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Abstract

Objective—To determine the prevalence and correlation of various risk factors [radiation dose,
periodontal status, alcohol and smoking] to the development of osteoradionecrosis (ORN).

Patients and Methods—The records of 1023 patients treated with IMRT for oral cavity cancer
(OCC) and oropharyngeal (OPC) between 2004 and 2013 were retrospectively reviewed to
identify patients who developed ORN. Fisher exact tests were used to analyze patient
characteristics between ORN patients with OCC and OPC. Paired Wilcoxon tests were used to
compare the dose volumes to the ORN and contralateral non-ORN sites. To evaluate an association
between ORN and risk factors, a case-control comparison was performed. One to 2 ORN-free
patients were selected to match each ORN patient by gender, tumor site and size. General
estimation equations models were used to compare the risk factors in ORN cases and matched
controls.
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Results—44 (4.3%) patients developed ORN during a median follow-up time of 52.5 months. In
82% of patients, ORN occurred spontaneously. Patients with OPC are prone to develop ORN
earlier compared to patients with OCC (P=0.03). OPC patients received a higher Dmax compared
to OCC patients (P=0.01). In the matched case-control analysis the significant risk factors on
univariate analysis were poor periodontal status, history of alcohol use and radiation dose (P=0.03,
0.002 and 0.0009, respectively) and on multivariate analysis were alcohol use and radiation dose
(P=0.004 and 0.026, respectively).

Conclusion—In our study, higher radiation dose, poor periodontal status and alcohol use are
significantly related to the risk of developing ORN.

Keywords

Osteoradionecrosis; Intensity-modulated radiation therapy; Oral cancer; Oropharyngeal cancer;
Head and neck cancer; Prevalence; Risk factors

Introduction

Osteoradionecrosis (ORN) of the jaw is a well-known complication of radiation therapy to
the head and neck. ORN is defined as an area of exposed necrotic bone in an area previously
irradiated that fails to heal over a period of 3-6 months. However, cases with radiographic
evidence of necrosis with intact mucosa have been described [1-5].

Head and neck cancers are sensitive to radiotherapy (RT), which is being increasingly used
with the rising prevalence of human papilloma virus positive squamous cell carcinoma. The
treatment mainstay in these cases remains radiation therapy alone or in combination with
chemotherapy [6, 7]. Since the advent of intensity-modulated radiation therapy (IMRT) in
the treatment of head and neck cancer patients, the associated co-morbidities of radiation
therapy have been minimized by limiting radiation exposure to healthy tissue and
maximizing loco-regional tumor control [8-10]. Earlier studies looking at the rate of ORN
in patients treated in the era of IMRT have reported a reduced prevalence compared to
patients treated with conventional radiotherapy [11-14].

Various risk factors have been suggested to be associated with the development of ORN. The
local risk factors include tumor site, tumor stage, proximity of the tumor to bone, radiation
field, dose of radiation, poor oral hygiene, and associated trauma, such as dental extraction/
surgery before or after RT. Systemic factors include co-morbidities, smoking and drinking
alcohol, immunodeficient status, and infection [15— 20]. The aims of this study are: (1) to
report the current prevalence of ORN in patients with oral cavity cancer (OCC) and
oropharyngeal cancer (OPC) treated with IMRT between 2004 and 2013 in our institution;
and (2) to evaluate the correlation between various risk factors [radiation dose, periodontal
status, alcohol and smoking] and the development of ORN.

Oral Oncol. Author manuscript; available in PMC 2018 January 01.
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Patients and Methods

Patients

This retrospective study was approved by Memorial Sloan Kettering Cancer Center’s
(MSKCC) Institutional Review Board. We reviewed the records of all oral cavity cancer
(OCC) and oropharyngeal cancer (OPC) patients treated with IMRT in our institution
between 2004 and 2013 to identify patients who developed ORN. ORN is defined as either
clinically exposed necrotic bone that failed to heal over a period of 3 months or patients with
radiographic evidence of necrosis with intact mucosa. The following clinical information
was reviewed: demographic data, tumor site, tumor diagnosis, tumor stage, and radiation
dose to the primary tumor, dental events, ORN stage, social history (alcohol and smoking
history), history of diabetes mellitus, follow-up data, and management of patients who
developed ORN.

Radiation treatment

All patients with oral and oropharyngeal cancer diagnosed during the period of 2004 to 2013
were treated with IMRT using a dose-painting technique. All areas of gross disease received
66—70 Gy and regions of elective nodal radiation received 50-60 Gy. Uninvolved low
anterior neck received 45-50 Gy. For patients receiving postoperative radiation, the dose to
the surgical bed dose was typically 60 Gy.

Follow-up period

The follow-up period was calculated from the completion of RT to the patient’s last clinical
visit with MSKCC’s Department of Radiation Oncology or Dental Service. Follow-up was
calculated up until July 31, 2016. The follow-up period for all patients spans 4 — 140 months
with a median time of 52.5 months. The time from completion of RT to ORN diagnosis was
also noted.

ORN definition and grading

ORN is an area of clinically exposed necrotic bone that failed to heal over a period of 3-6
months in an area previously irradiated. However, there is a subset of ORN that presents
with clinically intact mucosa along with radiographic evidence of bone loss [3-5]. We
included both subsets in our cohort. For the sake of consistency with the literature we
adopted a modified version of the Glanzmann and Graetz grading system [21].

The ORN grading (adopted modified Glanzmann and Graetz grading) used is as follows:
0 — Radiographic ORN with intact mucosa
1 — Exposed necrotic bone without signs of infection for at least 3 months
2 — Exposed necrotic bone with signs of infection or sequestrum, but not grades 3 — 4

3 — ORN resulting to pathologic fracture or ORN treated with surgical resection, with
satisfactory result

4 — ORN refractory to surgical resection

Oral Oncol. Author manuscript; available in PMC 2018 January 01.
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Dosimetry of ORN site, contralateral non-ORN site and statistical analysis

Using the MSKCC radiation treatment planning software, the mean (Dmean) and maximum
point radiation doses (Dmax) of the ORN region and contralateral non-ORN region of the
jaw were calculated via dosimetric contour as previously described [22]. A case-control
comparison was performed with one to two ORN-free patients selected to match each ORN
patient by gender, primary tumor site and size. Statistical analysis was performed using
generalized estimating equation logistic regression to compare the risk factors (radiation
dose, pre-RT periodontal status, alcohol and smoking post-RT history) in ORN cases and
matched controls. Fisher exact tests were used to analyze patient characteristics between
ORN patients with oral cavity cancer (OCC) and oropharyngeal cancer (OPC). Paired
Wilcoxon tests were used to compare the dose volumes (Dmean and Dmax) to the ORN and
contralateral non-ORN sites in patients who developed ORN unilaterally.

Dental evaluation and management of ORN

Results

Patients referred to the Dental Service of MSKCC prior to radiation therapy underwent
comprehensive clinical and radiographic evaluation and dental intervention if indicated. Pre-
radiation whole-mouth saliva and inter-incisal opening measurements were obtained.
Radiation mouth guards were fabricated for patients to help reduce the dose and toxicity
from backscatters in patients with significant metal dental restorations. All patients were
prescribed aggressive fluoride regimen. Patients were evaluated at mid-RT, and at various
time points post-RT.

Conservative management through close observation, prescription of 0.12% chlorhexidine
rinse for local debridement, antibiotics (typically, Augmentin 875 mg BID) and pain
medication when indicated were utilized. Subsequently, if the exposed necrotic bone
becomes increasingly mobile, the sequestrum was passively removed [treatment option I].
Pentoxifylline 400 mg and tocopherol 400 IU BID were prescribed to some patients in
combination with 0.12% chlorhexidine rinse for local debridement [treatment option I1].
Segmental mandibulectomy was employed after all other treatment options failed and the
lesions progressed to involve the basal bone of the mandible and/or had a pathologic fracture
[treatment option 111]. Hyperbaric oxygen was instituted in one patient for management of
ORN [treatment option 1V]. Outcomes of management were assessed in four categories:
complete resolution (complete mucosal coverage of prior exposed bone), partial resolution
(reduction in size of exposed bone), no resolution and progression (increase in size of
exposed bone).

Clinical analysis and prevalence

Between January 2004 and December 2013, 1023 oral cavity (OCC; n=299) cancer and
oropharyngeal cancer (OPC; n=724) patients were treated with IMRT in our institution. The
medical and dental records of all 1023 patients were reviewed. Forty-four (4.3%) patients
treated within that time-period developed ORN. Thirty-two (4.4%) of these had a diagnosis
of OPC and 12 (4%) had OCC. Thirty-six patients presented with clinical ORN “clinically
exposed necrotic bone” and eight patients with “radiographic ORN” with intact mucosa. If
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cases of radiographic ORN with intact mucosa were excluded, the rate of ORN would be
36/1023 (3.5%). Of the patients that developed ORN, 34 were males, 10 were females, with
ages ranging from 20 to 82 (median 59.5 years). Most patients consumed alcohol semi-
regularly or regularly (33/44, 75%) and 11/44 (25%) were active smokers at the time of
development of ORN. One patient had a medical history of diabetes mellitus.

Primary tumor sites were base of tongue (n=18, 41%), tonsil (n=14, 32%), floor of mouth
(n=4, 9%), oral tongue (n=6, 14%), buccal mucosa (n=1, 2%) and gingiva (n=1, 2%). One
patient had adenoid cystic carcinoma (2%) and the remaining patients had squamous cell
carcinoma (98%). Tumor sizes were: T1 (n=11, 25%), T2 (n=18, 41%), T3 (n=5, 11%), T4
(n=9, 20%) and nodal status were: NO (n=5, 11%), N1-2B (n=32, 73%), N2C (n=4, 9%) and
N3 (n=2, 5%). The majority of the patients had a tumor stage IVA (n=29, 66%), followed by
stage Il (n=8, 18%).

Posterior mandible is the most common site, OPC patients are prone to develop ORN
earlier compared to OCC patients

The mandible was involved in all 44 ORN patients. One patient developed ORN in both
ipsilateral posterior mandible and posterior maxilla and three patients developed ORN in
both contralateral sites of the posterior mandible, making a total of 48 ORN sites (47
mandibular sites and 1 maxillary site). ORN cases were found in the posterior region with
the exception of an anterior mandibular site. The median time from completion of RT to the
diagnosis of ORN was 19.1 months (range: 0 — 120.2 months). The median duration was
longer in patients with OCC compared to patients with OPC (36.1 vs. 14.6 months)
[P=0.03]. ORN occurred spontaneously (i.e without history of trauma or dentoalveolar
procedures) in 36 of 44 (82%) patients. ORN occurred spontaneously in 26/32 (81%) OPC
patients and 10/12 (83%) of OCC patients (P=1.00). Six patients had post-radiation dental
extraction and two underwent extractions 4 weeks before beginning RT (two OCC and six
OPC patients). The grades of ORN were: grade 0 (8, 18%), grade 1 (6, 14%), grade 2 (22,
50%) and grade 3 (8, 18%). Four of the grade 3 ORN cases had pathologic fractures. The
four patients with pathologic fracture had tumor stages of T4AN1, T4ANO, T3N1 and
T1INL1. Three of the eight patients with grade 3 ORN had dental extractions as a precipitating
factor. A summary of the patient characteristics and comparison of time to ORN between the
OCC and OPC groups are presented in Table 1.

Dmax of ORN patients with OPC was significantly higher compared to ORN patients with
OCC, majority of ORN patients received >60 Gy to the ORN site

All patients who developed ORN received = 60 Gy of radiation to the primary tumor site.
The majority of patients (34/44, 77%) received = 70Gy of radiation to the primary tumor
site, 7 patients had = 66 < 70 Gy and 3 patients received > 60 < 66 Gy. Dosimetric analysis
was conducted in 42 patients (dosimetric data for the other two patients were not available).
The Dmax calculated in the ORN region of the jaw ranged from 44.3 — 80.9 Gy
(average=69.9 Gy). While, the Dmean calculated in the ORN region of the jaw ranged from
28.2 — 74.6 Gy (average=57.4 Gy). The median and mean Dmax difference between the
ORN and contralateral non-ORN regions were 6.1(0.8, 23.9) Gy and 13.2(7.4, 18.9) Gy (P<
0.000004), respectively. The median and mean Dmean difference between the ORN and
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contralateral non-ORN regions were 13.5(1.2, 28.4) Gy and 14.6(8.3, 20.9) Gy (P<
0.000012), respectively (Table 2). The Dmax of ORN patients with OPC was significantly
higher compared to ORN patients with OCC (P=0.01). The ORN regions of the jaw received
radiation doses >60 Gy in 96% (44/46). Seven patients had higher Dmax in the non-ORN
site compared to the ORN site. The primary tumor site coincided with non-ORN site in three
OPC patients, in an OPC patient (T2N2C) the bilateral neck was radiated and the remaining
three patients were treated for oral tongue cancer. Patients with grade 3 ORN had an average
Dmax of 71.4 Gy (range: 60.7-78.4 Gy).

By univariate analysis poor periodontal status, alcohol use post-RT and high mean
radiation dose were significant factor and by multivariate analysis alcohol use post-RT and
high mean radiation dose remained significant

Thirty-nine ORN patients were matched with 78 ORN-free patients based on primary tumor
site, tumor size, gender and age. Patient matching characteristics are presented in online
Supplemental Table 1. For periodontal status, patient pre-RT panoramic radiograph were
scored 0 — 3 (0 = no bone loss, 1 = mild bone loss, 2 = moderate bone loss, 3 = severe bone
loss). Pre-RT radiographs were available for 18 ORN patients and matched with 36 controls.
Smoking and alcohol history after completion of RT were retrieved in 39 ORN patients and
matched with 78 controls. The Dmean to the ORN sites in 37 ORN patients were matched to
the Dmean to the ipsilateral molar region in 74 ORN-free controls. Matched patient
prognostic characteristics are presented in online Supplemental Table 2. By univariate
analysis (Odds Ratio, 95% CI, P-value), for periodontal status (=1 vs 0) (5.71, 1.2 — 27.1,
0.03), current smoking history post-RT (3.04, 0.93 — 9.91, 0.07), current alcohol history
post-RT (3.38, 1.57 — 7.29, 0.002) and mean radiation dose (1.07, 1.02 — 1.13, 0.009). By
multivariate analysis (Odds Ratio, 95% CI, P), alcohol use and radiation dose remained
significant (3.22, 1.47 — 7.07, 0.004 and 1.07, 1.01 — 1.13, 0.026, respectively). The odds of
developing ORN for post-RT alcohol drinkers are 3.22 times the odds of nondrinkers,
keeping radiation dose constant. On average there is a 7% increase in the odds of developing
ORN for a 1 Gy increase in radiation dose, keeping alcohol status constant. Univariate and
multivariate analysis presented in Tables 3 and 4, respectively.

Patients with grade 0 ORN *“radiographic ORN” (n=8) were managed with 0.12%
chlorhexidine rinse, antibiotics and pain medication when indicated. Of the 36 patients who
developed clinical ORN “clinically exposed necrotic bone” only 27 patients have follow-up
information after commencement of management of ORN. Fourteen patients received
treatment option I, outcomes as at last follow-up were: complete resolution (n=10), partial
resolution (n=1), no resolution (n=2) and progression (n=1, pathologic fracture). Six patients
received treatment option I, outcomes as at last follow-up were: complete resolution (n=1),
partial resolution (n=4) and progression (n=1, requiring segmental mandibulectomy). Seven
patients received treatment option 111, outcome was: complete resolution (n=7) (Figure 1).
One patient was managed with hyperbaric oxygen and 0.12% chlorhexidine rinse. The
patient achieved complete resolution of ORN after 80 dives of hyperbaric oxygen (40 dives
before extraction and 40 dives after extraction). Therapeutic outcomes of patients by ORN
stage and therapy options are presented in Table 5.

Oral Oncol. Author manuscript; available in PMC 2018 January 01.
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Discussion

Of 1023 patients with oral and oropharyngeal cancer treated with IMRT during a 10-year
period, 44 patients (4.3%) developed ORN over a median follow-up of 52.5 months (range:
4.1 — 140.3 months). The majority (36, 82%) of the ORN lesions occurred spontaneously
without any precipitating trauma or dental events. Six patients (0.78%) developed grade 3
ORN, requiring mandibular resection and/or complicated by pathologic fracture.

Earlier studies focusing on patients treated with IMRT for head and neck cancers reported
very low prevalence of ORN. Studies by Ben-David et al. reported the lack of ORN in 176
patients treated with IMRT at a median follow-up of 34 months [11]. Also, studies by Studer
et al. and Huang et al., reported only 1 patient in both studies developing ORN in 204 and 71
patients treated with IMRT, respectively [12, 13]. In a similar study from our institution,
only 2 out of 168 patients developed ORN, with a median follow-up of 37.4 months [14].
However, recent studies with larger patient sample have reported higher prevalence of ORN;
21/334 (6.3%) and 36/531 (6.8%) patients developing ORN in patients treated with IMRT at
a median follow-up of 31 months in patients treated for T1/T2 and mean follow-up of 38
months, respectively [23, 24].

The prevalence of ORN has decreased from 11.8% before 1968 to 5.4% between 1968 and
1992 and to 3% after 1997 [18]. Reduction in the prevalence of ORN can be attributed to the
evolution of radiation therapy modalities from conventional/2-D RT to 3-D conformal RT to
the current use of IMRT. The study by Tsai et al. demonstrated a reduction in ORN from
13% to 6% comparing 3-D conformal RT to IMRT [23]. Proton beam radiation therapy /
intensity modulated proton therapy (PBRT/IMPT) are now been utilized in the management
of head and neck cancers [25-27]. Recent studies have shown that PBRT has a greater
tissue-sparing capability in comparison to IMRT due to its inert property of the Bragg peak
[27, 28]. Therefore, could reduce the rate of radiation-related toxicities. Our recent study,
comparing the mean radiation dose and dosimetric distribution to the mandible in patients
treated for ipsilateral head and neck tumors between PBRT versus IMRT shows that PBRT
has a far-better tissue-sparing capability compared to IMRT and the mean radiation dose to
the contralateral side of the mandible received zero - negligible dose of radiation [28].

To answer the question of our second aim, we dosimetrically contoured the ORN site to
calculate the Dmean and Dmax, reviewed the patients alcohol and smoking history post-RT
and evaluated the patient pre-RT panoramic radiographs to assess the periodontal status.
Chang et al. stated that radiation doses greater or equal to 70 Gy were predictive of ORN
[29]. Similarly, Gomez et al., claimed that maximum doses greater than 70 Gy and mean
doses greater than 40 Gy were predictive of increased subsequent dental events and
extractions [14]. The study by Tsai et al., suggested that reducing the radiation dose below
50 Gy may lessen the risk of ORN [23]. These previous studies evaluated the whole
mandible calculating the Dmean and Dmax received by the mandible, however, in our study
we contoured the specific ORN site. After dosimetrically analyzing the ORN site it revealed
an average Dmax of 69.9 Gy (range: 44.3-80.9 Gy) and the average Dmean to the region
was 57.4 Gy (range: 28.2-74.6 Gy). The ORN-affected regions of the jaw in this study
received over 60 Gy in 96%, suggesting >60 Gy as a threshold for ORN risk, in keeping
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with previous literature [30]. In this cohort of ORN patients, the radiation dose to the ORN-
affected regions received a significantly higher dose compared to the contralateral non-ORN
regions. Also, the mean radiation dose to the ORN site was significantly higher compared to
the mean radiation dose of the ipsilateral molar region in ORN-free controls with a 7%
increase in the odds of developing ORN for a Gy unit of radiation dose.

Poor dental health has been implicated as a risk factor in the development of ORN. Patients
with post-RT dental extractions are at an increased risk of developing ORN [20, 31-33].
However, in this study 82% of the patients who developed ORN had no prior traumatic event
or dentoalveolar procedure prior to development of ORN. By univariate analysis poor
periodontal status predispose patients to the development of ORN. These findings highlight
the importance of close surveillance and follow-up visits after completion of RT. As such, at
MSKCC, all patients scheduled to undergo head and neck RT are referred to the Dental
Service for evaluation. During this visit, a thorough oral and dental evaluation is performed
including panoramic and bitewing radiographs (and selected periapical radiographs as
needed) and measurement of resting and stimulated salivary function and interincisal mouth
opening. Treatment of dental caries and periodontal disease is initiated as soon as possible.
Dental extractions are completed at least 10-14 days prior to commencement of RT. Patients
are counseled regarding the potential oral/dental effects and complications of RT. In
addition, patients are provided detailed oral hygiene instructions and nutritional counseling.
Prescription is issued for high-potency fluoridated toothpaste. The patients are then followed
once during mid-treatment and periodically (every 4 months for the first 2 years and
biannually, thereafter) after completion of RT.

Our study identified that patients with oropharyngeal cancer are prone to develop ORN
earlier than patients with oral cavity cancer (P=0.03). This difference may be explained by
the significantly higher Dmax of ORN patients with OPC compared to ORN patients with
OCC (P=0.01). Patients with OCC are usually treated with surgical resection followed by
adjuvant RT. In contrast, OPC are treated primarily with concomitant chemotherapy and
radiation therapy. Thus, the total dose to the primary site is typically lower in patients with
OPC compared to those with OCC.

Continual smoking and alcohol use have been shown to increase the risk of ORN in
irradiated patients. The study by Tsai et al. demonstrated a 32% increased risk of
development of ORN in smokers [23]. Oh et al. demonstrated that patients who continued
smoking or alcohol use are at risk of failing conservative management and are more prone to
having a surgical intervention [17]. A recent study by Chronopoulos et al. showed that
patients who continued smoking or alcohol use were more likely to develop a severe grade
of ORN [19]. In our study 75% of patients with ORN still continued alcohol use and 25%
continued smoking. Patients that continued to drink alcohol after radiation were predisposed
to develop ORN and are 3.22 times more likely to develop ORN compared to non-drinkers.

In this study we included cases of radiographic ORN with intact mucosa, a subset of ORN
that is underdiagnosed due to the absence of clinical bone exposure [3-5]. This subset of
ORN can be complicated by tooth mobility, tooth loss and even pathologic fracture [5]. It is
important to have this subset in a staging system. A clinical guideline for the early
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identification of this condition was proposed [5]. The same proposal can also be applied to
clinical ORN aiding its early identification.

Conclusion

In summary, 4.3% of 1023 oral and oropharyngeal cancer patients treated with IMRT over a
ten-year period developed ORN during a median follow-up of 52.5 months. The prevalence
of ORN in this study is comparable to recent reports of ORN in the setting of IMRT. The
average Dmax to the ORN sites contoured was 69.9 Gy and in 96% of ORN sites
dosimetrically contoured received over 60 Gy suggesting that radiation doses >60 Gy to the
bone is positively related to the risk of developing ORN. Patients with OPC were shown to
develop ORN earlier compared to patients with OCC. ORN can occur spontaneously
without any precipitating dentoalveolar trauma. Radiation dose to the jaw > 60Gy, poor
periodontal status and alcohol use after RT are significantly related to the risk of developing
ORN.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
The prevalence of ORN in OCC & OPC patients treated with IMRT is 4.3%
OPC patients are prone to develop ORN earlier compared to OCC patients

High radiation dose, poor periodontal status and alcohol use are associated
with ORN
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Figure 1.
Clinical pictures and radiographs of a patient who underwent partial mandibulectomy for the

management of a grade 3 ORN. Pre-radiation cropped panoramic radiograph (A), Post-
radiation cropped panoramic radiographs showing an area of ORN with pathologic fracture
(B), Pre-surgrey extraoral picture showing the reduced maximal mouth opening of the
patient (C), Pre-surgery intraoral picture (D), Post-surgery panoramic radiograph (E), Post-
surgery extraoral picture (F) and Post-surgery intraoral picture (G)
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Table 1
Patient Characteristics (n = 44)
Characteristics OCC (%99 OPC (%) Total (%99 P-value
n=12 n=32
Age yrs (median, range) 59 (20,82) 60 (39,74) 59.5 (20,82) 0.99
Gender 0.42
Male 8 (67) 26 (81) 34 (77)
Female 4(33) 6 (19) 10 (23)
Tumor site
Tonsil - 14 14 (32)
Base of Tongue - 18 18 (41)
Floor of mouth 4 - 4(9)
Oral Tongue 6 - 6 (14)
Buccal mucosa 1 - 1(2)
Gingiva 1 - 1(2)
Pathologic diagnosis 0.27
Squamous cell carcinoma 11 (92) 32 (100) 43 (98)
Adenoid cystic carcinoma 1(8) 0 (0) 1(2)
T classification 059
T1 5 (42) 6 (19) 11 (26)
T2 4 (33) 14 (45) 18 (42)
T3 1(8) 4(13) 5(12)
T4 2(17) 7(23) 9 (21)
N classification ™ <0.001
NO 5 (42) 0 (0) 5(12)
N1-2B 6 (50) 26 (84) 32 (74)
N2C 0 (0) 4(13) 4(9)
N3 1(8) 1(3) 2(5)
Tumor stage ™
Stage | 1 0 1(2)
Stage Il 2 0 2 (5)
Stage 111 4 4 8(19)
Stage IVA 4 25 29 (67)
Stage IVB 1 2 3(7)
Radiation to the primary tumor site <0.001
>70 Gy 2(17) 32 (100) 34 (77)
266 Gy, <70 Gy 7 (58) 0 7(16)
260 Gy, <66 Gy 3(25) 0 3(7)
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Characteristics OCC (% %) OPC (%% Total (% %) P-value
n=12 n=32

Max radiation dose (Gy) to ORN site (n=42) 0.01
Median (range) 67.4 (60.7,74.9) 72.7 (44.3,80.9) 70.6 (44.3,80.9)

Mean radiation dose (Gy) to ORN site (n=42) 0.52
Median (range) 61.6 (47.2,62.9) 58.3(28.2,74.6) 59.4(28.2,74.6)

ORN (sites) patients 0.27
Anterior Mandible 1(8) 0(0) 1(2)
Posterior Mandible 11 (92) 32 (100) 43 (98)

Clinical/Radiographic ORN 0.66
Clinical ORN 9 (75) 27 (84) 36 (82)
Radiographic ORN 3(25) 5 (16) 8 (18)

Duration (mos.) from completion of RT to ORN diagnosis 0.03
Median (range) 36.1(6.2,96.2) 14.6 (0,120.2) 19.1 (0,120.2)

ORN Grade 0.30
Grade 0 3(25) 5 (16) 8(18)
Grade 1 1(8) 5 (16) 6 (14)
Grade 2 4(33) 18 (56) 22 (50)
Grade 3 4(33) 4(12) 8 (18)

Trigger 1.00
Spontaneous 10 (83) 26 (81) 36 (82)
Extraction 2(17) 6 (19) 8 (18)

Smoking 0.66
Current 2(17) 9 (28) 11 (25)
Former 8 (66) 16 (50) 24 (55)
Never 2(17) 7(22) 9 (20)

Alcohol use 0.62
Current 8 (66) 25 (78) 33(75)
Former 2(17) 4 (13) 6 (14)
Never 2(17) 3(9) 5(11)

Follow-up period (months) 0.18
Median (range) 63.2(27.4,118.3) 50.4(4.1,140.3) 52.5(4.1,140.3)

*
43 patients assessed,

oo
Percentages approximated
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Table 2

Difference in dosimetry between ORN site and contralateral site (N = 39)

Dose measurement ~ Median Difference (IQR)  Mean Difference (95% CI) P
Maximum dose(Gy) 6.1(.8,23.9) 13.2(7.4,18.9) 0.000004
Mean dose(Gy) 13.5(1.2, 28.4) 14.6 (8.3, 20.9) 0.000012

P-values calculated with paired Wilcoxon tests.
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Univariate GEE Logistic Regression

Table 3

Characteristic

OR (95% Cl)

P

T stage
Age

1.04 (0.96, 1.12)
1.00 (0.98, 1.02)

0.40
0.89

Periodontal Status: =1 vs 0 (n = 18 cases, 36 controls)
Current smoking: yes vs. no
Current alcohol: yes vs. no

Mean Radiation Dose (Gy) (n = 37 cases, 74 controls)

Oral Oncol. Author manuscript; available in PMC 2018 January 01.

5.71 (1.2, 27.1)
3.04 (0.93, 9.91)
3.38 (1.57, 7.29)
1.07 (1.02, 1.13)

0.03
0.07
0.002
0.009
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Table 4

Multivariate GEE Logistic Regression (n = 37 cases, 74 controls)

Characteristic OR (95% CI) P

Current alcohol: yes vs. no 3.22(1.47,7.07) 0.004
Mean Radiation Dose (Gy) (n = 37 cases, 74 controls)  1.07 (1.01, 1.13)  0.026
Keeping mean radiation dose constant, the odds of developing ORN for current alcohol drinkers are 3.22 times the odds for non-current alcohol

drinkers. Holding current alcohol status constant, there is on average a 7% increase in the odds of developing ORN for a one-unit increase in
radiation dose Gy.
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Table 5

Therapeutic outcomes of patients by ORN stage and therapy options

ORN stage | Therapy options instituted (n) | Outcomes (n)
1 | Option 1 (4) | CR (4)
2 Option 1 (9) CR (6), PR (1) and NR (2)
Option 2 (5) CR (1) and PR (4)
Option 4 (1) CR (1)
3 Option 1 (1) P (1)
Option 2 — 3 (1) P— CR(1)
Option 3 (6) CR (6)

CR — complete resolution, PR — partial resolution, NR — no resolution, P - progressed
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