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ORIGINAL ARTICLE

Long-term outcomes following stereotactic body radiotherapy boost for
oropharyngeal squamous cell carcinoma

Sarah Bakera, Gerda M. Verduijna, Steven Petita, Aniel Sewnaikb, Hetty Mastc, Senada Koljenovi�cd, Joost J.
Nuyttensa and Wilma D. Heemsbergena

aDepartment of Radiation Oncology, Erasmus MC Cancer Institute, Rotterdam, The Netherlands; bDepartment of Otorhinolaryngology Head
and Neck Surgery, Erasmus MC, Rotterdam, The Netherlands; cDepartment of Oral and Maxillofacial Surgery, Erasmus MC, Rotterdam, The
Netherlands; dDepartment of Pathology, Erasmus MC, Rotterdam, The Netherlands

ABSTRACT
Background/purpose: To determine the efficacy and toxicity profile of a stereotactic body radiother-
apy (SBRT) boost as a first line treatment in patients with oropharyngeal squamous cell carcin-
oma (OPSCC).
Materials and methods: We performed a retrospective cohort study in 195 consecutive OPSCC
patients with T1-small T3 disease, treated at Erasmus MC between 2009 and 2016 with a SBRT
(3� 5.5Gy) boost after 46Gy IMRT. Primary endpoints were disease-specific survival (DSS) and Grade
�3 toxicity (Common Terminology Criteria). The Kaplan-Meier method and Cox regression model were
applied to determine rates and risk factors.
Results: The median follow-up was 4.3 years. Treatment compliance was high (100%). Rates of 5-year
DSS and late grade �3 toxicity were 85% and 28%, respectively. Five-year overall survival was 67%.
The most frequently observed toxicities were mucosal ulceration or soft tissue necrosis (n¼ 30, 5 year
18%), dysphagia or weight loss (n¼ 18, 5 year 12%) and osteoradionecrosis (n¼ 11, 5 year 9%).
Current smoker status (hazard ratio [HR]¼ 2.9, p¼ .001) and Charlson Comorbidity Index �2 (HR ¼
1.9, p¼ .03) were was associated with increased toxicity risk. Tooth extraction prior to RT was associ-
ated with increased osteoradionecrosis risk (HR ¼ 6.4, p¼ .006).
Conclusion: We reported on outcomes in the largest patient series to date treated with a hypofractio-
nated boost for OPSCC. Efficacy was good with survival rates comparable to conventionally fractio-
nated (chemo)radiotherapy. Grade �3 toxicity profiles showed high rates of soft tissue necrosis and
osteoradionecrosis. Strategies to mitigate severe toxicity risks are under investigation to improve the
tolerability of the SBRT boost.
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Introduction

Stereotactic body radiotherapy (SBRT) allows for precise
delivery of ablative radiation doses to the target with
improved sparing of surrounding organs at risk [1,2]. SBRT
may theoretically be beneficial in the primary treatment of
oropharyngeal squamous cell carcinoma (OPSCC), as the oro-
pharynx has critical structures in close proximity.
Additionally, SBRT offers greater convenience to patients and
radiotherapy departments because of reduced number of
fractions. Finally, biological dose escalation may be achieved
through SBRT regimens, which theoretically may overcome
the intrinsic radioresistance of less radiosensitive disease [3].
Highly hypofractionated regimens, however, may be associ-
ated with greater risk of late toxicity, particularly necrotic
processes [4–9].

Despite the potential advantages of SBRT for head and
neck malignancies and a growing interest internationally
[10], there is sparse literature in the setting of newly diag-
nosed disease. To date, SBRT has been used primarily for

re-irradiation [10–12] or rarely, for nasopharyngeal carcinoma
[13,14]. The few series on SBRT in the primary setting have
either included fewer than 40 patients and diverse head and
neck sites [6,15] or median follow-up times less than 18
months [8,16]. In order to evaluate SBRT as a primary treat-
ment modality, studies with long-term follow-up consisting
of homogenous patient groups are required.

At our institution, SBRT as a boost following external
beam RT has been a standard treatment option for select
OPSCC patients since the introduction of a frameless radio-
surgery system (Cyberknife; Accuray Inc., Sunnyvale, CA, USA)
in 2005. Prior to this, these patients received the boost by
brachytherapy. While both techniques deliver a similar highly
conformal dose distribution [2], the SBRT boost is advanta-
geous as it is noninvasive and not limited by the strict
patient eligibility criteria of brachytherapy or the requirement
for specifically trained personnel.

Previously, we reported favorable quality-of-life and tox-
icity outcomes with SBRT boost up to 24 months post
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treatment [1,17]. In the current study, we felt it prudent to
investigate long-term outcomes especially given the poten-
tial for highly hypofractionated RT schedules to increase the
risk of late toxicities [4–9].

Material and methods

Patients

Consecutive OPSCC patients treated at the Department of
Radiotherapy at Erasmus MC were identified from a pro-
spective radiotherapy planning database which started in
2009. Eligibility criteria for the present study included: treat-
ment with SBRT boost, T1 -“small” T3 (no defined size criter-
ion, but at the discretion of the multidisciplinary tumor
board), N0–N2c, M0 primaries. The following exclusion crite-
ria were applied: diagnosis with another primary malignancy
within 6 months, previous oropharyngeal cancer or previous
head and neck RT. Patients were staged with a CT or MRI for
the primary site, ultrasound of the neck, and in the case of
N2 disease, thoracic CT.

During the early years of the inclusion period, patients
with T1–T2 tumors preferentially received brachytherapy
when eligible (n = 58) [17] and the remaining T1–T2, and
small T3 tumors, received SBRT boost when eligible (i.e.
tumors not adjacent to the thyroid cartilage). Since 2012,
patients could receive SBRT boost first line, since our early
experience with the SBRT boost regimen was favorable [17].
In total, 195 patients were treated with SBRT boost and ful-
filled the in- and exclusion criteria. Patients with poorer per-
formance status (Eastern Cooperative Oncology Group
[ECOG] � 2) who were eligible for curative-intent treatment
received conventional 70 Gy IMRT. ECOG �2 patients may
find it challenging to remain still for the 30 min required for
delivery of each SBRT fraction, and thus conventional IMRT
may be a more suitable treatment option.

Treatment and follow-up

The treatment regimen consists of 46 Gy accelerated IMRT
(23 daily fractions, 6 fractions per week) to the primary
tumor and neck, followed by a sequential SBRT boost to the
primary tumor of 16.5 Gy in 3 daily fractions. The timing is
such that total weekly dose during the boost phase never
exceeds 16.5 Gy. Thus, the total treatment time for the regi-
men is approximately 5 weeks. We regard this SBRT boost
treatment schedule as a local dose intensification since the
calculated biologically effective dose (including reduced
treatment time) delivers up to 30.3 Gy (a/b = 10) higher bio-
logically effective dose than a 7-week conventional IMRT
regimen for rapidly proliferating tumors [18,19] (equation
provided in supporting information). However, transforming
this schedule into an equivalent dose in 2-Gy fractions, which
does not account for overall treatment time, EQD2 is 67 Gy
(a/b = 10). Patients with T3 or N2c disease without contra-
indication for systemic treatment received two cycles of cis-
platin (100 mg/m2) on day 1 and 22 of the IMRT phase. Our
early experience with the SBRT boost regimen suggested

good outcomes treating patients with N2a-b without chemo-
therapy, and thus chemotherapy was not given to patients
with earlier nodal classification [17]. Patients with positive
lymph nodes at the time of diagnosis underwent a neck dis-
section two weeks following RT, as previously described [20].
The target volume for the accelerated IMRT phase consists of
the gross tumor volume (GTV), plus a 1 cm margin on the
primary and a 5 mm margin on positive lymph nodes to
account for subclinical disease, and an additional 5 mm mar-
gin (PTV) to account for set-up error/positional uncertainty.
The target coverage objective was PTV V95 > 98%.
Following the IMRT phase, a second planning CT scan is
obtained. This is rigidly co-registered with the planning CT
for the IMRT phase, and the GTV and CTV volumes are trans-
posed. The SBRT PTV consists of the CTV of the primary
tumor only, plus a 3 mm margin. The dose is prescribed to
the 80% isodose line. The dose constraints for the total plan
(EQD2 with a/b = 2) are: spinal cord Dmax <50 Gy and brain
stem Dmax <60 Gy (both hard planning constraints); parotid
glands Dmean <26 Gy, submandibular glands Dmean <39
Gy, oral cavity Dmean <50 Gy, constrictor muscles Dmean
<55 Gy (when achievable). The SBRT boost is delivered on
the Cyberknife radiosurgery system [1,17]. Follow-up visits
(head-and-neck multi-disciplinary team) were planned every
2 months for the first year, gradually reduced to every 6
months, for a minimum of 5 years.

Endpoints

The primary endpoints were disease specific survival (DSS)
and late grade �3 toxicity. For DSS, both tumor-related
death and toxicity-related death was included as events.
Secondary endpoints were overall survival (OS) and locore-
gional control (LRC). Disease-free survival (DFS) (events: local,
regional, distant failure, and death) and progression-free sur-
vival (events: local, regional, or distant failure) were also
assessed to facilitate comparison of outcomes with
the literature.

Toxicity

Acute grade �3 dysphagia was scored as requirement for a
feeding tube within the first 90 days after RT, according to
the Common Terminology Criteria for Adverse Events version
4.0 (CTCAE v.4.0). Systematic data on acute dermatitis and
mucositis were not available and therefore not scored.

Late toxicity (> 90 days after completion of RT) was
scored retrospectively based on CTCAE v.4.0. Of note, CTCAE
v.4.0 does not mention hyperbaric oxygen (HBO) for toxicity
grading of soft tissue necrosis or osteoradionecrosis (ORN).
Version 3 designates HBO as grade 3, as do most recent
studies [21–23]; thus, it was scored as grade 3 toxicity for the
present study also. In case of recurrent disease, further tox-
icity scoring was omitted. For patients requiring tube feeding
>90 days post-treatment, we evaluated whether this was
related to dysphagia (scored as grade 3 dysphagia) or dry
mouth (grade 3 xerostomia). Grade 3 trismus was scored as
maximal mouth opening <1 cm.
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Statistical analysis

Statistical analyses were performed using SPSS software (ver-
sion 24, IBM Corporation, Armonk, NY). p-Values <.05 were
considered statistically significant. The Kaplan-Meier method
was used to calculate survival and cumulative incidences of
toxicity. OS and DSS were calculated from the first fraction of
RT until death from any cause or death from OPSCC, respect-
ively. Patients alive were censored at the date of last follow-
up visit. Follow-up time for toxicity endpoints was calculated
from the last radiotherapy fraction. Patients were censored
from toxicity analysis at time of disease recurrence, death, or
last follow-up, whichever came first. Prognostic factors for
toxicity were evaluated in univariable Cox regression models,
and multivariable models using the forward selection
method (entry p < .1, removal p > .1). Covariates assessed
included: sex, age (>65 vs. �65 years), ECOG performance
status (0 vs. 1), smoking (> 10 pack-years vs. � 10, and
smoker vs. nonsmoker at diagnosis), Charlson Comorbidity
Index score (CCI) (�2 vs. <2), T stage (T3 vs. T1/T2), N stage
(N2 vs. N0–N1), tooth extraction prior to RT, current or previ-
ous alcohol abuse, body mass index (BMI) (� 22 vs. > 22),
disease subsite (tonsil vs other, base of tongue vs other), and
bilateral vs unilateral neck RT.

The study protocol was reviewed by the Medical Ethical
Committee of the Erasmus Medical Center (EMC17404), and
permission was obtained for retrospective anonymized data
collection, in accordance with local and national regulations.

Results

Patients

All 195 study patients successfully completed the treatment
regimen. Of the 195 study patients, one was lost to follow-
up, two died prior to the late toxicity period, and 10 had
residual or recurrent disease less than 90 days after RT, leav-
ing 182 (93%) available for late toxicity assessment.

A majority of patients (n = 116, 60%) had stage III-IVA dis-
ease according to AJCC 7th edition staging, and 113 (58%)
has tonsil primaries. A total of 27 patients had T3 and/or N2c
disease (one patient had both). Twelve patients received
concurrent chemotherapy, and the additional patients with
T3 and/or N2c disease did not (n = 15) due to contraindica-
tions to chemotherapy (e.g. comorbidities). A total of 93
patients (48%) had p16 status determined, and among these,
29 (31%) were p16 negative and 64 (69%) were p16 positive.
Notably, during the years of study, patients were generally
only tested for p16 if they were suspected of having HPV-
associated disease (young age, lack of smoking history). For
14 patients p16 status was established retrospectively. The
median age was 61 years (range 34–86), and 33 patients
(17%) were over the age of 70 years. A total of 103 (53%)
were smokers at the time of diagnosis. Additional baseline
patient and tumor characteristics are shown in Table 1.

Survival

The 2-year and 5-year OS were 87% (2% 1 standard error
[SE]) and 67% (4% 1SE), respectively (Figure 1), while for DFS,
these rates were 81% (3% 1SE) and 62% (4% 1SE), respect-
ively. There were 53 deaths (25 OPSCC-related, 12 other
malignancy, 2 toxicity-related, 9 other causes, 5 unknown
cause). Rates of 2-year and 5-year DSS were 89% (2% 1 SE)
and 85% (3% 1SE), respectively (Figure 1). Median follow-up
for surviving patients was 50.6 months (15.0–98.6) and for all
patients, 42.8 months (2.1–98.6).

Table 1. Baseline characteristics of the study population (n¼ 195).

Value�
Age (years) 61 (34–86)
Gender

Male 122 (63%)
Female 73 (37%)

ECOG performance status
0 151 (77%)
1 44 (23%)

Smoking >10 pack-years 147 (75%)
Smoker at diagnosis 103 (53%)
Current or previous alcohol abuse 59 (30%)
CCI

0 54 (28%)
1 44 (23%)
�2 97 (50%)

Baseline BMI
>22 152 (78%)
� 22 43 (22%)

Tooth extraction prior to RT 64 (33%)
T stage classification

T1 39 (20%)
T2 136 (70%)
T3 20 (10%)

N Stage classification
N0 91 (47%)
N1 32 (16%)
N2a 15 (8%)
N2b 49 (25%)
N2c 8 (4%)

Stage grouping (AJCC 7th Edition)
Stage I 11 (5.6%)
Stage II 68 (34.9%)
Stage III 44 (22.6%)
Stage IVa 72 (36.9%)

Oropharynx subsite
Base of tongue 35 (18%)
Soft palate 23 (12%)
Tonsil 113 (58%)
Oropharynx wall 11 (6%)
Other 13 (7%)

P16 status
Positive 63 (32%)
Negative 30 (15%)
Unknown 102 (52%)

Concurrent systemic treatment
Cisplatin 10 (5%)
Cetuximab 2 (1%)

Accelerated radiotherapy 192 (99%)
Neck dissection 101 (52%)
Unilateral neck radiotherapy 82 (42%)

Abbreviations: CCI: Charlson Comorbidity Index; ECOG: Eastern Cooperative
Oncology Group.�Median and range are provided for continuous variables while n and percent
are provided for categorical variables.
Three patients with lymph node metastases did not undergo neck dissection
due to advanced age and inclusion of the involved lymph node in the SBRT
boost (n¼ 1), complete excision of the lymph node with excisional biopsy
(n¼ 1), and involvement of a retropharyngeal lymph node which was
included in the SBRT boost (n¼ 1).
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Locoregional control and disease recurrence

The 2-year and 5-year LRC were 88% (2% 1SE) and 84% (3%
1SE), respectively. A total of 37 patients (19%) experienced
local, regional, and/or distant disease recurrence. Among the
29 patients (16%) with local and/or regional recurrences, 7
underwent successful salvage surgery. The 5-year local and
regional control were 90% and 93%, respectively. A descrip-
tion of disease recurrences and subsequent treatment is pro-
vided in supporting information Table S1. A detailed analysis
of the location of local and regional recurrences with respect
to the radiotherapy fields has previously been published [18].

Acute toxicity

Two patients required a break in treatment due to aspir-
ation/pneumonia, and subsequently completed treatment.
During the acute toxicity period, 65 patients (33%) required
a feeding tube. One patient had a feeding tube at baseline,
and was not included in this assessment.

Late grade �3 toxicity

Among the 182 patients available for late toxicity assess-
ment, 47 experienced grade �3 late toxicity with an esti-
mated cumulative incidence of 28% (4% 1SE) at 5 years
(Figure 2). Median time to onset of grade �3 late toxicity
was 10.0 months (3.0–77.6) after RT. The 5-year cumulative
incidence of grade �3 mucosal ulcers or soft tissue necrosis
was 18% (3% 1SE) (Figure 3). This included one patient with
grade 4 toxicity (carotid blow-out which was treated success-
fully with surgical ligation) and one grade 5 toxicity in a
patient who died from tracheal necrosis/bleeding. Among

the total 30 patients who experienced grade �3 mucosal
ulcers or soft tissue necrosis, the time from occurrence until
healing was <6 months in 14 patients (47%), 6–12 months
in 9 patients (30%), and > 12 months in 6 patients (20%),
with one patient (3%) lost to follow-up. The 5-year cumula-
tive incidence of grade �3 osteoradionecrosis (ORN) was 9%
(3% 1SE) (Figure 3). Among the total 11 cases of ORN, 5
experienced fracture and/or required surgery (grade 4), and
an additional one died from surgical complications (grade 5).
The 5-year cumulative incidence of grade �3 dysphagia or
weight loss was 12% (3% 1SE) (Figure 3). For comparison
with the literature, crude rates of grade �3 dysphagia (tube
feeding dependence) at 1 and 2 years were 2% (n = 4) and
2% (n = 3), respectively. Additional grade �3 toxicities are
provided in Table 2.

Prognostic factors for toxicity

Smoking status (smoker at diagnosis) and a CCI �2 were
associated with higher risk of grade �3 late toxicity on both
uni- and multivariable analysis (Table 3). Current smokers
had a 41% (6% 1SE) cumulative 5-year incidence of grade
�3 late toxicity compared to 14% (4% 1SE) in nonsmokers (p
< .01) (Figure 2).

Tooth extraction prior to RT was predictive for grade �3
ORN (HR 6.4, p < .01) (supporting information Table S2 and
Figure 2). Only univariate analysis was undertaken for ORN
due to the low total number of events. Median time from
extraction to start of RT was 18 days, and was not associated
with ORN (� vs > median time, HR 1.9, p = .4). Smoker at
diagnosis and tonsil subsite were significantly associated
with increased mucosal ulcers/soft tissue necrosis (p < .05)
on multivariable analysis whereas CCI showed a trend

Figure 1. Kaplan-Meier plots showing freedom from locoregional progression, freedom from any progression, disease-specific survival, overall survival, and dis-
ease-free survival.
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towards statistical significance (p < .1) (supporting informa-
tion Table S2). CCI �2 and smoker at diagnosis were associ-
ated with severe late dysphagia/weight loss on multivariable
analysis (supporting information Table S2).

HPV-related disease

Patients with tumors positive for p16 (n = 63), compared to
those with tumors negative for p16 (n = 30), were more

likely to have lower CCI scores (p < .01), fewer pack-years (p
< .01), nonsmokers (p < .01), higher BMI (p < .01), younger
of age (p = .04), and better performance status (p < .01). The
cumulative overall grade �3 toxicity rate was 15% (5% 1SE)
at 5 years in the p16 positive group.

Tumor p16-positive status was strongly associated with
lymph node positivity (N1–N2c vs N0) (Spearman’s correl-
ation of 0.45, p < .001). Neck dissection (which was per-
formed for patients with lymph node positivity) was

Figure 2. Kaplan-Meier plots showing cumulative incidence of late grade �3 toxicity in 182 patients.

Figure 3. Kaplan-Meier plots showing cumulative incidence of specific late grade �3 toxicity in 182 patients.
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associated with lower risk of grade �3 toxicity (hazard ratio
= 0.27, p < .001), likely due to the association with p-16
positivity (hence neck dissection was not included in the
multivariable toxicity analysis).

Prognostic factors for overall survival

Prognostic factors for overall survival on multivariable ana-
lysis (forward model with entry <0.05, removal <0.1)
included performance status (ECOG 1 vs 0, HR = 2.6, p <

.01), pack years (>10 vs �10, HR = 2.2, p = .055), and CCI
(CCI �2 vs 0–1, HR = 1.9, p = .04). Age, N stage, T stage, cur-
rent smoking, and tumor subsite did not reach significance.
Among the patient subset with known HPV status (n = 93,
result of selective HPV testing), the final multivariable model
only selects HPV positivity as a prognostic factor (HR = 5.1, p
= .001), and all other factors do not reach significance

Discussion

In this single institution series, we report the long-term out-
comes of 195 OPSCC patients treated with IMRT plus a SBRT
boost, constituting the largest series in the literature of SBRT
in the primary setting for head and neck malignancies. We
observed a 5-year disease-specific survival and overall sur-
vival of 85% and 67%, respectively. Cumulative incidence of
Grade �3 toxicity at 5 years was 28%. A previous analysis of
the SBRT boost regimen at our center reported only 5% late
grade �3 toxicity. However, this was in a smaller patient

cohort (n = 102), with shorter follow-up, and only included
T1–T2 tumors [1].

Overall, oncologic outcomes following SBRT boost are
similar to those following conventional radiotherapy [23–25].
Few studies with similar patient populations (early T-stage
OPSCC, early to advanced nodal disease) are available for
meaningful comparison, and rates of HPV-associated disease
have not been reported in these studies [24–26].
Nevertheless, one series of early T-stage tumors reported a
5-year OS of 67% [26], identical to the 5-year OS here. Our 2-
year DFS of 81% is also consistent with previous studies,
which report rates between 82 and 90% [24,26] in T1–T2
tumors with earlier nodal classification (N0–N1) than the pre-
sent study.

The apparent high rate of p16 positivity among those
tested in the present study is partly a reflection of selective
p16 testing practices (more often in those lacking a signifi-
cant smoking/alcohol history). The rate of HPV-associated dis-
ease in the Netherlands during the years of study was
40–50% [27,28], although in this population of early T-stage
tumors, many with advanced nodal disease, this rate may
be higher.

Advantages of the regimen include its tolerability and
high compliance rate: all patients completed treatment and
only two required short treatment breaks. Conversely, 70 Gy
conventional regimens typically require treatment breaks in
10–20% of patients due to acute toxicity, which are associ-
ated with worse oncologic outcomes [29,30]. Additionally,
the SBRT boost regimen may be a definitive treatment
option for patients with advanced disease (stage III–IV) who
are not eligible for conventional chemoradiotherapy due to
advanced age and comorbidities which preclude concurrent
chemotherapy; notably, 33 (17%) of patients in our study
were over the age of 70 years. Finally, by avoiding concur-
rent chemotherapy, ototoxicity, renal dysfunction, and other
chemotherapy-related toxicities are avoided.

The major limitation of the SBRT boost regimen is the
high rate of severe late toxicity. Notably, 30 patients (16%)
developed mucosal ulcers/soft tissue necrosis. Following con-
ventional RT, late mucosal ulceration is relatively rare, occur-
ring in 1–8% of patients [23,24,31,32]. Our 9% rate of ORN is
also higher than in the literature (<3% with modern radi-
ation techniques) [5,21,33] with many grade 4 ORN cases
which are rare following conventional RT [21,25,33]. The rates
of severe late dysphagia we observed (crude rates of 2% at
both 1 and 2 years) are slightly lower than those following
conventional IMRT in early stage disease (crude 1- and 2-year
rates of 7% and 4%, respectively) [34]. ”These findings are
consistent with historical data showing increased late toxicity
with hypofractionation in head and neck cancers [4,5]. The
majority of head and neck SBRT studies in the literature are
in the setting of re-irradiation for recurrent disease, and
while some of these have reported high incidence (10–17%)
of necrotic processes such as soft tissue necrosis and carotid
blow-out [7–9,16], others have not found this to be the case,
with total late grade �3 toxicity rates of 3–6% [11,12].
Different dose fractionation regimens as well as patient
selection criteria may largely account for this difference.

Table 2. Distribution of maximum toxicity scores in 182 evaluated patients
(crude numbers).

Endpoint Grade 3 n (%) Grade 4 n (%) Grade 5 n (%)

Overall max score 39� (21.4%) 6 (3.2%) 2 (1.1%)
Mucosal ulcer/soft tissue necrosis 28 (15.4%) 1 (0.5%) 1 (0.5%)
Dysphagia 15 (9.0%) 0 0
Weight loss 7 (3.8%) 0 0
Osteoradionecrosis 3 (1.6%) 5 (2.7%) 1 (0.5%)
Trismus 4 (2.2%) 0 0
Aspiration 1 (0.5%) 0 0
Xerostomia 0 0 0
�Including 12 patients with 2 or more grade 3 events.

Table 3. Prognostic factors for grade �3 late toxicity.

Univariable Multivariable

HR 95% CI p HR 95% CI p

Sex (male vs. female) 0.61 0.34–1.08 .089
Age (>65 vs. �65) 1.05 0.56–1.97 .9
ECOG (1 vs. 0) 1.00 0.49–2.08 1.0
Pack years (>10 vs. �10) 1.93 0.86–4.29 .11
Smoker at diagnosis (yes vs. no) 2.84 1.47–5.49 .002 2.91 1.51–5.51 .001
History of alcohol abuse (yes vs. no) 1.37 0.75–2.51 .3
CCI (� 2 vs. < 2) 1.84 1.02–3.31 .042 1.90 1.06–3.43 .032
BMI at start of RT (�22 vs. >22) 1.67 0.89–3.11 .11
Tumor subsite tonsil (vs other) 1.17 0.65–2.11 .6
Tumor subsite BOT (vs other) 0.42 0.15–1.17 .095
T stage (T3 vs. T1–T2) 1.49 0.63–3.50 .4
Bilateral vs. unilateral neck RT 1.09 0.61–1.95 .8
Tooth extraction prior to RT 1.09 0.60–2.00 .8

BMI: body mass index; BOT: base of tongue; CCI: Charlson Comorbidity Index;
CI: confidence interval; ECOG: Eastern Cooperative Oncology Group; HR: hazard
ratio; RT: radiotherapy. Bold values indicate statistical significance (p<0.05).
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One other study evaluating SBRT boost (10–25 Gy in 3–5
fractions) following conventionally-fractioned RT (median
50.4 Gy) reported grade �3 toxicity in 35% (soft tissue necro-
sis in 27%) [6].

Risk factors for severe late toxicity were identified, and
smoking at the time of diagnosis was the factor which
emerged most consistently. This was predictive for total
grade �3 late toxicity, and also for mucosal ulceration/soft
tissue necrosis, and dysphagia/weight loss. The cumulative
incidence of severe late toxicity in current smokers was 41%,
versus 14% in nonsmokers. This is consistent with the vaso-
constrictive and thrombotic microvascular effects of cigarette
smoking [35], which likely compound the microvascular
injury from radiation which can lead to late toxicity. A less
pronounced effect has been demonstrated following conven-
tional RT, where an 18% increase in late grade �3 toxicity
has been observed in smokers compared to non-
smokers [36].

Tooth extraction prior to RT was strongly associated with
ORN. This was despite a median interval of 18 days before
the start of treatment, an interval which has been associated
with low ORN risk in conventional radiotherapy [37].
Comorbidity as measured by the CCI was significantly associ-
ated with general grade �3 late toxicity and late grade �3
dysphagia/weight loss, and with a trend (p < .1) for
increased mucosal ulcers/soft tissue necrosis. Greater comor-
bidity burden may reduce general physiologic reserve, and
increase susceptibility to toxicity. To our knowledge, comor-
bidity has not previously been examined as a potential prog-
nostic factor for toxicity in head and neck cancer. Finally,
tonsil primaries were at higher risk of severe late mucosal
ulcers/soft tissue necrosis, potentially due to close proximity
to the oropharyngeal wall. It is notable that patients with
tumors positive for p16 experienced less grade �3 toxicity (5
year 15%), likely because they tend to be nonsmokers,
younger, and with fewer comorbidities.

In summary, the regimen of accelerated IMRT and SBRT
boost generated good long-term OS and DSS, but with high
rates of severe late tissue necrosis, ORN, and overall late
grade �3 toxicity. To improve the risk-benefit ratio, the
protocol for tooth extraction will need evaluation with the
goal of reducing rates of osteoradionecrosis. Further study
will be needed to determine dose constraints for normal
structures, particularly the mandible.
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