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Summary

Image guided brachytherapy
(IGBT) has been adopted by
multiple centers in recent
years for the treatment of
cervical cancer. The clinical
outcomes are promising,
with favorable results
compared with those of
conventional techniques.
Previously reported studies
have used primarily mag-
netic resonance imag-
ingdbased treatment
planning. We report the
clinical outcomes of a novel
hybrid computed tomogra-
phyebased IGBT technique.
At 2 years, local control was
excellent, with low rates of
treatment toxicity. Further
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Purpose/Objectives: A report of clinical outcomes of a computed tomography (CT)-
based image guided brachytherapy (IGBT) technique for treatment of cervical cancer.
Methods and Materials: Seventy-six women with International Federation of Gyne-
cology and Obstetrics stage IB to IVA cervical carcinoma diagnosed between 2007
and 2014 were treated with definitive external beam radiation therapy (EBRT) with
or without concurrent chemotherapy followed by high-dose-rate (HDR) IGBT. All pa-
tients underwent planning CT simulation at each implantation. A high-risk clinical
target volume (HRCTV) encompassing any visible tumor and the entire cervix was
contoured on the simulation CT. When available, magnetic resonance imaging
(MRI) was performed at implantation to assist with tumor delineation. The prescrip-
tion dose was prescribed to the HRCTV.
Results: The median follow-up time was 17 months. Thirteen patients (17%) had an
MRI done before brachytherapy, and 16 patients (21%) were treated without MRI
guidance. The mean EBRT/IGBT sum 2-Gy equivalent dose (EQD2) delivered to
the 90% volume of the HRCTV was 86.3 Gy. The mean maximum EQD2s delivered
to 2 cm3 of the rectum, sigmoid, and bladder were 67.5 Gy, 66.2 Gy, and 75.3 Gy,
respectively. The 2-year cumulative incidences of local, locoregional, and distant
failure were 5.8% (95% confidence interval [CI]: 1.4%-14.8%), 15.1% (95% CI:
5.4%-29.4%), and 24.3% (95% CI: 12.1%-38.9%), respectively. The 2-year overall
and disease-free survival rates were 75% (95% CI, 61%-91%) and 73% (95% CI,
60%-90%), respectively. Twenty-nine patients (38%) experienced grade �2 acute
toxicity, with 5 cases of acute grade 3 toxicity and no grade �4 toxicities. One
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follow-up is needed to eval-

uate the long-term outcomes
of this technique.
patient experienced grade 3 gastrointestinal toxicity. No other late grade �3 events
were observed.
Conclusions: This is the largest report to date of CT/MRI-based IGBT for the treat-
ment of cervical cancer. The results are promising, with excellent local control and
acceptable toxicity. Further investigation is needed to assess the long-term safety
and efficacy of this treatment. � 2015 Elsevier Inc. All rights reserved.
Introduction

For decades, brachytherapy for cervical cancer has relied
on conventional point-based techniques originally devel-
oped in the 1930s (1, 2). These conventional methods use
2-dimensional radiographs with dose prescribed to standard
points that are meant to represent anatomic landmarks in
the pelvis. This traditional method does not account for
tumor and anatomic variations. As a result, point-based
brachytherapy planning can underestimate tumor size and
lead to underdosing and poor local control, especially in
larger tumors (3, 4). Point dosing can also lead to excessive
normal tissue toxicity, as with smaller tumors and smaller
uteri in which predefined points may deliver dose into the
bladder or rectum. Conventional International Commission
on Radiation Units and Measurements (ICRU) points have
been shown in several studies to underestimate maximum
doses to the bladder and rectum (3, 5-11), and doses to
these points have often failed to correlate with late toxicity
(12). This may in part explain the relatively high rates of
severe late gastrointestinal (GI) and genitourinary (GU)
toxicity in the range of 5% to 10% reported in previous
studies of conventional treatment techniques (13-16).

In recent years, the Groupe Européen de Curiethérapie/
European Society for Therapeutic Radiology and Oncology
(GEC-ESTRO) working group has developed a magnetic
resonance image (MRI)-guided volume-based brachyther-
apy technique that takes into account tumor extent at the
time of diagnosis and brachytherapy (17, 18). The clinical
outcomes are promising, with high rates of local control
and low rates of GU and GI toxicity (19, 20). Furthermore,
this work has resulted in the development of useful dose-
volume histogram (DVH) parameters for tumor and normal
tissues that correlate well with clinical outcomes (12, 21).

Although MRI-based IGBT is an attractive option with
the potential to improve disease control and minimize late
treatment toxicity, it relies on repeated MRIs done during
treatment. For many radiation departments, the routine use
of MRI at each brachytherapy fraction is not feasible
because of its cost and inaccessibility. To address this
issue, a few groups, including our own, have adopted a
hybrid computed tomography (CT)-based IGBT technique
(6, 22-24). When our department initially adopted this
technique in 2007, MRI was routinely done for 1 brachy-
therapy fraction in all patients. However, owing to logistic
issues, some patients are unable to undergo MRI at the
time of brachytherapy, and thus we have adapted a solely
CT-based IGBT technique for these patients. The results of
our 2-year clinical experience of CT-based IGBT with and
without MRI are reported herein.

Methods

Patient population

Our Institutional Review Board approved this study. We
included all patients with International Federation of
Gynecology and Obstetrics (FIGO) stage IB to IVA cervical
cancer treated with definitive external beam radiation
therapy (EBRT) with or without concurrent chemotherapy
followed by image guided brachytherapy at our institution
between 2007 and 2014. No patients had previously been
treated with chemotherapy, radiation therapy, or both.
Patients with metastatic disease at presentation were
excluded.

EBRT planning

All patients underwent CT-based planning in the supine
position with custom immobilization. The majority (93%)
of patients were treated using intensity modulated radiation
therapy (IMRT), and the remaining patients were treated
with a 4-field 3-dimensional conformal technique. The
clinical target volume (CTV) included the gross disease,
cervix, parametria, uterus, superior third to half of the va-
gina, presacral region, and regional lymph nodes (common,
internal and external iliacs). Inguinal nodes were treated in
women with involvement of the inferior third of the vagina.
Patients with clinical or pathologic evidence of disease in
the para-aortic or superior common iliac nodes were treated
with an extended-field technique. Planning margins of
15 mm around the cervix and uterus, 7 mm around the
lymph nodes, and 10 mm around the remainder of the CTV
were applied.

The IMRT plans consisted of 7 to 9 coplanar fields using
6-MV photons. The prescription dose to the planning target
volume (PTV) ranged between 43.2 and 50.4 Gy (median,
45 Gy) in 24 to 28 fractions. IMRT planning constraints were
as follows: (1) 95% of the PTV receives >95% of the pre-
scription dose; (2) <1% of the PTV receives <93% of the
prescription dose; (3) <10% of the PTV receives >110% of
the prescription dose; and (4) maximum dose to the PTV
<120% of the prescription dose. Normal tissue planning
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objectives were as follows: (1) rectum: maximum dose
<50Gy; (2) bowel: volume receiving>45Gy (V45)<250 cc;
and (3) pelvic bone marrow (BM): volume receiving>20 Gy
(V20) <75%, volume receiving >10 Gy (V10) <90%.

Patients with clinical evidence of nodal involvement
received an external beam boost to gross nodal disease of
52.5 to 59.4 Gy using a simultaneous-integrated or sequen-
tial technique. Patients with parametrial or pelvic side wall
involvement received a sequential boost to the parametria to
50.4 to 60 Gy by the use of anterioreposterior/posteri-
oreanterior fields after brachytherapy.

Chemotherapy

The majority (95%) of patients received concurrent
chemotherapy. Fifty-nine patients (78%) received weekly
cisplatin (40 mg/m2), and 13 patients (17%) received
combined cisplatin and gemcitabine as part of a phase 1
trial. The median number of chemotherapy cycles given
was 5 (range, 1-6 cycles).

Brachytherapy

The majority of patients were treated with high-dose-rate
(HDR) brachytherapy using a tandem-and-ovoid intracavitary
device with an iridium-192 source. Five patients were treated
Fig. 1. Fused axial (above) and sagittal (below) brachyth
and magnetic resonance (right) images of high-risk clinical targ
at www.redjournal.org.
with tandem-and-cylinder devices because of vaginal
involvement. One patient was treated with interstitial
brachytherapy because of high-volume residual disease, and 3
patients were treated with interstitial brachytherapy because
of difficult anatomy. A planning CT scan was obtained before
the delivery of each fraction. The device position was
confirmed at the time of eachCT scan to ensure that the hub of
the tandem was flush against the cervical os.

The high-risk clinical target volume (HRCTV) and or-
gans at risk (OARs) were contoured on the planning CT
according to the GEC-ESTRO guidelines (17, 18) using
BrachyVision brachytherapy planning software (version
10.0; Varian Medical Systems, Palo Alto, CA). One of 3
radiation oncologists specializing in gynecologic malig-
nancies contoured for each fraction. In most cases, all
fractions for an individual patient were contoured by the
same physician. The HRCTV included the entire cervix and
visible residual gross tumor. An MRI was planned for the
second fraction with the intracavitary device in place,
because scheduling the MRI for the first fraction was
infeasible. The HRCTV was then contoured on the fused
T2-weighted axial MRI (Fig. 1). Points A were determined
based on the flange of the tandem and moving superiorly
2 cm along the tandem and 2 cm perpendicular to the
tandem in the lateral direction as outlined on the radio-
graphs. The basis for treatment plans was initial prescrip-
tion/normalization to point A. Dwell times were then
erapy planning simulation computed tomography (left)
et volume (red). A color version of this figure is available

http://www.redjournal.org


Table 1 Patient and tumor characteristics (NZ76)

Characteristic n

Age, y, median (range) 51 (24-83)
Follow-up time, mo, median (range) 17 (3-54)
Histology, n (%)
Squamous cell carcinoma 55 (72)
Adenocarcinoma 18 (24)
Other 3 (4)

FIGO stage, n (%)
IB1 10 (13)
IB2 13 (17)
IIA 4 (5)
IIB 23 (30)
IIIA 1 (1)
IIIB 23 (30)
IVA 2 (3)

Abbreviation: FIGO Z International Federation of Gynecology and

Obstetrics.
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manually modified to maximize coverage of the HRCTV
while reducing dose to the OARs. The prescription dose
ranged from 25 to 30 Gy (median, 29 Gy) in 3 to 5 frac-
tions. The most commonly used fractionation scheme was
27.5 to 30 Gy in 5 fractions, except for patients who were
traveling long distances, for whom 4 fraction regimens
were used. The DVHs were analyzed according to guide-
lines evaluating the ICRU 38 rectal and bladder points,
point A, HRCTV, and the minimum 2-cc dose to the
maximally irradiated rectum, sigmoid, and bladder.

The dose constraints for the HRCTV were to a D90
equal to the prescription dose, and the V100 of >90%. The
doses to points A, B, and DVH parameters for HRCTV,
rectal, sigmoid, and bladder were recorded. The brachy-
therapy dose was converted to the 2-Gy equivalent (EQD2)
doses using the linear quadratic model (a/b Z 10 for
HRCTV and a/b Z 3 for OARs). The total combined
EBRT and brachytherapy doses were then calculated and
recorded. An attempt was made to keep the maximum
EQD2 doses to 2 cm3 (D2cc) of the rectum, sigmoid, and
bladder below 75 Gy, 75 Gy, and 85 Gy, respectively.

Follow-up

Patients were followed up after treatment at 3- to 6-month
intervals by their treating radiation oncologist and gyne-
cologic oncologist. Follow-up evaluation included physical
examination; abdominopelvic CT, positron emission to-
mography (PET)/CT, or both; Papanicolaou smears; blood
counts; and chemistry profiles. A PET/CT was done
3 months after the end of treatment and yearly thereafter,
unless symptoms dictated an earlier evaluation. Complete
response was determined based on clinical examination and
interpretation of PET and CT imaging by the multidisci-
plinary team including the radiation oncologist, radiologist,
and gynecologic oncologist. Areas of suspicion on clinical
examination or residual 18F-fluorodexoyglucose uptake
underwent biopsy. Patients were monitored during treat-
ment for acute toxicity (up to 90 days after the start of
treatment) and at each follow-up visit thereafter for
late toxicities. Toxicity was graded by use of the Common
Terminology Criteria for Adverse Events (version 3;
ctep.cancer.gov). The highest grade of late GI and GU
toxicity was reported for each patient.

Statistics

Survival outcome event times were measured from the time
of diagnosis. Failure event times were measured from the
start of treatment. Overall survival (OS) was defined as the
time to death of any cause. Local failure, locoregional
failure, and distant failure were defined as first radiographic
or pathologic evidence of disease recurrence within or
immediately adjacent to the HRCTV, the pelvis, or outside
of the pelvis, respectively. Disease-free survival (DFS) was
defined as the time to the first evidence of local failure,
locoregional failure, distant failure, or death of any cause.
Patients not having a DFS event were censored at the last
known medical encounter. Time to late toxicity was
measured from the initiation of radiation therapy. We
estimated OS and DFS outcomes using the Kaplan-Meier
method (25). We estimated the incidence of local, locore-
gional, and distant failure using cumulative incidence
functions (26). Each estimate was calculated separately;
thus, a patient with 1 type of failure was capable of having a
subsequent failure of another type. The same approach was
used for calculating late toxicity. Statistical analyses were
conducted with R version 2.15.1 (www.R-project.org;
cmprsk package).
Results

Patient, tumor, and treatment characteristics

Seventy-six patients were evaluable. The patient and tumor
characteristics are shown in Table 1. The median age of
patients was 51 years. Forty-nine patients (64%) had FIGO
stage IIB disease or greater. The majority (72%) of patients
had squamous cell carcinoma. Twenty-six patients (34%)
had radiographic evidence of pelvic or para-aortic nodal
involvement at diagnosis. The treatment characteristics are
shown in Table 2. The median treatment duration was
56 days. One patient had extended treatment duration
because of noncompliance. As a result of logistic issues
(primarily insurance coverage), only 47 patients (62%) had
an MRI done at the time of brachytherapy. Thirteen patients
(17%) had an MRI done before brachytherapy, and 16 pa-
tients (21%) were treated without MRI guidance. The mean
difference in HRCTV volume between the first and second
fractions for patients treated with and without MRI guid-
ance were 1.0 cc (standard deviation [SD], �8.0 cc) and 3.5
cc (SD, �8.2 cc), respectively. The dosimetric parameters

http://ctep.cancer.gov
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Table 2 Treatment characteristics

Characteristic n

Treatment duration, d, median (range) 56 (39-152)
EBRT dose, Gy, median (range) 45 (43.2-50.4)
EBRT technique, n (%)
IMRT 71 (93)
3DCRT 5 (7)

Brachytherapy prescription dose, Gy,
median (range)

29 (25-30)

V100 to HRCTV, %, median (range) 93.5 (75.2-99.7)
EBRT/IGBT EQD2 sum, Gy, mean (SD)
HRCTV D90 86.3 (8.1)
Point A 79.0 (9.1)
Bladder D2cc 75.3 (9.2)
Rectum D2cc 67.5 (6.8)
Sigmoid colon D2cc 66.2 (7.9)

MRI guidance, n (%)
Yes 60 (79)
No 16 (21)

Chemotherapy
Cisplatin 59 (78)
Other 13 (17)
None 4 (5)

Cycles of chemotherapy, median (range) 5 (1-6)

Abbreviations: 3DCRT Z 3-dimensional conformal radiation ther-

apy; D2cc Z maximal dose to 2 cm3; D90 Z dose to 90% of the

volume; EBRT Z external beam radiation therapy;

EQD2 Z equivalent dose in 2-Gy fractions; HRCTV Z high-risk

clinical target volume; IGBT Z image guided brachytherapy;

IMRT Z intensity modulated radiation therapy; MRI Z magnetic

resonance imaging; V100 Z percentage of volume receiving 100% of

prescription dose.
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for patients treated with and without MRI guidance are
shown in Table 3. The mean EBRT/IGBT sum EQD2 dose
delivered to the 90% volume (D90) of the HRCTV was
86.3 Gy. The mean rectum, sigmoid, and bladder EQD2
doses delivered the D2cc were 67.5 Gy, 66.2 Gy, and
75.3 Gy, respectively.
Table 3 Dosimetric parameters for patients treated with or
without MRI guidance

Factor
MRI

guidance
No MRI
guidance

V100 to HRCTV, mean (SD) (%) 93.6 (4.1) 91.6 (5.4)
EBRT/IGBT EQD2 sum, Gy, mean (SD)
HRCTV D90 86.9 (9.0) 86.1 (7.0)
Bladder D2cc 73.3 (9.4) 78.3 (8.1)
Rectum D2cc 66.2 (6.8) 69.3 (6.5)
Sigmoid colon D2cc 65.9 (5.6) 66.9 (10.8)

Abbreviations: D2ccZmaximal dose to 2 cm3; D90Z dose to 90%

of the volume; EQD2 Z equivalent dose in 2-Gy fractions;

HRCTV Z high-risk clinical target volume; MRI Z magnetic reso-

nance imaging; V100 Z percentage of volume receiving 100% of

prescription dose.
Outcomes

The median follow-up time was 17 months (range,
3-54 months). The 2-year cumulative incidences of local,
locoregional, and distant failure were 5.8% (95% CI:
1.4%-14.8%), 15.1% (95% CI: 5.4%-29.4%), and 24.3%
(95% CI: 12.1%-38.9%), respectively (Fig. 2). The 2-year
rates of OS and DFS were 75% (95% CI, 61%-91%) and
70% (95% CI, 56%-86%), respectively (Fig. 3). Two pa-
tients had persistent disease that never resolved after che-
moradiation, and 1 patient was found to have metastatic
disease during the second week of treatment. The mean
HRCTV volume at the time of the first brachytherapy im-
plantation in patients with local failure, locoregional fail-
ure, and no locoregional failure were 64.3 cc (SD, �5.2),
50.3 cc (SD, �32.6), and 26.9 cc (SD, �18.6), respectively.
All of the local failures occurred within the high-dose re-
gion. All of the locoregional failures occurred in patients
who were treated with MRI guidance.

Twenty-nine patients (38%) experienced grade �2 acute
toxicities, including diarrhea, nausea, cystitis, and proctitis.
Five patients experienced acute grade 3 toxicity, including
2 with intractable nausea and vomiting and 3 with neu-
tropenic fever. There were no grade �4 toxicities. The
2-year cumulative incidences of grade 1, 2, and 3 late
toxicity were 31.8% (95% CI, 13.9%-49.6%), 10.8% (95%,
3.1%-24.1%), and 2.2% (0.17%-10.1%), respectively. One
patient experienced late grade 3 GI toxicity. She presented
7 months after completion of brachytherapy with hema-
tochezia. She underwent colonoscopy, which revealed a
benign sigmoid stricture at 20 cm with telangiectasias,
which required laser coagulation. No other late grade �3
toxicity was observed.

Discussion

The use of image guided EBRT has become increasingly
prevalent in recent years (27), whereas the practice of
brachytherapy is still largely dependent on point-based
treatment techniques that do not account for anatomic vari-
ations in tumors and normal tissues. Although several reports
from the GEC-ESTRO working group (17-20) support
MRI-based IGBT, little evidence has been available for
CT-based planning. This is one of the largest reports to date
on clinical outcomes in patients treated with CT-based IGBT.
We found that CT-based IGBT provides excellent local
control, with relatively low rates of acute and late toxicity.

In comparison with previously published reports of
IGBT (Table 4), the rates of tumor control and toxicity
achieved with CT-based IGBT in this report appear similar.
This study demonstrated a local failure rate of only 5.8%,
which is remarkable, considering that two-thirds of patients
had at least stage IIB disease. It should be noted that the
majority of patients in this report were treated with IMRT,
which may at least partially explain the rates of low toxicity
compared with historical controls. Nonetheless, the rate of



Fig. 2. Cumulative incidence of local (above), locore-
gional (middle), and distant failure (below).
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Fig. 3. Disease-free (above) and overall (below) survival.
The error bars demonstrate the 95% confidence intervals.
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severe toxicity was low, with only 5 cases of acute grade 3
toxicity. One patient experienced grade 3 GI toxicity. A
review of her plan demonstrated a loop of sigmoid colon
within 2 cm of the tandem (Fig. 4). The sigmoid D2cc from
her plan was 75 Gy. This is notable, considering that this
dose would have been much higher, if the prescription dose
had been delivered to points A. No other cases of severe
late toxicity have been observed to date. However, these
results should be interpreted with caution because of our
limited follow-up time.

This CT-based planning also offers a distinct advantage
over MRI-based planning. Owing to cost and access issues,
obtaining an MRI at every implantation may not be feasible
in most practices. Conversely, the vast majority of practices
in the developed world have ready access to CT simulation.
Thus, CT-based planning with MRI guidance offers a
desirable alternative for practices with limited or no access to
MRI. There is evidence that compared with MRI-based
planning, CT-based planning results in different shapes and
sizes of the HRCTVand OARs (28, 29), but these differences
are small and do not result in different dose parameters when
volume optimization is used (28, 30). The results from this
report suggest that these discrepancies between MRI-based
and CT-based planning may not be clinically significant.



Table 4 Comparison of clinical outcomes between studies of image guided brachytherapy for cervical cancer

Study Patients (n) Follow-up time (y) LC (%) DFS (%) OS (%)

Severe late toxicity* (%)

Bladder Rectal Bowel Vaginal

Potter et al (19) 156 3 95 75 68 2 5 0 1
Beriwal et al (22) 44 2 88 85 86 0 0 0 0
Present series 76 2 94 70 75 1.5 0 0 0

Abbreviations: DFS Z disease-free survival; LC Z local control; OS Z overall survival.

* Defined as grade �3 occurring 90 days after the start of treatment.
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However, MRI does provide better soft tissue delineation,
especially for distinguishing the uterine adnexa from sur-
rounding tissues, so at least 1 MRI is helpful. Furthermore, a
recent study found that CT-based planningwith anMRI done
only at the first fraction provided similar target coverage and
normal tissue sparing compared with fully MRI-based
planning, particularly in low-volume disease (23). It should
be noted that nearly 25% of the patients in this report were
treated without MRI guidance, with no apparent clinical
detriment. Thus, it is possible that solely CT-based planning
may provide similar outcomes, but larger groups of patients
with longer follow-up times are necessary to draw such
conclusions.We emphasize that these results are preliminary
and that this technique should be evaluated further in a
prospective setting before becoming widely used in a com-
munity setting.

There are some notable limitations to this study. The
largest limitation is the relatively short follow-up time
compared with those of older studies. This is particularly
important in terms of late toxicity, which requires several
years of follow-up for adequate assessment. Nonetheless,
the early toxicity results presented herein are excellent.
Additionally, this study is subject to the biases inherent in
retrospective studies, which may underestimate the rates of
Fig. 4. Axial computed tomography slice used for
brachytherapy planning in a patient who experienced a
sigmoidal stricture with telangiectasias 7 months after
treatment. The contours demonstrate the high-risk clinical
target volume (red), the 100% isodose line (yellow), and the
sigmoid colon (magenta). A color version of this figure is
available at www.redjournal.org.
toxicity and disease recurrence as a result of poor data
collection. However, since adopting this technique we have
been meticulous in recording our dosimetric information
and clinical events to ensure high-quality data.

This report adds to the growing body of evidence sup-
porting the effectiveness and safety of IGBT for the
treatment of cervical cancer. Further research is needed to
evaluate long-term outcomes and better define the clinical
and dosimetric predictors of toxicity and tumor control.
IGBT is now the subject of the prospective, multi-
institutional EMBRACE study (www.embracestudy.dk),
which was initiated by GEC-ESTRO investigators. How-
ever, to our knowledge there are currently no such ongoing
studies in the United States. We hope to implement our
CT-based technique as part of future prospective studies,
and we hope this report encourages other centers to become
involved in similar endeavors.
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