Postoperative radiation therapy is indicated in the fol-

lowing circumstances:
•    R1 and R2 resections.  
•   N2 or N3 lymph node positivity, diagnosed prior to 

surgical resection or histologically from the surgi-
cal specimen.  

•   Prior studies have also supported the use of 
PORT in the following circumstances: close 
margins, extracapsular extension, multiple N1 
positivity, a high ratio of positive lymph nodes to 
resected lymph nodes, incomplete mediastinal 
evaluation, and operative assessment indicating 
a high risk for residual disease (Urban et al. 
 2013 ; Osarogiagbon and Yu  2012 ; Lopez Guerra 
et al.  2013 ).     

 –   Given these indications for PORT, the following stud-
ies should be utilized to aid in target utilization:
•    Preoperative CT scan of the chest with contrast and 

PET/CT scan.  
•   Preoperative mediastinal evaluation.  
•   Operative report, to include a) extent of lung resec-

tion and mediastinal lymph node dissection, b) 
description of tumor extent operatively, and c) con-
cern for residual disease and potential placement of 
clips in those regions.  

•   Pathology report   , to include a) margin status and 
location of positive margins (e.g., bronchial stump, 
parenchymal margins), b) number and stations of 
lymph nodes sampled, and c) lymph node stations 
involved with malignancy.  

•   Postoperative imaging (PET/CT scan or CT scan of 
the chest). In the immediate postoperative period 
(2–3 months), increased uptake on PET/CT scan 
often represents postoperative changes. However, 
particularly if there is an operative concern for 
residual disease, postoperative imaging can assist in 

identifying regions of concern for consideration of 
a boost dose.           

3     Simulation and Daily Localization 

•      SABR 
 –     Immobilization –  Various immobilization systems are 

available for SABR. Early SABR used body frame 
systems that were designed to allow the patient to be 
imaged in a different room than the treatment was tak-
ing place, analogous to the head frame used in SRS. 
These include the BodyFix TM  and Body Pro-Lock TM  
systems which also provided abdominal compression 
devices. With the advent of in-room CT, modifi ed 
upper body cradles could be used as fi nal volumetric 
imaging was now being done in the treatment room. 
SABR immobilization devices typically provide 
greater support than those utilized in standard fraction-
ation regimens. Figure  2  demonstrates an example of 
an upper body cradle utilized for SABR (Fig.  2a ) vs. 
that in conventional fractionation (Fig.  2b ).

 –       Simulation –  CT simulations are performed with a 
slice thickness of 2.5–3 mm.  Four-dimensional (4D) 
CT scans are acquired, to account for internal motion. 
Intravenous contrast can be considered when neces-
sary to differentiate tumor involvement from mediasti-
nal structures such as the vasculature, and this should 
be done on a traditional fast helical CT immediately 
after the 4DCT without moving the patient. When the 
magnitude of respiratory motion is less than 1 cm and 
regular, patients are typically treated with a “free-
breathing” approach, in which they breathe regularly 
during a treatment designed to cover the entire track of 
the tumor motion. If irregular or motion >1 cm, then 
respiratory management is considered, either breath 
hold at deep inspiration or at expiration or free-breath-
ing respiratory gating in which radiation is delivered at 
specifi c periods of the breathing cycle. Any gating 
technique should include daily imaging that can verify 
the gating level each day. Both breath-hold and free-
breathing gating techniques have been shown to be 
benefi cial in reducing target volumes for tumors that 
have substantial motion (Muirhead et al.  2010 ; 
Underberg et al.  2005 ). Deep inspiration breath hold 
has been shown to reduce overall lung dose by expand-
ing the healthy lung away from the tumor, but for 
patients to this, they need to be able to maintain the 
appropriate position in the respiratory cycle for at least 
15 s, which is diffi cult for a signifi cant percentage of 
patients with lung cancer. They also need to be able to 
reproduce the location of the tumor on successive 
breath holds as verifi ed by repeated breath-hold CTs; 
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this may be added by video feedback or an occlusion 
value system such as that found in the ABC device.  

 –    Daily Localization –  Daily volumetric imaging is used 
during treatment (cone-beam CT scan, CT on rails). The 
daily imaging    must be performed in a way consistent 
with the delivery method, e.g., free-breathing CBCT for 
free- breathing patients, breath-hold CT for breath-hold 
patients, or dynamically gated CT for free-breathing 
gated patients. If volumetric imaging is not available, 
then fi ducial implants can be placed to provide more 
accurate localization, though this fi ducial placement 
should be correlated with bony anatomy and with each 
other daily to assess for interfraction migration.     

•    PORT 
 –     Immobilization –  Conventional fractionation upper 

body cradles with arms over the head are utilized 
(Fig.  2b ).  

 –    Simulation –  CT simulations are performed with a slice 
thickness of 2.5–3 mm. 4D CT simulations are again 
recommended, with measurement of target motion and 
respiratory management if the target motion is >1 cm. 
The 4D CT scan range typically extends from at least 
the thoracic inlet to the inferior portion of the dia-
phragm. This scan should be inclusive of the involved 
lymph nodes on imaging and histologically.  

 –    Daily Localization –  Daily kV imaging is typically uti-
lized with consideration of weekly volumetric imaging 
in a subgroup of patients, to confi rm that the bony 
alignment is concordant with the underlying anatomi-
cal target.        

4     Target Volume Delineation 
and Treatment Planning 

•      SABR 
 –     Image Fusion –  Image fusion with PET/CT scans can 

be useful for SABR treatments, particularly if there is 
surrounding atelectasis.  

 –    Target Volumes –  Gross tumor volume (GTV) with 
tumor motion taken into account for free-breathing treat-
ments. The motion is taken from the 4DCT for gated 
treatments, and it is taken from the gated images with a 
margin for the patient-specifi c uncertainty in the gating. 
In this context, the GTV is equivalent to the internal tar-
get volume (ITV) (i.e., not enlarged for presumed micro-
scopic extension). The ITV is then expanded to create 
the planning target volume (PTV). The GTV to PTV 
expansion is then 0.5 cm. These guidelines are consis-
tent with those described in protocol RTOG 0915.  

 –    Radiation Dosing Regimens –  Fractionation regimens 
from 1 to 10 fractions have been explored, and dose 
constraints for organs at risk vary based on the number 
of fractions utilized (  www.nccn.org    ).
•    For peripheral lesions, outside of the “no-fl y zone,” 

1–4 fraction regimens are commonly used. 
Commonly used regimens include 20 Gy × 3 frac-
tions and 12.5 Gy × 4 fractions. For central lesions, 
regimens of 4–10 fractions have been explored. 
RTOG 0813 assessed the safety and effi cacy of a 
dose-escalation regimen in a seamless phase I/II 
design, beginning at 10 Gy × 5 fractions and 

SABR Non-SABR

  Fig. 2    Differences between an SABR and non-SABR bag.  The SBRT holds an actual impression of the patient and provides more support, is 
generally longer, and provides an area for fi ducial placement.  A conventional bag is not adequate for setup or immobilization for SABR       
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increasing to 12 Gy × 5 fractions. The study is 
closed and the results are pending.     

 –    Dose-Volume Constraints  – Dose-volume constraints 
are based on the number of fractions utilized. Please 
see the National Comprehensive Cancer Network 
guidelines for specifi c constraints at various fraction 
regimens (  www.nccn.org    ). In addition, a chest wall 
dose of V30- V35 < 50 cc is utilized with <5 fraction 
regimens at our institution based on multiple studies 
showing that this constraint is correlated with chest 
wall pain (Welsh et al.  2011 ; Mutter et al.  2012 ). 
Diabetes mellitus and obesity may also be risk factors 
for this toxicity.     

•    PORT 
 –     Image Fusion –  If a PET/CT scan is obtained postop-

eratively, then residual infl ammatory effects can be 
present with increased avidity, and inclusion of these 
regions should be discussed with the operating sur-
geon and in the context of the histologic and preopera-
tive imaging fi ndings.  

 –    Target Volumes 
•     Positive margins or gross disease (R1 and R2 resec-

tions)  – The region of positive margins or gross dis-
ease, as discussed with the operating surgeon. Clips 
may also be placed in the appropriate region. In the 
case of potential gross disease, postoperative imag-
ing can assist in elucidating this region.

 –    If gross disease is present, we recommend GTV 
to CTV margins of 6–8 mm.     

•    Negative margins with N2–N3 positivity (R0 resec-
tion) –  Historically, the CTV volume has included 
the bilateral mediastinum and ipsilateral hilum/
bronchial stump in the setting of N2 disease, regard-
less of the site of disease. With the advent of more 
sensitive imaging techniques and radiation modali-
ties that increase conformality, there is a trend 
towards smaller volumes. This target has included 
either  involved nodal regions plus the bronchial 
stump  or  high-risk draining lymph node regions 
plus the bronchial stump . For the latter, one com-
mon approach is the “one-up, one-down” contour-
ing technique (e.g., one lymph node station below, 
one above on the ipsilateral side). The ongoing 
LungArt trial, which examines the role of PORT in 
N2 disease, utilizes this general technique, with the 
recommendations varying by the laterality of the 
primary tumor due to differences in nodal drainage 
(Spoelstra et al.  2010 ) (Table     2 ).
•     In summary, there is heterogeneity among phy-

sicians in PORT volumes, and possible 
approaches include:
 –    Whole mediastinum – Bilateral mediastinum 

and ipsilateral bronchial stump; exclude 

 contralateral hilum and supraclavicular 
lymph nodes unless involved.  

 –   High-risk nodal volumes – The “one-up, 
one- down” technique on the ipsilateral side 
plus the bronchial stump, or per the guide-
lines of the LungART study. Contralateral 
lymph nodes are only covered if involved 
prior to or at the time of surgery or suspi-
cious on postoperative imaging.  

 –   Involved nodal regions plus the bronchial 
stump – Only those nodal stations involved 
with disease on imaging or histologically. 

    Table 2    Delineation of target volumes for PORT in the LungART 
study (permission pending)   

 Surgically involved 
mediastinal nodes  LN stations to be included in the CTV 

 1–2R  1–2R, 4R, 7, 10R. Maximal upper limit: 
1 cm above sternal notch but homolateral 
subclavicular node station may be treated 
if needed. Maximal lower limit: 4 cm 
below the carina a  

 1–2L  1-2L, 4L, 7, 10L. Maximal upper limit: 
1 cm above the sternal notch but 
homolateral subclavicular node station 
may be treated if needed. Maximal lower 
limit: 4 cm below the carina a  

 3 (Right-sided tumor)  3, 4L, 7, 10R. Maximal upper limit: 1 cm 
above the sternal notch. Maximal lower 
limit: 4 cm below the carina a  

 3 (Left-sided tumor)  3, 4L, 7, 10L. Maximal upper limit: 1 cm 
above the sternal notch. Maximal lower 
limit: 4 cm below the carina a  

 4R  2R, 4R, 7, 10R. Maximal upper limit: 
sternal notch. Maximal lower limit: 4 cm 
below the carina a  

 4L  2L, 4L, 7, 10L. Maximal upper limit: 
sternal notch. Maximal lower limit: 4 cm 
below the carina a  

 5  2L, 4L, 5, 6, 7. Maximal upper limit: top 
of aortic arch. Maximal lower limit: 4 cm 
below the carina a  

 6  2L, 4L, 5, 6, 7. Maximal upper limit: 
sternal notch. Maximal lower limit: 4 cm 
below the carina a  

 7 (Right-sided tumor)  4R. Maximal upper limit: top of aortic 
arch. Maximal lower limit: 5 cm below 
the carina a  

 7 (Left-sided tumor)  4L, 5, 6, 7. Maximal upper limit: top of 
aortic arch. Maximal lower limit: 5 cm 
below the carina a  

 8 (Right-sided tumor)  4R, 7, 8. Maximal upper limit: top of 
aortic arch. The lower limit should be the 
gastroesophageal junction 

 8 (Left-sided tumor)  4L, 5, 6, 7, 8. Maximal upper limit: top of 
aortic arch. The lower limit should be the 
gastroesophageal junction 

   Abbreviations :  LN  lymph node,  CTV  clinical target volume 
  a Unless other nodes are involved  
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Again, contralateral lymph nodes are only 
covered if involved prior to or at the time of 
surgery or suspicious on postoperative 
imaging.     

•   It is important to note that no prospective trials 
have compared these treatment volumes with 
regard to toxicity and effi cacy. Thus, all tech-
niques could be considered acceptable, though 
many institutions are shifting away from whole 
mediastinal fi elds and towards more conformal 
volumes. There is general agreement that the 
bronchial stump should be included regardless 
of treatment volume.  

•   We recommend CTV to PTV margins of 
5 mm with daily kV imaging, though the mar-
gin can be reduced to 3 mm if volumetric 
imaging is used, for unique cases such as 
tumor volumes encroaching on a critical 
structure, or bulky disease that may change 
with treatment.  

•   Variations in treatment volumes for less-estab-
lished indications for PORT, such as extracapsu-
lar extension, lymphovascular invasion, and 

high ratio of lymph node involvement, have not 
been established.        

 –    Radiation Dosing Regimens –  Standard doses after 
complete resection are 50–54 Gy in 1.8–2.0 Gy frac-
tions. Higher doses can be considered for  positive 
 margins (60 Gy) and gross residual disease (60–70 Gy). 
Concurrent chemotherapy can also be considered for 
gross disease or positive margins at the treating physi-
cian’s discretion.  

 –    Dose-Volume Constraints –  Standard fractionation 
dose constraints are used. Some normal tissue con-
straints at our institution are mean lung dose < 20 Gy, 
V20 > 35 %, mean esophagus dose < 34 Gy, and maxi-
mum spinal cord dose < 45 Gy.      

•    Key characteristics of radiation technique for PORT vs. 
SABR are outlined in Table  3 .

5           Case Examples – SABR (Figs.  3 – 4 ) 

•     The GTV adjusted for motion is expanded by 5 mm for 
the PTV, with no shaving off of critical structures.   

   Table 3    Differences in treatment between PORT and SABR   

 Characteristic  SABR  PORT 

 Diagnostic workup for 
target delineation 

 1. CT scan chest with contrast  1. Preoperative CT scan chest with contrast 
 2. PET/CT scan  2. Preoperative PET/CT scan 
 3. Mediastinal evaluation to confi rm N0 disease  3. Preoperative mediastinal evaluation 

 4. Operative report 
 5. Operative pathology report 

 Simulation immobilization  Stereotactic body frame or cradle with high level of 
immobilization (higher level than with PORT or 
conventionally fractionated RT due to larger fraction 
size) 

 Upper body cradle with immobilization 

 Simulation motion 
assessment 

 4D CT simulation (recommended)  or  abdominal 
compression 

 4D CT simulation 

 Target defi nition  GTV with motion = CTV  GTV – if gross residual disease present 
 GTV/CTV + 5 mm = PTV  CTV – (1) whole mediastinum, (2) high-risk nodal fi elds 

(e.g., LungART), (3) involved nodal regions, all with 
bronchial stump 
 PTV – CTV + 5 mm 

 Radiation dosing regimen  Peripherally located lesions – 1–4 fraction regimens 
(examples are 20 Gy × 3 fractions, 12.5 Gy × 4 
fractions) 

 Microscopic disease only – 1.8–2.0 Gy fractions to 
50–54 Gy 

 Centrally located lesions (within the “no-fl y” 
zone) – 5–10 fraction regimens (examples are 10 Gy × 
5 fractions, 7 Gy × 10 fractions) 

 Positive microscopic margins – 1.8–2.0 Gy fractions to 
54–60 Gy 
 Gross residual disease – 1.8–2.0 Gy to 60–70 Gy 

 Concurrent chemotherapy  No  Can be considered    for positive margins or gross residual 
disease 

 Daily localization  Daily volumetric imaging (e.g., cone-beam CT scan, 
CT scan on rails) 

 Daily kV imaging, consider weekly volumetric imaging 
for unique cases 
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  Fig. 3    Involved lymph node = GTV, lymph node station = CTV shaved 
CTV off of esophagus, but lymph node directly abutting structure of a 
68-year-old man with a history of stage T1N0M0 medically inoperable 

SCC of the  right upper lobe , being treated with SABR to a dose of 50 
Gy in 4 fractions ( red  = GTV with motion,  blue  = PTV)       

•   The lesion is close to the chest wall, such that there will 
inevitably be dose to this structure. A chest wall constraint 
of V30-35 < 35 cc for <5 fraction regimens is a threshold 
that can be used to minimize the risk of chest wall 
discomfort.  

•   Dose constraints for 4-fraction regimens utilized at our 
institution are as follows: MLD ≤ 6 Gy, lung V20 ≤ 12 %, 
bronchial tree maximum dose ≤ 38 Gy, bronchial tree 
V35 ≤ 1 cm 3 , major vessels maximum dose ≤56 Gy, 
 maximum esophagus dose ≤ 35 Gy, esophagus 
V30 ≤ 1 cm 3 , and maximum brachial plexus dose ≤ 35 Gy.  

•   To distinguish tumor spiculations from bronchioles, it is 
necessary to follow the bronchial tree to attempt to follow 
them distally.  

•   There remains variation in treatment practice on the most 
appropriate method to cover tumor spiculations. At our 
institution, spiculations are covered in their entirety with 
the GTV in the majority of cases.     

6    Case Examples - PORT (Figs.  5 –6) 

•     The high risk nodal region in this case covers the follow-
ing lymph node stations:  2L, 4L, 5, 6, and 7, with the 
superior-inferior extension being from the sternal notch to 
4 cm below the carina (as described in Table     2 ).  

•   Clips are placed at the bronchial stump and should be 
included in the treatment volume.  

•   The pretracheal nodes can be covered in both fi elds, but in 
the high-risk nodal fi eld, the volume can extend to mid-
line superior to the carina.       

   Suggested Reading 

    National Comprehensive Cancer Network Guidelines – 
  www.nccn.org      

  RTOG 0813 –   www.rtog.org      
  RTOG 0915 –   www.rtog.org            
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Processes extending from
tumor should be followed

inferiorly to distinguish
spiculations and bronchioles.

In this case, the process
represented a bronchiole.

  Fig. 4    A 72-year-old man with a history of stage T1N0M0 medically inoperable adenocarcinoma of the  right upper lobe , receiving SABR to 50 
Gy in 4 fractions ( red  = GTV with motion,  orange  = PTV)       
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  Fig. 5    ( a ,  b ) A 56   -year-old man with a history of stage T3N2M0 ade-
nocarcinoma of the  left upper lobe , who underwent induction chemo-
therapy and lobectomy with mediastinal nodal dissection. Pathology 
demonstrated 2/3 para-aortic lymph nodes involved with disease, with 

0/13 other lymph nodes involved. All margins were negative for dis-
ease. Figure ( a ) represents a “high-risk nodal level” volume, as speci-
fi ed per LungArt, and ( b ) represents a whole mediastinal volume 
(bilateral mediastinum and bronchial stump) ( beige  = CTV,  blue  = PTV)         

a 
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1         General Principles of Planning 
and Target Delineation 

•      Evaluation.  Patients should have complete evaluations 
including contrast-enhanced computed tomography (CT) 
of the neck, chest, and abdomen, esophagogastroduode-
noscopy (EGD), endoscopic ultrasound (EUS), whole- 
body fl uorodeoxyglucose (FDG) positron emission 
tomography (PET)/CT, and bronchoscopy for upper- and 
middle-third lesions. Upper gastrointestinal series (bar-
ium swallow) is recommended if EGD or EUS study is 
incomplete due to severe luminal obstruction. These stud-
ies help the treating physician in determining disease 
extension and allow accurate target volume delineation 
for esophageal cancer.  

•    Technique.  CT-based treatment planning utilizing confor-
mal techniques is recommended for esophageal cancer. 
Both three-dimensional conformal radiation therapy 
(3DCRT) and intensity-modulated radiation therapy 
(IMRT) can be used to generate an evaluable dose–vol-
ume histogram (DVH) with a setup of multiple beam 
angles. Special consideration is required in beam angle 
arrangement to reduce the pulmonary and cardiac toxicity 
following chemoradiation (Hong et al.  2007 ). It is neces-
sary to understand the anatomy of the neck, mediastinum, 
and upper abdomen. The RTOG contouring atlases are 
great references in delineating normal organs (Kong et al. 
 2013 ).

•         Immobilization.  Patients should be adequately immobi-
lized according to the location of esophageal cancer. 
For tumor(s) located at the cervical or upper-third tho-
racic esophagus, patients should ideally be immobi-
lized with head– neck–shoulder thermoplastic shells. 
For tumor(s) located at the thoracic esophagus or 
esophagogastric junction (EGJ), patients should ide-
ally be  immobilized with their arms above their head in 
a vacuum bag. Four- dimensional (4D) CT simulation 
can be considered for the tumors located at the distal 
esophagus or EGJ. Patients with tumors involving the 

     Esophageal Cancer 

              Jason     Chia-Hsien     Cheng      ,     Feng-Ming     Hsu     ,     Abraham     J.     Wu     , 
and     Lisa     A.     Kachnic       

        J.  C.-H.   Cheng ,  MD, PhD    (*) 
  Graduate Institute of Oncology ,  National Taiwan University 
College of Medicine ,   Taipei ,  Taiwan    

  Division of Radiation Oncology, Department of Oncology , 
 National Taiwan University Hospital ,   Taipei ,  Taiwan  
 e-mail: jasoncheng@ntu.edu.tw    

    F.-M.   Hsu ,  MD    
  Division of Radiation Oncology, Department of Oncology , 
 National Taiwan University Hospital ,   Taipei ,  Taiwan     

    A.  J.   Wu ,  MD    
  Department of Radiation Oncology ,  Memorial Sloan-Kettering 
Cancer Center ,   New York ,  NY ,  USA     

    L.  A.   Kachnic ,  MD    
  Department of Radiation Oncology ,  Boston Medical Center, 
Boston University School of Medicine ,   Boston ,  MA ,  USA  
 e-mail: lisa.kachnic@bmc.org   

Contents

1  General Principles of Planning and Target Delineation ......  253

References and Suggested Reading ...........................................  260

mailto:jasoncheng@ntu.edu.tw
mailto:lisa.kachnic@bmc.org


254

lower-third thoracic esophagus or EGJ should be 
advised to be nil per os (NPO) for at least 2–4 h prior 
to simulation and with each treatment so as to limit 
 differences in gastric fi lling and displacement, which 
may affect dose distribution on a day-to-day basis. In 
addition, intravenous contrast can be considered at 
simulation to better identify vascular structures and 
delineate nodal targets.

•       For contouring purposes, esophageal malignancies (squa-
mous cell carcinoma or adenocarcinoma) are divided 
 anatomically into two separate regions: upper esophagus 
tumors (tumors above carina, including the cervical 
esophagus) and lower esophagus tumors (tumors below 
carina, including EGJ). Tumors that originate in the 
lower-third thoracic esophagus extending to upper-third 
thoracic esophagus, or vice versa, can follow the contour-
ing guidelines of both subsets (Table  1 ).

•      In all esophageal malignancies, the entire esophagus from 
cricoid cartilage to EGJ and bilateral lungs should be con-
toured for proper DVH analysis. In upper esophagus 
tumors, the brachial plexus, larynx, and spinal cord should 
be contoured. In lower esophagus tumors, the heart, liver, 
stomach, duodenum, bilateral kidneys, and spinal cord 
should be delineated.  

•   The gross tumor volume (GTV) consists of primary 
esophageal tumor (the greatest extension on CT, EUS, or 
FDG-PET) and involved lymph nodes. Lymph nodes 
with biopsy proof, increased FDG uptake, or enlarged 
short- axis diameter are delineated as GTV. The EUS can 

be used to better classify small paraesophageal lymph 
nodes that are diffi cult to classify on CT or FDG-PET 
scan.  

•   Standard GTV to clinical target volume (CTV) expansions 
for the primary tumor are 3–5 cm in the longitudinal direc-
tion and 0.5–1 cm in the circumferential direction. The 
larger margins are applied in the longitudinal direction to 
account for submucosal spread (Gao et al.  2007 ). For 
involved lymph nodes, a 0.5–1-cm margin to all directions 
can be utilized. The CTV can be shaved off normal struc-
tures accordingly to respect anatomical boundaries. These 
margins can be adjusted based on the treating physician’s 
confi dence about the disease extension (Figs.     1 ,  2 , and  3 ).  

•   There is no consensus about elective nodal coverage for 
esophageal cancer (Qiao et al.  2008 ; Hsu et al.  2011 ). 
Generally, in upper esophagus tumors, periesophageal, 
mediastinal, and supraclavicular lymphatics should be 
considered elective nodal regions. In lower esophagus 
tumors, periesophageal, mediastinal, perigastric, and 
celiac lymphatics should be considered elective nodal 
regions (Figs.  4  and  5 ).  

•   Tumor location, motion management technique, image 
guidance utilization, and institutional-defi ned setup errors 
should be considered to generate proper margins for the 
planning target volume (PTV). Typically, a 0.5-cm CTV 
to PTV margin can be applied when daily kilovoltage (kv) 
image guidance is used. In the absence of daily kv imag-
ing guidance, a margin of 0.5–1.0 cm can be applied to 
ensure adequate dose coverage to the CTV.        

   Table 1    Summary    of guidelines for contouring esophageal cancer   

 Tumor location  Defi nition  GTV to CTV margin 
 CTV to PTV 
margin  Elective nodal coverage  Dose 

 Upper esophagus  Above carina  Primary: 3 ~ 5 cm 
longitudinally; 0.5 ~ 1 cm 
circumferentially 

 No IGRT: 0.5 ~ 1.0 
cm 

 Periesophageal, 
mediastinal, 
supraclavicular 

 Neoadjuvant: 
40 ~ 50.4 Gy in 
1.8 ~ 2 Gy per fraction 

 Involved lymph node: 0.5 ~ 1 
cm in all directions 

 IGRT: 0.5 cm  Defi nitive: 50.4 Gy (up 
to 66 Gy for tumor at 
cervical esophagus) in 
1.8~2 Gy per fraction 

 Lower esophagus  Below carina  Same as upper esophagus  Same as upper 
esophagus 

 Periesophageal, 
mediastinal, perigastric, 
celiac 

 Neoadjuvant: 40~50.4 
Gy in 1.8~2 Gy per 
fraction
Defi nitive: 50.4 Gy in 
1.8~2 Gy per fraction 
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  Fig. 1    Locally 
advanced (cT3N1M0) 
esophageal squamous 
cell carcinoma of mid-
dle esophagus with par-
a e s o p h a g e a l 
lymphadenopathy. The 
primary tumor was 
located at 25–32 cm 
below incisors. A repre-
sentative FDG-PET 
image is shown to facili-
tate GTV (in  red ) con-
touring. 4-cm 
longitudinal and 0.5- to 
1-cm circumferential 
margins were added for 
the CTV (in  green ) of 
the primary tumor. The 
bilateral supraclavicular 
lymphatics were cov-
ered electively in the 
presence of upper para-
esophageal lymph node 
metastasis       
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  Fig. 2    Locally advanced (cT3N0M0) esophageal squamous cell carci-
noma of lower esophagus. The primary tumor (in  red ) was located at 
32–38 cm below incisors. 4-cm longitudinal and 0.5- to 1-cm 

 circumferential margins were added to create the CTV plus elective 
nodal coverage including perigastric and celiac lymphatics (in  green )       
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  Fig. 3    Locally advanced (cT3N1M0) esophageal squamous cell carci-
noma of middle esophagus with left supraclavicular lymphadenopathy. 
The primary tumor was located at 30–37 cm below incisors. A repre-
sentative FDG-PET image is shown to facilitate GTV (in  red ) contour-

ing. The bilateral supraclavicular (superior border to cricoid cartilage) 
and left level III lymphatics were included in the CTV (in  green ). The 
posterior neck lymphatics (level V) were omitted       
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  Fig. 4    Locally advanced esophagogastric junction (EGJ) adenocarci-
noma, stage T3N0, Siewert type II, with signifi cant involvement of the 
gastric cardia. The esophagus is distended due to tumor obstruction. 

Perigastric and celiac lymphatics were included in the CTV (in  yellow ). 
A representative PET/CT image is shown to facilitate GTV contouring 
(in  red )       
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  Fig. 5    T3N1 adenocarcinoma of the distal esophagus. The mass 
extended from 35 to 39 cm from the incisors but did not cross the EGJ. 
Mildly FDG-avid perigastric lymph nodes were noted on PET/CT scan. 

The perigastric and celiac nodes were included in the CTV (in  yellow ). 
A representative PET/CT image is shown to facilitate GTV contouring 
(in  red )       
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1         Anatomy and Patterns of Spread 

•     The stomach begins at the gastrooesophageal junction 
and ends at the pylorus. The greater curvature forms the 
left and convex border of the stomach, and the lesser 
 curvature forms the right and concave border of the stom-
ach (Fig.  1a ). It is divided into four parts: the cardia, fun-
dus, body and antrum. The gastric wall is divided into fi ve 
layers: mucosa, submucosa, muscularis externa, subse-
rosa and serosa.

•      The stomach is covered with peritoneum and is closely 
related to the left lobe of the liver, spleen, left adrenal 
gland, superior portion of the left kidney, pancreas, trans-
verse colon and major blood vessels including the coeliac 
axis and superior mesenteric artery (Fig.  1b ).  

•   Probability of gastric carcinoma varies according to the 
primary location: ~35 % of tumours arise from the gastro-
esophageal junction, cardia and fundus. ~25 % of tumours 
arise from the body. ~40 % of tumours arise from the 
antrum and distal stomach.  

•   Local extension
 –    The tumour can invade locally with direct involvement 

of the liver, duodenum, pancreas, transverse colon, 
omentum and diaphragm.  

 –   Proximal tumours may spread upwards to involve the 
oesophagus.  

 –   Perineural invasion can occur.     
•   Regional lymph node metastases (Fig.  2 , Table  1 )
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 –      Lymph node involvement is seen in up to 80 % of cases 
at diagnosis.  

 –   Lymph node involvement depends on the origin of pri-
mary disease.  

 –   Proximal/gastrooesophageal junction tumours may 
spread to lower paraoesophageal lymph nodes.  

 –   Tumours of the body can involve all nodal sites.  
 –   Tumours of the distal stomach/antrum may involve 

periduodenal and porta hepatis lymph nodes.        

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Prior to radiotherapy planning, it is imperative to review 
surgical and pathology reports and discuss with the sur-
geon to identify the areas considered to be the highest risk 
for recurrence; the type of operation, i.e. total vs. partial 
gastrectomy, needs to be noted.  

•   Preoperative CT scans should be reviewed to identify the 
location of primary tumour and involved regional 
lymphatics.  

•   Consider preradiation quantitative renal perfusion study 
to evaluate relative bilateral renal function.  

•   Postoperative diagnostic CT scan with oral and intrave-
nous contrast is required with the identifi cation of the 
following:
 –    Oesophagus and gastric remnant  
 –   Anastomosis (gastrojejunal, oesophagojejunal)  
 –   Duodenal stump  
 –   Porta hepatis  
 –   Splenic hilum  
 –   Pancreas  
 –   Coeliac artery and superior mesenteric artery     

•   The type of surgery performed depends on the location of 
tumour, histology pattern (Fig.  3 ).
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  Fig. 3    Types of gastric cancer surgery. 3.1 ( a ) Subtotal gastrectomy, ( b ) Bilroth II anastomosis. 3.2 ( a ) Total gastrectomy, ( b ) Roux-en-Y 
esophagojejunostomy       

  Table 1  Lymph node stations commonly involved in gastric cancer (Japanese Research Society for the Study of Gastric Cancer (JRSGC)) 
 1. Right cardial nodes   9. Nodes along the coeliac axis 
 2. Left cardial nodes  10. Nodes at the splenic hilus 
 3.  Nodes along the lesser curvature  11. Nodes along the splenic artery 
 4.  Nodes along the greater curvature  12.  Nodes in the hepatoduodenal ligament 
 5. Suprapyloric nodes  13.  Nodes at the posterior aspect of the pancreatic head 
 6. Infrapyloric nodes  14.  Nodes at the root of the mesenterium 
 7. Nodes along left gastric artery  15.  Nodes in the mesocolon of the transverse colon 
 8.  Nodes along the common hepatic artery  16. Para-aortic lymph nodes 

    Source : Figure and table adapted from Hartgrink and Van De Velde ( 2005 ). Used with permission from Wiley Inc.  
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3           General Principles of Planning 
and Target Delineation for Adjuvant 
Radiation for Adenocarcinomas of the 
Gastrooesophageal Junction and the 
Stomach 

•     Patients should fast for 2–3 h before CT simulation and 
before treatments to ensure an empty stomach and 
enhance daily treatment reproducibility.  

•   Radiotherapy planning CT scans of 3–5 mm thickness should 
be obtained with the patient in the supine position with arms 

overhead, from top of the diaphragm (for stomach) or carina 
(for tumour of GE junction or cardia) to the bottom of L4.  

•   Immobilisation with a Vac-Lok is recommended for treat-
ment with IMRT.  

•   Intravenous contrast is preferred to demonstrate blood 
vessels and guide clinical target volume (CTV) delinea-
tion, particularly for lymph nodes; preoperative CT scans 
should be used to aid identifi cation of preoperative tumour 
volume and nodal groups to be treated.  

•   CTV for adjuvant radiation therapy for gastric cancer 
depends on the position of the primary disease as well as 
the status of lymph node metastasis. Suggested target vol-
umes for CTV coverage depending on subsite are detailed 
in Tables  2 ,  3 ,  4 ,  5  and  6 .

•          Three areas must be identifi ed as CTV for adjuvant radio-
therapy: the gastric tumour bed, the anastomosis or 
stumps and the regional lymphatics.  

•   In addition, the hepatogastric ligament should preferably 
be treated in all cases as it is at high risk of recurrence. It 
represents the part of the lesser omentum that runs 
between the lesser curvature of the stomach and liver and 
contains the left and right gastric nodes that are not always 
completely removed at surgery.  

•   The benefi ts of intensity modulated radiotherapy (IMRT) 
have been suggested by many publications. If used, 

   Table 2    Target volume defi nition and description   

 Target 
volumes  Defi nition and description 

 GTV  Gross residual disease defi ned by CT imaging and 
surgical fi ndings 

 PTV (residual 
disease) 

 GTV/positive margins + 1.5 cm. Cone down boost 
after 45 Gy to a total dose of 50.4 to 54Gy in 1.8Gy/
fraction 

 CTV 45   Coverage of nodal groups according to subsite (see 
Table xx   ). Also includes remnant stomach, 
anastomosis (gastrojejunal, oesophagojejunal), 
duodenal stump 

 PTV 45   CTV 45  + 1 cm margin. A larger margin may be 
required for organ motion and setup uncertainties 

   Table 3    General considerations for clinical target volume   

 Target volumes  Defi nition and description 

 Duodenal stump  Should preferably be covered in patients who have had a partial gastrectomy for distal/antral tumours 
 Should not be covered in patients with proximal/cardia tumours who have had a total gastrectomy 

 Anastomosis  Gastrojejunal anastomosis (partial gastrectomy for tumours of the distal stomach) 
 Oesophagojejunal anastomosis (total gastrectomy for tumours of proximal stomach or GE junction) should be 
treated 

 Para-aortic nodes  Should be included for the entire length of the CTV 
 Paraoesophageal nodes  A 4 cm margin of the oesophagus should be included in the clinical target volume for tumours of the 

gastrooesophageal junction 

   Table 4    Recommended nodal coverage depending on the site of primary tumour in the stomach:  oesophagogastric junction    

 Origin and stage (AJCC
7th edition)  Remaining stomach  Tumour bed volumes a   Nodal volume 

 EG junction  If allows exclusion of 2/3
of the right kidney 

 T stage dependent  N stage dependent 

 T3N0, invasion of subserosa,
especially posterior wall 

 Variable, dependent
on surg-path fi ndings b  

 Medial left hemidiaphragm; adjacent
body of pancreas 

 None or PG, PEN c  

 T4aN0  Variable, dependent
on surg-path fi ndings b  

 Medial left hemidiaphragm; adjacent
body of pancreas 

 None or PG, PEN, MN, CN c  

 T4bN0  Preferable but dependent
on surg-path fi ndings b  

 As for T4aN0 plus sites of adherence
with 3–5 cm margin 

 Nodes related to sites of adherence
+/− PG, PEN, MN, CN 

 T1-3 N+  Preferable  Not indicated for T1-2, as above for T3  PEN, MN, prox PG, CN 
 T4a/bN+  Preferable  As for T4a/bN0  As for T1–T3 N + and T4bN0 

  Modifi ed from Gunderson and Tepper ( 2007 ) 
  PG  perigastric,  CN  coeliac,  PEN  perioesophageal,  MN  mediastinal 
  a Use preoperative imaging (CT, barium swallow), surgical clips and postoperative imaging (CT, barium swallow) 
  b For tumours with >5 cm margins confi rmed pathologically, treatment of residual stomach is optional, especially if this would result in substantial 
increase in normal tissue morbidity 
  c Optional node inclusion for T3–T4a N0 lesions if adequate surgical node dissection (D2) and at least 10–15 nodes are examined pathologically  
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   Table 5    Recommended nodal coverage depending on the site of primary tumour in the stomach:  body / middle third of the stomach    

 Site of primary and TN stage  Remaining stomach  Tumour bed volumes a   Nodal volume 

 Body/middle third of the
stomach 

 Yes, but spare 2/3
one kidney 

 T stage dependent  N stage dependent, spare 2/3 of one kidney 

 T3N0, especially posterior
wall 

 Yes  Body of pancreas (+/− tail)  None or PG 
 Optional: CN, SplN, SplNs, HNpd, PHN b  

 T4aN0  Yes  Body of pancreas (+/− tail)  None or perigastric 
 Optional: CN, SplN, SplNs, HNpd, PHN b  

 T4bN0  Yes  As for T4aN0 plus sites of
adherence with 3–5 cm margin 

 Nodes related to sites of adherence +/−
PG, SplNs, SplN, HNpd, CN, PHN 

 T1–T3 N+  Yes  Not indicated for T1–T2, as
above for T3 

 PG, CN, SplN, SplNs, HNpd, PHN 

 T4a/bN+  Yes  As for T4a/bN0  As for T1–T3 N + and T4bN0 

  Modifi ed from Gunderson and Tepper ( 2007 ) 
  PG  perigastric,  CN  coeliac,  SplN  splenic,  SplNs  suprapancreatic,  PHN  porta hepatis,  HNpd  pancreaticoduodenal,  PEN  perioesophageal,  MN  
mediastinal 
  a Use preoperative imaging (CT, barium swallow), surgical clips and postoperative imaging (CT, barium swallow) 
  b Optional node inclusion for T3–T4a N0 lesions if adequate surgical node dissection (D2) and at least 10–15 nodes are examined pathologically  

   Table 6    Recommended nodal coverage depending on the site of primary tumour in the stomach:  cardia / proximal third of the stomach  ( prox )  and 
antrum / pylorus / distal third of the stomach  ( distal )   

 Origin and stage
(AJCC 7th edition)  Remaining stomach  Tumour bed volumes a   Nodal volume 

 Cardia/proximal
third of the stomach 

 Preferred, but spare 2/3 of one
kidney (usually right) 

 T category dependent  N classifi cation dependent 

 Antrum/distal third
of the stomach 

 Yes, but spare 2/3 of one kidney
(usually left) 

 T3N0,  Variable, dependent on surgical
pathological fi ndings b  

  Prox : medial left hemidiaphragm,
adjacent body of pancreas (+/− tail) 

  Prox : none or PG c  

  Distal : head of pancreas (+/− body),
1st and 2nd part of the duodenum 

  Distal : none or PG 
 Optional: CN, SplNs, HNpd, PHN c  

 T4aN0  Variable, dependent on surgical
pathological fi ndings b  

  Prox : medial left hemidiaphragm,
adjacent body of pancreas (+/− tail) 

  Prox : none or PG; optional: PEN, MN, CN c  

  Distal : head of pancreas (+/− body),
1st and 2nd part of the duodenum 

  Distal : none or PG; 
 Optional: CN, SplNs, HNpd, PHN c  

 T4bN0  Prox: variable, dependent on
surgical pathological fi nding b  

 As for T4aN0 plus sites of
adherence with 3–5 cm margin 

  Prox : nodes related to sites of adherence
+/− PG,PEN, MN, CN 

 Distal: preferable, dependent on
surgical pathological fi nding b  

  Distal : nodes related to sites of adherence
+/− PG, SplNs, HNpd, CN, PHN 

 T1–T3 N+  Preferable  Not indicated for T1–T2, 
as above for T3 

  Prox : PEN, CN, SplN, SplNs, +/− PEN,
MN, HNpd, PHN d  
  Distal : PG, CN, HNpd, PHN, SplNs 
 Optional: splenic hilum 

 T4a/bN+  Preferable  As for T4a/bN0  As for T1–T3 N + and T4bN0 

  Modifi ed from Gunderson and Tepper ( 2007 ) 
  PG  perigastric,  CN  coeliac,  SplN  splenic,  SplNs  suprapancreatic,  PHN  porta hepatis,  HNpd  pancreaticoduodenal,  PEN  perioesophageal,  MN  
mediastinal 
  a Use preoperative imaging (CT, barium swallow), surgical clips and postoperative imaging (CT, barium swallow) 
  b For tumours with >5 cm margins confi rmed pathologically, treatment of residual stomach is not necessary, especially if this would result in sub-
stantial increase in normal tissue morbidity 
  c Optional node inclusion for T3–T4a N0 lesions if adequate surgical node dissection (D2) and at least 10–15 nodes are examined pathologically 
  d Pancreaticoduodenal and porta    hepatis nodes are at low risk of nodal positivity is minimal (1–2 positive nodes with 10–15 examined) and this 
region does not need to be irradiated. Perioesophageal and mediastinal nodes are at risk if there is oesophageal extension  
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tumour bed and subclinical target volumes including lym-
phatic draining regions should be delineated.  

•   Planning target volume (PTV): CTV + margin consider-
ing organ motion and setup uncertainties. A minimum 
expansion of 1 cm is suggested.  

•   A total dose of 45Gy in 25 fractions is recommended for 
adjuvant radiotherapy with concurrent chemotherapy, 
using high-energy (≥6MV) photons. Boosts to 50.4–
54Gy for positive margins or residual disease should be 

given, if doses to surrounding critical organs are within 
tolerance (Figs.  4 ,  5 ,  6  and  7 ).

4              Plan Assessment 

•     In advanced cases, we typically prioritise normal struc-
ture constraints, specifi cally the brainstem, spinal cord 
and optic chiasm over full coverage of the tumour.  

  Fig. 4    Nodal distribution for adjuvant radiotherapy for gastric cancer. 
Lymph node groups commonly involved in gastric cancer on CT 
images.  CN  coeliac,  SMN  superior mesenteric,  RRH  right renal hilum, 
 LRH  left renal hilum,  HNpd  hepatic nodes (pancreaticoduodenum), 
 HNp  hepatic nodes (pyloric),  HNha  hepatic nodes (hepatic artery), 
 HNrg  hepatic nodes (right gastroepiploic),  LPN  left para-aortic nodes, 

 RPN  right para-aortic nodes,  RAN  retroaortic nodes,  PAN  preaortic 
nodes,  SpINs  splenic nodes,  SpINh  splenic nodes (hilar),  LGN  left gas-
tric nodes,  LGNIc  left gastric nodes(gastropancreatic),  sr  suprarenal,  s  
superior,  m  middle,  i  inferior (Adapted from Martinez-Monge et al. 
( 1999 ). Used with permission from RSNA)       
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  Fig. 5    Clinical target volumes for 
a patient with T1N1M0 adenocar-
cinoma of the gastric cardia post 
total gastrectomy         
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Coverage of esophagojenunal anastomosis

Coverage of hepatogastric ligament

Coverage of celiac artery

Coverage of splenic hilum

Fig. 5 (continued)
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  Fig. 6    Clinical target volumes 
for a patient with T3N3M0 
adenocarcinoma of the gastric 
body post distal gastrectomy         
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Coverage of gastrojejunal anastomosis Coverage of remnant stomach

Coverage of Celiac artery Coverage of splenic hilum

Fig. 6 (continued)
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  Fig. 7    Clinical target volumes for 
a patient with T2N1M0 adenocar-
cinoma of the antrum/pylorus post 
distal gastrectomy         
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   Table 7    Dose limitations of OAR in radiation therapy for upper abdominal malignancies   

 OAR  Dose limitation  End point  Rate (%) 

 Spinal cord   D  max  = 50  Myelopathy  0.2 
  D  max  = 60  6 
  D  max  = 69  50 

 Whole liver a   Mean dose 30–32  Classical RILD  <5 
 Mean dose <42  <50 

 Small intestine b   V45 < 195 cc (entire    potential space
within the peritoneal cavity) 

 Grade ≥3 acute toxicity  <10 

 Heart  Mean dose <26 (pericardium)  Pericarditis  <15 
 V30 < 46 % (pericardium)  Long-term cardiac mortality  <15 
 V25 < 10 % (whole heart)  <1 

 Bilateral whole kidneys  Mean dose <15–18  Clinically relevant renal dysfunction  <5 
 Mean dose < 28  <50 

    Source : Marks et al.  ( 2010 ) 
  D   max   maximum dose,  RILD  radiation-induced liver dysfunction,  V   n   volume receiving  n  Gray 
  a Patients with no pre-existing liver disease or hepatocellular carcinoma 
  b Entire potential space within the peritoneal cavity  

Coverage of gastrojejunal anastomosis

Coverage of remnant stomach

Coverage of hepatogastric ligament

Coverage of duodenal stump

Optional coverage of splenic hilum

Fig. 7 (continued)

•   Ideally, at least 95 % of the volume of PTV 45  should 
receive 45 Gy. In addition, the dose to 100 % of the PTV 45  
should be ≥ 42.75 Gy.  

•   Critical normal structures surrounding the CTV need to 
be outlined for dose constraints (Table  7 ). These struc-
tures include the spinal cord, liver, small intestines, heart 
and bilateral kidneys.
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1         Anatomy and Patterns of Spread 

•     The pancreas, a retroperitoneal organ that performs a range 
of both endocrine and exocrine functions, lies within the 
curve of the fi rst, second, and third parts of the duodenum 
(i.e., the C loop) and extends across the posterior abdominal 
wall behind the stomach to the splenic hilum. It is divided 
into four parts (head, neck, body, and tail) and one accessory 
lobe, the uncinate process (Fig.  1 ) (Strandring  2005 ).

•      The majority of pancreatic adenocarcinomas arise in the 
head of the pancreas, which lies anterior and to the right 
side of the vertebral column and adjacent to the fi rst part 
of the duodenum. Tumors arising here tend to be identi-
fi ed earlier than those in the body or tail because they 
obstruct the distal common bile duct and often present 
with painless jaundice (most common), a dilated gallblad-
der (Courvoisier’s sign), or less commonly with cholangi-
tis (Niederhuber et al.  2014 ).  

•   The boundary between the head and neck of the pancreas 
is marked anteriorly by a groove for the gastroduodenal 
artery and posteriorly by a deep groove from the union of 
the superior mesenteric and splenic veins, which form the 
portal vein (Strandring  2005 ).  

•   The body of the pancreas is the largest part of the gland 
and is located to the left of the superior mesenteric vein 
(SMV), extending to the left border of the aorta. The pan-
creatic tail extends from the left border of the aorta to the 
splenic hilum and lies between the layers of the splenore-
nal ligaments. The splenic vein forms a shallow groove on 
the posterior border of the gland (Strandring  2005 ).  

•   The accessory lobe of the pancreas, or uncinate process, 
extends from the inferior lateral end of the head of the gland. 
It is an anatomically and embryonically distinct portion of 
the gland, and as a result it lies posterior to the superior 
mesenteric vessels. Infl ammation of the pancreas can result 
in compression of the superior mesenteric artery (SMA) and 
SMV between the uncinate process and the neck of the pan-
creas. Tumors of the uncinate process may not cause 
obstruction of the common bile duct, but rather can  compress 
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the third portion of the duodenum or, rarely, result in throm-
bosis of the SMA or SMV.  

•   Given the exocrine function of the pancreas, some tumors 
can present with signs/symptoms of enzyme insuffi ciency 
(i.e., malabsorption, increased fl atulence, fatty stools, 
weight loss, and ascities). Diabetes can also be a present-
ing symptom given the endocrine function of the gland.  

•   The main pancreatic duct, the duct of Wirsung, lies within 
the substance of the gland with increasing caliber as it 
approaches the ampulla in the descending duodenum (papilla 
of Vater). A separate accessory duct, the duct of Santorini, 
drains the lower part of the head and uncinate process and 
usually enters the duodenum at a minor papilla approxi-
mately 2 cm proximal to the major papilla of Vater. The main 
and accessory ducts have anatomic variability, but in many 
adults the main pancreatic duct merges with the common 
bile duct proximal to the papilla of Vater (Strandring  2005 ).  

•   Sympathetic innervation of the pancreas originates from 
the 6th to the 10th thoracic spinal segments. 
Parasympathetic innervation is from the posterior vagus 
nerve and the parasympathetic celiac plexus. Referred 
pain from the pancreas is poorly localizing, but often 
described as a dull deep abdominal or middle back pain 
(Niederhuber et al.  2014 ).
 –    Pain at time of diagnosis has been correlated with a 

worse prognosis as it is usually indicative of locally 
advanced disease or perineural invasion.     

•   The pancreas has a rich arterial supply. The head and neck 
of the pancreas are supplied from the superior and inferior 
pancreaticoduodenal arteries. which arise from the celiac 
trunk and SMA, respectively. Venous drainage is predom-
inantly through the splenic vein. Given their intimate 

proximity to the pancreas, the SMA and SMV are most 
commonly involved. Vascular invasion is a critical factor 
to consider when assessing the surgical resectability of 
the tumor (Niederhuber et al.  2014 ).  

•   Lymph node involvement is the strongest predictor for 
survival. The fi rst echelon nodes include the pancreatico-
duodenal, suprapancreatic, pyloric, and splenic hilar (if 
lateralized body or tail tumor) lymph nodes. Second ech-
elon nodes include the celiac nodes, porta hepatis, and 
superior mesenteric and para-aortic nodes.  

•   The majority of patients (>85 %) present with locally 
advanced or metastatic disease. Given the location of the 
gland in the retroperitoneum, the most common sites of 
local invasion include the duodenum, SMV, portal vein, 
SMA, stomach, liver, and gallbladder.  

•   The liver is the most common site of metastasis as venous 
drainage of the pancreas is predominantly through the por-
tal system. Peritoneal metastases are also common. The 
lung is the most common site of metastatic disease outside 
the abdomen. Brain and bone metastases are uncommon.  

•   Local control in pancreatic adenocarcinoma is important, 
as approximately 30 % of patients die from the signifi cant 
morbidity associated with locally advanced disease 
(Iacobuzio-Donahue et al.  2009 ).     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     In addition to physical examination, adequate imaging 
studies should be obtained for diagnosis, staging, and 
planning. Unless contraindicated (renal disease/allergy), 

Neck
Body

Head

Tail

Head/uncinate process

  Fig. 1    Pancreas anatomy (Image courtesy of Corrine Winston, MD)       
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all patients should undergo a computed tomography (CT)-
angiogram pancreas protocol. Alternatively, MRI may be 
considered if an iodinated contrast allergy is present. 
Positron-emission tomography (PET)/CT may be consid-
ered, but its contribution to target delineation has not been 
fully characterized.

 –    CT-angiogram pancreas protocol often includes a non- 
contrast phase plus arterial, pancreatic parenchymal, 
and portal-venous phases of contrast enhancement 
with thin cuts (3 mm or less) through the abdomen. 
Multiplanar reconstruction is preferred (Network NCC 
 2013 ).
•    This technique allows precise visualization of the 

relationship of the primary tumor to the mesen-
teric vasculature as well as detection of meta-
static deposits as small as 3–5 mm (Network 
NCC  2013 ).        

•   In patients with localized disease, an endoscopic ultraso-
nography (EUS) should be considered to help evaluate 
resectability and obtain tissue to confi rm diagnosis.
 –    EUS-directed fi ne-needle aspiration (FNA) is prefera-

ble to a CT-guided FNA because of improved diagnos-
tic yield, safety, and a potentially lower risk of 
peritoneal seeding compared with percutaneous 
approaches (Network NCC  2013 ).     

•   Borderline resectable and unresectable patients with 
obstructive jaundice should undergo biliary stenting prior 
to initiating radiation therapy planning, preferably with a 
metal wall stent.  

•   Laboratory workup should include complete blood count, 
carcinoembryonic antigen, CA19-9, glucose, amylase, 
lipase, bilirubin, alkaline phosphatase, lactate dehydroge-
nase, and liver function tests.

 –    Pretreatment CA19-9 <90 U/mL has been corre-
lated with improved overall survival (Berger et al. 
 2008 ).        

3     Pancreatic Cancer Staging 

•     An American Joint Committee on Cancer (AJCC) TNM 
staging exists for pancreatic exocrine cancer; however, 
the most commonly used classifi cation is based on resect-
ability and evidence of metastatic disease (Edge et al. 
 2010 ). Pancreatic tumors are largely categorized into 
three groups: (1) resectable; (2) locally advanced, non-
metastatic; and (3) metastatic. More recently, tumors that 
are considered “borderline resectable” have been defi ned 
by several groups; however, this remains a less well- 
characterized subset.  

•   Criteria for resectability vary by institution and surgical 
technique/experience:
 –    Tumors considered localized and clearly resectable 

should demonstrate the following: (1) no distant 

metastases, (2) no radiographic evidence of SMV or 
portal vein distortion, and (3) clear fat plane around the 
celiac axis, hepatic axis, and SMA. Splenic vein 
involvement is permissible (Network NCC  2013 ; 
Callery et al.  2009 ).  

 –   Tumors considered to be borderline resectable have 
the following: (1) no distant metastases; (2) venous 
involvement of the SMV or portal vein with distor-
tion or narrowing of the vein or occlusion of the 
vein with suitable vessel proximal and distal, allow-
ing for safe resection and replacement; (3) gastro-
duodenal artery encasement up to the hepatic artery 
with either short- segment encasement or direct 
abutment of the hepatic artery, without extension to 
the celiac axis; and (4) tumor abutment of the celiac 
axis or SMA not to exceed greater than 180° of cir-
cumference of the vessel wall (Network NCC  2013 ; 
Callery et al.  2009 ).  

 –   Unresectable disease is usually characterized by one or 
more of the following features: (1) distant metastasis 
or extensive peripancreatic lymph node involvement, 
(2) encasement or occlusion of the SMV or SMV/por-
tal confl uence, and (3) direct involvement of the SMA, 
inferior vena cava, aorta, or celiac axis (Network NCC 
 2013 ; Callery et al.  2009 ).        

4     Locally Advanced, Unresectable 
Pancreatic Adenocarcinoma 

4.1     General Points 

•     While radiation therapy remains controversial, it is 
often considered the only defi nitive option for patients 
with locally advanced unresectable pancreatic 
adenocarcinoma.  

•   The principles of radiotherapy in patients undergoing 
neoadjuvant and defi nitive radiation are similar.  

•   Intensity-modulated radiation therapy (IMRT) is becom-
ing the standard technique for defi nitive or neoadjuvant 
radiation therapy for locally advanced and borderline 
resectable pancreatic adenocarcinoma and is preferred 
over three-dimensional chemoradiation therapy (3D-
CRT), given that it is associated with less treatment-
related toxicity (decreased nausea, vomiting, and diarrhea) 
(Yovino et al.  2011 ).  

•   Depending on patient anatomy and tumor location, treat-
ment recommendations can include conventionally frac-
tionated IMRT or stereotactic body radiation therapy 
(SBRT).
 –    Ideal candidates for SBRT are those with tumors 

<5 cm without abutment of adjacent critical organs 
such as the stomach, liver, non-duodenal small bowel, 
and large bowel.         
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5     Conventionally Fractionated 
Chemoradiation Therapy 
for Unresectable Pancreatic 
Adenocarcinoma 

5.1     Simulation and Daily Localization 

•     Motion management should be considered for patients 
being treated with defi nitive chemoradiation for locally 
advanced unresectable pancreatic adenocarcinoma given 
the signifi cant tumor and normal tissue motion with 
respiration.  

•   Motion management may be addressed by several tech-
niques, including respiratory gating, breath hold (active 
breathing control [ABC]), respiratory tracking, or abdom-
inal compression.  

•   For patients treated with motion-management techniques, 
fi ducial markers should be placed prior to simulation 
(preferably at least 5 days prior to simulation due to the 
possibility of migration) to assist in motion management 
using percutaneous, intraoperative, or endoscopic 
techniques.  

•   CT simulation with oral and IV contrast (unless contrain-
dicated) should be performed to help guide the gross tumor 
volume (GTV) target as well as lymph node coverage.

 –    Patients are generally asked not to eat any large 
meals 2–3 h prior to simulation and treatment to 
avoid signifi cant interfraction variation in stomach 
distention.     

•   Arms should be above the head in the alpha cradle, with 
oral and IV contrast.
 –    Planning scan should be obtained using pancreatic 

protocol (minimum of 3 mm cuts) with a scan from 
carina to iliac crest.  

 –   If using respiratory gating or breath-hold technique for 
motion management, the planning scan should be per-
formed during a breath hold at end expiration using 
voice coaching.  

 –   For patients treated with respiratory gating or without 
a specifi c motion-management technique, a four- 
dimensional (4D) CT is necessary to evaluate the 
degree of tumor motion. The motion can be accounted 
for with an internal target volume or can guide the gat-
ing interval for patients undergoing respiratory 
gating.     

•   Typical anatomic landmarks that can help in guiding clin-
ical target volume (CTV) delineation include:
 –    Pancreas generally lying at L1–L2  
 –   Celiac axis generally lying at T12  
 –   SMA generally lying at L1        

5.2     Target Volume Delineation 
and Treatment Planning 

•     The GTV is contoured on the treatment-planning expira-
tory phase CT after reviewing the diagnostic CT, 
respiratory- correlated 4D-CT, pancreas protocol CT, 
PET-CT, and/or MR abdomen if applicable.  

•   The CTV includes a 1 cm expansion off the GTV and 
should encompass all relevant nodal regions    (Table  1 ).

 –     Lymph node coverage
•    Head/neck/proximal body lesions

 –    Pancreaticoduodenal, suprapancreatic, porta hepa-
tis, celiac, superior mesenteric, and para- aortic 
lymph nodes at the level of the tumor and/or celiac 
axis/SMA     

   Table 1    Target volumes   

 Target volumes  Defi nition and description 

 GTV  Consists of the hypodense area in the pancreas, if 
visible, corresponding to biopsy-proven disease, 
and any positive lymph nodes visualized on 
diagnostic pancreatic protocol CT, parenchyma, 
or portal-venous phase. The tumor may be 
isointense with the normal pancreas, and it may 
be diffi cult to distinguish the tumor boundaries. 
In addition, pancreatic tumors tend to be highly 
infi ltrative, and extrapancreatic spread may 
appear as soft tissue encasement of the adjacent 
vessels or even just soft tissue stranding in the 
abdominal fat. Consultation with a diagnostic 
radiologist may aid in determining the extent of 
the GTV (GTV should be contoured on the 
IV-contrast planning scan in the end-expiration 
phase) 

 CTV  The CTV encompasses all relevant nodal regions 
including the porta hepatis, celiac/SMA, and PA/
RP lymph nodes approximately from the top of 
T11 to bottom of L2, but may often be smaller 
than this and should be adjusted based on 
location of primary tumor; the superior–inferior 
extent is primarily determined by overlapping 
coverage of the appropriate nodal regions and 
tumor location. The CTV should also include 
areas of subclinical direct tumor extension. In 
general, the GTV is also expanded by 1 cm; this 
expansion is then added to the nodal CTV 

 PTV  Expansion on the CTV by 5 mm (receives 
5,040 cGy in 180 cGy fractions) 

 PTV boost  Expansion on the GTV by 3–5 mm margin, 
shrinking the margin to <3 mm to minimize 
overlap with the duodenum. Note that this is an 
integrated boost guideline based on Memorial 
Sloan Kettering Cancer Center standard practice, 
and the PTV boost receives 5,600 cGy in 
200 cGy fractions 
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•   Distal body/tail lesions
 –    Pancreaticoduodenal, suprapancreatic, splenic hilar, 

celiac, superior mesenteric, and para- aortic lymph 
nodes at the level of the tumor and celiac axis/SMA           

•   If using respiratory gating, plan on expiratory breath-hold 
scan fi rst and assess the motion of implanted fi ducial 
markers with 4D-CT scan.
 –    Adjust CTV and planning target volume (PTV) for 

motion >5 mm, whereas if tumor motion on 4D-CT is 
<5 mm, no change in volumes is needed.  

 –   Delivery of treatment with respiratory gating usually 
occurs during end expiration (30–70 % respiratory 
phases, where 50 % represents end expiration using the 
Varian Real-Time Position Management (RPM) system 
(Varian Medical Systems, Inc. Palo Alto, CA, USA)) 
(Figs.     2  and  3 ).        

5.3     Plan Assessment 

  Table 2    Intensity-modulated radiation therapy: normal tissue dose 
constraints   

 Organ at risk  Constraints 

 Liver  Mean dose <25 Gy, V20 < 30 % 
 Kidney  V18 < 33 %, V15 < 30 % (each kidney 

evaluated separately) 
 Cord  D max  <40 Gy 
 Stomach  Mean dose <30 Gy (stomach excluding PTV) 
 Small bowel  D max  = prescription dose, D5% <45 Gy (bowel 

is contoured 2 cm superior and inferior to 
PTV) 

 Duodenum  D max  < global maximum dose, D5% <54 Gy 
 Heart  V15 < 30 %, mean dose <30 Gy 

  Based on guidelines presently used at Memorial Sloan Kettering 
Cancer Center 
  PTV  planning target volume  

Gastrohepatic  ligament
lymph nodes region

IVC
Aorta

Portal/splenic
vein confluence SMV

Celiac artery

Celiac artery
Distal stent

Duodenum
Splenic veinInteraorticocaval

lymph node region

SMV

SMA

SMA

IVC Aorta

Paraaortic
nodal region

SMV

Portal vein
Hepatic
artery

Proximal stent

Hilar lymph
node region Duodenal

bulb

Dilated
pancreatic duct

  Fig. 2    A patient with T4N0 unresectable pancreatic adenocarcinoma 
with a 5 cm mass in the pancreatic head, extensive compression of 
the main portal vein, encasement of the common hepatic and gastro-
duodenal arteries, and abutment of the celiac, proper hepatic, and 
superior mesenteric artery. Patient was simulated with 4DCT, with 

2.5 mm slice thickness on each slice. GTV is in  red , CTV is in  blue , 
PTV5040 is in  green , and PTV5600 is in  pink . Please note that these 
are representative slices, and not all slices are included.  IVC  inferior 
vena cava,  SMA  superior mesenteric artery,  SMV  superior mesenteric 
vein       
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6          Stereotactic Body Radiotherapy 
for Unresectable Pancreatic 
Adenocarcinoma 

6.1     Simulation and Daily Localization 

•     Fiducial markers should be placed prior to simulation, 
preferably at least 5 days prior to simulation, to assist in 
motion management using percutaneous, intraoperative, 
or endoscopic techniques.  

•   Motion management may be addressed using respiratory 
gating, breath hold (ABC), respiratory tracking, or 
abdominal compression.  

•   In patients being planned for abdominal compression, 
fl uoroscopic evaluation of tumor motion and patient toler-
ance is recommended prior to simulation.

 –    Pre-abdominal compression fl uoroscopy should be 
used to evaluate tumor motion with regular 
breathing.  

 –   The abdominal compression belt should be insuffl ated 
until the tumor motion is less than 5 mm.  

 –   Tattoos are placed on the patient to note the belt posi-
tion and allow reproducible setup.  

 –   The belt size, belt location, belt girth, and belt pres-
sure should be recorded to facilitate reproducible 
setup.  

 –   If discomfort and anxiety render the patient unable to 
tolerate abdominal compression, alternative motion- 
management techniques such as respiratory gating, 
breath hold, or respiratory tracking should be employed.
•    It is important to note that the use of image- guided 

techniques for SBRT will prolong patient time on 

Portal/splenic
vein confluence

Stomach

Duodenum

Overlap with duodenum →
non-uniform PTV expansion

Fiducial

Aorta

IVC

SMV Splenic vein

  Fig. 3    A patient with T3N0 borderline resectable pancreatic adenocar-
cinoma with a 3.1 cm mass in the inferior pancreatic head and uncinate 
process obstructing the pancreatic duct and common bile duct. The 
tumor contacted the superior mesenteric vein with 120-° involvement at 
the level of the fi rst jejunal branch. The tumor also contacted the gastric 

antrum and the fi rst and second parts of the duodenum. The patient 
underwent a CT simulation, with 2 mm slice thickness, with abdominal 
compression. GTV is in red and PTV 3,300 cGy is in green. Please note 
that these are representative slices, and not all slices are included.  IVC  
inferior vena cava,  SMV  superior mesenteric vein       
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the treatment table and will likely be signifi cantly 
longer than for conventionally fractionated chemo-
radiation therapy. As such, the patient’s ability to 
tolerate setup and immobilization is of critical 
importance.        

•   PET-CT simulation with IV contrast (unless contrain-
dicated) should be performed to help guide the GTV 
target delineation as well as design lymph node 
coverage.
 –    Arms should be above the head in the alpha cradle, 

with oral and IV contrast (generally 100 cm 3  
Omnipaque), 4D-CT pancreatic protocol with scan 
from carina to iliac crest.
•    We generally recommend 2 mm slice thickness for 

SBRT plans.     
 –   The abdominal compression belt should be in place 

and insuffl ated to the appropriate pressure to ensure 
accuracy of treatment planning.  

 –   Patients are generally asked not to eat any large meals 
2–3 h prior to simulation and treatment, though if get-
ting a PET-CT simulation, they should have nothing by 
mouth for 6 h prior to scan per PET protocol.     

•   The CT simulation images will be used throughout the 
treatment course as the reference images to which the 
daily cone-beam CT is compared. The reproducibility of 
the abdominal compression belt is critical to ensure the 
accuracy of the treatment plan. Even a 3 cm change in 
separation can result in signifi cant changes in dose 
delivery.     

6.2     Target Volume Delineation 
and Treatment Planning 

•     The GTV is contoured on the treatment-planning CT after 
reviewing the diagnostic CT, respiratory-correlated 
4D-CT, pancreas protocol CT, PET-CT, and/or MR abdo-
men as applicable.

 –    Maximum standardized uptake value (SUV max    ) has 
been demonstrated to correlate with overall and 
progression- free survival in patients undergoing SBRT 
for locally advanced pancreatic adenocarcinoma 
(Schellenberg et al.  2010 ).     

•   The GTV will be expanded 3–5 mm to a fi nal PTV, except 
if the margin results in expansion into the duodenum or 
stomach; it is permitted to limit the margin expansion at 
these critical structures to avoid overlap.  

•   Contours of the fi ducial makers with a 3 mm uniform 
expansion for target localization on applicable image sets 
should be generated for use in patient setup on treatment.  

•   The duodenum is contoured as an independent organ at 
risk, and the small bowel organ at risk only includes the 
jejunum and ileum.
 –    After 25 Gy × 1, grade 2–4 duodenal toxicity 

approached 30 % at 12 months with a median time of 

6.3 months from end of RT to observed duodenal tox-
icity. Retrospective review correlated the duodenal 
V10–V25 and D max     with duodenal toxicity (Murphy 
et al.  2010 ).     

•   At Memorial Sloan Kettering Cancer Center, we gener-
ally treat to 33 Gy in 6.6 Gy fractions every other day, 
with the dose prescribed to the isodose line that com-
pletely surrounds the PTV.
 –    There are no established standards for SBRT dose and 

fractionation. Dose and fractionation schedules 
reported in the literature range from 25 Gy in 1 frac-
tion to 30 Gy in 3 fractions.  

 –   As toxicity is still a major concern associated with 
SBRT, we have adopted a less aggressive dose and 
fractionation schedule with good results and accept-
able toxicity in a phase II multi-institutional trial 
(Dholakia et al.  2013    ).     

•   For LINAC-based treatment, the use of IMRT is strongly 
preferred with 6–12 coplanar fi elds or volumetric modu-
lated arc therapy. Forward planning with noncoplanar 
beam arrangement is permissible for patients treated with 
Cyberknife.   

6.3        Plan Assessment 

•     No more than 1 cm 3  of PTV can receive >130 % prescrip-
tion dose, and greater than 90 % of PTV should receive 
100 % of prescription dose.   

  Table 3    Target volumes   

 Target volumes  Defi nition and description 

 GTV  Consists of the hypodense area and 
fl uorodeoxyglucose-avid disease corresponding 
to biopsy-proven disease in the pancreas 
visualized on diagnostic pancreatic protocol CT 
and arterial phase (contoured on expiration phase 
planning CT) 

 CTV  None 
 PTV  Expansion on the GTV by 2–3 mm with a 

nonuniform expansion to prevent overlap of the 
PTV with the stomach or duodenum 

  Table 4    Stereotactic body radiotherapy: normal tissue dose constraints   

 Organ at risk  Constraints 

 Liver  V12 < 50 % 
 Kidney  V12 < 25 % (both kidneys combined) 
 Cord  V8 < 1 cm 3  
 Stomach  V33 < 1 cm 3 , V20 < 3 cm 3 , V15 < 9 cm 3 , V12 < 50 % 
 Duodenum  V33 < 1 cm 3 , V20 < 3 cm 3 , V15 < 9 cm 3 , V12 < 50 % 
 Bowel not 
duodenum 

 V20 < 5 cm 3  (bowel is contoured 2 cm superior and 
inferior to PTV) 

   Based on guidelines presently used at Memorial Sloan Kettering Cancer 
Center 
  PTV  planning target volume  
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7         Adjuvant (Postoperative) 
Chemoradiation for Resectable 
Pancreatic Adenocarcinoma 

7.1     General Points 

•     While the role of adjuvant therapy remains debated, 
many centers, including ours, favor adjuvant CRT. Our 
general approach is for adjuvant chemotherapy followed 
by restaging, as approximately 30 % of patients will 
develop metastatic disease in this period. In patients with 
no evidence of metastases, we generally recommend 
adjuvant CRT. Given the controversy surrounding adju-
vant treatment recommendations and confl icting studies, 
we generally prefer to treat these patients on protocol.     

7.2     Simulation and Daily Localization 

•     Ensure placement of operative clips, which may be used 
to assist in motion management.  

•   If gross recurrent disease is present, consider referral for 
fi ducial marker placement prior to simulation.  

•   Motion management may be addressed using respiratory 
gating, breath hold (ABC), respiratory tracking, or 
abdominal compression.  

•   CT simulation with oral and IV contrast (unless contrain-
dicated) should be performed to help guide the GTV tar-
get as well as lymph node coverage.
 –    Arms should be above the head in the alpha cradle, 

with oral and IV contrast (generally 100 cm 3  
Omnipaque), 4D-CT pancreatic protocol, with 3 mm 
slice thickness, with scan from carina to iliac crest.  

 –   If using respiratory gating, plan on end-expiration scan 
and assess motion of surgical clips and/or implanted 
fi ducial markers with 4D-CT scan.        

7.3     General Principles of Planning 
and Target Delineation 

•     IMRT has become a standard technique for delivery of 
adjuvant radiation therapy for pancreatic adenocarcinoma 
in the postoperative setting (Yovino et al.  2011 ).  

•   A common site for positive surgical margins and local 
recurrence is the retroperitoneal/uncinate/SMV margin.  

•   Preoperative imaging should be obtained to facilitate con-
touring of the tumor bed; in addition, postoperative imag-
ing is used to evaluate the surgical bed. Nonmetastatic 
patients with recurrent disease are considered for a boost, 
either as an integrated boost with IMRT dose painting or 
as a cone-down fi eld.     

7.4     Target Volume Delineation 
and Treatment Planning 

•     Generally there is no GTV, unless the patient has recur-
rent disease.  

•   The CTV is the area with the highest likelihood for resid-
ual subclinical tumor. The goal is to identify an area that 
can be safely treated with radiotherapy without resulting 
in a treatment volume that includes an excessive amount 
of normal organs at risk.  

•   It is imperative to review the preoperative imaging, opera-
tive notes, and surgical pathology report at the time of 
treatment planning.  

•   Comprehensive guidelines for the contouring of adjuvant 
pancreatic adenocarcinoma have been published by the 
Radiation Therapy Oncology Group (RTOG) (Goodman 
et al.  2012 ).  

•   For the pancreaticojejunostomy or pancreaticogastros-
tomy, refer to operative notes to confi rm their presence 
and assist in identifi cation on the postoperative planning 
CT. The hepaticojejunostomy, SMA, and celiac artery, 
aorta, portal vein, and preoperative tumor bed should be 
identifi ed on the planning CT. The pancreaticojejunos-
tomy usually is readily identifi ed by following the pan-
creatic remnant medially and anteriorly until the junction 
with the jejunal loop is noted; a similar technique can be 
used to identify the pancreaticogastrostomy if present. 
The hepaticojejunostomy may be more diffi cult to iden-
tify, but by following air in the biliary tree to the common 
hepatic duct or common bile duct remnant to the jejunal 
loop, or by following the portal vein out of the liver to the 
jejunal loop region, the hepaticojejunostomy can often 
be identifi ed. The goal is to identify the junction of the 
common bile duct remnant and the jejunal loop, not to 
include the entire hepatic hilum or a large volume of 
jejunum.  

•   The RTOG contouring guidelines, summarized in Table  5 , 
provide specifi c expansions on these normal structures 
with the goal of creating a CTV that includes the high-risk 
pancreatic bed and high-risk lymph node regions includ-
ing the para-aorta, celiac, superior  mesenteric, and porta 
hepatis lymph nodes. In patients with pancreatic body/tail 
tumors, the splenic hilar remnant is covered in lieu of the 
porta hepatis (Goodman et al.  2012 ).

•      The signifi cance of surgical clips placed intraopera-
tively can vary. At times clips are placed for purposes 
of delineating areas of concern intraoperatively. These 
should be included in the CTV if there is documenta-
tion in the operative report (or via direct communica-
tion with the operating surgeon) that these were 
intentionally placed to aid in treatment planning (Figs. 
 4 ,  5 , and  6 ).
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   Table 5    Target volumes   

 Target volumes  Defi nition and description 

 GTV 
(if applicable) 

 Positive lymph nodes and/or positive margin region (based on operative report and pathology report) visualized on pancreatic 
protocol planning CT scan (arterial phase, contour on expiration phase if using 4DCT), or any targetable residual and/or 
recurrent disease 

 CTV  The CTV includes the para-aortic nodes (Ao), pancreaticojejunostomy (PJ), portal vein segment (PV), superior mesenteric 
artery (SMA), celiac artery (CA), and the postoperative bed (Postop) 
  Ao extends from the top of the uppermost PV, CA, or SMA slice to the bottom of L2 or L3 if there is a low-lying tumor 
   PJ usually is identifi ed by following the pancreatic remnant medially and anteriorly until the junction with the jejunal loop 

is noted 
   PV is the portion of the vein running anterior and medial to the IVC and stops prior to the confl uence of the SMV or splenic vein 
  SMA is the proximal 2.5–3.0 cm of the vessel 
  CA is the most proximal 1.0–1.5 cm of the vessel 
  Postop is the area occupied by the tumor on preoperative scans 
 Ao is expanded 2.5 cm to the right, 1 cm to the left, 0.2 cm posteriorly, and 2 cm anteriorly; PJ, PV, SMA, CA, and Postop 
are generally expanded by 1 cm; these two expansions are then added to make the CTV, which is then adjusted to ensure 
coverage of the draining nodal regions while limiting overlap with the kidneys 
  Special case : the above guidelines are for pancreatic head lesions; in the setting of a tail lesion, the porta hepatis can be omitted 

 PTV5040  Expansion on the CTV by 5 mm (receives 5040 cGy in 180 cGy fractions) 
 PTV boost 
(if applicable) 

 Expansion on the GTV by a 3–5 mm margin (receives 5,600 cGy in 200 cGy fractions via integrated boost at MSKCC), 
minimize overlap with bowel 

GJ

PV

PJ
PV

Ao

Tumor bed

Surgical clip

Splenic vein

SMA

IVC

Ao

Tumor bed
CA

  Fig. 4    Postoperative case: a patient with pT1N1 resected pancreatic 
adenocarcinoma with a 1.8 cm lesion in the head of the pancreas, posi-
tive distal surgical margin, and 3/13 nodes positive for involvement. 
Images below show PTV in  green , CTV in  blue , and postoperative bed 
in  red . Relevant structures including the pancreaticojejunostomy ( PJ ), 

aorta ( Ao ), celiac artery ( CA ), superior mesenteric artery ( SMA ), gastro-
jejunostomy ( GJ ), and portal vein ( PV ) are labeled. The GJ should not 
be included in the CTV. Please note that these are representative slices, 
and not all slices are included.  IVC  inferior vena cava,  SMA  superior 
mesenteric artery       
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  Fig. 5    Postoperative case, example of low-lying tumor: a patient with 
pT3N1 resected pancreatic adenocarcinoma with a 2.3 cm lesion in the 
head/uncinate, close <1 mm margins posteriorly and inferiorly, and 
14/25 nodes positive for involvement. ( a ) Coronal preoperative CT with 
tumor marked in  red ; ( b ) coronal planning images with PTV in  green , 

CTV in  blue , and postoperative bed in  red ; ( c ) sagittal preoperative CT 
with tumor marked in  red ; ( d ) sagittal planning images with PTV in 
 green , CTV in  blue , and postoperative bed in  red ; ( e ) axial preoperative 
CT with tumor marked in  red ; ( f – h ) axial planning images with PTV in 
 green , CTV in  blue , and postoperative bed in  red          

a b

c d
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e f
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Fig. 5 (continued)
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a
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d e

c

  Fig. 6    Postoperative case, example of a distal pancreatic cancer: a 
patient with stage IIA (pT3N0) pancreatic adenocarcinoma, 2.5 cm 
lesion in pancreatic tail with + PNI/VI and negative margins, 0/9 nodes 
involved. ( a ) Preoperative positron-emission tomography-computed 
tomography (PET–CT) scan showing fl uorodeoxyglucose-avid pancre-
atic tail lesion; ( b – e ) planning images show PTV in  green , CTV in  blue , 

showing coverage of postoperative bed, splenic hilar lymph nodes, 
para-aortic nodes, and celiac/SMA nodes. Note that this patient was 
unable to receive iodinated contrast due to allergy, so the disease was 
characterized with PET; comparison of this patient’s vessels to the 
patients shown in II.2 and II.1 illustrates the importance of IV contrast 
in defi ning the vessels on which the CTV is based       

 

P.B. Romesser et al.



287

7.5               Plan Assessment 

     Suggested Reading 

 Goodman KA, Regine WF, Dawson LA et al (2012) 
Radiation Therapy Oncology Group consensus panel guide-
lines for the delineation of the clinical target volume in the 
postoperative treatment of pancreatic head cancer. Int J 
Radiat Oncol Biol Phys 83:901–908 

 Yovino S, Poppe M, Jabbour S et al (2011) Intensity- 
modulated radiation therapy signifi cantly improves acute 
gastrointestinal toxicity in pancreatic and ampullary cancers. 
Int J Radiat Oncol Biol Phys 79:158–162       

   References 

    Berger AC, Garcia M Jr, Hoffman JP et al (2008) Postresection CA 
19–9 predicts overall survival in patients with pancreatic cancer 
treated with adjuvant chemoradiation: a prospective validation by 
RTOG 9704. J Clin Oncol 26:5918–5922  

      Callery MP, Chang KJ, Fishman EK et al (2009) Pretreatment assess-
ment of resectable and borderline resectable pancreatic cancer: 
expert consensus statement. Ann Surg Oncol 16:1727–1733  

    Dholakia AS, Chang DT, Goodman KA et al (2013) A phase II multi-
center study to evaluate gemcitabine and fractionated stereotactic 
body radiotherapy for locally advanced pancreatic adenocarcinoma.  
Accepted for oral presentation at the ASTRO annual meeting, 
Atlanta, GA.  

    Edge SB, Byrd DR, Compton CC et al (eds) (2010) AJCC cancer 
 staging manual, 7th edn. Springer, Chicago  

     Goodman KA, Regine WF, Dawson LA et al (2012) Radiation Therapy 
Oncology Group consensus panel guidelines for the delineation of 
the clinical target volume in the postoperative treatment of pancre-
atic head cancer. Int J Radiat Oncol Biol Phys 83:901–908  

    Iacobuzio-Donahue CA, Fu B, Yachida S et al (2009) DPC4 gene status 
of the primary carcinoma correlates with patterns of failure in 
patients with pancreatic cancer. J Clin Oncol 27:1806–1813  

    Murphy JD, Christman-Skieller C, Kim J et al (2010) A dosimetric 
model of duodenal toxicity after stereotactic body radiotherapy for 
pancreatic cancer. Int J Radiat Oncol Biol Phys 78:1420–1426  

           National Comprehensive Cancer (NCC) Network (2013) NCCN Clinical 
Practice Guidelines in Oncology: Pancreatic Adenocarcinoma 
Verison 1.2013  

       Niederhuber JE, Armitage JO, Doroshow JH et al (eds) (2014) Abeloff’s 
clinical oncology. Elsevier/Churchill Livingstone, Philadelphia  

    Schellenberg D, Quon A, Minn AY et al (2010) 18Fluorodeoxyglucose 
PET is prognostic of progression-free and overall survival in locally 
advanced pancreas cancer treated with stereotactic radiotherapy. Int 
J Radiat Oncol Biol Phys 77:1420–1425  

       Strandring S (ed) (2005) Gray’s anatomy: the anatomical basis of clini-
cal practice, 39th edn. Elsevier/Churchill Livingstone, New York  

     Yovino S, Poppe M, Jabbour S et al (2011) Intensity-modulated radia-
tion therapy signifi cantly improves acute gastrointestinal toxicity in 
pancreatic and ampullary cancers. Int J Radiat Oncol Biol Phys 
79:158–162    

  Table 6    Intensity-modulated radiation therapy: normal tissue dose 
constraints   

 Organ at risk  Constraints 

 Liver  Mean dose <25 Gy, V20 < 30 % 
 Kidney  V18 < 33 %, V15 < 30 % (each kidney evaluated 

separately) 
 Cord  D max  <45 Gy 
 Stomach  D max  <54 Gy, mean dose <30 Gy 
 Bowel  D max  <54 Gy, D15% <45 Gy (bowel is contoured 

2 cm superior and inferior to PTV) 
 Heart  V30 < 20 %, mean dose <30 Gy 

   Based on guidelines presently used at Memorial Sloan Kettering Cancer 
Center and Radiation Therapy Oncology Group (RTOG) 0848  

Pancreatic Adenocarcinoma



289N.Y. Lee et al. (eds.), Target Volume Delineation for Conformal and Intensity-Modulated Radiation Therapy, 
Medical Radiology. Radiation Oncology, DOI: 10.1007/174_2014_978, © Springer International Publishing Switzerland 2014
Published Online: 4 November 2014

1                 Hepatocellular Carcinoma 

1.1     General Principles of Planning 
and Target Delineation 

•     Three-dimensional conformal radiation therapy 
(3DCRT) has been the standard technique for hepato-
cellular carcinoma (HCC). Intensity-modulated radia-
tion therapy (IMRT) may be useful to improve target 
coverage and for normal organ sparing, especially in the 
setting of unusually shaped target volumes. More 
recently, stereotactic body radiation therapy (SBRT) has 
been increasingly used. Individualized prescription 
doses are commonly used due to variable liver volume 
irradiation and proximity to luminal gastrointestinal 
tissues.  

•   In addition to a history and physical exam, laboratory 
examinations, a liver function assessment, and imaging 
studies should be obtained for diagnosis, staging, and 
planning. Patients should undergo a contrast-enhanced 
(preferably triphasic [arterial, portal-venous, and 
delayed phases]) computed tomography (CT) scan of 
the liver, with 3–5 mm slice thickness. Multiphase 
dynamic magnetic resonance imaging (MRI) scans can 
be used if CT contrast is contraindicated. Additionally, 
MRI scans may be complimentary to CT scans for tar-
get delineation. 18F-fl uorodeoxyglucose (18F-FDG) 
positron emission tomography (PET) images may be 
helpful in localizing the viable tumor(s) of individual 
cases such as patients with recurrent tumor(s) at previ-
ous lipiodol retention and/or radiofrequency ablation 
areas.  

•   Half-body or whole-body immobilization with respira-
tory control is needed for better reproducibility. Devices 
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such as a vacuum bag or chest board may be used to 
immobilize a patient, preferably with arms up, during 
simulation and used throughout the course of treatment. 
This will enable reproducibility and allow spatial free-
dom of beam directions. The systems for respiratory 
coordination should be made of materials not attenuating 
radiation doses and should not interfere with the gantry 
positions that may be required for coplanar and nonco-
planar beams.  

•   Respiratory motion management using a number of tech-
niques is frequently needed to minimize imaging artifacts 
from changes in liver position due to breathing (e.g., 
active breath hold, abdominal compression). Delineation 
of target volumes is most often done on multiphasic, mul-
timodality imaging, obtained in breath hold (i.e., similar 
to diagnostic imaging for HCC). Image-guided radiation 
therapy (IGRT) is required to account for changes in the 
liver position day to day. In patients who cannot tolerate 
active breath control, the use of abdominal compression 
devices with four-dimensional computed tomography 
(4DCT) provides information about internal organ motion 
and can compensate for liver position changes. Gated 
treatment may also be useful for patients that cannot tol-
erate breath control.  

•   CT simulation with IV contrast to obtain multiphase 
imaging is required. This should be obtained with the 
patient in the treatment position. Fusion of the different 
phase imaging and/or diagnostic images will aid in the 
delineation of the gross tumor volume (GTV). Usually 
the viable HCC is best visualized (brightest) on the 
arterial- phase CT scan, with less enhancement seen rela-
tive to the liver on venous- and delayed-phase imaging. 
Tumor invasion into the vascular structures (e.g., portal 
vein or inferior vena cava) is often best observed on 
either portal-venous- or delayed-venous-phase CT 
scans.  

•   Suggested target volumes for gross disease (GTV) and, in 
certain circumstances, clinical target volumes (CTV) for 
high-risk regions are detailed in Table  1  (CTV- 
macroscopic and CTV-microscopic) (Figs.  1 ,  2 ,  3 ,  4  
and  5 ).

   Table 1    Suggest target volumes at the GTV and CTV regions   

 Target volumes  Defi nition and description 

 GTV  Liver tumor: intrahepatic enhancing tumor 
on arterial-phase contrast CT with 
washout on venous- or delayed-phase CT 
 Lipiodol-retaining tumor: lipiodol (white) 
contiguous to the enhancing tumord 
 Vascular tumor thrombus: arterial 
enhancing thrombus with washout on 
venous-phase CT 

 CTV macroscopic  a  
(optional according to 
clinical indication/
protocol) 

 Liver tumor: the intrahepatic enhancing 
tumor on arterial-phase contrast CT 

 Lipiodol-retaining tumor: TACE zone 
contiguous to the enhancing tumor 
included in GTV 
 Enhancing tumor vascular thrombus 

 CTV microscopic 
(elective)  b  (optional 
according to clinical 
indication/protocol) 

 3–5 mm margin around intrahepatic GTV c  
 2–3 mm margin around the tumor 
thrombus GTV within the vessel 
 Bland thrombus adjacent to tumor 
thrombus GTV 
 Radiofrequency ablation zone adjacent to 
the GTV 
 TACE zone not directly adjacent to the GTV 
 CTV should not cross natural barriers 
such as the surface of the liver 

 PTV  CTV (or GTV) + 5–20 mm (may be 
asymmetric), depending on 
immobilization and respiration control. 
The internal organ motion and the setup 
error form the basis of this margin. 
Four-dimensional computed tomography 
(4DCT) acquired from all respiratory 
phases may help defi ne PTV and cover 
the extent of internal organ motion 

   a Macroscopic/gross GTV. For example, to be treated to 39–54 Gy in 5 
to 6 fractions. Note that the “safe” dose may need to be reduced if lim-
ited by normal tissues 
  b Elective/microscopic CTV (optional according to clinical indication/
protocol). For example, to be treated to 27.5–30 Gy in 5 to 6 fractions 
  c The additional margin around the intrahepatic HCC may be treated to 
macroscopic/higher doses if safe 
  d 18F-fl uorodeoxyglucose (18F-FDG) positron emission tomography 
(PET) images may be helpful in the individual cases to localize the 
recurrent tumor(s) at lipiodol retention and/or radiofrequency ablation 
areas. Note that motion may lead to inaccurate GTV based on PET alone, 
and PET should only be used together with IV contrast CT and/or MRI  
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  Fig. 1    Transcatheter arterial chemoembolization (TACE) refractory 
hepatocellular carcinoma at the caudate lobe with viable tumor around 
the lipiodol. Selected slices from triphasic contrast-enhanced computed 
tomography simulation (from  left to right : no contrast, arterial, and 

portal- venous phases), acquired by using active breath coordination for 
liver immobilization. The gross tumor volume (GTV) was shown in 
 purple , and the clinical target volume (CTV) was shown in  red          
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Fig. 1 (continued)

J.C. Cheng et al.



293

  Fig. 2    Two viable tumors with partial lipiodol retention were found at S5/
S8 and S5. The gross tumor volumes (GTVs) were shown in  purple  and 
 blue , while the clinical target volumes (CTVs) were shown in  red  and  sky 
blue , respectively. 18 F-fl uorodeoxyglucose (18 F-FDG)  positron  emission 

tomography (PET) images were useful in delineating the viable tumor 
part. From  left to right : arterial-phase computed tomography (CT) scan, 
portal-venous-phase CT scan, and PET         

Fig. 2 (continued)
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  Fig. 3    Infi ltrative tumors occupying the left hepatic lobe were demonstrated with the tumor thrombi in the left portal vein (PV) and toward the 
right PV. The gross tumor volume (GTV) was shown in  red , and the clinical target volume (CTV) was shown in  green          
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Fig. 3 (continued)
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Arterial CT

A

B

C

D

Venous CT Venous MR

  Fig. 4    Multifocal HCC with tumor thrombosis involving the anterior 
segmental branch of the right portal vein, contoured as per RTOG1112 
(  https://www.ctsu.org    ). Contours are based on arterial-phase CT ( fi rst 
column ), venous-phase CT ( second column ), and venous-phase MR 

( third column ). Three hepatic parenchyma GTVs (GTVp) are shown in 
shades of  red . The vascular tumor thrombus (GTVv) is shown in  green  
in rows ( B ) and ( C ). There was no extra GTV to CTV margin.   https://
www.ctsu.org           
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Arterial CT

A

B

C

Venous CT MR

  Fig. 5    Biopsy-proven multifocal HCC with tumor thrombus in the left 
portal vein, contoured as per RTOG1112 1    https://www.ctsu.org    . The 
HCC does not show classic enhancement in arterial-phase CT imaging 
( fi rst column ), but does demonstrate classic washout in venous-phase 
CT ( second column ) and venous- phase MR ( third column ). Parenchymal 

HCC GTVs are shown in  red , and vascular HCC thrombus is shown in 
 green  ( row C ). Varices secondary to portal hypertension are shown with 
 red arrows  ( row C ). There was no extra GTV to CTV margin. In row C, 
the blue contour represents the PTV and the green is the covering iso-
dose.   https://www.ctsu.org            
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2                 Intrahepatic Cholangiocarcinoma 

2.1     General Principles of Planning 
and Target Delineation 

•     Radiation therapy is used in the defi nitive treatment for unre-
sectable tumors and in the adjuvant treatment for resectable 
disease. Although the role of adjuvant radiotherapy remains 
controversial, it may be considered for patients with certain 
adverse risk factors such as involved resection margins.  

•   Three-dimensional conformal radiation therapy (3DCRT) 
or intensity-modulated radiation therapy (IMRT) should 
be used for treating cholangiocarcinoma. IMRT may have 
better dosimetric and clinical results. Stereotactic body 
radiation therapy (SBRT) for cholangiocarcinoma is 
under investigation. Image-guided radiation therapy 
(IGRT) is required to account for setup error and internal 
organ motion between fractionated treatments.  

•   Half-body or whole-body immobilization with respira-
tory motion management is needed for daily 
 reproducibility. Acceptable techniques for respiratory 

motion management include active breath hold, abdomi-
nal compression, four-dimensional computed tomogra-
phy (4DCT), and gating.  

•   Delineation of target volumes is most often done with 
contrast-enhanced CT simulation images. This should 
be obtained with the patient in the treatment position 
and with the same respiratory motion management tech-
nique used during treatment. Fusion of different phase 
imaging modalities including magnetic resonance imag-
ing (MRI) can help delineate the gross tumor volume 
(GTV).  

•   Cholangiocarcinoma frequently invades surrounding tis-
sue directly. Lymph node metastasis in the porta hepatis, 
pancreaticoduodenal, common hepatic, and celiac regions 
has been reported, with an incidence up to 50–60 %. 
Tumors located at the perihilar area have a higher risk of 
lymph node metastasis.  

•   Suggested target volumes for gross disease (GTV) and 
high-risk regions (clinical target volume (CTV)-
microscopic with/without CTV-lymphatics) are detailed 
in Table  2  (Figs.  6  and  7 ).

   Table 2    Suggest target volumes at the GTV and CTV regions   

 Target volumes  Defi nition and description 

 GTV (used in the defi nitive treatment)  Tumor shown on contrast-enhanced CT scan or magnetic resonance imaging (MRI) better with 
18F-fl uorodeoxyglucose (18F-FDG) positron emission tomography (PET) to delineate the tumor extent 

 CTV-microscopic  This CTV should not cross natural barriers such as the surface of the liver 
 (Used in the defi nitive treatment) GTV + 5~8 mm margin, with biliary system 
 (Used in the adjuvant treatment) tumor bed with possible extension to focal biliary system 

 CTV-lymphatics  May include the porta hepatis, pancreaticoduodenal, common hepatic, and celiac regions (strong 
consensus on including portal lymphatics electively, with more variability depending on the 
individual case for other nodal regions) 

 PTV  CTV + 5–20 mm (may be asymmetric), depending on immobilization and respiration control. The 
internal organ motion and the setup error form the basis of this margin. Four-dimensional computed 
tomography (4DCT) acquired from all respiratory phases may help defi ne PTV and cover the extent 
of internal organ motion 
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  Fig. 6    Infi ltrative cholangiocarcinoma at the hepatic hilum, status post 
biliary stenting. The gross tumor volume (GTV) was shown in  red , and 
the clinical target volume (CTV) was shown in  blue . CTV-elective 

included the porta hepatis (shown in  green)  and the celiac region 
(shown in  purple ). Magnetic resonance imaging (MRI) images were 
helpful in delineating the tumor       
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  Fig. 7    Adjuvant radiotherapy planned for an intrahepatic cholangio-
carcinoma, status post left hepatectomy (S1,S2,S3,S4), pT2bNx, with 
involved parenchymal margin. The tumor bed was shown in  red , and 
the clinical target volume (CTV) was shown in  blue . CTV-elective 
included the porta hepatis (shown in  green ) and the celiac region 

(shown in  purple ). Magnetic resonance imaging (MRI) showed the 
original tumor location before surgery. From  left to right : ( a ) non-con-
trast computed tomography (CT) scan, contrast-enhanced CT scan, and 
MRI. ( b ) non-contrast CT scan and contrast- enhanced CT scan         

a
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b

Fig. 7 (continued)
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1                 Anatomy and Patterns of Spread 

•     The rectum is approximately 15 cm long and is divided 
into upper, middle, and lower thirds based on the distance 
from the anal verge.  

•   The arterial supply to the rectum comes from the superior, 
middle, and inferior rectal arteries, which are branches of 
the inferior mesenteric artery.  

•   The venous drainage of the upper rectum via the superior 
rectal vein has connections with the inferior mesenteric vein 
and eventually into the portal venous system. The middle 
and inferior rectal veins drain into the internal iliac vein lead-
ing to the inferior vena cava. Rectal cancer can therefore 
have distant metastatic spread to both the liver and the lungs.  

•   Lymph nodes at risk include the perirectal, presacral, and 
internal iliac (hypogastric) nodes. Involvement of the 
external iliac nodes is uncommon except for tumors that 
invade adjacent structures (e.g., bladder, cervix, prostate). 
Spread to the inguinal nodes is also unlikely except for 
distal rectal tumors that extend inferiorly into the anal 
canal below the dentate line.     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Physical examination is an important part of the staging 
and planning process. For tumors that are palpable, atten-
tion should be paid to how far the tumor begins from the 
anal verge. The mobility of the tumor should also be 
noted. Early tumors (T1-2) are typically mobile. Tumors 
that have penetrated through the muscularis propria into 
the perirectal tissue (T3) feel tethered, while tumors that 
invade adjacent structures such as the pelvic sidewall (T4) 
will feel fi rm and fi xed. Careful attention should also be 
placed on sphincter function.  
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•   The standard imaging studies include CT of the pelvis 
with contrast to assess the primary tumor and the status of 
the regional lymph nodes.  

•   Rigid sigmoidoscopy is used to directly visualize the 
lesion, to obtain an estimate of the size of the lesion, to 
obtain biopsy, and to accurately measure the distance 
from the anal verge. A colonoscopy should also be per-
formed to visualize the entire colon and ensure that syn-
chronous lesions are not present. For low-lying tumors, 
direct visualization is necessary to determine the relation-
ship to the dentate line since the dentate line is not 
palpable.  

•   Endorectal ultrasound (EUS) is used to determine the 
depth of invasion of the primary tumor as well as to assess 
the lymph node status. EUS overstages or understages the 
true T stage in approximately 20 % of cases.  

•   MRI is becoming a standard part of the preoperative stag-
ing workup to determine invasion of tumor into the meso-
rectal fat (T3) and into adjacent organs (T4), to assess 
lymph node status, verify distance from the anal verge, 
and to assess operability with negative margins. Examples 
can be seen in Fig.  1 .

•      Rectal tumors are well visualized on PET, so PET/CT is 
also becoming a standard part of staging and planning to 
help delineate the extent of gross disease (Fig.  2 ). 
However, areas of low uptake on PET should not super-
cede physical exam fi ndings or abnormalities seen on CT.

3           Simulation and Daily Localization 

•     Most patients that are to be treated with standard 3D con-
formal radiotherapy are simulated in the prone position 
with the use of a belly board for anterior displacement of 

the bowel. However, if IMRT is planned, then we recom-
mend that the patient be simulated in the supine position 
in a body mold or other immobilization device to ensure 
more accurate setup reproducibility. A radiopaque marker 
should be placed on the anus.  

•   CT simulation with ≤3 mm thickness with IV contrast 
should be performed to delineate the pelvic blood vessels 
and gross tumor volume. The use of oral contrast may be 
helpful to identify the small bowel, which is an important 
organ at risk. If PET/CT is available, a PET/CT fusion 
should be obtained to aid in target volume delineation. 
For patients that underwent preoperative MRI, MR fusion 
could also aide with treatment planning.  

•   Bladder fi lling/emptying may be considered, especially if 
IMRT is used. A full bladder may keep bowel from 
migrating into the pelvis. An empty bladder may be more 
reproducible.  

•   We recommend daily orthogonal kilovoltage images and 
weekly cone beam CT scans (to assess soft tissue) to ver-
ify alignment during treatment. Cone beam CTs may be 
done more frequently if there is signifi cant variation in 
bladder and/or rectal fi lling.     

4     Target Volume Delineation 
and Treatment Planning 

•     Conventional 3D conformal radiotherapy for rectal can-
cer involves a PA fi eld and two opposed lateral fi elds 
(Figs.  3  and  4 ).

•       Traditional borders for the PA fi eld are  superior , L5/S1 
interspace;  inferior , the inferior edge of the obturator 
foramen or 3 cm below the GTV, whichever is more dis-
tal; and  lateral , 1.5–2 cm beyond the pelvic brim.  

  Fig. 1    Axial T2 sequence without fat suppression for staging of rectal 
cancer. The mesorectal fat surrounds the rectum and is enclosed within 
the mesorectal fascia ( yellow arrows ). In the  left panel , the tumor was 
staged as an early T3 tumor with minimal invasion into the perirectal 
fat. The distance from the mesorectal fascia is more than 1 cm ( red 

arrow ). In the  middle panel , a more extensive example of a T3 tumor is 
shown with a tumor that approaches within 2 mm of the mesorectal 
fascia ( large white arrow ). In the  right panel , a sagittal view is shown. 
A mesorectal lymph node is visible ( thin white arrow ). The estimated 
distance of the tumor from the anal verge is 4.5 cm       
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•   Borders for the lateral fi elds include  superior , same as PA 
fi eld;  inferior , same as PA fi eld;  anterior , posterior mar-
gin of the pubic symphysis (bony landmark for internal 
iliac nodes) for T3 disease or at least 1 cm anterior to the 
anterior edge of the pubic symphysis (bony landmark for 
external iliac nodes) for T4 disease; and  posterior , 
1–1.5 cm posterior to the posterior edge of the bony 
sacrum.  

•   With the use of CT-based planning, the borders described 
above can be modifi ed to ensure adequate coverage of the 
planning target volumes (PTV). Target volumes including 
gross tumor volume (GTV), clinical target volumes 
(CTV), and the PTV should be delineated on every appli-
cable slice of the planning CT.  

•   The primary gross tumor volume (GTV-P) is defi ned as 
all gross disease on physical examination and imaging.  

•   The nodal GTV (GTV-N) includes all visible perirectal, 
mesorectal, and involved iliac lymph nodes. Include 
any lymph node in bout as GTV-N in the absence of a 
biopsy.  

•   The high-risk CTV (CTV-HR) should include the GTV 
with a minimum of 1.5–2-cm superior and inferior margin 
as well as the entire rectum, mesorectum, and presacral 
space. Additional details are given in Table  1 .

•      The standard-risk CTV (CTV-SR) should cover the entire 
mesorectum and bilateral internal iliac lymph nodes for 
T3 tumors. The CTV-SR should also include the bilateral 
external iliac nodes for patients with T4 tumors with ante-
rior organ involvement. Additional details are found in 
Table  1 .  

•   Target volume delineation in the postoperative setting is 
similar to the preoperative setting. However, in the case of 
an abdominoperineal resection, the entire surgical bed 
extending inferiorly to the level of the perineal scar needs 
to be included. Additional details are given in Table  2 .

•      The RTOG anorectal contouring atlas (Myerson et al. 
 2009 ) provides a detailed consensus contouring descrip-
tions of three elective CTVs that should be considered in 
patients with rectal and anal cancers. CTV-A includes the 
perirectal, presacral, and internal iliac regions and should 

  Fig. 2    A patient with T4N0 rectal adenocarcinoma (invasion into the 
cervix). GTV: These panels illustrate the utility of PET in target volume 
delineation. In the  upper panel , the GTV ( red ) is seen on representative 

axial, sagittal, and coronal images, respectively, on both the treatment 
planning CT and PET. The  lower panel  shows additional axial slices         
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  Fig. 3    Standard fi elds used for a T3N1 rectal cancer receiving preop-
erative chemoradiation, PA ( left panel ) and left lateral ( right panel ). 
The CTV-SR is shown in  red . The patient was simulated in prone in a 

belly board allowing the small bowel (shown in  purple ) to fall anteri-
orly away from the CTV. The bladder is shown in  yellow        

Fig. 2 (continued)
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  Fig. 4    Standard fi elds used for a T3N2a rectal cancer receiving postop-
erative chemoradiation following an APR. PA ( left panel ) and left lateral 
( right panel ). The CTV-SR is shown in  red . The fi eld includes the  perineal 

scar. The patient was simulated in prone in a belly board  allowing the 
small bowel (shown in  purple ) to fall anteriorly away from the CTV. Note 
that more small bowel is in the pelvis in the postoperative setting       

    Table 1    Suggested target volumes for gross and microscopic disease in the preoperative setting   

 Target volumes  Defi nition and description 

 GTV (gross tumor volume)  Primary (GTV-P): all gross disease on physical examination and imaging 
 Regional nodes (GTV-N): all visible perirectal and involved iliac nodes; include any lymph node in doubt 
as GTV in the absence of a biopsy 

 CTV-high risk (CTV-HR)  CTV-HR should cover the GTV-P and GTV-N with 1.5–2-cm margin expansion superiorly and inferiorly, 
but excluding the uninvolved bone, muscle, or air. This volume should include the entire rectum, 
mesorectum, and presacral space axially at these levels. A 1–2-cm margin around gross tumor invasion into 
adjacent organs should be added. Coverage of the entire presacral space and mesorectum should be strongly 
considered. Any visible mesorectal nodes on CT and PET should also be included 
 To cover the iliac lymphatics, a 0.7-cm margin around the iliac vessels should be drawn (excluding the 
muscle and bone) (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 To cover the external iliac nodes, an additional 1-cm margin anterolaterally around the vessels is needed. 
Any adjacent small nodes should be included (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 Anteriorly, a margin of 1–1.5 cm should be added into bladder to account for changes in bladder and rectal 
fi lling (Myerson et al.  2009 ; Daly et al.  2011 ) 
 A 1.8-cm-wide volume between the external and internal iliac vessels is needed to cover the obturator 
nodes (Taylor et al.  2005 ) 

 CTV-standard risk (CTV-SR)  Should cover the entire mesorectum and right and left internal iliac lymph nodes for T3 tumors. The right 
and left external iliac lymph nodes for T4 tumors with anterior organ involvement should also be included 
 A 1–2-cm margin in adjacent organs with gross tumor invasion should be added for T4 lesions 
 Superiorly, the entire rectum and mesorectum should be included (usually up to L5/S1) and at least 2-cm 
margin superior to gross disease, whichever is most cephalad 
 Inferiorly, the CTV should extend to the pelvic fl oor or at least 2 cm below the gross disease, whichever is 
most caudad 
 To cover the iliac lymphatics, a 0.7-cm margin around the internal iliac vessels should be drawn (excluding 
the muscle and bone) (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 To cover the external iliac nodes (for T4 lesions), an additional 1-cm margin anterolaterally around the 
vessels is needed. Any adjacent small nodes should be included (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 Anteriorly, a margin of 1–1.5 cm should be added into bladder to account for changes in bladder and rectal 
fi lling (Myerson et al.  2009 ; Daly et al.  2011 ) 
 A 1.8-cm-wide volume between the external and internal iliac vessels is needed to cover the obturator 
nodes (Taylor et al.  2005 ) 

 Planning target volume (PTV)  Each CTV should be expanded by 0.5–1 cm, depending on the physician’s comfort level with setup 
accuracy, frequency of imaging, and the use of IGRT 
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be covered in all patients with rectal cancer. CTV-B 
includes the external iliac nodes (covered only in rectal 
cancer cases with T4 disease or for primary rectal tumors 
that extend inferiorly into the distal anal canal). CTV-C 
includes the inguinal region (should be considered in rec-
tal cancer cases that extend into the distal anal canal). A 
detailed description of CTV-A is given in Table  3 .

•      The Australasian GI Trials Group atlas (Ng et al. 
 2012 ) describes seven elective regions to be consid-
ered when treating anal cancer: mesorectum, presa-
cral space, internal iliac nodes, ischiorectal fossa, 
obturator nodes, external iliac nodes, and inguinal 
nodes. Table  4  is a summary of the definition of these 
regions.

   Table 2    Suggested target volumes in the postoperative setting   

 Target volumes  Defi nition and description 

 CTV (positive margin or gross disease)  Should include the area of known microscopically involved margin or macroscopic residual disease 
plus a 1–2-cm margin, but exclude the uninvolved bone, muscle, or air 

 CTV-high risk (CTV-HR)  Should include the entire remaining rectum (if applicable), mesorectal bed, and presacral space 
axially at these levels but exclude uninvolved bone, muscle, or air. Coverage of the entire presacral 
space and mesorectum should be considered 

 CTV-standard risk (CTV-SR)  Should cover the entire mesorectum and right and left internal iliac lymph nodes for T3 tumors. 
The right and left external iliac lymph nodes for T4 tumors with anterior organ involvement should 
also be included 
 Superiorly, the entire remaining rectum and mesorectum should be included (usually up to L5/S1) 
and at least 1-cm margin superior to the anastomosis, whichever is most cephalad 
 Inferiorly, the CTV should extend to the pelvic fl oor or at least 1 cm below the anastomosis or 
rectal stump, whichever is most caudad. If patient is status post an abdominoperineal resection, the 
surgical bed extending down to the perineal scar should be included. The scar should be outlined 
with a radiopaque marker. 
 To cover the iliac lymphatics, a 0.7-cm margin around the internal iliac vessels should be drawn 
(excluding muscle and bone) (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 To cover the external iliac nodes (for T4 lesions), an additional 1-cm margin anterolaterally around 
the vessels is needed. Any adjacent small nodes should be included (Myerson et al.  2009 ; Taylor 
et al.  2005 ) 
 Anteriorly, a margin of 1–1.5 cm should be added into bladder to account for changes in bladder 
and rectal fi lling (Myerson et al.  2009 ; Daly et al.  2011 ) 
 A 1.8-cm-wide volume between the external and internal iliac vessels is needed to cover the 
obturator nodes (Taylor et al.  2005 ) 
 For tumors that extend inferiorly to or inferior to the dentate line, the bilateral inguinal nodes 
should be included 

 Planning target volume (PTV)  Each CTV should be expanded by 0.5–1 cm, depending on the physician’s comfort level with setup 
accuracy, frequency of imaging, and the use of IGRT 

   Table 3    Description of the borders of CTV-A in the RTOG anorectal contouring atlas   

 Clinical target volume  Key highlights 

 CTV-A: Lower pelvis   Inferior : inferior border should be 2 cm below gross disease. Should include the entire mesorectum down to the 
pelvic fl oor 
  Lateral : Does not need to extend more than a few millimeters beyond the levator muscles unless there is tumor 
extension into the ischiorectal fossa. For T4 tumors, should include 1–2-cm margin around identifi ed areas of 
invasion 

 CTV-A (mid-pelvis)  Includes the rectum, mesorectum, internal iliac region, and margin for bladder variability 
  Posterolateral : Extends to the pelvic sidewall muscles or bone (when muscles are absent) 
  Anterior : At least 1 cm into the posterior bladder. Should also include at least the posterior portion of the internal 
obturator vessels 
 Recommend 7–8-mm margin in the soft tissue around the internal iliac vessels. CTV should be trimmed off the 
uninvolved muscle and bone 

 CTV-A (upper pelvis)   Superior (perirectal component) : Should be at the rectosigmoid junction or at least 2 cm proximal to macroscopic 
disease in the rectum/perirectal nodes, whichever is most superior. The entire length of the rectum should be 
included 
  Superior (nodal coverage) : Should be at the bifurcation of the common iliac vessels into the external/internal 
iliacs 
  Anterior : At midline, should extend at least 1 cm anterior the sacrum for adequate coverage of the presacral nodes 
 Recommend 7–8-mm margin in the soft tissue around the internal iliac vessels. CTV should be trimmed off the 
uninvolved muscle and bone 
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•      There are multiple techniques and methods of dose pre-
scription for rectal cancer. In the preoperative setting, the 
most common prescription dose is 1.8 Gy/fraction to 
45 Gy to the PTV-SR and 1.8 Gy/fraction to 50.4 Gy to 
the PTV-HR.  

•   Figure  5  shows a case of a T3N1 rectal cancer receiving 
preoperative chemoradiation.

•      Figure  6  shows a case of a T4N0 rectal cancer receiving 
preoperative chemoradiation.

•      Figure  7  shows a case of a T3N2a rectal cancer status post abdom-
inoperineal resection receiving postoperative chemoradiation.

•      Conventional technique uses opposing lateral fi elds with 
a PA fi eld. An example is shown in Figs.  3  and  4 .  

•   With IMRT, simultaneous integrated boosts can be con-
sidered. Table     5  lists several suggested dose and fraction-
ation schemes for various settings.

•      Alternatively with short-course radiotherapy, the PTV-SR 
would receive 25 Gy at 5 Gy/fraction.    

   Table 4    Description of the borders used in defi ning the elective nodal regions from the Australasian GI Trials Group contouring atlas (Ng et al. 
 2012 )   

 Mesorectum  Presacral space 
 Internal iliac 
nodes 

 Ischiorectal 
fossa 

 Obturator 
nodes 

 External iliac 
nodes  Inguinal nodes 

 Cranial  Rectosigmoid 
junction 

 Sacral promontory 
(L5/S1) interspace 

 Bifurcation of 
the common iliac 
artery (L5/S1) 

 Apex formed 
by the levator 
ani, g. 
maximus, 
obturator 
internus 

 3–5 mm 
cranial to the 
obturator 
canal 

 Bifurcation of 
the common 
iliac artery 

 Level where 
ext. iliac a. 
leaves bony 
pelvis to 
become femoral 
artery 

 Caudal  Anorectal junction 
(levators fuse with 
external sphincter) 

 Inferior edge of 
coccyx 

 Level of the 
obturator canal 
or level where 
there is no space 
between the 
obturator 
internus and 
midline organs 

 Anal verge  Obturator 
canal, where 
the obturator 
artery has 
exited the 
pelvis 

 Between the 
roof of 
acetabulum and 
superior pubic 
rami 

 Lower edge of 
the ischial 
tuberosities 

 Posterior  Presacral space  Position at the 
anterior border of 
the sacral bone; 
should include 
sacral hollow 

 N/A  Transverse 
plane joining 
the anterior 
edge of the 
medial walls of 
the gluteus 
maximus 
muscle 

 Internal iliac 
nodes 

 Internal iliac 
nodes 

 Muscle 
boundaries 

 Anterior  Males: penile bulb 
and prostate in 
lower pelvis, SV, 
and bladder 
 Females: bladder, 
vagina, cervix, 
uterus 
 Internal margin of 
10 mm added to 
anterior 
mesorectal border 
on slices 
containing 
bladder, SV, or 
uterus for variation 

 10 mm anterior to 
the sacral border 
encompassing any 
lymph nodes 

 Obturator 
internus mm or 
bone in the lower 
pelvis; in the 
upper pelvis, 
7-mm margin 
around the 
internal iliac 
vessels 

 Level where 
the obturator 
internus, 
levator ani, and 
sphincter 
muscle fuse; 
inferiorly, at 
least 10–20 
mm anterior to 
sphincter 
muscles 

 Anterior 
extent of 
obturator 
internus 

 7-mm margin 
anterior to the 
external iliac 
vessels 

 Minimum 2-cm 
margin on the 
inguinal vessels 

 Lateral  Lower 
pelvis = medial 
edge of levator 
ani; upper 
pelvis = internal 
iliac nodes 

 Sacroiliac joints  Medial edge of 
muscle or bone 

 Ischial 
tuberosity, 
muscles 

 Obturator 
internus 

 Iliopsoas 
muscle 

 Medial edge of 
the sartorius or 
iliopsoas 

 Medial  N/A  N/A  Mesorectum and 
presacral space 
in the lower 
pelvis; 7-mm 
margin around 
the vessel in the 
upper pelvis 

 N/A  Bladder  Bladder or 
7-mm margin 
around the 
vessel 

 10–20-mm 
margin around 
the femoral 
vessels 
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Consider
covering entire
mesorectum/
presacral space
in CTV (high risk) Involved mesorectal

nodes

1-1.5 cm margin
Into bladder to
account for
bladder /rectal filling

CTV (high risk) at
least 1.5-2 cm
margin inferior
to primary tumor

CTV (standard
risk) with ≥2 cm
margin inferior
to primary tumor
or pelvic floor

  Fig. 5    A patient with T3N1 rectal adenocarcinoma. This patient was 
simulated prone (note the anterior displacement of the small bowel) 
with PET/CT simulation with 2.5 mm thickness on each slice. CTV 
(standard risk,  cyan ), CTV (high risk,  orange ), and GTV ( red ,  shaded ) 

are shown. Note that these are representative slices and not all slices are 
contoured. Also, the patient was simulated prone, but the CT images are 
rotated 180° for viewer orientation       
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Coverage of
external iliac
nodes for T4
tumors

Vaginal/uterine
involvement

1-1.5 cm margin
Into bladder to
account for
bladder/rectal filling

  Fig. 6    A patient with T4N0 rectal adenocarcinoma (invasion into the 
cervix). Axial slices showing CTV (standard risk,  cyan ) in relation to 
the CTV (high risk,  orange ) and GTV ( red ,  shaded ). Note that in this 

case, the CTV (standard risk) covers the external iliac nodal region due 
to the T4 disease. Also note that these are representative slices and not 
all slices are contoured       
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Consider
covering entire
mesorectum/
presacral space
in CTV (high risk)

1-1.5 cm margin
Into bladder to
account for
bladder/rectal filling

Cover perineal scar
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4.1     Plan Assessment 

•     Ideally, at least 95 % of each PTV should receive 100 % 
of the prescription dose. In addition, the maximum dose 
in the PTV should be <110 %.  

•   When evaluating plans with a sequential boost to the 
gross disease, each individual plan should be scrutinized 
before the “plan sum” to assess for areas that may be 
over- or underdosed.  

•   The organs at risk include the small bowel, large bowel, 
bladder, femoral heads, iliac crest, and external genitalia. 
Uniform consensus guidelines for contouring the small 
and large bowel, bladder, and femoral heads are available 
from an RTOG consensus panel (Gay et al.  2012 ). 
Suggested dose constraints from QUANTEC (Marks 
et al.  2010 ) and RTOG 0822 (Garofalo et al.  2014 ) are 
shown in Table  6 .

       Suggested Reading 

    Dutch TME trial (van Gijn et al.  2011 ): Established that pre-
operative short-course radiotherapy improved local con-
trol over total mesorectal excision alone.  

  German rectal cancer trial (Sauer et al.  2004 ,  2012 ): 
Established that preoperative chemoradiation had supe-
rior local control and improved toxicity compared with 
postoperative chemoradiation in patients with locally 
advanced rectal cancer.  

  Medical Research Council trial (Sebag-Montefi ore et al. 
 2009 ): Established that preoperative short-course radio-
therapy improved local control compared with the selec-
tive use of postoperative chemoradiation.  

  Polish trial (Bujko et al.  2006 ): Randomized trial showing no 
difference in outcome or toxicity between preoperative 
short-course radiotherapy and long-course chemoradiation.  

  Trans-Tasman Radiation Oncology Group (TROG) trial 01.04 
(Ngan et al.  2012 ): Randomized trial showing no difference 
in outcome or toxicity between preoperative short-course 
radiotherapy and long-course chemoradiation.  

  Contouring resources: RTOG anorectal guidelines (Myerson 
et al.  2009 ) (target volumes), Taylor et al. ( 2005 ) (pelvic 
nodal delineation), and RTOG pelvic normal tissue panel 
(Gay et al.  2012 ).          

  Fig. 7    A patient with pathologic T3N2a rectal adenocarcinoma. This 
patient underwent an abdominoperineal resection (APR) without neo-
adjuvant chemoradiotherapy. The primary tumor extended from 2 to 
5 cm from the anal verge. The patient was simulated prone with CT 
with slices of 2.5 mm thickness. CTV (standard risk,  cyan ) and CTV 
(high risk,  orange ) are shown. In this case, due to the absence of small 

bowel near the postoperative bed, the total dose was 55.8 Gy. However, 
if a portion of bowel was near the boost volume, the dose could be 
reduced. Note that these are representative slices and not all slices are 
contoured. Also, the patient was simulated prone but the CT images are 
rotated 180° for viewer orientation       

   Table 5    Suggested dose and fractionation methods for rectal cancer   

 PTV-HR  PTV-SR 

 Preoperative T3 or T1-2 N+  50.4 Gy at 1.8 Gy/fx, OR  45 Gy at 1.8 Gy/fx, OR 
 50 Gy at 2 Gy/fx (SIB)  45 Gy at 1.8 Gy/fx (SIB) 

 Preoperative T4 any N  54–55.8 Gy at 1.8 Gy/fx, OR  45 Gy at 1.8 Gy/fx, OR 
 54 Gy at 2 Gy/fx (SIB)  45.9 Gy at 1.7 Gy/fx (SIB) 

 Preoperative (short course) T3-4 or N+  25 Gy at 5 Gy/fx 
 Postoperative (negative margins)  54–55.8 Gy at 1.8 Gy/fx, OR  45 Gy at 1.8 Gy/fx 

 54 Gy at 2 Gy/fx (SB)  45.9 Gy at 1.7 Gy/fx (SIB) 
 Postoperative (gross disease or positive margin)  54–59.4 Gy at 1.8 Gy/fx, OR  45 Gy at 1.8 Gy/fx, OR 

 54–60 Gy at 2 Gy/fx (SIB)  45.9 Gy at 1.7 Gy/fx (SIB) 

   Abbreviations :  fx  fraction,  SIB  simultaneous integrated boost  

   Table 6    Dose constraints for organs at risk   

 Organ at risk  Constraints 

 Small bowel   QUANTEC  
 V15Gy < 120 cc (individual loops) 
 V45Gy < 195 cc (entire potential space within 
peritoneal cavity) 
  RTOG 0822  
 V35Gy < 180 cc 
 V40Gy < 100 cc 
 V45 Gy < 65 cc 
 Dmax < 50 Gy 

 Bladder   QUANTEC  
 Dmax < 65 Gy 
 V65Gy < 50 % 
  RTOG 0822  
 V40Gy < 40 % 
 V45Gy < 15 % 
 Dmax < 50 Gy 

 Femoral heads   RTOG 0822  
 V40Gy < 40 % 
 V45Gy < 25 % 
 Dmax < 50 Gy 
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1           Anatomy and Patterns of Spread 

•     The anal canal is about 4 cm in length and extends from 
the anorectal ring (palpable border of anal sphincter and 
puborectalis muscle) superiorly to the anal verge distally.  

•   The anal verge is the junction of the nonkeratinized squamous 
epithelium of the distal anal canal and the keratinized 
hair-bearing skin.  

•   Embryologically, the dentate line (or pectinate line) is 
formed by the junction of the endoderm superiorly and 
the ectoderm inferiorly, leading to important differences 
in both histology and lymphatic drainage between the 
mucosa proximal and distal.  

•   The dentate line is a histologic landmark that demarcates 
the transition from the columnar epithelium of the proxi-
mal anal canal to the squamous epithelium of the distal 
anal canal.  

•   The primary draining lymphatics include the perirectal, 
internal iliac (hypogastric), and superfi cial inguinal lymph 
nodes, and the pattern of drainage depends on the location 
of the primary tumor within the anal canal as depicted in 
Table  1 .

•     Nearly 20 % of patients present with involved nodes at the 
time of diagnosis.        

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Physical examination is an important part of the staging 
and planning process and should include detailed assess-
ment of the characteristics of the primary tumor (size, 
anal sphincter competence, invasion of adjacent struc-
tures) as well as an assessment of inguinal lymph nodes.  

•   Lymph nodes in the inguinal region that are suspicious 
but borderline should be biopsied (nearly 50 % of suspi-
cious nodes are related to reactive hyperplasia).  

•   Standard imaging includes CT or MRI of the pelvis to 
assess the primary tumor and status of the regional lymph 
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nodes. CT of the chest and abdomen completes the meta-
static workup.  

•   These tumors can be well visualized on PET, so PET/CT 
is becoming a standard part of staging and recommended 
for planning to help delineate extent of gross disease 
(Fig.  1 ).

•      Areas of low uptake on PET should not supersede physi-
cal exam fi ndings or abnormalities seen on CT.     

3     Simulation and Daily Localization 

•     The patient can be simulated in the supine position in a 
body mold or other immobilization device to ensure 
reproducibility. Prone position with the use of a belly 
board can be used to allow for anterior displacement of 
the bowel, but setup reproducibility is more variable and 
using bolus or additional electron fi elds to supplement 
dose to the inguinal regions would not be possible. A radi-
opaque marker should be placed on the anus.  

•   CT simulation using ≤3 mm thickness with IV contrast 
should be performed to delineate the pelvic blood vessels 
and gross tumor volume (GTV). If PET/CT is available, a 
PET/CT fusion should be obtained to aid in target volume 
delineation. MRI may also be useful.  

•   Bladder fi lling/emptying should be considered. A full 
bladder may keep bowel from migrating into the pelvis. 
An empty bladder may be more reproducible.  

•   We recommend daily orthogonal kilovoltage images and 
weekly cone beam CT scans (to assess soft tissue) to ver-
ify alignment during treatment. Cone beam CTs may be 
done more frequently if there is signifi cant variation in 
bladder and/or rectal fi lling.     

4     Target Volume Delineation 
and Treatment Planning 

•     Conventional radiation therapy for anal canal cancers is 
complex due to the need to irradiate the groins as well as the 
pelvis. The “thunderbird” technique was the most common 

method used to treat anal cancer. An example of the thunder-
bird technique compared to an IMRT plan is shown in Fig.  2 . 
In the thunderbird technique, a wide AP fi eld is used to 
encompass the inguinal lymph nodes. The PA fi eld is nar-
rowed to exclude the inguinal lymph nodes so that the femo-
ral heads are also excluded. An additional boost fi eld must 
therefore be used to supplement dose to the inguinal regions. 
This can be accomplished with either photons (with a skin 
match or a deep match) or electrons. A more detailed descrip-
tion of these thunderbird technique variations is described by 
Gilroy et al. ( 2004 ). Figure  2  shows a standard dose distribu-
tion of a photon/electron thunderbird technique.

•      RTOG 0529 (Kachnic et al.  2013 ) has established the fea-
sibility of IMRT in a multi-institution setting and demon-
strated lower rates of grade 2 or higher dermatologic 
toxicity and lower rates of grade 3 or higher gastrointesti-
nal or genitourinary toxicity when compared to historical 
controls in the RTOG 98-11 (Ajani et al.  2008 ) trial.  

•   The primary gross tumor volume (GTV-P) is defi ned as 
all gross disease on physical examination and imaging.  

•   The nodal GTV (GTV-N) includes all nodes that are 
≥1.5 cm, PET positive, or biopsy proven. In the absence 
of biopsy, any clinically or radiographically suspicious 
lymph nodes should be included in the GTV-N.  

•   The high-risk clinical target volume (CTV-HR) should 
include the entire mesorectum, the bilateral internal iliac 
nodes inferior to the inferior-most level of the sacroiliac 
joint, and the inguinal or external iliac lymphatics if the 
inguinal nodes are involved. Additional details are given 
in Table  2 .

•      The low-risk CTV (CTV-LR) should include the unin-
volved inguinal, external iliac, and internal iliac nodes 
superior to the inferiormost level of the sacroiliac joint.  

•   Figure  3  shows a case example of a T2N0 anal cancer.
•      Figure  4  shows a case example of a T3N3 anal cancer.
•      Detailed contouring atlases available include the RTOG 

anorectal contouring atlas (Myerson et al.  2009 ) and the 
Australasian GI Trials Group Atlas (Ng et al.  2012 ).  

•   The RTOG anorectal contouring atlas (Myerson et al. 
 2009 ) describes 3 CTV regions that should be included 
for all patients with anal canal cancer. CTV-A includes 
the perirectal, presacral, and internal iliac regions. CTV-B 
includes the external iliac nodes. CTV-C includes the 
inguinal region. Table  3  provides a more detailed descrip-
tion of these regions.

4.1          Plan Assessment 

•     Ideally, at least 95 % of each PTV should receive 100 % 
of the prescription dose. In addition, the maximum dose 
in the PTV should not exceed 10 %.  

•   The Australasian GI Trials Group Atlas (Ng et al.  2012 ) 
describes seven elective regions to be considered when 

   Table 1    Lymphatic drainage of the anal canal   

 Location of primary tumor  Draining lymphatics 

 Distal anal canal, perianal skin, 
and anal verge 

 Superfi cial inguinal lymph nodes 
 Femoral nodes 
 External iliac nodes 

 Anal canal just proximal to 
dentate line 

 Internal pudendal 
 Hypogastric 
 Obturator nodes 
 Inferior and middle hemorrhoidal 

 Proximal anal canal  Perirectal 
 Superior hemorrhoidal 
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  Fig. 1    An example of how PET 
can help delineate GTV. The 
GTV ( red ) is seen on representa-
tive axial, sagittal, and coronal 
images, respectively, on both the 
treatment planning CT and PET 
in the  upper panels . Additional 
representative axial slices are 
shown below in the  lower panels        
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a b

c d

  Fig. 2    Comparison of a photon/electron thunderbird technique (panel  a  and  b ) and intensity-modulated radiotherapy (panel  c  and  d )       

   Table 2    Suggested target volumes for gross and microscopic disease   

 Target volumes  Defi nition and description 

 GTV (gross 
tumor volume) 

 Primary (GTV-P): all gross disease on physical examination and imaging 
 Regional nodes (GTV-N): all nodes ≥1.5 cm, PET-positive, or biopsy proven include any lymph node in doubt as GTV in the 
absence of a biopsy 

 Clinical target 
volume (CTV) 
gross disease 

 CTV-P should cover the GTV-P with 1.5–2.5 cm margin expansion but excluding uninvolved bone, muscle, or air. The CTV-N 
should cover the GTV-N with a 1.0–1.5 cm margin but excluding uninvolved bone, muscle or air 

 CTV-high risk 
(CTV-HR) 

 Should cover the entire mesorectum, the right and left internal iliac lymph nodes inferior to the inferior-most level of the 
sacroiliac joint, and the inguinal or external iliac lymphatics if the inguinal nodes are uninvolved 
 To cover the iliac lymphatics, a 0.7-cm margin around the iliac vessels should be drawn (excluding muscle and bone) 
(Myerson et al.  2009 ; Taylor et al.  2005 ) 
 To cover the external iliac nodes, an additional 1 cm margin anterolaterally around the vessels is needed. Any adjacent small 
nodes should be included (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 Anteriorly, a margin of 1–1.5 cm should be added into the bladder to account for changes in the bladder and rectal fi lling 
(Myerson et al.  2009 ; Daly et al.  2011 ) 
 A 1.8-cm wide volume between the external and internal iliac vessels is needed to cover the obturator nodes (Taylor et al.  2005 ) 

 CTV-low risk 
(CTV-LR) 

 Should include the uninvolved inguinal, external iliac, and internal iliac nodes superior to the inferior-most level of the 
sacroiliac joint 
 To cover the iliac lymphatics, a 0.7-cm margin around the iliac vessels should be drawn (excluding muscle and bone) 
(Myerson et al.  2009 ; Taylor et al.  2005 ) 
 To cover the external iliac nodes, an additional 1 cm margin anterolaterally around the vessels is needed. Any adjacent small 
nodes should be included (Myerson et al.  2009 ; Taylor et al.  2005 ) 
 Anteriorly, a margin of 1–1.5 cm should be added into bladder to account for changes in the bladder and rectal fi lling 
(Myerson et al.  2009 ; Daly et al.  2011 ) 
 A 1.8-cm wide volume between the external and internal iliac vessels is needed to cover the obturator nodes (Taylor et al.  2005 ) 

 Planning target 
volume (PTV) 

 Each CTV should be expanded by 0.5–1 cm, depending on the physician’s comfort level with setup accuracy, frequency of 
imaging, and the use of IGRT 

  Fig. 3    ( a ) A patient with T2N0 anal canal cancer. This patient was 
simulated supine using PET/CT simulation with a 2.5 mm thickness on 
each slice. CTV is shown. Note that these are representative slices and 
not all slices are included. CTV (low risk,  cyan ), CTV (high risk, 

 orange ), CTV (gross disease,  green ), and GTV ( red ,  shaded ) are shown. 
( b ) Enhanced view of the lower pelvis showing CTV (low risk,  blue ), 
CTV (high risk,  orange ), CTV (gross disease,  green ), and GTV ( red , 
 shaded )         
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treating anal cancer: the mesorectum, presacral space, 
internal iliac nodes, ischiorectal fossa, obturator nodes, 
external iliac nodes, and inguinal nodes. Table  4  is a sum-
mary of the defi nition of these regions.   

•   There are multiple techniques and methods of dose pre-
scription for anal cancer, and the exact dose and fraction-
ation will vary based on which technique is used. The 
current recommendations are based on the treatment plan 
used in RTOG 98-11 (Ajani et al.  2008 ) (see Table  5 ).

•      When evaluating plans with a sequential boost to the 
gross disease, each individual plan should be scrutinized 
before the “Plan Sum” to assess for areas that may be 
over- or underdosed.  

•   The organs at risk include the small bowel, large bowel, 
bladder, femoral heads, iliac crest, and external genitalia. 
Uniform consensus guidelines for contouring the small 
and large bowel, bladder, and femoral heads are available 
from an RTOG consensus panel (Gay et al.  2012 ). 
Suggested dose constraints from QUANTEC (Marks 
et al.  2010 ) and RTOG 0529 (Kachnic et al.  2013 ) are 
listed in Table  6 .

•     Pelvic bone marrow is emerging as an important organ 
at risk with respect to minimizing acute hematologic 
toxicity in patients receiving concurrent chemoradio-
therapy for anal cancer (Bazan et al.  2012 ,  2013 ; Mell 
et al.  2008 ). Currently, the pelvic bones serve as a sur-
rogate for the pelvic bone marrow. Delineation of the 
pelvic bone marrow structure is described by Mell 
et al. ( 2006 ). The  pelvic bone marrow consists of 3 
subsites:  the lumbosacral spine, the ilium, and the 
lower pelvis.  

•   We suggest that potential dose constraints for the pelvic 
bone marrow should include mean dose< 28 Gy, 
V10 < 90 %, and V20 < 75 %. However, these constraints 
have not been validated prospectively and should not 
supersede other planning objectives. The lumbosacral 
spine may be the most active subsite of the entire pelvic 
bone marrow structure (Bazan et al.  2012 ,  2013 ; Rose 
et al.  2012 ), and limiting dose to this site may be suffi -
cient to reduce hematologic toxicity.       

CTV (low risk)
blue

b

CTV (high risk)
orange

CTV (gross disease)
green

Fig. 3 (continued)
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  Fig. 4     (a ) A patient with T3N3 anal canal cancer with bilateral ingui-
nal lymph node involvement. This patient was simulated supine using 
PET/CT simulation with a 2.5 mm thickness on each slice. CTV (low 
risk,  cyan ), CTV (high risk,  orange ), CTV (gross disease,  green ), and 

GTV ( red ,  shaded ) are shown. Note that these are representative slices 
and not all slices are included. ( b ) Enhanced view of the lower pelvis 
showing CTV (high risk,  orange ), CTV (gross disease,  green ), and 
GTV ( red ,  shaded )         

Coverage of
external iliac
nodes

Bottom of
SI joint

a

Involved groin
nodes

Involved groin
regions in CTV
(high risk)
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Fig. 4 (continued)

   Table 3    Elective nodal regions described in RTOG anorectal contouring atlas (Myerson et al.  2009 )   

 Clinical target volume  Key highlights 

 CTV-A (perirectal, presacral, internal 
iliac regions) 

 Lower pelvis: The inferior border should be 2 cm below gross disease. Should include the entire 
mesorectum. Does not need to extend more than a few millimeters beyond the levator muscles 
 Mid-pelvis: Includes the internal iliac region. Posterior and lateral margins should extend to pelvic 
sidewall muscle or bone. Recommends at least 1 cm anteriorly into the bladder 
 Upper pelvis: The most superior extent should be at the bifurcation of the common iliac vessels 
(approximate bony landmark: the sacral promontory). At midline, CTVA should extend at least 1 
cm anterior to the sacrum 
 Recommend 7–8 mm margin in soft tissue around the iliac vessels, but at least 1 cm anteriorly, 
especially if vessels or small nodes are seen in this area. CTV should be trimmed off uninvolved 
muscle and bone 

 CTV-B (external iliac region)  The border between the inguinal and external iliac region is somewhat arbitrary. The consensus 
was that the border should be set at the level of the inferior extent of the internal obturator vessels 
(bony landmark: the upper edge of the superior pubic rami) 
 Recommend 7–8 mm margin in soft tissue around the iliac vessels, but at least 1 cm anteriorly, 
especially if vessels or small nodes are seen in this area. CTV should be trimmed off uninvolved 
muscle and bone 

 CTV-C (inguinal region)  The most inferior extent should be 2 cm below the saphenous/femoral junction 
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  Suggested Reading 

    UKCCCR ACT I (UKCCCR Anal Cancer Trial Working Party  1996 ) 
and EORTC (Bartelink et al.  1997 ) Trials: Established that concur-
rent chemoradiotherapy is superior to radiotherapy alone.  

  RTOG 87-04 (Flam et al.  1996 ): Established that mitomycin- C is a nec-
essary component of concurrent chemoradiation.  

  RTOG 98-11 (Ajani et al.  2008 ; Gunderson et al.  2012 ): Demonstrated 
that induction cisplatin-based chemotherapy followed by concur-
rent cisplatin-based chemoradiotherapy is inferior to concurrent 
mitomycin-C based chemoradiotherapy. Long-term update showed 
that overall survival is compromised by induction chemotherapy 
(Gunderson et al.  2012 ).  

  UKCCCR ACT II Trial (James et al.  2013 ): Randomized head-to-head 
comparison of mitomycin-C-based chemoradiotherapy versus cispl-
atin-based chemotherapy.  

  RTOG 0529 (Kachnic et al.  2013 ): Demonstrated prospectively that 
IMRT is feasible and less toxic when compared to the mitomycin-C 
arm of RTOG 98-11.  

  Contouring resources: RTOG anorectal guidelines (Myerson et al. 
 2009 ) (target volumes), Australasian GI Trials Group (Ng 
et al.  2012 ) (target volumes), Taylor et al. ( 2005 ) (pelvic nodal 
delineation), and RTOG pelvic normal tissue panel (Gay et al. 
 2012 ).          
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1           Anatomy and Patterns of Spread 

•     The cervix is the inferior portion of the uterus that is 
bound superiorly by the lower uterine segment and it pro-
trudes into the upper vagina. The cervix is conical in 
shape and typically measures 3 × 3 cm.  

•   The portion of the cervix that protrudes into the upper vagina 
is referred to as the ectocervix. The ectocervix has a central 
opening referred to as the external cervical os that extends 
superiorly to become the endocervical canal and terminates 
at the internal cervical os to become the endometrial canal.  

•   The endocervix is lined by columnar epithelium, while 
the ectocervix is covered by squamous epithelium. The 
region where these two epithelial layers meet is referred 
to as the squamocolumnar junction (SCJ).  

•   The cervix is attached to the lateral pelvic wall by a pair 
of ligaments at the base of the broad ligament referred to 
as the cardinal ligaments. This ligament contains the uter-
ine arteries and veins. The uterine arteries pass over the 
ureters on each side in close proximity to the cervix.  

•   The cervix drains into the paracervical lymph nodes 
which then drain into the obturator, internal iliac, and 
external iliac lymph nodes followed by the common iliac 
and para-aortic lymph nodes.  

•   Most cervical malignancies arise in the mucosa of the 
SCJ and invade into the underlying cervical stroma.  

•   Lesions can be exophytic or endophytic and spread by direct 
extension to the uterine fundus, surrounding vaginal forni-
ces, parametrial tissues, pelvic sidewalls, rectum, and vagina.  

•   Paracervical extension depends on tumor size, depth of stro-
mal invasion, and the presence of lymphovascular invasion.  

•   Regional lymphatic spread typically follows a stepwise 
pattern by spreading to the pelvic lymph nodes before the 
para-aortic lymph nodes.  

•   Patients with lesions involving the distal vagina are at risk 
for inguinal lymph node metastases.  

•   The incidence of pelvic and para-aortic lymph node 
involvement varies by stage (Table  1 ) as well as tumor size 
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and depth of invasion (Berman et al.  1984 ; Delgado et al. 
 1989 ; Hoskins  1988 ; Lagasse et al.  1980 ; Lee et al.  1989 ).

•      The most common sites of hematogenous spread are the 
lungs, mediastinum, supraclavicular fossae, bones, and liver.     

2     Diagnostic Workup Relevant for 
Target Volume Delineation 

•     Patients with a diagnosis of invasive cervical cancer 
should have a thorough physical examination including 
pelvic exam as well as evaluation of the inguinal and 
supraclavicular lymph nodes.  

•   During the pelvic exam, special attention should be given 
to evaluation of the vaginal vault, rectovaginal septum, 
and bilateral parametria and sidewalls. Exam under anes-
thesia is indicated if patient discomfort prohibits a thor-
ough examination.  

•   Patients suspected to have urinary bladder or rectal involve-
ment should undergo cystoscopy or rectosigmoidoscopy.  

•   Magnetic resonance imaging (MRI) of the pelvis with 
intravenous contrast is helpful for determination of tumor 
extension into surrounding soft tissues and delineation of 
tumor during treatment planning (Fig.  1 ). MRI has been 
shown to be superior to CT and physical examination for 
determining size and extent of tumor invasion (Mitchell 
et al.  2006 ).

•      A computed tomography (CT) scan with contrast or 
positron- emission tomography (PET) scan is recom-
mended for the evaluation of draining lymph nodes. PET 
scans are preferable if available, as they offer higher sen-
sitivity and specifi city than CT (Grigsby et al.  2001 ).     

3     Simulation and Daily Localization 

•     Patients may be set up in either a supine position or 
prone position for simulation. Prone positioning requires 
use of a belly board to allow setup reproducibility. Prone 
positioning allows the small bowel to fall out of the 
pelvis.  

•   If intensity-modulated radiotherapy (IMRT) is going to be 
used, a supine position with a customized immobilization 

cradle should be employed to minimize treatment setup 
error.  

•   CT simulation should be done with ≤3 mm slice thick-
ness. Intravenous contrast is helpful for blood vessel 
delineation and should be used at the time of simulation 
unless medically contraindicated.  

•   In cases of vaginal involvement, a radiopaque marker 
should be placed at the caudal extent of the tumor and 
consideration should be made for fi ducial markers in the 
cervix.  

•   The degree of bladder and rectal fullness should be 
made to duplicate that which is anticipated for daily 
treatment, i.e., if the patient is instructed to maintain a 
full bladder for treatment, she should be simulated as 
such. It is recommended to use a consistent bladder fi ll-
ing state (e.g., always full or always empty) for simula-
tion and treatment. An enema may be applied at the 
discretion of the physician.  

•   Patients should undergo at least weekly imaging with 
megavoltage portal, kilovoltage imaging, or cone beam 
CT (CBCT) to verify treatment setup. Patients being 

   Table 1    Incidence of pelvic and para-aortic nodal metastases by stage 
(Berman et al.  1984 ; Delgado et al.  1989 ; Hoskins  1988 ; Lagasse et al. 
 1980 ; Lee et al.  1989 )   

 FIGO stage  I  II  III 

 Pelvic nodes (%)  15  30  50 
 Para-aortic nodes (%)  5  20  30 

   FIGO  International Federation of Gynecology and Obstetrics  

a

b

  Fig. 1    Magnetic resonance imaging in a patient with a stage IVA cervi-
cal tumor with posterior bladder wall invasion ( arrow ) on axial contrast- 
enhanced T1 ( a ) and T2 ( b ) sequences       
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treated with IMRT should undergo image guidance with 
at least weekly CBCT.     

4     Target Volume Delineation and 
Treatment Planning 

•     Suggested target volumes for the clinical target volume 
(CTV) based on guidelines from Radiation Therapy 
Oncology Group, the Gyn IMRT consortium, and the 
Japan Clinical Oncology Group (Lim et al.  2011 ; Small 
et al.  2008 ; Toita et al.  2011 ) are shown for both intact 
(Fig.  2 ) and postoperative (Fig.  3 ) cases.

•       The CTV should be divided into three subregions: CTV1, 
CTV2, and CTV3.  

•   CTV1 should include the gross tumor volume (GTV), 
cervix, and entire uterus for intact patients or 3 cm of the 
proximal vaginal cuff for postoperative patients.  

•   CTV2 should extend 2 cm below the most inferior extent 
of vaginal disease.  

•   CTV3 will include the common, external, and internal 
iliac and presacral lymph nodes with a 7 mm margin 
around the vessels and any additional visible lymph 
nodes, lymphoceles, or pertinent surgical clips.  

•   CTV3 should not extend into adjacent bowel, bone, or 
muscle.  

•   The upper border of the CTV3 should not extend 
above the aortic bifurcation and should begin no lower 
than the level of the inferior border of the L4–5 
interspace.  

•   The presacral nodes should be contoured until the supe-
rior border of the S3 vertebral body or the origin of the 
piriformis muscle is reached.  

•   The external iliac nodes should be contoured until the 
external iliac vessels exit from the pelvis (approximated 
by the appearance of the femoral heads).  

•   In cases with distal one-third vaginal involvement, the 
inguinal nodes will be contoured continuously from the 
external iliac nodes to 2 cm caudal to the saphenous/fem-
oral junction.  

•   If para-aortic nodes are involved, an “extended-fi eld” 
technique should be used by extending the cranial border 
of CTV3 superiorly to encompass involved nodes. The 
superior border should be chosen at the discretion of the 
treating physician.  

•   Each CTV should be expanded differentially to form 
PTV1, PTV2, and PTV3 (Table  2 ). The three PTVs will 
then be combined to form PTV sum .

•      An additional boost of 5–15 Gy may be added for gross 
nodal disease or parametrial involvement at the discretion 
of the treating physician.     

5     External Beam Plan Assessment 

•     Ideally, at least 95 % of the PTV should receive 100 % of 
the prescription dose, and ≥99 % of the PTV will receive 
≥90 % of the prescription dose.  

•   The dose maximum should occur within the PTV and 
dose areas >100 % of the prescription dose outside of the 
PTV should be minimized.  

•   Organs at risk (OAR) include the bowel, rectum, bone 
marrow, bladder, and femoral heads (Fig.  4 ). Table  3  pro-
vides details for delineation of OARs. The dose con-
straints for these structures are outlined in Table  4 .

•        The bowel should be contoured as the entire peritoneal 
space encompassing the bowel such that the superoinfe-
rior boundaries extend 1.5 cm superior to the caudal 
aspect of the PTV and inferiorly to the rectosigmoid junc-
tion. In the anterior-posterior direction, the bowel should 
be delineated from the anterior abdominal wall to the 
most posterior extent of bowel. The bilateral bowel edges 
serve as the left-right boundaries.     

6     Image-Guided Brachytherapy Target 
Volume Delineation and Treatment 
Planning 

•     Image-guided brachytherapy (IGBT) volumes (Fig.  5 ) are 
adapted from the published experience and recommenda-
tions from the Groupe Européen de Curiethérapie and the 
European Society for Radiotherapy & Oncology (GEC- 
ESTRO) (Haie-Meder et al.  2005 ; Potter et al.  2006 ).

•      An MRI should be obtained immediately prior to or at the 
time of brachytherapy implantation with an MR-compatible 
applicator.  

•   The planning CT should be fused to the MRI using rigid 
registration along the brachytherapy applicator.  

•   The gross tumor volume (GTV) is defi ned as all known 
gross disease determined from CT, MRI, and clinical 
information.  

•   The high-risk CTV (HRCTV) is defi ned as the GTV plus 
the entire cervix and any presumed extra cervical tumor 
extension at the time of brachytherapy  

•   The HRCTV should be contoured using a combination of 
the axial, coronal, and sagittal slices of the CT scan as 
well as a fused T2-weighted MRI (Fig.  6 ) and any rele-
vant clinical examination fi ndings.

•      The HRCTV should be contoured prior to planning each 
implant to account for daily changes in anatomy.  

•   Table  5  shows the different fractionation schedules for high-
dose-rate brachytherapy based on the guidelines from the 
American Brachytherapy Society (Viswanathan et al.  2012 ).

Cervical Cancer
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Boost CTV used to treat FDG
avid paraaortic lymph node

CTV3 trimmed to exclude
bowel anteriorly

  Fig. 2    A patient with International Federation of Gynecology and 
Obstetrics (FIGO) stage IIIB (American Joint Committee on Cancer 
stage T3bN1M1) cervical carcinoma with para-aortic nodal metastases 
who underwent defi nitive extended-fi eld intensity-modulated radiation 
therapy and concomitant cis-platinum. Three clinical target volumes 

(CTV) are shown: (CTV1) ( blue ), CTV2 ( red ), CTV3 ( yellow ) and 
boost volume ( green ) on a positron-emission tomography/computed 
tomography simulation. Please note that these are representative slices 
and not all slices are included.  FDG  fl uorodeoxyglucose         
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Fig. 2 (continued)
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  Fig. 3    A patient with International Federation of Gynecology and 
Obstetric (FIGO) stage IB1 cervical cancer who underwent a radical 
hysterectomy and pelvic lymphadenectomy. Pathology revealed deep 
cervical stromal invasion as well as 3 of 15 positive nodes. She was 

treated with adjuvant intensity-modulated pelvic radiation therapy and 
concomitant cis-platinum. Three clinical target volumes (CTV) are 
shown: CTV 1  ( green ), CTV 2  ( blue ), and CTV 3  ( red )       
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   Table 2    Suggested target volumes   

 Target volumes  Defi nition a   Planning volumes b   Defi nition c  

 CTV1  Gross tumor, cervix, and uterus or vaginal cuff.  PTV1  CTV1 + 15 mm 
 CTV2  Parametria and superior third to half of the vagina  PTV2  CTV2 + 10 mm 
 CTV3  Common, external, and internal iliac and presacral lymph nodes  PTV3  CTV3 + 7 mm 

   CTV  clinical target volume,  PTV  planning target volume 
  a Based on guidelines from Radiation Therapy Oncology Group, the Gyn IMRT consortium, and the Japan Clinical Oncology Group (Lim et al. 
 2011 ; Small et al.  2008 ; Toita et al.  2011 ) 
  b PTVs 1–3 are combined to form PTV sum , which receives 1.8 Gy/fraction to 45 Gy over 25 fractions for intact cases or 1.8 Gy/fraction to 50.4 Gy 
over 28 fractions for postoperative cases 
  c Based on work from Khan et al. ( 2012 )  

a

c

b

  Fig. 4    Contours for organs at risk including bowel ( a ,  orange ), rectum ( b ,  brown ), bladder ( b ,  yellow ), and bone marrow ( c ,  green ) on representa-
tive computed tomography slices       

   Table 3    Organs at risk   

 Organ  Defi nition and description 

 Bowel  Outermost loops of bowel from the level of the L4–5 interspace to the sigmoid fl exure 
 Includes the sigmoid colon and ascending/descending colon present in the pelvis 
 In women with intact cervical cancer, bowel loops posterior to the uterus in the lower pelvis within the PTV are not included 

 Rectum  Defi ned by the outer rectal wall from the level of the sigmoid fl exure to the anus 
 Bladder  Defi ned by the outer bladder wall 
 Bone marrow  The pelvic bones serve as a surrogate for the pelvic bone marrow. Regions included are the os coxae, L5 vertebral body, entire 

sacrum, acetabulae, and proximal femora superior extent: superior border of L5 or the iliac crest (whichever is more superior) 
 Inferior extent: ischial tuberosities 

 Femoral heads  Entire femoral head excluding the femoral neck 

   PTV  planning target volume  
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7           Brachytherapy Plan Assessment 

•     The D90 (dose to 90 % of the HRCTV) should be equal to 
or higher than the prescription dose.  

•   Organs at risk including the bladder, rectum, and sigmoid 
colon should be contoured at the time of each brachyther-
apy implant.  

•   HDR dose should be converted to 2-Gy equivalent doses 
(EQD2) using the linear quadratic model (α/β = 10 for 
HRCTV and α/β = 3 for OARs) and the total combined 
IMRT and summed brachytherapy doses should be calcu-
lated and recorded.  

•   Total EQD2 doses to 2 cc for the rectum, sigmoid, and blad-
der should be kept below 75, 75, and 85 Gy, respectively.        

HR CTV

HR CTV

GTV GTV

IR CTV

IR CTV

  Fig. 5    Suggested image-guided 
brachytherapy target volumes 
from the Groupe Européen de 
Curiethérapie and the European 
Society for Radiotherapy & 
Oncology (Haie-Meder et al. 
 2005 ).  HRCTV  high-risk clinical 
target volume,  IRCTV  intermedi-
ate-risk clinical target volume, 
 GTV  gross tumor volume (Used 
with permission)       

   Table 4    Intensity-modulated radiation therapy: normal dose constraints   

 Structures  Constraints 

 Bowel  Volume receiving >45 Gy (V 45 ) ≤ 250 cc; 
maximum dose <115 % 

 Rectum  Maximum dose <115 % 
 Bone marrow  V 10  < 90 %; V 20  < 75 % 
 Bladder  Maximum dose <115 % 
 Femoral head  Maximum dose <115 % 
 Spinal cord  Maximum dose <45 Gy 

   V   x   volume receiving “X” Gy 
 Constraints presently used at the University of California, San Diego  
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  Fig. 6    A patient with International Federation of Gynecology 
and Obstetrics (FIGO) stage IB2 cervical cancer being treated 
with image-guided brachytherapy using a tandem and ovoid 
high-dose-rate applicator following the completion of intensity-
modulated radiotherapy and concomitant cis-platinum. Target 
delineation for a patient with axial ( a ) and sagittal images ( b ) of 
the planning computed tomography ( left ) and fused magnetic 
resonance imaging ( right ) are shown below. The high-risk 
clinical target volume is outlined in  red          

a 
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•         Intensity-modulated radiation therapy (IMRT) is becom-
ing increasingly popular in treatment of gynecologic 
malignancies, particularly in patients with cervical and 
endometrial cancers (Mell and Mundt  2008 ; Mell et al. 
 2003 ).  

•   IMRT is appealing in endometrial cancer patients under-
going postoperative pelvic radiotherapy (RT) to reduce 
the volume of small bowel irradiated and thus the risk of 
acute and chronic toxicities (Yang et al.  2010 ; Heron et al. 
 2003 ).  

•   Endometrial cancer patients treated with postoperative 
pelvic IMRT have had low rates of toxicities and high 
rates of pelvic control. Long-term outcome data, however, 
remain limited in this setting.   

•   Target delineation is an essential component of IMRT 
treatment in endometrial cancer patients. Consensus 
guidelines have been published (Small et al.  2008 ; Toita 
et al.  2011 ; Nag et al.  2000 ) and have been used in the 
Radiation Therapy Oncology Group (RTOG) 0921 Phase 
II trial.   

•   All endometrial cancer patients should undergo a com-
plete history and physical examination including a pelvic 
exam as part of initial diagnosis and staging. Standard 
radiographic workup in these patients includes a com-
puted tomography (CT) scan to assess the extent of local 
disease involvement and sites of extrauterine spread.  

•   Treatment consists of upfront surgery (total abdominal 
hysterectomy and bilateral salpingo-oophorectomy) when 
possible. Radiation therapy is used postoperatively in 
women with high-risk pathologic features including deep 
myometrial invasion, cervical stromal extension, high- 
grade disease, and regional lymph node involvement 
(Keys et al.  2004 ; Naumann and Coleman  2007 ).   

•   Traditionally, most endometrial cancer patients undergo-
ing adjuvant RT received pelvic irradiation. However, 
select patients undergoing surgical staging who are found 
to have negative nodes may undergo vaginal  brachytherapy 
alone (Nout et al.  2010 ).     
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1     Anatomy and Patterns of Spread 

•     The uterus is a pelvic organ bordered anteriorly by the 
bladder and posteriorly by the rectum. It is covered by 
peritoneal refl ections and is divided into the fundus, isth-
mus, and cervix.  

•   The uterine wall consists of an outer smooth muscle layer 
(the myometrium) and an inner layer of glandular epithe-
lium (endometrium).  

•   The uterus is supported by fi ve ligaments: broad, round, 
cardinal, uterosacral, and vesicouterine.  

•   The uterus is attached at the cervix to the lateral pelvic wall 
by a pair of ligaments at the base of the broad ligament 
referred to as the cardinal ligaments which contain arteries, 
veins, and lymphatics. The uterine arteries pass over the ure-
ters on each side in close proximity to the cervix.  

•   Most uterine malignancies arise in the epithelium and are 
adenocarcinomas of endometrioid subtype.  

•   Lesions may extend locally in either longitudinal or radial 
growth patterns. Longitudinal growth may result in local 
extension along the endometrial surface to either the 
lower uterine segment or cervix inferiorly or the fallopian 
tubes superolaterally.  

•   The uterine myometrium drains into a rich subserosal 
lymphatic network which joins into larger lymphatic 
channels before exiting the uterus.  

•   Lymphatics of the fundus drain toward the adnexa and 
infundibulopelvic ligaments; the lymphatics of the mid-
dle and lower uterus drain into the base of the broad liga-
ment toward the pelvic sidewall.  

•   The nodal areas at risk in uterine cancer patients include 
the obturator, external iliac, internal iliac, common iliac, 
and para-aortic lymph nodes.  

•   Lesions involving the uterine fundus can spread directly 
to the para-aortic lymph nodes.  

•   The incidence of pelvic and para-aortic lymph node 
involvement varies according to risk categories (low, 
medium, and high) as defi ned in Gynecologic Oncology 
Group (GOG) 33 study (Table  1 ) as well as tumor size and 
depth of invasion (Creasman et al.  1987 ).

•      The most common sites of hematogenous spread are lungs, 
mediastinum, supraclavicular fossae, bones, and liver.     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Patients with a diagnosis of endometrial cancer should 
have a thorough physical examination including pelvic 
exam as well as evaluation of the inguinal and supracla-
vicular lymph nodes.  

•   During the pelvic exam, special attention should be given 
to evaluation of the vaginal vault, rectovaginal septum, 

and bilateral parametria and sidewalls. Exam under anes-
thesia is indicated if patient discomfort prohibits a thor-
ough examination.  

•   Patients often undergo transvaginal ultrasound for assess-
ment of postmenopausal bleeding (Smith-Bindman et al. 
 1998 ).  

•   Pelvic CT with oral and intravenous contrast could be con-
sidered for evaluation of the extent of the endometrial tumor.  

•   On CT, endometrial carcinoma typically appears as a 
hypodense mass relative to the surrounding myometrium. 
It may appear as a diffuse, circumscribed, vegetative, or 
polypoidal mass within the uterine cavity.
 –    If myometrial invasion is seen, it usually implies 

involvement of more than one-third to one-half of 
myometrial thickness.  

 –   Involvement of the cervix is visualized on CT as cervical 
enlargement >3.5 cm in diameter with heterogeneous 
low-attenuation areas within the fi bromuscular stroma.  

 –   Parametrial or sidewall extension is seen by the loss of 
periureteral fat in the former and <3 mm of intervening 
fat between the soft tissue mass and the pelvic sidewall 
in the latter.     

•   Dynamic contrast-enhanced magnetic resonance imaging 
(MRI) is the optimal method for detecting cervix invasion 
(Fig.  1 ) and myometrial invasion with an accuracy of 
85–93 % (Frei et al.  2000 ).  

•   The sensitivity of MRI in detecting lymph node metasta-
sis is 27–66 % and the specifi city is 73–94 % in surgically 
staged patients (Kitajima et al.  2011 ). However, PET is 
preferable if available. The sensitivity and specifi city of 
PET for assessing regional lymph node metastases have 
been shown to range from 50 to 100 % and 87 % to 100, 
respectively (Kitajima et al.  2011 ).   

3        Simulation and Daily Localization 

•     Patients may be simulated in either a supine position or 
prone position. Prone positioning requires use of a belly 
board to allow setup reproducibility.  

•   Endometrial cancer patients undergoing pelvic IMRT are 
typically simulated in the supine position. Immobilization 

   Table 1    Incidence of nodal metastases by risk category (low, no inva-
sion or grade I disease with invasion; medium, all other; high, grade 3 
or outer third invasion) in GOG 33   

 Pelvic lymph
nodes (%) 

 Para-aortic 
lymph nodes (%) 

 Low risk  <5  <5 
 Medium risk  5–10  <5 
 High risk  >10  >10 

  Adapted from Creasman et al. ( 1987 ) 
  GOG  Gynecologic Oncology Group  
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a b

  Fig. 1    Magnetic resonance imaging (MRI) of endometrial cancer 
growing into the endocervical canal: ( a ) sagittal and ( b ) axial T2-weight 
sequences demonstrate thinning of the low signal intensity cervical 

stroma ( white arrow ) which suggests cervical stroma invasion (Image 
adapted from Imaging of Endometrial and Cervical Cancer by Patel 
et al. ( 2010 ))       

     Table 2    Suggested target volumes used in endometrial cancer patients undergoing postoperative pelvic IMRT   

 Target volume  Defi nition and description 

 GTV  Visible disease on imaging and/or physical exam 
 CTV 1   Vaginal cuff 

 Include any fat and soft tissue anterior and posterior to the vaginal cuff between the bladder and rectum 
 CTV 2   Paravaginal/parametrial tissues, proximal vagina (excluding the cuff) 
 CTV 3   Includes common iliac, a  external, and internal iliac nodal regions 

 In patients with cervical stromal involvement, the presacral region is also included 
 The common iliac and external and internal iliac regions are defi ned by including the pelvic vessels plus a 7-mm 
expansion (excluding bone, muscle, and bowel) as well as all suspicious lymph nodes, lymphoceles, and pertinent surgical 
clips 
 Soft tissues between the internal and external iliac vessels along the pelvic sidewall are included 
 The presacral area consists of the soft tissues anterior (minimum 1.0 cm) to the S1–S2 vertebrae 
 Upper extent: 7 mm inferior to L4–5 interspace 
 Lower extent: superior aspect of femoral head (lower extent of external iliacs) and paravaginal tissues at level of vaginal 
cuff (lower extent of internal iliacs) 

 PTV 1   CTV 1  + 15 mm 
 PTV 2   CTV 2  + 10 mm 
 PTV 3   CTV 3  + 7 mm 

  The fi nal PTV is then generated by the union of the PTV 1 , PTV 2 , and PTV 3 : PTV = PTV 1  ⋃ PTV 2  ⋃ PTV 3  
  IMRT  intensity-modulated radiation therapy,  GTV  gross tumor volume,  CTV  clinical target volume,  PTV  planning target volume 
  a To the level of L4–L5 which will not include the entire common iliac nodal region in many patients  

with a customized cradle should be employed to mini-
mize treatment setup error.  

•   Patients should be simulated with a comfortably full blad-
der. At some centers, two scans are performed (full blad-

der and empty bladder) and the two scans are fused to 
generate an integrated target volume (ITV).  

•   CT simulation should be done with ≤3 mm slice thickness. 
Intravenous contrast is helpful for blood vessel delineation.  
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•   In cases of vaginal involvement, a radiopaque marker 
should be placed at the caudal extent of the tumor.  

•   Patients should undergo at least weekly imaging with 
megavoltage (MV) portal, kilovoltage (kV) imaging, or 
cone beam CT (CBCT) to verify treatment setup. Patients 
being treated with IMRT should undergo image guidance, 
preferably with daily imaging.     

4     Target Volume Delineation 
and Treatment Planning 

•     Suggested postoperative clinical target volumes (CTV) 
are detailed in Table  2  and are based on guidelines from 
Radiation Therapy Oncology Group (RTOG) and the 
Gynecologic IMRT Consortium (Small et al.  2008 ).

•      The CTV is divided into three subregions: CTV 1 , CTV 2 , 
and CTV 3 .  

•   In the intact/palliative patient CTV 1  should include the 
entire uterus. CTV 2  should include the paravaginal/para-
metrial tissues as in the postoperative setting plus 3 cm of 
the proximal vagina. CTV 3  is the same as in the postop-
erative setting.  

•   In patients with distal one-third vaginal involvement, the 
inguinal nodes should be contoured continuously from 
the external iliac nodes to 2 cm caudad to the saphenous/
femoral junction.  

•   If para-aortic nodes are involved, an extended fi eld technique 
should be used by extending the cranial border of CTV 3  supe-
riorly to encompass involved nodes. The superior border 
should be chosen at the discretion of the treating physician.  

•   Each CTV should be expanded differentially to form 
PTV 1 , PTV 2 , and PTV 3  (Table  2 ). These three PTVs are 
then combined to form PTV sum .  

•   An additional boost of 5–15 Gy may be added for gross 
nodal disease or parametrial involvement at the discre-
tion of the treating physician. This many be done sequen-
tially or by an integrated boost (Figs.  2 ,  3 ,  4 , and  5 ).

5              External Beam Plan Assessment 

•     Ideally, at least 95 % of the PTV should receive 100 % of 
the prescription dose, and ≥99 % of the PTV should 
receive ≥90 % of the prescription dose.  

•   The dose maximum should occur within the PTV and 
dose areas >100 % of the prescription dose outside of the 
PTV should be minimized.  

•   Organs at risk (OAR) include the bowel, rectum, bone 
marrow, bladder, and femoral heads (Fig.  6 ). Table  3  pro-
vides details for delineation of OARs. The dose con-
straints for these structures are outlined in Table  4 .

•        The bowel should be contoured as the entire peritoneal 
space encompassing the bowel such that the superior- 

inferior boundaries extend 1.5 cm superior to the caudal 
aspect of the PTV and inferiorly to the rectosigmoid junc-
tion. In the anterior-posterior direction, the bowel should 
be delineated from the anterior abdominal wall to the 
most posterior extent of bowel. The bilateral bowel edges 
serve as the left-right boundaries.     

6     Endometrial Brachytherapy 

•     Brachytherapy is often an integral component of treat-
ment for endometrial carcinoma in both the postoperative 
and intact setting. Guidelines are provided from the pub-
lished experience and recommendations of American 
Brachytherapy Society (ABS) and the Groupe Europeen 
de Curietherapie–European Society for Therapeutic 
Radiology and Oncology (GEC-ESTRO) (Nag et al. 
 2000 ).  

•   After placement of the brachytherapy device, a method of 
localization such as a portable x-ray or conventional 
radiotherapy CT simulation is indicated.  

•   In the intact setting CT, MRI, and/or ultrasound should be 
employed to determine uterine wall thickness. 
Additionally, MRI provides information regarding the 
depth of myometrial or cervical invasion.  

•   If an MRI is obtained, the planning CT should be fused to 
the MRI using rigid registration along the brachytherapy 
applicator.  

•   When using a fi xed geometry applicator such as a cylin-
der in the postoperative setting, localization radiographs 
are not required for treatments subsequent to the fi rst 
fraction.  

•   HDR applicators for inoperable primary endometrial car-
cinoma are as in cervical carcinoma and include tandem 
and ovoids, tandem and ring, and tandem and cylinder.  

•   When treating the vaginal cuff with HDR brachytherapy, it 
is imperative for the vaginal mucosa to be in contact with 
the applicator surface and that the cylinder is apposed to 
the apex without intervening air or fl uid to have effective 
dose distribution.  

•   Table  5  shows the dose and fractionation schedules for 
HDR brachytherapy based on the guidelines from the 
ABS for HDR alone as adjuvant treatment of postopera-
tive endometrial cancer.

•      The ABS recommends treating the proximal 3–5 cm of 
the vagina for endometrial carcinoma and consideration 
of treatment of the full length of the vagina for serous and 
clear cell histologies  

•   HDR treatment of recurrences at the vaginal cuff should 
generally follow pelvic EBRT
 –    According to ABS recommendations, intracavitary 

brachytherapy should be used only for non-bulky 
recurrences with thickness <0.5 cm after completion 
of EBRT.  
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  Fig. 2    A patient with stage IB grade 3 endometrial cancer who under-
went a total abdominal hysterectomy and bilateral salpingo-oophorec-
tomy (TAH BSO) with sampling of the pelvic lymph nodes. Pathology 
revealed deep (>1/2) myometrial invasion of a grade 3 tumor with 
extensive angiolymphatic invasion. Disease was limited to the fundus 
with no involvement of the lower uterine segment or cervix. Zero of 5 

pelvic nodes were involved with tumor. She was treated with adjuvant 
intensity-modulated pelvic radiation therapy. Three clinical target vol-
umes (CTV) are shown: CTV1 ( green ) consists of the vaginal cuff, 
CTV2 ( blue ) includes the paravaginal/parametrial tissues and proximal 
vagina (excluding the cuff), and CTV3 ( red ) consists of the common 
iliac, external, and internal iliac lymph nodes       
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  Fig. 3    The clinical target volume-3 (CTV 3 ) ( orange ) is modifi ed in endometrial cancer patients with cervical stromal invasion to include the pre-
sacral region       

  Fig. 4    Three separate planning target volumes (PTV) are generated in 
the postoperative endometrial cancer patient described in Fig.  2  (see 
Table  2 ). The fi nal PTV used for treatment planning is generated by 

combining PTV 1 , PTV 2 , and PTV 3 . The resultant PTV ( red ) is shown in 
the fi gure encompassing CTV 1  ( green ), CTV 2 , and CTV 3  ( yellow )       
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  Fig. 5    Target delineation of CTV 1  ( green ), CTV 2  ( blue ), and CTV 3  ( red ) on a CT simulation in a 65-year-old woman with multiple comorbidities 
with high-grade medically inoperable stage IIIC uterine carcinoma         
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Fig. 5 (continued)
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a

c

b

  Fig. 6    Contours for organs at risk including bowel ( a ,  red ), rectum ( b ,  brown ), bladder ( b ,  red ), and bone marrow ( c ,  blue ) on representative 
computed tomography slices. Clinical target volume 3 (CTV 3 ) is also depicted       

   Table 3    Organs at risk   

 Organ  Defi nition and description 

 Bowel  Outermost loops of bowel from the level of the L4–5 interspace to the sigmoid fl exure 
 Includes the sigmoid colon and ascending/descending colon present in the pelvis 
 In the intact/palliative setting bowel loops posterior to the uterus in the lower pelvis within the PTV are not included 

 Rectum  Defi ned by the outer rectal wall from the level of the sigmoid fl exure to the anus 
 Bladder  Defi ned by the outer bladder wall 
 Bone marrow  The pelvic bones serve as a surrogate for the pelvic bone marrow. Regions included are the os coxae, L5 vertebral body, 

entire sacrum, acetabulae, and proximal femora 
 Superior extent: superior border of L5 or the iliac crest (whichever is more superior) 
 Inferior extent: ischial tuberosities 

 Femoral heads  Entire femoral head excluding the femoral neck 

   PTV  planning target volume  

   Table 4    Intensity-modulated radiation therapy: normal dose 
constraints   

 Structures  Constraints 

 Bowel  Volume receiving >45 Gy (V 45 ) ≤ 250 cc; 
maximum dose <115 % 

 Rectum  Maximum dose <115 % 
 Bone marrow  V 10  < 90 %; V 20  < 75 % 
 Bladder  Maximum dose<115 % 
 Femoral head  Maximum dose <115 % 
 Spinal cord  Maximum dose <45 Gy 

   V   x   volume receiving “X” Gy 
 Constraints presently used at the University of California, San Diego  

   Table 5    Dose-fractionation schedules for high-dose-rate brachyther-
apy alone for adjuvant treatment of endometrial cancer in the postop-
erative setting   

 Fractionation  Dose-specifi c point  Equiv. dose for late effects 

 3 × 10.5 Gy  Vaginal surface  45.6 
 4 × 8.8 Gy  Vaginal surface  45.1 
 5 × 7.5 Gy  Vaginal surface  43.3 
 3 × 7.0 Gy  0.5 cm depth  23.2 
 4 × 5.5 Gy  0.5 cm depth  21.1 
 5 × 4.7 Gy  0.5 cm depth  20.7 

  Adapted from guidelines from the American Brachytherapy Society 
(Nag et al.  2000 )  
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 –   Interstitial brachytherapy should be offered for recur-
rences with thickness >0.5 cm after EBRT.  

 –   Table  6  shows the suggested HDR doses after EBRT to 
45 Gy.

•         HDR treatment in the intact setting should also follow EBRT 
in many cases. However, bachytherapy alone may be appro-
priate in patients with low risk disease and/or for patients for 
whom EBRT may present unacceptable morbidity.  

•   Tables  7  and  8  show the dose and fractionation schedules 
for treatment with brachytherapy alone and brachytherapy 
in combination with EBRT for intact endometrial cancer.

•       The target volume is the entire uterus, cervix, and proxi-
mal 3–5 cm of the vagina.
 –    At the level of the vagina, the dose distribution should 

be optimized to deliver the prescribed dose to a depth 
of 0.5 cm unless treating to the surface.  

 –   As above, it is ideal for treatment planning to include 
image guidance to ensure the entire uterine serosa and 
vaginal wall are enclosed within the prescription dose.  

 –   In the absence of CT/MRI-based treatment planning, 
the dose should be specifi ed to a point 2 cm from the 
central axis of the intrauterine source.           
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   Table 6    Dose-fractionation schedules for high-dose-rate brachyther-
apy following EBRT to 45 Gy in 1.8 Gy daily fractions for adjuvant 
treatment of endometrial cancer   

 Fractionation 
 Dose-specifi cation
point 

 Equivalent dose
for tumor effects 

 Equiv. dose
for late effects 

 2 × 5.5 Gy  0.5 cm depth  58.5  53.7 
 3 × 4.0 Gy  0.5 cm depth  58.3  52.9 
 2 × 8.0 Gy  Vaginal surface  68.3  62.5 
 3 × 6.0 Gy  Vaginal surface  68.3  61.3 

  Adapted from guidelines from the American Brachytherapy Society 
(Nag et al.  2000 )  

   Table 8    Dose-fractionation schedules for high-dose-rate brachyther-
apy alone for inoperable primary endometrial cancer   

 Fractionation 
 Dose-specifi cation
point (cm) a  

 Equivalent dose
for tumor effects 

 Equiv. dose
for late effects 

 4 × 8.5 Gy  2  52.4  42.6 
 5 × 7.3 Gy  2  52.6  41.4 
 6 × 6.4 Gy  2  52.5  40.3 
 7 × 5.7 Gy  2  52.2  39.0 

  Adapted from guidelines from the American Brachytherapy Society 
  a HDR doses are prescribed to 2 cm from the midpoint of the intrauterine 
source (Nag et al.  2000 )  

   Table 7    Dose-fractionation schedules for high-dose-rate brachyther-
apy following EBRT to 45 Gy in 1.8 Gy daily fractions for treatment of 
vaginal cuff recurrences from endometrial cancer   

 Fractionation 
 Dose-specifi cation
point 

 Equivalent dose
for tumor effects 

 Equiv. dose
for late effects 

 3 × 7 Gy  0.5 cm depth  74.0  66.4 
 4 × 6 Gy  0.5 cm depth  76.3  67.4 
 5 × 6 Gy  Vaginal surface  84.3  73.4 
 4 × 7.0 Gy  Vaginal surface  83.9  74.2 

  Adapted from guidelines from the American Brachytherapy Society 
(Nag et al.  2000 )  
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1           Anatomy and Patterns of Spread 

•     The vulva is a triangular-shaped structure composed of 
the labia and perineum immediately external to the 
vagina. Anatomically the urogenital diaphragm, clitoral 
hood, ischiopubic rami, and deep transverse perineal 
muscles bind the vulva.  

•   While as many as 5 % of vulvar cancers are multifocal, 
the most common site of involvement is the labia majora/
minora (70–75 %).  

•   Extension to structures that maintain fecal/urinary conti-
nence or pelvic fl oor integrity such as anus/levator ani, 
urethra, vagina, obturator internus/piriformis muscles, 
and surrounding bone (pubis and ischium) defi ne func-
tional tumor resectability which is especially important 
for determining initial management strategies (see Fig.  1 ).

•      For most vulvar cancers involving the labia and ves-
tibule, the fi rst echelon lymphatic drainage is to the 
superfi cial medial inguinal and deep femoral lymph 
nodes. The inguinal-femoral lymph nodes are an 
 anatomically defi ned compartment laterally bound by 
the medial border of the iliopsoas, medially by the lat-
eral border of the adductor longus, posteriorly by the 
iliopsoas muscle, and pectineus and anteriorly by the 
edge of the sartorius muscle and rectus femoris (Kim 
et al.  2012 ) (see Fig.  2 ).

•      Vulvar lymphatic channels do not cross the labiocrural 
fold and generally do not cross the midline for well- 
lateralized lesions >1 cm from midline.  

•   Pelvic lymph nodes mainly represent second echelon 
lymphatics only affected when inguinal-femoral nodes 
are involved, the exception being small lymphatics of 
midline structures (clitoris or bulb of the vestibule) that 
drain directly to pelvic lymphatics via the internal puden-
dal and iliac lymphatics. As seen in GOG 37, 28 % of 
patients with inguinal node positivity had involvement of 
pelvic lymph nodes.  

•   A prior MRI study with injected iron oxide particles 
showed that 95 % of the common iliac, internal iliac, 
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medial and anterior external iliac, and obturator lymph 
nodes are located with 7 mm of the pelvic vasculature 
(Taylor et al.  2005 ). Conversely, for inguinal-femoral 
lymph nodes and the lateral external iliac region, variabil-
ity of body habitus and prior lymph node dissection limits 
the applicability of the vessel surrogate plus 7 mm defi ni-
tion, where involved lymph nodes range from 0.9 to 
3.5 cm from the vessel, and thus the anatomical compart-
ment rather than fi xed circumferential should be used in 
defi ning inguinal nodes (Kim et al.  2012 ).     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Initial physical examination should include a comprehensive 
gynecologic exam with specifi c attention paid to noting the 
local extent of the disease and inguinal nodal involvement. 
In GOG 37, 23.8 % of patients with clinically enlarged 
lymph nodes were found to have no evidence of disease on 
pathologic assessment, while 23.9 % of patients with a nor-
mal exam were found to have occult metastatic disease. 
Thus physical examination is neither sensitive nor specifi c in 
identifying the extent of nodal involvement. CT or PET-CT 
is therefore essential in workup and treatment planning.  

•   Extrapolating from other pelvic malignancies, most 
prominently anal cancer, where the role of PET-CT is 
well established, we recommend incorporating PET-CT- 
based planning for all vulvar patients to increase the sen-
sitivity of identifying nodal disease that would otherwise 
be undetected by the combination of physical exam and 
CT imaging (Cotter et al.  2006 ).  

•   The use of gadolinium-enhanced pelvic MRI with and 
without water-based endoluminal vaginal gel is important 
in locally advanced disease to evaluate the relationship 
between tumor and functionally integral normal tissues 
such as the musculature of the anal sphincter and vagina 
that preclude surgical resection (see Fig.  3 ).

•      When disease involves the vagina, a gold fi ducial marker 
is placed during in-offi ce speculum examination to iden-
tify the vaginal extent of disease aiding in GTV defi nition 
and daily setup.     

Clitoris

a b

Urethra

Vaginal Introitus

Anus

Clitoris

Urethra
Vaginal Introitus

Anus

  Fig. 1    Functional pelvic anatomy determining vulvar cancer resectability: T2-weighted pelvic MRI with water-based endoluminal vaginal gel ( a ) 
and corresponding CT ( b ) imaging highlighting important pelvic structures integral in determining the functional resectability of vulvar cancers       

  Fig. 2    Inguinal-femoral lymph node compartment: anatomical com-
partment for the fi rst echelon inguinal-femoral lymph nodes showing 
the muscles defi ning the compartment       
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3     Simulation and Daily Localization 

•     CT or PET-CT simulation in the supine position with the 
lower extremities abducted (“frog-legged”) and immobi-
lized in a vacuum-evacuated device to assure reproduc-
ibility in setup. By abducting the lower extremities to the 
maximal extent allowable by the scanner, the dose to the 
medial thigh and groin folds is minimized.  

•   In order to assist in delineation of the tumor, radiopaque 
wire is used to identify areas of gross disease or the post-
operative tumor bed (see Fig.  4 ).

•      CT or PET-CT simulation using 3–5 mm thickness with 
IV and oral contrast. Oral contrast assists in the small 
bowel and rectum visualization, while the IV contrast aids 

a b

c d

  Fig. 3    MR imaging of the locally advanced vulvar cancers. ( a ,  b ) Posterior vulvar lesion (highlighted by the  arrow ) extending to the anus and 
puborectalis muscle. ( c ,  d ) Anterior vulvar lesion with extensive urethral and preurethral involvement (highlighted by the  arrow )       

  Fig. 4    Radiopaque wire for simulation. PET-CT based simulation with 
gross disease outlined by a radiopaque wire placed at the time of simula-
tion (highlighted by the  arrows ), corresponding to the PET avid disease 
seen on simulation imaging       
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in visualization of the vasculature structures for nodal con-
touring. We typically recommend a simulation scan from 
at least the L2 through the mid thigh. The isocenter is typi-
cally placed in the center of the pelvis if treating lymph 
nodes. In comparison, it is typically placed in the vulva at 
the level of pubic symphysis if targeting only the vulva.  

•   If the vagina is involved (and thus to be included in CTV1 
as described below), we suggest performing the simulation 
with a full and empty bladder to create an ITV (internal tar-
get volume) for the vaginal region. It is recommended that 
all vulvar patients be treated with a full bladder and empty 
rectum irrespective of vaginal involvement. On the day prior 
to simulation, patients are instructed to take a fl eet enema 
and are re-simulated if rectal distention is >3.0–3.5 cm since 
an empty rectum represents the most conservative posterior 
location for rectal fi lling effects on interfraction motion.  

•   We avoid the use of a vaginal obturator or marker as these 
devices distort anatomy and create non-reproducible ana-
tomical deformation of the pliable vaginal mucosa. 
Additionally, the devices displace the vagina posteriorly, 
creating a situation prone to geographic miss.  

•   A customized bolus of 0.5–1 cm thickness is usually created 
for the vulvar region at the time of treatment planning and is 
used for daily treatments. Separate plans are generated with 
and without bolus at the time of initial IMRT planning, such 
that should the patient develop a brisk skin reaction, treatment 
can be continued without bolus and no attendant treatment 
interruption. Additionally a 1–2 cm thick bolus structure 
is extended in air for IMRT plan optimization only, which 
serves to extend the isodose line beyond the skin for fl ash to 
account for edema and  swelling (see Fig.  5 ). The difference 
in monitor units with and without bolus should be minimal.

•       Patients are typically set up with a combination of daily 
KV and CBCT imaging. Daily kV imaging is used to 
reduce interfraction motion based upon the bony anatomy 
or to fi ducial markers placed at the vaginal extent of dis-
ease if present. For boost CBCT daily would be preferred 
for daily localization and matching with the soft tissue.     

4     Target Volume Delineation 
and Treatment Planning 

•     The primary GTV includes all gross disease on physical 
examination and imaging. For pelvic and inguinal, GTV 
includes all lymph nodes ≥1 cm in the short axis, those with 
a necrotic center and/or PET avidity (see Table  1  and  2 ).

•       CTV1 includes the GTV with at least a 1 cm margin 
including at minimum the entire vulvar region and excluding 
nearby uninvolved structures such as the muscles 
 comprising the anal sphincter and bone (see Figs.  6  
and  7 ). If uninvolved and posterior lesion, the mons pubis 
can be excluded from CTV1 to minimize the risk of long-
term lymphedema (see Fig   .  8a ).

•        For posterior vulvar lesions, the CTV1 also includes the 
perineum from the posterior fourchette to the anal verge. 
If the anal verge is involved, then CTV1 needs to include 
that with at least a 1–2 cm margin. If disease extends to 
the anal canal, then CTV1 also includes the entire meso-
rectum from the anal verge to the rectosigmoid fl exure to 
cover the perirectal lymph nodes (see Fig.  8a ).  

•   For anterior vulvar lesions involving the urethra, CTV1 
includes at least 2 cm proximal to the primary GTV or to 
the bladder neck (see Figs.  9a  and  10a ).

  Fig. 5    Customized bolus for IMRT optimization to generate fl ash. CT treatment planning images with and without a customized bolus structure 
generated for IMRT optimization to extend isodose lines beyond the vulva generating a fl ash of dose beyond the skin (highlighted by  arrow )       
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•       In the case of vaginal extension, the CTV1 includes the 
entire vagina from the apex to the vaginal introitus 
(see Fig.  9a ).  

•   CTV1 for N0 patients encompasses the bilateral inguinal- 
femoral lymph nodes and the pelvic lymph nodes including 
the lower common iliac, bilateral external iliac, bilateral 
internal iliac, and bilateral obturator. Note the lower 

    Table 1    Suggested IMRT dose fractionation schemes used for vulvar 
cancer   

 Clinical situation  PTV1 (Gy)  PTV2 (Gy)  Dose per fraction 

 Preoperative GOG 205 
(Moore et al.  2012 ) 

 45–50.4  55.8–59.4  1.8 Gy daily 

 Defi nitive  45–50.4  59.4–70.2  1.8 Gy daily 
 Adjuvant  45–50.4  50.4–59.4  1.8 Gy daily 

   Table 2    Suggested target volumes at the high-risk subclinical region   

 Target volumes  Defi nition and description 

 GTV  Primary: All gross disease on physical examination and imaging (see above regarding the importance of PET-CT and 
MRI) 
 Pelvic and inguinal nodes: All nodes ≥1 cm, or those with necrotic center, and/or PET avidity 

 CTV1  GTV + 1 cm including the entire vulva (+/− perineum, vagina, or urethra if involved) with editing to exclude 
uninvolved bone, muscle, and adjacent organs 
 CTV1 includes the inguinal-femoral and pelvic lymph nodes (bilateral obturator and external and internal iliac) to the 
bifurcation of the external and internal iliac vessel 
 Include the entire common iliac chain to the aortic bifurcation if pelvic node positive 
 Include entire vagina if vaginal involvement and generate ITV for full and empty bladder if feasible 
 Include 2 cm of urethra proximal to primary GTV for anterior periurethral lesion or to the bladder neck if extensive 
urethral involvement 
 Include a 1–2 cm margin if anal verge is involved or the entire mesorectum if anal canal involvement 

 PTV1  CTV 1  + 1 cm for the primary and 0.7–1 cm for lymph nodes 

a

b

CTV1 includes the entire vulva
excluding bone and adjacent muscle

CTV1 includes GTV plus atleast 1 cm

  Fig. 6    ( a ) Preoperative vulvar cancer. The patient had FIGO Stage 
IB squamous cell carcinoma of the vulva which approached but did not 
involve the urethra. However, the encochment on the urethra precluded 
initial margin negative resection; thus, she received preoperative 
chemoradiotherapy with weekly cisplatin 40 mg/m 2 . The GTV for the 
primary lesion is noted in light green; note the midline lesion extended 
close to the urethral orifi ce. CTV1 ( red ) includes the entire vulva and 
the GTV plus at least 1 cm excluding adjacent bone/muscle as well as 

the inguinal-femoral lymph nodes ( red ) and pelvic lymph nodes (not 
shown). The PTV1 ( orange ) received 45 Gy in 25 fractions and a 
sequential IMRT photon boost of 12.6 Gy in seven fractions to a cumu-
lative dose of 57.6 Gy in 32 fractions; she subsequently underwent suc-
cessful partial vulvectomy with negative surgical margins and urethral 
preservation. ( b ) Preoperative vulvar cancer. GTV ( light green ) primary 
with corresponding boost PTV2 ( orange ) for the sequential IMRT photon 
boost of 12.6 Gy in seven fractions       
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 common iliac lymph node beds are not always treated 
with traditional fi elds; however, we believe inclusion is 
preferable with modern techniques.  

•   The pelvic nodal CTV1 contour begins superiorly with the 
lower common iliac lymph nodes and extends to the bifur-
cation of the external and internal iliac vessels. Inferiorly, 
the external iliac nodal contours are continued until the 
level of the femoral heads, marking the beginning of the 
obturator lymph nodes which extend to the level of the 
pelvic fl oor where the obturator vessels leave the pelvis.  

•   For patient with known disease in the pelvic lymph 
nodes, the superior border of CTV1 is extended to the 
take-off of the common iliac vessel from the descending 
aorta to include the entire common iliac nodes (see 
Figs.  9a  and  10a ).  

•   The inguinal-femoral compartment should extend cau-
dally approximately 2 cm from the saphenous-femoral 
junction or to the level of the lesser trochanter with cir-
cumferential borders defi ned anatomically by muscula-
ture surrounding the compartment (see Fig.  2 ).  

CTV1 includes bilateral external
and internal iliac lymph nodes

Note the site of pathologic positive
inguinal lymph node

Vulvar CTV1 includes the entire vulva
excluding bone and muscle with a PTV
expansion into a custom bolus structure for
IMRT optimization

CTV1 includes the bilateral
obturator lymph nodes to 
the level where the vessel
exits the pelvis

  Fig. 7    Postoperative vulvar cancer. The patient had FIGO Stage IIIA 
squamous cell carcinoma of the vulva. She underwent partial vulvec-
tomy and bilateral sentinel lymph node biopsy. Final pathology 
showed a 1.7 cm lesion with lymphovascular space invasion, 0.3 mm 
depth of invasion, and 0.5 cm surgical margins. One of 2 right inguinal 
sentinel lymph nodes were involved measuring 0.5 cm, with involve-

ment in 0 of 4 left sentinel lymph nodes. She completed adjuvant 
radiotherapy to 50.4 Gy in 28 fractions, for which the CTV1 ( red ) and 
PTV1 ( orange ) are shown above. The patient received an additional 
9 Gy electron boost for a cumulative dose of 59.4 Gy for the close 
surgical margin       

 

J.A. Vargo and S. Beriwal



355

CTV1 begins superiorly at the level
of the distal common iliac vessel

CTV1 includes the pre-sacral region

Inferior extent of CTV1 for
inguino-femoral lymph nodes

Gross anal canal extension

Sparing superior mons pubis
becuase posterior vulvar lesion

CTV1 includes the mesorectum from the
recto-sigmoid junction to anal verge
covering the at risk peri-rectal lymph
nodes becuase of anal canal involvement

b

a

Superior extension into anal canal Total 1 cm extension for primary boost PTV2 Inferior extent of GTV highlighted by a
wire placed at the time of simulation

  Fig. 8    ( a ) Locally    advanced vulvar cancer with anal canal extension. 
The patient had FIGO Stage IVA squamous cell carcinoma of the vulva 
with extension into the anal canal. She received preoperative chemora-
diotherapy with concurrent weekly cisplatin 40 mg/m 2 . The GTV 
( green ) with extension into the anal canal, CTV1 ( red ) including the 
bilateral external iliac, internal iliac, obturator, presacral lymph nodes 
from S1–S4, inguinal- femoral lymph nodes, entire mesorectum from 
the anal verge to the rectosigmoid junction, and entire vulva. The cor-
responding PTV1 is shown in  orange . Note for CTV1 the inclusion of 

the entire mesorectum and presacral region because of anal canal 
involvement, as well as the sparing of the superior mons pubis because 
of the posterior primary vulvar lesion. PTV1 was treated to 45 Gy in 25 
fractions, with a sequential IMRT photon boost to the primary lesion 
for a cumulative dose of 59.4 Gy. ( b ) Locally advanced vulvar cancer 
with anal canal extension. GTV ( light green ) primary with correspond-
ing boost PTV2 ( orange ) for the sequential IMRT photon boost of 
14.4 Gy in eight fractions       
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a

b

CTV1 superiorly extends to
the take off of the common
iliacs because of pelvic lymph
node involvement

ITV including the
entire vagina becuase
of vaginal involvement

CTV1 includes the bladder
neck because of extensive
urtheral involvement

  Fig. 9    ( a ) Locally advanced vulvar cancer with extension to the 
vagina and bladder neck. The patient had FIGO stage IVB (based on 
pelvic node positive) squamous cell carcinoma of the vulva with vagi-
nal extension and involvement of the urethra with extension superiorly 
to the bladder neck. She completed concurrent chemoradiotherapy with 
weekly cisplatin 40 mg/m 2 . The GTV for the involved pelvic lymph 
nodes and primary is highlighted in green, and note the extensive 
involvement of urethra with extension to the bladder neck as well as 
vaginal involvement. CTV1 ( red ) and PTV1 ( orange ) including the 
entire urethra to the level of the bladder neck, and the entire vagina, 

contoured as an ITV to account for a full and empty bladder. PTV1 
received a dose of 45 Gy in 25 fractions with an SIB to the involved 
lymph nodes to 55 Gy in 25 fractions and a sequential IMRT photon 
boost to a cumulative dose of 70.2 Gy to PTV2 in 39 fractions with 
complete metabolic and clinical response. Note the CTV1 and corre-
sponding PTV1 extend into a custom bolus structure for IMRT optimi-
zation. ( b ) Locally advanced vulvar cancer with extension to the 
vagina and bladder neck. GTV ( light green ) primary with correspond-
ing boost PTV2 ( blue green ) for the sequential IMRT photon boost of 
25.2 Gy in 14 fractions       
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a

b

CTV1 extends to the level of the
common iliac vessel becuase of pelvic
lymph node involvement

PET avid obturator lymph node. Note PTV3 for
SIB (blue). CTV1 includes bilateral external
iliac, internal iliac, and obturator lymph nodes

CTV1 for the primary extends superiorly
to the bladder neck becuase of extensive
uretheral involvement

Anterior vulvar lesion with
extensive uretheral involvement

Vulvar CTV1 with expansion into a custom
bolus structure for IMRT optimization

  Fig. 10    ( a ) Locally advanced vulvar cancer with bulky pelvic lymph 
node involvement. The patient had FIGO stage IVB (based on pelvic 
node positive) squamous cell carcinoma of the vulva with a bulky obtura-
tor lymph node and an anterior vulvar lesion with extensive periurethral 
involvement. GTV for involved pelvic and inguinal lymph nodes plus the 
primary is outlined in green. Note CTV1 ( red ), and corresponding PTV1 
( orange ) includes the common iliac lymph nodes to the level of the bifur-
cation of the descending aorta and includes the urethra to the level of the 

bladder neck because of extensive periurethral involvement. She received 
concurrent cisplatin 40 mg/m 2  and radiotherapy to 45 Gy in 25 fractions 
followed by a 10.8 Gy IMRT photon boost to the primary. The involved 
lymph nodes received 55 Gy in 25 fractions using a SIB technique. The 
corresponding PTV3 for nodal SIB is shown in blue. ( b ) Locally 
advanced vulvar cancer with bulky pelvic lymph node involvement. 
GTV ( light green ) primary with corresponding boost PTV2 ( orange ) for 
the sequential IMRT photon boost to 10.8 Gy at 1.8 Gy per fraction       

•   For PTV1, CTV1 for the primary or tumor bed should be 
expanded by at least 0.7–1 cm to account for the previ-
ously mentioned uncertainties, whereas there is less vari-
ation in respect to the lymph nodes, and its CTV1 can be 
expanded by 0.5–0.7 cm for PTV based on frequency and 
type of imaging used for localization.  

•   When using a sequential boost for defi nitive dose, one 
should consider rescanning to account for response of 
exophytic tumor and subsequent adjustment of the tar-
geted volume. For the primary, the GTV is expanded by 
a total of 1.0–2.0 cm for PTV2.  For the involved lymph 
nodes, the GTV is expanded by a total of 0.7–1.0 cm to 

create the fi nal nodal boost volume, PTV3. The boost to 
the primary site can be delivered via IMRT, direct elec-
tron fi eld, or interstitial brachytherapy depending on 
the response and location of remaining disease (see 
Table  1  and  3 ).  

•   An alternative in treating gross nodal disease is 
 implementation of a simultaneous integrated boost (SIB) 
during the initial 45.0 Gy delivered to the pelvis, to a total 
of 55 Gy delivered at 2.2 Gy per fraction to the positive 
lymph node plus a total of 0.7–1.0 cm margin from GTV 
to PTV, which allows dose escalation without increasing 
the overall treatment time (see Fig.  10a ).     
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5     Plan Assessment 

•     The plan is considered acceptable if <5 % of the PTV 
receives <100 % of the prescribed dose and <10 % of the 
PTV receives >110 % of the prescribed dose. We attempt 
to avoid any hot spots in inguinal folds.  

•   At the time of the fi rst treatment, a thermoluminescent 
dosimeter (TLD) should be placed under the bolus to con-
fi rm the delivered dose is within 7 % of the prescribed dose.  

•   For critical organs we advocate contouring the anorectum 
from the anal verge to rectosigmoid junction, the entire 
bladder with no overlap between the CTVs, small bowel 
including entire peritoneal cavity (instead of individual 
bowel loops) from the rectosigmoid junction to 1–2 cm 
above the fi nal PTV, femoral heads caudally to level of the 
lesser trochanter, and in instances of concurrent chemo-
therapy the pelvic bone marrow including the lower lum-
bar spine, iliac, sacrum, and femoral heads (see Table  4 ).     

  Suggested Reading 

    GOG 205 (Moore et al.  2012 ): Show feasibility of preoperative weekly 
cisplatin and dose-escalated radiotherapy to 57.6 Gy for locally 
advanced vulvar cancers.  

  Outcomes for Vulvar IMRT Beriwal et al. ( 2006 ,  2008 ,  2013 ): Reviews 
evolution, techniques, and outcomes for IMRT in vulvar cancer.  

  Australian Gastrointestinal Trials Group Contouring Atlas for Anal 
Cancer IMRT (Ng et al.  2012 ): Anatomical- based contouring guide-
lines for inguinal and pelvic lymph nodes, and for cases of anal 
involvement, delineate contouring for the entire mesorectum from 
the anal verge to rectosigmoid.         
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   Table 4    Intensity-modulated radiation therapy normal tissue dose constraints   

 Critical structures  University of Pittsburgh Cancer Institute a   RTOG b  

 Small bowel  Max < 50 Gy, ≤35 % to receive ≥35 Gy  ≤ 30 % to receive ≥ 40 Gy 
 Anorectum  Max < 50 Gy, ≤40–50 % to receive ≥40 Gy  ≤ 60 % to receive ≥ 40 Gy 
 Bladder  Max < 50 Gy, ≤40–50 % to receive ≥40 Gy  ≤ 35 % to receive ≥ 45 Gy 
 Femoral heads  Max < 50 Gy, ≤35 % to receive ≥35 Gy  ≤ 15 % to receive ≥ 35 Gy 
 Bone marrow  Max < 50 Gy, ≤75–80 % to receive ≥20.0 Gy  ≤ 37 % to receive ≥ 40 Gy 

   a Based on guidelines presently used at University of Pittsburgh Cancer Institute (Beriwal et al.  2006 ,  2008 ,  2013 ) 
  b Contemporary guidelines for pelvic radiotherapy as refl ected in the ongoing RTOG 0921 and suggested on outcome analysis from RTOG 0418 
(Klopp et al.  2013 ). Maximum doses can be increased depending on tumor location and potential PTV overlap  

   Table 3    Suggested target volumes for the boost   

 Target volumes  Defi nition and description 

 GTV  Primary: All gross disease on physical examination and imaging (see above regarding the importance of PET-CT and MRI) 
 CTV2  Primary: GTV + 0.5 − 1 cm with editing to exclude uninvolved bone, muscle, and adjacent organs 
 PTV2  Primary: CTV 2  + 0.5 − 1 cm depending on imaging used for localization 
 PTV3  Involved Lymph Nodes: the entire GTV to PTV expansion is 0.7–1 cm depending on imaging used for localization 
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1        Introduction 

•     Advances in treatment delivery of external beam radio-
therapy (EBRT) have facilitated improvement in treat-
ment effi cacy of radiotherapy (RT) for prostate cancer 
by enabling safe dose escalation. Intensity-modulated 
radiation therapy (IMRT) has become a standard current 
form of treatment delivery. Various protocols for frac-
tionation exist, and EBRT is used in both the defi nitive 
and postoperative settings. However, all approaches rely 
on accurate target delineation, treatment planning, and 
patient setup. This chapter will describe the approach 
that is employed at Memorial Sloan Kettering Cancer 
Center (MSKCC).     

2    Anatomy and Patterns of Spread 

•     The prostate is an approximately 25 cc gland that strad-
dles the prostatic urethra in a craniocaudal axis between 
its broad base, where it abuts the bladder, and its narrow 
apex, where it terminates at the membranous urethra 
above the external urinary sphincter. This conical shape is 
framed laterally by the convergence of the obturator and 
levator ani muscles into the genitourinary diaphragm. The 
prostate is bounded anteriorly by a rich venous plexus and 
the pubis and posteriorly by the rectum. The neurovascu-
lar bundle, highlighted in nerve-sparing surgical 
approaches, is located within a cavernous plexus postero-
lateral to the prostate (Fig.  1 ).

•      Four zones can be identifi ed within the prostate of younger 
men (peripheral, central, transition, anterior fi bromuscu-
lar). The peripheral zone lies adjacent to the rectum and is 
the site of the majority of tumors.  

•   Local tumor spread by extracapsular extension (ECE) 
is facilitated by defects in the prostatic capsule at the 
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sites of entry of neurovascular structures (suggesting 
the importance of perineural invasion) or glandular 
ducts and at the prostatic apex, where the capsule is 
thin or absent. While involvement of the bladder neck 
and even trigone is more easily identifi ed on workup, 
care must be taken not to underestimate the potential 
for spread into and beyond the anterior fi brostroma, 
where transrectal ultrasound (TRUS) and biopsy may 
undersample. Spread to the rectum is rare due to the 
reinforcement of the Denonvilliers fascia, formed by 
invagination of a peritoneal layer between the two 
structures.  

•   Regional spread is most common to the obturator 
lymph nodes and can also involve internal iliac, exter-
nal iliac, and presacral nodes. Distant spread is over-
whelmingly to bone, a predilection which is attributed 
to various hypotheses, including the anatomic ease of 
spread via the valveless Batson’s venous plexus to the 
lumbar spine and biologic rationale. In particular, this 
causes concern for pathologic fracture from involve-
ment of long bones and the pelvis, spinal cord com-
pression or spinal instability from vertebral 
involvement, and cranial nerve palsies from skull base 
involvement.     

3    Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Initial case workup includes digital rectal examination, uri-
nary and erectile function scores, and relevant labs. A his-
tory of prior transurethral resection of the prostate (TURP) 
or medication for benign prostatic hypertrophy is particu-
larly important for optimizing treatment selection. In addi-
tion, knowledge of prior urethral surgery or visualization of 
the TURP defect is helpful so as to contour this area to 
insure that excessive doses are not given to this region.  

•   Standard imaging includes TRUS for initial assessment of 
gland size and biopsy guidance, with tumors appearing 
hypoechoic. The TRUS volume is also helpful for it provides 
prognostic data such as PSA density. Computed tomography 
(CT) of the pelvis provides limited infor mation regarding 
evaluation for pelvic adenopathy. While the literature on its 
sensitivity is mixed, suspicious nodes may be noted for 
biopsy when carrying the potential to affect treatment.  

•   Magnetic resonance imaging (MRI) with 3T strength and 
with or without endorectal coil based on patient tolerance 
and level of detail needed (i.e. neurovascular bundle 
approximation relative to tumor prior to nerve sparing sur-
gery is best seen with 3T + coil) is recommended at 

  Fig. 1    Relationship of prostate to surrounding anatomic landmarks on MRI T2-weighted sequences in a patient with clinically organ-confi ned 
disease.  Left : Coronal view  Right : Axial view       
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MSKCC for evaluation of intraprostatic anatomy and for 
ECE. This is performed at least 8 weeks following biopsy 
to allow for post- procedure changes to resolve. Tumors 
appear hypointense on T2 compared with normal gland, 
allowing assessment for dominant lesions and seminal 
vesicle invasion (Fig.  2 ). While blood products can also be 
hypointense on T2, they are hyperintense on T1, in con-
trast to tumor, allowing differentiation (Fig.  3 ). Disruption 
or irregularity of the well-defi ned capsule by tumor sug-
gests ECE (Fig.  4 ). Sagittal view allows assessment of the 
extent of prior TURP defects and obstructive physiology, 
such as from a hypertrophied median lobe (Fig.  5 ). Finally, 
in the case of patients with MR-compatible prior hip 
arthroplasty, MRI fusion with CT-simulation images may 
facilitate basic visualization of target structures.

4             Simulation and Daily Localization 

•     CT simulation is performed with 2–3 mm slice thickness. 
Our approach at MSKCC includes:

 –    Immobilization: Mold such as Aquaplast ®  in supine 
position with arms on chest and out of fi eld.  

 –   Scan: Even if not treating pelvic nodes, scan cranial 
to prostate to allow full delineation of bladder, rectum 
to rectosigmoid junction, and the relevant areas of 

small bowel that may fall adjacent to high-dose 
distributions.  

 –   Image guidance: Gold fi ducials or Calypso TM  beacons 
for daily inter-fraction or intra-fraction guidance, 
respectively, are placed at least 5 days prior to 
simulation.  

 –   Preparation: Bowel prep night prior, and oral contrast 
90 min before simulation.  

 –   Special cases/regimens:
•    Full bladder – 2 cups of water 45 min before scan.

 –    This is required in postoperative therapy due to the ten-
dency of small bowel to fall into the prostatectomy bed. 
If this is not achieved, a cone down may be required.   

 –    In defi nitive therapy, full bladder is useful when CT 
simulation scan demonstrates a) any small bowel 
within the high-dose region (rule of thumb 9mm sepa-
ration from top slice of prostate/SV) or b) small overall 
bladder size that places a high percentage of bladder 
volume within the high dose region. If this is not 
achieved, a cone down may be required.      

•   Foley catheter for urethral delineation in treatment plan-
ning for stereotactic hypofractionation or combination 
therapy protocols.
 –    We pretreat with ~5 cc of viscous lidocaine 2 % (i.e., 

Uro-Jet ® ) and employ a 12 or 14 French Coudé under 
sterile technique.        

 –   Isocenter is placed in the prostate.     
•   Daily setup: First, in room lasers are aligned to skin marks. 

Second, onboard kV orthogonal pair imaging is compared 
to the simulation-based digitally reconstructed radiograph 
(DRR) with projected fi ducial contours. Our current image-
guided RT (IGRT) protocol for daily inter- fraction adjust-
ments requires a couch shift to align the kV verifi cation fi lm 
with a DRR fi ducial-based match for deviations of >2 mm 
in any cardinal axis. Re-verifi cation and readjustment as 
necessary is then performed before treatment is delivered.     

5    Target Volume Delineation 
and Treatment Planning 

•     Target volume guidelines and delineation concepts are 
summarized in Table  1 .

•      Volume walkthroughs: See Figs.  6 ,  7 ,  8 ,  9 , and  10  for 
examples of treatment of the prostate and seminal vesicles, 
pelvic nodes, and postoperative fossa. Special cases are 
highlighted in Figs.  11  and  12 . General concepts of target 
delineation and quality assessment are highlighted:
 –           Key anatomic boundaries and landmarks to guide 

interpretation  
 –   Quality assessment via 3-D projection       

  Fig. 2    Seminal vesicle (SV) invasion by tumor ( green arrows ) is dem-
onstrated on sagittal MRI T2-weighted sequence by irregular hypoin-
tense signal encroaching upon the hyperintense proximal SV       
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  Fig. 3    Demonstration of post-biopsy changes on MRI, which limits 
interpretation of disease extent. Diffuse signal irregularities are noted 
on T2-weighted sequences in the coronal ( top left ), sagittal ( top right ), 
and axial planes ( bottom left ), as well as on T1-weighted sequence in 

the axial plane ( bottom right ). Nonetheless, the distinct hypointensity in 
the left posterolateral gland on both T1- and T2-weighted sequences 
suggests a dominant peripheral zone tumor ( white arrowheads )       
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  Fig. 4    Extracapsular extension (ECE) detected by MRI T2-weighted 
axial sequences of the prostate.  Left : Broad capsular contact is shown 
( green arrows ) along the left posterolateral boundary without frank dis-
ruption. This would be called suspicious but not defi nite for ECE. 

 Right : In contrast, this image demonstrates a focal penetration ( yellow 
arrows ) of the capsule ( white arrowheads ) by a hypointense lesion, 
consistent with clear ECE       

  Fig. 5    MRI T2-weighted sequences ( left  coronal,  right  axial) demon-
strate enlargement of the median lobe of the prostate with invagination 
into the bladder due to both tumor and hypertrophy. Such features can 

be mistaken for bladder neck thickening on CT slices alone, leading to 
inadequate tumor coverage by PTV. In this case, this invagination of 
tissue into the bladder should be treated       
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   Table 1    Suggested target volumes for EBRT and contouring concepts   

 Treatment setting  Protocol  Dose (cGy)  PTV margin  CTV description 

 Defi nitive  Conventional  8,000–8,600  6 mm  • Prostate and seminal vesicles Fig.  6  
 •  Begin contours mid-gland where 

prostate borders are most easily 
identifi able 

 •  Caudally, identify apex relative to 
GUD based on landmarks noted in 
the fi gure that identify the 
convergence of the levator ani (i.e., 
“slit” of McLaughlin et al. 2010) 

 •  Lateral boundary = levator ani 
 •  Anterior = anterior fi bromuscular 

stroma (AFS) 
 •  Posteriorly, rectum is opposed at 

mid-gland, but falls away caudally, 
so trace rectum from anal canal to 
avoid error 

 •  Superiorly, incorporate SV but not 
the associated vasculature above into 
the fi nal CTV. The SV can be 
contoured separately, but using one 
structure smoothens transition 

 •  Check 3-D structure to assess for 
symmetry and interpretation errors. 
See Fig.  7  

 Hypofractionated 
(full bladder, Foley) 

 750 or higher × 5  5 mm except at the 
rectum (3 mm) 

 Adjuvant/salvage  (Full bladder)  7,200 ± dose 
painting boost 
to gross residual 
disease 

 10 mm except at the 
rectum (6 mm) 

 Within RTOG guidelines Figs.  8  and  9  
 •  Caudally begin just above GUD. 

Identify vesicourethral anastomosis 
(VUA) as slice below last with 
urine, and begin contouring 8–12 
mm below. MRI fusion may aid. 

 •  At superior border of pubic 
symphysis, pull back anterior border 
gradually over 3–4 slices to the 3 
mm margin allowed on the bladder, 
forming a classic “dumbbell” shape 
noted in the fi gure 

 •  Cranial border should extend 
approximately 2 cm above the pubic 
symphysis, but it is not necessary to 
encompass all hemostatic clips 

 •  Laterally bound by obturator internus 
 •  Dose paint gross residual disease on 

MRI Fig.  12b  
 Either  Pelvic nodes  4,500  10 mm   Non-RTOG: See Fig.  10  

 •  Target vessels: common iliac below 
the L5–S1 interspace, external iliac, 
internal iliac into pudendal and 
obturator vessels 

 •  Posterior boundary of PTV (internal 
iliac branches) is most prone to 
over-contouring which would 
increase dose to the rectum 

 •  Stopping points: end external iliac at 
the top of the femoral head, end 
inferior node contours (obturator/
pudendal) at superior aspect of pubic 
symphysis 

N.B.Desai and M.J.Zelefsky



367

Penile Bulb

Apex Begins Next Slice
Lateral border =
obturator internii

Fiducial

Avoid over-contouring AFS

Rectum closest at mid-gland

Gradually transition ie: at SV
and bladder interface

Bladder neck: urine density
invaginating into gland

Seminal Vesicles Transition to Vasculature

‘Slit’ Upper GUD Levator Convergence

  Fig. 6    A patient with clinically organ-confi ned disease but with sug-
gestion on MRI of possible seminal vesicle (SV) invasion treated to the 
prostate and SV. This series of representative images beginning at the 

apex from a 2 mm slice thickness CT simulation demonstrates general 
boundary discrimination and CTV delineation. Not all slices are shown. 
 AFS  anterior fi bromuscular stroma,  GUD  genitourinary diaphragm       

 

Prostate Adenocarcinoma



368

AP

LAOKV RAOKV

Lateral View

  Fig. 7    Three-dimensional projection of CTV in various views for 
quality assessment. Note the appearance of a relatively globular gland 
underneath a winged structure representing the seminal vesicles superi-
orly. Cross-referencing of these projections to axial contours allows for 
detection of common misinterpretations of anatomy (i.e., extending 
contours too far caudally into the genitourinary diaphragm will produce 

extension of a narrow pedestal-like structure inferiorly described by 
McLaughlin et al. 2010). Moreover, gross irregularities in the overall 
structure may refl ect overcorrection from slice to slice that is not ana-
tomically faithful, especially when averaging organ deformation and 
motion during treatment.  AP  anterior- posterior,  LAOKV  left anterior 
oblique kV,  RAOKV  right anterior oblique kV       
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Initiate CTV above GUD 8-
12mm below VUA

Caudal bladder above VUA Posterior bladder = anorectal surface

Cover peri-prostatic clips

Laterally bounded by levator ani and
then obturator internii superiorly

Superior to symphisis, gradually pull
anterior border to 3mm into bladder

End superiorly at level of vas deferens or 2-
3cm above pubic symphysis. Do not extend

solely to cover hemostatic clips.

Anterior border pubic symphysis

  Fig. 8    Post-robotic prostatectomy target delineation for salvage intent 
in a 60-year-old with high-risk pT3a, Gleason score 7, and PSA 6.8 
adenocarcinoma with steadily rising PSA. Representative images from 
2 mm slice thickness simulation CT with full bladder protocol begin 
caudally. Note that an iterative technique of contouring CTV, expan-
sion to PTV, and modifi cation of CTV before re-expansion is helpful in 

sensitive areas, such as cranially, where landmarks become subjective 
and critical structures sandwich the target volume. This helps avoid a 
“dumbbell” PTV shape from wrapping and overdosing the rectum, as 
suggested in the latter images.  GUD  genitourinary diaphragm,  VUA  
vesicourethral anastomosis       
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Lateral

AP

  Fig. 9    3-D projection of PTV in orthogonal views for quality assess-
ment. As opposed to an intact prostate treatment plan, the contours for 
a postoperative plan will necessarily approximate the bladder and rec-
tum to cover areas of potential seeding. These areas include the anterior 
perirectal space, the vesicourethral anastomosis (VUA), and the new 
spaces created at the posterior bladder interface with the pelvic fl oor 
and VUA. The overlap of PTV margin with the rectum ( green ) and 
bladder ( yellow ) is highlighted here. In particular, a gradual tapering of 
the anterior PTV boundary superior to the pubic symphysis is ensured 
by inspection of the three-dimensional projection. Smoothing out this 
transition avoids abrupt changes in dose distribution that are susceptible 
to errant targeting based on day-to-day changes in bladder volume 
despite a full bladder protocol       
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Bifurcation IVC

L5

Common Illiac veins

Common Illiac artery bifurcation Low L5-S1 interspace start

Pre-sacral fills gap Posterior nerves mimic vessels

Lumbosacral plexus Superior gluteal artery branching

Pre-sacral ends above coccyx

Sacral nerves mimic vesels

S. Bowel

Bladder

Follow anterior internal illiac
branches: obturator and pudendal

Do not follow Sup. Gluteal A. out Not inferior gluteal

External illiacs moving
antero-inferiorally

  Fig. 10    Pelvic lymph node target delineation. A 71-year-old man with 
National Comprehensive Cancer Network (NCCN) intermediate risk 
disease with MRI suggestion of seminal vesicle (SV) invasion undergo-
ing combination high-dose rate (HDR) brachytherapy followed by 

external beam RT. Representative images from a 2 mm slice thickness 
CT simulation scan are provided beginning cranially and proceeding 
caudally.  IVC  inferior vena cava         
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Piriformis M
Inf glut A.

As piriformis inserts, inf. Glut A exits
and pudendal A moves anteriorly

Top of femoral heads = end of Ext. Iliac

As SV begins, avoid over-coverage
of rectum and peri-rectal nodes

End near sup. pubic symphysis
around levator ani origin.

Fig. 10 (continued)
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Apex may not have seeds, so still use
GUD elements to initiate volumes.

Fiducials produce large artifact. Use
surrounding slices to approximate CTV.

Do not confuse calcifications with seeds

  Fig. 11    This case demonstrates special considerations in volume 
delineation of the prostate for combination therapy with external beam 
RT following brachytherapy. General concepts include seeds, do not 
assume that seed coverage peripherally delineates boundaries, interpo-

late to smoothen boundaries at areas of fi ducial/seed scatter, and con-
tour urethra via Foley for dosimetry. It is helpful to also have dosimetry 
from the implant to guide treatment planning of the external beam RT. 
 GUD  genitourinary diaphragm       
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No need to cover all hemostatic clips if
causing over-dose of normal structures

Asymmetry allowed post-operatively due
to instrumentation defects

Dose painting target correlated with MRI

a

Nodular residual disease on Axial T2 MRI

b

  Fig. 12    Dose painting in the post-prostatectomy setting with gross 
residual disease on CT ( a ) and MRI ( b ). Patient is a 49 year old with 
pT3aN0, Gleason score 8 disease who underwent retropubic prostatec-
tomy with multifocal extracapsular extension, positive margins, and 
gross residual disease on follow- up MRI. The focus was marked for 
image-guided dose painting with ultrasound-guided placement of 
Calypso beacon ( blue ). A small margin (not    shown) is applied, and 

boost dose is governed by what is achievable for an institution’s given 
dose constraints for the bladder, rectum, and small bowel. Note that a 
degree of asymmetry is allowable in postoperative PTV ( red ) given the 
instrumentation. Also note that in contrast to the prior example of a 
post-robotic prostatectomy, a retropubic open approach usually leaves 
more hemostatic clips, which do not all need to be covered       
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  Suggested Reading and References 

    McLaughlin PW et al (2010) Radiographic and anatomic basis for pros-
tate contouring errors and methods to improve prostate contouring 
accuracy .  Int J Rad Onc Biol Phys 76(2):369–378
•    Excellent demonstration of the anatomic features useful in 

determining boundaries to the clinical target volume and com-
mon errors in anatomic interpretation. Particularly useful are the 
comparisons of MRI to CT scan images.     

  RTOG 0534 Protocol Information: A phase III trial of short- term andro-
gen deprivation with pelvic lymph node or prostate bed only radio-
therapy (SPPORT) in prostate cancer patients with a rising PSA 
after radical prostatectomy. See Section 6.0 Radiation Therapy. 
Pollack A et al. 2010 Dec.
•    Available online at RTOG website:   http://www.rtog.org/

ClinicalTrials/ProtocolTable/StudyDetails.aspx?action=openFil
e&FileID=4642      

•   General approach to both the postoperative fossa and pelvic 
lymph nodes are demonstrated in this protocol.  

•   These guidelines were formulated by consensus efforts coordi-
nated by the RTOG study groups:

 –    Lawton CA et al (2009) RTOG GU radiation oncology spe-
cialists reach consensus on pelvic lymph node volumes for 
high-risk prostate cancer. Int J Rad Onc Biol Phys 74(2):
383–387  

 –   Michalski JM et al (2010) Development of RTOG consensus 
guidelines for the defi nition of the clinical target volume for 
postoperative conformal radiation therapy for prostate can-
cer. Int J Rad Onc Biol Phys 76(2):361–368        

  Boehmer D et al (2006) Guidelines for primary radiotherapy of patients 
with prostate cancer. Radiother Oncol 79(3):259–269
•    EORTC guidelines for defi nitive therapy CTV delineation, 

which are not used in this manual.     
  Poortmans P et al (2007) Guidelines for target volume defi nition 

in post-operative radiotherapy for prostate cancer, on behalf of 
the EORTC Radiation Oncology Group. Radiother Oncol 84(2):
121–127
•    EORTC guidelines for postoperative target delineation. The 

EORTC volumes were formulated based on a pattern-of-failure 
study and appear to be  somewhat smaller than the RTOG guide-
lines. Note that we more closely approximate RTOG guidelines 
for therapy.           
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1           Anatomy and Patterns of Spread 

•     The bladder is a muscular reservoir that, when empty, is 
confi ned to the true pelvis but fi lls anterosuperiorly enter-
ing the abdominal cavity and affects the position of the 
bowel. Anatomically it is divided into the base, apex, 
body, trigone, and neck. Tumors occur in all fi ve of these 
regions and can often be multifocal.  

•   The apex extends anterior and superior reaching just 
above the pubic bone. The neck is located 3–4 cm 
behind the symphysis pubis and represents the most 
inferior portion of the bladder as well as the most ana-
tomically fi xed. In males, the neck approximates the 
prostate. The base of the bladder forms the posterior-
inferior surface and is separated from the rectum by the 
vas deferens and seminal vesicles. In females, the blad-
der sits inferior to the uterus and anterior to the vagina. 
The trigone is a triangular area on the internal face of 
the posterior wall of the bladder containing the orifi ces 
of the ureters.  

•   Whereas many other cancers display monoclonality 
exhibited by a transformed cell that gives rise to many 
daughter cells, bladder cancer may display a fi eld effect 
which indicates multifocality. New urothelial cancers 
can appear in the bladder or in the urothelial lining of the 
ureters or kidney and then may invade the basement 
membrane. As the cancer evolves into a more aggressive 
form, it is able to invade the extravesicular fat and fi nally 
into adjacent organs. Similarly, bladder carcinoma may 
dedifferentiate, invade, and spread along lymphatic 
channels.  

•   In patient series of cystectomy for bladder cancer patho-
logic subgroup, analysis shows that roughly 55 % of sur-
geries show organ-confi ned disease, 20 % show 
extravesicular extension, and 25 % show lymphatic spread 
(Stein et al.  2001 ; Madersbacher et al.  2003 ; Hautmann 
et al.  2006 ).  

     Bladder Carcinoma 
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•   The regional nodal levels are defi ned by primary and sec-
ondary drainage. The primary drainage levels include the 
hypogastric, obturator, iliac, perivesical, sacral, and pre-
sacral nodes. Common iliac nodes are defi ned as a sec-
ondary drainage region and not as metastatic disease. 
Figure  1  shows the location of noted positive nodes for 
bladder cancer in a series of surgically resected patients.

•      In an analysis of the primary lymphatic sites of bladder 
carcinoma, it was discovered that 92 % of positive lymph 
nodes were distal and caudal to where the ureter crosses 
the common iliac arteries (Roth et al.  2010 ). All of those 
that were positive proximal to the crossing of the ureter 
over the common iliac arteries also showed endopelvic 
positive lymph nodes on extended pelvic lymph node dis-
section (PLND). Therefore, coverage superior to the ure-
ters crossing the common iliac arteries would not aid 
in local control.     

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Painless hematuria and voiding symptoms often initiate 
a workup which includes cystoscopy with cytology and 
urinalysis revealing carcinoma. Initial workup is recom-
mended to include digital rectal and bimanual examina-
tions as well as imaging of the upper tract. The presence 
of  ureteral obstruction, hydronephrosis, or a nonfunction-
ing kidney predicts muscle-invasive disease in 90 % 
of cases (Messer et al.  2011 ; Hatch and Berry  1986 ). 
The importance of a proper workup cannot be overstated 

for candidates for bladder preservation therapy since they 
are commonly understaged compared to those that 
undergo surgery.  

•   For patients who may be candidates for bladder preserva-
tion, a workup should include cystoscopy with a detailed 
description or illustrative mapping which provides direct 
visualization and enumeration of any biopsy-positive dis-
ease. Descriptors including size and location of any 
tumors are vital for target delineation.  

•   Patients with Ta or low-grade T1 tumors do not require an 
extensive metastatic workup. Those with muscle- invading 
tumors, however, have a risk of occult metastatic disease 
of up to 50 % and should undergo chest imaging and bone 
scanning if alkaline phosphatase is elevated.  

•   For patients with muscle-invasive disease, imaging of the 
upper tract is recommended and can include more common 
studies such as intravenous pyelogram or CT urography but 
may also include MRI urogram, ureteroscopy, or renal 
ultrasound with retrograde pyelogram. Locally advanced 
disease imaging with CT or MRI is imperative for proper 
staging, and MRI has shown improved specifi city over CT 
scan due to its high soft tissue contrast and also has the 
advantage that contrast agents are non- nephrotoxic (Zhang 
et al.  2007 ). The contrast between fat and tissue is best 
defi ned on T1-weighted imaging or T1 subtraction 
sequences. Figure  2a  shows how MRI can be used for stag-
ing as well as target delineation of the gross tumor volume 
(GTV) for a patient treated with IMRT. Notably, the con-
trast between the fat and tissue may be lost on the normal 
bladder wall several months after radiation treatment and 
limits the usefulness of follow-up MRI scans.

3           Simulation and Daily Localization 

•     CT simulation using 3 mm or less slice thickness should 
be performed prior to planning. For 3DCRT, set up the 
patient in supine position with the bladder emptied just 
prior to simulation for reproducibility. Similarly, patients 
are asked to void the contents of the rectum for daily 
reproducibility. When using 3DCRT technique, a sequen-
tial boost is added to the initial clinical target volume 
(CTV). A new simulation may be helpful with a partially 
distended bladder to limit dose to the entire bladder as 
well as the rectum depending on the location of the tumor. 
Many institutions continue the boost with the bladder 
empty since this provides reproducibility.  

•   If using IMRT with image guidance, the simulation is per-
formed with the bladder partially full to allow for dose 
painting to the GTV daily. Bladder fi lling should be com-
fortable and reproducible by the patient. On board imag-
ing capable of assessing bladder fi lling and volume is 
critical to treating with a full bladder. Simulation may 
include leg support for patient comfort which can aid in 

  Fig. 1    Primary lymphatic sites of bladder carcinoma: Distribution of 
positive nodes after cystectomy and PLND in 60 patients. The noted 
areas are the external iliac ( Ia ) distal and ( Ib ) proximal, obturator fossa 
( IIa ) distal and ( IIb ) proximal, internal iliac ( IIIa ) distal and ( IIIb ) prox-
imal, common iliac ( IVa ) distal and ( IVb ) proximal, ( V ) para-aortic/cava 
(Roth et al.  2010 )       
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daily setup. Immobilization devices including Vak-Lok or 
Alpha Cradle may be used and vary by institution. 
Similarly, frog-leg positioning may be warranted to 
reduce skinfolds.  

•   IV contrast may be used to help guide the GTV target and 
vessels; however, renal function must be assessed and 
fusion of imaging from the patient’s workup may be ade-
quate. A simulation scan from the upper lumbar spine to 
mid-femur is recommended.  

•   Image registration and fusion applications with previ-
ously performed MRI and PET are recommended to help 
in the delineation of target volumes. However, the bladder 
mapping in conjunction with the surgeon is imperative for 
the CTV. Normal tissues should be outlined on all CT 
slices in which the structures exist. An example of how 
CT urography may aid in target delineation is provided in 
Fig.  3 .

•      Image-guided radiation therapy allows for adjustments to 
be made based on soft tissue anatomy prior to treatment 
delivery. Cone-beam CT can be performed in an effort to 
decrease uncertainty and therefore decrease treatment 
margins. It also allows for confi rmation of bladder fi ll-
ing. While not the standard, IMRT is an option to reduce 
bowel dose as well as spare uninvolved bladder during a 
boost.     

4     Target Volume Delineation 
and Treatment Planning 

•     Bladder preservation therapy is a multidisciplinary effort 
with concurrent chemotherapy and radiotherapy after max-
imal transurethral resection of bladder tumor (TURBT). 
Ideal candidates for bladder preservation include those 
with clinical T2-3a tumors that are unifocal, node negative, 
and with no evidence of ureteral obstruction or involve-
ment with the ureteral orifi ce and good bladder function. 
Ideal candidates should have a complete resection by 
TURBT (Shipley et al.  1998 ; Tester et al.  1993 ).  

•   To properly plan the boost portion of therapy, bladder 
mapping from the pretreatment cystoscopy should be 
used as well as any fi ndings on physical exam or imaging 
that display extravesicular extension.  

•   Suggested target volumes at the GTV and high-risk CTV are 
detailed in Table  1  for 3DCRT planning (Shipley et al.  1998 ).

•      In 3DCRT a small pelvis fi eld is followed by a boost to 
the bladder tumor. A boost to the bladder tumor with 
a margin as opposed to boosting the entire bladder has 
been determined to be safe in RTOG randomized trials. 
This involves close collaboration with the urologist with 
TURBT mapping. Once-daily fractionation is recom-
mended at 1.8–2 Gy per fraction.  

  Fig. 2    ( a ) MRI for patient showing axial T1-post-contrast subtraction 
sequence demonstrating invasion beyond the wall of bladder ( red arrow ) 
and loss of fat plane ( white arrow ). ( b ) CT contours for patient in Fig. 2a 
using IMRT. Target delineation CTV3 64.5 Gy  ( red ), PTV1  51 Gy  ( blue ), and 
PTV2 54 Gy  ( orange ) in a patient with muscle-invasive bladder cancer with 
focus at the primary site. GTV based on MRI and CT imaging. ( c ) CT 

contours for patient in Fig. X-X using IMRT. Target delineation CTV3 64.5 Gy  
( red ), PTV1  51 Gy  ( blue ), and PTV2 54 Gy  ( orange ) in a patient with muscle-
invasive bladder cancer with focus at the primary site. Please note that 
these are representative slices and not all slices are included. Please note 
normal structure contours include bladder ( yellow ), seminal vesicles 
( green ), and rectum ( brown )         

Tumor extension 
beyond wall of 
the bladder.  

b

a

Loss of fat plane 
concerning for 
extension of the 
tumor beyond the 
muscularis and 
serosa.   

PTV1 includes 7mm 
expansion

CTV3 Red
PTV1 Blue
PTV2 Orange

CTV3 includes MRI
area of extension 
and tumor based 
on TURBRT.

PTV2 in Orange 
contains bladder 
(Yellow) and prostate 
(Pink) with margin as 
well as seminal vesicles 
(Green) with margin
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PTV2 (orange) 
with expansion
on bladder,
prostate, 
and SVs 

C

Fig. 2 (continued)
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CT urogram
showing GTV 

Vessels with 
7mm margin carving 
out bone and muscle

Ext. Iliac nodes end 
near top of femoral

heads

GTV

  Fig. 3    Target delineation GTV outlined in red is displayed in CT urogram. PTV 1  ( purple ) for lymph nodes is shown prior to expansion for plan-
ning. Please note that these are representative slices and not all slices are included. Please note normal structure contours include bladder ( yellow ), 
seminal vesicles ( green ), prostate ( pink ) and rectum ( brown )       
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•   In 3DCRT planning a dose of 40–45 Gy is delivered to the 
pelvic lymph nodes and areas at risk defi ned by CTV1. 
The whole bladder fi eld will receive 54 Gy and boost fi eld 
receives 60–65 Gy. The Nodal XRT fi elds are conservative 
to reduce small bowel toxicity so that diversions can later 
be accomplished without complications. The tumor boost 
fi eld only treats partial bladder and incorporates all infor-
mation for the location of GTV prior to TURBT. An exam-
ple of digitally reconstructed radiographs for treatment is 
provided in Fig.  4a, b  revealing established borders.

•      Hypofractionation has been investigated and shown to 
have similar disease outcome status with recent reports 
showing acceptable toxicities with once-daily fraction-
ation utilizing IMRT (Turgeon et al.  2013 ).  

•   IMRT planning requires more detailed knowledge of ana-
tomical structures for accurate dose delivery. The benefi ts 
of IMRT can be negated by patient and organ motion; 
therefore, setup and reproducibility are imperative. For 
this reason, rigid immobilization and cone-beam CT 
(CBCT) are often used to aid in reduction of uncertainty. 
As mentioned previously, when utilizing IMRT, the target 
volumes may be simulated with a comfortably full blad-
der. This difference in simulation may displace the bowel 
as well as provide more accurate delineation of the target 
since TURBT with tumor resection is performed with a 
full bladder. Furthermore, this may promote long-term 
bladder function by sparing a larger percentage of the 
bladder receiving the highest doses of radiation.  

•   Delineated target volumes for bladder preservation ther-
apy include a GTV and multiple clinical target volumes: 
CTV1, CTV2, and CTV3. See Table  2  for more details 
regarding CTV.

•      Planning target volumes (PTVs) are created for each 
CTV. The separate PTVs are based on uncertainty regard-
ing internal organ motion and they are combined for a 
fi nal PTV. For IMRT planning, the GTV is defi ned as all 

   Table 1    Suggested target volumes for bladder preservation (3DCRT)   

 Target volumes  Field margins 

 Small pelvic fi elds (include CTV 1 ) (45 Gy)   AP/PA  
   Superior-inferior fi eld:  mid-sacro-iliac region (S2/S3) to just below the obturator 
foramen. Common iliac nodes will not be covered 
   Anterior-posterior fi eld:  1.5–2.0 cm laterally beyond the medial aspect of the pelvic 
bone. Customized blocks should be used to reduce the exposure of the femoral heads 
  Lateral  
   Superior-inferior:  As AP/PA 
   Anterior:  1 cm anteriorly to the bladder boundary or 1 cm anterior to the tip of the 
symphysis 
   Posterior:  2.5 cm posteriorly to the bladder or any visible tumor. Customized block to 
protect bowel anterior to external iliac lymph nodes should be used since the bowel may 
be involved in future surgery as conduit or reservoir 
  Wedges must be considered depending on body contours 

 Whole bladder fi eld (CTV 2 ) (54 Gy)  The fi eld is constructed from the same simulation as the small pelvic fi eld and contains 
the bladder volume as well as GTV.  PTV = CTV   2    + 2 cm  

 Tumor boost fi eld (CTV 3 ) (64 Gy)   PTV = CTV   3    = GTV + 2 cm  

Midsacrum
(S2-S3)

Lower pole of 
obturator foramenAnterior block to

reduce bowel 

1 cm 
lateral

beyond
pelvic
bone

a

b

  Fig. 4    Digitally reconstructed radiographs for ( a ) AP portal image and 
( b ) lateral portal image of small pelvic fi eld for 3D       
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   Table 2    Suggested target volumes for IMRT planning   

 IMRT 

 Target volumes  Structures 

 Small pelvic fi elds (include CTV 1 ) (51 Gy/30 fractions 
@ 1.7 Gy/Fx) 

 The CTV1 is defi ned as regions at high risk for microscopic disease. Lymph node 
volumes extend anteriorly to include the lateral external iliac nodes with CTV 
extending laterally to the pelvic side wall. This volume joins the internal iliac vessels 
to form a single volume on each side of the pelvis and should include an expansion of 
7 mm from the vessels where lymph nodes may reside. Also included are the 
presacral and the obturator nodes. The presacral CTV extends superiorly to S2/S3 

 Whole bladder fi eld (CTV 2 ) (54 Gy/30 fractions@ 
1.8 Gy/Fx) 

 The entire bladder, prostate, and prostatic urethra are included due to the multifocal 
nature of bladder cancer 

 Tumor boost fi eld (CTV 3 ) (64.5 Gy/30 fractions @ 
2.15 Gy/fx) 

 This volume is defi ned by the GTV and includes the area of bladder involved with 
tumor based on TURBRT, imaging, or palpable disease plus 7 mm. The CTV3 
encompasses the GTV for the boost portion of the plan 

 PTV 1    CTV   1    + 7 mm  
 PTV 2    CTV   2    + 10 mm  
 PTV 3    CTV   3    + 7 mm  

   The fi nal PTV is then generated by combination of  PTV 1 , PTV 2 , and PTV 3   

known gross disease determined from CT, MRI, clinical 
information, and cystoscopy.  

•   Figure  2a–c  shows MRI and utilization of T1 post- contrast 
subtraction sequence for GTV defi nition. The CTV 3  is 
shown for delineation prior to PTV expansion. Bowel is 
not contoured but is defi ned by potential space. The ano-
rectum is shown contoured in brown and begins inferiorly 
at the ischial tuberosity and continues superiorly until it 
projects anteriorly connecting to the sigmoid colon.  

•   Figure  3a, b  displays patient treated with IMRT with 
lymph nodes contoured prior to PTV expansion. Patient 
did not receive staging MRI and CT urogram was utilized 
for GTV delineation. Lymph node volumes include 7 mm 
circumscribing the internal and external iliac vessels prior 
to 7 mm expansion. MRI was unavailable for staging, and 
a slightly more generous GTV was created due to 

increased uncertainty of target volume based on imaging 
modality characteristics.  

•   Figure  5a, b  shows T1 axial MRI and comparable CT scan 
to reveal invasion into vagina in a post-hysterectomy 
female patient. The vagina is not a target of interest or 
organ at risk but contoured for educational purposes.

5           Plan Assessment 

•     At least 95 % of the volume of each PTV should receive 
100 % of prescribed dose. Generally, a minimum dose of 
95 % and a max dose of 115 % is set for PTV 3 .  

•   Several critical normal structures surround the bladder and 
therefore need to be outlined for dose constraints includ-
ing the anorectum, femoral heads, and bowel (Table     3 ).
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GTV (red) invading vagina
and parametrial tissue 

Vagina (green) is contoured here for reference 

b

  Fig. 5    ( a ) Target    delineation is aided by T1 axial MRI. Contrast was 
unable to be used increasing uncertainty relating to GTV. There is eccentric 
wall thickening of the right posterolateral bladder wall at the ureterovesical 
junction and questionable extension posteriorly to the vagina. MRI in con-
junction with coronal and axial CT scans defi nes GTV. ( b ) CT contours for 

patient in Fig. 5a. Target delineation for the GTV/CTV3 64.5 Gy  ( red ), PTV1 
 51 Gy  ( blue ), as well as the bladder and vaginal cuff in post-hysterectomy 
patient with muscle-invasive bladder cancer. Please note that these are rep-
resentative slices and not all slices are included. Please note normal struc-
ture contours include bladder ( yellow ), vagina ( green ), and rectum ( brown )         

No clear fat plane 
between vagina and

bladder wall

Stent Placed through GTV

a

Coronal view aids in
sup/inf extent of GTV

Unilateral stranding in 
parametrial tissue can
be indicative of tumor

infiltration
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  Fig. 6    Plan evaluation PTVs 
and OARs in a patient with 
muscle-invasive bladder cancer. 
Below are two DVHs. A patient 
who underwent simulation with 
bladder empty ( a ) is shown 
compared to the DVH of a 
patient who was simulated with 
bladder full ( b )       

 Critical structures  Constraints 

 Femoral heads  Max <45 Gy 
 Spinal cord  Max < 45 Gy or 1 cc of the PTV cannot exceed 50 Gy 
 Rectum  50 % of the volume should receive less than 55 Gy 
 Bowel  <300 ccs receiving a dose greater than 45 Gy 

  A DVH for the femoral heads, rectum, and bladder is advised and an example of an acceptable plan is displayed 
in Fig.  6a . This fi gure shows that a high volume of the bladder is receiving the highest dose of radiation (red 
arrow), and for comparison, a patient simulated (Fig.  6b ) with the bladder full is also depicted (white arrow)  

  Table 3    Intensity-modulated 
radiation therapy: normal tissue 
dose constraints  
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1         Anatomy and Patterns of Spread 

    

Right:
Testicular vein →
vena cava

Para-aortic nodes

Left:
Testicular vein →
L renal vein

Aortocaval nodes

Landing sites

Inguinal nodes if prior
ing/pevic surgery

  

•      R testicular seminoma tends to drain to the vena cava and 
aortocaval nodes.  

•   L testicular seminoma tends to drain to the L renal vein 
and para-aortic nodes.     

2     Diagnostic Workup 
Relevant for Target Volume 
Delineation 

•     A suspicious testicular mass should prompt a complete 
history and physical exam, serum tumor markers 
(α-fetoprotein, β-human chorionic gonadotropin, and 
LDH), chemistry panel, and CXR. Always  REMEMBER 
SPERM BANKING    .  

•   After orchiectomy, patients should complete staging with 
a CT of the abdomen and pelvis (and include CT chest if 
suspicious nodes on CT A/P) and have repeat of beta- 
hCG, LDH, and AFP.  

•   At some institutions, a PET/CT will be part of initial workup. 
This could conceivably help with target delineation.     

3     Simulation and Daily Localization 

•     Simulation in the supine position with arms in wing-board 
and wedge under knees.  

•   One could consider using alpha-cradle to help to enhance 
immobilization.  

•   A clamshell shield must be added to decrease dose to the 
remnant testicle.  

•   Move the penis out of the fi eld with mesh.  
•   Tattoos must be placed at the level of the isocenter anteri-

orly and laterally.  
•   IV contrast can be used to help better identify both the 

vessels and any gross disease.  
•   If available, a PET/CT simulation may be helpful in stage 

II cases for delineation of gross nodal disease.     
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4     Target Volume Delineation 
and Treatment Planning 

•     Stage I: It is the strong recommendation of the National 
Comprehensive Cancer Network Treatment (NCCN) 
that all patients with stage I seminoma undergo post- 
orchiectomy surveillance. Treatment of these patients 
risks late morbidity, most notably secondary malignan-
cies. However, if a patient refuses active imaging sur-
veillance, based on results from MRC TE 10 and TE 
18, patients with stage I seminoma can receive adju-
vant radiotherapy confi ned to para-aortic lymph nodes 
to a dose of 20 Gy unless there is prior inguinal or scro-
tal violation (lymphatic alteration) (Fossa et al.  1999 ; 
Jones et al.  2005 ). Fields for stage I disease are out-
lined below. Besides radiotherapy, carboplatinum ×1 
cycle is also an option for stage I patients who refuse 
surveillance (National Comprehensive Cancer Network 
 2014 ).  

•   Stage II: Radiotherapy to a traditional “dog-leg” fi eld is 
the typical standard of care for stage IIa patients as out-
lined below; for stage IIb patients, options include 
radiotherapy as outlined or chemotherapy (etopo-
side + cisplatinum ×4 cycles or bleomycin, etoposide, 
cisplatinum ×3 cycles); stage IIc patients should be 
treated with chemotherapy (same) (National 
Comprehensive Cancer Network  2014 ).  

•   Volume recommendations were derived from Wilder 
et al. Excellent reference (Wilder et al.  2012 ) (Tables     1  
and  2 ; Figs.  1  and  2 ).

5              Plan Assessment 

•     IMRT offers a dosimetric disadvantage in terms of mean 
and D50 % to the liver, bowel, and kidneys compared to 
3DRT (Zilli et al.  2011 ); proton therapy may offer sig-
nifi cant sparing of normal tissues (Efstathiou et al. 
 2012 ); this is under investigation in early phase clinical 
trials.  

•      For AP-PA beams, one can consider equally weighted 
fi elds; however, to improve target coverage, unequal 
weighting may be necessary.  

•   V100 % should be 95 % for PTVs.  
•   D50 % ≤8 Gy for each kidney for PTV initial (or PTV for 

stage I).  

•   For PTV initial in stage II, mean dose for combined kid-
ney volume should be ≤9 Gy.  

•   For the boost volumes, D50 % should be ≤2 Gy for each 
kidney. Mean dose to combined volume should be ≤ 3 Gy.        

   Table 1    Suggested target volumes for stage IA, IB, or IS   

 Target volumes  Defi nition and description 

 CTV   Based on CT imaging (preferred) : contour out 
the inferior vena cava and aorta from 2 cm below 
the top of the kidney superiorly to bifurcations 
inferiorly → provide a 1.2 cm expansion on IVC 
and 1.9 cm expansion on the aorta → contour out 
the bone, muscle, and bowel → merge two 
expanded volumes 
  Based on bony landmarks : superior border at 
T11, inferior border at L5, lateral borders at 
transverse processes 

 PTV  Dependent on institution but can expand by 
0.5 cm. Additional 0.7 cm to block edge for 
penumbral effect 

  PTV receives 20 Gy in AP/PA prescribed to midplane  

   Table 2    Suggested target volumes for stage IIA and IIB   

 Target volumes  Defi nition and description 

 CTV initial  Based on CT anatomy: 
   The same instructions as stage I re: 

aorta + IVC → contour out common iliacs, 
proximal internal iliac vessels (until takeoff of 
superior gluteal), and external iliac vessels 
down to the upper border of the acetabulum → 
place aortic and IVC expansions as per stage I 
and place 1.2 cm expansions around common, 
internal, and external iliac volumes → merge to 
create CTV vessels and contour out the bone, 
muscle, and bowel 

   Contour gross nodal disease (GTV) → expand 
GTV nodes by 0.8 cm to create CTV nodes 
(exclude bones, muscle, bowel) 

   Merge CTV vessels and CTV nodes to create 
CTV initial 

 PTV initial  Expansion by 0.5 cm on CTV initial; 0.7 cm to 
block edge for penumbral effect 

 PTV conedown  Expansion by 0.5 cm on CTV nodes; 0.7 cm to 
block edge for penumbral effect 

  PTV initial treated to 25.5 Gy in 1.7 Gy fractions in an attempt to 
reduce toxicity to late responding normal tissues 
 PTV conedown gets a boost to approximately 30 Gy in 2 Gy fractions 
for stage IIA disease and approximately 36 Gy in 2 Gy fractions for 
stage IIB disease  

Testicular Seminoma



390

  Fig. 1    Volumes for clinical stages IA, IB, and IS (CTV =  red , PTV =  blue ); slices are superior to inferior           
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Aorta

IVC

Fig. 1 (continued)

Testicular Seminoma



392

Fig. 1 (continued)
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  Fig. 2    ( a ) Initial volumes for stage IIA or IIB (CTV =  red , PTV =  blue ) with BEV; slices are superior to inferior. ( b ) Boost volumes for stage IIA 
case (GTV =  yellow , CTV =  red , PTV =  blue ); slices are superior to inferior               

a1 
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a2

Fig. 2 (continued)
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a3

Fig. 2 (continued)
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1           Anatomy and Patterns of Spread 

1.1     Meningioma 

•     The meninges are the membranes that envelop the brain 
and spinal cord and consist of three separate layers. The 
dura mater is the outer connective tissue layer, itself com-
posed of an outer endosteal layer and an inner meningeal 
layer. The dura mater forms a double fold to create the falx 
cerebri (separates the cerebral hemispheres), tentorium 
cerebelli (separates the occipital lobes of the cerebrum 
from the cerebellum), falx cerebelli (separates the cerebel-
lar hemispheres), and the diaphragma sellae (covers 
the pituitary gland). The middle layer, the arachnoid mem-
brane, and the inner layer, the pia mater, together are 
referred to as the leptomeninges. Cerebrospinal fl uid fl ows 
through the space between the arachnoid membrane and 
the pia matter (Schünke et al.  2007 ).  

•   Meningiomas can develop in many locations including the 
parasagittal/falcine (25 %), convexity (19 %), sphenoid 
ridge (17 %), suprasellar (9 %), posterior fossa (8 %), 
olfactory groove (8 %), middle fossa/Meckel’s cave (4 %), 
tentorial (3 %), peri-torcular (3 %), lateral ventricle 
(1–2 %), foramen magnum (1–2 %), and orbit/optic nerve 
sheath (1–2 %) (Lee  2008 ).  

•   A majority of the parasagittal meningiomas occur over 
the anterior one-third of the falx cerebri (49 %), while 
29 % occur in the middle third and 22 % occur in the 
posterior third (Rohringer et al.  1989 ) (Fig.  1a, b ).

•      Multiple meningiomas, also known as meningiomatosis, 
occur in only 2.5 % of cases (Lee  2008 ).     

1.2     Pituitary 

•     The pituitary gland, located in the sella turcica, is typically 
8 mm in males and 10 mm in females in the superior- 
inferior dimension. Pituitary tumors that are smaller than 
10 mm are referred to as microadenomas, while tumors 
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larger than this are referred to as macroadenomas. 
Pituitary adenomas are also subdivided into functioning 
(secreting) and nonfunctioning (non-secreting) types.  

•   The pituitary gland and paired cavernous sinuses are located 
in the sellar and parasellar region of the middle cranial base. 
The boundaries of the sella turcica include the tuberculum 
sellae and anterior clinoid processes anteriorly and the dor-
sum sellae and posterior clinoid processes posteriorly. The 
sella is defi ned inferiorly by the portion of the sphenoid 
bone that also marks the superior margin of the sphenoid 
sinus. The superior border of the sella is covered by the dia-
phragma sellae. The lateral border is bounded by the cav-
ernous sinuses which bridge the superior orbital fi ssure to 
the apex of the petrous bone (Swearingen and Biller  2008 ).  

•   The cavernous sinus contains a segment of the carotid 
artery and is the location where multiple veins from the 
cerebrum and cerebellum connect with draining venous 
sinuses. From superior to inferior, the oculomotor (CN 
III), trochlear (CN IV), and ophthalmic nerves (CN V1) 
are located in the lateral segment of the cavernous sinus; 
the abducens nerve (CN VI) is located in the medial 

segment (Swearingen and Biller  2008 ; Dolenc and Rogers 
 2009 ) (Fig.  2 ).

•      To estimate the likelihood of cavernous sinus invasion by 
a pituitary adenoma, it is helpful to evaluate the extent of 
encasement of the carotid artery. In general, if there is a 
plane of normal-appearing pituitary tissue between the 
adenoma and the cavernous sinus, there is little to no risk 
of cavernous sinus invasion. On the other hand, complete 
encasement of the carotid artery is indicative of cavernous 
sinus invasion. In between, if there is less than 25 % 
encasement of the carotid artery, there is a small chance 
of cavernous sinus invasion, but if there is at least 67 % 
encasement of the carotid artery, the probability is quite 
high (Swearingen and Biller  2008 ) (Fig.  3 ).

1.3           Vestibular Schwannoma 

•     Vestibular schwannomas are divided into four stages 
based on location and size: intracanalicular, cisternal, 
brainstem compressive, and hydrocephalic.  

  Fig. 1    ( a ) Axial T1-weighted post-contrast MRI demonstrates a 
homogeneously enhancing meningioma in the frontal falx cerebri caus-
ing mild mass effect on the adjacent frontal gyri ( arrow ). ( b ) Axial 
T1-weighted post-contrast MRI demonstrates a small homogeneously 

enhancing dural-based lesion along the left aspect of the posterior falx 
cerebri adjacent to the parieto-occipital sulcus with mild extension into 
the patent adjacent superior sagittal sinus ( arrow )       
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•   Vestibular schwannomas that are contained within the 
internal auditory meatus, known as intracanalicular 
schwannomas, are usually round or oval in shape. If the 

tumor contains an extrameatal component, that portion is 
typically spherical and tapers towards the internal audi-
tory meatus (Sriskandan and Connor  2011 ).  

•   The boundaries of the cerebellopontine angle (CPA) are 
the brainstem medially, the cerebellum superiorly and 
posteriorly, and the temporal bone laterally. The inferior 
extent of the CPA is bounded by the glossopharyngeal 
(CN IX), vagus (CN X), and spinal accessory nerves (CN 
XI) (Kutz et al.  2012 ).  

•   The vestibular nerve root arises from the vestibular 
apparatus, and the cochlear nerve root arises from the 
auditory apparatus to form the vestibulocochlear nerve 
which courses through the internal auditory meatus to 
the cerebellopontine angle (CPA) (Schünke et al. 
 2007 ).  

•   Vestibular schwannomas often arise from the superior or 
inferior branches of the vestibular nerve.  

•   Additional important structures traversing the CPA 
include the anterior inferior cerebellar artery and the 
facial nerve (CN VII).     

1.4     Arteriovenous Malformations (AVMs) 

•     AVMs occur more commonly in the cerebral hemispheres 
(85 %) than in the posterior cranial fossa (15 %) (Kornienko 
and Pronin  2009 ).  

•   The arterial blood supply to an AVM may arise either directly 
from the feeding artery or indirectly from  supplementary 
arteries transmitting blood from the supply region of a 
single artery. Additionally, the afferent arterial vessels can 
form various vascular channels, aneurysms, or pseudoan-
eurysms. In 27–32 % of AVMs, the arterial supply arises 
from a combination of intracranial arteries, dural arteries, 
and extracranial arteries (Kornienko and Pronin  2009 ).  

Oculomotor nerve (III)

Optic chiasm Pituitary gland

Internal carotid artery

Trochlear nerve (IV)

Ophthalmic nerve (VI)

Maxillary nerve (V2)

Abducens nerve (IV)

  Fig. 2    Coronal section 
through the cavernous sinus 
depicting the location of the 
cranial nerves, carotid artery, 
and pituitary gland       

Pituitary Adenoma

Pons

Cerebral Aqueduct

Cerebellum

  Fig. 3    Axial T1-weighted post-contrast MRI demonstrates a bulky 
intrasellar pituitary adenoma with suprasellar extension and extension 
into the bilateral cavernous sinuses, sphenoid sinus, clivus, and basi-
sphenoid sinus. The bony sella is expanded, remodeled, extensively 
invaded, and demineralized. Retroclival extension is also present       
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•   Venous drainage of an AVM may be directed through a 
single large or numerous small veins. The draining veins 
of an AVM are visualized during the arterial phase of the 
angiogram (Kornienko and Pronin  2009 ).     

1.5     Trigeminal Nerve (CN V) 

•     The trigeminal nerve contains sensory afferent fi bers and vis-
ceral efferent fi bers. The somatic afferent fi bers are responsi-
ble for sensation from the face, nasopharyngeal mucosa, and 
anterior two-thirds of the tongue (Schünke et al.  2007 ).  

•   The three major divisions of the trigeminal nerve are the 
ophthalmic division (V1) which travels through the supe-
rior orbital fi ssure to the orbit, the maxillary division (V2) 
which travels through the foramen rotundum to the ptery-
gopalatine fossa, and the mandibular division (V3) which 
travels through the foramen ovale to the base of the skull 
(Schünke et al.  2007 ).  

•   The individual divisions of the trigeminal nerves con-
verge at the anterior aspect of the trigeminal ganglion. 
The trigeminal ganglion is enveloped by dura mater and 
located in Meckel’s cave, a depression in the petrous part 
of the temporal bone lateral to the cavernous sinus.      

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

2.1     General Principles 

•     A thorough history should be obtained, and an appropri-
ate physical examination with a specifi c emphasis on the 
neurologic exam should be performed.  

•   A patient’s performance status should be evaluated using 
a validated scale such as the Karnofsky performance scale 
(KPS), ECOG performance status, neurologic function 
status (NFS), or mini mental status exam (MMSE).  

•   All patients should have an MRI of the brain performed 
for diagnostic and treatment planning purposes. MRI 
sequences should include precontrast T1-weighted, pre-
contrast T2-weighted, and fl uid-attenuated inversion 
recovery (FLAIR) images. Multiplanar (axial, sagittal, and 
coronal) post-contrast gadolinium-enhanced T1-weighted 
images should also be obtained. For enhancing tumors, 
high-resolution modes such as magnetization- prepared 
rapid gradient echo (MP-RAGE) are utilized for accu-
rate delineation of the disease of interest. A  constructive 
 interference in steady state (CISS) or 3D fast imaging 
with steady state acquisition (3D FIESTA) may be useful 
for identifying the cranial nerves. Fat suppression MRI 
scans are also useful in determining target volumes for 
some tumors such as optic nerve sheath meningiomas.     

2.2     Meningiomas 

•     On diagnostic CT scans, meningiomas appear as well- 
circumscribed, extra-axial masses that displace adjacent 
parenchymal tissue. They are isodense or hyperdense 
when compared to the normal brain tissue and dem-
onstrate strong homogeneous contrast enhancement. 
Calcifi cations may be visualized in 20–30 % of menin-
giomas, and approximately half of cranial base meningio-
mas are associated with adjacent bone changes such as 
hyperostosis and osteolysis (Pieper et al.  1999 ).  

•   Typically, meningiomas are isointense or hypointense to 
gray matter on T1-weighted MR images and isointense, 
hypointense, or hyperintense on T2-weighted images. On 
the FLAIR sequence, meningiomas are typically hyperin-
tense to gray matter (Tsuchiya et al.  1996 ).  

•   Approximately 90 % of meningiomas demonstrate strong 
homogenous enhancement with gadolinium; 10 % dem-
onstrate mild enhancement (Pamir et al.  2010 ) 
(Fig.  4a, b ).

•      Approximately two-thirds of meningiomas exhibit a char-
acteristic dural thickening, classically known as a “dural 
tail,” which extends 0.5–3.0 cm from the meningioma 
mass. Imaging criteria for defi ning the dural tail include 
(Rokni-Yazdi and Sotoudeh  2006 ; Goldsher et al.  1990 ):

 –    Presence on at least two consecutive slices in more 
than one imaging plane  

 –   Tapering of the tail from the meningioma mass  
 –   More enhancing than the meningioma mass     

•   Approximately 60 % of meningiomas are accompanied 
by peritumoral edema, seen most frequently with menin-
giomas of the olfactory groove, parasagittal region, and 
convexity (Pamir et al.  2010 ).     

2.3     Pituitary Adenomas 

•     On diagnostic CT scans, pituitary microadenomas appear 
hypodense and exhibit less contrast enhancement than a 
normal pituitary gland (Swearingen and Biller  2008 ).  

•   Typically, pituitary microadenomas are hypointense to 
the normal pituitary gland on T1-weighted MR images, 
but can be isointense in 25 % of cases (Bonneville et al. 
 2005 ). The isointensity of pituitary adenomas on 
T2-weighted images can be quite variable; for example, 
approximately 80 % of prolactinomas and 67 % of 
GH-secreting microadenomas are isointense or hypoin-
tense (Swearingen and Biller  2008 ; Bonneville et al. 
 2005 ).  

•   Macroadenomas exhibit variable MRI features, but are 
typically hypointense on T1-weighted MR images and 
hyperintense to the normal pituitary gland on T2-weighted 
MR images (Swearingen and Biller  2008 ).  
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•   Pituitary adenomas that are partially cystic may be hypoin-
tense on T1-weighted MR images. If there is a signifi cant 
protein or lipid concentration in the pituitary cysts or if 
there is intralesional hemorrhage, there may be areas of 
hyperintensity observed on T1-weighted MR images.  

•   Pituitary adenomas demonstrate heterogeneous, partial, or 
incomplete enhancement with gadolinium (in contrast to the 
strong homogeneous enhancement visualized with sellar or 
parasellar meningiomas) (Taylor et al.  1992 ) (Fig.  5a, b ).

•      In pituitary adenomas with suprasellar extension, it is 
important to measure the extent of disease through the dia-
phragm sellae, including the closest distance between the 
tumor and the optic chiasm and optic nerves (Fig.  6a, b ).

•      A complete hormonal evaluation should be performed 
including measurement of the serum prolactin  concentration, 
serum insulin-like growth factor (IGF)-1, serum growth 
hormone levels after a glucose load, 24-h urine cortisol, 
ACTH, LH, FSH, free T4, T3, and serum TSH.  

•   Visual fi eld and visual acuity testing should be performed 
to determine any pattern of vision loss.     

2.4     Vestibular Schwannoma 

•     On diagnostic CT scans, vestibular schwannomas appear 
as well-demarcated isodense masses that demonstrate 
enhancement with IV contrast. The absence of calcifi ca-
tions helps to differentiate these tumors from meningio-
mas radiographically.  

•   Typically, vestibular schwannomas are isointense or hypoin-
tense to the pons on T1-weighted MR images and heteroge-
neously hyperintense on T2-weighted images (Fig.  7 ).

•      Vestibular schwannomas demonstrate strong homoge-
neous enhancement with gadolinium.  

•   For diagnostic evaluation of vestibular schwannomas, a 
thin-slice T1-weighted gadolinium-enhanced MRI of the 
cerebellopontine angle is helpful.  

•   A constructive interference in steady state (CISS) or 3D 
fast imaging with steady state acquisition (3D FIESTA) 
sequence can produce high-resolution images of the tumor 
and vestibulocochlear nerve by outlining the  structures 
surrounded by CSF.  

Meningioma

Cavernous sinus

Pons

Fourth ventricle

Cerebellum

  Fig. 4    ( a ) Axial T1-weighted post-contrast MRI demonstrates a 
homogeneously enhancing meningioma centered along the anterior 
right tentorium with extension in the right cavernous sinus. There 
is also posterior extension along the right aspect of the clivus and 
mild mass effect on the adjacent undersurface of the right cere-
bral peduncle and the ventral aspect of the pons. There is partial 

encasement of a  segment of the right posterior cerebellar artery. ( b ) 
Axial T1-weighted post-contrast MRI shows an enhancing extra-
axial soft tissue mass overlying the lateral aspect of the right frontal 
pole with heterogeneous enhancement medially and moderate com-
pression of the underlying parenchyma consistent with a convexity 
meningioma ( arrow )       
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Optic nerve

Pons

Pituitary Adenoma

Pituitary Adenoma

Lateral ventricle

Cavernous sinus
Internal carotid arteryCerebral Aqueduct

Cerebellum

  Fig. 5    ( a ,  b ) Axial T1-weighted MRI demonstrates a well-circumscribed 
heterogeneous sellar/suprasellar mass with remodeling and expansion of 
the sella turcica. This mass also extends into the left cavernous sinus 

region, and the suprasellar portion of the mass abuts the medial aspect of 
the supraclinoid internal carotid arteries with uplifting of the optic chiasm 
and fl oor of the third ventricle       

Optic chaism

Lateral ventricle

Pituitary Adenoma

Optic chaism

Lateral ventricle

Pituitary Adenoma

  Fig. 6    ( a ,  b ) Coronal T1-weighted non-contrast and post-contrast 
MRIs show the heterogeneously enhancing pituitary macroadenoma in 
the sella that is expanding the infundibulum. The mass extends into the 

cavernous sinus on the left with mild displacement and elevation of the 
optic chiasm. The optic chiasm is outlined in red       

 

 

R. Kotecha et al.



407

•   Ancillary testing performed at diagnosis includes pure 
tone and speech audiometry, brainstem-evoked response 
audiometry, and vestibular testing.     

2.5     Arteriovenous Malformations (AVMs) 

•     On CT scans, AVMs appear as tortuous vessels that 
are isodense or hyperdense. Calcifi cations may be 
present in the vessels or the surrounding brain. AVMs 
demonstrate strong enhancement with IV contrast. 
Hemorrhages may be visualized around the nidus and 
the adjacent brain.  

•   On CTA, the feeding arteries and draining veins demon-
strate enhancement.  

•   Typically, AVMs appear as hypointense fl ow voids on 
both T1-weighted and T2-weighted MR images.  

•   The nidus of the AVM demonstrates strong gadolinium 
enhancement, and the draining veins are also visualized 
on contrast-enhanced MR images (Fig.  8a, b ).

•      Invasive angiography is the best imaging modality to 
clearly delineate the feeding arteries, nidus, and venous 
drainage pattern.  

•   AVMs are graded from 1 to 5 by adding the points from 
the Spetzler-Martin classifi cation system; see Table  1 .

Internal carotid artery Vestibular
schwannoma

Pons

Cerebral Aqueduct

  Fig. 7    T1-weighted post-contrast MRI demonstrates an enhancing 
vestibular schwannoma with internal cystic changes in the left internal 
auditory canal extending into the cerebellopontine angle       

  Fig. 8    ( a ) Axial T1-weighted post-contrast MRI demonstrates a 
 vascular malformation in the right frontoparietal lobe, right MCA 
 territory, with draining veins without edema or hemorrhage ( arrow ). 

( b ) Right frontoparietal AVM, elongated vertically, and located in the 
precentral-central region. Feeders originate from a large right MCA 
branch and a large right ACA branch ( arrow )       
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2.6           Trigeminal Neuralgia 

•     The International Headache Society provides diagnostic 
criteria for classic trigeminal neuralgia; see Table  2 .

•      On T1-weighted and T2-weighted MRI images, the 
trigeminal nerve can be visualized as it exits laterally 
from the pons and becomes the trigeminal ganglion.  

•   A CISS sequence or 3D FIESTA can produce high- 
resolution images of the trigeminal nerve by outlining the 
structures surrounded by the CSF.  

•   Ancillary trigeminal nerve testing includes a blink refl ex 
and masseter inhibitory refl ex.      

3     Simulation and Daily Localization 

•     For simulation, the patient should be set up in the supine 
position, arms at the sides, with the head and neck in a 
neutral position parallel to the treatment table.  

•   A noninvasive stereotactic immobilization system should 
be used during simulation and treatment. Commonly uti-
lized examples include a 3-point thermoplastic fi xation 
mask and a modifi ed stereotactic frame.  

•   A spiral CT simulation using 2.0–3.0 mm slice thickness 
with IV contrast should be performed from the vertex of the 
head to the mid-cervical spine to delineate the target volume. 
The isocenter should be placed in the center of the visualized 
tumor volume at least 1.5 cm deep to the surface.  

•   Image co-registration and fusion of the planning CT scans 
with diagnostic MRI scans helps to accurately delineate 
the extent of the tumor volume and is useful in identifying 
critical structures, including the brainstem and the optic 
chiasm. The target structures and organs at risk should be 
contoured on the corresponding  simulation CT scans.  

•   For benign CNS tumors, the GTV should be delineated by 
the outer edge of gadolinium enhancement as seen on the 
T1-weighted post-contrast sequences. The GTV and nor-
mal structures should be outlined on all CT slices in 
which the structures exist.  

•   General planning strategies include 3D-CRT, IMRT, and 
VMAT depending on the orientation, location, and size of 
the tumor. The typical energy used is 6 MV photons or 
higher.  

•   IGRT examples commonly integrated into treatment units 
and utilized when treating CNS tumors include orthogo-
nal KV X-rays and volume-based cone-beam CTs.     

4     Target Volume Delineation 
and Treatment Planning 

•     Suggested target volumes and selected dose fraction-
ation schemes for meningiomas, pituitary adenomas, 
and vestibular schwannomas are detailed in Tables  3 ,  4 , 
and  5 , respectively (Figs.  9 ,  10 ,  11 ,  12 ,  13 ,  14 ,  15 ,  16 , 
 17 , and  18 ).

   Table 1    Spetzler-Martin classifi cation system (Olesen and Steiner  2004 )   

 Points assigned 

  Size  
 Small (0–3.0 cm)  1 
 Medium (3.1–6 cm)  2 
 Large (>6.0 cm)  3 
  Location  
 Noneloquent brain area (frontal lobe, temporal 
lobe, or cerebellar hemisphere) 

 0 

 Eloquent brain area (sensorimotor, language, visual 
cortex, hypothalamus, thalamus, brainstem, 
cerebellar nuclei, or regions directly adjacent to 
these structures) 

 1 

  Pattern of venous drainage  
 Superfi cial only  0 
 Deep  1 

   Table 2    Classic trigeminal neuralgia diagnostic criteria (Olesen and 
Steiner  2004 )   

 Paroxysmal attacks of pain lasting from a fraction of a second to 2 
min, affecting one or more divisions of the trigeminal nerve 
 Pain has at least one of the following characteristics: 
  Intense, sharp, superfi cial, or stabbing 
 Precipitated from trigger areas or by trigger factors 
 Attacks are stereotyped in the individual patient 
 There is no clinically evident neurologic defi cit 
 Not attributed to another disorder 

   Table 3    Suggested target volumes for a benign meningioma   

 Target volumes  Defi nition and description 

 GTV 54  a  (The 
subscript 54 
denotes the 
radiation dose 
delivered) 

 The tumor bed as defi ned as the enhancing mass on 
the post-contrast T1-weighted MRI. For 
postsurgical cases, the GTV should be defi ned by 
the tumor bed and any residual nodular 
enhancement 
  a Do not enlarge the contoured volume to cover 
the surrounding cerebral edema, if any 
 The “dural tail” is defi ned as the linearly 
enhancing dura immediately adjacent to the 
primary meningioma mass (see above). This is 
thought to represent hypervascular dura; however, 
microscopic meningioma cells have been found 
in this region. If there is nodularity in the 
enhancing dura, it should be included in the GTV. 
If there is no nodularity, the proximal millimeters 
of dura can be included in the GTV electively; 
however, more extensive coverage of the distal 
portion is not recommended. In most planning 
cases, the adjacent portion of the dural tail is 
usually covered in the PTV expansion 

 CTV 54   For benign meningiomas, the CTV = GTV, 
although a small margin of 0.5–1 cm may be 
added, especially if the dural tail is not covered 
or if there is uncertainty based on the MRI 

 PTV 54   CTV 54  + 3.0–5.0 mm, depending on setup error 
and the reproducibility of patient positioning 

 SRS dosing  12–15 Gy in a single fraction prescribed to the 
50 % isodose line to the GTV 
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•        The recommended PTV margin expanded from CTV 
is 3.0–5.0 mm, depending on the accuracy of the daily 
patient positioning. A PTV expansion of 3.0 mm can be 
used if daily IGRT is utilized. If the tumor PTV margins 
overlap with a defi ned organ at risk (OAR), do not modify 
the PTV to exclude these structures. Instead, defi ne a plan-
ning risk volume (PRV) for each OAR using a 3.0 mm 
margin on the contoured structure of interest. The dose 

to the OAR PRV should be as close to the recommend 
 prescription dose while not exceeding the acceptable dose 
tolerance of the OAR (Table  6 ).

4.1                   Trigeminal Neuralgia 

•     The target volume is the entry of the trigeminal nerve root 
at the level of the pons or the trigeminal ganglion.  

•   A single 4 mm collimator is used and is placed in the 
center of the trigeminal nerve (Kondziolka  2006 ).  

•   The recommended dose is 80–90 Gy to the 100 % isodose 
line. The exact prescription dose varies with the dose to 
the brainstem and the age of the patient (Lunsford and 
Sheehan  2009 ) (Fig.  19 ).

4.2           AVMs 

•     The target volume is the nidus of the AVM as demon-
strated on angiography with image co-registration to an 
MRI and CT.  

•   Single or multiple isocenter dose plans may be used to 
create a radiosurgical volume that conforms to the area of 
mixed signal intensity (Niranjan et al.  2012 ).  

•   The recommended dose is 16–27 Gy to the peripheral mar-
gin (50 % or greater isodose line). The exact  prescription 
dose may vary with the size of the AVM and its location 
(Niranjan et al.  2012 ).  

•   For AVMs that are large in size (>15 cc), a staged  radiosurgery 
approach is recommended with two treatments performed 
approximately 6 months apart (Figs.  20  and  21a, b ).

5             Plan Assessment 

 There are many critical structures that need to be outlined for 
dose constraint analysis in CNS cases including the lens, 
globes, optic nerves, optic chiasm, pituitary, hypothalamus, 
cochlea, brainstem, and spinal cord. 

   Table 4    Suggested target volumes for a pituitary adenoma   

 Target volumes  Defi nition and description 

 GTV 45–54  a   The tumor bed as defi ned as the enhancing mass on 
the post-contrast T1-weighted MRI 
 Nonfunctional tumors: 45 Gy in 25 fractions 
 Functional tumors: 50.4–54 Gy in 28–30 fractions 

 CTV 45–54   For pituitary adenomas, the CTV = GTV 
 PTV 45–54   GTV 45–54  + 3.0–5.0 mm, depending on setup error 

and the reproducibility of patient positioning 
 SRS dosing a   Nonfunctional tumors: 14–16 Gy in a single 

fraction prescribed to at least the 50 % isodose line 
 Functional tumors: 16–25 Gy in a single fraction 
prescribed to at least the 50 % isodose line. Higher 
doses are preferred 
  a Fractionated radiation therapy is recommended for 
tumors in close proximity to the optic chiasm 
(3 mm) or with marked extension into the 
cavernous sinus (Fig.  12 ) 
 Consideration is given to a temporary 
discontinuation of medical therapy for patients with 
functional pituitary adenomas to increase the 
radiation therapy response (Pollock et al.  2007 ) 

   Table 5    Suggested target volumes for a vestibular schwannoma   

 Target volumes  Defi nition and description 

 GTV 45–54   The tumor bed as defi ned as the enhancing mass on 
post-contrast T1-weighted MRI 

 CTV 45–54   For vestibular schwannomas, the CTV = GTV 
 PTV 45–54   GTV 45–54  + 3.0–5.0 mm, depending on setup error 

and the reproducibility of patient positioning 
 SRS dosing  12–13 Gy in a single fraction prescribed to at least 

the 50 % isodose line 

   Table 6    Intensity-modulated radiation therapy and radiosurgery normal tissue dose constraints   

 Critical structures  Recommend constraints a,b   Maximum allowed constraint a,b  

 Lens  Max < 5 Gy  Max < 7 Gy 
 Retinae  Max < 45 Gy  Max < 50 Gy 
 Optic nerves  Max < 50 Gy  Max < 55 Gy 
 Optic chiasm  Max < 54 Gy  Max < 56 Gy 

 For SRS dosing: 8 Gy (Leber et al.  1998 )  For SRS dosing: 10 Gy (Leber et al.  1998 ) 
 Spinal cord  Max < 45 Gy  Max < 56 Gy 
 Brainstem  Max < 55 Gy  Max < 60 Gy 

 For SRS dosing: <12.5 Gy 

 Cochlea mean cochlea < 35 Gy  Mean cochlea < 45 Gy 
 For SRS dosing <4 Gy (Kano et al.  2009 )  For SRS dosing: 12–14 Gy 

   a Maximum point dose defi ned as a volume greater than 0.03 cc 
  b Constraints partially based on RTOG 0539  
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Precentral gyrus (motor strip)
Postcentral gyrus (sensory strip)

  Fig. 9    Target delineation GTV 54  ( red ) and PTV 54  ( green ) in a patient with a recurrent left frontoparietal falcine meningioma 7 years after a 
Simpson grade 2 resection. Please note that these are representative slices and not all slices are included       
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Brainstem

  Fig. 10    Representative coronal sections of the GTV 54  ( red ) and PTV 54  ( green ) in a patient with a recurrent left frontoparietal falcine meningioma 
7 years after a Simpson grade 2 resection. Please note that these are representative slices and not all slices are included       

  Fig. 11    ( a ) Target delineation GTV ( red ) and CTV 
( green ) in a patient with a right cavernous sinus 
meningioma encompassing the internal carotid 
artery. Please note that these are representative 
slices and not all slices are included. Note the dural 
tail is included in this case as the GTV. Areas 
determined to be thicker than the representative 
contralateral dura were felt to represent the dural 
tail. ( b ) Target delineation in a patient with a right 
cavernous sinus meningioma encompassing the 
internal carotid artery. To determine the extent of 
the dural tail as contoured above, use the 
T1-weighted post-contrast MRI to outline the area 
of enhancement and exclude the bone on the 
corresponding CT axial slices. Areas determined to 
be thicker than the representative contralateral dura 
were felt to represent the dural tail         

Hypothalamus

Brainstem

Right optic nerve

Left optic nerve

Optic chiasm
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Fig. 11 (continued)

Dorsum of
sella turcica Anterior

clinoid process

  Fig. 12    Illustration of the anatomic relationship between the pituitary 
gland and the optic chiasm. When considering different radiation therapy 
techniques for treatment of pituitary adenomas, it is important to measure 
the distance between the superior edge of the tumor and the optic chiasm. 
For example, a tumor 8 mm from the optic chiasm ( green shade ) is ame-
nable to treatment with stereotactic radiosurgery or fractionated radiation 
therapy. On the other hand, for tumors extending within 3 mm of the optic 
chiasm ( yellow shade ), fractionated radiation therapy is recommended       

5.1     Meningiomas 

 Ideally, at least 95 % of the volume of PTV 54  should receive 
54 Gy. In addition, the minimum dose within PTV 54  should 
be 51 Gy. The maximum dose received by 0.03 cc of the 
PTV 54  should be less than or equal to 62 Gy. At least 98 % of 
the volume of the GTV should receive the prescription dose.  

5.2     Pituitary Adenomas 

 Ideally, at least 95 % of the volume of PTV 54  should receive 
the prescription dose (based on functional/nonfunctional 
subtype). At least 98 % of the volume of the GTV should 
receive the prescription dose.  

5.3     Vestibular Schwannomas 

 Ideally, at least 95 % of the volume of PTV 54  should receive 
the prescription dose (45–54) Gy. At least 98 % of the 
 volume of the GTV should receive the prescription dose.
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Hypothlamaus

Optic chiasm

Left optic nerve

Right optic nerve

Inclusion of cavernous sinus
region into the GTV Brainstem

  Fig. 13    Target delineation GTV ( red ) and PTV ( green ) in a patient 
with residual pituitary adenoma in the left sella extending into the left 
cavernous sinus and adjacent clivus after a transnasal transsphenoidal 

resection and sellar reconstruction. Please note that these are represen-
tative slices and not all slices are included       

   For radiosurgery cases, three planning calculations to 
 perform are (Balagamwala et al.  2012 ):
•    Conformality Index: Prescription isodose volume/tumor 

volume ≤2  
•   Heterogeneity Index: Maximum dose to the tumor volume/

prescribed dose ≤2  

•   Gradient Index: Ratio of the volume receiving half the 
prescription isodose to the volume receiving the full 
 prescription isodose ≥3    
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Brainstem

  Fig. 14    Soft tissue and bone window views of the GTV ( red ) and PTV 
( green ) in a patient with residual pituitary adenoma in the left sella 
extending into the left cavernous sinus and adjacent clivus after a transna-
sal transsphenoidal resection and sellar reconstruction. MRI can be used 

for delineation of the tumor volume, and reconstructed bone windows 
can be useful for determining the extent of coverage of the adjacent bony 
structures       

Hypothlamaus

Optic chiasm

Left optic nerve

Right optic nerve

Brainstem

  Fig. 15    Target delineation GTV ( red ) and PTV ( green ) in a patient with pituitary macroadenoma after a subtotal transsphenoidal resection. Please 
note that these are representative slices and not all slices are included       
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Hypothlamaus

Hypothlamaus

Optic chiasm

Optic chiasm

Spinal cord

Brainstem

  Fig. 16    Coronal and sagittal views of the GTV ( red ) and PTV ( green ) in a patient with pituitary macroadenoma after a subtotal transsphenoidal 
resection. Please note that these are representative slices and not all slices are included       
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Right optic nerve

Brainstem

  Fig. 17    Target delineation GTV ( green ) and PTV ( light purple ) in a patient with a left-sided vestibular schwannoma. Please note that these are 
representative slices and not all slices are included       
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  Fig. 18    Gamma Knife radiosurgery treatment plan for a patient with a 
left-sided vestibular schwannoma. Note that the tumor causes moderate 
effacement of the left brachium pontis, but the cerebral aqueduct is pat-

ent. The brainstem is  outlined in pink ; the tumor volume is  outlined in 
red . The  green outline  represents the 13 Gy isodose line, and the  blue 
outline  represents the 21 Gy isodose line       
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  Fig. 19    Gamma Knife radiosurgery treatment for trigeminal neuralgia 
refractory to medication. The root entry zone of the right trigeminal 
nerve is receiving a dose of 8,000 cGy prescribed to the 100 % isodose 

line using a 4 mm collimator. The  green outline  represents the 90 % 
isodose line, and the  red outline  represents the 50 % isodose line       
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  Fig. 20    Gamma Knife radiosurgery treatment for a right motor strip AVM. The  red outline  defi nes the target volume. The  green outline  represents 
the 16 Gy isodose line, and the  blue outline  represents the 30 Gy isodose line       
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Optic chiasm

Previously treated region

Optic chiasm

  Fig. 21    ( a ,  b ). Staged 
Gamma Knife 
radiosurgery treatment 
for a 25 × 35 × 55 mm 
right mesial temporal 
Spetzler-Martin grade 
III AVM. ( a ) The part 
of the AVM  outlined in 
blue  represents the 
target volume as part of 
staged procedure. The 
 red outline  represents 
the 11 Gy isodose line, 
and the  green outlin e 
represents the 19 Gy 
isodose line. ( b ) The 
part of the AVM 
 outlined in light blue  
represents the 
previously treated 
region. The  dark blue 
outline  represents the 
target treatment region       
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1           Anatomy and Patterns of Spread 

•     Gliomas can arise in any part of the brain. The origins of 
these tumors are unknown, but at least one hypothesis sup-
ports a localized stem cell compartmental derivation with 
the spread of clonogenic tumor cells along cortical path-
ways and localization to regions of high growth factor 
activity. Brainstem gliomas account for 15 % of pediatric 
cases but are uncommon in adults (Gondi et al.  2013 ).  

•   High-grade glial (HGG) neoplasms can grow rapidly 
within the parenchyma, but extracranial metastasis 
through hematogenous or lymphatic spread is exquisitely 
rare. In contrast, lower-grade tumors can remain indolent 
for years. The incidence of leptomeningeal spread is quite 
low in either case (Gondi et al.  2013 ).  

•   These tumors are generally highly infi ltrative through 
adjacent brain matter, although exceptions (such as pilo-
cytic astrocytoma and pleomorphic xanthoastrocytoma) 
do exist. The infi ltrative capacity allows for spread to 
more “distant” brain regions: for example, a mass in close 
proximity to the corpus callosum can cross midline 
through direct invasion (as seen in Fig.  1 ), and separate 
compartments of enhancement create the somewhat inac-
curate concept of “multifocality.”

•      Low-grade gliomas (LGGs) demonstrate a propensity for 
progression to a higher grade over time, possibly through 
accumulation of additional genetic events. Malignant 
transformation can occur in as many as 80 % of low-grade 
diffuse astrocytomas (Gondi et al.  2013 ).  

•   An adequate understanding of intracranial anatomy is 
essential when approaching these tumors. Accurate assess-
ment of location of gliomas and proximity to critical struc-
tures is crucial in determining the appropriate degree of 
surgical intervention. These factors must also be taken into 
account when designing a target for radiation therapy.  

     Glioma 
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•   Pertinent anatomic structures to delineate in a patient with 
a glioma include (Fig.  2 ):

 –     Lenses  
 –   Eyes (retina)  
 –   Lacrimal glands  
 –   Optic nerves  
 –   Optic chiasm  
 –   Hippocampus (not routinely done)  
 –   Pituitary gland  
 –   Cochleae  

 –   Brainstem and upper cervical spinal cord (as appropriate)  
 –   Specifi c cranial nerves (in select circumstances)        

2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Prior to surgery, it can be helpful to obtain functional MR 
imaging to determine potential injury that could result 
from aggressive tumor resection, based on location. 

  Fig. 1    Target delineation of GTV1 ( red ), CTV1 ( aqua ), GTV2 ( green ), 
and CTV2 ( purple ) in a patient with a left frontotemporal GBM (post- 
biopsy only) on axial MRI FLAIR sequence ( left ), CT ( middle ), and T1 

contrast-enhanced MRI ( right ) slices. In this case, there was signifi cant 
edema, resulting in a dramatic difference in volumes between GTV1 
and GTV2, as well as CTV1 and CTV2           

0cm expansion on left lateral GTV,
due to natural barrier: bone.

Large volumetric difference
between CTV1 and CTV2

Large volumetric difference
between GTV1 and GTV2
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High

Low

It is crucial to differentiate areas of
high and low intensity when
encompassing FLAIR changes. Tumor enhancing on T1 MRI

Infiltrating across midline

Fig. 1 (continued)
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  Fig. 2    ( a ) Sagittal CT showing the chiasm ( purple ) and brainstem ( light 
orange ) contours. ( b ) CT scan on bone windows facilitates identifi cation 
of the cochleae. ( c ) Bilateral lenses ( yellow  &  pink ), eyes (teal & laven-
der), lacrimal glands ( orange  &  green ), and brainstem (light orange) out-

lined on axial CT. ( d ) Axial CT of pituitary gland ( green ). ( e ) Sagittal CT 
of the pituitary gland ( green ). ( f ) Axial CT of hippocampus ( orange ). 
( g ) Sagittal of hippocampus ( orange ).  Hippocampi are best contoured on 
MRI and transposed to the CT images         

Cochleae

a b

Inferior-most slice of GTV2

Inferior-most slice of GTV1

Fig. 1 (continued)
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Fig. 2 (continued)
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Intraoperative monitoring is often employed to further 
decrease the risk of adversely affecting function.  

•   Following surgical intervention, immediate (within 48 h) 
postoperative MR imaging with contrast is strongly rec-
ommended. Thin slices (e.g., 1–2 mm) are preferred for 
enhanced image resolution and more accurate fusion with 
the planning CT images, which should ideally match the 
slice thickness of the MR images.  

•   Radiographic imaging is helpful in treatment planning but 
almost universally underestimates the true extent of disease.

 –    In 35 glioblastoma multiforme (GBM) patients, 78 % 
of recurrences were found to be within 2 cm of the 
tumor as visualized on CT at autopsy in a study by 
Hochberg and Pruitt ( 1980 ). This pattern was validated 
by Wallner et al. ( 1989 ). These data are the basis for 
the defi nition of the boost gross tumor volume (GTV), 
treated to higher doses (e.g., 60 Gy).  

 –   In a study by Kelly et al. ( 1987 ), isolated tumor cells 
were noted to extend to cover T2 changes and beyond 

on MR imaging. This was confi rmed with serial ste-
reotactic biopsies. These data are the foundation for 
the defi nition of the initial GTV, treated to lower doses 
(e.g., 46 Gy).     

•   For patients with extensive edema and only a small vol-
ume of enhancing tumor, a diagnostic MR image at mid- 
treatment is recommended. In such cases, emergence of 
further areas of enhancement can be seen, requiring 
expansion of the boost (GTV2) volume to cover these 
areas. Figures  3 ,  4 , and  5  include images that show multi-
focal edema and a small unifocal enhancing tumor. It is 
possible that enhancing disease may develop in other 
areas of edema over a span of weeks.

•        MR fl uid-attenuated inversion recovery (FLAIR), T1, and 
T2 (if signifi cantly different from FLAIR) sequences 
should be fused with the simulation CT scan for contour-
ing guidance.  

•   In situations in which cranial nerve abutment is a  concern, 
a 3D fast imaging employing steady-state  acquisition 

  Fig. 3    ( a ) Axial FLAIR and CT images of a patient with multifocal 
GBM demonstrating superior sections of GTV1 ( red ), CTV1 ( aqua ) 
and CTV2 ( purple ).  A 1.5 cm expansion, rather than 2 cm, was used to 
create both CTVs given the expansive FLAIR changes and concern for 

volume of normal brain being irradiated. ( b ) Axial FLAIR, CT and TI 
contrast-enhanced images of the same patient with a multifocal GBM.  
Contoured structures include GTV1 ( red ), CTV1 ( aqua ), GTV2 ( green ) 
and CTV2 (purple)         

Superior-most slice of GTV1

Superior-most slice of CTV2
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Superior-most slice of GTV2

Inferior-most slice of GTV2

Fig. 3 (continued)
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(FIESTA) MR series can be helpful in visualizing and 
sparing the nerves. A 3D spoiled gradient recalled 
(SPGR) MR image can facilitate contouring of the 
hippocampus.  

•   For patients with recurrent GBM, the addition of PET/CT 
imaging should be considered. Because it is diffi cult to 
distinguish between postradiation changes and disease 
recurrence on MR imaging, PET occasionally can be 

  Fig. 4    Axial MRI FLAIR and CT views of the same patient with multifocal GBM demonstrating inferior portion of GTV1 ( red ), CTV1 ( aqua ), 
and CTV2 ( purple )       

Multifocality of FLAIR abnormalities
on MR imaging and small volume of

T1 enhancing tumor.

  Fig. 5    Sagittal CT views of the same patient with multifocal GBM demonstrating GTV1 ( red ), CTV1 ( aqua ), GTV2 ( green ), and CTV2 
( purple )       
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helpful. In these instances, PET/CT should be fused to 
the tumor on simulation CT and to MR imaging. Amino 
acid PET imaging for this purpose is frequently used in 
Europe but is not approved for this use in the United 
States.     

3     Simulation and Daily Localization 

•     In the majority of situations, patients should undergo CT 
simulation supine with the head in a neutral position. 
Intravenous contrast is not recommended.  

•   The head and neck must be immobilized, preferably up 
to the shoulders, using a custom mold or mask to 
increase setup accuracy. Bite blocks can be useful in 
those situations in which angular rotations are a prob-
lem (in our practice, these are used infrequently). One 
specifi c advantage of a bite block is the possibility of 
incorporating into it markers that can be tracked by 
cameras, so that intrafraction motion can be monitored. 
This would be useful in fractionated stereotactic 
approaches.  

•   Thin-slice CT imaging is recommended (at 1–2 mm inter-
vals) and, for ease of fusion, ideally should match the MR 
image slice thickness.  

•   Multimodal MR fusion, using at least the contrast- 
enhanced T1 and FLAIR sequences, should be fused to 
the planning CT. Although the entire anatomic volume 
should be matched, the primary matching focus is the 
tumor. PET/CT fusion can be helpful in select situations, 
as mentioned above.     

4     Target Volume Delineation 
and Treatment Planning 

•     Standards for treatment of HGGs are directed by data 
from three seminal studies from the 1980s that high-
lighted the extent of microscopic disease well beyond 
enhancing tumors or radiographic changes (Hochberg 
and Pruitt  1980 ; Wallner et al.  1989 ; Kelly et al.  1987 ). 
This fi nding drives the principles of contour generation in 
these cases.  

•   Because the infi ltrative nature of HGGs results in large 
fi elds, the GTV is divided into two components: one 
that incorporates all (or almost all)  possible  malignancy 
and one that focuses on a region of known or gross dis-
ease or the region at highest risk of developing 
recurrence.  

•   MR imaging should be used for the creation of most of 
the regions of interest (both target and avoidance 
structures).  

•   CT can be helpful for target volume contouring if the 
tumor has questionable bone involvement or if it contains 
calcifi cations, as frequently seen in oligodendrogliomas. 
CT should be used to contour the lenses, eyes, and 
cochleae. See Fig.  2b, c .  

•   From the postoperative MR imaging dataset, the FLAIR 
sequence is preferred for delineation of the initial vol-
ume (GTV1) for HGGs (Figs.  1 ,  3 , and  6 ). The T2 
sequence is appropriate to use as well; however, FLAIR 
is somewhat superior for this purpose. The rationale for 
utilizing the FLAIR images is to include microscopic 
disease that is known to extend beyond enhancing tumor. 
This area is diffi cult to evaluate, especially in the context 
of signifi cant vasogenic edema, which has MR character-
istics similar to that of infi ltrative tumor. In cases with 
substantial FLAIR changes, low-intensity changes 
should be distinguished from high-intensity changes 
(Fig.  1 ).

•      In cases with marked improvement of edema with use of 
steroids, it is not necessary to include all FLAIR changes 
in GTV1 (Fig.  7 ). Steroid responsiveness usually implies 
vasogenic edema, as opposed to infi ltrative tumor.

•      A contrast-enhanced T1 postoperative MR image should 
be used for delineation of GTV2, which entails gross 
residual disease and/or the surgical bed as demonstrated 
in Figs.  1  and  3 .  

•   GTVs are expanded by 1.5–2.5 cm to generate clinical 
target volumes (CTVs) for HGGs, with the recogni-
tion that expansions must be tailored and individual-
ized to respect natural barriers and organs at risk    
(Figs.  8  and  9 ).

•       For LGGs, FLAIR abnormalities are used to designate a 
single GTV (Fig.  10 ). These tumors are typically non- 
enhancing, thereby obviating the need for T1 MR image 
fusion. An exception is unresected pilocytic astrocytoma, 
in which T1 enhancement should be the basis for contour 
generation. The patient in Figs.  11  and  12  underwent mul-
tiple resections for recurrent pilocytic astrocytoma. At the 
time of treatment, minimal T1 enhancement remained. 
For this reason, FLAIR changes were the basis for 
the GTV.

•        GTV-to-CTV expansion for LGGs also ranges from 1.5 to 
2.5 cm because of their equally diffuse and infi ltrative 
nature. Exceptions include very well-circumscribed glial 
neoplasms, such as pilocytic astrocytomas; in such cases, 
the CTV margin should be smaller.  

•   A summary of the suggested target volumes is listed in 
Table  1 .

•      Expansion from CTV to PTV in all cases requires consid-
eration of factors specifi c to the patient and treating facil-
ity, including but not limited to immobilization, 
reproducibility, planning technique (3D CRT vs. intensity- 
modulated radiation therapy [IMRT] vs. proton therapy), 
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FLAIR changes and
resection cavity.

Optic nerves outlined. Inclusion of
resection cavity.

  Fig. 6    Target delineation of GTV1 ( red ) in a patient with a right temporal GBM (post gross total resection) on CT and fused corresponding MRI 
FLAIR sequence       
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  Fig. 7    Reduction in FLAIR changes in 3 weeks in a patient with multifocal GBM. The entirety of the initial FLAIR abnormalities ( blue ) was not 
covered in the GTV1 ( red ) because they improved with steroid therapy alone       

  Fig. 8    Sagittal view on CT scan of GTV1 ( red ), GTV2 ( green ), CTV1 
( aqua ), and CTV2 ( purple ) in a patient with a left frontotemporal GBM 
(post-biopsy only). The marked difference in volume is apparent in 

these images when comparing the CTV generated to cover microscopic 
extent of disease (CTV1) vs. visible disease (CTV2)       
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quality of CT and MR image fusion, and institutional 
measurements relative to setup accuracy.  

•   Accepted alternative approaches to volume generation 
and expansion deviate from the above method, which is 
similar to the Radiation Therapy Oncology Group 
(RTOG) standards.

 –    The European Organisation for Research and 
Treatment of Cancer (EORTC) uses one GTV instead 
of two, with a 2–3 cm margin to form a CTV.  

 –   Other institutions have also adopted similar contouring 
guidelines, which result in smaller fi elds.     

•   The University of Texas MD Anderson Cancer Center 
(MDACC) has reported on a cohort of patients treated 
with a single GTV technique who experienced recurrence 
and underwent hypothetical replanning using RTOG 
guidelines (Chang et al.  2007 ).

 –    This analysis showed that all out-of-fi eld recurrences 
would have remained outside the target had the larger 
volumes been treated.     

•   Kumar et al. ( 2012 ) presented results from a small, rela-
tively underpowered randomized trial in GBM patients 
not stratifi ed by MGMT methylation status to treatment 
with the RTOG volumes or to the MDACC approach.
 –    Data revealed a statistically smaller treatment volume 

using the MDACC method than with RTOG volumes 
(246 and 436 cc, respectively), as well as improved 
mean overall survival (18.4 and 14.8 mo, 
respectively).     

•   For CTV coverage, 3D conformal radiation therapy tech-
niques produce acceptable plans in most patients. 
However, for sparing of critical normal structures, IMRT 
may be required.  

•   Setup verifi cation should be a function of technique 
employed and margins applied.

 –    If the CTV-to-PTV margin is ≥5 mm, orthogo-
nal imaging should suffice. In such cases, the 
bony anatomy on both image sets should be 
matched.  

  Fig. 9    Coronal view on CT scan of GTV1 ( red ), GTV2 ( green ), CTV1 ( aqua ), and CTV2 ( purple ) in a patient with a left frontotemporal GBM 
(post-biopsy only)       
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  Fig. 10    Target delineation of GTV ( red ) and CTV ( aqua , using a 1.5 cm margin) using a FLAIR MR sequence in a patient with a grade 2 astro-
cytoma of the right thalamus who underwent biopsy only (as a result of the eloquent location of tumor)       
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  Fig. 11    Axial CT and FLAIR MRI views of a patient with multiply recurrent pilocytic astrocytoma treated with surgical resection and no adjuvant 
radiation therapy in the past. GTV ( red ) was drawn using the FLAIR sequence, to which a 1 cm margin was added to create the CTV ( aqua )       
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 –   If margins are tighter (≤3 mm) or if the plan con-
sists of IMRT fi elds with multiple small segments, 
daily verifi cation is highly recommended with a 
volumetric technique, such as megavoltage or cone-
beam CT.     

•   Recommended doses are summarized in Table  2 .

5           Plan Assessment 

•     Balancing ideal target coverage and appropriate sparing of 
organs at risk can be challenging. In these instances, consid-
eration of the patient’s overall prognosis must be factored into 
plan evaluation.

 –    For example, superseding the optic nerve dose may be 
less acceptable in a patient with a low-grade 1p/19q 
co-deleted oligodendroglioma than in a patient with a 
GBM, because the former patient would be more likely 
to survive for a long period of time and therefore be at 
greater risk for late toxicities. On the other hand, he/
she would also be more likely to live to have a 
 recurrence, so that compromising on CTV coverage 
should not be taken lightly.     

•   Generally, ≥95 % of the PTV should receive 100 % of the 
prescribed dose. 100 % of the GTV should be covered by 
100 % of the dose. The maximum dose to any point 
should be limited to 105 % of the prescription dose and 
ideally should be located in the GTV.  

•   Commonly used dose limitations to organs at risk are 
summarized in Table  3 .

   Table 1    Suggested target volumes   

 Target  Volume 

 HGG GTV1  FLAIR abnormalities to encompass microscopic 
disease 

 HGG GTV2  Contrast-enhanced T1 changes to cover resection 
cavity and/or residual tumor 

 HGG CTV  GTV + 1.5–2.5 cm except at natural barriers 
 LGG GTV  FLAIR abnormalities to include resection cavity 

and/or residual tumor 
 LGG CTV  GTV + 1.5–2.5 cm except at natural barriers or in 

well-circumscribed tumors 

  Fig. 12    Sagittal and coronal views of CT images refl ecting GTV ( red ) and CTV ( aqua ) in a patient with a recurrent pilocytic astrocytoma       

   Table 2    Suggested dose   

 Target  Dose 

 HGG PTV1  45 Gy in 25 fractions or 46 Gy in 23 fractions 
 HGG PTV2  59.4 Gy in 33 fractions or 60 Gy in 30 fractions 
 LGG PTV  Controversial, 45–54 Gy acceptable in 1.8 Gy or 

2 Gy per fraction a  

   a The preferred dose at the University of Maryland Medical Center is 
54Gy  
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1          Anatomy and Patterns of Spread 

•     The brain is one of the most common sites of cancer 
metastasis. Approximately half of the patients who develop 
brain metastases will be diagnosed with a single metastatic 
lesion. Spread is through hematogenous dissemination 
commonly to the watershed area at the gray/white matter 
junction. Metastases follow blood supply with the most 
occurring in the supratentorial brain. Some histologies, 
notably small cell lung cancer, prostate and gastrointesti-
nal cancers are commonly found in the cerebellum.  

•   Tumors break the blood-brain barrier and often grow 
spherically with resultant cerebral edema. Metastases 
from melanoma, renal cell carcinoma, and choriocarci-
noma have a higher rate of hemorrhage.  

•   Leptomeningeal carcinomatosis is a rare diagnosis but 
carries a grim prognosis in which metastases spread to the 
meninges surrounding the brain and the spinal cord. 
Findings may be detected on MRI with enhancement of 
sulci, cerebellar folia, or cranial nerve enhancement and 
confi rmed by CSF cytology.  

•   In the setting of leptomeningeal disease or lymphoreticu-
lar metastases, involvement of the ocular structures and 
cribriform plate requires special consideration.     

2    Diagnostic Imaging for Target 
Volume Delineation 

•     MRI with gadolinium contrast is the best diagnostic tool. 
MRI is more effective at detecting small lesions and lep-
tomeningeal involvement as compared to CT imaging. 
Sagittal and coronal images should be obtained.
 –    If hippocampal avoidance (HA-WBRT) is planned, 

1.25 mm slice thickness spoiled-gradient MRI is pre-
ferred for image fusion.     
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•   It is important to consider other diagnoses including 
abscess, radiation necrosis, or second primary if history 
and imaging are incongruous. If MRI cannot be obtained 
due to a pacemaker, contrast-enhanced CT imaging can 
be obtained as an alternative.  

•   MR series can assist in target identifi cation.
 –    T1 non-contrast series can assess for hemorrhage.  
 –   T2/FLAIR series best demonstrates cerebral edema.  
 –   T1 post-contrast can best identify metastases.  
 –   For the purposes of radiosurgery, a volumetric, thin- 

slice (1 mm) T1 fast spoiled-gradient sequence with 
contrast is obtained.        

3    Simulation and Daily Localization 

•     For WBRT simulation, the patient should be imaged in 
the supine position, using a head holder and an immobi-
lizing thermoplastic mask. Non- contrast CT imaging with 
3–5 mm slice thickness is preferred for treatment plan-
ning; however, clinical patient setup can be performed in 
the emergent setting. Axial images from the vertex 
through the upper cervical spine should be obtained. 
Daily kV imaging is commonly utilized for IMRT-based 
whole-brain treatment.  

•   For frame-based SRS, a stereotactic head frame should be 
placed by a neurosurgeon. Optimally, a volumetric (1 mm 
slices, up to 2 mm), contrast-enhanced MRI is used 
for target delineation and treatment planning. In multi- 
isocenter, cobalt-based SRS systems (Gamma Knife), 
this MRI can be directly used for treatment planning. 
However, for linear accelerator (LINAC)-based SRS, a 
thin-slice CT must be acquired for dose calculation and 
additional scans (i.e., volumetric MRI) can be co-regis-
tered for treatment planning.     

4    Target Volume Delineation 
and Treatment Planning 

4.1    WBRT 

•     Whole-brain radiation therapy (WBRT) using con-
ventional external beam radiation is most commonly 
employed (Fig.  1 ). Stereotactic radiosurgery (SRS) can be 
used in the adjuvant or upfront settings for patients with 
limited  number of intracranial metastatic foci, suffi cient 
extracranial disease control, and appropriate performance 
status.

•      The typical treatment technique consists of opposed lat-
eral photon beams. Field design is demonstrated in Fig.  1  
and should take care to provide adequate coverage of the 

cribriform plate and temporal lobes. Figure  2  illustrates 
variations of the standard WBRT fi elds to account for dif-
fering clinical situations.

•      A wide variety of dose and fractionation schemes are used 
for WBRT, with 30 Gy in 10 fractions being the most 
common. For patients with a relatively long life expec-
tancy (and greater concern for neurocognitive sequelae), 
more protracted fractionation schemes (30 Gy in 12 frac-
tions, 37.5 in 15 fractions) can be considered. The most 
commonly recommended dose for PCI in SCLC is 25 Gy 
in 10 daily fractions. For CNS leukemia, a total dose of 
18–24 Gy is given at 1.8 Gy per fraction.  

•   For lymphoreticular involvement, radiation fi elds should 
include the posterior 1/3 of the orbit and cribriform plate 
(Fig.  2 ).  

•   IMRT can be used for HA-WBRT (Fig.  3 ). The standard 
dose scheme is 30 Gy in 10 fractions with a maximal hip-
pocampal dose of 10 Gy. The CTV is defi ned as the entire 
brain parenchyma. The PTV is defi ned as the CTV minus 
the hippocampus + 3–5 mm volumetric expansion. 
Hippocampus contouring is best seen on T1 series MRI to 
identify the gray matter in the medial temporal horn. The 
RTOG atlas (see suggested reading) is available for fur-
ther guidance.

•      Reirradiation is done on a selective basis with a lowered 
total dose of 20–25 Gy in 10 fractions and a time interval 
of at least 4–6 months between the initial and repeat 
course. Blocking radiosensitive organ at risk (OAR) 
structures, including the optic nerve and chiasm, is 
accomplished by creating a block with a 3 mm expansion 
on the OAR, as demonstrated in Fig.  4 .

4.2          SRS 

•     The optimal use of SRS in conjunction with WBRT or as 
stand-alone treatment remains controversial. Randomized 
data supports the addition of SRS before or after WBRT 
for patients with 1–3 metastases (Andrews et al.  2004 ). 
SRS alone may also be offered to patients with 1–3 lesions 
(Chang et al.  2009 ; Aoyama et al.  2006 ), provided that 
close imaging follow-up can be obtained to monitor for 
additional disease.  

•   SRS is generally appropriate for lesions less than 4 cm 
in largest diameter. Independent of size, neurosurgical 
management may be preferred for lesions causing 
symptoms and mass effect. Fractionated stereotactic 
radiotherapy in 3–5 fractions is preferred for larger 
lesions.  

•   For frame-based SRS, the gross tumor volume (GTV) is 
contoured as the visualized lesion on contrast-enhanced 
MRI (Fig.  5 ). No CTV or PTV expansions are used (in 
frameless systems, a 1–2 mm PTV expansion should be 

N.S. Boehling et al.



441

created depending on the setup accuracy). Dose is typi-
cally prescribed to the 50 % isodose line for Gamma Knife 
and 75–95 % for LINAC-based SRS, with the choice of 
prescription dose determined by lesion size (Table  1 ). SRS 
can create a highly conformal dose distribution, allowing 
for treatment of lesions in close proximity to critical OAR 
structures (Fig.  6 ); however, care must be paid to normal 
tissue tolerance (Table  2 ).

•       Postoperative cavity SRS in lieu of WBRT as a routine 
adjuvant treatment remains controversial. When indicated, 
any residual disease is contoured as the GTV to be included 
within a CTV that encompasses the surgical cavity (Fig.  7 ). 
A small margin of 2 mm to create a PTV is recommended 
(Choi et al.  2012 ). Dose in a single fraction setting is 
decreased for microscopic disease levels at 15–20 Gy 
based on volume according to NCCTG N107C protocol.

a

c

d

b

  Fig. 1    Standard WBRT fi elds. Conventional opposed lateral fi elds are 
rotated slightly off-axis (RAO/LAO) ( red / green ) to create coplanar 
anterior fi eld edges which do not diverge into the lenses. ( a ) Beam’s eye 
view (RAO) and blocking (diagonal red lines) as defi ned by graticule 
measurments X and Y. The inferior fi eld edge is set at C1 with at least 
2 cm of fl ash posteriorly and superiorly. The block begins at the anterior 
aspect of the C1 vertebral body and is designed to spare  nontarget 

 tissues (e.g., parotid glands), while taking care to provide adequate 
margin on the temporal lobes and cribriform plate ( blue ). ( b ) Central 
axis view showing coplanar anterior fi eld edges. ( c ) Axial slices dem-
onstrating adequate margin on the cribriform plate ( blue ) and avoidance 
of divergent dose through the lenses. ( d ) Axial slice demonstrating 
adequate margin on the temporal lobes       
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  Fig. 2    Variations on WBRT fi elds. ( a ) Conventional fi elds (RAO/
LAO) as described in Fig.  1 . ( b ) More generous WBRT fi elds used in 
the setting of leptomeningeal disease – these fi elds provide additional 
margin on the cribriform plate ( blue ). ( c ) Conventional fi elds (RAO/
LAO) covering the traditional WBRT target with the addition of cover-
age of the bilateral retinas ( yellow ) in the setting of proven retinal 

involvement (e.g., CNS lymphoma, CNS prophylaxis for leukemia, leu-
kemic infi ltrate to the retina) with blocking of the lens ( green ) and ante-
rior chamber. ( d ) Scalp-sparing WBRT fi elds – the block edge is set at 
the outer table of the calvarium to minimize alopecia in patients for 
whom cosmesis is of particular concern. The blocked fi eld is repre-
sented by the diagonal red lines       
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  Fig. 3    Hippocampal avoidance WBRT. Axial slices are presented 
from caudal ( a ) to cranial ( d ) extent with CT and matched T1 series 
MRI. Structures highlighted include the hippocampal formation of 

interest ( red ), expansion ( blue ), normal brain tissue (khaki), and brain 
stem ( black ). The CTV contains all normal brain tissue with the hip-
pocampal formation expansion removed from the target       
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a

c d

b

  Fig. 4    Reirradiation using a peninsula block. ( a ) Optic nerves ( pink ) 
and chiasm ( green ) are blocked with a 3 mm OAR PTV ( purple ). A 
standard WBRT is modifi ed to include a block covering the PTV as 

well as the spinal cord caudal to the brain stem ( black ). Axial slices 
from caudal ( b ) to cranial ( d ) are shown with MLC blocks from the 
RAO beam ( red ) and LAO beam ( green )       
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Lesion 1 Lesion 2 Lesion 3

  Fig. 5    SRS treatment of 3 metastatic lesions. A Leksell Gamma Knife 
was used for the treatment of a patient with 3 metastatic lesions from 
non- small cell lung cancer. Contrast-enhanced volumetric MRI (1 mm 
cuts) demonstrated three enhancing lesions in the right parietal lobe 
( lesion 1 ), right cerebellar hemisphere ( lesion 2 ), and right occipital 

lobe ( lesion 3 ). All three lesions were prescribed 20 Gy based on size 
criteria (Table  1 ). Axial, coronal, and sagittal images from the planning 
MRI are depicted, as well as representative slices from the treatment 
plan showing the prescription isodose line in  yellow , with additional 
isodose lines shown in  green        

    Table 1    SRS dose prescriptions by lesion size (Shaw et al.  2000 )   

 Tumor size (cm)  Prescription dose (Gy) 

 <2  20–24 
 2–3  18 
 3–4  15 
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  Fig. 6    SRS treatment of a cerebellar lesion in close proximity to the 
brain stem. ( a ) Axial, coronal, and sagittal slices from a volumetric 
(1 mm) contrast-enhanced MRI through the center of the metastatic 
lesion, contoured in orange. The 20 Gy prescription isodose line is 

shown in  yellow , with 30 Gy and 10 Gy lines in  green . ( b ) Serial axial 
images delineating the entire volume receiving 10 Gy. The sharp dose 
falloff allows treatment of this lesion adjacent to the brain stem (see 
Table  2  for dose constraints)       
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    Table 2    Critical structure dose constraints   

 Organ at risk  Dose constraint (Dmax) (Gy) 

 Brain stem  12 
 Optic structures  8 

a b

dc

e

  Fig. 7    SRS treatment of a postoperative resection cavity. Axial slices 
are presented from caudal ( a ) to cranial ( e ) with matched T1 post-con-
trast MRI slices. The surgical cavity (khaki) is outlined with an area of 
gross residual disease ( red ). The pituitary ( light blue ), brain stem 
( black ), and optic chiasm ( green ) are outlined due to proximity. A long 

thermoplastic mask was utilized for immobilization. Cone beam CT 
and ExacTrac imaging was utilized for image guidance. The patient 
was treated with a simultaneous integrated boost technique with 21 Gy 
to the cavity and 24 Gy to the residual disease in three fractions       
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                 Suggested Reading 

    RTOG Hippocampal Sparing Atlas (  http://www.rtog.org/
CoreLab/ContouringAtlases/HippocampalSparing.aspx    )  

  Additional references for further reading are provided below 
(Patchell et al.  1990 ,  1998 ; Kocher et al.  2011 ; Sperduto 
et al.  2012 ; Boehling et al.  2012 ; Gaspar et al.  1997 ,  2010 ; 
Kalkanis et al.  2010 ; Linskey et al.  2010 ; Tsao et al. 
 2012 ).         
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2     Anatomy and Patterns of Spread 

•     Hodgkin lymphoma is a malignancy of the lymphatic sys-
tem. Consequently, the pattern of spread generally fol-
lows that of the lymphatic system in a predictable manner. 
The most common sites of disease are the mediastinum 
and cervical/supraclavicular regions.  

•   Although pretreatment imaging may occasionally show 
non-contiguity, subclinical disease is likely to be harbored 
in the lymphatic region lying between two regions shown 
to be involved on CT or PET/CT scan.  

•   Splenic involvement almost always accompanies para- 
aortic involvement. Splenic disease is always present if 
there is bone marrow or liver involvement.  

•   Bone marrow involvement occurs more commonly in 
patients with B symptoms and more advanced disease. 
PET/CT scan is suffi cient for diagnosing bone marrow 
involvement, allowing patients to forgo bone marrow 
biopsies.     

3     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     All patients should undergo a contrast-enhanced CT of 
the neck, chest, abdomen, and pelvis along with a PET/
CT scan prior to starting any systemic therapy (including 
steroids). Nodes that are palpable on exam, enlarged on 

   Table 1    ILROG planning defi nitions for ISRT in lymphoma (Specht et al.  2013 ; Illidge  2014 )   

 Volume  Description 

 Gross tumor volume (GTV)  Pre-chemotherapy/surgery GTV 
(GTVp) 

 Contains gross tumor volume as identifi ed on diagnostic imaging prior 
to chemotherapy and/or surgery 

 Post-chemotherapy/surgery GTV 
(GTVr) 

 Contains gross tumor volume as identifi ed on diagnostic and/or 
planning imaging after management with chemotherapy and/or surgery 

 No prior treatment GTV (GTV)  Contains gross tumor volume identifi ed on diagnostic and/or planning 
imaging in the absence of prior chemotherapy or surgery (e.g., in the 
case of primary or salvage RT) 

 Clinical target volume (CTV)  Contains entire post-chemotherapy/surgery or “no prior treatment” GTV 
 Generally contains pre-chemotherapy/surgery GTV (unless volume is 
unable to be safely treating in its entirety) 
 Excludes extent of pre-chemotherapy/surgery GTV that displaced 
normal, uninvolved tissue (bone, organs, muscles, etc.) prior to 
chemotherapy or surgery 
 Includes consideration of the following: 
  Image accuracy and quality. CTV should be increased in size to 
account for uncertainties such as suboptimal fusion of pre- and 
post-chemotherapy/surgery images to planning images or in the absence 
of pre-chemotherapy/surgery images 
  Changes in volume since the time of imaging 
  Pattern of disease spread 
   Potential subclinical involvement. Consider including nodes of 

unknown status near the site of disease, particularly if the 
questionable nodes belong to a nodal chain or group already partially 
encompassed by the CTV 

  Adjacent organ dose constraints 
 Can contain separate nodal volumes if ≤5 cm apart. Lesions >5 cm 
apart are treated with separate CTVs 

 Internal target volume (ITV)  Contains the CTV plus an internal margin that accounts for variation in 
CTV shape, size, and position (e.g., target movement with respiration) 
 Most relevant for targets within the chest and abdomen; may be 
unnecessary for other sites 

 Planning target volume (PTV)  Contains CTV or ITV plus a margin to account for setup uncertainties 
associated with patient position and beam alignment 
  Note that CTV to PTV expansions are patient- and institution-specifi c; 
any recommendations in this chapter or elsewhere must be adjusted to 
refl ect factors unique to the patient and institution  

 Organs at risk (OAR)  Includes uninvolved normal structures at risk of RT-related toxicity for 
which RT planning or dose may be altered 

1          Introduction     
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CT, or positive on FDG-PET are considered to be posi-
tive. Unusual or non-contiguous sites of disease should be 
biopsied to confi rm involvement.
    (i)    When possible, PET/CT scan and contrast CT scan 

should be performed in the treatment position to 
assist in fusion with the CT simulation scan following 
chemotherapy. This may require careful coordination 
with radiology and medical oncology and  developing 
a special “lymphoma” imaging protocol to be used 
when a patient is undergoing staging for lymphoma 
or when lymphoma is high on the differential diag-
nosis list.
   1.    Arms slightly akimbo or at the side allow for more 

reproducible setup and fusion with CT scan, when 
axillary nodes are involved. However, arms above 
the head may provide better access to the medias-
tinum if IMRT or rapid arc is contemplated.   

  2.    Neutral or slightly extended neck, which allows 
for potentially less mandible to be included in the 
treatment fi eld. Hyperextended neck may drop the 
brain further into the fi eld when the high cervical 
nodes are involved. Diagnostic scans are often 
done in a head-neutral or head-fl exed position.   

  3.    Performing the initial staging scans with deep 
inspiration breath-hold technique may allow for 
further reduction in radiation dose to the heart 
and lung.          

•   Chest X-ray still is the preferred way to characterize 
mediastinal bulk, due to its use in prior clinical trials. 
Masses greater than one-third of the maximum intratho-
racic diameter or greater than 10 cm are considered to be 
unfavorable.  

•   MRI and MRI/PET scans may also be used, especially 
in pediatric Hodgkin lymphoma. Although these modal-
ities will reduce the radiation dose compared with a 
PET/CT scan, they may not fuse as well with CT simu-
lation and may, in fact, lead to larger radiation targets, 
due to the uncertainties with the fusion. FDG-PET 
remains the most effective way to defi ne initial sites of 
disease.  

•   One should familiarize themselves with the Deauville cri-
teria for evaluating treatment response in Hodgkin lym-
phoma (1, no uptake; 2, uptake < = mediastinum; 3, 
uptake > mediastinum but < = liver; 4, uptake > liver at any 
site; 5, uptake > liver and new sites of disease).     

4     Simulation and Daily Localization 

•     The vast majority of patients with Hodgkin lymphoma 
will undergo radiotherapy as consolidation following 
chemotherapy. Since target delineation is based on 

pre- chemotherapy sites of involvement and since dis-
ease is expected to regress following chemotherapy, 
improved image registration with the pre-chemother-
apy staging scans will allow for reduced size in target 
volume (due to less margin for fusion uncertainty). 
However, repositioning the patient may be required to 
avoid the OARs, despite requiring more margin for 
fusion uncertainties. For example, if the pretreatment 
PET/CT scan is performed with the head flexed, main-
taining the same position for treatment would lead to 
unnecessary irradiation of the salivary glands and oral 
cavity in the presence of high cervical nodal disease. 
Planning treatment with the neck in a different position 
than the pretreatment PET/CT will require increasing 
the size of the CTV because of the uncertainty in image 
registration.  

•   When the supraclavicular or cervical region is involved, a 
face mask is used to help stabilize the patient in a repro-
ducible manner and keep the chin from falling into the 
treatment fi eld.
    (i)    When a face mask is used, it is advisable to avoid 

putting arms above the head, as this can cause sig-
nifi cant pain and discomfort for some patients during 
their treatment.      

•   When axillary nodes require treatment, it is important to 
try and reproduce the initial staging scan patient setup. 
Although axillary nodes that were initially involved might 
be quite small, the axilla is a large nodal station, and the 
nodes can move considerably depending on patient arm 
position. Since these nodes may be diffi cult to identify at 
the time of simulation, larger margins will need to be used 
when discrepancies in arm setup are present between the 
staging scan and CT simulation. In this situation, it may 
be preferable to have the arms at the patient’s side with a 
Vac-Lok bag and arm pulls to prevent the patient’s arms 
from drifting during treatment.  

•   CT simulation should be performed with at a minimum 
3 mm slices, starting at least 5 cm above the most supe-
rior level of disease from the staging scans and end at 
least 5 cm below the most inferior level of disease from 
the staging scans. Make sure to include adjacent OAR in 
their entirety to ensure an accurate DVH (i.e., include the 
entire lungs, even if the entire mediastinum is not 
included).  

•   IV contrast can help differentiate between residual 
Hodgkin lymphoma and the OARs and major vessels. It 
may also be helpful for contouring cardiac structures, 
including coronary vessels and valves.  

•   Wire scars from biopsies to defi ne prior lymph node 
involvement, especially when the staging scans were done 
after the patient had an excisional biopsy.  

•   When the mediastinum, lung, para-aortics, and/or 
spleen are to be irradiated, one should consider 
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 respiratory motion management strategies. These may 
include:
    (i)    4D CT simulation to assess respiratory motion and 

either develop the GTV and CTV based on all 10 
phases of the respiratory cycle or consider adding a 
uniform superior-inferior margin to the GTV and 
CTV drawn on the average scan to account for 
motion throughout the breathing cycle   

   (ii)    Deep inspiration breath-hold technique   
   (iii)    Abdominal compression (may increase lung dose 

when mediastinum or lung undergoing treatment, 
due to smaller lung volumes)      

•   Deep inspiration breath hold might be considered for 
patients with mediastinal involvement to help pull the 
heart away from the disease involvement and to increase 
lung volume, which may help reduce overall dose to the 
heart and lungs. This must be done with care, and it is 
important to have the staging CT scan performed with a 
breath-hold technique, to reduce uncertainties in image 
registration.    

     (i)    Image guidance can be done with orthogonal kV imaging, 
CT on rails, or cone-beam CT scan.
   (i)    The advantage of CT on rails or cone-beam CT is 

that the patient can undergo soft tissue alignment. 
However, patients are exposed to higher doses of 
radiation with this type of IGRT. Some consider 
subtracting this additional daily dose from the 
planned daily treatment (i.e., .05 Gy from IGRT/
day and 1.75 Gy/day for RT treatment).   

  (ii)    The advantage to orthogonal kV imaging is that 
there is less radiation dose compared with a cone- 
beam CT scan or CT on rails. However, bony align-
ment or fi ducial alignment is generally used, since 
the soft tissue cannot be seen well. Special attention 
to the alignment of clavicles can be helpful when 
axilla, infraclavicular, or supraclavicular regions 
are being treated.          

5     Radiation Dose 

•     Pediatric patients are generally treated per specifi c pedi-
atric protocols. In general, these protocols generally 
omit radiation in patients with rapid early response mid-
way through chemotherapy and a complete response fol-
lowing chemotherapy, while patients with slow response 
or bulky mediastinal mass generally receive radiation 
doses of 21 Gy. Radiation oncologists should review the 
specifi c protocol the patient was treated to clarify the 
radiation dose and fi eld design appropriate for the 
patient’s care.  

•   Patients with early stage (I–IIA) non-bulky disease and 
with a complete response (by CT scan criteria) after 2 

cycles of ABVD may do well with an additional 2 cycles 
of ABVD without any radiation (Meyer et al.  2012 ).  

•   Patients treated with favorable risk early stage disease 
that meets the entry criteria for the German Hodgkin 
Study Group protocol can receive 20 Gy (2 Gy/fraction × 
10 fractions) as consolidation following 2 cycles of 
ABVD (Engert et al.  2010 ).  

•   Patients who do not meet the entry criteria for GHSG pro-
tocol should receive 30–36 Gy (1.8–2 Gy/fraction) as 
consolidation following chemotherapy (Hoppe et al. 
 2012a ).  

•   Patients with residual PET avid disease > background 
level of the liver (Deauville criteria 4 or 5) should receive 
higher doses of radiation to 39.6–45 Gy (Hoppe et al. 
 2012a ).  

•   Patients receiving defi nitive treatment for lymphocyte- 
predominant Hodgkin lymphoma without chemother-
apy should receive doses of 30–36 Gy (Hoppe et al. 
 2012a ).     

6     Target Volume Delineation 
and Treatment Planning 

•      Treatment fi elds that have been used for Hodgkin lym-
phoma (in decreasing size) are total lymphoid (TL), sub-
total lymphoid (STL), extended fi eld (EF), involved fi eld 
(IF), involved site (IS), and involved node (IN) 
irradiation.  

•   The larger fi elds (TL, STL, and EF irradiation) are 
infrequently used, due to common management with 
combined modality therapy. Clinical trials have shown 
an equivalence between IF and larger fi elds in this 
setting.  

•   IF irradiation is poorly defi ned. It is meant to be a fi eld 
that includes the Ann Arbor lymph node groups involved 
with lymphoma at the time of diagnosis, but variations in 
the defi nition were employed by different investigators or 
clinical trial groups. The fi eld borders were developed at 
the time of 2D simulation techniques, when fi eld borders 
were generally determined based on bony landmarks and 
the concepts of GTV, CTV, and PTV were not utilized 
(Yahalom and Mauch  2002 ).  

•   IS and IN irradiation are intended to replace IF (Specht 
et al.  2013 ; Girinsky et al.  2006 ). These treatment fi elds 
incorporate modern ICRU defi nitions for GTV, CTV, ITV, 
and PTV and encourage the use of highly conformal treat-
ment planning to help reduce radiation exposure to the 
OARs. In some treatment protocols, such as after 12 
weeks of Stanford V or in patients with Stage III/IV dis-
ease, the radiation fi eld is the IS to just the areas of bulky 
disease or slow-responding disease, excluding all other 
areas Table  1 .
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    (i)    The gross tumor volume (GTVr) is the residual 
disease seen at the time of CT simulation and can 
be visualized best with IV contrast.   

   (ii)    The clinical target volume (CTV) includes all of 
the disease prior to chemotherapy. This includes 
the most superior and inferior extension of  disease 
at presentation (GTVp), even if it has signifi cantly 
regressed. However, normal structures that were 
clearly uninvolved should be excluded from the 
CTV. For example, a large bulky mediastinal mass, 
should not have the CTV extend into the lung on 
the CT simulation.  Rather the post-chemotherapy 
lateral extension of the mediastinal disease should 
be used. This is best delineated after registering the 
CT simulation with the pre-chemotherapy PET/CT 
scan. When a perfect fusion exists between the CT 
simulation and the pretreatment PET/CT scan, the 
CTV delineated is consistent with IN irradiation. 
In most cases the fusion between the pretreatment 
PET/CT and CT simulation is not perfect. In that 
case, a margin needs to be considered to address the 
uncertainty of the fusion, and the CTV delineated is 
defi ned as IS irradiation.   

   (iii)    When involving a structure that moves with the 
respiration, an ITV margin can be added based on 
the 4D CT scan. When no respiratory motion 
occurs, the ITV is the same as the CTV.   

   (iv)    The planning target volume (PTV) includes the 
ITV with a margin to account for setup uncertain-
ties. When using a face mask for immobilization 
with daily IGRT, then a 5 mm margin could be 
used. If the thorax is targeted, then a larger PTV 
margin should be considered of 5–8 mm. The larger 
the fi eld, the more likely there will be setup uncer-
tainty, and consideration of even larger margins is 
warranted. When IGRT is not being used, larger 
margins should be used of 10–15 mm depending on 
the region of interest.   

   (v)    Patients with nodular lymphocyte-predominant 
Hodgkin lymphoma NOT receiving chemotherapy 
represent a unique group. Involved lymph nodes 
should still be present and contoured as GTV. The 
lymph node chain where the involved nodes are 
located should be contoured on the axial image as 
the CTV (to include the GTV) and should be 
extended to include interruptions between the 
involved nodes and extended superiorly and inferi-
orly 2–4 cm. In a recent poll of radiation oncology 
lymphoma experts, the majority (>60 %) felt the 
extension should be 4 cm.    

•     Effective treatment plans may include 3D CRT, IMRT, 
VMAT, or proton therapy. Although more conformal 
techniques reduce the high dose region, one must be 

mindful of the increased volume of low dose radiation 
exposure that may occur (especially with IMRT and 
VMAT). Doses as low as 5 Gy have been associated with 
increased risk of radiation-induced breast cancer, lung 
cancer, and cardiac mortality in long-term survivors of 
Hodgkin lymphoma (Travis et al.  2002 ; Travis et al.  2003 ; 
Tukenova et al.  2010 ).
    (i)    3D CRT is generally done with AP/PA fi eld arrange-

ment; however, alternative fi eld arrangement can be 
used to reduce the dose to the OARs.   

   (ii)    When treating mediastinal fi elds with IMRT, con-
sider avoiding lateral fi elds, which may increase 
lung dose unnecessarily.   

   (iii)    When proton therapy is being used, try to use fewer 
fi elds to reduce integral dose. When anterior medi-
astinal disease is present, try to just use anterior 
fi elds to reduce the dose to the heart (Hoppe et al. 
 2012b ).    

•     DVH analysis
    (i)    CTV and PTV coverage should be the highest prior-

ity. In general, the CTV D99% = 100 %, 95 % of the 
PTV should receive 100 % of the dose, and 100 % of 
the PTV should receive 95 % of the dose. In some 
cases, target coverage must be compromised to 
reduced dose to the OAR. In that case, the authors try 
and get 95 % of the PTV covered by 95 % of the dose.   

   (ii)    OAR constraints include mean lung dose <14–
17 Gy, mean heart dose <15–20 Gy, mean total 
parotid dose <20–26 Gy, and maximum spinal cord 
dose <45 Gy.   

   (iii)    Occasionally, one must increase the dose to one 
OAR to reduce the dose to another OAR. Based on 
causes of death in long-term survivors, the OAR 
most responsible for death is the heart. On the other 
hand, the most frequently encountered radiation- 
induced cancers are the lung (men) and breast 
(women). Consequently, the authors consider dose 
to the heart, lung, breast, stomach, and thyroid 
especially given that doses as low as 5 Gy or higher 
have been associated with increased risk of cardiac 
mortality and secondary cancers.         

7     Cases 

•     A 75-year-old woman with stage IA favorable non-bulky 
nodular sclerosing Hodgkin lymphoma involving left- 
sided periparotid and upper cervical lymph nodes, who 
received 2 cycles of ABVD and consented to consolida-
tive ISRT to 20 Gy (2 Gy/fraction × 10 fractions).
    (i)    Figure  1a  reveals the sagittal view of the image fusion 

between the pretreatment PET/CT scan and the CT 
simulation. Notice poor fusion due to PET/CT scan 
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being done with a fl exed neck on a pillow and the CT 
sim with neck positioned neutral in a head rest.

       (ii)    Figure  1b  reveals the pretreatment PET/CT scan. 
What is not seen is the excised periparotid lymph 
node that was performed prior to the PET/CT scan 
as part of the excisional biopsy. Normal uptake is 
seen in the brain, base of tongue, fl oor of mouth, and 
salivary glands. Additionally, uptake is seen bilater-

ally on images in the 2nd row, 2nd and 3rd from the 
left and was attributed to muscle activity and not 
involved lymph nodes. PET activity correlating with 
disease includes the surgical bed around the parotid 
(row 1, image 3–6 from the left), the cervical lymph 
node (row 1, image 5). An additional cervical node 
is located between the 3rd and 4th image in row 2, 
but cannot be seen on these wide cuts.   

  Fig. 1           
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  Fig. 2             

   (iii)    Figure  1c  reveals the CT simulation with the CTV 
outlined in green. Note the wire outlining the cervi-
cal scar in the 1st row, 4th image from the left. Extra 
margin was included on the CTV, due to the poor 
fusion between the two scans.      

•   A 21-year-old male with stage IIA bulky (17 cm in great-
est transverse dimension) nodular sclerosing Hodgkin 
lymphoma involving the following regions: right supra-
clavicular and anterior mediastinal ending onto the dia-
phragm. The patient was treated with 6 cycles of ABVD 
chemotherapy with a complete response by PET scan, but 
a PR by CT scan. The patient received 30.6 Gy at 1.8 Gy/
fraction as consolidation.
   (i)    Figure  2a  demonstrates a reasonably good fusion 

between the pre-chemotherapy PET/CT scan in red 
and the CT simulation in gray from a standpoint of 
the normal anatomy. On the coronal and axial 
images, one can appreciate the considerable regres-
sion in tumor size, which can lead to changes in 
normal anatomy positioning, especially with regard 
to the lung and heart.

      (ii)    Figure  2b  represents the fused axial images from 
the pretreatment PET/CT scan (bottom) and CT 
 simulation (top). GTV is contoured in pink, and 
CTV is contoured in blue. Due to extension of the 
initial mass along the anterior pericardium, the ini-
tial extension along the pericardium is used as the 
lateral border. Some disagreement exists among 
radiation oncology lymphoma experts whether to 
include the pretreatment pericardial extension in a 
recent poll. However, the majority (>70 %), includ-
ing these authors, used the pre-chemotherapy 
extension along the pericardium as depicted in this 
case in blue.        A 32-year-old female with stage IIB 
bulky (15 cm greatest transverse dimension) nodu-
lar sclerosing Hodgkin lymphoma involving the 
following lymph node groups: bilateral cervical, 
bilateral supraclavicular, left axilla, left infracla-
vicular/subpectoral, mediastinal, left internal mam-
mary, and left diaphragmatic. The patient received 
4 cycles of ABVD complicated by bleomycin tox-
icity with a complete response by PET/CT scan.
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Fig. 2 (continued)
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  Fig. 3             
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Fig. 3 (continued)

    (i)    Figure  3a  demonstrates the registration between the 
pre-chemotherapy PET/CT scan in red and the CT 
simulation in gray. Notice poor alignment of the spine 
and neck on sagittal view, due to a fl exed neck at time 
of PET/CT scan and slightly extended neck at simula-
tion. On axial image, one can appreciate the difference 
in arm position (despite both being by the patient’s 
side), due to the need to lower arms to allow for fi elds 

to treat the axillary region. In patients with large fi elds, 
sometimes the registration between the two scans must 
be performed multiple times throughout the planning 
process to ensure the most accurate contouring.

       (ii)     Figure  3b  demonstrates the fused axial images from 
the pre-chemotherapy PET/CT scan (bottom) and 
the CT simulation (top). The CTV is depicted in 
green. Larger volumes are located in the axilla, due 
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  Fig. 4             

to larger uncertainties regarding the location of the 
axillary node because of different arm position. The 
last two slices demonstrate the CTV to cover the 
diaphragmatic nodes. In a recent survey, most 
(>70 %) radiation oncology  lymphoma experts 
would include the prior involved diaphragmatic 
nodes in the CTV as depicted in these slices.      

•   A 20-year-old female with stage IV mixed cellularity 
Hodgkin lymphoma was initially treated with BEACOPP 
× 8 cycles, then relapsed 1 year later in the bilateral neck, 
mediastinum, para-aortics, and spleen. She received 2nd-
line chemotherapy with ICE × 3 with a complete response 
except within the spleen. The patient went on to receive 

high-dose chemotherapy with BEAM followed by autolo-
gous stem cell rescue (ASCR). Recommendations were 
made for consolidative  radiotherapy to the spleen follow-
ing recovery from her ASCR to 30.6 Gy at 1.8 Gy/
fraction.
    (i)    Figure  4a  demonstrates the spleen movement with 

respiration and demonstrates the MIP(maximum 
intensity projection), AVG (average scan), 50 % 
phase of the respiratory cycle, and the 0 % phase of 
the respiratory cycle. The spleen from the MIP 
image is contoured in pink and superimposed on the 
other scans to demonstrate the movement of the 
spleen with respiration.
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Fig. 4 (continued)

       (ii)    Figure  4b  represents the axial images from the pre- 
ASCR PET/CT scan with the PET avid spleen (top), 
MIP axial images (middle), and average images 
from the 4D CT simulation (bottom). The spleen as 
contoured on the MIP is the CTV in pink.      

•   A 40-year-old male with stage IIA nodular lymphocyte- 
predominant Hodgkin lymphoma involving the  bilateral 

iliacs and bilateral inguinal regions. The patient was 
treated to 30.6 Gy at 1.8 Gy/fraction without 
chemotherapy.
    (i)    Figure  5  shows a PET/CT simulation scan with the 

involved nodes contoured in yellow and the CTV 
contoured in blue. Normal PET activity is seen in the 
bowel, bladder, and testis.
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2      Background 

•        Non-Hodgkin lymphoma (NHL) is a heterogeneous 
group of B-cell, T-cell, and natural killer (NK)-cell neo-
plasms that lack the pathologic characteristics seen in 
Hodgkin disease (HD).  

•   The World Health Organization (WHO) has classifi ed 
approximately 80 unique forms of NHL (Swerdlow et al. 
 2008 ). These are traditionally grouped by tumor aggres-

siveness into indolent, aggressive, and highly aggressive 
NHL categories, as described in Table  2 .

•      NHL can be further divided into nodal versus extra-
nodal lymphomas. Although treatment of both nodal and 
extra- nodal NHL depends on tumor aggressiveness, 
extent of disease, and response to systemic therapies, 
management of extra-nodal lymphoma with radiother-
apy (RT) is more clearly driven by site-specifi c 
considerations.    

   Table 1    ILROG planning defi nitions for ISRT in lymphoma (Specht et al.  2013 ; Illidge  2014 )   

 Volume  Description 

 Gross tumor volume (GTV)  Pre-chemotherapy/surgery GTV (GTVp)  Contains gross tumor volume as identifi ed on diagnostic 
imaging prior to chemotherapy and/or surgery 

 Post-chemotherapy/surgery GTV (GTVr)  Contains gross tumor volume as identifi ed on diagnostic and/or 
planning imaging after management with chemotherapy and/or 
surgery 

 No prior treatment 
GTV (GTV) 

 Contains gross tumor volume identifi ed on diagnostic and/or 
planning imaging in the absence of prior chemotherapy or 
surgery (e.g., in the case of primary or salvage RT) 

 Clinical target volume (CTV)  Contains entire post-chemotherapy/surgery or “no prior 
treatment” GTV 
 Generally contains pre-chemotherapy/surgery GTV (unless 
volume is unable to be safely treating in its entirety) 
 Excludes extent of pre-chemotherapy/surgery GTV that 
displaced normal, uninvolved tissue (bone, organs, muscles, 
etc.) prior to chemotherapy or surgery 
 Includes consideration of the following: 
  Image accuracy and quality. CTV should be increased in size 
to account for uncertainties such as suboptimal fusion of 
pre- and post-chemotherapy/surgery images to planning images 
or in the absence of pre-chemotherapy/surgery images 
  Changes in volume since the time of imaging 
  Pattern of disease spread 
   Potential subclinical involvement. Consider including nodes 

of unknown status near the site of disease, particularly if the 
questionable nodes belong to a nodal chain or group already 
partially encompassed by the CTV 

  Adjacent organ dose constraints 
 Can contain separate nodal volumes if ≤5 cm apart. Lesions 
>5 cm apart are treated with separate CTVs 

 Internal target volume (ITV)  Contains the CTV plus an internal margin that accounts for 
variation in CTV shape, size, and position (e.g., target movement 
with respiration) 
 Most relevant for targets within the chest and abdomen; may be 
unnecessary for other sites 

 Planning target volume (PTV)  Contains CTV or ITV plus a margin to account for setup 
uncertainties associated with patient position and beam 
alignment 
  Note that CTV to PTV expansions are patient- and institution-
specifi c; any recommendations in this chapter or elsewhere 
must be adjusted to refl ect factors unique to the patient and 
institution  

 Organs at risk (OAR)  Includes uninvolved normal structures at risk of RT-related 
toxicity for which RT planning or dose may be altered 

1     Introduction    
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2.1     Evolution of Radiation Fields 
for Lymphoma 

•     Historically, HD and NHL were managed with RT alone 
using extended fi elds such as mantle and inverted Y con-
fi gurations, with higher rates of late toxicity associated 
with larger fi eld size (Fig.  1a, b ).

•      By the 1990s, combined modality therapy became a 
mainstay of lymphoma management. With the addition of 
increasingly successful chemotherapies and advance-
ments in target localization such as 3D simulation, RT 
fi elds have become progressively smaller (Fig.  1 ).  

•   Until recently, the standard of care for RT in both HD 
and NHL was involved fi eld radiotherapy (IFRT). This 

began to change in 2006, when EORTC-GELA 
Lymphoma Group published guidelines for involved 
nodal radiotherapy (INRT) for HD (Girinsky et al.  2006 ) 
(Fig.  1c ).  

•   Unlike traditional IFRT fi elds that treat adjacent unin-
volved lymph nodes, INRT limits treatment to only pre- 
and post-chemotherapy involved nodal volumes plus 
margin. Whereas IFRT traditionally uses bony landmarks 
to identify fi eld borders, INRT volumes are delineated 
using defi nitions of gross tumor volume (GTV), clinical 
target volume (CTV), and planning target volume (PTV) 
per the International Commission on Radiation Units and 
Measurements (ICRU) Report 83 (Hodapp  2012 ).  

•   However, INRT requires precisely fused pre- and post- 
chemotherapy imaging performed in the treatment position, 
which is often unattainable in clinical practice. To address 
this limitation, the International Lymphoma Radiation 
Oncology Group (ILROG) published  consensus guidelines 
for the use of involved site radiotherapy (ISRT) for HD 
(Specht et al.  2013 ). ISRT targets the sites of  pre- and post-
chemotherapy disease involvement but also offers less strin-
gent treatment volume defi nitions than ISRT to allow for 
uncertainties associated with less than optimal imaging.  

•   ILROG has recently published consensus guidelines for the 
use of ISRT for nodal NHL(reference below), with similar 
guidelines pending for extra-nodal NHL (Illidge  2014 ). 
Although ISRT for NHL has not yet been validated through 
randomized trials, single-arm and retrospective data suggest 
comparable control with such reduced fi eld sizes (Campbell 
et al.  2010 ; Zhang et al.  2012 ; Yu et al.  2010 ).  

•   As ISRT is evolving to be the standard of care for RT in NHL, 
this chapter will focus on ISRT for both nodal and extra-nodal 
lymphomas. For recommendations regarding involved fi elds, 
reference should be made to Yahalom and Mauch’s guide-
lines for IFRT in HD (Yahalom and Mauch  2002 ).     

a b c

  Fig. 1    Historical RT fi elds. Digitally reconstructed radiographs (DRR) of ( a ) mantle and ( b ) inverted Y extended fi elds and ( c ) axilla involved fi eld RT       

   Table 2    Select non-Hodgkin lymphoma histologies arranged by tumor 
aggressiveness (Swerdlow et al.  2008 ; Pileri et al.  1998 ; National 
Cancer Institute  2014 )   

 Indolent  Aggressive  Highly aggressive 

 Follicular lymphoma 
(grades I and II) 

 Follicular lymphoma 
(grade III) 

 Burkitt’s 
lymphoma 

 Marginal zone 
B-cell lymphoma: 
extra-nodal (MALT 
lymphoma), nodal 
(monocytoid), 
splenic 

 Diffuse large B-cell 
lymphoma (DLBCL) 

 Precursor B-cell or 
T-cell 
lymphoblastic 
lymphoma/
leukemia 

 Small lymphocytic 
lymphoma 

 Mantle cell lymphoma 

 T-cell granular 
lymphocytic 
lymphoma 

 Anaplastic large cell 
lymphoma 
 Peripheral T-cell 
lymphoma 
 Angiocentric T-cell 
lymphoma 
 Angioimmunoblastic 
T-cell lymphoma 
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2.2     General Principles of Involved 
Site Radiotherapy 

•     ISRT requires 3D simulation with CT, PET-CT, or MRI. 
Pre-chemotherapy or pre-surgery diagnostic imaging is 
strongly recommended, particularly PET-CT with IV 
contrast as well as PO contrast for abdominopelvic sites. 
Post-chemotherapy PET-CT is also useful for identifying 
areas of residual FDG avidity.  

•   These studies should be fused to simulation imaging 
when feasible. Although not a requirement for ISRT, 
diagnostic imaging should be performed in the treatment 
position whenever possible to optimize fusion.  

•   The ILROG volume defi nitions for ISRT are summarized 
in Table  1  (Specht et al.  2013 ; Illidge  2014 ).

•     Simulation and immobilization will be discussed by treat-
ment site.      

3     Nodal NHL 

3.1     Principles of Management 

•     In nodal NHL, RT may be indicated as primary therapy; 
consolidation following chemotherapy for bulky, resid-
ual, or unfavorable disease; or salvage for chemotherapy- 
refractory or recurrent disease.  

•   RT dose varies by tumor aggressive, extent of disease and 
chemotherapy response.  

•   See Table  3  for management strategies of nodal 
B-cell NHL (Illidge  2014 ).

3.2           General Considerations for Cervical/
Supraclavicular Nodal ISRT 

•     The patient should be simulated in the supine position 
with hyperextension of the neck and the use of a long 
thermoplastic mask extending to the shoulder region for 
immobilization.  

•   3D simulation should be performed with IV contrast.  
•   GTV to CTV margin should be at least 1 cm. If applicable, the 

fi nal CTV should also encompass the pre-chemotherapy/sur-
gery GTV extent, excluding normal, uninvolved tissue that 
was displaced by the tumor prior to chemotherapy or surgery.  

•   Relevant OARs include the cervical spinal cord, brachial 
plexus, and salivary glands.  

•   For treatment with AP/PA technique:
 –    A posterior cervical cord block can be placed if cord 

dose exceeds 36 Gy.  
 –   A posterior mouth block is recommended to inhibit 

divergence through the mouth.  
 –   A laryngeal block can be added after 18 Gy or a 50% 

partial transmission laryngeal block can be used for 

   Table 3    Management of nodal B-cell NHL   

 Aggressiveness  Stage a  or clinical status  Treatment modality  RT dose (1.8–2 Gy fraction)  Target delineation considerations 

 Indolent B cell  Stages I–II  RT alone  24–30 Gy  CTV should generously cover 
adjacent nodes when RT is used 
as defi nitive therapy (e.g., CTV 
of at least 1–2 cm depending on 
the clinical scenario) 

 Stages III–IV  Rituximab, palliative RT, or 
observation 

 4–30 Gy  – 

 Aggressive B cell  Stages I–II and 
favorable 

 R-CHOP × 3–4 cycles + RT; 
R-CHOP × 6–8 cycles 

 30–36 Gy  For planned combined chemoRT, 
CTV includes entire pre-
chemotherapy GTV (minus 
uninvolved displaced tissues) 

 Stages I–II and 
unfavorable 

 R-CHOP × 6–8 cycles +/− RT 
for sites of bulky disease or 
partial response 

 30–40 Gy 

 For RT to sites of residual 
disease, the treatment volume 
can be limited to sites with 
residual PET-avidity on 
post-chemotherapy imaging 

 Stages III–IV  R-CHOP × 6–8 cycles +/− RT 
for sites of bulky disease or 
partial response 

 30–40 Gy 

 Highly aggressive  –  Chemotherapy alone, with 
palliative RT to symptomatic 
sites 

 4–30 Gy  – 

   R-CHOP  rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone/prednisolone 
  a Traditionally by Ann Arbor staging system (Rosenberg  1977 )  
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a

  Fig. 2    ( a – c ) Cervical nodal ISRT planning images for a patient with 
stage IA diffuse large B-cell lymphoma with near-complete response 
after three cycles of R-CHOP. ( a ) The pre-chemotherapy FDG-avid 
GTV is delineated in purple. Also noted is benign physiologic pharyn-
geal uptake ( white arrows ). There were no other areas of FDG-avid 
disease. ( b ) Axial CT slices from the post-chemotherapy planning CT 
( left column ) and the pre- chemotherapy PET-CT ( right column ) are 
fused to create a pre-chemotherapy GTV ( orange ), post-chemotherapy 
GTV ( red ), and CTV ( green ). Fusion of the two image sets is limited by 
differences in neck extension and arm position; this is particularly 

noticeable when locating the region of the pre-chemotherapy right level 
IV lymph node on the post-chemotherapy planning CT ( red arrows ). To 
account for greater uncertainty in target localization, the CTV in the 
corresponding regions is larger than the typical 1 cm CTV expansion. 
( c ) post-chemotherapy GTV ( red ), CTV ( green ), and PTV ( blue ) are 
shown in on ( 1 ) coronal, ( 2 ) sagittal, and ( 3 ) axial slices. In this case, 
the GTV to CTV expansion is at least 1 cm, and the CTV to PTV expan-
sion is 0.5 cm. Note that CTV to PTV margins depend on patient- and 
institution-specifi c factors, and therefore, universal recommendations 
for appropriate expansions cannot be provided           

the full duration of treatment unless prohibited by the 
presence of medial cervical lymph nodes (Fig.     2 ).

3.3              General Considerations for Axillary 
Nodal ISRT 

•     The patient should be simulated in the supine position 
with a custom mold for immobilization. In adults, treat-
ment with arms above the head shifts axillary nodes away 
from the chest wall and improves the ability to block the 
lungs. In children, treatment with arms akimbo allows for 
improved blocking of the humeral heads, which protects 
sensitive epiphyseal growth plates.  

•   3D simulation should be performed with IV contrast.  

•   GTV to CTV margin should be at least 1 cm. If applica-
ble, the fi nal CTV should also encompass the pre-chemo-
therapy/surgery GTV extent, excluding normal, 
uninvolved tissue that was displaced by the tumor prior to 
chemotherapy or surgery.  

•   Relevant OARs include the cervical and thoracic spinal 
cord, brachial plexus, and lungs (Fig.  3 ).

3.4           General Considerations for Mediastinal 
Nodal ISRT 

•     The patient should be simulated in the supine position 
with a custom mold for immobilization. Arms may be 
placed at the sides, akimbo, or above the head.  
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Post-chemotheragy Pre-chemotheragy

Fig. 2 (continued)
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c 1 2 3

Fig. 2 (continued)

  Fig. 3    ( a – c ) Axillary nodal ISRT planning images for a patient with a 
history of stage IIIA diffuse large B-cell lymphoma with initial com-
plete response following six cycles of R-CHOP. Within 18 months, the 
patient was found to have a single site of FDG-avid recurrence in the 
left axilla and elected ISRT as a fi rst step in salvage therapy. ( a ) A single 
area of recurrent FDG-avid disease ( purple ) is seen in the left axilla on 
PET-CT. ( b ) Axial slices from the planning CT demonstrate the FDG-
avid GTV ( red ) and CTV ( green ). Small lymph nodes of unknown sta-
tus that were not FDG avid were included in the treatment volume, as 

they were felt to be suspicious for lymphomatous involvement. Note the 
GTV of interest in this case is the “no prior treatment” GTV, which 
should generally be used if there has been considerable time between 
last chemotherapy and current RT. ( c ) GTV ( red ), CTV ( green ), and 
PTV ( blue ) are shown in on ( 1 ) coronal, ( 2 ) sagittal, and ( 3 ) axial slices. 
In this case, the GTV to CTV expansion is at least 1 cm, and the CTV 
to PTV expansion is 0.5 cm. Note that CTV to PTV margins depend on 
patient- and institution-specifi c factors, and therefore, universal recom-
mendations for appropriate expansions cannot be provided         

a 

Non-Hodgkin Lymphoma



472

c
1 2 3

b 1 2 3

4 5 6

Fig. 3 (continued)
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•   3D simulation should be performed with IV contrast. As tar-
get movement with respiration may be seen, 4DCT or fl uo-
roscopy, with consideration for deep inspiration breath hold, 
is recommended to allow for creation of an ITV.  

•   GTV to CTV/ITV margin should be at least 1 cm. If 
applicable, the fi nal CTV/ITV should also encompass the 
pre-chemotherapy/surgery GTV extent, excluding nor-
mal, uninvolved tissue that was displaced by the tumor 
prior to chemotherapy or surgery.  

•   Relevant OARs include the thoracic spinal cord, lungs, 
and esophagus. The RTOG breast contouring atlas ( White 
et al. ) may be used to estimate and avoid excessive radia-
tion dose, particularly in young females (Fig.  4 ).

3.5           General Considerations for Para-aortic 
Nodal ISRT 

•     The patient should be simulated in the supine position 
with a custom mold for immobilization. Arms may be 
placed on the chest or at the sides.  

•   3D simulation should be performed with IV and PO con-
trast. As target movement with respiration may be seen, a 
4DCT or fl uoroscopy should be considered to allow for 
creation of an ITV.  

•   GTV to CTV/ITV margin should be at least 1 cm. If 
applicable, the fi nal CTV/ITV should also encompass the 
pre-chemotherapy/surgery GTV extent, excluding nor-

  Fig. 4    ( a – d ) Mediastinal nodal ISRT planning images for a patient 
with stage IIA diffuse large B-cell lymphoma with bulky mediastinal 
adenopathy, demonstrating response to six cycles of RCHOP. Post-
chemotherapy imaging demonstrates response to six cycles of R-CHOP. 
( a ) The initial FDG-avid volume is delineated in purple on pre- 
chemotherapy PET-CT. Note that planning accuracy can be limited by 
misregistration between the PET and CT components. Post-
chemotherapy imaging demonstrated resolution of FDG avidity on PET 
and decreased size of the mediastinal soft tissue mass on CT. ( b ) Axial 
CT slices from post-chemotherapy planning CT ( left column ) and the 
pre-chemotherapy PET-CT ( right column ) are fused to create a pre-
chemotherapy GTV ( orange ), post-chemotherapy GTV ( red ), and CTV 
( green ). Fusion of the two image sets is limited by differences in arm 
positioning, which is particularly noticeable when locating the region 
of the pre-chemotherapy right subpectoral lymph node on the post-
chemotherapy planning CT ( red arrow ). To account for greater uncer-

tainty in target localization, the CTV in the corresponding regions is 
larger than the typical 1 cm CTV expansion. Note that the CTV excludes 
normal, uninvolved tissue that was displaced by the tumor prior to che-
motherapy. ( c ) The patient was simulated with a 4DCT to account for 
respiratory motion, and axial images from the free-breathing planning 
CT ( 1 ) were fused with images from two phases associated with maxi-
mum target excursion ( 2 ,  3 ). CTV was contoured on each phase inde-
pendently. Image  4  shows all three CTVs overlaid on the free-breathing 
CT, and image  5  shows the ITV ( yellow ), determined by combining 
these volumes. ( d ) The post-chemotherapy GTV ( red ), ITV ( yellow ), 
and PTV ( blue ) are shown in on ( 1 ) coronal, ( 2 ) sagittal, and ( 3 ) axial 
slices. In this case, the GTV to CTV/ITV and the CTV/ITV to PTV 
expansion were both at least 1 cm. Note that CTV/ITV to PTV margins 
depend on patient- and institution- specifi c factors, and therefore, uni-
versal recommendations for appropriate expansions cannot be 
provided             

a

b
Post-chemotherapy Pre-chemotherapy

1 2
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Fig. 4 (continued)
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Fig. 4 (continued)
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2 3

d 1 2 3

Fig. 4 (continued)

mal, uninvolved tissue that was displaced by the tumor 
prior to chemotherapy or surgery.  

•   Relevant OARs include the thoracic and lumbar spinal 
cord, bowel, and kidneys.  

•   Consider testicular shielding, fertility counseling, egg or 
sperm banking, and/or repositioning of the ovaries if the 
reproductive organs are at risk (Fig.  5 ).

3.6           General Considerations for Pelvic 
and Inguinal ISRT 

•     The patient should be simulated in the supine position 
with a custom mold for immobilization. Arms may be 
placed on the chest or at the sides. If the inguinal nodes 
are treated, position the patient in the “frog-leg” position 

S. Alcorn et al.



477

a

b 1 2

1 2 3

4 5 6

7 8 9

3

  Fig. 5    ( a ,  b ) Para-aortic nodal ISRT planning images for a patient 
with stage IVB diffuse large B-cell lymphoma with bulky para-aortic 
disease, showing response after six cycles of R-CHOP and four cycles 
of prophylactic intrathecal chemotherapy with cytarabine. PET-CT 
revealed residual FDG avidity in several small para-aortic lymph 
nodes. ( a ) Axial slices from the post-chemotherapy planning CT are 
shown. Pre- chemotherapy GTV ( orange ), post-chemotherapy GTV 
( red ), and CTV ( green ) are delineated. Although both pre- and post-
chemotherapy PET- CTs were performed, these could not be fused with 
the planning study. While this does not preclude  management with 

ISRT, estimations of pre-chemotherapy GTV as well as CTV were 
generous to account for imaging uncertainties. Also note that the 
patient had several small involved lymph nodes ≤5 cm apart, which 
were able to be treated with the same CTV. ( b ) The post-chemotherapy 
GTV ( red ), CTV ( green ), and PTV ( blue ) are shown in ( 1 ) coronal, ( 2 ) 
sagittal, and ( 3 ) axial slices. In this case, the GTV to CTV and CTV to 
PTV expansions were both at least 1 cm. Note that CTV to PTV mar-
gins depend on patient- and institution-specifi c factors, and therefore, 
universal recommendations for appropriate expansions cannot be 
provided       
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5 6

Pre-chemotherapy

  Fig. 6    ( a ,  b ) Pelvic nodal ISRT planning images for a patient with 
stage IIIA diffuse large B-cell lymphoma with bulky pelvic adenopathy. 
The patient showed partial response after eight cycles of R-CHOP, with 
a residual pelvic mass. ( a ) Axial slices from post-chemotherapy plan-
ning CT ( left column ) and the pre-chemotherapy CT ( right column ) are 
fused to create a pre-chemotherapy GTV ( orange ), post-chemotherapy 
GTV ( red ), and CTV ( green ). The patient declined pre- and post-che-
motherapy PET-CT and had renal insuffi ciency prohibiting IV contrast 
administration. Although these factors do not eliminate the option to 

treat with ISRT, they support the use of a generous CTV. Simulation 
was performed with PO contrast. Note that the CTV excludes normal, 
uninvolved tissue that was displaced by the tumor prior to chemother-
apy. ( b ) The post- chemotherapy GTV ( red ), CTV ( green ), and PTV 
( blue ) are shown in ( 1 ) coronal, ( 2 ) sagittal, and ( 3 ) axial slices. In this 
case, the GTV to CTV expansion is at least 1 cm, and the CTV to PTV 
expansion is 0.5 cm. Note that CTV to PTV margins depend on patient- 
and institution-specifi c factors, and therefore, universal recommenda-
tions for appropriate expansions cannot be provided             
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Fig. 6 (continued)
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b 1 2 3

Fig. 6 (continued)

to minimize skin reaction at the groin fold. Testicular 
shielding with a clamshell should be placed.  

•   3D simulation should be performed with IV and PO contrast.  
•   GTV to CTV margin should be at least 1 cm. If applica-

ble, the fi nal CTV should also encompass the pre-chemo-
therapy/surgery GTV extent, excluding normal, 
uninvolved tissue that was displaced by the tumor prior to 
chemotherapy or surgery.  

•   Relevant OARs include the lumbar spinal cord, bowel, 
and reproductive organs.  

•   Consider fertility counseling, egg or sperm banking, and/
or repositioning of the ovaries (Fig.  6 ).

4            Extra-nodal NHL 

4.1     Principles of Management 

•     As in nodal NHL, RT may be indicated as primary ther-
apy; consolidation following chemotherapy for bulky, 

residual, or unfavorable disease; or salvage for 
chemotherapy- refractory or recurrent disease.  

•   For extra-nodal NHL, ISRT generally treats the entire 
involved organ, although RT targeting select involved tis-
sues can also be performed. Table     4  describes  management 
of several sites of extra-nodal NHL.

4.2           General Considerations for RT 
in Primary CNS Lymphoma (PCNSL) 

•     PCNSL is characterized by multifocal involvement, gen-
erally by DLBCL. Relapse can occur within the eyes due 
to continuity with the CNS via the optic nerves. As such, 
the RT is delivered to a whole-brain fi eld with coverage of 
at least the posterior portion of the orbits.  

•   Pre- and post-chemotherapy imaging with brain MRI is rec-
ommended. Ophthalmologic exams should be performed at 
baseline, and the RT fi eld should be extended to cover entire 
orbit if there is evidence of ocular involvement.  

S. Alcorn et al.
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     Table 4    Management of select sites of extra-nodal NHL   

 Site  Tumor aggressiveness  Treatment modality  RT dose 
 Target delineation 
considerations 

 Primary CNS  –  High-dose methotrexate + RT  24 Gy for complete response; 
36–45 Gy for partial 
response; 40–50 Gy if 
chemotherapy is 
contraindicated 

 CTV = whole-brain 
fi elds + posterior orbits. CTV 
should include the whole orbit 
if there is baseline ocular 
involvement 

 Nasal type NK/T 
cell 

 –  RT +/− chemotherapy (e.g., 
SMILE) 

 50 Gy with 5–10 Gy boost for 
RT alone; 45–54 Gy 
(depending on response) after 
chemotherapy 

 For RT alone 
 Confi ned to unilateral nasal 
cavity: CTV = bilateral nasal 
cavities + bilateral anterior 
ethmoid sinuses + part or all 
of the ipsilateral maxillary 
sinus + GTV (inclusion of the 
hard palate can be considered) 
 Bilateral nasal cavity: CTV 
may also include part or all of 
the bilateral maxillary sinuses 
 Posterior nasal cavity or 
nasopharyngeal extension: 
CTV should also include 
nasopharynx 
 Anterior ethmoid sinus 
extension: CTV should also 
include bilateral posterior 
ethmoid sinuses 
 Lymph node positive: CTV 
should also include involved 
lymph nodes 
 After complete response to 
chemotherapy 
 CTV = at least pre- 
chemotherapy GTV with 
appropriate margins 

 Orbital  Indolent  RT alone  24–30 Gy (1.5-2 Gy/fraction)  For conjunctival NHL, 
CTV = whole 
conjunctiva + GTV 
 For non-conjunctival sites, 
whole orbital fi elds are 
generally used, where 
CTV = whole bony 
orbit + GTV 

 Aggressive  R-CHOP or appropriate 
chemotherapy +/- RT 

 30 Gy for complete response; 
30–36 Gy + boost to 
40–45 Gy for partial 
response, relapse, or RT alone 

 If treatment is targeting less 
than the whole orbit, 
CTV = organ of 
involvement + GTV 

 Gastric  Indolent   H. pylori  positive: 
antibiotics + PPI 

 30 Gy (1.5 Gy/fraction)  CTV = stomach from GE 
junction to duodenal 
bulb + visible perigastric 
nodes + GTV 

  H. pylori  negative: RT 
 Aggressive  R-CHOP or appropriate 

chemotherapy + RT 
 30–36 Gy depending on 
response 

   SMILE  steroid (dexamethasone), methotrexate, ifosfamide, L-asparaginase, and etoposide  

•   The patient should be simulated in the supine position 
with a thermoplastic mask for immobilization.  

•   3D simulation may be performed without IV contrast.  
•   Relevant OARs include the cervical cord, brain stem, and 

optic apparatus.  
•   Typical whole-brain fi eld borders:

 –    Flash anteriorly, posteriorly, and superiorly.  

 –   The inferior border typically extends to below C2.  
 –   A margin of approximately 2 cm from the brain 

with coverage of the posterior aspect orbits should 
be applied. Coverage should be extended to the 
entire orbit if there is evidence of ocular 
involvement.     

•   Beam arrangement is typically opposed laterals.     
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4.3     General Considerations for RT 
in Orbital NHL 

•     Orbital lymphoma is most commonly characterized by 
indolent disease involving the uvea, conjunctiva, lacrimal 
structure, eyelid, and retrobulbar areas. The site of disease 
directs management, as described in Table  4 .  

•   Pretreatment MRI and CT of the orbits as well as ophthal-
mologic examination are recommended.  

•   The patient should be simulated in the supine position 
with a short thermoplastic mask for immobilization. 
Apply bolus for superfi cial lesions including the 
conjunctiva.  

•   3D simulation may be performed without IV contrast.  
•   For whole-orbit irradiation, treat with superior-inferior 

wedge pairs, 3DCRT, or IMRT. Localized, indolent con-
junctival NHL may be treated with en face electrons or 
electron/photon mixed energy.  

•   Relevant OARs include the optic apparatus, lens, and lac-
rimal glands.  

•   For lesions at the periphery of the conjunctiva, consider a lens 
shield if possible without compromising margin coverage.  

•   The CTV should cover the whole orbit, with at least a 1 
cm expansion of the GTV if gross disease extends outside 
the confi nes of the orbit.     

4.4     General Considerations for RT in Nasal- 
Type NK-/T-Cell NHL 

•     Nasal-type NK-/T-cell lymphoma can be locally invasive, 
with microscopic submucosal infi ltration common; as 
such, they it requires RT to the whole involved sinus or 

nasal cavity, as well as with consideration of RT to proxi-
mate structures as well.  

•   Pre-chemotherapy MRI and PET-CT are recommended 
but may be limited by infl ammatory changes of the sino-
nasal mucosa.  

•   The patient should be simulated in the supine position 
with a thermoplastic mask for immobilization.  

•   3D simulation with IV contrast is recommended. MRI 
simulation may be useful in delineated head and neck 
anatomy.  

•   Relevant OARs include the brain stem, optic apparatus, 
and salivary glands.  

•   Planning with 3DCRT or IMRT may be required to avoid 
excess toxicity to nearby critical structures.  

•   Table  4  outlines CTV considerations.     

4.5     General Considerations for RT 
in Gastric NHL 

•     Gastric lymphoma often presents with multifocal disease 
requiring whole-stomach irradiation.  

•   Endoscopic ultrasound and gastric mapping should be 
performed to identify areas of involvement.  

•   The patient should be simulated in the supine position 
with arms up and a custom mold for immobilization. Two 
to four hours prior to simulation and treatments, the 
patient should abstain from oral intake.  

•   3D simulation with IV and PO contrast is recommended. 
As target movement with respiration may be seen, a 
4DCT or fl uoroscopy is recommended to allow for cre-
ation of an ITV.  

•   GTV to CTV/ITV margin should be at least 1–2 cm.  
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  Fig. 7    ( a – c ) Gastric RT planning images for a patient with a diffuse 
large B-cell lymphoma of the stomach with residual FDG-avid disease 
following four cycles of R-EPOCH and two cycles of RICE chemo-
therapy. ( a ) Residual FDG-avid volume is delineated in purple on 
PET-CT. There were no other areas of FDG-avid disease. ( b ) The 
patient was simulated with PO contrast; a 4DCT was performed. Axial 
slices show the PET-avid GTV ( red ) as well as the CTV ( green ). For 
gastric lymphomas, the CTV encompasses the GTV as well as the 
entire stomach including the stomach wall from the gastroesophageal 

junction to the duodenal bulb as well as any perigastric lymph nodes 
visible. ( c ) The GTV ( red ), CTV ( green ), and ITV ( yellow ) based on 
4DCT, and PTV ( blue ) are shown in ( 1 ) coronal, ( 2 ) sagittal, and ( 3 ) 
axial slices. In this case, there is at least 1 cm expansion both from GTV 
to ITV and from ITV to PTV. Note that CTV/ITV to PTV margins 
depend on patient- and institution-specifi c factors, and therefore, uni-
versal recommendations for appropriate expansions cannot be 
provided         
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•   Relevant OARs include the thoracic spinal cord, kidneys, 
liver, bowel, and esophagus.  

•   Planning with 3DCRT or IMRT may be required to avoid 
excess toxicity to nearby critical structures (Fig.  7 ).

5            Plan Assessment 

•     For ISRT, the decision to treat with conventional versus 
conformal techniques is guided by considerations includ-
ing the size of the treatment fi eld, treatment dose, and 
proximity to critical structures.  

•   In general, treatment to nodal NHL of the abdomen and 
pelvis as well as extra-nodal NHL at gastric and sinonasal 
sites require conformal techniques due to location near 
dose-limiting structures.  

•   It may be necessary to plan by both conventional and con-
formal techniques in order to choose the optimal DVH on 
a case-by-case basis.  

•   OAR should be delineated in a site-dependent manner. 
Normal tissue dose constraints can be found by references 
such as QUANTEC (Marks et al.  2010 ) or RTOG proto-
cols (RTOG  2014 ).    
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•           Pediatric sarcomas are a diverse group of diagnoses. 
The three most common types that involve radiation 
therapy for local control are Ewing sarcoma (EWS), 
rhabdomyosarcoma (RMS), and non-rhabdomyosar-
coma soft tissue sarcoma (NRSTS). In this chapter, we 
will discuss the treatment of EWS and RMS which are 
predominantly seen in the pediatric and young adult 
population.    

1    Anatomy and Patterns of Spread 

•     EWS and RMS can occur in essentially any location of 
the body. EWS is most commonly located in the extrem-
ity followed by the pelvis, while RMS is most commonly 
seen in the head and neck region followed by the extrem-
ity and genitourinary sites. As such, a general description 
of relevant normal anatomy is beyond the scope of this 
chapter.  

•   There are some general guidelines regarding patterns of 
spread for these two tumors. Uninvolved bone and intraos-
seous membranes typically provide boundaries for micro-
scopic spread. Also, the margin to create the clinical 
target volume (CTV) is less compared to the typical adult 
NRSTS, secondary to the inherent sensitivity of most of 
these tumors to the combination of chemotherapy and 
radiotherapy.  

•   Volume reduction is performed for “pushing” rather than 
invasive such as tumors that displace the lung, intestine, 
or bladder that show clear return to a more normal ana-
tomic position after chemotherapy.  

•   Nodal regions are not electively treated for EWS or RMS. 
While the nodal metastasis is uncommon in EWS, it is 
seen in approximately 15–50 % of RMS arising in the 
extremity and genitourinary sites. It is believed that 
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 subclinical involvement of nodal regions is appropriately 
addressed by chemotherapy, and only gross or micro-
scopic nodal disease receives additional treatment in the 
form of radiotherapy.     

2    Diagnostic Imaging for Target Volume 
Defi nition 

•     Both CT scans and MRI scans are helpful for defi nition of 
the gross tumor volume (GTV) and the CTV.  

•   CT scan provides better defi nition of bony involvement, 
while MRI provides better defi nition of soft tissue 
involvement.  

•   The role of positron emission tomography (PET) scans in 
pediatric sarcomas is still unclear, but increasingly is used 
to help delineate the gross tumor volume.     

3    Target Volume Delineation and 
Treatment Planning 

•     For EWS, target volumes include an initial target volume 
defi ned at presentation prior to chemotherapy or surgery 
(GTV1, CTV1) and a volume reduction defi ned after che-
motherapy and surgery (GTV2, CTV2). An additional mar-
gin is added to the CTV to account for treatment setup 
uncertainty to create the PTV (PTV1 for the initial volume 
and PTV2 for the boost volume). See Table  1  for additional 
target defi nitions. Suggested doses (based on the Children’s 
Oncology Group protocol AEWS1031) are given in Table  2 .

•       In comparison to EWS, RMS typically uses only a single 
course of treatment with a single set of target volumes. 
Table  3  shows the target volume defi nitions for RMS, 
while Table  4  shows the recommended dose according to 
histologic subtype and group.

   Table 1    Ewing sarcoma volume defi nitions   

 Initial target volumes  Defi nition and description 

 GTV1  Gross disease (including unresected enlarged lymph nodes) at presentation, prior to chemotherapy or surgery. 
GTV1 can be modifi ed for tumors that extend into body cavities, such as the pelvis or thorax that regress 
with chemotherapy. In these cases, the edge of GTV1 can be defi ned as the post-chemotherapy volume 

 CTV1  GTV1 + 1 cm. CTV1 includes involved (pathologically or clinically) nodal regions 
 PTV 1  CTV1 + institutional setup margin 
 Volume reduction 
 GTV2  Residual tumor after induction chemotherapy. For defi nitive radiation therapy, include all initial areas 

of bony involvement 
 CTV2  GTV2 + 1 cm 
 PTV2  CTV2 + institutional setup margin 

   GTV  gross tumor volume,  CTV  clinical target volume,  PTV  planning target volume  

   Table 2    Ewing sarcoma doses in 1.8 Gy per fraction   

 PTV1 (Gy)  PTV2 (Gy) 

 Defi nitive radiotherapy (all sites except vertebra)  45  10.8 
 Defi nitive radiotherapy (vertebra)  45  5.4 
 Extraosseous with complete response (CR) to chemotherapy  50.4  0 
 Postoperative with microscopic residual with >90 % necrosis  0  50.4 
 Postoperative with microscopic residual with <90 % necrosis  50.4  0 
 Postoperative with gross residual  45  10.8 

   PTV  planning target volume  

   Table 3    Rhabdomyosarcoma target volume defi nitions   

 Initial target volumes  Defi nition and description 

 GTV  Gross disease (including unresected enlarged lymph nodes) at presentation, prior to chemotherapy or surgery. 
GTV can be modifi ed for tumors that extend into body cavities, such as the pelvis or thorax, that regress with 
chemotherapy. In these cases, the edge of GTV can be defi ned as the post-chemotherapy volume 

 CTV  GTV + 1 cm. CTV includes involved (pathologically or clinically) nodal regions 
 PTV  CTV + institutional setup margin 

   GTV  gross tumor volume,  CTV  clinical target volume,  PTV  planning target volume  
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•       Three examples of target volume delineation for pediatric 
sarcomas are given    below.   

4           Simulation, Daily Localization, 
and Treatment Devices 

•     Immobilization during CT simulation will depend on the 
sites to be treated. For pelvic primaries, a custom Alpha 
Cradle or VacLok bag should be used to immobilize the 
pelvis and upper legs. For thoracic primaries, the arms are 
often positioned up, and a custom Alpha Cradle/VacLok 

bag or wingboard are used. For head and neck primaries, 
both the head and shoulders should be immobilized using 
an aquaplast mask. For extremities, immobilization usu-
ally involves the use of a custom Alpha Cradle or VacLok 
bag and needs to also account for the potential treatment 
angles.  

•   The type and frequency of image guidance usually 
defi nes the PTV expansion. For example, with daily 
image guidance, many institutions use 3 mm for PTV 
expansion. The smaller PTV is especially helpful when 
normal tissues will receive near- or above-tolerance 
doses, which commonly occurs with head and neck 
primaries.  

•   In the treatment of boys with pelvic and proximal lower 
extremity sarcomas, the patient may need to be in a frog 
leg position to accommodate a testicular shield.     

5    Plan Assessment 

 Acceptable plans typically have 95 % of the prescription 
dose covering the PTV, with no more than 10 % of the PTV 
receiving greater than 110 % of the prescription dose. Dose 
to surrounding organs is kept within tolerance doses. Table  5  
shows the normal tissue dose constraints in the Children’s 
Oncology Group studies on EWS and RMS.
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   Table 4    Rhabdomyosarcoma doses in 1.8 Gy per fraction   

 Group  Histology  Dose (Gy) 

 I  Embryonal  0 
 I  Alveolar  36 
 II, node negative  Embryonal or alveolar  36 
 II, node positive  Embryonal or alveolar  41.4 
 III  Embryonal or alveolar  50.4 (except orbit 45) 

   Table 5    Normal tissue constraints   

 Organ  Volume (%)  Dose (Gy) 

 Heart  100  30 
 Lung (bilateral)  20  20 

 100  15 
 Liver  100  23.4 

 50  30 
 Kidney (bilateral)  50  24 

 100  14.4 
 Bladder  100  45 
 Rectum  100  45 
 Small bowel  50  45 
 Optic chiasm/optic nerve  100  54 
 Spinal cord  Point max  45 
 Lens  100  6 
 Lacrimal gland/cornea  100  41.4 
 Cochlea  100  40 

  These suggested normal tissue constraints are based on the most recent 
Children’s Oncology Group EWS and RMS protocols. For organs 
where there was a discrepancy between the two diseases, the most con-
servative constraint is given  
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GTV1

GTV2

  Fig. 1    Ewing Sarcoma of the left mandible. There was no involvement of the skull, so the CTV was limited to be outside of the skull.  GTV  gross 
tumor volume,  CTV  clinical target volume       
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Planning CT Initial MRI

Initial tumor

GTV1

GTV2

  Fig. 2    A patient with Ewing’s sarcoma involving the pelvis. The initial tumor (as defi ned by the MRI), GTV1, and GTV2 are shown on the plan-
ning CT and initial MRI. For clarity, CTVs are not shown but are GTV + 1 cm       
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GTV1

GTV2

  Fig. 3    Rhabdomyosarcoma of the forearm. The clinical target volume (CTV) was limited by the interosseous membrane.  GTV  gross tumor 
volume       
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GTV1

GTV2

  Fig. 4    Rhabdomyosarcoma of the parapharyngeal region. The clinical target volume (CTV) is limited posteriorly by the vertebra. The CTV is not 
limited by the right mandible as there was mandibular involvement of tumor.  GTV  gross tumor volume       
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Initial tumor

GTV1

GTV2

Initial MRI Planning CT
soft tissue window

Planning CT
bone window

  Fig. 5    A patient with rhabdomyosarcoma involving the middle ear. 
The initial tumor (as defi ned by the MRI), GTV, and CTV are shown on 
the initial MRI and planning CT (both bone and soft tissue windows). 

The patient has intracranial extension ( white arrow ) and signifi cant 
bony destruction of the middle ear ( yellow arrow )       
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1                Medulloblastoma 

1.1    General Principles of Planning 
and Target Delineation 

•     Volumetric planning is the standard method for defi ni-
tive craniospinal and boost radiation therapy for medul-
loblastoma. Treatment can be delivered using a number 
of techniques such as proton therapy, intensity-modulated 
radiation therapy (IMRT), and 3D conformal therapy; 
however, accurate delineation of target volumes is univer-
sally required.  

•   In addition to a thorough physical examination, adequate 
imaging studies should be obtained for diagnosis, stag-
ing, and planning. Unless contraindicated, all patients 
should undergo contrast-enhanced MRI scans of the brain 
(preoperative and postoperative), preferably with 1–3 mm 
thickness. In addition, MRI of the spine and cerebrospinal 
fl uid cytology from a lumbar tap are part of staging to 
rule out tumor dissemination. Children who are M0 and 
<1.5 cm 2  residual on postoperative MRI are classifi ed as 
having standard-risk disease, while those with M1–M4 
disease and/or ≥1.5 cm 2  residual have high-risk disease.  

•   CT simulation without contrast should be performed in 
order to have a data set for target delineation. Because 
digitally reconstructed radiographs tend to be of higher 
quality with thinner slices, one should use a slice thick-
ness setting that both optimizes planning and treatment 
delivery image guidance. Planning system slice capacity 
is often the limiting factor. DRR quality for use in image 
guidance generally improves with thinner slices at simu-
lation. Thinner slices in the CSI portion of data collec-
tion allow for superior image resolution for fusion and for 
digitally reconstructed radiograph (DRR) formation to be 
used in imaged guidance. The range of the CT scan must 
include all immobilization devices and generally includes 
an image data set beyond the top of the head to below the 
gonads.  
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•   Immobilization for setup reproducibility involves the 
construction of a body immobilization device and a mask, 
regardless of whether the patient is set up in the prone or 
supine position. Both prone and supine patients need body 
immobilization device (i.e., Vac-Lok    bag, Alpha Cradle) 
and a mask. If the patient is positioned prone, a custom-
ized forehead and chin rest is used and the head is immo-
bilized with a mask. If general anesthesia is used, prone 
patients often require an endotracheal (ET) tube. Supine 
patients may sometimes be treated with a nasal cannula or 
a laryngeal mask airway (LMA). The LMA offers better 
airway control than the nasal cannula as secretions during 
extended sedation time can be signifi cant. For this reason, 
it is the authors’ preference to use the LMA in the supine 
position.  

•   Target volumes need to be delineated on every slice of 
the planning CT (Figs.  1  and  2 ). The recommended target 
volumes for the craniospinal axis, tumor bed boost, and 
posterior fossa boost are detailed in Tables  1 ,  2 , and  3 .

•          In the case of a growing child, the entire vertebral body 
must be contoured and included in the CTV when treat-
ing the craniospinal axis. An example is shown in Fig.  3 . 
In a full-grown child or adult, the entire vertebral does 

not need to be included in the CTV. An example is shown 
in Fig.  4 .

•       Fusion of MR to CT is not perfect, so each slice of 
MR-based contours should ultimately be reviewed on the 
CT scan to make sure it is reasonable.  

•   The standard recommendation for determining the caudal 
extent for the CTV CSI  is to use the MRI scan to fi nd the 
termination of the thecal sac. In the past the caudal mar-
gin has been set to the bottom of the S2 vertebral level; 
however, we now know that in one-third of cases, the 
termination will be higher or lower than S2. Going more 
inferiorly than necessary may deliver more exit dose into 
the gonads. When proton therapy is used for the cranio-
spinal axis, the exit dose to the gonads is not of concern.  

•   The current recommended dose to the craniospinal axis for 
standard-risk disease is 23.4 Gy in 13 fractions while for 
high-risk disease is 36 Gy in 20 fractions. In both cases, 
the recommended total dose to the CTV boost volume is 
54 Gy. An ongoing Children’s Oncology Group study is 
looking at reducing the CSI dose from 23.4 to 18 Gy in 
children <7 years of age with standard-risk disease.  

•   For the boost fi eld, an ongoing COG study is examin-
ing the question of the appropriate boost volume for 

Boost CTV margin into
the brainstem is not a

full 1.5 cm.

  Fig. 1    A patient with standard-risk medulloblastoma. This patient was 
simulated using a 1.5 mm CT slice thickness. Note the coverage of the 
cribriform plate as part of the target volume (the  dark blue line  is the 
PTV CSI , while the inner  red line  is the CTV CSI ). Also note the PTV tbboost  

( purple line ), CTV tbboost  ( orange line ), and GTV ( shaded purple ) con-
tours. Note that the CTV margin anteriorly in the brainstem is less com-
pared to the posterior and lateral margins       
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medulloblastoma. In this study, the two types of boost 
volumes include the entire posterior fossa (CTV pf ) versus 
the tumor bed with a margin (CTV tbboost ). Several single 
institutional studies have been published that support 
the safety and effi cacy of the tumor bed boost. Normal 
anatomic constraints may limit the CTV boost volume 
in such a way that a uniform margin around the GTV is 
not necessary. The tentorium cerebelli (separates the pos-
terior fossa and the supratentorial brain) and bony skull 
are considered as barriers of spread; therefore, the CTV 
should be limited not to extend beyond these barriers. 
Invasion into the brainstem is possible so expansion into 
the brainstem may be needed. In cases where the tumor is 
touching the brainstem, a limited margin of 2–3 mm has 

often been used for the anterior expansion of the CTV 
boost volume. In cases where tumor is not in contact 
with the brainstem such as in a case of a well-lateralized 
medulloblastoma, the brainstem is an anatomic barrier to 
spread and hence need not be included in the CTV boost 
volume (Figs.  5 ,  6 , and  7 ).

•        When treating the entire posterior fossa as the boost vol-
ume, the anterior border includes the posterior clinoids 
and the entire contents of the posterior fossa. The brain-
stem in its entirety is included in the CTV. One can see 
this outlined in graphical format via the website dedi-
cated to the COG trial comparing the two different boost 
methods at   www.qarc.org/ACNS0031Atlas.pdf     (Figs.  5 , 
 6 , and  7 ).      

  Fig. 2    MRI slices fused to CT 
simulation images from a similar 
patient who had a gross total 
resection of a medulloblastoma. 
This is an example of a tumor bed 
boost. The GTV (resection cavity) 
is shown in  blue , CTV tbboost  
in  light orange , and PTV tbboost  
in  purple          
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   Table 1    Recommended target volumes for the craniospinal (CSI) portion of the treatment   

 Target volumes  Defi nition and description 

 GTV  Tumor bed includes all gross disease and the walls of the resection cavity as noted on the MRI. Surgical defects caused 
by the procedure (the route to and from the tumor bed) are not considered part of the cavity 

 CTV CSI   The entire volume contained by the dura matter and in contact with the cerebrospinal fl uid is the CTV. The cribriform 
plate should be included in the CTV. Because the spinal cord can in theory move in the canal, the CTV is defi ned as 
limits of the spinal canal down to the thecal sac termination as defi ned by the spinal MRI 
 For the CSI portion, the entire vertebral body may need to be treated in a growing child so that growth is symmetric 
(Fig.  3 ). Such is not the case in a grown child or adult (Fig.  4 ) 

 PTV CSI   CTV + 3–10 mm, depending on comfort level of daily patient positioning and institutional experience 

Fig. 2 (continued)
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2    Ependymoma 

2.1    General Principles of Planning 
and Target Delineation 

•     Volumetric planning is the standard method for radiation 
therapy planning for intracranial ependymoma. Treatment 
can be delivered using a number of techniques such as 

   Table 2    Recommended target volumes of the tumor bed boost within the posterior fossa   

 Target volumes  Defi nition and description 

 GTV  Tumor bed includes all gross disease and the walls of the resection cavity as noted on the MRI. Surgical defects caused by 
the procedure (the route to and from the tumor bed) are not considered part of the cavity 

 CTV tbboost   CTV tbboost  should include the entire GTV with a 1–1.5 cm margin 
 Clinical limits to CTV expansion include the normal anatomic barriers to tumor spread such as the brainstem, the bone, 
and the tentorium. If there is brainstem invasion, then a portion of the brainstem in included in the CTV 

 PTV tbboost   CTV tbboost  + 3–5 mm, depending on institutional experience 

   Table 3    Recommended target volumes for the entire posterior fossa boost   

 Target volumes  Defi nition and description 

 GTV  Tumor bed includes all gross disease and the walls of the resection cavity as noted on the MRI. Surgical defects caused 
by the procedure (the route to and from the tumor bed) are not considered part of the cavity 

 CTV pf   CTV pf  should include the posterior fossa. The brainstem is included in the posterior fossa compartment 
 Clinical limits to CTV expansion include the normal anatomic barriers to tumor spread such as the bone and the 
tentorium 

 PTV pf   CTV pf  + 3–5 mm, depending on institutional experience 

CTV and PTV
cover whole

vertebral body

CTV and PTV shape allow for proton
distal blocking to spare the kidneys.
This can also be done with IMRT.

  Fig. 3    Example of CTVs displayed on bone windows of the spine in a 
growing child. The CTV could cut across the vertebral body in a fully 
grown child or an adult       

  Fig. 4    This shows how the spine fi eld changes for a fully grown patient. 
Note how the CTV ( blue ) and PTV ( purple ) lines are not outside of the 
bone anteriorly       
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proton therapy, intensity-modulated radiation therapy 
(IMRT), and 3D conformal therapy; however, accurate 
delineation of target volumes is universally required.  

•   In addition to a thorough physical examination, adequate 
imaging studies should be obtained for diagnosis, stag-
ing, and planning. Unless contraindicated, all patients 
should undergo contrast-enhanced MRI scans of the brain 
(preoperative and postoperative), preferably 1–3 mm slice 
thickness.  

•   In addition, MRI of the spine and cerebrospinal fl uid 
cytology from a lumbar tap are part of staging to rule 
out tumor dissemination. Tumor dissemination is usually 
seen in <10 % of intracranial ependymoma cases at initial 
diagnosis.  

•   CT simulation without contrast should be performed in 
order to have a data set for target delineation. Because 
digitally reconstructed radiographs tend to be of higher 
quality with thinner slices, one should use a slice thick-
ness setting that both optimizes planning and treatment 
delivery image guidance. DRR quality for use in image 
guidance generally improves with thinner slices at 

 simulation. The range of the CT scan must include all the 
surrounding organs that need a dose volume histogram; 
therefore, the inferior border should be inferior to C7 ver-
tebral level so that the normal cervical spinal cord can be 
outlined in its entirety.  

•   Immobilization for setup reproducibility involves the 
construction of a mask in the supine position. A mask that 
extends to cover the shoulders may be needed if the tumor 
extends down to the cervical spinal cord. Given the young 
age of many of these patients, general anesthesia may 
need to be used. In making the mask, the anesthesiologist 
should be involved to ensure a secure airway.  

•   The GTV includes any residual tumor and the postopera-
tive resection cavity. The CTV is usually the GTV with a 
1 cm margin. The PTV is the CTV with a 3–5 mm mar-
gin, depending on institutional experience. In cases where 
image-guided radiotherapy is used, a 3 mm margin is usu-
ally adequate. All target volumes are contoured on each 
CT slice (Table  4 ) (Figs.  8 ,  9 ,  10 , and  11 ).

•          In cases where there is residual tumor remaining, reresec-
tion should be entertained if the risk of complications is 

  Fig. 5    The posterior fossa contours in a series of CT slices       
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  Fig. 6    The posterior fossa 
contours can be seen in this series 
of MRI slices fused to the 
simulation CT. These are from the 
above patient. MRI fusion is 
critical for these cases. The CTV 
is bounded by the tentorium in 
these images         
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Fig. 6 (continued)

low. The degree of tumor resection is the most important 
prognostic factor in intracranial ependymoma.      

3    Pure Germinoma 

3.1    General Principles of Planning 
and Target Delineation 

•     Volumetric planning is the standard method for radiation 
therapy planning for intracranial ependymoma. Treatment 
can be delivered using a number of techniques such as 
proton therapy, intensity-modulated radiation therapy 
(IMRT), and 3D conformal therapy; however, accurate 
delineation of target volumes is universally required.  

•   In addition to a thorough physical examination, adequate 
imaging studies should be obtained for diagnosis, staging, 
and planning. Unless contraindicated, all patients should 
undergo contrast-enhanced MRI scans of the brain (pre-
operative and postoperative), preferably 1–3 mm slice 
thickness.  

•   In addition, MRI of the spine and cerebrospinal fl uid 
cytology from a lumbar tap are part of staging to rule 
out tumor dissemination. Tumor dissemination is usually 
seen in <10 % of intracranial germinoma cases at initial 
diagnosis.  

•   Serum and CSF beta-human chorionic gonadotropin 
(b-HCG) and alpha-fetoprotein (AFP) are drawn to rule 
out a non-germinomatous germ cell tumor (NCCCT) 
component. NGGCT is treated differently compared 
to pure germinoma. Patients with elevated AFP and/or 
b-HCG ≥50 IU/L are treated as NGGCT.  

•   Immobilization for setup reproducibility involves the 
construction of a mask in the supine position. In cases 
where there is evidence of tumor dissemination, CSI is 
used, and the immobilization will be similar to the CSI 
component for the medulloblastoma patient.  

•   For localized disease and classic bifocal germinoma 
(suprasellar and pineal involvement), the standard radio-
therapy fi eld includes treatment of the whole ventricular 
volume followed by a boost to the primary tumor. Target 
volumes include gross tumor volume pre-chemotherapy 
and post-chemotherapy, the ventricles, and the normal 
structures of elegant brain that are nearby (hearing, hor-
monal systems, visual pathways, memory and learning 
pathways, and the brainstem).  

•   It is unclear how often or if one should repeat an MR scan 
for the possibility that the ventricular shape will change 
when the primary tumor shrinks.  

•   For localized disease and classic bifocal germinoma 
(suprasellar and pineal component), the current recom-
mendation when treating with RT alone is to treat the full 
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   Table 4    Recommended target volumes for ependymoma   

 Target volumes  Defi nition and description 

 GTV  The GTV is generally defi ned by the postoperative cavity and any residual tumor. While the postoperative MRI is 
crucial for the determination of the surgical cavity and residual tumor, the preoperative MRI will be useful to help 
determine where the tumor was previously located to help better delineate the operative bed 

 CTV 54  and CTV 59.4   CTV expansion is usually 10 mm. One has to take bone and tentorial constraints into consideration. In the most 
recent Children’s Oncology Group study ACNS0121, the prescribed dose was 59.4 Gy. For the CTV 54 , the entire 
tumor bed is treated. For CTV 59.4 , the volume of CTV inferior to the foramen magnum is not included to respect the 
tolerance of the cervical spinal cord 

 PTV 54  and PTV 59.4   The PTV 54  is the CTV 54  with a 3–5 mm margin for setup uncertainty. The PTV 59.4  has the same border inferiorly as 
the CTV 59.4 . The PTV is purposely underdosed to respect the tolerance of the cervical spinal cord (Fig.  12 ) 

  Fig. 7    Details of the posterior fossa boost contours at the level of the 
cochleae. Note the craniospinal PTV in  purple  is covering the full 
bones of the base of skull and still is coving some areas of the cribri-
form plate to make sure it is covered by at least 5 mm       

ventricular volume plus the initial tumor volume with a 
CTV margin of 1–1.5 cm. A cone-done boost after about 
21 Gy at 1.5 Gy per fraction is then employed to treat 
the pre-chemotherapy volume plus a 1–1.5 cm. The PTV 
used is typically 3–5 mm and depends on institutional 
experience. The boost dose is typically 24 Gy at 1.5 Gy 
per fraction. The total dose to the primary tumor is 45 Gy 
(Table  5 ) (Figs.  12 ,  13 , and  14 ).

•         In cases when neoadjuvant chemotherapy is used and the 
primary tumor achieves a complete response, a whole 
ventricular RT dose of 21 Gy followed by a 9 Gy boost 
may be used, such that the total dose to the primary 
tumor is 30 Gy. The pre-chemotherapy GTV is used for 
target delineation. A 1 cm margin is added to create the 
CTV. Another 3–5 mm is added to the CTV to create the 
PTV (Fig.  14 ).         
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  Fig. 8    Target volume contours for an 18-month-old boy with an 
infratentorial ependymoma. Note that the brainstem was in contact with 
the tumor but was not formally invaded, so the CTV was taken into the 
brainstem by 3 mm. The CTV does not include regions outside of the 
skull. CTV ( orange ), PTV ( purple )       
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  Fig. 9    Contours of a patient with 
infratentorial ependymoma. GTV 
( red ), CTV ( purple ), and PTV 
( pink ). The bilateral cochlea are 
also contoured in  purple  and 
 green        
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  Fig. 10    MRI slices fused to the 
CT scan in a child with infratento-
rial ependymoma. GTV ( blue ), 
CTV ( orange ), PTV ( purple ), 
brainstem ( aquamarine )       
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  Fig. 11    Sagittal view of the same ependymoma infant showing the use 
of a PTV 54  ( purple ) and a PTV 59.4  ( pink ). The spinal cord is in  brown  
and the brainstem is in  light blue        

   Table 5    Recommended target volumes for whole ventricular and boost for pure germinoma   

 Target volumes  Defi nition and description 

 GTV  GTV is the pre-chemotherapy volume of tumor. The GTV is incorporated in both the CTV ventricles  and the CTV boost  
 CTV ventricles   CTV expansion is usually 10–15 mm from the ventricles and primary tumor. One has to take the bone and 

tentorium as anatomic barriers to spread. For the whole ventricular portion of treatment, there is variability 
nationally on what is defi ned as this volume; in particular the inclusion of the CSF-bearing space anterior to the 
brainstem is a subject of debate (Figs.  12 ,  13 , and  14 ) 

 CTV boost   GTV with a 10–15 mm margin (Fig.  14 ) 
 PTV ventricles  and PTV boost   PTVs are expanded by 3–5 mm beyond the CTV listed according to institutional experience (Figs.  12  and  13 ) 
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  Fig. 12    Whole ventricular used for treatment of a pure germinoma. 
The same plan on the same patient is shown with two sets of orthogonal 
slices. Note the initial hypothalamic CTV pushing out the ventricle-
based CTV. In this case, the area anterior to the brainstem is considered 
part of the target and one can see coverage of this region. Every patient 

will have different ventricles, so it is not possible to generalize the 
approach too much. Critical is noting patients that have ventricles that 
are changing in volume or that might and addressing these patients with 
on treatment simulations (weekly simulations are not unreasonable). 
Frequent physical examination of these patients is a must       
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  Fig. 13    Detailed view of the 
contours used in whole ventricu-
lar therapy in orthogonal views. 
The ventricles at simulation are in 
 red . The preoperative tumor 
volume is in  green . Other 
structures include the CTV 
( blue ), PTV ( purple ), brain 
( yellow ), and brainstem 
( aquamarine )       
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  Fig. 14    MRI slices of a whole 
ventricular case for a different 
patient. Shown are the ventricles 
( orange ), the gross tumor volume 
( red ), whole ventricular clinical 
target volume ( aquamarine ), 
boost clinical target volume 
( blue ), and boost planning target 
volume ( purple )         
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1                 Anatomy and Patterns of Spread 

•     Anatomic location, size, depth (with respect to the super-
fi cial fascia separating subcutaneous tissue from the mus-
cle groups), and pathological features dictate the 
management of soft tissue sarcoma (STS).  

•   Invasion is typically in the longitudinal direction within 
or along muscle and confi ned to the compartment of ori-
gin. Suspicious peritumoral changes, henceforth referred 
to as  edema , may harbor microscopic disease. Edema is 
most often pronounced in the craniocaudal dimension and 
should ordinarily be encompassed in the radiotherapy tar-
get volume.  

•   STS generally respect barriers to tumor spread such as 
bone, interosseous membrane, and major fascial planes. 
This characteristic should be exploited in tissue/function 
preserving radiotherapy planning, especially in extremity 
lesions.  

•   Some tumors may exceptionally demonstrate multifocal 
or others patterns of spread that must be considered in 
surgical and radiotherapy planning.  

•   Retroperitoneal tumors commonly grow to a large size 
and initially displace but can eventually invade adjacent 
organs and tissues. They are by defi nition classifi ed as 
deep tumors.  

•   In the event of an “unplanned” surgical resection with 
positive margins (surgical error), the RT target volume 
needs to generously include the disturbed muscles and 
other structures in addition to any other tissues considered 
to be directly involved. This may require treatment of 
most of a compartment where this may not have been 
needed at the clinical presentation initially.  

•   In general, lymph node metastasis is uncommon  
•   The most common distant metastatic site is the lung, gen-

erally determined by a profi le predicted by the size, depth, 
and grade of the tumor.     
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2     Diagnostic Workup Relevant 
for Target Volume Delineation 

•     Pre-biopsy, adequate cross-sectional imaging (CT +/− 
MRI) is necessary of the primary tumor. A plain radio-
graph is optional.  

•   Biopsy and pathology assessment should be carefully 
planned along the future resection axis to establish grade 
and histologic subtype.  

•   Biopsy should comprise a core needle or incisional 
biopsy. Fine needle aspiration may be acceptable in insti-
tutions where pathologists have proven experience in its 
interpretation.  

•   Biopsy intrusions need to be addressed by inclusion 
either in the RT treatment volume or in the surgical 
resection.  

•   Chest CT should be used to assess for distant metastases.  
•   Chest CT or chest x-ray is recommended for low-grade 

T1 lesions for metastatic assessment.  
•   CT abdomen/pelvis should be planned for abdominal/ret-

roperitoneal lesions. It is usual to perform intravenous 
pyelogram at baseline CT scan or a differential renal iso-
tope scan to appreciate the function of the kidney contra-
lateral to the side involved by the disease for abdominal/
retroperitoneal lesions.  

•   A creatinine clearance test should be performed for 
abdominal/retroperitoneal lesions.  

•   Consider MRI of the total spine for myxoid/round cell 
liposarcoma.  

•   Consider CNS imaging for alveolar soft part sarcoma.  
•   Consider bone marrow examination and bone scintigra-

phy in cases of non-pleomorphic rhabdomyosarcoma and 
CSF examination if originating in parameningeal sites 
with lymph node involvement.     

3     Simulation and Daily Localization 

•     Diagnostic imaging must be reviewed and discussed 
among the multidisciplinary team to confi rm location/
extent of disease and muscle compartment involvement 
prior to positioning/immobilizing the patient for RT 
simulation.  

•   Image-guided RT techniques require neutral patient posi-
tioning and the least cumbersome immobilization devices 
possible. This is to achieve imaging during treatment and 
mechanical clearance of the treatment unit from the 
patient’s anatomy.  

•   For all extremity tumors, appropriate attention to limb 
rotational position is important to effectively isolate the 
affected muscle compartments ( see  Fig.  1a, b ). This is 
needed to:
 –     Achieve optimal normal tissue avoidance in RT planning  
 –   Facilitate the most straightforward RT beam 

arrangement     
•   A reproducible marking on the patient should be defi ned 

for daily setup points of reference (i.e., permanent 
tattoos).  

•   A six-point patient setup system is ideal, with three setup 
points chosen along the central axis plane and three along 
the sagittal plane.  

•   Preferably, these points should be placed above and below 
a joint to assess and maintain the joint angle throughout 
RT and should also be placed beyond any anticipated 
tumor volume changes as shown in Fig.  1c–f .  

•   For highly conformal RT techniques, reinforcement of 
limb stability is important to ensure fi xed rotation is main-
tained throughout the treatment. This can be accom-
plished with a thermoplastic sheet molded, as in head and 
neck immobilization for radiotherapy, over the top of the 
limb and secured to the treatment couch.  

•   Any chosen immobilization device should attach to the 
RT treatment couch securely to reinforce stability in all 
dimensions and maximize setup reproducibility. Various 
immobilization devices appropriate to different anatomic 
sites are available.  

•   Pelvic, abdominal, and retroperitoneal patients require 
positional support for their arms, which must be spatially 
separated from the treatment volume (e.g., optimally sup-
ported above their head). This can be accomplished with 
a large polystyrene vacuum cushion or other commercial 
device that supports the desired arm position ( see  Fig.  1f ).  

•   Daily image guidance is preferred. For example, 2D 
KV/2D MV for orthogonal localization or 3D image 
guidance (i.e., cone beam CT) for target volume/soft tis-
sue localization.     
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a b

c d

e f

  Fig. 1    Example of soft tissue sarcoma radiotherapy immobilization. ( a ) A 
right foot immobilized for a radical course of radiotherapy to the right 
thigh. Rotation is secured by the mini vacuum cushion placed underneath 
the limb which also provides patient comfort for the longer RT treatment 
delivery times typical of IMRT/IGRT/Tomotherapy/3D CRT. ( b ) A ther-
moplastic shell is molded over the limb to reduce patient setup uncertainty 
in all dimensions. This immobilization system attaches to the radiotherapy 
treatment couch. It can be used for upper and lower extremity immobiliza-
tion. ( c ) Upper extremity immobilization for an STS sarcoma of the elbow. 
A larger mini vacuum cushion is utilized to support the contour change 
from the shoulder to the wrist typical of this anatomic area. ( d ) Another 
STS sarcoma of the elbow using a modifi ed version of the device shown in 
( a ). Styrofoam is used instead of the vacuum cushion for superior hand 

defi nition in the thermoplastic mold. Both systems attach to the radio-
therapy treatment couch. ( e ) Medial upper thigh sarcoma immobilized 
with a device placed on the foot to secure rotation and reduce setup uncer-
tainty. Five permanent tattoos are used to enhance patient setup consis-
tency; the tattoos are artifi cially depicted by the  white crosses  in this 
image. The tattoos were used for daily patient positional reproducibility 
and alignment, in addition to other marks placed on the immobilization 
device. The scrotum is retracted from the treatment volume. ( f ) A retro-
peritoneal sarcoma setup using a large polystyrene vacuum cushion to 
support the arms away from the treatment volume with 5 setup tattoos. 
One is placed on each side of the patient for rotational reproducibility and 
3 along the central axis for patient alignment (see 4  white crosses  depicting 
the 3  central axis tattoo  points with the right lateral visible tattoo point)       
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GTV

CTV

PTV

Fascia
breached
during
“unplanned
excision” 

CTV to 
include
deep muscle 
compartment 
due to fascia 
violation 
during
unplanned 
excision.
Original 
presentation 
would 
have avoided
this CTV 
expansion into 
the muscle 
compartment.

  Fig. 2    T2bN0M0 grade 3 dedifferentiated liposarcoma in the postero-
lateral thigh treated with preoperative radiotherapy to 50 Gy in 25 frac-
tions. This patient presented with a previous unplanned and incomplete 
excision of a superfi cial lesion where the fascia of the vastus lateralis 
was breached, and the tumor had not involved the deeper compartment 

originally. CT simulation used 2.0 mm slice thickness. Note the area of 
violated fascia ( arrows ) due to previous surgical error which now must 
be included in the CTV with a substantial volume increase (also see 
Fig.  3 ). Shown are representative slices       

4     Target Volume Delineation 
and Treatment Planning 

•     For preoperative planning target volume defi nition, CT 
simulation imaging fused with MR imaging should be 
performed, ideally with the patient in the treatment 

 position. These will facilitate delineation of the gross 
tumor volume (GTV) and clinical target volume (CTV) 
(see Figs.  2  and  3 ).

•       For postoperative planning target volume defi nition after 
presumed complete surgical resection, there is no GTV to 
delineate. The location of the original GTV following the 
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operation (  postop  GTV) should be recreated as realistically 
as possible in the original planning CT dataset using pre-
operative CT/MR imaging if available (see Figs.  4  and  5 ).

•       For preoperative cases, 50 Gy is ordinarily used and target 
volumes include the GTV and the CTV 50  and should be 
delineated on every slice of the planning CT dataset.  

•   For postoperative RT delivery, 66 Gy is ordinarily used 
(60 Gy can be used in surgical margin clear, low-grade 
cases) and should encompass the prior location of the 
GTV with an additional peripheral elective subclinical 
CTV volume for tissues with lesser risk of microscopic 
tumor infestation, i.e., equivalent to 50 Gy in 25 fractions, 
e.g., 56 Gy in 33 fractions, or 54 Gy in 30 fractions if a 
simultaneously integrated boost technique is used (see 
Table  2  and Fig.  5 ).  

•   For unresectable residual gross disease, 70 Gy in 2 Gy/
fraction or an equivalent dose fractionation is ordinarily 
used depending on the tolerance of the anatomic region. 
This is delivered to the location of any residual GTV 
with an additional peripheral elective dose CTV 
volume.  

•   Suggested target volumes for different treatment settings 
are as follows:
 –    GTV and CTV 50  for preoperative IMRT of extremity 

STS are detailed in Table  1 . (Figs.  2 ,  3 ,  10 ,  11 ,  12 ,  13 )
 –        postop  GTV and CTV 66  for postoperative IMRT of 

extremity STS are detailed in Table  2 . (Figs.  4 ,  5 ,  8 ,  9 )
 –      GTV and CTV (dose 50–50.4 Gy) for preoperative 

IMRT of retroperitoneal STS are detailed in Table  3  
(Figs   .  6 ,  7 ).

GTV

CTV

PTV

Resultant CTV
due to disrupted
fascia

CTV50: Coverage of the
residual disease, the

fascia, and the deeper
compartments 

Disrupted
fascia

  Fig. 3    Example of the GTV, CTV, and PTV for the case in Fig.  2  displayed in the sagittal view as well as an axial MRI view of the disrupted fascia 
as a result of an unplanned excision with the corresponding planning CT target volumes       
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GTV66

CTV66

PTV66

CTV56

PTV56

edema

CT marker
highlighting
the RT
isocenter Seroma

edemaFemoral
head
sparing  

Surgical scar

CT marker
showing the
surgical
scar

  Fig. 4    T2bN0M0 grade 3 pleomorphic rhabdomyosarcoma in the left 
anterior thigh treated with postoperative radiotherapy to 66 Gy in 33 
fractions. This patient received postoperative RT for negative but close 
margins. CT simulation used 2.0 mm slice thickness. Edema was con-
toured in the superior aspect of the   postop  GTV and included in the CTV 56 . 

Shown are representative slices. CTV 56  is limited by the femoral head 
and bone throughout the target. In some cases where the subcutaneous 
tissues have been contaminated, bolus may be applied to the surgical 
scar for a component of the treatment (e.g., 50 Gy)       
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edema
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  Fig. 5    Sagittal CT simulation view of the radiotherapy target volumes 
for the postoperative STS case demonstrated in Fig.  4  with the corre-
sponding preoperative and postoperative MRI. Note the CTV 56  is 
defi ned by edema and the postoperative surgical changes. Where the 
CTV and PTV target volumes may appear concordant in this scaled 

anatomic illustration, the usual margins were applied (e.g., 0.5–1 cm 
PTV expansion). In addition, the preoperative imaging was imported 
and co-registered with the postoperative RT planning CT dataset in 
order to appreciate the original tumor extent for delineation of the 
  postop  GTV       

   Table 1    Suggested target volumes for preoperative extremity STS   

 Target volumes  Defi nition and description 

 GTV  Primary: all gross disease on physical examination and imaging. T1-weighted contrast- enhanced MRI preferable (Fig.  2 ). 
Co-registration of the MRI and planning CT datasets is facilitated by immobilizing the patient in the treatment position 

 CTV 50  a   Includes all areas at risk of subclinical spread defi ned by the distance from the GTV or edema 
 Includes the GTV + 4 cm margin in the longitudinal dimensions + 1.5 cm margin in the radial dimension limited to but 
including any anatomic barrier to tumor spread, such as the bone and fascia (Fig.  2 ) 
 Suspicious peritumoral edema, best demonstrated on T2-weighted MRI sequences, may contain microscopic tumor cells 
and should be contoured separately with an adequate margin (usually 1–2 cm) 
 For cases of “unplanned excision,” margins should include   postop  GTV or any residual GTV and all surgically manipulated 
and disturbed tissues and violated fascia + 4 cm longitudinally + 1.5 cm radially limited to but including any barrier to 
tumor spread 

 PTV 50  a   CTV 50  + 0.5 to 1.0 cm, determined by individual institutional protocols and procedure 

   a The subscript denotes the radiation dose intended. Suggested gross tumor dose is 2.0 Gy/fraction to 50 Gy  

 

Soft Tissue Sarcoma



522

    Table 2    Suggested target volumes for postoperative extremity STS   

 Target volumes  Defi nition and description 

   postop  GTV    postop  GTV should identify the original site of the tumor 
 Important to review and import presurgical imaging when contouring on the CT simulation scan for RT planning to ensure 
adequate coverage of the original tumor extent 

 CTV 66  a   CTV 66  should encompass the entire   postop  GTV and immediate area of surgical disruption + 1 to 2 cm margin in the 
longitudinal plane + 1.5 cm margin in the transverse plane. This may, but not always, include all surgically disturbed tissues, 
scars, and drain sites, which may be included in a wider subclinical elective volume (see CTV 56  volume suggestions) 

 PTV 66  a   CTV 66  + 0.5 to 1.0 cm, determined by individual institutional protocols and procedure (Figs.  4  and  5 ) 
 CTV 56  a   Includes all areas at risk of subclinical spread defi ned by the distance from the   postop  GTV and additional disturbed tissues 

 Includes the   postop  GTV + 4 cm margin in the longitudinal dimensions + 1.5 cm margin in the radial dimension limited to but 
including any anatomic barrier to disease spread (Fig.  5 ); additional disturbed surgical tissues and any scars or drain sites are 
ordinarily included + 1 to 2 cm margin if they are not included in the CTV 66  
 Suspicious peritumoral edema should be contoured separately and included with an adequate margin. Like surgically 
disrupted tissue, it is best identifi ed from a recent postoperative MRI scan 
 Discussion with the surgeon and review of surgical and pathology reports will facilitate the decision about whether or not 
any seroma, lymphocele, or hematoma should be included 

 PTV 56  a   CTV 56  + 0.5 to 1.0 cm, determined by individual institutional protocols and procedure 

  Table describes single-phase simultaneously integrated boost techniques. An alternative is the more traditional sequentially phased  shrinking fi eld  
technique that delivers 50 Gy in 25 fractions to all areas of subclinical disease followed by a boost to deliver the fi nal 16 Gy in 8 fractions or 10 Gy 
in 5 fractions 
  a The subscript denotes the radiation dose intended. High-risk subclinical dose, 2.0 Gy/fraction to 66 Gy. For lower-risk subclinical regions 1.69 Gy/
fraction to 56 Gy delivered to the CTV 56.  Surgical margin negative low-grade tumors may alternatively receive 60 Gy in 30 fractions with 54 Gy 
to the subclinical region  

   Table 3    Suggested RT target volumes for preoperative retroperitoneal STS   

 Target volumes  Defi nition and description 

 GTV a   Primary: all gross disease on physical examination and imaging (Figs.  6  and  7 ) 
 CTV  Includes all areas at risk of subclinical spread defi ned by the distance from the GTV 

 Includes the GTV + 2 cm margin in the longitudinal dimensions + 0.5 – 2.0 cm margin in the radial dimension limited to 
but including any anatomic barrier to tumor spread and critical anatomy. For example, if the tumor is approximating an 
intact liver, 0.5 cm of the liver is included 
 2 cm margins are usually used posteriorly to include fatty tissues and vessels 
 Ipsilateral kidney may need to be sacrifi ced provided the contralateral kidney has acceptable function. In such cases, dose 
to the uninvolved opposite kidney should be kept as low as reasonably achievable 
 Other organs at risk include the small bowel, liver, spinal cord, and lung 

 PTV  CTV + 0.5 cm, determined by individual institutional protocols and procedure 

   a Suggested gross tumor dose range of 50 Gy/25 fractions to 50.4 Gy/28 fractions. The 50.4 Gy dose is chosen to acknowledge the large volumes 
and tolerance of adjacent structures, especially the bowel  
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  Fig. 6    A right-sided T2bN0M0 grade 3 undifferentiated pleomorphic 
retroperitoneal sarcoma juxtaposed to the duodenum, the right kidney, 
and the iliac vessels. CT simulation used a 2.0 mm slice thickness. 
Representative slices are shown to illustrate preoperative radiotherapy. 

Note the small amount of liver that needed to be included in the CTV 
and PTV in the fi rst three axial slices. Multifocal areas of calcifi cations 
within the tumor aided in daily image guidance for targeted IMRT 
(IG-IMRT). 4D CT simulation is encouraged       
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GTV66

PTV66

CTV56

Prosthesis

Surgical scars
anterior and
posterior 

1st RT isocenter

2nd RT isocenter

Surgical scar

Prosthesis

GTV

CTV

PTV

  Fig. 7    An axial, coronal, and sagittal display of the right-sided retroperito-
neal sarcoma depicted in Fig.  6 , undergoing preoperative radiotherapy. 
Note the bowel displacement by the tumor, a major advantage of preopera-
tive radiotherapy in this setting. The daily image guidance algorithm priori-
tized a vertebral boney match but also included user soft tissue and target 

coverage assessment. In addition, RT avoidance of the functioning kidney 
on the contralateral side is established on a daily basis using image guid-
ance software. For cases that include a 4D CT simulation, the CTV is con-
toured on the inhale and exhale CT scans. For the CT planning scan, the 
inhale and exhale CT is combined to form an internal target volume (ITV)       
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  Fig. 9    Representative axial slices are shown to illustrate the dual isocenter large volume RT technique for the case described in Fig.  8 . The fi nal 
two axial slices demonstrate how the artifact from the metal prosthesis is overcome in RT planning using a density override function. CT simula-
tion used a 2.0 mm slice thickness. Representative slices are shown       

  Fig. 8     Dual isocenter large volume technique : T2bN0M0 grade 3 undif-
ferentiated sarcoma resected from the left adductor compartment of the 
thigh with clear surgical margins despite involvement of the femoral cor-
tex. En bloc resection of the proximal femur was required to remove the 
tumor adequately. Dissection of the femoral neurovasculature anteriorly, 
and the sciatic nerve posteriorly, was required through separate expo-
sures. Postoperative radiotherapy was chosen to maximize wound clo-
sure and fi xation of the cemented prosthesis; these goals could have been 

jeopardized with preoperative radiotherapy. An unconventional postop-
erative RT target volume was chosen. The entire surgical volume was not 
included due to its prodigious size, and the cemented tumor endopros-
thesis was not irradiated in its entirety to minimize fi xation failure. The 
bone dose in the inferior part of the volume was restricted to <40 Gy. The 
target volume was so large that it required a dual isocenter technique to 
deliver a dose of 66 Gy in 33 fractions to the high-risk soft tissue region 
and 56 Gy to other elective subclinical areas       
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GTV
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  Fig. 10    Preoperative    case with bone stripping: T2bN0M0 grade 3 
pleomorphic liposarcoma in the left thigh juxtaposed to the periosteum, 
which provides a barrier to tumor spread. The periosteum is included 
but the target volume does not need to extend further into the cortex. 
Postoperative radiotherapy would have required a signifi cant increase 
in target volume that would have encompassed the adjacent bone cortex 

due to the surgically disturbed periosteum that normally acts as a tumor 
barrier. ( a ,  b ) Patient positioning CT radioopague markers placed supe-
rior ( a ) and inferior ( b ) along the central axis and sagittal plane approx-
imately 15 cm from the patient set up center (outside of the treatment 
volume)       
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  Fig. 11    Axial, sagittal, and coronal slices demonstrating edematous 
tissues from the case described in Fig.  10 . ( a ) Edema located at the 
superior CTV and inferior extent of the CTV shown in  light blue  on 
both the CT and MRI. Bone is outlined in light orange, CTV  light 

green , and PTV  royal blue . ( b ) MRI and CT images: ( i ) coronal view 
MR, ( ii ) sagittal view MR, and ( iii ) sagittal view CT simulation scan 
with the target volumes and edema contoured       
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GTV

CTV

PTV

  Fig. 12    Preoperative case: T2bN0M0 pseudomyogenic hemangioen-
dothelioma in the right calf. This uncommon and distinctive type of 
sarcoma is characterized by multifocality and only rarely metastasizes 
but has a high risk of multifocal local recurrence within the limb fol-

lowing surgery alone. CT simulation used a 2.0 mm slice thickness. 
Representative slices are shown (Hornick JL, Fletcher CD (2011) 
Pseudomyogenic hemangioendothelioma: a distinctive, often multicen-
tric tumor with indolent behavior. Am J Surg Pathol 35(2):190–201)       

 

C. Dickie and B. O’Sullivan



529

5                      Plan Assessment 

•     In cases with critical structure invasion (e.g., extensive liver 
involvement in retroperitoneal sarcoma), normal structure 
constraints are prioritized due to the potentially adverse 
consequences, including death or permanent avoidable 
severe functional disability, e.g., renal function eradication 
or spinal cord damage. In other cases, constraints on nor-
mal structures must be balanced within the context of treat-
ment goals (e.g., bone avoidance objectives to minimize 
the risk of fracture versus risk of local failure).  

•   Target coverage criteria of greater than 99 % of the PTV 
should receive >97 % of the prescribed dose have been 
used in clinical trials, although 95 % coverage of the 95 % 
isodose volume is also an acceptable goal.  

•   No more than 20 % of the PTV should receive ≥110 % of 
the prescription dose, and it is exceptional to require this 
upper dose range.  

•   STS organs at risk (OARs) in radiation therapy depend on 
the site of STS. The bone is the major dose avoidance 
structure in extremity tumors as well as a longitudinal 

limb region (i.e., a “strip”) of uninvolved tissue, while 
additional organs including the small bowel, liver, kid-
neys, and spinal cord need to be considered in abdominal/
retroperitoneal sarcomas.  

•   Some general site-specifi c OARs include:

 General site  Organs at risk 

 Retroperitoneal  Bowel, lung, liver, kidneys, heart, spinal cord 
 Upper extremity  Bone, lung, brachial plexus, spinal cord, a 

longitudinal region/“strip” of tissue/lymphatics 
in the limb to maintain proper lymph fl ow 

 Lower extremity  Bone, external genitalia, unaffected contralateral 
leg, a longitudinal region of uninvolved tissue/
lymphatics to maintain proper lymph fl ow 

 Pelvis  Bowel, rectum, bone, genitalia, kidneys 
 Chest wall  Spinal cord, lung, heart 
 Head and neck  Spinal cord, brain stem, bone, parotids, lung, 

optic nerves and chiasm, optic globes, pharynx, 
brachial plexus 

•      The chosen technique and the necessary dose/volume 
parameters depend heavily on tumor location, the goal of 

i

ii

iv

iii

ii

iv

iii

i

GTV

CTV

PTV

a b c d

  Fig. 13    Additional depictions of the case shown in Fig.  12 . The CTV 
(shown in  green ) encompasses all suspicious areas, but an unusually 
large longitudinal distance is required to encompass the extent of poten-
tial microscopic disease with an adequate margin beyond the multifocal 
areas shown ( b ). A reconstructed image of the patient in setup position 

is shown ( a ). The immobilization device was placed on the foot in the 
prone position. MRI axial views ( d ,  i – iv ) correspond to the demarcated 
positions on the adjacent sagittal MRI view ( c ,  i – iv ). Position D still 
demonstrates edematous tissue which is refl ected in the increase in the 
superior CTV margin shown on the sagittal CT view ( b )       
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treatment, normal tissue preservation, and the availability 
of delivery and imaging devices/equipment.  

•   Selected IMRT dose constraints typically employed are as 
follows:

 Organs at risk  Dose constraints 

  a Bone  Mean dose < 37 Gy 
 Max dose < 59 Gy 
  b V40 < 67 % 

 Spinal cord  Max dose 45 Gy to any point 
 Liver  V30 < 30 % 
 Small intestine  V45 < 10 % 
 Lungs  V20 < 20 % 
 Testis  V3 < 50 % to reserve fertility 
 Kidney  V14 < 50 % for both kidneys 

 V20 < 1/3 of one kidney 

   a Dickie CI, Parent AL, Griffi n AM et al (2009) Bone fractures follow-
ing external beam radiotherapy and limb-preservation surgery for lower 
extremity soft tissue sarcoma: relationship to irradiated bone length, 
volume, tumor location and dose. Int J Radiat Oncol Biol Phys 
75:1119–1124 
  b V__: the volume of tissue receiving the specifi ed dose in Gy. For 
example, the volume of bone receiving 40 Gy should be kept below 
67 %. Other volumes and doses should be correspondingly labeled 
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 CN VII , 466, 469, 471  
 CN VIII , 471–472  
 CN X , 472, 475  
 CN XI , 475  
 CN XII , 475, 477  
 foramina, fossa, cavities and canals 

 anatomic boundaries , 457, 458  
 cranium and skull base , 459–461  
 Meckel’s cave , 458, 462  

 imaging , 478, 482–483  
 IMRT dose fractionation schemes , 485  
 infraorbital nerve , 465  
 lacrimal nerve , 464, 467  
 mandibular nerve , 465  
 maxillary nerve , 464–465  
 motor and sensory functions , 478, 483  
 ophthalmic nerve (V1) , 464  
 optic chiasm , 462, 463  
 palatine nerve , 465  
 perineural invasion , 457  
 primary tumor sites, head and neck , 483–484  
 pT2cN0 adenoid cystic carcinoma , 485, 488  
 pT2N0 (stage II) adenoid cystic carcinoma , 485, 487  
 pT3N0 adenoid cystic carcinoma , 490, 491  
 pT2N2b adenoid cystic carcinoma , 485, 486, 489, 490  
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 sensorimotor targets , 478, 483  
 stylomastoid foramen , 471  
 trigeminal trunk , 462, 466  

   CT.    See  Computed tomography (CT) 
   CTV.    See  Clinical target volume (CTV) 
   CTV-HR.    See  High-risk clinical target volume (CTV-HR) 
   CTV-LR.    See  Low-risk CTV (CTV-LR) 
   CTV-SR.    See  Standard-risk CTV (CTV-SR) 
   Cutaneous malignancies.    See  Skin cancer 
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    D 
  DCIS.    See  Ductal carcinoma in situ (DCIS) 
   3DCRT.    See  Three-dimensional conformal radiation therapy (3DCRT) 
   3D FIESTA.    See  Three-dimensional fast imaging with steady state 

acquisition (3D FIESTA) 
   Digitally reconstructed radiograph (DRR) , 208–209, 225, 

230, 245, 269, 282  
   Dose-volume histograms (DVH) 

 conventional radiation techniques , 209  
 and LAD , 243  
 lung , 207  
 and OAR , 138  

   Ductal carcinoma in situ (DCIS) , 244  
   Dura mater , 105, 108, 457  
   DVH.    See  Dose-volume histograms (DVH) 

    E 
  Early breast cancer 

 anatomy/imaging , 244  
 planning and target delineation , 243–244  
 prone positioning 

 orthopedic injuries , 247  
 patient selection , 247  
 radiopaque marker, center of breast , 248  
 Vac-Lok bag , 248  
 woman with left-sided breast cancer , 248, 249  

 supine positioning 
 breath-hold technique , 246, 247  
 description , 244, 245  
 free breathing scan , 247  
 glandular breast tissue and OARs , 245, 246  
 MLC , 245, 246  

 workup , 244  
   EBRT.    See  External beam radiation therapy (EBRT) 
   ECE.    See  Extracapsular extension (ECE) 
   EGJ.    See  Esophagogastric junction (EGJ) 
   Elective nodal regions 

 Australasian GI Trials Group Contouring Atlas , 65, 76, 79  
 RTOG anorectal contouring atlas , 72, 78  

   Endorectal ultrasound (EUS) 
 esophageal cancer , 301  
 and fi ne-needle aspiration (FNA) , 33  
 rectal cancer , 60  

   Ependymoma 
 bilateral cochlea , 230, 235  
 brainstem , 230, 234  
 child with infratentorial , 230, 236  
 immobilization , 230  
 infant , 230, 237  
 spine and cerebro spinal fl uid cytology , 230  
 target volumes , 230, 233  
 treatment , 229, 230  

   Esophageal cancer 
 evaluation , 301  
 GTV , 302  
 immobilization , 301–302  
 technique , 301  
 T3N1 adenocarcinoma , 302, 307  
 upper and lower esophagus , 302  

   Esophagogastric junction (EGJ) 
 adenocarcinoma, stage T3N0 and Siewert type II , 306  
 and bilateral lungs , 302  
 4D CT simulation , 301  

   EUS.    See  Endorectal ultrasound (EUS) 
   External beam radiation therapy (EBRT) 

 HDR treatment , 280  
 and RT , 167  
 target volumes , 172  
 treatment, thyroid cancer , 407  

   Extracapsular extension (ECE) , 167–168  
   Extra-nodal NHL 

 management principles , 296, 297  
 RT   ( see  Radiotherapy (RT)) 

    F 
  Fiberoptic nasopharyngolaryngoscopy , 311  
   Fine-needle aspiration (FNA) , 33  
   Fludeoxyglucose positron emission tomography (FDG-PET) 

 delineation, tumor , 408  
 GTV contouring , 303  
 metabolic information , 158  
 prognostic value , 497  

   Fluid-attenuated inversion recovery (FLAIR) 
 abnormalities , 193  
 GTV1, CTV1 and CTV2 , 188, 190  
 low and high intensity changes , 185, 191  
 multimodal MR fusion , 191  
 pilocytic astrocytoma , 191, 196, 197  

   FNA.    See  Fine-needle aspiration (FNA) 

    G 
  Gamma Knife radiosurgery treatment 

 mesial temporal Spetzler–Martin grade III AVM , 124  
 right motor strip AVM , 123  
 trigeminal neuralgia , 122  
 vestibular schwannoma , 121  

   Gastric cancer 
 lymph node metastases , 211–213  
 plan assessment , 216, 222  
 stomach , 211, 212  
 target volume delineation   ( see  Target volume delineation) 

   Glioma 
 chiasm, brainstem and cochleae , 184, 186  
 corpus callosum , 183–186  
 dose limitations, organs , 197–198  
 lenses, eyes, lacrimal glands and brainstem , 184, 186, 187  
 multifocal glioblastoma multiforme (GBM) , 188–190  
 pituitary gland and hippocampus , 184, 186, 187  
 radiographic imaging , 188  
 simulation and localization , 191  
 target volume delineation and treatment planning , 191–197  

   Gross tumor/target volume (GTV) 
 bladder preservation therapy , 344  
 CT simulations , 367, 395, 396  
 CTV   ( see  Clinical target volume (CTV)) 
 defi nition , 345  
 diagnostic imaging , 394  
 gross disease region , 395  
 GTV 70  and CTV 59.4  , 370–376  
 HCC , 46  
 high-risk subclinical region , 395  
 imaging modality characteristics , 345  
 inoperable parotid gland porocarcinoma , 395, 401  
 inoperable submandibular carcinoma , 395, 403  
 intrahepatic cholangiocarcinoma , 54  
 lung cancer , 22–23  
 lymph nodes , 302, 303  
 mandible , 395, 399  
 nodal GTV (GTV-N) , 72  
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 Gross tumor/target volume (GTV) ( cont .) 
 and normal structures , 112  
 parapharyngeal space, skull base , 395, 397  
 parotid acinic cell carcinoma , 395, 402  
 pelvic and inguinal lymph nodes , 91  
 PET/CT , 72  
 pituitary macroadenoma, subtotal transsphenoidal resection , 119  
 primary gross tumor volume (GTV-P) , 72, 86  
 rectal cancer , 61  
 resectable pancreatic adenocarcinoma , 38, 39  
 resection cavity , 227, 230  
 SCC excision, history , 395  
 simulation and localization , 394  
 skin cancer , 13, 395, 399  
 skull base , 395, 397  
 soft tissue and bone window , 118  
 soft tissue sarcoma , 352, 353  
 stylomastoid foramen , 395, 398–399  
 submandibular gland , 395, 400  
 target delineation , 114–115, 117, 118, 120, 233  
 and treatment planning , 394–395  
 unresectable pancreatic adenocarcinoma , 34, 37  

   Groupe Europeen de Curietherapie-European Society for Therapeutic 
Radiology and Oncology (GEC-ESTRO) , 274  

   GTV.    See  Gross tumor/target volume (GTV) 
   GTV-N.    See  Nodal GTV (GTV-N) 
   GTV-P.    See  Primary gross tumor volume (GTV-P) 

    H 
  Hepatocellular carcinoma (HCC) 

 biopsy-proven multifocal, with tumor thrombus , 46, 53  
 CT simulation , 46  
 3DCRT , 45  
 half-body/whole-body immobilization , 45–46  
 and IGRT , 46  
 infi ltrative tumors , 46, 50–51  
 laboratory examinations , 45  
 multifocal, with tumor thrombosis , 46, 52  
 respiratory motion management , 46  
 TACE refractory , 46–48  
 target volumes , 46  
 tumors with partial lipiodol retention , 45, 48–49  

   High-grade gliomas (HGGs) , 183, 191, 197  
   High-risk clinical target volume (CTV-HR) 

 anal canal cancer , 72, 74  
 D90 dose , 268  
 defi ned , 263  
 rectal cancer , 61  

   Hodgkin lymphoma 
 autologous stem cell rescue , 146  
 bilateral inguinal regions , 147  
 bone marrow involvement , 137  
 CT simulation , 142  
 nodular sclerosing , 143  
 PET/CT simulation , 147–148  
 pre-chemotherapy PET/CT scan and CT simulation , 142, 145  
 radiation dose , 139  
 salivary glands , 140–141  
 simulation and localization , 138–139  
 spine and neck alignment , 144  
 spleen movement , 137, 146  
 target volume delineation and treatment planning , 139–140  

   Hypopharyngeal carcinoma 
 gross disease region , 159  
 high-risk subclinical region , 159  

 induction chemotherapy , 164  
 lower-risk subclinical region , 159  
 plan assessment , 159–160  
 postcricoid region , 158  
 posterior pharyngeal wall , 157–158  
 pyriform sinus , 157  
 radiation therapy , 165  
 simulation and localization , 158  
 thyrohyoid membrane , 157  
 T3N2a posterior pharyngeal wall , 162–163  
 T2N2b pyriform sinus HNSCC , 161  
 treatment planning , 158  

    I 
  ICRU.    See  International Commission on Radiation Units and 

Measurements (ICRU) 
   ILROG.    See  International Lymphoma Radiation Oncology 

Group (ILROG) 
   Image-guided brachytherapy (IGBT) 

 concomitant cis-platinum , 263, 269–270  
 high-dose-rate brachytherapy , 263, 270  
 HRCTV and IRCTV , 263, 268  
 intensity-modulated radiotherapy , 263, 269–270  

   Image-guided radiation therapy (IGRT) 
 AlignRT , 208  
 AVMs , 112  
 breast cancer , 208, 209  
 CNS tumors , 112  
 2DkV , 208  
 four-dimensional computed tomography (4DCT) , 46  
 HCC , 46  
 laryngeal carcinoma , 312  
 and PTV , 140  
 treatment plan , 208  

   IMRT.    See  Intensity-modulated radiation therapy (IMRT) 
   Inferior vena cava (IVC) , 33, 35, 36, 39, 59, 177  
   Inoperable parotid gland porocarcinoma , 395, 401  
   Inoperable submandibular carcinoma , 395, 403  
   Intensity-modulated radiation therapy (IMRT) 

 anal canal cancer , 72, 74  
 benefi ts , 214, 216  
 bladder fi lling/emptying , 60  
 breast and regional lymph nodes , 208  
 cervical and endometrial cancers , 271  
 cholangiocarcinoma treatment , 54  
 contralateral breast , 210  
 contralateral lung , 209  
  vs. conventional RT , 207, 209, 388  
 and CTV , 263  
 customized bolus for , 86  
 3DCRT , 54, 298  
 dose fractionation , 419, 497  
 dose-volume histograms , 206, 209  
 DVH , 209–210  
 head and neck radiation therapy , 395  
 hypofractionation , 344  
 hypopharynx cancers , 158  
 immobilization with Vac-Lok , 214  
 larynx cancer , 313  
 left neck adenopathy , 408, 413  
 LINAC-based treatment , 37  
 low anterior neck fi eld , 419  
 metastatic papillary thyroid carcinoma , 408, 411–412  
 MSKCC , 207, 210, 485  
 oropharyngeal cancer , 497  
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 pancreatic adenocarcinoma , 33, 37, 38  
 papillary carcinoma , 408, 410  
 pure germinoma , 232  
 RTOG 0529 , 72  
 and SBRT , 33  
 simultaneous integrated boosts , 65  
 skin cancer , 7  
 split-fi eld  vs.  whole-fi eld , 497  
 summed brachytherapy doses , 268  
 supine position , 272  
 thyroid carcinoma status , 408, 409  
 trachea and esophagus , 408, 414–415  
 treatment planning , 209–210  
 upper cervical spine , 128  
 vulvar cancer , 87  

   International Commission on Radiation Units and 
Measurements (ICRU) , 22, 23, 139, 282  

   International Lymphoma Radiation Oncology Group 
(ILROG) , 282, 283  

   Intrahepatic cholangiocarcinoma 
 adjuvant radiotherapy, status post left 

hepatectomy , 54, 56–57  
 3DCRT , 54  
 GTV and CTV , 54  
 half-body/whole-body immobilization , 54  
 at hepatic hilum, status post biliary stenting , 54, 55  
 radiation therapy , 54  

   Involved site radiotherapy (ISRT) 
 axillary nodal , 284, 287–288  
 cervical/supraclavicular , 283–287  
 3D simulation , 282  
 ILROG planning , 282, 283  
 mediastinal nodal , 284, 289–292  
 para-aortic nodal , 289, 292, 293  
 pelvic and inguinal , 292, 294–296  

   IVC.    See  Inferior vena cava (IVC) 

    K 
  Karnofsky performance scale (KPS) , 108  

    L 
  LAD.    See  Left anterior descending artery (LAD) 
   Laryngeal mask airway (LMA) , 226  
   Larynx cancer 

 carotid-sparing IMRT , 391  
 conventional radiotherapy , 388  
 diagnostic workup , 388  
 early-stage glottic carcinoma , 387, 388  
 HPV , 387  
 hyperfractionation , 391  
 PTV and CTV , 389  
 simulation and localization , 388  
 supraglottic larynx , 387  
 T1N0 and T2N0 SCC , 388–390  

   Left anterior descending artery (LAD) , 243, 244, 248  
   LGGs.    See  Low-grade gliomas (LGGs) 
   LMA.    See  Laryngeal mask airway (LMA) 
   Locally advanced breast cancer 

 AlignRT , 206, 208  
 beams , 205  
 breast boost , 205, 208  
 cranial, caudal direction , 201, 203, 204, 209  
 2D kilovoltage imaging , 208–209  
 gross disease region , 199, 200  

 IGRT patient , 208  
 IMRT , 207  
 MSKCC , 207  
 radiotherapy treatment , 207  
 SSD , 208  
 tattoos , 205, 207–208  
 treatment planning , 209–210  

   Locally advanced vulvar cancer 
 with anal canal extension , 89  
 with bulky pelvic lymph node involvement , 91  
 MR imaging , 85  
 vagina and bladder neck , 90  

   Low-grade gliomas (LGGs) , 183, 191  
   Low-risk CTV (CTV-LR) , 72, 74, 80  
   Lung cancer 

 anatomy , 19–20  
 CT scan , 20  
 localization , 21  
 margins, GTV to CTV , 22, 23  
 NSCLC   ( see  Non-small cell lung cancer (NSCLC)) 
 PET/CT scan , 20  
 SCLC , 19–23  
 simulation , 20–21  
 target volume delineation , 21–22  
 treatment planning , 22  

   Lymphatic drainage 
 anal canal cancer , 71, 72  
 axillary lymph nodes , 3  
 groin lymphatics , 4  
 paranasal sinuses , 380  
 primary skin cancer , 5  
 thyroid , 406  

    M 
  Magnetic resonance imaging (MRI) 

 bulky intrasellar pituitary adenoma , 107  
 diagnostic and treatment planning , 108  
 HCC , 45  
 heterogeneously enhancing pituitary 

macroadenoma , 110, 111  
 heterogeneous sellar/suprasellar mass , 110  
 homogeneously enhancing meningioma , 106, 109  
 locally advanced vulvar cancers , 84, 85  
 and PET scans, lung cancer , 21  
 rectal cancer , 60  
 suppression scans , 108  
 vulvar cancer resectability: , 84  

   Magnetization-prepared rapid gradient echo (MP-RAGE) , 108  
   The University of Texas MD Anderson Cancer 

Center (MDACC) 
 cutaneous melanoma, adjuvant radiotherapy , 17  
 glioma, GTV technique , 194  

   Medulloblastoma 
 cochleae, posterior fossa contours , 227, 233  
 craniospinal (CSI) portion, treatment , 226, 228  
 CT simulation , 225  
 CTV and PTV , 226–227, 229  
 DRR , 225  
 immobilization , 226  
 LMA , 226  
 physical examination , 225  
 posterior fossa boost , 226, 229  
 posterior fossa contours , 226–228, 230–232  
 standard-risks , 226  
 treatment , 225  
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   Memorial Sloan Kettering Cancer Center (MSKCC) , 169, 208, 210, 
312, 485, 497  

   Meningiomas 
 description , 105  
 development , 105  
 diagnostic CT scans , 108  
 “dural tail” , 108  
 dura mater , 105  
 and esthesioneuroblastomas , 462  
 FLAIR sequence , 108  
 homogenous enhancement, gadolinium and mild 

enhancement , 108, 109  
 isointense/hypointense , 108  
 meningiomatosis , 105  
 parasagittal , 105, 106  
 peritumoral edema , 108  
 plan assessment , 116  
 target volume delineation , 112, 114–115  

   Merkel cell carcinoma 
 GTV to CTV margin , 13  
 sentinel lymph node biopsy , 6  
 target delineation, CTVs , 9, 13  

   Mesorectal fat, rectal cancer , 60  
   Mini mental status exam (MMSE) , 108  
   Mountain–Dresler lymph node staging system , 19, 20  
   MRI.    See  Magnetic resonance imaging (MRI) 
   Multileaf collimator (MLC) , 245, 246, 248  

    N 
  Nasopharyngeal carcinoma 

 anatomy , 365–366  
 MRI , 366, 367  
 oropharynx and soft palate forms , 365, 366  
 plan assessment , 378  
 positive nodes , 366  
 simulation , 367–368  
 target volume delineation   ( see  Target volume delineation) 

   The National Comprehensive Cancer Network 
Treatment (NCCN) 

 prostate adenocarcinoma , 177  
 testicular seminoma , 95  

   Neurologic function status (NFS) , 108  
   NHL.    See  Non–Hodgkin lymphoma (NHL) 
   Nodal GTV (GTV-N) 

 anal canal cancer , 72  
 rectal cancer , 61  

   Nodal NHL 
 ISRT   ( see  Involved site radiotherapy (ISRT)) 
 management , 283, 284  

   Non–Hodgkin lymphoma (NHL) 
 description , 281  
 extra-nodal   ( see  Extra-nodal NHL) 
 ISRT   ( see  Involved site radiotherapy (ISRT)) 
 lymphoma , 282  
 nodal   ( see  Nodal NHL) 
 plan assessment , 300  

   Noninvasive stereotactic immobilization system , 112  
   Non-small cell lung cancer (NSCLC) 

 carcinomas , 251  
 case studies , 22–23  
 CT scan , 20  
 CTV , 22  
 diagnosis and patterns , 19–20  
 lung and mediastinum , 251  
 mediastinal lymph node , 251, 252  

 PET/CT imaging , 21  
 PORT   ( see  Postoperative radiation therapy (PORT)) 
 SABR   ( see  Stereotactic ablative body radiation (SABR)) 
 target volume delineation , 21–22  

    O 
  OAR.    See  Organs at risk (OAR) 
   Optic nerve sheath meningiomas , 105, 108  
   Oral cavity cancer 

 anatomy , 437–439  
 MRI/PET scans , 441  
 oral tongue cancers , 440–441  
 subsites , 437, 438  
 target volume delineation   ( see  Target volume delineation) 

   Organ preservation  vs.  total laryngectomy , 311  
   Organs at risk (OAR) 

 defi nition , 113  
 dose limitations , 222  
 external beam plan assessment , 263, 274  
 glandular breast tissue , 245  
 Hodgkin lymphoma , 138  
 and plan evaluation PTVs , 347  
 and PRV , 113  
 radiation therapy , 363  
 structures , 129, 134  
 STS organs , 363  

   Oropharyngeal carcinoma 
 anatomy , 495–496  
 intensity-modulated radiation therapy , 507  
 simulation and localization , 496  
 target volume delineation   ( see  Target volume delineation) 

   Orthogonal KV X-rays , 112  

    P 
  Palliative radiation, brain metastases 

 gadolinium contrast , 127  
 leptomeningeal carcinomatosis , 127  
 simulation and localization , 128  
 SRS , 128  
 WBRT , 128  

   Pancreatic adenocarcinoma 
 accessory duct , 32  
 anatomy , 31, 32  
 “borderline resectable” , 33  
 diagnosis , 32–33  
 exocrine function , 32  
 head and neck , 31  
 IMRT , 33  
 laboratory workup , 33  
 liver , 32  
 local control , 32  
 lymph node involvement , 32  
 resectable   ( see  Resectable pancreatic adenocarcinoma) 
 sympathetic innervation , 32  
 uncinate process , 31–32  
 unresectable   ( see  Unresectable pancreatic adenocarcinoma) 

   Para-aortic nodes , 32, 94, 216, 263, 274  
   Paranasal sinuses 

 anatomy , 379–380  
 diagnostic workup , 380  
 simulation and localization , 380–381  
 target delineation , 381–385  

   Parotid gland , 393–394  
   PCNSL.    See  Primary CNS lymphoma (PCNSL) 
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   Pediatric brain tumors 
 ependymoma   ( see  Ependymoma) 
 medulloblastoma , 225–235  
 pure germinoma   ( see  Pure germinoma) 

   Pediatric sarcoma 
 diagnostic imaging , 150  
 dose recommendation , 150–151  
 Ewing sarcoma (EWS) , 150, 152  
 GTV1 and GTV2 , 153  
 localization and treatment devices , 151  
 parapharyngeal region , 155  
 plan assessment , 151  
 rhabdomyosarcoma target volume , 150, 154, 156  
 tissue constraints , 151  
 volume reduction , 149  

   Pelvic bone marrow 
 anal canal cancer , 76  
 vulvar cancer , 92  

   Pelvic sidewall 
 cervical cancer , 261  
 rectal cancer , 59  

   Perineural invasion (PNI) 
 adenoid cystic carcinomas , 484  
 cranial nerves , 484, 485, 490  
 laryngeal cancer , 314  
 neurotropic skin cancer , 3  
 skin cancer 

 clinical (cPNI) , 15  
 extensive pathologic (epPNI) , 15  
 gadolinium-enhanced MRI , 3  
 limited pathologic (lpPNI) , 13  

 tumor deposits , 490  
   PET.    See  Positron emission tomography (PET) 
   Photon/electron thunderbird technique , 72, 74  
   Pituitary adenomas 

 carotid artery , 106, 107  
 cavernous sinus , 106, 107  
 diagnostic CT scans , 108  
 heterogeneously enhancing pituitary 

macroadenoma , 109, 110  
 heterogeneous sellar/suprasellar mass , 109, 110  
 hormonal evaluation , 109  
 hypointense and hyperintense , 108–109  
 isointensity , 108  
 MRI , 108  
 and paired cavernous sinuses , 106  
 plan assessment , 116  
 secreting and non-secreting types , 106  
 sella turcica , 105, 106  
 target volume delineation , 112, 113, 116–119  
 visual fi eld and acuity testing , 109  

   Planning risk volume (PRV) 
 at-risk organs , 420  
 defi nition , 113  

   Planning target volume (PTV) 
 anal canal cancer , 72  
 and CTV , 113  
 cutaneous malignancies, dose and fractionation 

schema , 15–17  
 iCTV-to-PTV margin , 21  
 ITV and setup variation , 22  
 and organs at risk (OAR) , 113  
 pituitary macroadenoma, subtotal transsphenoidal 

resection , 119  
 PTV 70  , 403  
 PTV2 and PTV3 , 91  

 PTV5040 and PTV5600 , 35  
 PTV-HR , 65  
 rectal cancer , 61  
 soft tissue and bone window , 118  
 standard treatment volumes , 22  
 target delineation , 114–115, 117, 118, 120  
 testicular seminoma , 95  
 treatment planning , 22  

   PNI.    See  Perineural invasion (PNI) 
   PORT.    See  Postoperative radiation therapy (PORT) 
   Positron emission tomography (PET) 

 anal canal cancer , 72, 73  
 HCC , 45  
 lung cancer , 20–21  
 radiopaque wire , 85  
 rectal tumors , 60  
 testicular seminoma , 94  

   Postoperative radiation therapy (PORT) 
 diagnosis , 253  
 dose-volume constraints , 256  
 image fusion , 255  
 immobilization , 254  
 laryngeal cancer , 314  
 localization , 254  
 pretracheal nodes , 257  
 radiation dosing regimens , 256  
 simulation , 254  
 target volumes , 255, 256  
 T3N2M0 adenocarcinoma , 257, 259–260  

   Primary CNS lymphoma (PCNSL) , 296, 297  
   Primary gross tumor volume (GTV-P) 

 anal canal cancer , 72  
 rectal cancer , 61  
 vulvar cancer , 86, 87  

   Prostate adenocarcinoma 
 combination therapy , 179  
 contouring concepts , 172  
 CTV, three-dimensional projection , 174  
 diagnostic workup , 168  
 dose painting, post-prostatectomy , 180  
 EBRT , 167, 172  
 ECE , 167–168  
 foley catheter , 169  
 MRIT2-weighted sequences , 171  
 organ-confi ned disease , 173  
 pelvic lymph node , 177–178  
 post-biopsy changes, MRI , 170  
 post-robotic prostatectomy , 175  
 PTV , 176  
 regional spread , 168  
 seminal vesicle (SV) , 169  
 simulation and localization , 169  
 treatment planning , 169  

   PRV.    See  Planning risk volume (PRV) 
   PTV.    See  Planning target volume (PTV) 
   Pure germinoma 

 immobilization , 232  
 physical examination , 232  
 pre-chemotherapy GTV , 233, 240–241  
 spine and cerebro spinal fl uid cytology , 232  
 whole ventricular therapy , 233, 238–241  

    Q 
  Quantitative Analyses of Normal Tissue Effects in the Clinic 

(QUANTEC) recommendations , 395  

Index



538

    R 
  Radiation Therapy Oncology Group (RTOG) 

 anorectal contouring atlas , 61, 72, 78  
 anorectal guidelines , 69  

   Radioactive iodine (RAI) , 408–410  
   Radiopaque marker 

 anal canal cancer , 72  
 midaxillary and breast , 248  
 rectal cancer , 60  

   Radiotherapy (RT) 
 gastric lymphoma , 298–300  
 nasal-type NK-/T-cell lymphoma , 297, 298  
 orbital lymphoma , 297, 298  
 PCNSL   ( see  Primary CNS lymphoma (PCNSL)) 

   Rectal cancer 
 anal verge , 59  
 arterial supply , 59  
 colonoscopy , 60  
 EUS , 60  
 lymph nodes , 59  
 mesorectal fat , 60  
 PET/CT , 60  
 physical examination , 59  
 rigid sigmoidoscopy , 60  
 simulation and localization , 60  
 standard imaging studies , 60  
 target volume delineation , 60–69  
 T4N0 rectal adenocarcinoma , 60, 61  
 treatment planning , 69  
 venous drainage , 59  

   Resectable pancreatic adenocarcinoma , 38–39  
   Retropharyngeal lymph nodes (RPLN) 

 ipsilateral neck treatment , 417  
 N0 pharyngeal tumors , 417  
 posterior pharyngeal wall , 417  
 skull base , 417  

   Rigid sigmoidoscopy , 60  
   RT.    See  Radiotherapy (RT) 
   RTOG.    See  Radiation Therapy Oncology Group (RTOG) 

    S 
  SABR.    See  Stereotactic ablative body radiation (SABR) 
   SBRT.    See  Stereotactic body radiation therapy (SBRT) 
   SCC.    See  Squamous cell carcinoma (SCC) 
   SCJ.    See  Squamocolumnar junction (SCJ) 
   SCLC.    See  Small cell lung cancer (SCLC) 
   Sentinel lymph node biopsy (SLNB) , 244  
   Serum tumor markers , 94  
   Skin cancer 

 anatomy , 1–2  
 calibrated clinical digital photography , 2  
 CT imaging , 3, 6  
 direct visualization , 2  
 gadolinium-enhanced MRI imaging , 3  
 localization , 7  
 lymphatic drainage , 2–6  
 MR and PET , 7  
 MRI imaging , 3  
 palpation , 2  
 patient positioning , 6  
 plan assessment , 15, 17  
 PNI imaging , 3  
 skin surface targets , 7  
 spread, local, regional and distant , 2  
 symptom assessment , 2  

 target volume delineation , 13  
 tissue sampling , 3, 6  
 upper/lower trunk/extremity targets , 7  
 Wood’s lamp , 3  

   SLNB.    See  Sentinel lymph node biopsy (SLNB) 
   Small cell lung cancer (SCLC) 

 case studies , 22–23  
 diagnosis and patterns , 19–20  

   Soft tissue sarcoma 
 abdominal/retroperitoneal sarcomas. , 363  
 alveolar soft part sarcoma , 350  
 anatomy , 349  
 IMRT dose constraints , 364  
 organs at risk (OARs) , 363  
 simulation and localization , 350  
 soft tissue sarcoma radiotherapy immobilization , 350, 351  
 target volume delineation , 352–363  

   Source-skin distance (SSD) , 208  
   Spetzler–Martin classifi cation system , 111–112  
   SQCUP.    See  Squamous cell carcinoma of unknown 

primary (SQCUP) 
   Squamocolumnar junction (SCJ) , 261  
   Squamous cell carcinoma (SCC) 

 oral cavity cancer patients 
 medial pterygoid involvement and T4aN2b stage , 441, 448  
 pathologic stages, T2N1 and T1N0 , 441–445  
 T4aN0 and minimal cortical bone invasion , 441, 451  
 T4aN2b stage , 441, 447  
 T4aN1 stage , 441, 454  
 T3N2b pathologic stage , 441, 446  
 T2N2b stage , 441, 450  
 T2N2c stage , 441, 449  
 T4N0 with bone and perineural invasion , 441, 453  

 paranasal sinuses 
 frontal sinus , 384  
 pT4aN0 , 384  
 T4aN0 , 383  

   Squamous cell carcinoma of unknown primary (SQCUP) 
 diagnosis , 326  
 lymph nodes distribution , 325, 326  
 nasopharynx, oropharynx, larynx and hypopharynx , 325  
 normal tissue dose constraints , 327, 337  
 representation , 328, 331, 334–335, 337  
 target volume delineation and treatment planning , 326–327  
 TxN2a , 329–330, 332–333  
 TxN1M0 , 336  

   SRS.    See  Stereotactic radiosurgery (SRS) 
   SSD.    See  Source-skin distance (SSD) 
   Standard-risk CTV (CTV-SR) , 61  
   Stereotactic ablative body radiation (SABR) 

 adenocarcinoma , 256–258  
 diagnosis , 253  
 dose-volume constraints , 255  
 image fusion , 254  
 immobilization , 253, 254  
 localization , 254  
 lymph node , 256–257  
 radiation dosing regimens , 254–255  
 simulation , 253, 254  
 target volumes , 254  

   Stereotactic body radiation therapy (SBRT) 
 cholangiocarcinoma , 54  
 hepatocellular carcinoma , 45  
 pancreatic adenocarcinoma , 33, 36, 37  
 SABR  vs.  non-SABR bag , 254  

   Stereotactic radiosurgery (SRS) 
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 cerebellar lesion treatment , 128, 134  
 postoperative section cavity , 129, 135  
 structure dose constraints , 129, 135  
 treatment , 128, 133  

   Stylomastoid foramen , 395, 398–399  
   Submandibular gland , 394  
   Supraclavicular (SCV) nodes , 418  

    T 
  Target volume delineation 

 anal canal cancer 
 conventional radiation therapy , 72  
 CTV-HR , 72, 74  
 CTV-LR, GTV-N and GTV-P , 72  
 intensity-modulated radiotherapy , 72, 74  
 photon/electron thunderbird technique , 72, 74  
 RTOG anorectal contouring atlas , 72, 78  
 “thunderbird” technique , 72  
 T2N0 and T3N3 , 72, 74–78  

 AVMs , 113, 123, 124  
 bladder carcinoma 

 digitally reconstructed radiographs , 344  
 IMRT planning , 344, 345  
 MRI , 340, 342  
 muscle-invasive disease , 340  
 painless hematuria , 340  
 T1 axial MRI , 345, 346  
 TURBT , 341  

 cervical cancer 
 description , 263, 267  
 International Federation of Gynecology and Obstetrics 

(FIGO) stage , 263–266  
 MRI and CT , 262  

 gastric cancer 
 adjuvant radiotherapy , 216  
 antrum/pylorus post distal gastrectomy , 216, 221–222  
 CTV , 214  
 description , 214  
 gastric body post distal gastrectomy , 216, 219–220  
 gastric cardia post total gastrectomy , 216–218  
 IMRT , 214, 216  
 nodal coverage, primary tumour , 214, 215  
 oesophagogastric junction , 214  
 radiotherapy planning , 213  
 types , 213  

 glioma , 191–197  
 intact larynx , 312–313  
 intensity-modulated radiation therapy , 113  
 lung cancer 

 contralateral lymph nodes, T1N3M0 , 26  
 CTV and GTV , 22  
 fi eld approach , 21–22  
 multistation lymph node, T2N2M0 , 24  
 PTV , 22  
 respiratory motion , 22, 23  
 T3N2M0 SCC , 25  
 TXN3M0, limited-stage SCLC , 28  

 meningiomas , 112  
 nasopharyngeal carcinoma 

 cranial nerve defi cits and fi ber-optic examination , 366  
 gross disease region , 368  
 GTV 70  and CTV 59.4  , 370–376  
 high-risk subclinical region , 368  
 IMRT dose fractionation , 369  
 level V nodal disease , 377  

 MRI information , 366–367, 375  
 retropharyngeal lymph nodes , 367  

 neck 
 anatomy , 417–418  
 Beam’s eye view , 419  
 cranial nerves , 419  
 diagnostic workup , 418  
 high-risk nodes , 419, 420  
 IGRT , 419  
 image fusion , 419  
 IMRT dose fractionation , 419, 420  
 intact neck volumes , 421–428  
 low-risk nodes , 419, 420  
 nodal disease , 419, 420  
 postoperative nodal level delineation , 430–435  
 PRV , 420  
 PTV and CTV , 419  
 supine patient , 418  
 types , 418  

 oral cavity cancer 
 adenoid cystic carcinoma , 441, 452  
 CTV 60  , 441  
 defi nitive and postoperative treatment , 441  
 facial numbness , 438  
 IA lymph node , 441, 444  
 PET-CT imaging , 440  
 plan assessment , 454  
 SCC   ( see  Squamous cell carcinoma (SCC)) 
 site-specifi c guidelines , 441, 442  
 soft tissue destruction , 439  
 tongue SCC , 439, 440  

 oropharyngeal carcinoma 
 cT4aN2b SCC , 498, 499  
 cT3N2c , 498, 500  
 cT3N2c SCC , 498, 503  
 cT1N0, cT2N0 and cT3N0 SCC , 498, 501–503, 505  
 IMRT dose fractionation schemes , 497  
 mucosal extension, retromolar trigone , 496, 497  
 posterior pharyngeal wall , 498, 504  
 pT2N2b SCC , 498, 506  
 split-fi eld  vs.  whole-fi eld IMRT , 497  
 subclinical disease , 498  

 paranasal sinuses 
 GTV , 381  
 high-and low-risk subclinical regions , 381, 382  
 SCC   ( see  Squamous cell carcinoma (SCC)) 

 pituitary adenomas , 112, 113  
 rectal cancer 

 anterior and posterior , 61  
 Australasian GI Trials Group atlas , 64–65  
 conventional 3D conformal radiotherapy , 60  
 CTV , 61  
 CTV-A, CTV-B and CTV-C , 61, 64  
 CTV-HR , 61  
 CTV-SR , 60, 61, 63  
 dose and fractionation methods , 65, 69  
 dose constraints, organs , 69  
 GTV, GTV-N and GTV-P , 61  
 postoperative setting , 61, 64  
 preoperative setting , 61, 63  
 PTV , 61  
 RTOG anorectal contouring atlas , 61  
 superior, inferior and lateral , 60, 61  
 T3N1 , 60, 62, 65, 66  
 T4N0 , 65, 67  
 T3N2a , 60, 63, 65, 68  
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 Target volume delineation ( cont .) 
 resectable pancreatic adenocarcinoma , 38–42  
 skin cancer 

 axillary lymphatics , 13, 14  
 cervical lymphatics at risk , 13, 15  
 cT3N0M0 cutaneous SCC , 12, 13  
 inguinofemoral lymphatics , 13, 15  
 preauricular/cervical lymphatics , 13  
 pT4bN-2bM0R0 cutaneous melanoma , 11, 13  
 pT2N1aM0R0 Merkel cell carcinoma , 9, 13  
 rpT0N-2bM0R0 basal cell carcinoma , 10, 13  
 rpT0N-2bM0R0 cutaneous SCC , 8, 13  

 soft tissue sarcoma 
 bone stripping , 353, 360  
 dual isocenter large volume technique , 353, 358–359  
 edematous tissues , 353, 361  
 retroperitoneal sarcoma , 353, 358  
 RT technique , 353, 359  
 sagittal CT simulation , 353, 355  
 T2bN0M0 grade 3 dedifferentiated liposarcoma , 352  
 T2bN0M0 grade 3 pleomorphic rhabdomyosarcoma , 353, 354  
 T2bN0M0 grade 3 undifferentiated pleomorphic 

retroperitoneal sarcoma , 353, 357  
 T2bN0M0 pseudomyogenic hemangioendothelioma , 353, 362  

 SQCUP , 326–327  
 testicular seminoma 

 chemotherapy , 95  
 MRC TE 10 and TE 18 , 95  
 The National Comprehensive Cancer Network Treatment 

(NCCN) , 95  
 radiotherapy , 95  
 stage IA, IB and IS , 95–98  
 stage IIA and IIB , 95, 99–103  

 thyroid carcinoma   ( see  Thyroid carcinoma) 
 trigeminal neuralgia , 113, 122  
 unresectable pancreatic adenocarcinoma 

 CTV , 35  
 defi nition and description , 34, 37  
 GTV , 35, 37  
 T3N0 borderline , 35, 36  
 T4N0 borderline , 35  

 uterine cancer 
 clinical target volume-3 (CTV 3 ) , 274, 276–278  
 pelvic lymph nodes , 274, 275  
 planning target volumes (PTV) , 274, 276  

 vestibular schwannoma , 112, 113  
 vulvar cancer , 86–92  

   Testicular seminoma 
 orchiectomy , 94  
 PET/CT , 94  
 plan assessment , 95  
 R and L , 94  
 simulation and localization , 94  
 suspicious testicular mass , 94  
 target volume delineation   ( see  Target volume delineation) 
 treatment planning , 95–103  

   Thermoluminescent dosimeter (TLD) , 92  
   Three-dimensional conformal radiation therapy (3DCRT) 

 bladder carcinoma , 340, 341, 344  
 esophageal cancer , 301  
 HCC , 45  
 homogeneous dose, breast tissue , 243  
 intrahepatic cholangiocarcinoma , 54  
 NHL , 298  

   Three-dimensional fast imaging with steady state acquisition 
(3D FIESTA) , 108, 109, 112, 470  

   Thyroid carcinoma 
 anatomy and patterns , 405–406  
 at-risk subclinical region , 416  
 CT, neck , 406–407  
 gross disease , 416  
 laboratory workups , 407  
 and simulation principles , 408–409, 416  
 target volume delineation , 406–407  
 tissue dose constraints , 416  
 treatment , 407–408  

   TLD.    See  Thermoluminescent dosimeter (TLD) 
   TLM.    See  Transoral laser microsurgery (TLM) 
   Transcatheter arterial chemoembolization (TACE) , 46–48  
   Transoral laser microsurgery (TLM) , 310  
   Trans–Tasman Radiation Oncology Group (TROG) trial , 15  
   Transurethral resection of bladder tumor (TURBT) , 341, 344  
   Treatment planning.    See also  Target volume delineation 

 anal canal cancer , 72, 76, 79, 80  
 benign intracranial disease , 112–113  
 conventional 3D conformal planning , 204, 205, 209  
 IMRT , 206, 207, 209–210  
 rectal cancer , 69  
 testicular seminoma , 95  
 vulvar cancer , 86–92  

   Trigeminal nerve (CN V) 
 mandibular (V3) branch , 108, 401, 402  
 maxillary branch , 108, 468, 479  
 ophthalmic division , 108  
 sensory afferent and visceral efferent fi bers , 108  
 spinal nucleus , 472  
 trigeminal ganglion , 108  

   Trigeminal neuralgia 
 ancillary trigeminal nerve testing , 112  
 CISS sequence/3D FIESTA , 112  
 diagnostics , 112  
 target volume delineation , 113, 122  

   True vocal cords (TVCs) , 309, 310  
   TURBT.    See  Transurethral resection of bladder tumor 

(TURBT) 

    U 
  Unresectable pancreatic adenocarcinoma 

 conventionally fractionated chemoradiation therapy , 34–35  
 stereotactic body radiotherapy , 36–37  

   Uterine cancer 
 anatomy , 272  
 diagnosis , 272, 273  
 endometrial brachytherapy , 274, 279–280  
 external beam plan assessment , 274, 279  
 IMRT , 271  
 simulation and localization , 272–274  
 target volume delineation   ( see  Target volume delineation) 
 treatment , 271  

    V 
  Venous drainage 

 AVM , 108  
 pancreatic adenocarcinoma , 32  
 rectal cancer , 59  
 thyroid carcinoma , 406  
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   Vestibular schwannomas 
 ancillary testing , 111  
 cerebellopontine angle (CPA) , 107  
 CISS/3D FIESTA , 109  
 diagnostic evaluation , 109  
 homogeneous enhancement with gadolinium , 109  
 internal auditory meatus , 107  
 isointense/hypointense , 109  
 plan assessment , 116–117  
 stages , 106  
 superior/inferior branches , 107  
 target volume delineation , 112, 113, 120–121  
 vascular malformation , 109, 111  
 vestibular nerve root , 107  

   Vulvar cancer 
 CT/PET-CT , 85  
 customized bolus, IMRT optimization , 86  
 echelon lymphatic drainage , 83  
 fecal/urinary continence/pelvic fl oor integrity , 83  
 functional pelvic anatomy , 83, 84  
 gadolinium-enhanced pelvic MRI , 84, 85  
 inguinal-femoral lymph nodes , 83, 84  
 internal target volume (ITV) , 86  
 isocenter , 86  
 labia and vestibule , 83  
 MRI study , 83–84  

 multifocal , 83  
 oral contrast , 85–86  
 pelvic lymph nodes , 83  
 PET-CT , 84  
 physical examination , 84  
 plan assessment , 92  
 radiopaque wire , 85  
 target volume delineation , 86–92  
 treatment planning , 86–92  
 triangular-shaped structure , 83  
 vaginal obturator/marker , 86  

    W 
  Weekly cone beam CT scans 

 anal canal cancer , 72  
 rectal cancer , 60  

   Whole-brain radiation therapy (WBRT) 
 fi eld design , 128, 129  
 hippocampal avoidance , 128, 131  
 orbit and cribriform plate , 128, 130  
 reirradiation , 128, 132  

    Z 
  Zygomaticofacial foramen (ZFF) , 468, 488, 492         
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