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Abstract

Objective. To evaluate the effect of definitive radiotherapy dose on survival in patients with
human papillomavirus positive oropharyngeal carcinoma.
Methods. Human papillomavirus positive oropharyngeal carcinoma patients staged T1–3 and
N0–2c, who received definitive radiotherapy (fraction sizes of 180 cGy to less than 220 cGy),
were identified from the National Cancer Database 2010–2014 and stratified by radiation dose
(50 Gy to less than 66 Gy, or 66 Gy or more).
Results. A total of 2173 patients were included, of whom 124 (6 per cent) received a radiation
dose of 50 Gy to less than 66 Gy. With a median follow up of 33.8 months, patients had a
3-year overall survival rate of 88.6 per cent (95 per cent confidence interval = 87.1–90.1 per
cent). On multivariate Cox analysis, a radiotherapy dose of 50 Gy to less than 66 Gy (hazard
ratio = 0.95, 95 per cent confidence interval = 0.52–1.74, p = 0.86) was not a predictor of
increased mortality risk.
Conclusion. Human papillomavirus positive oropharyngeal carcinoma patients had excellent
outcomes with definitive radiotherapy doses of 50 Gy to less than 66 Gy. These results further
support patients enrolling into clinical trials for radiation dose de-escalation.

Introduction

The incidence of human papillomavirus (HPV) associated oropharyngeal cancer con-
tinues to increase,1 and HPV status has been found to be a strong prognostic factor for
survival.2–4 The Radiation Therapy Oncology Group ‘RTOG 0129’ trial evaluated a
large cohort of patients in a randomised controlled trial, in which patients received con-
current chemotherapy and radiotherapy (RT). The study found that patients with
HPV-positive tumours had a three-year overall survival rate of 82 per cent, compared
with 57 per cent in patients with HPV-negative tumours.2

The standard combination of chemotherapy and RT (70 Gy), established by the Head
and Neck Intergroup5 and French Head and Neck Oncology and Radiotherapy Group
(‘GORTEC’)6 for stage III or IV oropharyngeal cancer, can result in grade three to four
toxicity rates of 56–89 per cent, with toxicities including mucositis, dysphagia and leuko-
penia. Long-term side effects include grade three to four pharyngeal and/or laryngeal
toxicity, and a requirement for a feeding tube.7

Given the overall excellent prognosis of HPV-positive tumours, there is significant
interest in de-intensifying treatment, with the goal of reducing both acute and chronic
toxicity in this population of younger and healthier patients.

A recent phase II study showed an excellent pathological complete response rate of 86
per cent after treatment with a reduced radiation dose of 60 Gy, weekly low-dose cisplatin
and planned neck dissection.8 Another phase II trial, by the Eastern Cooperative
Oncology Group (ECOG 1308), evaluated dose de-escalation with 54 Gy RT in patients
with a complete clinical response to induction chemotherapy. The results showed excel-
lent rates of progression-free survival and overall survival of 80 per cent and 94 per cent,
respectively.9 In particular, patients with favourable features (lower than tumour (T) stage
T4, lower than nodal (N) stage N2c, and 10 pack-year or fewer smoking history) treated
with a radiation dose of 54 Gy or lower had two-year overall survival and progression-free
survival rates of 96 per cent and 96 per cent, respectively. A third phase II study also eval-
uated dose de-escalation with 54 Gy radiation in patients with a complete or partial
response to induction chemotherapy and 60 Gy in patients with less than partial or no
responses.10 That study reported an excellent two-year progression-free survival rate of
92 per cent. Several additional clinical trials evaluating treatment de-intensification
with lower radiation doses are ongoing.

In this hospital-based population study, we evaluated survival outcomes in relation to
RT dose in patients with HPV-positive tumours.
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Materials and methods

The National Cancer Database is a joint programme of the
American College of Surgeons Commission on Cancer and
the American Cancer Society. The National Cancer Database
is a nationwide, facility-based, comprehensive clinical surveil-
lance resource oncology dataset that captures 70 per cent of all
newly diagnosed malignancies in the USA annually.11 Access
to the de-identified National Cancer Database file was granted
to the listed authors. Institutional review board approval was
obtained.

We evaluated patients with non-metastatic, T1–3, N0–2c

oropharyngeal carcinoma, who received definitive RT with
known radiation doses shown in the National Cancer
Database (2010–2014) (Figure 1). Patients with no vital status
or less than six months of follow up were excluded. Patients
were also excluded if they had had prior cancer, non-
squamous histology findings or undergone definitive surgery,
or if chemotherapy use, education and income were unknown.
Definitive surgery was determined using surgical codes from
the Facility Oncology Registry Standards manual.

Total radiation doses were calculated as the sum of the
recorded regional and boost radiation doses. Dose per fraction

was determined from the total radiation dose and the recorded
total number of fractions. Patients were stratified by radiation
dose (i.e. those receiving 66 Gy or more, and those receiving 50
Gy or more but less than 66 Gy). The threshold of 66 Gy was
used because doses of 66 Gy in 2.2 Gy per fraction12 and 70 Gy
in 2.0 Gy per fraction are considered to be the standard of care
treatment dose for oropharyngeal cancer according to the
National Comprehensive Cancer Network (version 3.2019)
and consensus guidelines.13,14 An upper threshold of 80 Gy
was used. Patients who received radiation as a palliative meas-
ure were excluded from analysis. Patients were included if they
received a radiation dose per fraction of 180 cGy to less than
220 cGy.

Statistical analysis of categorical data was performed
with the chi-square test. Survival curves were plotted
using the Kaplan–Meier method. The effect of RT dose
was evaluated using Cox proportional hazards modelling,
adjusted for clinicopathological, demographic and socio-
economic factors.

Socioeconomic and demographic factors included age, race,
insurance status, facility type, distance from treatment centre,
median income and education. Education was measured
according to the number of adults in the patient’s zip code

Fig. 1. Consolidated Standards of Reporting Trials
(‘CONSORT’) diagram detailing the study inclusion
criteria. SCC = squamous cell carcinoma; RT = radio-
therapy; N = node; T = tumour; HPV = human papillo-
mavirus; OPC = oropharyngeal carcinoma
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Table 1. Baseline patient and disease characteristics

Characteristic
Radiation dose (n (%))

P-value

≥66 Gy* 50 to <66 Gy†

Treatment year 0.34

– 2010 172 (8.4) 9 (7.3)

– 2011 300 (14.6) 26 (21.0)

– 2012 409 (20.0) 27 (21.8)

– 2013 545 (26.6) 29 (23.4)

– 2014 623 (30.4) 33 (26.6)

Age 0.26

– ≥65 years 444 (21.7) 21 (16.9)

Gender 1

– Female 298 (14.5) 18 (14.5)

Race 0.50

– White 1891 (92.3) 117 (94.4)

– Other 158 (7.7) 7 (5.6)

Overall AJCC stage 0.053

– I 19 (0.9) 2 (1.6)

– II 117 (5.7) 3 (2.4)

– III 417 (20.4) 36 (29.0)

– IV 1496 (73.0) 83 (66.9)

Tumour (T) category <0.001‡

– T1 418 (20.4) 29 (23.4)

– T2 1033 (50.4) 59 (47.6)

– T3 549 (26.8) 25 (20.2)

– NA 49 (2.4) 11 (8.9)

Nodal (N) category 0.56

– N0 187 (9.1) 8 (6.5)

– N1 314 (15.3) 26 (21.0)

– N2 139 (6.8) 9 (7.3)

– N2a 204 (10.0) 11 (8.9)

– N2b 911 (44.5) 56 (45.2)

– N2c 285 (13.9) 13 (10.5)

– NA 9 (0.4) 1 (0.8)

Charlson/Deyo score 0.74

– 0 1782 (86.9) 106 (85.5)

– ≥1 267 (13.0) 18 (14.5)

HPV subtype 0.94

– Type not stated 198 (9.7) 13 (10.5)

– High risk type 16 1334 (65.1) 79 (63.7)

– Other subtype 517 (25.2) 32 (25.8)

Zip-code level income (USD) 0.014‡

– <48 K 268 (13.1) 12 (9.7)

– ≥48 K 490 (23.9) 23 (18.5)

– 48–63 K 608 (29.7) 30 (24.2)

– 63 K 683 (33.3) 59 (47.6)

Insurance status 0.35

– Private 1275 (62.2) 82 (66.1)

(Continued )
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who did not graduate from high school. Clinicopathological
factors included tumour (T) category, nodal (N) category,
HPV subtype, Charlson/Deyo co-morbidity score, chemother-
apy and year of diagnosis. Smoking status, and details regard-
ing chemotherapy dosing or type, are not recorded in the
National Cancer Database. Staging was based on the
American Joint Committee on Cancer, seventh edition.

Survival analysis was performed using the adjusted staging
of the International Collaboration on Oropharyngeal Cancer
Network for Staging (‘ICON-S’), given their improved use as
a prognosticator in HPV-related oropharyngeal cancer.15

Thus, in our analysis, ipsilateral lymph node involvement
with categories N1, N2a and N2b were grouped together
(International Collaboration on Oropharyngeal Cancer
Network for Staging N1).

The primary outcome was overall survival. Details regard-
ing patterns of disease recurrence (local-regional or distant
relapse) were not available. Bivariate analysis using the chi-
square test was used to analyse categorical variables with
respect to differing RT dose levels. Binomial logistic regression
was performed to identify factors that predicted the receipt of

RT with lower doses (50 Gy to less than 66 Gy). Survival
curves were plotted using the Kaplan–Meier method, and
the log-rank test was used to determine statistical significance.
The Cox proportional hazards model was used to identify fac-
tors associated with overall survival in multivariate analysis
models. All tests were two-sided, and a p-value of less than
0.05 was regarded as statistically significant. All statistical ana-
lyses were performed using R statistical packages.

Results

A total of 2173 patients with HPV-positive oropharyngeal car-
cinoma were included for analysis. Patient and disease baseline
characteristics are summarised in Table 1. The median age was
57 years (range, 22 to 90 years). Ninety-four per cent of
patients had stage III–IV disease, 87 per cent had a
Charlson/Deyo score of 0, and 90 per cent received chemo-
therapy. The HPV positivity was documented as high risk
type 16 in 65 per cent of patients, as type not stated in 25
per cent and as another subtype in 10 per cent. Among
these patients, 124 (6 per cent) received an RT dose of 50

Table 1. (Continued.)

Characteristic Radiation dose (n (%)) P-value

≥66 Gy* 50 to <66 Gy†

– Government 653 (31.9) 38 (30.6)

– Not insured 99 (4.8) 2 (1.6)

– Unknown 22 (1.1) 2 (1.6)

Zip-code level education** 0.016‡

– >21 256 (12.5) 16 (12.9)

– 13–21 497 (24.3) 21 (16.9)

– 7–12.9 715 (34.9) 36 (29.0)

– <7 581 (28.4) 51 (41.1)

Facility type 0.61

– Academic or research programme 835 (40.8) 56 (45.2)

– Community cancer programme 163 (8.0) 13 (10.5)

– Comprehensive community cancer programme 785 (38.3) 42 (33.9)

– Integrated network cancer programme 230 (11.2) 11 (8.9)

– Unknown 36 (1.8) 2 (1.6)

Distance from treatment facility (miles) 0.48

– <10 962 (46.9) 60 (48.4)

– 10–20 453 (22.1) 33 (26.6)

– 20–50 431 (21.0) 24 (19.4)

– 50–100 135 (6.6) 5 (4.0)

– >100 68 (3.3) 2 (1.6)

Chemotherapy? 0.63

– Yes 1838 (89.7) 109 (87.9)

Regional nodes examined (n) 0.07‡

– None 1818 (88.7) 104 (83.9)

– 1–5 147 (7.2) 9 (7.3)

– >5 62 (3.0) 9 (7.3)

– Unknown 22 (1.1) 2 (1.6)

*n = 2049; †n = 124. ‡Indicates statistical significance ( p < 0.05). **Number of adults in patient’s zip code who did not graduate from high school. RT = radiotherapy; AJCC = American Joint
Committee on Cancer; NA = not applicable; HPV = human papillomavirus
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Gy to less than 66 Gy. All patients received radiation doses of
50 Gy to less than 80 Gy. Additionally, all patients received
radiation fraction sizes of 180 cGy to less than 220 cGy. On
multiple logistic regression, no factors were associated with
an increased likelihood of receiving radiation doses of 50 Gy
to less than 66 Gy (Table 2).

With a median follow up of 33.8 months (range, 6.0–83.0
months), the entire cohort of patients with HPV-positive
tumours had a 3-year overall survival rate of 88.6 per cent
(95 per cent confidence interval (CI) = 87.1–90.1 per cent).
A total of 254 deaths were recorded during the study period
(12 per cent). Patients receiving a radiation dose of 66 Gy or
more or 50 Gy to less than 66 Gy had a three-year overall
survival rate of 88.5 per cent (95 per cent CI = 87.0–90.1 per
cent) and 89.9 per cent (95 per cent CI = 84.0–96.2 per
cent), respectively (log-rank p = 0.57) (Figure 2).

On univariate survival analysis, older age, advanced T cat-
egory, government-type insurance and not receiving

chemotherapy increased the risk of all-cause death (Table 3).
A radiation dose of 50 Gy to less than 66 Gy, race, N category,
a Charlson/Deyo score, and number of nodes examined were
not significant predictors for survival.

Multivariate Cox analysis included age, T category, N cat-
egory and additional significant parameters at the 10 per
cent significance level from the univariate analysis. On multi-
variate analysis, radiation doses of 50 Gy to less than 66 Gy
(hazard ratio = 0.95, 95 per cent CI = 0.52–1.74, p = 0.86) did
not independently predict increased mortality risk when
compared with doses of 66 Gy or more (Table 3).
Multivariate analysis also revealed that advanced T stage
(T3) and not having received chemotherapy were independent
predictors of increased mortality.

Discussion

In this hospital-based analysis of 2173 patients with T1–3 and
N0–2c HPV-positive oropharyngeal cancer, we found that
definitive RT doses of 50 Gy to less than 66 Gy did not have
a statistically significant impact on survival when compared
with doses of 66 Gy or more, on multivariate analysis. The
overall survival rate at three years in patients receiving 50 Gy
to less than 66 Gy was excellent, at 90 per cent. These survival
outcomes are similar to those of recent phase II studies in
which patients received treatment de-escalation with RT
doses of 54 to 60 Gy.9,10

These results are consistent with the literature in which
patients with HPV-positive oropharyngeal cancer have been
found to exhibit an enhanced response to radiation with a
more dramatic rapid initial regression than those with
HPV-negative tumours.16 The exact mechanism of the
HPV-mediated treatment response is unclear. The HPV infec-
tion results in viral products E6 and E7, which leads to the
suppression of p53 and retinoblastoma protein (pRb).
However, in vitro and in vivo studies have shown that high-
level expression of E6 oncogene results in radiation resist-
ance,17 while reducing the expression of E6 and E7 results in

Table 2. Multiple logistic regression for RT dose of 50 to less than 66 Gy

Factor OR (95% CI) P-value

Age (years)

– <65 Reference

– ≥65 0.64 (0.34–1.16) 0.15

Gender

– Male Reference

– Female 0.96 (0.51–1.67) 0.88

Race

– White Reference

– Other 0.87 (0.33–1.89) 0.75

Tumour (T) category

– T0–1 Reference

– T2 0.93 (0.56–1.57) 0.78

– T3 0.86 (0.46–1.60) 0.64

Nodal (N) category

– N0 Reference

– N1, N2a, N2b 1.30 (0.63–3.05) 0.51

– N2c

Charlson/Deyo score

– 0 Reference

– ≥1 1.21 (0.66–2.09) 0.52

Insurance status

– Private Reference

– Government 1.33 (0.79–2.20) 0.28

– Not insured 0.23 (0.01–1.06) 0.14

Chemotherapy?

– No Reference

– Yes 0.98 (0.52–2.03) 0.95

Nodes examined (n)

– 0 Reference

– 1–5 0.88 (0.33–1.94) 0.77

– >5 1.24 (0.42–2.91) 0.65

RT = radiotherapy; OR = odds ratio; CI = confidence interval

Fig. 2. Kaplan–Meier survival estimates for patients who received total radiation
doses of 66 Gy or more, or 50 to less than 66 Gy (log-rank p = 0.57).
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increased sensitivity to cisplatin and radiation.18 Perhaps, the
rapid response to treatment is related to the viral antigens
expressed, which allow for an enhanced host immune
response.19,20

Currently, there are several approaches under investigation
that focus on de-intensifying treatment with decreases in radi-
ation dose.21 The NRG (acronym derived from the first letters
of the following parental groups: National Surgical Adjuvant
Breast and Bowel Project, Radiation Therapy Oncology
Group, and Gynecologic Oncology Group) Head and Neck
Oncology Group is performing a randomised phase II trial
(ClinicalTrials.gov identifier: NCT02254278) evaluating che-
moradiation (60 Gy in six weeks with concurrent 40 mg/m2

weekly cisplatin for six weeks) compared with accelerated
RT alone (60 Gy in five weeks using six fractions per week).
The Lineberger Comprehensive Cancer Center is also

performing a phase II study (NCT02281955) to evaluate che-
moradiotherapy with 60 Gy intensity-modulated RT.
Additionally, the Quarterback Trial (NCT01706939) is a ran-
domised, phase III study evaluating chemoradiation with 56
Gy or 70 Gy after induction chemotherapy. Furthermore,
our institution is evaluating chemoradiation treatment
de-escalation with 60 Gy in patients who experience early
tumour shrinkage mid-treatment (NCT03215719). Patients
receive an interval scan at four weeks to assess for a good
response, defined as more than 40 per cent nodal shrinkage,
and patients are stratified according to the treatment received:
standard treatment with 70 Gy or a dose-deescalated treatment
regimen.

We were unable to evaluate patients who received radiation
doses of less than 50 Gy as patients would not typically be trea-
ted definitively with those doses. A pilot study is currently

Table 3. Prognostic factors for overall survival

Univariate Multivariate

Factor HR (95% CI) P-value HR (95% CI) P-value

Radiation dose

– ≥66 Gy Reference Reference

– 50 to <66 Gy 0.85 (0.49–1.49) 0.57 0.95 (0.52–1.74) 0.86

Age (years)

– <65 Reference Reference

– ≥65 2.27 (1.75–2.94) <0.001 1.25 (0.90–1.73) 0.19

Race

– White Reference

– Other 0.97 (0.61–1.54) 0.89

Tumour (T) category

– T0–1 Reference Reference

– T2 1.69 (1.13–2.52) 0.011 1.34 (0.88–2.06) 0.17

– T3 3.08 (2.05–4.63) <0.001 2.57 (1.66–3.98) <0.001*

Nodal (N) category

– N0 Reference Reference

– N1, N2a, N2b 0.73 (0.49–1.10) 0.13 1.22 (0.80–1.89) 0.35

– N2c 1.10 (0.68–1.77) 0.70 1.61 (0.96–2.69) 0.07

Charlson/Deyo score

– 0 Reference

– ≥1 1.26 (0.90–1.77) 0.18

Insurance status

– Private Reference

– Government 2.95 (2.29–3.81) <0.001

– Not insured 1.39 (0.73–2.67) 0.32

Chemotherapy?

– No Reference Reference

– Yes 0.47 (0.34–0.65) <0.001 0.49 (0.34–0.71) <0.001*

Nodes examined (n)

– 0 Reference Reference

– 1–5 0.57 (0.31–1.04) 0.07 0.79 (0.40–1.55) 0.49

– >5 0.75 (0.38–1.46) 0.39 0.80 (0.37–1.70) 0.56

Multivariate model includes age, tumour (T) category, nodal (N) category and parameters found to be at 10 per cent significance level in the univariate procedure. *Indicates statistical
significance ( p < 0.05). HR = hazard ratio; CI = confidence interval
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evaluating a radiation dose of 30 Gy given with concurrent
chemotherapy in select patients with HPV-positive oropha-
ryngeal carcinoma (NCT00606294). Patients qualify for a
dose reduction if they do not demonstrate persistent hypoxia
on evaluation with 18F-fluoromisonidazole positron emission
tomography imaging. Preliminary results are promising, with a
pathological complete response seen in 18 of 19 patients.22

The objective of radiation dose reduction in these clinical
trials is to allow for clinically significant decreases in radiation
doses to normal tissue structures. For instance, use of
intensity-modulated RT to spare swallowing structures has
been shown to provide potential benefits in patient-reported,
observer-rated and objective measures of swallowing.23 Thus
far, limited data are available on quality-of-life outcomes in
patients receiving dose de-escalation. The Eastern
Cooperative Oncology Group ECOG 1308 study reported
excellent quality-of-life outcomes in patients who received
dose de-escalation, but it is unclear whether this was due to
better tumour selection or treatment effect.9 Therefore, we
anticipate the results of the ongoing trials such as the NRG
randomised phase II study (ClinicalTrials.gov identifier:
NCT02254278), which will be evaluating quality-of-life out-
comes using several validated head and neck cancer specific
questionnaires.

Our results must be interpreted within the limitations of
this study. The exact threshold for RT dose cannot be eluci-
dated from this analysis given the limited number of patients
receiving an RT dose of less than 66 Gy. With more patients
in a future database analysis, a receiver operating characteristic
curve may be more useful in potentially providing a more
meaningful threshold. Furthermore, smoking status, chemo-
therapy details, and cancer-specific outcomes including local-
regional control and distant metastasis were not recorded in
the National Cancer Database. Cancer-specific outcomes
may be particularly important in the HPV-associated patients
given the improved prognosis when compared with
HPV-negative patients.24 Therefore, three-year survival out-
comes may not be sufficient in HPV-associated oropharyngeal
cancers. Additional limitations of this data analysis include
coding errors, incomplete data and selection bias. Regarding
HPV status, limitations include non-uniform HPV testing
methods, variable proportions of HPV evaluation across insti-
tutions, and potential biases in each institution with known
versus unknown HPV status. The strength of this study lies
in the large cohort of patients evaluated and the radiation
details that were evaluated, which included regional radiation
dose, boost dose and number of fractions.

• Several ongoing, large randomised trials highlight current interest in
treatment de-escalation in human papillomavirus (HPV)-associated
oropharyngeal cancer

• A hospital-based analysis was conducted of over 2000 patients with
HPV-associated oropharyngeal cancer receiving de-escalated definitive
radiotherapy (RT)

• Patients treated with 50 to less than 66 Gy did not have compromised
survival when compared to those who received standard RT doses of
66 Gy or more

• These promising results further support patients enrolling into clinical
trials for radiation dose de-escalation

• Such dose de-escalation can reduce toxicity and improve long-term
quality of life in this patient population who are younger and healthier

Of note, the recent NRG Oncology/RTOG 1016 trial was a
negative phase III study that showed inferior survival using
treatment de-escalation using cetuximab instead of cisplatin.25

Therefore, the standard of care remains to treat patients with
local regionally advanced oropharyngeal carcinoma with
standard dose chemoradiotherapy until we have phase III
data showing efficacy of RT dose de-escalation.13

In conclusion, in our analysis of over 2173 patients with
HPV-positive oropharyngeal carcinoma, RT doses of 50 Gy
to less than 66 Gy did not negatively impact survival in
these hypothesis-generating data. These results further support
patients enrolling into clinical trials for RT dose de-escalation.
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