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A B S T R A C T

The optimal management of human papillomavirus (HPV)-positive oropharyngeal squamous cell carcinoma
(OPSCC) with primary surgical versus non-surgical treatment is unclear. The objective of this systematic review
was to evaluate the literature and compare survival for primary surgical versus non-surgical treatment of HPV-
positive OPSCC. We performed a comprehensive literature search of multiple electronic databases for relevant
articles up to February, 2017. Studies reporting mortality or hazard ratio (HR) for overall survival (OS) in
primary HPV-positive OPSCC patients were eligible. Seventy-three articles were eligible, of which 66 included
single-modality (19 surgical, 47 non-surgical), and 7 included both surgical and non-surgical modalities. There
were no randomized studies comparing outcomes between both modalities. In a meta-analysis of both-modality
studies, OS with surgical treatment was not significantly different from non-surgical treatment (pooled HR 1.12;
95% CI: 0.35, 3.57). There was significant heterogeneity between studies (I2= 82.4%). Among single-modality
studies, the mortality rate was lower with surgical [pooled proportion 0.15 (95% CI: 0.09, 0.21)] versus non-
surgical treatment [0.20 (95% CI:0.15, 0.24)]. In a subgroup analysis, OS was higher for HPV-positive versus
HPV-negative OPSCC, irrespective of the treatment modality. We conclude that there is an absence of high-
quality studies that compare survival for HPV-positive OPSCC treated with primary surgical versus non-surgical
approach. The available data suggest no statistical or clinically meaningful difference in survival between the
two approaches. HPV-positivity was a key prognostic factor irrespective of treatment modality. Further high-
quality studies with consistent data reporting are needed to inform the choice for optimal treatment modality for
HPV-positive OPSCC.

Introduction

Head and neck cancer epidemiology has drastically changed over
the last two decades due to emergence of a distinct subset of human
papillomavirus (HPV)-positive oropharyngeal squamous cell carcinoma
(OPSCC) [1,2]. The HPV prevalence in oropharyngeal malignancies
rose from 16.3% during the 1980s to 72.7% during the 2000s [2]. With
treatment, this disease has very favorable oncologic outcomes com-
pared to the traditional tobacco and alcohol-driven, non-HPV OPSCC

[3–7]. High survival rates of 80–90% are mainly associated with the
overexpression of p16, a tumor suppressor protein and a reliable sur-
rogate marker for HPV [8–18]. With such high survival rates, it is im-
portant to select a treatment approach that preserves excellent onco-
logic control while minimizes morbidity and maximizes function and
quality of life.

The National Comprehensive Cancer Network (NCCN) guidelines
recommend both surgery, followed by adjuvant therapy and non-sur-
gical, (chemo) radiation-based therapy as management options for
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OPSCC. HPV-positive OPSCC is demonstrated to be more sensitive to
the non-surgical, (chemo)radiation-based treatment modalities than its
non-HPV counterpart with favorable oncologic outcomes observed in
several studies [19–21]. To reduce the toxicity burden from non-sur-
gical treatment [22–24], and concurrent with the rise in the incidence
of HPV-positive OPSCC, the use of function-preserving, minimally in-
vasive transoral surgical approaches has also increased. These surgical
approaches are shown to achieve high oncologic control with reduced
overall morbidity and mortality [13–15,25–27].

There are several studies that report outcomes of HPV-positive
OPSCC treated surgically or non-surgically in separate cohorts.
However, studies comparing the outcomes of patients with HPV-posi-
tive OPSCC treated with primary surgical versus non-surgical treatment
are scarce and mainly observational [28–30]. A Phase II randomized
trial [31]. designed to compare outcomes between primary transoral
surgery and radiation for early-stage OPSCC is underway but there is
currently no high-quality evidence that supports one treatment ap-
proach over another in HPV-positive OPSCC [32]. Such evidence is
important to inform treatment recommendations and plan de-escalation
trials [6,32,33]. Therefore, the objective of this study was to conduct a
systematic review of all studies published hitherto that report the out-
comes for HPV-positive OPSCC patients managed with primary surgical
or non-surgical approach. The primary aim was to obtain adjusted es-
timates of survival for HPV-positive OPSCC treated with surgery versus
non-surgery. A secondary aim was to assess the effect of a particular
treatment type, primary surgery or non-surgery, on survival in HPV-
positive versus non-HPV OPSCC.

Methods

The systematic review and meta-analysis were conducted and re-
ported in accordance to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) of Observational Studies in
Epidemiology guidelines. The study protocol was registered on PROS-
PERO (registration number: CRD42017059562).

Eligibility criteria

Studies were eligible if they involved patients with HPV-positive
primary OPSCC, and reported the hazard ratio (HR) for overall survival
with 95% confidence intervals (CIs) or the number of deaths. Studies
were excluded if they involved, (i) patients with non-OPSCC or un-
known primaries of the head and neck, (ii) patients with unresectable
or recurrent OPSCC, (iii) lacked HPV data, and (iv) lacked original
patient data and outcomes of interest.

Search protocol and study selection

The published literature was searched using strategies created by a
medical librarian for HPV-positive OPSCC treated with primary surgical
or non-surgical therapy. The treatment approach was considered as
“primary surgical” if patients received surgery alone or surgery with
adjuvant therapy, and as “primary non-surgical if patients received
radiation or chemoradiation alone or with planned neck dissection. The
search strategies were established using a combination of standardized
terms and key words, and were implemented in Ovid Medline, Embase,
Scopus, Cochrane Central Register of Controlled Trials, Database of
Abstracts of Reviews of Effects, Cochrane Database of Systematic
Reviews, Clinicaltrials.gov, and WHO International Clinical Trials
Registry Platform. Searches were completed for all articles published up
to February, 2017. Full search strategies are provided in the
Supplemental Appendix. The articles were screened by two authors
independently in two phases. The first phase involved screening for
relevance based on the title and abstract. After exclusion of the non-
relevant articles, the remaining articles were reviewed in full-text by
the two investigators to determine their final eligibility in the second

phase.

Data collection process

The data extraction was performed by two authors (PS, OAK) using
a standardized excel spreadsheet. All disagreements were resolved
through consensus and expert opinion was sought as necessary. Data
was collected for the key variables related to the study, patient, tumor,
treatment, follow-up, and outcomes. The study-related variables in-
cluded year of publication, author, institution, country, study design,
and study enrolment period. The patient-related variables included age,
gender, race, performance status, comorbidities, and smoking status.
The tumor-related variables of tumor stage, nodal stage, HPV status,
and HPV method of detection [p16 immunohistochemistry (IHC) or
Deoxyribonucleic acid (DNA) Polymerase Chain Reaction (PCR) or in-
situ hybridization (ISH)] were recorded. Treatment details included
type of resection approach [open, transoral, transoral laser micro-
surgery, transoral robotic surgery], adjuvant therapy, type of non-sur-
gical approach [radiation alone or concurrent chemoradiation (CCRT)
or induction chemotherapy followed by CCRT], radiation technique,
and chemotherapy regimen. Information about the follow-up, outcomes
of recurrence, death, Kaplan-Meier survival and HR estimates, surgical
complications, and treatment-related toxicity were collected.

Data analysis

The principal summary measures were the: (i) HR with 95% CIs for
overall survival (OS), and (ii) proportion of mortality after treatment
with surgical or non-surgical modalities. In the absence of adjusted HR
(aHR), the unadjusted HR (uaHR) was recorded when available. If
neither adjusted nor unadjusted HR was reported, the number of deaths
was collected to calculate the proportion of mortality within each
treatment group. When data was only available as Kaplan Meier curves
but the numbers at risk at different time points were available, nu-
merical data was extracted using a web-based tool (http://arohatgi.
info/WebPlotDigitizer/), and then HR was estimated using method
described by Tierney et al. [34]. For incomplete data, we contacted the
study authors to obtain further information.

A description of the included studies, structured around the type of
intervention, study population and tumor characteristics, and the type
of outcome, was conducted. Quantitative meta-analysis for the sum-
mary measures of proportion of mortality and HR for OS were per-
formed with STATA 15.0 statistical software. The random effects model
was used for pooled data in order to account of clinical heterogeneity
even if statistical heterogeneity was not evident. For each of the two
treatment groups, we computed and compared the pooled estimates for
HR and proportion of mortality. Stratified analyses were performed to
assess the impact of study quality and study sample size on the results.

Assessment of heterogeneity and publication bias

Heterogeneity of effects between studies was assessed by using the
I2 statistic. I2 > 50% was considered evidence of significant hetero-
geneity. Funnel plots and Egger test were used to assess publication
bias.

Quality assessment

The study quality was assessed by two study investigators in a
blinded manner, and disagreements were resolved through consensus.
The National Heart, Lung, and Blood Institute “Quality Assessment Tool
for Case Series Studies” [35] was modified to develop a study-specific
quality assessment scoring in order to accurately assess the dimensions
of study design, patient selection, patient exclusion from lack of HPV
testing, adequacy of follow-up, analytic methods, and outcome re-
porting. These dimensions were graded with the following 9 questions
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and scoring was performed on how the criteria were met relevant to our
study:

1. Was this study primarily designed to assess OPSCC outcomes after
treatment or the impact of p16/HPV on outcomes after treatment?
(0=No, if the focus of the study was to assess a non-HPV/p16
molecular or imaging marker on outcomes with a particular treat-
ment or develop new staging; 1=Yes)?

2. Was the study population (inclusion/exclusion criteria) clearly de-
fined and the numbers excluded specified and explained (0=No,
1=Yes)?

3. Did lack of HPV testing result in patient exclusion from analysis
(0= >25% exclusion or no information about the number of cases
that could not be assessed for HPV; 1= <25%)

4. Were baseline patient and tumor characteristics reported by HPV
status (0=No, 1=Yes) within each treatment modality?

5. Was the median follow-up sufficient to see an association between
treatment approach and outcome? (0= <24months or when not
reported, 1=≥24months)

6. Was loss to follow-up/censoring 20% or less at the last follow-up
(0= loss of > 20% or not reported, 1= loss of < 20% at
24months; if not stated within text, the number at risk in the Kaplan
Meier plots were referred for estimation)?

7. Was treatment-related complications or toxicity reported by HPV
status within each treatment modality (0=No, 1=Yes)?

8. Was survival reported by tumor stage (T-category or AJCC stage)
(0=No, 1=Yes)?

9. Was death or survival reported by HPV status within each treatment
modality (0=No, 1=Yes)?

Results

Study selection

Our systematic search identified 4370 articles, which after removal
of 2002 duplicate records, revealed a total of 2368 unique citations. The
full text screening identified 920 articles that met the eligibility criteria
of which 847 articles were excluded, leaving 73 articles for qualitative
and quantitative analysis (Fig. 1). The main reasons for exclusion were
lack of outcomes of interest (n= 523), and duplication in abstracts
(n=137). The number of studies for further subgroup analysis de-
pending on the reported outcome is presented in Fig. 1.

Study and patient characteristics of the selected studies

Of the 73 articles in our qualitative analysis, 66 were single-treat-
ment modality studies [surgical (19), non-surgical (47)], and 7 included
outcomes for both-treatment modalities. Of the 7 both-treatment
modality studies, one study reported outcomes for surgery and non-
surgery in HPV-positive cases individually, and therefore, outcomes for
the surgical group were analyzed under the single-modality surgical
studies and those for the non-surgical group under the single-modality
non-surgical studies (Fig. 1). Of the 66 single-treatment modality stu-
dies (65 manuscripts, 1 abstract [36]), a majority reported outcomes on
a retrospectively-identified cohort (38) followed by prospectively-as-
sembled cohort (27); one had a combination of both designs (1). In the
surgical studies, HPV testing was retrospective in 12, prospective in 3,
and both in 4, whereas in the non-surgical, it was retrospective in 35,
prospective in 6 and both in 6. Of the 7 both-treatment modality stu-
dies, study cohort and HPV testing was retrospective in 6, and pro-
spective in 1. All studies were published from 2001 to 2017. The en-
rolment period varied from 1990 to 2013, 1986 to 2014, and 1980 to
2013 in surgical, non-surgical and both-treatment modality studies,
respectively. Three surgical (16%) [13,37,38] and 14 non-surgical
(30%) [19,39–51] studies comprised patients from multiple institu-
tions. Of the 19 surgical studies, aHR for OS (p16/HPV-positive vs.

p16/HPV-negative) was obtained from 5 (26%) studies [52–56],
number of deaths from 11 (58%) [15,37,38,57–64], and both (aHR and
death) from 3 (16%) [13,65,66]. Of the 47 non-surgical studies, HR for
OS was obtained from 15 (32%) studies (12 aHR [41,45,50,67–74], 3
uaHR [39,75,76]), the number of deaths from 18 (38%)
[36,44,46,51,77–90], and both from 14 (30%) studies (aHR in 7
[19,23,43,91–93], uaHR in 7 [40,47,49,94–97]). Of the 7 both-treat-
ment modality studies, aHR was obtained from 4 (30%) [28,29,98,99],
the number of death from 2 (20%) [11,100], and both from 1 [101]. HR
was calculated for 2 non-surgical studies [47,96] and 1 both-treatment
modality study [101].

Pertinent study, patient, tumor, treatment characteristics and out-
comes of the individual studies are summarized in the Appendix Tables
A1–A4. The quality scores are summarized in the Appendix Tables
A5–7. The demographic variables of gender and race were pre-
dominantly male and Caucasian, respectively, in both surgical and non-
surgical studies; hence these variables were not included in the de-
scriptive tables. Median follow-up was reported by 15 (79%) of the 19
surgical studies, and it ranged from 17 to 70.8 months. Median follow-
up was reported by 38 (81%) of the 47 non-surgical studies, and it
ranged from 9 to 111.6 months. In the surgical studies (n= 19), the
variables of age, smoking, performance status, comorbidities, tumor
site, T-stage, N-stage, recurrence site and rate, and Kaplan-Meier sur-
vival estimate at some time-point, and complications for HPV/p16-
positive tumors were reported by 15 (79%), 11 (58%), 2 (11%), 2
(11%), 14 (74%), 13 (68%), 12 (63%), 13 (68%, estimated from text),
and 10 (58%), respectively. In the non-surgical studies (n=47), these
variables were reported by 35 (74%), 27 (57%), 10 (21%), 1 (2%), 21
(45%), 33 (70%), 32 (68%), 20 (43%, 1 estimated from text), and 30
(64%), respectively. In the surgical studies, the method of HPV detec-
tion was p16 IHC in 6 (32%), HPV-DNA in 2 (11%) and both in 11
(58%). In the non-surgical studies, the method for HPV detection was
p16 IHC in 25 (53%), HPV-DNA in 9 (19%) and both in 13 (28%). In the
both-treatment modality studies, the method was p16 IHC in 3, HPV-
DNA in 1, both in 4. Complications were reported by 3 [13,37,55] of 19
(16%) surgical studies (1 [13] stratified by p16/HPV status), and 16 of
47 (34%) non-surgical studies (9 [23,36,41,51,53,79,82,83,90] strati-
fied by p16/HPV status).

Meta-analysis of both-treatment modality studies

HR for OS in p16/HPV-positive cases with surgery versus non-surgery
Of the 7 both-treatment modality studies, one did not report out-

comes for surgery vs. non-surgery in p16/HPV-positive cases and was
analyzed with the single-treatment studies (Fig. 1) [99]. Adjusted HR
was reported by 3 studies [28,29,98] and unadjusted HR was extracted
from 1 study [101]. In a meta-analysis of these 4 studies (n=594, 306
surgery, 286 non-surgery), OS with surgical treatment (pooled HR 1.12;
95% CI 0.35, 3.57) was not significantly different from non-surgical
treatment (Fig. 2). There was significant heterogeneity between
(I2= 82.4%) the studies, but no evidence of publication bias (Fig. 3).
Three studies (n= 136, 81 surgery, 55 non-surgery) [10,100,101] re-
ported number of deaths, and the pooled relative risk of mortality was
0.49 (95% CI:0.32, 0.75) favoring surgery. Two of these three studies
were performed only on T4 patients [100,101].

Meta-analysis of single-treatment modality studies

Mortality in p16/HPV-positive cases
Pooled analysis of mortality was performed individually for surgical

(Fig. 4A) and non-surgical studies (Fig. 4B). A total of 14 studies re-
ported the number of overall deaths in surgical studies, however, 2
were excluded [13,58] from meta-analysis since they were from the
same institution. The pooled proportion of mortality in the 12 surgical
studies (n= 1373) was 0.15 (95% CI: 0.09, 0.21) with significant
heterogeneity (I2= 89%). The pooled proportion of mortality in the 31
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non-surgical studies (n= 3301) was 0.20 (95% CI: 0.15, 0.24) with
significant heterogeneity (I2= 90%). For studies that reported out-
comes for p16/HPV-negative cases, the pooled proportion for mortality
was 0.48 (95% CI: 0.27, 0.69, I2= 95%) in surgical studies (n=6), and
0.59 (95% CI: 0.48, 0.69, I2= 92%) in non-surgical studies (n= 14).

HR for OS in p16/HPV-positive versus p16/HPV-negative cases
The pooled HR estimate in the 9 studies (n= 889) from surgical

group (including one both modality study that reported HR for HPV-

positive versus negative separately for surgical and non-surgical co-
horts, Fig. 5A) was 0.26 (95% CI: 0.18, 0.38) with mild heterogeneity
(I2= 47%). The pooled HR estimate in the 29 non-surgical studies
(n= 2682, Fig. 5B) was 0.36 (95% CI: 0.29, 0.44) with significant
heterogeneity (I2= 75%). Funnel plots for both surgical and non-sur-
gical studies were symmetrical (Appendix Fig. A1).

Stratified analyses for mortality
Stratified analyses showed no significant differences in the pooled

Fig. 1. PRISMA flowchart (WHO ICTRP=World Health Organization International Clinical Trials Registry Platform).
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mortality proportion by quality (0: ≤4/9, 1:> 4/9) or sample size
(0:< 50, 1: ≥50) of the studies. In the surgical group, the pooled
mortality proportion was similar for studies with low [n=5, 0.10
(0.09, 0.21), I2= 84%] and high-quality [n=7, 0.19 (0.08, 0.29),
I2= 88%] scores (Appendix Fig. A2). The pooled estimate for mortality
proportion was also similar for low [n= 7, 0.14 (0.05, 0.23)],
I2= 53%] and high sample [n= 5, 0.15 (0.07, 0.23), I2= 95%] size
studies (Appendix Fig. A3). In the non-surgical group, the pooled esti-
mate was lower for studies with low [n= 15, 0.15 (0.09, 0.20),
I2= 87%] than high-quality [n= 16, 0.24 (0.18, 0.3), I2= 91%] scores
(Appendix Fig. A4). The pooled proportion for mortality was similar
when studies were stratified by low [n=14, 0.21 (0.11, 0.32),
I2= 82%] and high [n= 17, 0.19 (0.15, 0.24), I2= 92%] sample size
(Appendix Fig. A5).

Stratified analyses for overall survival in p16/HPV-positive versus p16/
HPV-negative cases

The heterogeneity was reduced in surgical studies when stratified by
quality and sample size. The pooled HR estimate was slightly higher for
surgical studies with low quality [n=2, HR=0.34 (0.17, 0.72),
I2= 31%] compared to high-quality [n=7, HR=0.24 (0.15, 0.38),
I2= 51%] scores (Appendix Fig. A6). The HR estimate for low sample
size surgical studies [n= 2, HR=0.13 (0.06, 0.28), I2= 0%] was
lower than the pooled HR estimates for the high sample [n=7,
HR=0.31 (0.22, 0.44), I2= 37%] size studies (Appendix Fig. A7).
Heterogeneity in the non-surgical studies was higher among low quality
and low sample-size studies but the HR estimates were similar. The
pooled HR estimate for non-surgical studies with low-quality [n= 12,
HR=0.34 (0.22, 0.53), I2 of 82%] was similar to those with high
quality [n=17, HR=0.36 (0.31, 0.43), I2= 27%] non-surgical stu-
dies (Appendix Fig. A8). The pooled HR estimate was similar in low
[n=13, HR=0.39 (0.25, 0.58), I2= 67%] and high sample [n= 17,
HR=0.34 (0.29, 0.41), I2= 32%] size studies (Appendix Fig. A9).

Discussion

This systematic review of the literature on oncologic outcomes in
HPV-positive OPSCC showed an absence of high-quality studies that
compare oncologic outcomes for patients treated with primary surgical
versus non-surgical approach. A meta-analysis based on four observa-
tional studies that compared surgical versus non-surgical treatment in
p16/HPV-positive OPSCC showed no statistically significant or clini-
cally meaningful difference in overall survival with one treatment over
another (1.12, 95% CI:0.35, 3.57). A meta-analysis for the proportion of
mortality showed a 5% higher mortality in the non-surgical group
compared to the surgical group (20% vs. 15%). Irrespective of the
treatment type, overall survival was higher for p16/HPV-positive
compared to p16/HPV-negative patients.

p16/HPV-positive OPSCC patients are considered to show favorable
oncologic outcomes regardless of the treatment approach, surgical or
non-surgical [4,7,10] but there is a lack of high-quality, prospective

Fig. 2. Meta-analysis for overall survival in both-treatment modality studies in p16/HPV-positive OPSCC treated with primary surgical versus primary non-surgical
approach.

Fig. 3. Funnel plot showing no publication bias in both-treatment modality
studies comparing overall survival for p16/HPV-positive OPSCC treated with
primary surgical versus primary non-surgical approach.
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studies that actually compare the two approaches as evidenced by this
systematic review. In our meta-analysis based on the only four studies
[28,29,98,101] for which data on HR for overall survival comparing
primary surgical vs non-surgical was available (adjusted HR by 3,

unadjusted by 1), pooled effect estimates of HR did not show improved
overall survival with either surgical or non-surgical treatment ap-
proach. Unadjusted estimates for the relative risk of mortality showed
reduced risk with surgery (0.49, 95% CI:0.32, 0.75) but these were

Fig. 4. Forest plot for proportion of mortality in p16/HPV-positive cases in single-treatment primary surgical (4A), and primary non-surgical (4B) studies.
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Fig. 5A. Forest plot for overall survival in p16/HPV-positive versus p16/HPV-negative in single-treatment modality primary surgical studies.

Fig. 5B. Forest plot for overall survival for p16/HPV-positive versus p16/HPV-negative in single-treatment modality primary non-surgical studies.
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derived from only three studies [10,100,101], and two [100,101] of
these three studies included only T4 tumors. All seven both-treatment
modality studies were observational. Baseline characteristics stratified
by HPV status were reported by only one [98] out of the seven both-
treatment modality studies, thus limiting our ability to perform me-
taregression to explore the causes for statistical heterogeneity. How-
ever, clinical heterogeneity was apparent among the method of HPV
detection, tumor stage, follow-up period, and type of surgical resection
or non-surgical treatment protocol.

Due to the very limited number of studies that reported adjusted HR
(n=3) for overall survival of p16/HPV-positive OPSCC treated with
primary surgery versus non-surgery, we investigated and compared the
pooled mortality estimate for single-treatment studies, acknowledging
that these estimates will be unadjusted and the time to event will not be
accounted. We were limited in pooling Kaplan Meier survival estimates
as there was a wide variation in the time point at which the survival
was reported, along with a lack in reporting of the 95% CI for survival
or the number at risk for death at different time points. In our analysis
of the mortality rate for p16/HPV-positive patients, we found a 5%
difference between the two treatment modalities with a lower rate in
the surgical studies. For the p16/HPV-negative OPSCC, there was a
difference of 11% among the single-treatment studies with lower
mortality in surgical studies. However, significant heterogeneity was
noted among the pooled studies in both primary surgical and non-sur-
gical groups. To further explore the heterogeneity due to the possible
impact of study quality or sample size, we performed stratified ana-
lyses. These stratified analyses did not yield any widely different esti-
mates of mortality for lower quality or lower sample size in both sur-
gical and non-surgical studies, thereby, suggesting that the
heterogeneity could be potentially related to other patient, tumor or
treatment factors, for which the details were not completely or uni-
formly reported by the analyzed studies.

A comparison of the single-treatment modality studies included in
the meta-analysis of mortality did not reveal any marked differences in
the study design for patient accrual or HPV testing, demographic
variables or quality scores (Table 1). However, among the studies which
reported the T-category as early (T1-T2) versus advanced (T3-T4), a
higher proportion of advanced tumors, 40%, were present in the non-
surgical studies compared to 23% in the surgical studies. The maximum
follow-up period was 227months in surgical vs 158months in non-
surgical studies but the median follow-up was similar among those who
reported the follow-up as median (min-max). Among studies that

reported the number of recurrences, the frequency rate was similar,
13.6% in surgical vs. 16% in non-surgical studies. Among studies that
reported recurrence patterns, the rate of distant metastasis was 6% in
surgical vs. 9% in non-surgical studies, while the rate of locoregional
recurrence could not be determined due to incomplete data combined
with lack of accounting for recurrences that occurred at multiple sites.
In summary, it is difficult to accurately ascertain the comparability of
the single-modality surgical versus non-surgical studies since reporting
of the baseline characteristics, the tumor stage, follow-up and recur-
rence patterns was either incomplete or inconsistent across studies.

To date, only one systematic review [4] has evaluated outcomes of
surgery versus non-surgery. In this review of 56 HPV-positive OPSCC
studies from 2000 to 2014, Wang et al. [4] found that the outcomes
may be better with primary surgery compared to radiation but the
difference was not statistically significant. In this study [4], metare-
gression analysis was performed and hazard rate for death, recurrence
or disease progression was computed without making a distinction
among the outcomes of overall, disease-free, progression-free or dis-
ease-specific survival due to author-acknowledged variability in re-
porting across various studies. However, the type of summary measure
extracted from eligible studies, whether death rate, survival, odds ratio,
HR or relative risk, was not clearly defined or represented by Wang
et al. [4] The hazard rate was adjusted for the confounders of age,
smoking, tumor site, stage and follow-up duration but as specified by
the authors, no study reported all confounders, and hence HR was re-
ported for one confounder at a time. Furthermore, it is difficult to in-
terpret the findings since the distribution of confounders were not ex-
clusively gleaned from within the HPV-positive OPSCC group. For
studies that did not report the confounders specific for HPV-positive
group, the analysis included confounder distribution from the overall,
non-HPV stratified study cohort. Thus, to our knowledge, no previous
study provides a comprehensive review of survival differences in HPV-
positive OPSCC patients treated with surgical and non-surgical ap-
proaches adjusted for relevant confounders.

We also performed a subgroup analysis to assess how overall sur-
vival outcomes differed for p16/HPV-positive versus p16/HPV-negative
OPSCC treated with surgery versus non-surgery. In the surgical studies,
the pooled estimate demonstrated 74% reduction in the hazard of death
for p16/HPV-positive patients compared to p16/HPV-negative patients.
In the non-surgical studies, there was a 64% reduction in the hazard of
death. These findings again reiterate the observation of improved sur-
vival of HPV-positive OPSCC patients irrespective of the treatment

Table 1
Comparison of the key variable in single-modality studies eligible for the meta-proportion analysis in HPV-positive cases.

Variables Categories Surgical studies (n= 12, 1373) Non-surgical studies (n= 31, 3301)

No. of studies (%)* No. of patients % No. of studies (%)* No. of patients %

Accrual Prospective 6 (50) NA 50 17 (55) NA NA
Retrospective 6 (50) NA 50 14 (45) NA NA

HPV testing Prospective 2 (17) NA 17 5 (16) NA NA
Retrospective 7 (58) NA 58 20 (65) NA NA
Both 3 (25) NA 25 6 (19) NA NA

Age (y) Median (min-max) 5 (42) 58 (37–91) NA 19 (61) 57 (26–92) NA
Gender Male 8 (67) 1101/1231 89 23 (74) 2363/2840 83
Smoking > 10 pack-years 5 (42) 316/544 58 9 (29) 475/1069 44
Site Tongue base 8 (67) 489/1321 37 16 (52) 371/960 39
T-stage T3-T4 7 (58) 281/1200 23 23 (74) 1094/2727 40
N-stage N3 6 (50) 55/1203 5 15 (48) 146/1792 8
Recurrence Yes 10 (83) 150/1097 13.6 19 (61) 327/1984 16
Recurrence pattern (distant metastasis)** Yes 8 (67) 64/1038 6 16 (52) 167/1989 9
Follow-up (mo) Median (min-max) 8 (67) 40 (2.4–227) NA 26 (84) 43 (0–158) NA
Quality Score < 5 5 (42) NA NA 15 (48) NA NA

NA - not applicable.
* Number of studies that reported a particular variable.
** Isolated or with recurrence at local/regional sites; local, regional or loco-regional recurrences could not be determined due to incomplete reporting.
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modality.
This systematic review is limited in drawing definitive inferences

about adjusted survival estimates for surgery vs. non-surgery due to the
small number of studies reporting such results as well as a significant
heterogeneity among study variables including baseline tumor stage
characteristics and treatment. For instance, when reported, within the
group of surgical studies there were differences in the resection ap-
proach and type of adjuvant treatment, and within non-surgical studies,
there were differences in both radiation technique (dose, schedules and
fields treated) and chemotherapy regimen (drugs, schedules, doses). We
were also not able to compare the adverse effects associated with either
treatment approach due to lack of consistent reporting of treatment
toxicity and complications. When reported, the toxicity information
was most frequently not stratified by HPV status. Furthermore, the HR
for overall survival reported in studies was mostly adjusted, but the
mortality rate was not. Hence, the meta-analysis of proportions could
be confounded by other prognostic factors but these factors were not
well-delineated for the HPV-positive cohort in all of the original studies.
In particular, exploration of the impact of tumor T-category was limited
due to a relative predominance of low T-category in surgical vs. non-
surgical studies as well as the variability in the manner that it was re-
ported, such as clinical versus pathologic, T1-T3 vs. T4 or T1 vs. T2-T4.
Furthermore, there was variation in the method of HPV detection.

In conclusion, there is an absence of high-quality studies that
compare survival for patients treated with primary surgical versus non-
surgical approach. Significant heterogeneity and inconsistency across
studies in reporting baseline characteristics and outcomes, and lack of
treatment toxicity, precludes definitive conclusions on how survival
compares between surgical versus non-surgical treatment approaches.
An individual patient data approach meta-analysis can be formidable to
execute but will potentially allow more reliable comparisons given the
marked heterogeneity. As also pointed out by Wang et al, authors of the
only previous systematic review on this related topic [4], the quality of
meta-analyses could be significantly improved if the reporting is more
consistent across studies. Further research with oncologic and func-
tional outcomes including patient-reported outcomes of quality of life
in HPV-positive OPSCC cohorts treated with surgical vs. non-surgical
approach will be desirable to generate higher-quality evidence to in-
form treatment practices and trial planning.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors. Author PS
was supported by the Development of Clinician/Researchers in
Academic ENT T32DC00022 grant from the National Institutes of
Deafness and Other Communication Disorders, and by the National
Center for Advancing Translational Sciences of the National Institutes
of Health under Award Number UL1 TR002345. These funding orga-
nizations had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; and preparation,
review, or approval of the manuscript; or decision to submit the
manuscript for publication.

Conflicts of interest statement

Nothing to declare for all co-authors.

Appendix A. Supplementary material

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.oraloncology.2018.09.018.

References

[1] Chaturvedi AK. Beyond cervical cancer: burden of other HPV-related cancers

among men and women. J Adolesc Health 2010;46(4 Suppl):S20–6.
[2] Chaturvedi AK, Engels EA, Pfeiffer RM, et al. Human papillomavirus and rising

oropharyngeal cancer incidence in the United States. J Clin Oncol
2011;29:4294–301.

[3] Gillison ML. Human papillomavirus-associated head and neck cancer is a distinct
epidemiologic, clinical, and molecular entity. Semin Oncol 2004;31:744–54.

[4] Wang MB, Liu IY, Gornbein JA, Nguyen CT. HPV-positive oropharyngeal carci-
noma: a systematic review of treatment and prognosis. Otolaryngol Head Neck
Surg 2015;153:758–69.

[5] Sedghizadeh PP, Billington WD, Paxton D, et al. Is p16-positive oropharyngeal
squamous cell carcinoma associated with favorable prognosis? A systematic review
and meta-analysis. Oral Oncol 2016;54:15–27.

[6] Bonilla-Velez J, Mroz EA, Hammon RJ, Rocco JW. Impact of human papilloma-
virus on oropharyngeal cancer biology and response to therapy. Otolaryngol Clin
North Am 2013;46:521–43.

[7] O’Rorke MA, Ellison MV, Murray LJ, Moran M, James J, Anderson LA. Human
papillomavirus related head and neck cancer survival: a systematic review and
meta-analysis. Oral Oncol 2012;48:1191–201.

[8] Mellin H, Friesland S, Lewensohn R, Dalianis T, Munck-Wikland E. Human pa-
pillomavirus (HPV) DNA in tonsillar cancer: clinical correlates, risk of relapse, and
survival. Int J Cancer 2000;89:300–4.

[9] Mellin H, Dahlgren L, Munck-Wikland E, et al. Human papillomavirus type 16 is
episomal and a high viral load may be correlated to better prognosis in tonsillar
cancer. Int J Cancer 2002;102:152–8.

[10] Fischer CA, Zlobec I, Green E, et al. Is the improved prognosis of p16 positive
oropharyngeal squamous cell carcinoma dependent of the treatment modality? Int
J Cancer 2010;126:1256–62.

[11] Fischer CA, Kampmann M, Zlobec I, et al. P16 expression in oropharyngeal cancer:
its impact on staging and prognosis compared with the conventional clinical sta-
ging parameters. Ann Oncol 2010;21:1961–6.

[12] Rich JT, Milov S, Lewis JS, Thorstad WL, Adkins DR, Haughey BH. Transoral laser
microsurgery (TLM) +/ adjuvant therapy for advanced stage oropharyngeal
cancer: outcomes and prognostic factors. Laryngoscope 2009;119:1709–19.

[13] Haughey BH, Hinni ML, Salassa JR, et al. Transoral laser microsurgery as primary
treatment for advanced-stage oropharyngeal cancer: a United States multicenter
study. Head Neck 2011;33:1683–94.

[14] Moore EJ, Olsen SM, Laborde RR, et al. Long-term functional and oncologic results
of transoral robotic surgery for oropharyngeal squamous cell carcinoma. Mayo
Clin Proc 2012;87:219–25.

[15] Cohen MA, Weinstein GS, O’Malley BW, Feldman M, Quon H. Transoral robotic
surgery and human papillomavirus status: oncologic results. Head Neck
2011;33:573–80.

[16] Haughey BH, Sinha P. Prognostic factors and survival unique to surgically treated
p16+ oropharyngeal cancer. Laryngoscope 2012;122:S13–33.

[17] Lewis JS, Thorstad WL, Chernock RD, et al. p16 positive oropharyngeal squamous
cell carcinoma:an entity with a favorable prognosis regardless of tumor HPV
status. Am J Surg Pathol 2010;34:1088–96.

[18] Hafkamp HC, Manni JJ, Haesevoets A, et al. Marked differences in survival rate
between smokers and nonsmokers with HPV 16-associated tonsillar carcinomas.
Int J Cancer 2008;122:2656–64.

[19] Ang KK, Harris J, Wheeler R, et al. Human papillomavirus and survival of patients
with oropharyngeal cancer. N Engl J Med 2010;363:24–35.

[20] Rischin D, Peters LJ, O’Sullivan B, et al. Tirapazamine, cisplatin, and radiation
versus cisplatin and radiation for advanced squamous cell carcinoma of the head
and neck (TROG 02.02, HeadSTART): a phase III trial of the Trans-Tasman
Radiation Oncology Group. J Clin Oncol 2010;28:2989–95.

[21] O’Sullivan B, Huang SH, Perez-Ordonez B, et al. Outcomes of HPV-related or-
opharyngeal cancer patients treated by radiotherapy alone using altered fractio-
nation. Radiother Oncol 2012;103:49–56.

[22] Bentzen SM, Trotti A. Evaluation of early and late toxicities in chemoradiation
trials. J Clin Oncol 2007;25:4096–103.

[23] O’Sullivan B, Huang SH, Siu LL, et al. Deintensification candidate subgroups in
human papillomavirus-related oropharyngeal cancer according to minimal risk of
distant metastasis. J Clin Oncol 2013;31:543–50.

[24] Corry J, Peters LJ, Rischin D. Optimising the therapeutic ratio in head and neck
cancer. Lancet Oncol 2010;11:287–91.

[25] Weinstein GS, O’Malley BW, Cohen Ma, Quon H. Transoral robotic surgery for
advanced oropharyngeal carcinoma. Arch Otolaryngol Head Neck Surg
2010;136:1079–85.

[26] Dziegielewski PT, Teknos TN, Durmus K, et al. Transoral robotic surgery for or-
opharyngeal cancer: long-term quality of life and functional outcomes. JAMA
Otolaryngol Head Neck Surg 2013:1099–108.

[27] Hinni ML, Nagel T, Howard B. Oropharyngeal cancer treatment: the role of
transoral surgery. Curr Opin Otolaryngol Head Neck Surg 2015;23:132–8.

[28] Bossi P, Orlandi E, Miceli R, et al. Treatment-related outcome of oropharyngeal
cancer patients differentiated by HPV dictated risk profile: a tertiary cancer centre
series analysis. Ann Oncol Off J Eur Soc Med Oncol 2014;25:694–9.

[29] Lacau St Guily J, Rousseau A, Baujat B, et al. Oropharyngeal cancer prognosis by
tumour HPV status in France: the multicentric Papillophar study. Oral Oncol
2017;67:29–36.

[30] Amini A, Jasem J, Jones BL, et al. Predictors of overall survival in human pa-
pillomavirus-associated oropharyngeal cancer using the National Cancer Data
Base. Oral Oncol 2016;56:1–7.

[31] Nichols AC, Yoo J, Hammond JA, et al. Early-stage squamous cell carcinoma of the
oropharynx: radiotherapy vs. trans-oral robotic surgery (ORATOR)–study protocol
for a randomized phase II trial. BMC Cancer 2013;13:133.

P. Sinha et al. Oral Oncology 86 (2018) 121–131

129

Downloaded for Aldrich Nancy (fastrax831@aol.com) at AdventHealth from ClinicalKey.com by Elsevier on February 11, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.oraloncology.2018.09.018
https://doi.org/10.1016/j.oraloncology.2018.09.018
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0005
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0005
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0010
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0010
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0010
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0015
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0015
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0020
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0020
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0020
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0025
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0025
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0025
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0030
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0030
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0030
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0035
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0035
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0035
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0040
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0040
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0040
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0045
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0045
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0045
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0050
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0050
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0050
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0055
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0055
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0055
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0060
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0060
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0060
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0065
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0065
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0065
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0070
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0070
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0070
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0075
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0075
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0075
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0080
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0080
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0085
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0085
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0085
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0090
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0090
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0090
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0095
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0095
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0100
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0100
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0100
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0100
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0105
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0105
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0105
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0110
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0110
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0115
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0115
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0115
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0120
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0120
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0125
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0125
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0125
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0130
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0130
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0130
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0135
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0135
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0140
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0140
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0140
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0145
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0145
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0145
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0150
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0150
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0150
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0155
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0155
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0155


[32] Howard J, Masterson L, Dwivedi RC, et al. Minimally invasive surgery versus
radiotherapy/chemoradiotherapy for small-volume primary oropharyngeal carci-
noma. Cochrane database Syst Rev 2016;12. CD010963.

[33] Masterson L, Moualed D, Liu ZW, et al. De-escalation treatment protocols for
human papillomavirus-associated oropharyngeal squamous cell carcinoma: a sys-
tematic review and meta-analysis of current clinical trials. Eur J Cancer
2014;50(15):2636–48.

[34] Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for in-
corporating summary time-to-event data into meta-analysis. Trials 2007;8:16.

[35] NHLBI, Study Quality Assessment Tools | National Heart, Lung, and Blood Institute
(NHLBI), https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
(Accessed February 27, 2017).

[36] Hutcheson K, Lewin JS, Garden AS, et al. Early experience with impt for the
treatment of oropharyngeal tumors: acute toxicities and swallowing-related out-
comes. Int J Radiat Oncol 2013;87:S604.

[37] Harari PM, Harris J, Kies MS, et al. Postoperative chemoradiotherapy and cetux-
imab for high-risk squamous cell carcinoma of the head and neck: radiation
therapy oncology group RTOG-0234. J Clin Oncol 2014;32:2486–95.

[38] Haughey BH, Sinha P, Kallogjeri D, et al. Pathology-based staging for HPV-positive
squamous carcinoma of the oropharynx. Oral Oncol 2016;62:11–9.

[39] Ang KK, Zhang Q, Rosenthal DI, et al. Randomized phase iii trial of concurrent
accelerated radiation plus cisplatin with or without cetuximab for stage iii to iv
head and neck carcinoma: RTOG 0522. J Clin Oncol 2014;32:2940–50.

[40] Bentzen J, Toustrup K, Eriksen JG, Primdahl H, Andersen LJ, Overgaard J. Locally
advanced head and neck cancer treated with accelerated radiotherapy, the hypoxic
modifier nimorazole and weekly cisplatin. Results from the DAHANCA 18 phase II
study. Acta Oncol 2015;54:1001–7.

[41] Buglione M, Maddalo M, Corvò R, et al. Subgroup analysis according to human
papillomavirus status and tumor site of a randomized phase ii trial comparing
cetuximab and cisplatin combined with radiation therapy for locally advanced
head and neck cancer. Int J Radiat Oncol Biol Phys 2017;97:462–72.

[42] Cerezo L, de la Torre A, Hervás A, et al. Oropharyngeal cancer related to Human
Papilloma Virus: incidence and prognosis in Madrid, Spain. Clin Transl Oncol
2014;16:301–6.

[43] Gillison ML, Zhang Q, Jordan R, et al. Tobacco smoking and increased risk of death
and progression for patients with p16-positive and p16-negative oropharyngeal
cancer. J Clin Oncol 2012;30:2102–11.

[44] Lassen P, Primdahl H, Johansen J, et al. Impact of HPV-associated p16-expression
on radiotherapy outcome in advanced oropharynx and non-oropharynx cancer.
Radiother Oncol 2014;113:310–6.

[45] Lassen P, Overgaard J, Eriksen JG. Expression of EGFR and HPV-associated p16 in
oropharyngeal carcinoma: correlation and influence on prognosis after radio-
therapy in the randomized DAHANCA 5 and 7 trials. Radiother Oncol
2013;108:489–94.

[46] Masterson L, Lechner M, Loewenbein S, et al. CD8+ T cell response to human
papillomavirus 16 E7 is able to predict survival outcome in oropharyngeal cancer.
Eur J Cancer 2016;67:141–51.

[47] Posner MR, Lorch JH, Goloubeva O, et al. Survival and human papillomavirus in
oropharynx cancer in TAX 324: a subset analysis from an international phase III
trial. Ann Oncol 2011;22:1071–7.

[48] Rischin D, Young RJ, Fisher R, et al. Prognostic significance of p16INK4A and
human papillomavirus in patients with oropharyngeal cancer treated on TROG
02.02 phase III trial. J Clin Oncol 2010;28:4142–8.

[49] Worden FP, Kumar B, Lee JS, et al. Chemoselection as a strategy for organ pre-
servation in advanced oropharynx cancer: response and survival positively asso-
ciated with HPV16 copy number. J Clin Oncol 2008;26:3138–46.

[50] Zackrisson B, Kjellén E, Söderström K, et al. Mature results from a Swedish com-
parison study of conventional versus accelerated radiotherapy in head and neck
squamous cell carcinoma – the ARTSCAN trial. Radiother Oncol 2015;117:99–105.

[51] Marur S, Li S, Cmelak AJ, et al. E1308: phase ii trial of induction chemotherapy
followed by reduced-dose radiation and weekly cetuximab in patients with HPV-
associated resectable squamous cell carcinoma of the oropharynx – ECOG-ACRIN
Cancer Research Group. J Clin Oncol 2017;35:490–7.

[52] Heiduschka G, Grah A, Oberndorfer F, et al. Improved survival in HPV/p16-po-
sitive oropharyngeal cancer patients treated with postoperative radiotherapy.
Strahlenther Onkol 2015;191:209–16.

[53] Lee J, Chang JS, Kwon HJ, Kim S-H, Shin SJ, Keum KC. Impact of p16 expression in
oropharyngeal cancer in the postoperative setting: the necessity of re-evaluating
traditional risk stratification. Jpn J Clin Oncol 2016;46:911–8.

[54] Ryu CH, Ryu J, Cho KH, et al. Human papillomavirus-related cell cycle markers
can predict survival outcomes following a transoral lateral oropharyngectomy for
tonsillar squamous cell carcinoma. J Surg Oncol 2014;110:393–9.

[55] Wilkie MD, Upile NS, Lau AS, et al. Transoral laser microsurgery for oropharyngeal
squamous cell carcinoma: a paradigm shift in therapeutic approach. Head Neck
2016;38:1263–70.

[56] Rotnáglová E, Tachezy R, Saláková M, et al. HPV involvement in tonsillar cancer:
prognostic significance and clinically relevant markers. Int J Cancer
2011;129:101–10.

[57] Chandarana S, et al. Prevalence and predictive role of p16 and epidermal growth
factor receptor in surgically treated oropharyngeal and oral cavity cancer. Head
Neck 2013;35:1083–90.

[58] Chin R-I, Spencer CR, DeWees T, et al. Reevaluation of postoperative radiation
dose in the management of human papillomavirus-positive oropharyngeal cancer.
Head Neck 2016;38:1643–9.

[59] Funk RK, Moore EJ, García JJ, et al. Risk factors for locoregional relapse after
transoral robotic surgery for human papillomavirus-related oropharyngeal

squamous cell carcinoma. Head Neck 2016;38(S1E1674).
[60] Geiger JL, Lazim AF, Walsh FJ, et al. Adjuvant chemoradiation therapy with high-

dose versus weekly cisplatin for resected, locally-advanced HPV/p16-positive and
negative head and neck squamous cell carcinoma. Oral Oncol 2014;50:311–8.

[61] Kaczmar JM, Tan KS, Heitjan DF, et al. HPV-related oropharyngeal cancer: risk
factors for treatment failure in patients managed with primary surgery (TORS).
Head Neck 2016;38:59–65.

[62] Klussmann JP, Gültekin E, Weissenborn SJ, et al. Expression of p16 protein
identifies a distinct entity of tonsillar carcinomas associated with human papillo-
mavirus. Am J Pathol 2003;162:747–53.

[63] Rodrigo JP, Heideman DAM, García-Pedrero JM, et al. Time trends in the pre-
valence of HPV in oropharyngeal squamous cell carcinomas in northern Spain
(1990–2009). Int J Cancer 2014;134:487–92.

[64] Stucken CL, de Almeida JR, Sikora AG, Tong CCL, Genden EM. Impact of human
papillomavirus and smoking on survival outcomes after transoral robotic surgery.
Head Neck 2016;38:380–6.

[65] Iyer NG, Dogan S, Palmer F, et al. Detailed analysis of clinicopathologic factors
demonstrate distinct difference in outcome and prognostic factors between sur-
gically treated HPV-positive and negative oropharyngeal cancer. Ann Surg Oncol
2015;22:4411–21.

[66] Kumar B, Cipolla MJ, Old MO, et al. Surgical management of oropharyngeal
squamous cell carcinoma: survival and functional outcomes. Head Neck
2016;38(S1):E1794–802.

[67] Bird T, De Felice F, Michaelidou A, et al. Outcomes of intensity-modulated
radiotherapy as primary treatment for oropharyngeal squamous cell carcinoma – a
European single institution analysis. Clin Otolaryngol 2017;42:115–22.

[68] Broglie MA, Soltermann A, Rohrbach D, et al. Impact of p16, p53, smoking, and
alcohol on survival in patients with oropharyngeal squamous cell carcinoma
treated with primary intensity-modulated chemoradiation. Head Neck
2013;35:1698–706.

[69] Maquieira R, Haerle SK, Huber GF, et al. No benefit for regional control and
survival by planned neck dissection in primary irradiated oropharyngeal cancer
irrespective of p16 expression. Eur Arch Otorhinolaryngol 2016;273:1841–8.

[70] Näsman A, Andersson E, Marklund L, et al. HLA class I and II expression in or-
opharyngeal squamous cell carcinoma in relation to tumor HPV status and clinical
outcome. Calogero RA, ed. PLoS One 2013;8(10):e77025.

[71] Rios Velazquez E, Hoebers F, Aerts HJWL, et al. Externally validated HPV-based
prognostic nomogram for oropharyngeal carcinoma patients yields more accurate
predictions than TNM staging. Radiother Oncol 2014;113:324–30.

[72] Platek AJ, Jayaprakash V, Merzianu M, et al. Smoking cessation is associated with
improved survival in oropharynx cancer treated by chemoradiation. Laryngoscope
2016;126:2733–8.

[73] Sedaghat AR, Zhang Z, Begum S, et al. Prognostic significance of human papillo-
mavirus in oropharyngeal squamous cell carcinomas. Laryngoscope
2009;119:1542–9.

[74] Cheng N-M, Chang JT-C, Huang C-G, et al. Prognostic value of pretreatment 18F-
FDG PET/CT and human papillomavirus type 16 testing in locally advanced or-
opharyngeal squamous cell carcinoma. Eur J Nucl Med Mol Imaging
2012;39:1673–84.

[75] Garsa AA, Chang AJ, DeWees T, et al. Prognostic value of 18F-FDG PET metabolic
parameters in oropharyngeal squamous cell carcinoma. J Radiat Oncol
2013;2:27–34.

[76] Motegi A, Fujii S, Zenda S, et al. Impact of expression of CD44, a cancer stem cell
marker, on the treatment outcomes of intensity modulated radiation therapy in
patients with oropharyngeal squamous cell carcinoma. Int J Radiat Oncol Biol
Phys 2016;94:461–8.

[77] Attner P, Du J, Näsman A, et al. Human papillomavirus and survival in patients
with base of tongue cancer. Int J Cancer 2011;128:2892–7.

[78] Attner P, Näsman A, Du J, et al. Survival in patients with human papillomavirus
positive tonsillar cancer in relation to treatment. Int J Cancer 2012;131:1124–30.

[79] Bledsoe TJ, Noble AR, Hunter GK, et al. Oropharyngeal squamous cell carcinoma
with known human papillomavirus status treated with definitive chemor-
adiotherapy: patterns of failure and toxicity outcomes. Radiat Oncol
2013;8(1):174.

[80] Dahlstrom KR, Garden AS, William WN, Lim MY, Sturgis EM. Proposed staging
system for patients with HPV-related oropharyngeal cancer based on nasophar-
yngeal cancer N categories. J Clin Oncol 2016;34:1848–54.

[81] Flavill E, Fang YV, Miles B, Truelson J, Perkins S. Induction chemotherapy fol-
lowed by concurrent chemoradiotherapy for advanced stage oropharyngeal
squamous cell carcinoma with HPV and P16 testing. Ann Otol Rhinol Laryngol
2014;123:365–73.

[82] Hanasoge S, Magliocca KR, Switchenko JM, et al. Clinical outcomes in elderly
patients with human papillomavirus-positive squamous cell carcinoma of the or-
opharynx treated with definitive chemoradiation therapy. Head Neck
2016;38:846–51.

[83] Kwon HJ, Brasch HD, Benison S, et al. Changing prevalence and treatment out-
comes of patients with p16 human papillomavirus related oropharyngeal squa-
mous cell carcinoma in New Zealand. Br J Oral Maxillofac Surg 2016;54:898–903.

[84] Lee N, Schoder H, Beattie B, et al. Strategy of using intratreatment hypoxia ima-
ging to selectively and safely guide radiation dose de-escalation concurrent with
chemotherapy for locoregionally advanced human papillomavirus-related or-
opharyngeal carcinoma. Int J Radiat Oncol Biol Phys 2016;96:9–17.

[85] Leeman JE, Gutiontov S, Romesser P, et al. Sparing of high retropharyngeal nodal
basins in patients with unilateral oropharyngeal carcinoma treated with intensity
modulated radiation therapy. Pract Radiat Oncol 2017;7:254–9.

[86] Lill C, Kornek G, Bachtiary B, et al. Survival of patients with HPV-positive

P. Sinha et al. Oral Oncology 86 (2018) 121–131

130

Downloaded for Aldrich Nancy (fastrax831@aol.com) at AdventHealth from ClinicalKey.com by Elsevier on February 11, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1368-8375(18)30341-5/h0160
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0160
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0160
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0165
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0165
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0165
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0165
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0170
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0170
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0180
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0180
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0180
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0185
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0185
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0185
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0190
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0190
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0195
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0195
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0195
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0200
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0200
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0200
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0200
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0205
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0205
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0205
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0205
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0210
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0210
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0210
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0215
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0215
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0215
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0220
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0220
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0220
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0225
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0225
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0225
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0225
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0230
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0230
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0230
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0235
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0235
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0235
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0240
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0240
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0240
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0245
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0245
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0245
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0250
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0250
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0250
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0255
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0255
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0255
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0255
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0260
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0260
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0260
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0265
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0265
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0265
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0270
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0270
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0270
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0275
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0275
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0275
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0280
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0280
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0280
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0285
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0285
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0285
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0290
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0290
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0290
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0295
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0295
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0295
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0300
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0300
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0300
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0305
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0305
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0305
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0310
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0310
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0310
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0315
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0315
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0315
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0320
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0320
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0320
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0325
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0325
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0325
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0325
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0330
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0330
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0330
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0335
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0335
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0335
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0340
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0340
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0340
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0340
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0345
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0345
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0345
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0350
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0350
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0350
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0355
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0355
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0355
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0360
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0360
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0360
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0365
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0365
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0365
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0370
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0370
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0370
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0370
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0375
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0375
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0375
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0380
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0380
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0380
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0380
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0385
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0385
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0390
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0390
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0395
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0395
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0395
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0395
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0400
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0400
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0400
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0405
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0405
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0405
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0405
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0410
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0410
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0410
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0410
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0415
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0415
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0415
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0420
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0420
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0420
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0420
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0425
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0425
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0425
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0430


oropharyngeal cancer after radiochemotherapy is significantly enhanced. Wien
Klin Wochenschr 2011;123:215–21.

[87] Miah MS, Spielmann P, White SJ, et al. p16 status and interval neck dissection
findings after a “clinically complete response” to chemoradiotherapy in orophar-
yngeal squamous cell carcinoma. J Laryngol Otol 2015;129:801–6.

[88] Silver NL, Arnold SM, Gleason JF, et al. p16INK4a status and response to induction
low-dose fractionated radiation in advanced head and neck cancer. Ann Otol
Rhinol Laryngol 2015;124:714–20.

[89] Spector ME, Gallagher KK, Light E, et al. Matted nodes : poor prognostic marker in
oropharyngeal squamous cell carcinoma independent of HPV and EGFR status.
Head Neck 2012;34:1727–33.

[90] Urban D, Corry J, Solomon B, et al. Weekly cisplatin and radiotherapy for low risk,
locoregionally advanced human papillomavirus-positive oropharyngeal squamous
cell carcinoma. Head Neck 2016;38(S1):E1117–21.

[91] Lai S, Wenaas AE, Sandulache VC, et al. Prognostic significance of p16 cellular
localization in oropharyngeal squamous cell carcinoma. Ann Clin Lab Sci
2016;46:132–9.

[92] Lee YS, Park JY, Cho KJ, et al. Composition of inflammatory cells regulating the
response to concurrent chemoradiation therapy for HPV (+) tonsil cancer. Oral
Oncol 2015;51:1113–9.

[93] Mackenzie P, Pryor D, Burmeister E, et al. T-category remains an important
prognostic factor for oropharyngeal carcinoma in the era of human papilloma-
virus. Clin Oncol (R Coll Radiol) 2014;26:643–7.

[94] Lindel K, Beer KT, Laissue J, Greiner RH, Aebersold DM. Human papillomavirus
positive squamous cell carcinoma of the oropharynx: a radiosensitive subgroup of
head and neck carcinoma. Cancer 2001;92:805–13.

[95] Lorch JH, Hanna GJ, Posner MR, et al. Human papillomavirus and induction
chemotherapy versus concurrent chemoradiotherapy in locally advanced or-
opharyngeal cancer: the Dana Farber experience. Head Neck
2016;38(S1):E1618–24.

[96] Mak D, Hicks RJ, Rischin D, et al. Treatment response in the neck: p16+ versus
p16− oropharyngeal cancer. J Med Imaging Radiat Oncol 2013;57:364–72.

[97] Nichols AC, Finkelstein DM, Faquin WC, et al. Bcl2 and human papilloma virus 16
as predictors of outcome following concurrent chemoradiation for advanced or-
opharyngeal cancer. Clin Cancer Res 2010;16:2138–46.

[98] Amini A, Jasem J, Jones BL, et al. Predictors of overall survival in human pa-
pillomavirus-associated oropharyngeal cancer using the National Cancer Data
Base. Oral Oncol 2016;56:1–7.

[99] Hong AM, Dobbins TA, Lee CS, et al. Human papillomavirus predicts outcome in
oropharyngeal cancer in patients treated primarily with surgery or radiation
therapy. Br J Cancer 2010;103:1510–7.

[100] Psychogios G, Mantsopoulos K, Agaimy A, et al. Outcome and prognostic factors in
T4a oropharyngeal carcinoma, including the role of HPV infection. Biomed Res Int
2014;2014:390825.

[101] Zenga J, Wilson M, Adkins DR, et al. Treatment outcomes for T4 oropharyngeal
squamous cell carcinoma. JAMA Otolaryngol Head Neck Surg 2015;141:1118–27.

P. Sinha et al. Oral Oncology 86 (2018) 121–131

131

Downloaded for Aldrich Nancy (fastrax831@aol.com) at AdventHealth from ClinicalKey.com by Elsevier on February 11, 2021.
For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1368-8375(18)30341-5/h0430
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0430
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0435
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0435
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0435
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0440
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0440
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0440
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0445
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0445
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0445
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0450
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0450
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0450
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0455
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0455
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0455
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0460
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0460
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0460
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0465
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0465
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0465
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0470
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0470
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0470
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0475
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0475
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0475
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0475
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0480
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0480
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0485
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0485
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0485
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0490
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0490
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0490
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0495
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0495
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0495
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0500
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0500
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0500
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0505
http://refhub.elsevier.com/S1368-8375(18)30341-5/h0505

	Survival for HPV-positive oropharyngeal squamous cell carcinoma with surgical versus non-surgical treatment approach: A systematic review and meta-analysis
	Introduction
	Methods
	Eligibility criteria
	Search protocol and study selection
	Data collection process
	Data analysis
	Assessment of heterogeneity and publication bias
	Quality assessment

	Results
	Study selection
	Study and patient characteristics of the selected studies
	Meta-analysis of both-treatment modality studies
	HR for OS in p16/HPV-positive cases with surgery versus non-surgery

	Meta-analysis of single-treatment modality studies
	Mortality in p16/HPV-positive cases
	HR for OS in p16/HPV-positive versus p16/HPV-negative cases
	Stratified analyses for mortality
	Stratified analyses for overall survival in p16/HPV-positive versus p16/HPV-negative cases


	Discussion
	Funding
	Conflicts of interest statement
	Supplementary material
	References




