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Abstract

Background: Tumor human papillomavirus (HPV) status has emerged as one of the most powerful prognostic factors
for disease control and survival in patients with oropharyngeal squamous cell carcinoma (OPSCC). We reviewed our
experience in patients with OPSCC and known tumor HPV status treated with definitive chemoradiotherapy (CRT).

Methods: Patients with stage III-IVb OPSCC and known tumor HPV status treated with CRT between 2006 and 2011
were identified from an IRB approved registry for this retrospective review. Outcomes were estimated using the
Kaplan-Meier method and compared between HPV-positive and negative patients using the log-rank test.

Results: Of the 121 pts (89% male, 93% Caucasian) included in this study, median age was 57 (range: 40–73) and
median follow-up was 21 months (range: 6–63). Ninety-seven (80%) patients were HPV-positive and 24 (20%) were
HPV-negative. Primary site was base of tongue (55%), tonsil (44%), and oropharyngeal wall (2%). Two year rates of
locoregional recurrence (3% vs. 26%; p = 0.002), disease free survival (93% vs. 64%; p = 0.001) and overall survival
(94% vs 73%; p = 0.002) were superior in HPV-positive patients, while rates of distant recurrence were similar
(3% vs. 5%; p = 0.98). While acute toxicities were similar between both groups, patients with HPV-positive disease were
more likely to resume a normal diet (90% vs. 65%; p = 0.017) at last follow up. Also, no HPV-positive patient required a
feeding tube beyond 6 months after treatment, compared with 24% of HPV-negative patients.

Conclusions: Definitive CRT produces excellent rates of disease control with minimal late toxicity for patients with
HPV-positive OPSCC. Studies of OPSCC should account for tumor HPV status when identifying factors prognostic
for outcome.
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Background
Recent epidemiologic studies have demonstrated that the
incidence of oropharyngeal squamous cell carcinoma
(OPSCC) has been steadily increasing in the United States
[1,2]. This increase has largely been due to the precipitous
rise of human papilloma virus (HPV) associated OPSCC,
comprising approximately 70% of all oropharyngeal tumors
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in the U.S. [2]. The overall prevalence of oral HPV
infection has recently been documented as 6.9% [1]. By
contrast, the incidence of HPV-negative OPSCC, most
commonly associated with tobacco and alcohol, is
declining [2].
HPV-associated head and neck cancer has been shown to

have a distinct set of risk factors, demographic tendencies,
histologic appearances and genetic signatures and is
considered to be a different disease from smoking and
alcohol related HNC [3-6]. Several retrospective and
prospective studies have demonstrated that the unique
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phenotypic and biological profile of HPV associated
OPSCC translate into superior disease free and overall
survival outcomes, whether treated non-operatively
with definitive radiation, chemoradiotherapy, or treated
primarily with surgery [5,7-11].
At our institution, we have tested oropharyngeal cancers

for HPV status since 2006 using in situ hybridization.
As tumor p16 expression has been found to be a useful
surrogate for tumor HPV status and more sensitive at
detecting all oncogenic HPV types, we began testing for
p16 as well in 2009 [10]. This is the first report of our
experience with tumor control outcomes, patterns of
failure, and toxicity profiles in patients with locally
advanced OPSCC with known HPV status treated with
definitive chemoradiotherapy (CRT). We also sought to
identify patient, tumor, and treatment related factors
that were associated with these endpoints.

Methods
This IRB approved retrospective review included patients
with histologically confirmed stage III-IVb OPSCC with
known HPV status treated with definitive chemoradio-
therapy (CRT) at our institution between 1/2006 - 3/2011.
Patients meeting the study criteria were identified after
conducting a search of our radiation database, Mosaiq,
which was queried for all patients with oropharyngeal
cancer treated with RT during the years of interest. Patients
treated with prior surgery or radiotherapy alone were ex-
cluded. Moderate or greater alcohol use (>3 drinks daily)
and tobacco exposure data, including pack years, were
collected on all patients. Patients were considered former
drinkers or smokers if they quit >2 months prior to diag-
nosis. Patient, tumor, and treatment related factors were
compared between HPV-positive and negative patients
using the Wilcoxon rank sum test, Fisher’s exact test, or
the Chi-square test.
Each biopsy specimen was evaluated for HPV infection

with the high-risk strains of 16, 18, 31, 33 and 45. Initially,
HPV status was determined using an in situ hybridization
technique. Since 2009, we have also performed immuno-
histochemical analysis for p16 status on all patients with
oropharyngeal SCC. Samples that demonstrated strong
and diffuse staining in >75% of the tumor cells were
considered positive. Patients with p16 expression, but
negative or no HPV in situ hybridization testing were also
included in the HPV-positive group.
All patients were treated definitively with CRT. Radio-

therapy was delivered with once-daily fractions of 2 Gy/fx
to a total dose of 70–74 Gy or in twice-daily fractions of
1.2 Gy/fx to a total dose of 74.4 Gy. Twice daily radiation
was typically offered to high performing patients with T3
or T4 disease. The majority of patients were treated with a
conventional 3-field approach, while more recent patients
were treated with intensity-modulated radiation therapy
(IMRT). All patients were administered chemotherapy.
Patient treated in the earlier years were treated with 2
courses of 4-day infusions of fluorouracil (1000 mg/m2/day)
and cisplatin (20 mg/m2/day) during the first and fourth
weeks of radiation, as per our previous institutional stand-
ard [12]. Single agent high dose cisplatin of 100 mg/m2
on days 1, 22 and 43 of the radiation was an alternative
regimen used more often in recent years. Two patients
were also treated with gefitinib, an oral tyrosine kinase
inhibitor in addition to cytotoxic chemotherapy as part of
a phase II trial. Salvage neck dissection was reserved for
patients who had metabolically active persistent neck
disease evident on PET/CT three months after the
completion of therapy, or in those with persistently
palpable nodal masses that were of particular clinical
concern.
Toxicity was scored according to the Common Termin-

ology Criteria for Adverse Events v3.0 scale [13]. A normal
diet at follow up was defined as a patient not requiring
nutritional supplements or a feeding tube and having no
significant dietary limitations. Routine follow-up included
comprehensive multispecialty evaluation at 3 months
post-treatment with imaging, typically with PET/CT. This
was followed by office visits at least every 3 months for
years 1–2, every 4 months for years 3–4, every 6 months
for year 5, and annually thereafter. All first recurrences
were histologically confirmed if possible. Failures in the
oropharynx or neck were recorded as locoregional failures,
while failures outside these areas were recorded as distant
failures. Locoregional recurrence, distant recurrence,
disease free survival (DFS) and overall survival (OS)
were estimated using the Kaplan-Meier method and
compared between HPV-positive and negative patients
using the log-rank test. Both patients who recurred as well
as patients who died with no evidence of disease were
considered events when calculating DFS. Prognostic
factors for outcomes were identified using Cox proportional
hazards analysis. Multivariable analysis could not be done
due to a small number of events. Analyses were done
using SAS® software (SAS Institute, Inc., Cary, NC, USA).
All statistical tests were two-sided, and p < 0.05 was used
to indicate statistical significance.

Results
One hundred twenty-one patients (108 men and 13 women)
with OPSCC were included in this retrospective study.
Baseline demographic and tumor related details are
summarized in Table 1. Patients with HPV-negative
tumors were more likely to present with advanced T
stage compared with patients with HPV-positive tumors
(p = < 0.001), while N stage was similar between groups
(p = 0.71). The T and N distribution of the two patient
groups is outlined in Table 2. Of the 121 tumors tested,
93 were found to be HPV-positive based on the results



Table 1 Baseline patient and tumor characteristics by
HPV status

Variable HPV-positive
(97)

HPV-negative
(24) p-value

Median age (range) 56 (40-70) 58 (45-73) 0.23

Gender 0.022

Male 90 (93%) 18 (75%)

Female 7 (7%) 6 (25%)

Race 0.015

Caucasian 93 (96%) 19 (79%)

Other 4 (4%) 5 (21%)

KPS < 0.001

≥90 89 (92%) 14 (58%)

<90 8 (8%) 10 (42%)

Tobacco use 0.033

Current 14 (14%) 8 (33%)

Former 50 (52%) 13 (54%)

Never 33 (34%) 3 (13%)

Median pack years (range) 10 (0-80) 30 (0-100) < 0.001

Moderate or greater
alcohol use

0.009

Ever 10 (10%) 8 (33%)

Never 87 (90%) 16 (67%)

Year of diagnosis (range) 2009
(2006-2011)

2009
(2007-2010)

0.26

Primary site 0.52

Base of tongue 53 (55%) 13 (54%)

Tonsil 43 (44%) 10 (42%)

Oropharyngeal wall 1 (1%) 1 (4%)

Median diameter, cm (range) 2.8 (1.0-9.3) 3.9 (1.5-7.0) 0.002

Median follow-up, months
(range)

20.4 (5.8-63.0) 24 (7.4-47.7) 0.47

Table 2 TNM Classification of patients by tumor HPV status

N Classification T Classification

HPV-Positive T1 T2 T3 T4

N0 2

N1 3 2

N2a 6 2 1

N2b 18 15 7 3

N2c 4 8 5 7

N3 3 5 3 3

HPV-Negative

N0 1 2

N1 1 2

N2a 1

N2b 2 1 1 2

N2c 1 0 3 3

N3 1 1 2

P values for differences between T stage and N stage for HPV-positive and
HPV-negative groups were p = < 0.001 and p = 0.71, respectively.

Table 3 Treatment characteristics

Variable HPV-positive (97) HPV-negative (24) p-value

Radiation type 65 (67%) 20 (83%) 0.12

3-field 32 (33%) 4 (17%)

IMRT

Frequency 85 (88%) 16 (67%) 0.027

QD 12 (12%) 8 (33%)

BID

Type of chemotherapy 60 (62%) 19 (79%) 0.32

C/F 37 (38%) 5 (21%)

C

Completed all planned
chemotherapy

80 (85%) 21 (88%) 1.0

QD = once daily; BID = twice daily; C/F= cisplatin and 5-fluorouracil; C = cisplatin.
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of in situ hybridization (ISH) and 4 proved ISH negative
or unknown but positive for p16 expression. These four
patients were included in the HPV-positive cohort. No
tumors determined to be HPV-positive based on ISH
were negative for p16 expression.
The median age at diagnosis was 57, median KPS

was 90, and median follow-up was 20.8 months (range
5.8-63 months). The most common primary tumor site
was base of tongue (n = 66), followed by tonsil (n = 53),
and oropharyngeal wall (n = 2). Patients with HPV-positive
tumors were more frequently Caucasian (96% vs 79%;
p = 0.015), male (93% vs 75%; p = 0.022), never smokers
(34% vs 13%; p = 0.033), never moderate or greater
drinkers (90% vs 67%; p = 0.009) and had KPS ≥90
(92% vs. 58%; p < 0.001). HPV-negative tumors were also
more likely to be T3/T4 tumors (79% vs 34%; p < 0.001)
with a larger median diameter (3.9 cm vs 2.8 cm; p = 0.002).
Treatment delivered was similar between patients with
HPV-positive and HPV-negative disease (Table 3). While
radiation type, median doses and fractionation were
similar between the two groups, HPV-negative patients
were more frequently treated with BID RT (33% vs. 12%;
p = 0.027). Type of chemotherapy did not differ signifi-
cantly between groups, and a similarly high proportion
of patients in both groups received all planned cycles of
chemotherapy (88% vs. 85%; p = 1.0). Nearly all patients
completed the prescribed course of RT, with 98% of
HPV-positive and 96% of HPV-negative patients completing
treatment. Three patients did not complete treatment;
two patients died of neutropenic fever, and one patient
died of unknown cause. Two patients with HPV-positive
disease received Gefitinib daily for two years in addition
to cisplatin and fluorouracil.



Table 4 Survival estimates and patterns of failure at 2 years
post CRT

Outcome at 2 years
post CRT

HPV-positive
(95% CI)

HPV-negative
(95% CI)

p-value

Locoregional recurrence 3.3% (0–6.9) 26.3% (6.0-46.6) 0.002

Distant recurrence 2.8% (0–6.9) 4.8% (0–13.9) 0.98

Overall survival 93.9% (87.9-100) 73.2% (52.3-94.2) 0.002

Disease free survival 92.7% (86.9-98.5) 63.5% (42.8-84.1) 0.001
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Survival rates and patterns of failure
Actuarial survival rates and patterns of failure data for all
patients differed significantly between HPV-positive and
HPV-negative tumors (Table 4). HPV-positive patients
had significantly lower 2-year estimates of locoregional
recurrence (3% vs. 26%; p = 0.002, Figure 1), while distant
recurrence estimates were similar (3% vs. 5%; p = 0.98).
HPV-positive patients had superior 2-year actuarial rates
of overall survival (94% vs. 73%; p = 0.002, Figure 2) and
disease free survival (93% vs. 64%; p = 0.001) compared
with HPV-negative patients.
Among patients with HPV-positive tumor status, no

patients failed in the primary site. Among HPV-negative
patients, all three patients with primary site recurrences
died with persistent disease. Three HPV-positive patients
and two HPV-negative patients failed in lymph nodes
only; all five underwent salvage surgery and were disease
free at last follow up. Five patients failed distantly; three
died with disease and two were living with disease at last
follow up. Three patients died while on or immediately
after treatment—two of complications of neutropenic
fever and one from an unknown cause. One patient died
of mantle cell lymphoma. Univariate analysis identified
Figure 1 Kaplan-Meier estimates of locoregional recurrence among a
factors commonly associated with HPV positive disease
as being prognostic for improved overall survival, including
HPV status, KPS, smoking status, T stage, primary tumor
diameter, increasing duration of RT, and increasing total
RT dose. Due to a lack of failure events and excellent over-
all survival, multivariate analysis could not be performed.

Acute and late toxicity
Acute toxicity rates were similar between patients with
HPV-positive and HPV-negative disease, including the
need for feeding tubes (59% vs. 58%; p = 0.97) and rates
of febrile neutropenia (29% vs. 17%; p = 0.23). Rates of
radiation dermatitis (grades 1–4), pain during treatment
(grades 1–3), and pain at 90 days after completing treat-
ment (grades 0–2) were also similar with p values of 0.62,
0.57, and 0.55, respectively. Late toxicity rates differed
significantly between the two groups (Table 5). Six months
after the completion of RT, not a single HPV-positive
patient required a feeding tube, compared to 24% of the
HPV-negative cohort (p < 0.001). More HPV-positive
patients had resumed a normal diet, without the need for
protein supplementation, compared to the HPV-negative
population (90% vs. 65%; p = 0.017). HPV-positive patients
also had a significantly lower rate of trismus (grade ≥ 2)
than those in the HPV-negative cohort (1% vs. 24%;
p = 0.002), while rates of late grade ≥ 2 xerostomia and
dysphagia were comparable (Table 5). Among the 14
HPV-positive patients who experienced grade ≥ 2 dysphagia,
8 patients had recovered, 3 had persistent dysphagia,
and 3 were unknown at last follow-up. Among the five
HPV-negative patients, one patient had recovered, three
had persistent dysphagia, and one was unknown at last
follow-up.
ll patients, according to tumor HPV status.



Figure 2 Kaplan-Meier estimates of overall survival among all patients, according to tumor HPV status.
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Discussion
We have presented a large retrospective review of OPSCC
outcomes stratified by known HPV/p16 status. Our
findings are consistent with the mounting retrospective
and prospective data that demonstrate a strong correlation
between HPV-positive tumor status and improved overall
survival, disease free survival, and recurrence. A review
and meta-analysis summarizing such studies documented
that 17/23 studies demonstrated improved outcomes for
HPV-positive disease [9].
The results reported in the current study are very

similar to those reported in the recent publication from
Ang and colleagues summarizing the results of patients
with OPSCC treated on the RTOG 0129 protocol [5].
Locoregional disease recurrence rates were significantly
better among HPV-positive patients, while rates of distant
failure were similar. HPV-negative disease tended to have
higher T stages, which is why they were more commonly
treated with twice-daily radiation per our institutional
standard. Despite this approach, their locoregional control
and survival were inferior. Importantly, in our series, all
patients with regional only failure were successfully
Table 5 Late toxicity (>90 days post CRT) by HPV status

Late toxicity HPV-positive
(86)

HPV-negative
(17) p-value

Need for feeding tube
6 months post-RT

0 (0%) 4 (24%) <0.001

Normal diet at last follow up 77 (90%) 11 (65%) 0.017

Xerostomia grade≥ 2 69 (80%) 13 (77%) 0.76

Dysphagia grade≥ 2 14 (16%) 5 (29%) 0.20

Trismus grade≥ 2 1 (1%) 4 (24%) 0.002
salvaged surgically. This emphasizes the importance of
close follow up and early salvage surgery for persistent or
recurrent disease in these patients. The suboptimal control
rates in HPV-negative patients underscores the fact that
this disease is biologically distinct, likely requiring distinct
treatment approaches and intensification strategies to
achieve improved tumor control outcomes.
In the subset analysis of oropharyngeal cancer patients

in RTOG 0129, Ang and colleagues used HPV status, >10
smoking pack years, and tumor and nodal stage to classify
patients into three categories with respect to overall
survival. In the current study, the low overall failure rate
among patients with HPV-positive disease precluded
meaningful breakdown of these patients by smoking
status. We plan to further investigate the impact of smoking
on patients with HPV-positive disease in an update to this
study with more patients. While this classification system
of Ang and colleagues incorporates several important
prognostic factors in addition to HPV status, several
recently published studies have shown a number of other
factors including metabolic tumor volume, presence of
low lying neck disease, and the use of intensity modulated
radiotherapy (IMRT) enabling a simultaneous integrated
boost technique, to be associated with improved outcomes
in OPSCC. However, none of these recent studies account
for tumor HPV status in their analysis [14-18]. Additional
investigation is needed to determine whether these and
other variables are prognostic of outcomes independent of
tumor HPV status, and as such, future OPSCC studies
must include tumor HPV status for meaningful analysis.
As survivorship improves after chemoradiotherapy,

late toxicity and its impact on long term quality of life is
becoming a primary outcome of interest in these patients.
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Our experience, albeit with early follow up, demonstrates
excellent functional outcomes overall, especially in the
HPV-positive group of patients. Long term feeding tube
requirements are nonexistent in this group by six months
post treatment, and even in the HPV negative population,
only one patient was still feeding tube dependent after one
year. In addition, the overwhelming majority of patients
resume a normal diet at last follow up with moderate rates
of long term dysphagia and trismus. Overall, compared to
a recent review of RTOG studies which revealed >40% late
severe toxicity in patients treated with definitive chemo-
radiotherapy, our patients experienced markedly lower
rates of late toxicity with less severity[19]. These results also
compare favorably to outcomes in the minimally invasive
surgical series [20]. This may be due to a variety of reasons,
including: differences in patient and tumor characteristics,
better imaging, novel planning techniques – although the
majority of patients in out cohort were not treated with
IMRT-, and improved supportive care. Also, patients with
HPV-associated tumors may manifest less late effects than
HPV-negative patients due to this group generally being
younger, higher performing, with less tobacco and alcohol
exposure and fewer comorbidities. These favorable late
effect profiles need to be considered as new clinical trials
are designed.
The present study has several limitations. It is a retro-

spective cohort study, with inherent selection and recall
biases. The follow up was also limited and may have led
to an underestimation of treatment failures and toxicity.
Retrospective collection of late toxicity data is often
difficult and may suffer from recall bias as well. Some
heterogeneity was observed between treatment arms,
such as the use of twice daily radiation, which presumably
was driven by more frequent T3/4 disease in the HPV
negative cohort. Due to the size of the cohort and lack
of failures, meaningful multivaraiate analysis to identify
prognostic factors other than HPV status was not possible.

Conclusion
Definitive CRT produces excellent rates of disease control
with minimal late toxicity for patients with HPV-positive
OPSCC. Patients with HPV-negative disease have inferior
locoregional control and increased late morbidity after
CRT. Future studies are needed to clarify the relationship
between HPV status and other prognostic factors, and
to optimize treatment paradigms for HPV-positive vs.
HPV-negative disease.

Competing interests
All authors have no competing financial or non-financial interests.

Authors’ contributions
TB participated in all aspects of the study. AN assisted in data acquisition
and revision of the manuscript. GH assisted in study conception and design
and revision of manuscript. LR provided analysis and interpretation of data
and assisted in the revision of the manuscript. AH, DC, JP, JF, and DA
assisted in study conception and design, analysis and interpretation of data,
and assisted in manuscript revision. SA participated in all aspects of the
study. All authors read and approved the final manuscript.
Authors’ information
SA treats a large number of patients with head and neck cancer and is a
member of the Radiation Therapy Oncology Group (RTOG) Head and Neck
Cancer Committee. DA has been a principle investigator for multiple RTOG
studies and is also a member of the RTOG Head and Neck Cancer
Committee.

Author details
1Case Western Reserve University, School of Medicine, Cleveland, OH, USA.
2Department of Radiation Oncology, Taussig Cancer Institute, Cleveland
Clinic, Cleveland, OH, USA. 3Department of Quantitative Health Sciences,
Lerner Research Institute, Cleveland, OH, USA. 4Department of Anatomic
Pathology, Pathology and Laboratory Medicine Institute, Cleveland, OH, USA.
5Department of Solid Tumor Oncology, Taussig Cancer Institute, Cleveland,
OH, USA.

Received: 1 May 2013 Accepted: 30 June 2013
Published: 9 July 2013
References
1. Gillison ML, Broutian T, Pickard RKL, Tong Z-y, Xiao W, Kahle L, Graubard BI,

Chaturvedi AK: Prevalence of oral HPV infection in the United States,
2009–2010. JAMA 2012, 307:693–703.

2. Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E, Jiang B,
Goodman MT, Sibug-Saber M, Cozen W, et al: Human papillomavirus and
rising oropharyngeal cancer incidence in the United States. J Clin Oncol
2011, 29:4294–4301.

3. Gillison ML, D'Souza G, Westra W, Sugar E, Xiao W, Begum S, Viscidi R:
Distinct risk factor profiles for human papillomavirus type 16–positive
and human papillomavirus type 16–negative head and neck cancers.
J Natl Cancer Inst 2008, 100:407–420.

4. Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H, Forastiere A, Gillison
ML: Improved survival of patients with human papillomavirus–positive
head and neck squamous cell carcinoma in a prospective clinical trial.
J Natl Cancer Inst 2008, 100:261–269.

5. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF, Westra
WH, Chung CH, Jordan RC, Lu C, et al: Human papillomavirus and survival
of patients with oropharyngeal cancer. N Engl J Med 2010, 363:24–35.

6. Slebos RJC, Yi Y, Ely K, Carter J, Evjen A, Zhang X, Shyr Y, Murphy BM,
Cmelak AJ, Burkey BB, et al: Gene expression differences associated with
human papillomavirus status in head and neck squamous cell
carcinoma. Clin Cancer Res 2006, 12:701–709.

7. Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, Wu L, Zahurak
ML, Daniel RW, Viglione M, Symer DE, et al: Evidence for a causal
association between human papillomavirus and a subset of head and
neck cancers. J Natl Cancer Inst 2000, 92:709–720.

8. Schwartz SR, Yueh B, McDougall JK, Daling JR, Schwartz SM: Human
papillomavirus infection and survival in oral squamous cell cancer: a
population-based study. Otolaryngol Head Neck Surg 2001, 125:1–9.

9. Ragin CCR, Taioli E: Survival of squamous cell carcinoma of the head and
neck in relation to human papillomavirus infection: review and meta-
analysis. Int J Cancer 2007, 121:1813–1820.

10. Rischin D, Young RJ, Fisher R, Fox SB, Le Q-T, Peters LJ, Solomon B, Choi J,
O'Sullivan B, Kenny LM, McArthur GA: Prognostic significance of p16INK4A
and human papillomavirus in patients with oropharyngeal cancer
treated on TROG 02.02 phase III trial. J Clin Oncol 2010, 28:4142–4148.

11. Licitra L, Perrone F, Bossi P, Suardi S, Mariani L, Artusi R, Oggionni M, Rossini
C, Cantù G, Squadrelli M, et al: High-risk human papillomavirus affects
prognosis in patients with surgically treated oropharyngeal squamous
cell carcinoma. J Clin Oncol 2006, 24:5630–5636.

12. Adelstein DJ, Saxton JP, Rybicki LA, Esclamado RM, Wood BG, Strome M,
Lavertu P, Lorenz RR, Carroll MA: Multiagent concurrent
chemoradiotherapy for locoregionally advanced squamous cell head
and neck cancer: mature results from a single institution. J Clin Oncol
2006, 24:1064–1071.



Bledsoe et al. Radiation Oncology 2013, 8:174 Page 7 of 7
http://www.ro-journal.com/content/8/1/174
13. National Cancer Institute (U.S.): Common terminology criteria for adverse
events (CTCAE) Rev. edn. Bethesda, MD: U.S. Dept. of Health and Human
Services, National Institutes of Health, National Cancer Institute; 2009.

14. Lok BH, Setton J, Caria N, Romanyshyn J, Wolden SL, Zelefsky MJ, Park J,
Rowan N, Sherman EJ, Fury MG, et al: Intensity-modulated radiation
therapy in oropharyngeal carcinoma: effect of tumor volume on clinical
outcomes. Int J Radiat Oncol Biol Phys 2012, 82:1851–1857.

15. Hodge CW, Bentzen SM, Wong G, Palazzi-Churas KL, Wiederholt PA, Gondi
V, Richards GM, Hartig GK, Harari PM: Are we influencing outcome in
oropharynx cancer with intensity-modulated radiotherapy? an inter-era
comparison. Int J Radiat Oncol Biol Phys 2007, 69:1032–1041.

16. La TH, Filion EJ, Turnbull BB, Chu JN, Lee P, Nguyen K, Maxim P, Quon A,
Graves EE, Loo BW Jr, Le Q-T: Metabolic tumor volume predicts for
recurrence and death in head-and-neck cancer. Int J Radiat Oncol Biol
Phys 2009, 74:1335–1341.

17. Clavel S, Nguyen DHA, Fortin B, Després P, Khaouam N, Donath D, Soulières
D, Guertin L, Nguyen-Tan PF: Simultaneous integrated boost using
intensity-modulated radiotherapy compared with conventional
radiotherapy in patients treated with concurrent carboplatin and
5-fluorouracil for locally advanced oropharyngeal carcinoma. Int J Radiat
Oncol Biol Phys 2012, 82:582–589.

18. Setton J, Rao SD, Lian M, Lok B, Sherman E, Ganly I, Wong R, Lee NY:
Low-lying cervical metastases predict for distant metastasis in N2
oropharyngeal cancer patients treated with intensity modulated
radiotherapy. Int J Radiat Oncol Biol Phys 2011, 81:S17.

19. Machtay M, Moughan J, Trotti A, Garden AS, Weber RS, Cooper JS,
Forastiere A, Ang KK: Factors associated with severe late toxicity after
concurrent chemoradiation for locally advanced head and neck cancer:
an RTOG analysis. J Clin Oncol 2008, 26:3582–3589.

20. Dowthwaite SA, Franklin JH, Palma DA, Fung K, Yoo J, Nichols AC: The role
of transoral robotic surgery in the management of oropharyngeal
cancer: a review of the literature. ISRN Oncol 2012, 2012:14.

doi:10.1186/1748-717X-8-174
Cite this article as: Bledsoe et al.: Oropharyngeal squamous cell
carcinoma with known human papillomavirus status treated with
definitive chemoradiotherapy: patterns of failure and toxicity outcomes.
Radiation Oncology 2013 8:174.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Survival rates and patterns of failure
	Acute and late toxicity

	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Authors’ information
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


