',\' frontiers
in Oncology

HYPOTHESIS AND THEORY
published: 30 June 2017
doi: 10.3389/fonc.2017.00129

OPEN ACCESS

Edited by:
Vincent Vander Poorten,
KU Leuven, Belgium

Reviewed by:

Davide Lombardi,

University of Brescia, Italy
Philippe Gorphe,

Institut Gustave Roussy, France

*Correspondence:

Claus Wittekindt
claus.wittekindt@hno.med.
uni-giessen.de

Specialty section:

This article was submitted to
Head and Neck Cancer,

a section of the journal
Frontiers in Oncology

Received: 28 March 2017
Accepted: 01 June 2017
Published: 30 June 2017

Citation:
Wdrdemann N, Wagner S,
Sharma SJ, Prigge E-S,

Reuschenbach M, Gattenléhner S,

Klussmann JP and Wittekindt C

(2017) Prognostic Impact of AJCC/
UICC 8th Edition New Staging Rules

in Oropharyngeal Squamous
Cell Carcinoma.

Front. Oncol. 7:129.

doi: 10.3389/fonc.2017.00129

®

Check for
updates

Prognostic Impact of AJCC/UICC
8th Edition New Staging Rules

in Oropharyngeal Squamous

Cell Carcinoma

Nora Wiirdemann’, Steffen Wagner’', Shachi Jenny Sharma’, Elena-Sophie Prigge?,
Miriam Reuschenbach?, Stefan Gattenléhner?, Jens Peter Klussmann’
and Claus Wittekindt*

 Department of Otorhinolaryngology, Head and Neck Surgery, University Hospital Giessen, Giessen, Germany, 2 Department
of Applied Tumor Biology, University of Heidelberg, Heidelberg, Germany, ¢Institute of Pathology, University of Giessen,
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Introduction: The purpose of this study was to test whether the 8th edition of the
AJCC/UICC TNM staging system (UICC) precisely differentiates between stages and
reflects disease outcome in human papilloma virus (HPV)-associated oropharyngeal
squamous cell carcinoma (OPSCCQC).

Patients and methods: OPSCC patients that were diagnosed between 2000 and
2016 were included in this analysis and HPV status was determined by combined
DNA and p16 testing. Stratification was done according to 7th and 8th UICC staging
rules. Incidence trends of HPV-associated tumorigenesis, 5-year overall survival (OS)
according to tumor stages as well as the influence of therapy and prognostic factors
toward the outcome were calculated using Kaplan—-Meier method and Cox proportion-
al-hazards model.

Results: A significant increase [2000; n = 8/39 (21%)-2015; n = 17/32 (53%); p = 0.002]
in HPV-associated OPSCC was seen in the observation period. Together, 150/599
(25.0%) of the patients had HPV-driven OPSCC and 64.7% of curative treatments in
all OPSCC patients included upfront surgery of the primary and the neck. 7th edition
staging rules led to no discrimination in all respective four UICC stages in HPV OPSCC
underlining the need for new staging rules. However, only discrimination between stages
I'vs. Il and Ill vs. IV was significant in our patients with HPV-OPSCC (94.4 vs. 77.5%;
p =0.031 and 63.9 vs. 25.0%; p = 0.013), and stages Il vs. lll did not differ in OS rates
(o = 0.257), when applying the new staging rules. For HPV-negative OPSCC, significant
outcome differences were only seen between UICC stages Il vs. IV (57.6 vs. 35.2%;
p =0.012).

Discussion: While the 7th edition of UICC shows invalid discrimination between stages,
the 8th edition is more suitable for HPV-associated carcinoma. Due to lack of differenti-
ation between stages Il and Ill further adaption is essential.

Keywords: oropharyngeal cancer, surgery, human papilloma virus, prognosis, head and neck cancer,
uicc 7, UIcC 8
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INTRODUCTION

Rising incidence rates of oropharyngeal squamous cell
carcinoma (OPSCC) in several geographical areas have been
reported over the last decades (1-3). A possible reason for this
increase could be the sexual transmission of human papil-
loma virus (HPV), primarily through orogenital intercourse.
After pooled analysis of 8 multinational studies with 5,642
patients with head and neck cancer and 6,069 controls, the
risk of developing OPSCC was attributed with more lifetime
sexual partners, more lifetime oral sex partners, and an earlier
age at first sexual intercourse (4). This rising incidence is in
contrast to alcohol and tobacco-related head and neck cancers,
which has remained constant or is in decline (5). HPV-related
OPSCCs compose a distinct entity with regard to cellular,
biologic, and clinical characteristics (6, 7). Retrospective and
prospective studies show that patients suffering from HPV-
related OPSCC have advanced N-status compared to patients
with HPV-negative OPSCC and contrary to that, significantly
better local-regional control and survival after therapy (8-10).

In locally advanced disease, treatment strategies mainly
consist of concomitant chemoradiotherapy (CRT) or surgery,
followed by risk-adapted radio(chemo)-therapy (SRT). To date,
no treatment strategy has been identified as more effective, and
no predictive factors guide treatment decisions between SRT and
CRT. Therefore, treatment strategies are diverse and the choice
between surgical and non-surgical approaches often depend on
regional preference to a large extent. However, due to favorable
outcomes after CRT in HPV-associated OPSCC (8) and a lack of
evidence for the benefit of surgery in OPSCC, the management
with ablative surgery has been questioned (11-13).

Prognosis and treatment of solid cancers very much cor-
relate to anatomical extent of the disease. The TNM system is
generally applied for uniform description of tumor growth and
spread. TNM categories lead to four stages in head and neck
cancer according to published rules (14). As patients with same
TNM-stages possibly show diverse survival, respective current
TNM staging and stage grouping rules are constantly improved
over time, particularly with respect to newly identified biomark-
ers. For example, minor impact of existing N-category has been
shown for HPV-related OPSCC (15, 16). HPV status has emerged
as the dominant prognostic biomarker in OPSCC in the last two
decades. Consistently, within the latest release of AJCC cancer
staging manual HPV-driven OPSCC has been described as a
distinct tumor entity with different staging rules (17). The aim
of this study was to test whether the latest version of TNM and
UICC/AJCC stage groupings (UICC) is suitable for risk stratifica-
tion in an unselected cohort of OPSCC patients with low HPV
prevalence and favored SRT.

MATERIALS AND METHODS

Patients, Tumor Samples, and Clinical
Data Collection

According to International Classification of Diseases for Oncology
C01, C02, C09, and C10 (ICD-O), 698 cases with OPSCC and

sufficient tumor samples available diagnosed between 01/01/2000
and 07/15/2016 were identified from a tumor registry and veri-
fied by checking patients charts, and histology reports to confirm
correct anatomical classification. The registration of address office
was contacted for patients without documented death (key date
11/31/2016) to adjust survival data. After exclusion of 99 patients
with missing HPV status (69) or unknown TNM-stage/therapy
regime (30), 599 cases were identified for the current study. Written
informed consent was obtained from all patients and patient data
and tumor material were used in accordance and after approval
by the regional ethics committee (AZ: 296/11). Tumor staging was
assessed according to the UICC 7th and 8th version (clinical/patho-
logical). All patients’ charts were reviewed for tumor characteristics
(TNM), prognostic factors (performance status/ECOG, history of
smoking, and alcohol), and therapy [surgery, radiotherapy (RT) and
chemotherapy (CT)].

Changes in the AJCC/UICC 8th Edition

Due to rising incidences of HPV-associated OPSCC (presented
by own data), new staging rules where established for better dis-
crimination of stages (18). As these patients with HPV-associated
OPSCC usually present with better ECOG, at younger age and
smaller tumors with advanced stage of regional metastasis, the
AJCC/UICC 7th edition failed to differentiate properly between
UICC stages. The new classification provides guidelines for p16
testing in OPSCC, in which diffuse p16 staining of >75% and
moderate staining intensity is classified as pl6 positivity and
plausible HPV-related etiology. The T-category remains the
same in both OPSCC entities, besides one exception for HPV-
associated OPSCC: the classification does no longer contain
the subdivision of T4 category into 4a and 4b. In both, HPV-
associated and HPV-negative OPSCC, TO0 is no longer included,
but has been reassigned to a new category of cancer of unknown
primary.

According to therapy options (SRT/CRT), a clinical and patho-
logical classification has been established. Whereas T-classification
remains the same in both categories (therapy) and entities, there
have been major changes to N-category, especially in HPV-
associated OPSCC. Clinical N-classification (cN) 1 is defined as
ipsilateral lymph nodes, less than 6 cm in size, and independent of
numbers. Lymph nodes less than 6 cm in size, but found ipsi- and
contralateral equals ctN2. cN3 presents lymph nodes bigger than
6 cm in size. Pathological N-categories (pN) are defined as pN1
correlates to lymph node metastasis <4 in numbers, whereas pN2
correlates to >5 in numbers.

N-categories for HPV-negative OPSCC have broadly remained
the same, but extracapsular spread (ECS), independent of lymph
node size, is now classified as N3b in clinical and pathological
categories.

In clinical definition of UICC stages, stage I contains T1,
T2, and NO as well as N1. Stage II is defined as T1-, T2- with
N2-status, or T3 with NO-2. Stage III contains any T- and any
N-classification. Furthermore, any T- and any N-status with posi-
tive M-status is defined as stage IV and no further subdivision is
done.

Pathological UICC stages are defined as following: stage I
again is defined as T1, T2, and NO as well as N1. Stage II contains
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T1 and T2 with N2-status or T3 with NO or N1. Stage III is defined
as T3 or T4 with N2-status and stage IV contains any T- or N-with
positive M-status.

Main changes can be seen in lower UICC stages as higher T-
and N-status are included compared to AJCC/UICC 7th edition
and stage IV is solely defined by distant metastasis.

Definition of UICC stages in HPV-negative OPSCC remained
the same.

Therapy

Patients were diagnosed and treated following local guidelines
between 2000 and 2016. HPV status was determined retrospec-
tively when missing. Treatment was defined as the first course
of OPSCC-specific treatment performed to treat the primary.
Subsequent therapy to treat recurrence was not considered.
Patients with OPSCC were treated with RT or surgery alone in
stage I and stage II disease upon patient’s decision. Advanced
cases (stage III-IVa) were allocated to surgery followed by
risk-adapted SRT or CRT upon patient’s decision. Patients with
unresectable disease (stage IVb) were treated without upfront
surgery by means of RT or CRT depending on the performance.
Patients ineligible for curative therapy (stage IVc, comorbidity,
rejection of therapy within 6 weeks from date of diagnosis)
received CT of best supportive care. Upfront surgery in small
primary tumors (T1-2) consisted of transoral laser microsur-
gery. Combined approaches including pharyngotomy with
composite resection of surrounding soft tissue for the primary
and defect filling by free tissue transfer was performed in locally
advanced tumors (T3-4). Confinement to the lateral wall only
led to unilateral neck dissection. All other tumors were also
treated with contralateral neck dissection. Adjuvant RT was
applied with standard fractionation (1.8-2 Gy daily) to both
sides of the neck area, within 6-10 weeks after surgery. Adjuvant
CT was directed by pathological prognostic factors (involved
surgical margins, extracapsular nodal spread, N3 status) and
consisted of cisplatinum 30-40 mg/sqm weekly. CRT patients
received intensity-modulated radiotherapy, combined with
cisplatinum 100 mg/sqm every 3 weeks or fluorouracil 600 mg/
sqm on days 1-5 plus mitomycin C 10 mg/sqm on days 5
and 36.

Histopathology, HPV-DNA Genotyping,

and p16INK4a Immunohistochemistry

Histological grading was performed following the WHO
criteria for squamous cell carcinomas of the oral mucosa (19).
Formalin-fixed, paraffin-embedded (FFPE) samples contain-
ing pre-therapeutic tumor tissue from patients with confirmed
diagnosis were ascertained in participation with pathologists for
the analysis. Tumors were classified HPV associated only when
a combination of HPV-DNA and p16INK4 positive were found.
For detection, DNA was extracted from variable numbers of
FFPE tissue sections depending on the tissue size (10 pm sec-
tions, approximately corresponding to 10 mm X 10 mm tumor
tissue) using the DNeasy Blood & Tissue Kit by Qiagen, Hilden,
Germany, according to the manufacturer’s instructions. Extracted
DNA was analyzed for mucosal high-risk HPV DNA and HPV

genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73,
and 82) by PCR optimized for DNA extracted from FFPE tissue,
followed by bead-based hybridization (Luminex Technology,
Multimetrix, Progen, Heidelberg), as described previously
(20, 21). HPV-DNA contamination protection steps (e.g., new
microtome blades for every block, separated pre- and post-PCR
areas) were applied and appropriate controls (tissue-free paraffin
blocks, water controls) were processed to monitor potential HR-
HPV DNA contamination. Amplification of beta-globin was used
to ensure DNA integrity. In case of no beta-globin amplification,
DNA extraction was repeated from additional tumor sections to
increase DNA vyield. FFPE tissue sections were stained according
to antibody suppliers and standard protocols. In brief, p16INK4a
expression was detected using the CINtec Histology kit (Roche
mtm Laboratories, Mannheim, Germany).

Statistical and Survival Analysis

Statistical analyses were performed using SPSS statistical software
(IBM Corp., Released 2016. IBM SPSS Statistics for Windows,
Version 24.0.: IBM Corp., Armonk, NY, USA). Overall survival
(OS) was calculated from initial date of histological diagnosis
by routine biopsy to date of death. Follow-up time of event-
free patients was not censored. A linear regression model was
performed to conduct trend analysis for HPV association. Trend
analysis was conducted for 8-year period groups over the entire
period from 2000 to 2007 and 2008 to 2015. OS rates were
calculated by the Kaplan-Meier method, and the significance
of differences was calculated by log-rank test. Qualitative and
quantitative data were compared using Pearson chi-square test.
Cox proportional-hazards models were used to estimate hazard
ratios (HR) with a confidence interval (CI) of 95% for OS in uni-
variate and multivariate analysis. p Values <0.05 were considered
significant for all tests.

RESULTS

Biometric Data in OPSCC Patients

According to 599 patients with OPSCC the median age was
59.7 years (range 36.9-91.8), 466 (77.8%) patients were male, 385
had a good performance status (ECOG 0-1; 64.3%), 121 (20.2%)
were never smokers, and 288 (48.1%) had less than 2 standard
drinks per day.

Prevalence of HPV According to

Prognostic Factors and Biometric Data

Human papilloma virus diagnostics revealed 150/599 (25.0%)
patients with HPV-associated carcinoma (Table 1). An increas-
ing amount of cases with a significant change of HPV relation in
OPSCC (p < 0.002) could be seen in this 16-year period, mostly
during 8th year period from 2008 to 2015 (Figure 1). HPV status
was further assessed according to biometric data and patient pos-
sible prognostic factors for OPSCC (Table 1). HPV association
was independent of age, performance, and gender (p = 0.556,
0.373, and 0.129). Significantly lower rates of HPV association
were seen in patients with reported alcohol and nicotine abuse
(p < 0.001). Distribution of stages determined according to both,
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TABLE 1 | Characteristics of 599 patients with oropharyngeal cancers and known human papilloma virus (HPV) status.

Characteristics of all patients—no. (%) HPV associated HPV negative p-Value*
150 (25.0%) 449 (75.0%)

Gender Female—133 (22.2) 40 (30.1) 3 (69.9) 0.129
Male—466 (77.8) 110 (23.6) 356 (76.4)

Age Young (<60 years)—300 (50.1) 72 (24) 228 (76) 0.556
Old (>60 years)—299 (49.9) 78 (26.1) 221 (73.9)

ECOG Moderate [0-1]—385 (64.3) 91 (23.6) 294 (76.4) 0.373
Severe [2-4]—159 (26.5) 32 (20.1) 127 (79.9)
Unknown—55 (9.2) 27 (49.1) 28 (50.9)

Alcohol No (<2 standard drinks)—288 (48.1) 118 (41) 170 (59) <0.001
Yes (>2 standard drinks)—288 (48.1) 24 (8.3) 264 91.7)
Unknown—23 (3.8) 8(34.8) 5(65.2)

Smoking No—121 (20.2) 71 (88.7) 50 (41.3) <0.001
Yes—461 (77) 73 (15.8) 388 (84.2)
Unknown—17 (2.8) 6 (35.3) 1(64.7)

Tumor stage, 7th edition |—62 (10.4) 4 (6.5 (93 5) <0.001
I1—52 (8.7) 6(11.5) 6 (88.5)
I1—99 (16.5) 37 (37.4) (62 6)
Any IV—386 (64.4) 103 (26.7) 283 (73.3)

Tumor stage, 8th edition |—137 (22.9) 79 (57.7) 8 (42.3) <0.001
1—77 (12.9) 31 (40.3) (59 7)
I1—93 (15.5) 31(33.3) 62 (66.7)
Any IV—292 (48.7) 9(3.1) 283 (96.9)

Therapy Curative therapy—561 (93.7) 144 (25.7) 41 7 (84.3) 0.174
Non-curative therapy (BSC)—38 (6.3) 6(15.8) 2 (84.2)

*p-Values calculated by Pearson’s chi-square-test (y2), bold: significant values < 0.050.

HPV prevalence 2000-2015

HPV prevalence [%]
w
2
X
(]
L ]

10% -
0% :
1999 2001 2003 2005 2007 2009 2011 2013 2015

Year

FIGURE 1 | Significant increase in prevalence of human papilloma virus
(HPV)-association (21-53%) in oropharyngeal squamous cell carcinoma
diagnosed between 2000 and 2015 [p = 0.002 (Pearson), rho = 0.695

(Spearman)].

7th and 8th edition of UICC, showed, respectively, significant dif-
ferences in the HPV associated compared to HPV-negative group
(p < 0.001), with a significant shift toward UICC stages I-II in
HPV-associated disease.

Prognostic Factors According to Therapy
38 patients not suitable to curative therapy received best sup-
portive care or palliative therapy and were excluded when further

analyzing possible prognostic factors of the patients. There
were 363 patients were treated with upfront surgery, while 198
patients received RT or CRT without upfront surgery (Table 2).
Distribution of therapy did not differ according to HPV results
(p = 0.168). However, patients with younger age (p = 0.014)
and favorable performance ECOG (p < 0.001) were more often
treated with upfront surgery. Distribution of stages determined
according to 7th and 8th edition of UICC showed significant
differences in the group treated with SRT compared to patients
with primary RCT (p < 0.001, Table 2).

Univariate Overall Survival Analysis
According to Prognostic Factors, Tumor

Characteristics, and Treatment

The 5-year OS of the study group was 54.5% (HPV related: 82.8%
vs. HPV-negative: 45.5%). In median survival analysis, patients
with younger age (<60 years), low ECOG value (0-1) and alco-
holic consumption <2 standard drinks per day had significantly
better OS rates (p < 0.001, Table 3). Furthermore, no history
of smoking (p = 0.002) also resulted in better OS. Patients who
were treated with upfront surgery also had significantly longer
OS, including all stages and after excluding advanced T-status
for BIAS correction (<0.001). When separately comparing UICC
stages [-IV 7th vs. 8th edition, stage groupings I (trend) and IV
result in significant changes toward the outcome, while stage
grouping IT and III do not (Table 3). This change of stage I toward
a better outcome and stage IV toward an unfavorable outcome
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TABLE 2 | Prognostic factors in 561 consecutive patients with oropharyngeal cancer before curative therapy.

Prognostic factors Upfront surgery—no. (%) No upfront surgery—no. (%) p-Value*
363 (64.7) 198 (35.3)

Human papilloma virus (HPV)-association Yes 100 (69.4) 44 (30.6) 0.168
No 263 (63.1) 154 (36.9)

Gender Female 86 (68.3) 40 (81.7) 0.344
Male 277 (63.7) 158 (36.3)

Age Young (<60 years) 197 (69.6) 86 (30.4) 0.014
Old (>60 years) 166 (59.7) 112 (40.3)

ECOG Moderate [0-1] 268 (71.5) 107 (28.5) <0.001
Severe [2-4] 0 (42.9) 80 (57.1)
Unknown 35 (76.1) 11 (23.9)

Alcohol No (<2 standard drinks) 189 (68.5) 87 (31.5) 0.083
Yes (>2 standard drinks) 162 (61.4) 102 (38.6)
Unknown 2(57.1) 9 (42.9)

Smoking No 82 (71.9) 33 (28.7) 0.093
Yes 271 (62.9) 160 (37.1)
Unknown 0 (66.6) 5(33.4)

Tumor stage, 7th edition | 61 (100) 0 <0.001
[ 50 (96.2) 2(3.8)
Il 82 (82.8) 17 (17.2)
Any IV 170 (48.7) 179 (51.3)

Tumor stage, 8th edition | 57 (100) 0 <0.001
I 45 (97.8) 1.2

HPV-negative Il 49 (79) 13 (21)
Any IV 112 (44.4) 140 (55.6)

Tumor stage, 8th edition | 2(92.3) 6(7.7) <0.001
I (54 8) 14 (45.2)

HPV-positive Il 0(34.5) 19 (65.5)
Any IV 1(16.7) 5(83.3)

*p-Values calculated by Pearson’s chi-square-test (y°), bold.: significant values < 0.050.

leads to a better separation of respective survival curves when
comparing both models.

Univariate Overalls Survival Analysis
According to Prognostic Factors, Tumor
Characteristics, and Treatment in Patients

with HPV-Associated Tumors

After analysis of the prognostic factors in oropharyngeal cancer
patients with HPV-associated tumors, a significantly better OS
can be seen in younger patients (<60 years) and patients with
favorable performance (ECOG0-1). Upfront surgeryalso resulted
inlonger 5 years OS in OPSCC patients with HPV-related tumors
(all patients: SRT 93% vs. CRT 57.7%, p < 0.001; T4 excluded:
SRT 93.4% vs. CRT 73.4%, p = 0.009). When comparing UICC
stages 7th vs. 8th edition, a significant deterioration of 5 year OS
in stage groups III (trend) and IV became apparent. The survival
rates in stages I and I showed no significant difference in compli-
ance with low patient numbers in UICC 7th edition stage groups
I and II (Table 4). The survival curves in HPV-related OPSCC
accordingly depicted better discriminative power between the
subgroups after applying 8th edition changes (Figure 2). Smoking
and alcohol had no significant influence on OS in patients with
HPV-associated OPSCC.

Univariate Overall Survival Analyses
According to Prognostic Factors, Tumor
Characteristics, and Treatment in Patients
with HPV-Negative Tumors

Patients with an HPV-negative tumor, younger age (<60 years,
p = 0.001), low ECOG (stage 0-1, p < 0.001), and alcohol
consumption <2 standard drinks per day (p = 0.003) resulted
in longer OS. The 5-year-OS rates significantly differ between
treatments (SRT: 59.5% vs. CRT: 22%; HR 0.364, p < 0.001). After
adjusting for moderate T-status, the survival benefit between
both groups was still present (SRT 60.4% vs. CRT 28.5%, HR
0.410, p < 0.001; Table 5).

Multivariate Analysis of Overall Survival

To further describe BIAS after summation of possible
prognostic factors in the SRT group leading to superior OS
a multivariate analysis was performed. Gender, age, perfor-
mance, alcohol, history of smoking and therapy (T1-T3) were
included in the analysis. The Cox multivariate analysis sug-
gested that besides age, ECOG, and alcohol therapy (T1-T3,
HR 0.461; p < 0.001) is an independent predictor for better OS
in all OPSCC patients (Table 3). When analyzing age, ECOG,
and therapy (T1-T3) according to HPV, the Cox multivariate
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TABLE 3 | Prognostic factors for survival in patients with oropharyngeal cancer after curative therapy and with known human papilloma virus (HPV) status.

Factor Group No. Survival (univariate) Hazard p-Value** Multivariate analyses
ratios (HR)
Median overall 2-year 5-year p-Value* (95% Cl) HR (95% CIl) p-Value***
survival (OS) (years) OS (%) OS (%)

All 561 5.723 .7 54.5 -

HPV Yes 144 - 88 82.8 <0.001 0.316 <0.001
No 417 7.414 66.4 45.5

Gender Female 126 7.551 73.3 59.3 0.397 1.140 0.396 1.033 0.865
Male 435 5.537 71.2 53

Age Young (<60 years) 283 8.838 7.7 61.7 <0.001 1.627 <0.001 1.460 0.018
Old (=60 years) 278 4.625 65.5 46.5

ECOG Moderate [0-1] 375 7.633 79.1 62.2 <0.001 2.507 <0.001 1.644 0.004
Severe [2-4] 140 1.915 48.3 30.6

Alcohol No (<2 standard drinks) 276 - 78.9 66.1 <0.001 2.059 <0.001 2.357 <0.001
Yes (>2 standard drinks) 264 4.480 66.2 45.5

Smoking No 115 - 78.9 66.8 0.002 1.801 0.002 1.253 0.355
Yes 431 5.293 66.2 45.5

Therapy Upfront surgery 363 11.178 84.8 68.4 <0.001 0.332 <0.001
No upfront surgery 198 1.858 47.4 28.8

Therapy (T1-T3)  Upfront surgery 339 11.178 85.2 68.5 <0.001 0.400 <0.001 0.461 <0.001
No upfront surgery 49 2.405 56.1 38.6

UICC stage | 7th ed. 62 12.274 88.2 61.2 0.062 0.880 0.066
8th ed. 137 - 91.2 97

UICC stage Il 7th ed. 52 11.321 94.2 70.7 0.112 1.027 0.740
8th ed. 7 11.321 93.2 69.5

UICC stage lll 7th ed. 99 7.200 80.4 70.7 0.296 1.061 0.299
8th ed. 93 6.216 72 59.5

UICC stage IV 7th ed. 386 3.063 58.7 43 0.007 1.070 0.008
8th ed. 292 2.011 50.4 32.5

*o-Value calculated by log-rank (Kaplan—-Meier) test.

*p-Value calculated by log-rank (Mantel-Cox) test; univariate.

**p-Value calculated by log-rank (Mantel-Cox) test; multivariate, bold: significant values < 0.050.

analysis was not able to confirm any of the abovementioned DISCUSSION

possible prognostic factors, though a trend for age and therapy
could be seen (Table 4). In OPSCC patients with HPV-negative
tumors, however, age, ECOG, alcohol, and SRT after exclud-
ing advanced T-status were (T1-T3, HR 0.483; p < 0.001)
presented as independent prognostic factors for a longer OS
(Table 5).

Discriminative Power of Stage Groupings
in OPSCC

To further analyze and describe the discrimination of OS values
in the respective stage groups, OS values and log-rank test results
were displayed (Table 6). Surprisingly, for patients with HPV-
negative OPSCC only for stages III/IV (p = 0.012; but not for
stages I/II, II/III) significant discrimination between relevant
adjacent stages in UICC 7th/8th edition could be depicted.
Stages I and II showed similar results. Stages II/III showed nearly
significant deterioration of survival. For adjacent stage groups
in HPV-related disease (I/11, II/III, III/TV) in UICC 7th and 8th
edition in patients with HPV-associated carcinoma, only stage
I vs. stage II (p = 0.031) and stage III vs. IV (p = 0.013) showed
significant discrimination for survival.

Mean survival of OPSCC has improved drastically in recent
decades, not by tremendous treatment progress, but likely due
to steadily increasing rates of HPV-associated OPSCC as shown
in our cohort and by others (22, 23). Although the purpose of
staging systems is to provide solid information about prognosis,
HPV as an essential prognostic factor was not included in 7th
version of UICC. Consistently, in several publications a weak
power of differentiation of UICC 7th edition in HPV-associated
carcinoma has been reported, whereas acceptable results were
described for HPV-negative carcinoma (15, 24, 25). The latest
edition (8th UICC) considers HPV status for better differentia-
tion between stages and prediction of survival in OPSCC based
on cohorts primarily treated with CRT (25) or SRT (26). We
evaluated the benefit of new staging rules in HPV-associated
OPSCC in an unselected cohort of patients, predominantly
treated with upfront surgery followed by adjuvant risk-adapted
radio(chemo)therapy (SRT) for tumor control. Our results show
significant stratification between stages I vs. IT but not IT vs. Il in
patients with HPV-associated carcinoma. This lack of stratifica-
tion between stages IT and III could be influenced by low number
of cases and events (death) due to improved survival rates in
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TABLE 4 | Prognostic factors for survival in human papilloma virus-associated cancer of the oropharynx.

Factor Group No. Survival (univariate) Hazard ratios p-Value** Multivariate analyses
(HR) (95% CI)
Median overall 2-year 5-year p-Value* HR (95% Cl)  p-Value***
survival (OS) 0S (%) OS (%)
(years)
Gender Female 39 - 89.4 80.9 0.690 1.188 0.690
Male 105 - 87.5 83.3
Age Young (<60 years) 69 - 93.7 91.7 0.003 3.247 0.005 2.342 0.094
Old (=60 years) 75 11.468 82.9 74.3
ECOG Moderate [0-1] 90 - 93.2 91.7 <0.001 3.545 0.001 0.695 0.695
Severe [2-4] 31 7.438 70.3 55.3
Alcohol No (<2 standard drinks) 113 - 87.6 83.9 0.111 1.948 0.117
Yes (>2 standard drinks) 23 7.438 90.6 82.4
Smoking No 69 - 87.5 83.3 0.236 1.592 0.240
Yes 69 11.468 87.7 83.1
Therapy Upfront surgery 100 - 97 93 <0.001 0.206 <0.001
No upfront surgery 44 7.438 65.8 57.7
Therapy (T1-T3)  Upfront surgery 92 - 97.8 93.4 0.009 0.300 0.013 0.394 0.071
No upfront surgery 24 7.438 79.5 73.4
UICC stage | 7th ed. 4 - 75.0 75.0 0.968 1.011 0.968
8th ed. 79 - 94.4 94.4
UICC stage Il 7th ed. 6 - - = 0.138 2.429 0.374
8th ed. 31 - 92.7 77.5
UICC stage Il 7th ed. 37 11.468 97.3 94.3 0.055 1.271 0.064
8th ed. 31 7.438 71.0 63.9
UICC stage IV 7th ed. 103 - 82.5 74.2 0.003 1.407 0.006
8th ed. 9 1.233 50.0 25.0

*p-Value calculated by log-rank (Kaplan-Meier) test.
*p-Value calculated by log-rank (Mantel-Cox) test; univariate.
***p-Value calculated by log-rank (Mantel-Cox) test; multivariate, bold: significant values < 0.050.
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°§. 60 § 60
E: g
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Stage IV Stage IV
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FIGURE 2 | (A) Survival of patients with human papilloma virus (HPV)-associated oropharyngeal squamous cell carcinoma (OPSCC) according to UICC 7th edition
which presents with poor discriminative power between stages. (B) Survival of patients with HPV-associated OPSCC according to UICC 8th edition with significant
discriminative power between stages | vs. Il and lll vs. IV but not between stages Il vs. lIl.

patients with HPV-associated OPSCC. Additionally, different The TNM criteria have been revised in the 8th edition of
criteria for UICC stages in surgically and CRT-treated patients ~ UICC according to a large patient cohort (n = 1.907 patients
exist according to treatment modality. with HPV-associated carcinoma) mainly treated with CRT
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TABLE 5 | Prognostic factors for survival in human papilloma virus-negative patients with oropharyngeal cancer.

Factor Group No. Survival (univariate) Hazard ratios  p-Value** Multivariate analyses
(HR) (95% CI)
Median overall 2-year 5-year p-Value* HR (95% Cl)  p-Value***
survival (OS) OS (%) OS (%)
(years)
Gender Female 87 5.197 66.6 50.6 0.711 1.063 0.711 1.005 0.979
Male 330 4.364 66.4 44
Age Young (<60 years) 214 5.5638 73.1 52.9 <0.001 1.582 0.001 1.417 0.043
Old (>60 years) 203 2.866 59.1 37.1
ECOG Moderate [0-1] 285 5.323 74.7 53.1 <0.001 2.480 <0.001 1.904 <0.001
Severe [2-4] 109 1.668 41.9 23.3
Alcohol No (<2 standard drinks) 163 5.641 73 53.9 0.003 1.540 0.003 1.872 0.001
Yes (>2 standard drinks) 241 3.874 64 42.5
Smoking  No 46 4.616 72.8 40.8 0.879 1.035 0.879 0.800 0.427
Yes 362 4.408 66.3 46.5
Therapy Upfront surgery 263 6.655 80.3 59.5 <0.001 0.364 <0.001
No upfront surgery 154 1.718 42.7 22
Therapy Upfront surgery 247 6.655 80.7 60.4 <0.001 0.410 <0.001 0.483 <0.001
(T1-T3) No upfront surgery 70 1.929 49 28.5
*p-Value calculated by log-rank (Kaplan—-Meier) test.
**p-Value calculated by log-rank (Mantel-Cox) test; univariate.
***p-Value calculated by log-rank (Mantel-Cox) test; multivariate, bold: significant values < 0.050.
TABLE 6 | Survival differences and discriminative power of stage groupings in oropharyngeal cancer.
Human papilloma virus (HPV)-associated cancer of the oropharynx [2-year OS/5-year OS]
UICC stages 1 (95.8/95.8) 11(92.7/77.5) Il (74.1/66.6) IV (33.3/16.7) 8th edition
| 0.031 0.001 <0.001 |
Il 0.480 0.257 0.001 Il
1l 0.388 0.139 0.013 Il
Any IV 0.558 0.152 0.534
7th edition | (75.0/75.0) Il (0/0) 111 (94.3/94.3) Any IV (84.2/75.8)
HPV-negative cancer of the oropharynx (2-year OS/5-year OS)
UICC stages 1(88.9/58.1) 11 (93.4/65.9) Il (72.4/57 .6) IV (54.4/35.2) 7/8th edition
0.685 0.156 <0.001 |
0.096 <0.001 Il

0.012

p-Value calculated by log-rank (Kaplan—-Meier) test, bold: significant values < 0.050; light grey: UICC 8th edition; dark grey: UICC 7th edition; white: UICC 7th/8th edition.

(International Collaboration on Oropharyngeal cancer Network
for Staging—ICON-S). UICC stages were adapted according to
similar survival rates in 7th edition (no subdivision in T4, re-
termination of N-status) and new classification-terms presented
with a significant differentiation (p < 0.001) between stages (I
vs. II, II vs. III) in both cohorts (25). However, the discrimina-
tion between stages I vs. II seemed to be very low (OS rates: 85
vs. 78%) in the cohort described by O’Sullivan and coauthors.
Additionally, only 1% in their respective training cohort and
2% in the validation cohort were treated with upfront surgery.
Therefore, outcome measurements may not be comparable.

Significantly worse outcome in stage I patients by clinical stag-
ing of lymph node involvement in CRT patients might also be
explained by false negative results of clinical lymph node assess-
ment in comparison to lymph node staging after upfront neck
dissection. Finally, the authors implemented HPV association as
p16INK4a-stain or in situ hybridization for HPV-DNA only in
the ICON-S cohort. It is well known that assigning patients to
HPV-related OPSCC according one-test-only harbors the risk
of bias (27, 28).

To improve staging rules for patients treated with SRT, a
sample of 704 patients with HPV-associated carcinoma was
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evaluated. When using clinical staging system on a primarily
surgically treated cohort overlap of OS between stages was seen
(26). Therefore, classification of N-status was adapted accord-
ing to number of infiltrated lymph nodes, whereas ECS had
no prognostic influence in OS in patients with HPV-associated
carcinoma (29). When using those new pathological staging
rules, a significant differentiation (p < 0.001) between stages I
vs. IT and II vs. III (5-year OS: 1 90%, II 84%, III 48%) were seen
(26). This again, stands in contrast with our results, as we found
poor differentiation between stages II and III. Repeatedly, the low
number of patients with HPV-associated carcinoma in our cohort
and solely p16INK4a testing in this 704 patient cohort could be a
reason for diverse outcome.

In a recent publication, the UICC 8th edition has been tested
on 195 patients with OPSCC (111 HPV-associated, confirmed
only by p16INK4a-status) treated with SRT or CRT in Japan (30).
UICC stages I and II were condensed due to similar survival rates
(3-year OS:190.9, 11 90.9, I11 70.2) and presented with significant
differentiation compared to stage III (p < 0.001) in this retrospec-
tive study. This again stands in contrast to our results and might
be due to summarization of stages, inaccurate HPV testing, and
improper classification of N-category. Although patients were
treated with SRT and CRT, it is reported that classification was
performed according to clinical stages only.

As evaluation in UICC 8th edition is done separately accord-
ing to different criteria for either patients treated with SRT or
CRT, choice of therapy plays a pivotal role. Since no therapy
of choice has been identified in OPSCC independent of HPV
status, to this point no evidence for better outcome or better
classification has been reported. Due to favorable outcome after
therapy in HPV-associated OPSCC treatment, modality seems
to be of minor significance for the outcome, whereas in HPV-
negative tumors, upfront surgery might be an independent
factor for improved OS (own unpublished data). Although in
this retrospective study, the Cox multivariate analysis identified
age, ECOG, alcohol and therapy as an independent predictor
for better OS in all OPSCC, results have to be interpreted with
caution due to an unavoidable selection bias in patients. Further
studies are needed to investigate the role of treatment modality
in OPSCC as this has an impact on discrimination of stages
in UICC classification and furthermore, proper classification
plays a pivotal role for eventual consideration of de-escalation
of treatment in HPV-associated OPSCC.

Inclusion of further possible prognostic factors such as smok-
ing, age, performance status, quality of life, EGFR-expression,
p53 status, Bcl-2, and ERCC1, as recommended by UICC (18),
could improve stratification in OPSCC. In multiple cohorts,
smoking and TNM status were reported to effect OS (8, 25, 29,
31), which is in contrast to our findings as we found alcohol,
but not smoking, had a significant impact on the outcome of
OPSCC patients. In our model, smoking might be canceled out
due to the high rate of smokers in the HPV-negative group.
Furthermore, smoking might influence radiosensitivity, e.g.,
via reducing tumor oxygenation by a rise in carboxyhemo-
globin level in smokers and its prognostic impact could be
less important after primary surgical treatment. In further

studies by our group, T-status in patients with HPV-associated
OPSCC, performance status, N-category, and age in patients
with HPV-negative OPSCC were identified in a RPA model
to be important predictors for prolonged OS after SRT (32),
whereas we found that the model, introduced by Ang et al.,
seems to be unsuited for unselected, primary surgically treated
patients (8).

There are certain drawbacks in our study: a single institution
cohort, limitations of retrospective data evaluation, particularly
on tobacco and alcohol consumption. Additionally, classification
of HPV-negative OPSCC was done according to 7th edition of
UICC as this was the applied staging system in the time period
of treatment in the described cohort. Therefore, ECS has not
been documented on a regular basis. As this important factor
has been introduced in 8th edition (5-year OS: NO 85.5%, N+/
ECS— 62.5%, N+/ECS+ 29.9%) (33, 34) upcoming analysis has
to include ECS for validation of proper discrimination in new
AJCC stage groupings.

CONCLUSION

Our data demonstrate that stratification according to HPV, and
changes in TNM categories in the 8th edition of AJCC/UICC
improve discriminative power in a non-selected cohort of OPSCC
patients primarily treated with upfront surgery. However, distinc-
tion between stages II and III in patients with HPV-associated
OPSCC seems to be poor. Additionally, we confirmed alcohol
to be an important prognostic factor in HPV-negative OPSCC,
whereas smoking and alcohol had no significant influence on OS
in patients with HPV-associated OPSCC. In conclusion, the 8th
edition of AJCC/UICC TNM staging system is more suitable for
HPV-associated carcinoma although further adaptation may be
needed to improve prediction of prognosis.

ETHICS STATEMENT

The protocol was approved by the “regional ethics committee”
Written informed consent, in accordance with the Declaration of
Helsinki, was obtained from patients to use archived samples for
scientific purpose.

AUTHOR CONTRIBUTIONS

Each author has provided substantial contributions to warrant
authorship. Specific contributions are as follows. NW and SW:
conceptualization, resources, data curation, formal analysis, inves-
tigation, methodology, project administration, supervision, vali-
dation, visualization, writing-original draft, writing-review, and
editing. SS: resources, data curation, validation, writing-review,
and editing. MR, E-SP, and SG: conceptualization, resources,
formal analysis, validation, writing-review, and editing. JK and
CW: conceptualization, resources, investigation, methodology,
supervision, visualization, writing-original draft, writing-review,
and editing.

Frontiers in Oncology | www.frontiersin.org

June 2017 | Volume 7 | Article 129


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive

Wirdemann et al.

New TNM in Oropharyngeal Cancer

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, Kim E,
et al. Human papillomavirus and rising oropharyngeal cancer incidence
in the United States. J Clin Oncol (2011) 29(32):4294-301. doi:10.1200/
j€0.2011.29.15_suppl.5529

Gillison ML, Chaturvedi AK, Anderson WE, Fakhry C. Epidemiology of
human papillomavirus-positive head and neck squamous cell carcinoma.
J Clin Oncol (2015) 33(29):3235-42. d0i:10.1200/JCO.2015.61.6995

Tinhofer I, Johrens K, Keilholz U, Kaufmann A, Lehmann A, Weichert W,
et al. Contribution of human papilloma virus to the incidence of squamous
cell carcinoma of the head and neck in a European population with high
smoking prevalence. Eur ] Cancer (2015) 51(4):514-21. doi:10.1016/j.
€jca.2014.12.018

Heck JE, Berthiller J, Vaccarella S, Winn DM, Smith EM, Shan'gina O, et al.
Sexual behaviours and the risk of head and neck cancers: a pooled analysis in
the International Head and Neck Cancer Epidemiology (INHANCE) consor-
tium. Int ] Epidemiol (2010) 39(1):166-81. doi:10.1093/ije/dyp350

Simard EP, Torre LA, Jemal A. International trends in head and neck cancer
incidence rates: differences by country, sex and anatomic site. Oral Oncol
(2014) 50(5):387-403. doi:10.1016/j.oraloncology.2014.01.016

Klussmann JP, Weissenborn SJ, Wieland U, Dries V, Eckel HE, Pfister HJ,
et al. Human papillomavirus-positive tonsillar carcinomas: a different
tumor entity? Med Microbiol Immunol (2003) 192(3):129-32. doi:10.1007/
s00430-002-0126-1

Maxwell JH, Grandis JR, Ferris RL. HPV-associated head and neck cancer:
unique features of epidemiology and clinical management. Annu Rev Med
(2016) 67:91-101. doi:10.1146/annurev-med-051914-021907

Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, Nguyen-Tan PF,
et al. Human papillomavirus and survival of patients with oropharyngeal
cancer. N Engl ] Med (2010) 363(1):24-35. doi:10.1056/NEJM0a0912217
Fakhry C, Zhang Q, Nguyen-Tan PF, Rosenthal D, El-Naggar A, Garden AS,
et al. Human papillomavirus and overall survival after progression of oro-
pharyngeal squamous cell carcinoma. J Clin Oncol (2014) 32(30):3365-73.
doi:10.1200/JC0O.2014.55.1937

Keane FK, Chen YH, Neville BA, Tishler RB, Schoenfeld JD, Catalano PJ,
et al. Changing prognostic significance of tumor stage and nodal stage in
patients with squamous cell carcinoma of the oropharynx in the human
papillomavirus era. Cancer (2015) 121(15):2594-602. doi:10.1002/cncr.29402
Panwar A, Batra R, Lydiatt WM, Ganti AK. Human papilloma virus positive
oropharyngeal squamous cell carcinoma: a growing epidemic. Cancer Treat
Rev (2014) 40(2):215-9. d0i:10.1016/j.ctrv.2013.09.006

Lybak S, Ljokjel B, Haave H, Karlsdottir A, Vintermyr OK, Aarstad HJ. Primary
surgery results in no survival benefit compared to primary radiation for
oropharyngeal cancer patients stratified by high-risk human papilloma
virus status. Eur Arch Otorhinolaryngol (2017) 274(1):477-87. doi:10.1007/
s00405-016-4203-2

Licitra L, Felip E. Squamous cell carcinoma of the head and neck: ESMO
clinical reccommendations for diagnosis, treatment and follow-up. Ann Oncol
(2009) 20(Suppl 4):121-2. doi:10.1093/annonc/mdp149

Wittekind C, Meyer H-J. TNM: Klassifikation Maligner Tumoren. Vol. 7.
Auflage. Weinheim: WILEY-VCH (2010).

Wittekindt C, Klussmann JP. Tumor staging and HPV-related oropharyngeal
cancer. Recent Results in Cancer Research. Fortschritte der Krebsforschung.
Progres dans les recherches sur le cancer. (Vol. 206), (2017). p. 123-33.

Klozar J, Koslabova E, Kratochvil V, Salakova M, Tachezy R. Nodal status is not
a prognostic factor in patients with HPV-positive oral/oropharyngeal tumors.
J Surg Oncol (2013) 107(6):625-33. doi:10.1002/js0.23292

Lydiatt WM, Patel SG, O’Sullivan B, Brandwein MS, Ridge JA, Migliacci JC,
et al. Head and neck cancers-major changes in the American Joint Committee
on cancer eighth edition cancer staging manual. CA Cancer ] Clin (2017)
67(2):122-37. doi:10.3322/caac.21389

Wittekind C. TNM: Klassifikation Maligner Tumoren. Vol. Achte Auflage.
Weinheim: WILEY-VCH (2017).

Pindborg JJ, Wahi PN. International histological classification of tumours.
Histological Typing of Cancer and Precancer of the Oral Mucosa. 2nd ed. Berlin,
New York: Springer (1997). p. x, 87.

Schmitt M, Bravo IG, Snijders PJ, Gissmann L, Pawlita M, Waterboer T.
Bead-based multiplex genotyping of human papillomaviruses. J Clin
Microbiol (2006) 44(2):504-12. doi:10.1128/JCM.44.2.504-512.2006

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Prigge ES, Toth C, Dyckhoff G, Wagner S, Miiller F, Wittekindt C, et al.
p16(INK4a)/Ki-67 co-expression specifically identifies transformed cells in
the head and neck region. Int J Cancer (2015) 136(7):1589-99. doi:10.1002/
ijc.29130

Chaturvedi AK, Anderson WE Lortet-Tieulent ], Curado MP, Ferlay J,
Franceschi S, et al. Worldwide trends in incidence rates for oral cavity and
oropharyngeal cancers. J Clin Oncol (2013) 31(36):4550-9. doi:10.1200/
JC0.2013.50.3870

Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, Pinto H, et al. Improved
survival of patients with human papillomavirus-positive head and neck squa-
mous cell carcinoma in a prospective clinical trial. J Natl Cancer Inst (2008)
100(4):261-9. doi:10.1093/jnci/djn011

Malm IJ, Fan CJ, Yin LX, Li DX, Koch WM, Gourin CG, et al. Evaluation of
proposed staging systems for human papillomavirus-related oropharyngeal
squamous cell carcinoma. Cancer (2017) 123(10):1768-77. doi:10.1002/
cncr.30512

O’Sullivan B, Huang SH, Su J, Garden AS, Sturgis EM, Dahlstrom K, et al.
Development and validation of a staging system for HPV-related oropha-
ryngeal cancer by the International Collaboration on Oropharyngeal cancer
Network for Staging (ICON-S): a multicentre cohort study. Lancet Oncol
(2016) 17(4):440-51. doi:10.1016/S1470-2045(15)00560-4

Haughey BH, Sinha P, Kallogjeri D, Goldberg RL, Lewis JS Jr, Piccirillo JE
et al. Pathology-based staging for HPV-positive squamous carcinoma of
the oropharynx. Oral Oncol (2016) 62:11-9. doi:10.1016/j.oraloncology.
2016.09.004

Prigge ES, Arbyn M, von Knebel Doeberitz M, Reuschenbach M. Diagnostic
accuracy of pl6INK4a immunohistochemistry in oropharyngeal squamous
cell carcinomas: a systematic review and meta-analysis. Int J Cancer (2017)
140(5):1186-98. doi:10.1002/ijc.30516

Klussmann JP, Giiltekin E, Weissenborn SJ, Wieland U, Dries V, Dienes HP,
et al. Expression of pl6 protein identifies a distinct entity of tonsillar
carcinomas associated with human papillomavirus. Am ] Pathol (2003)
162(3):747-53. doi:10.1016/S0002-9440(10)63871-0

Sinha P, Kallogjeri D, Gay H, Thorstad WL, Lewis ]S Jr, Chernock R, et al.
High metastatic node number, not extracapsular spread or N-classification
is a node-related prognosticator in transorally-resected, neck-dissected p16-
positive oropharynx cancer. Oral Oncol (2015) 51(5):514-20. doi:10.1016/j.
oraloncology.2015.02.098

Mizumachi T, Homma A, Sakashita T, Kano S, Hatakeyama H, Fukuda S.
Confirmation of the eighth edition of the AJCC/UICC TNM staging system
for HPV-mediated oropharyngeal cancer in Japan. Int J Clin Oncol (2017).
doi:10.1007/s10147-017-1107-0

Rietbergen MM, Witte BI, Velazquez ER, Snijders PJ, Bloemena E, Speel EJ,
et al. Different prognostic models for different patient populations: validation
of a new prognostic model for patients with oropharyngeal cancer in Western
Europe. Br J Cancer (2015) 112(11):1733-6. d0i:10.1038/bjc.2015.139
Wagner S, Wittekindt C, Sharma SJ, Wuerdemann N, Jittner T, Reuschenbach
M, et al. Human papillomavirus association is the most important predictor
for surgically treated patients with oropharyngeal cancer. Br ] Cancer (2017)
116(12):1604-11. doi:10.1038/bjc.2017.132

de Juan ], Garcia J, Lopez M, Oras C, Esteller E, Quer M, et al. Inclusion
of extracapsular spread in the pTNM classification system: a proposal for
patients with head and neck carcinoma. JAMA Otolaryngol Head Neck Surg
(2013) 139(5):483-8. doi:10.1001/jamaoto.2013.2666

Wreesmann VB, Katabi N, Palmer FL, Montero PH, Migliacci JC, Génen M,
et al. Influence of extracapsular nodal spread extent on prognosis of oral squa-
mous cell carcinoma. Head Neck (2016) 38(Suppl 1):E1192-9. doi:10.1002/hed.
24190

Conflict of Interest Statement: The research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential conflict
of interest. No conflict of interest to disclose.

Copyright © 2017 Wiirdemann, Wagner, Sharma, Prigge, Reuschenbach, Gattenlohner,
Klussmann and Wittekindt. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) or licensor
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

June 2017 | Volume 7 | Article 129


http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
http://www.frontiersin.org/oncology/archive
https://doi.org/10.1200/jco.2011.29.15_suppl.5529
https://doi.org/10.1200/jco.2011.29.15_suppl.5529
https://doi.org/10.1200/JCO.2015.61.6995
https://doi.org/10.1016/j.ejca.2014.12.018
https://doi.org/10.1016/j.ejca.2014.12.018
https://doi.org/10.1093/ije/dyp350
https://doi.org/10.1016/j.oraloncology.2014.01.016
https://doi.org/10.1007/s00430-002-0126-1
https://doi.org/10.1007/s00430-002-0126-1
https://doi.org/10.1146/annurev-med-051914-021907
https://doi.org/10.1056/NEJMoa0912217
https://doi.org/10.1200/JCO.2014.55.1937
https://doi.org/10.1002/cncr.29402
https://doi.org/10.1016/j.ctrv.2013.09.006
https://doi.org/10.1007/s00405-016-4203-2
https://doi.org/10.1007/s00405-016-4203-2
https://doi.org/10.1093/annonc/mdp149
https://doi.org/10.1002/jso.23292
https://doi.org/10.3322/caac.21389
https://doi.org/10.1128/JCM.44.2.504-512.2006
https://doi.org/10.1002/ijc.29130
https://doi.org/10.1002/ijc.29130
https://doi.org/10.1200/JCO.2013.50.3870
https://doi.org/10.1200/JCO.2013.50.3870
https://doi.org/10.1093/jnci/djn011
https://doi.org/10.1002/cncr.30512
https://doi.org/10.1002/cncr.30512
https://doi.org/10.1016/S1470-2045(15)00560-4
https://doi.org/10.1016/j.oraloncology.2016.09.004
https://doi.org/10.1016/j.oraloncology.2016.09.004
https://doi.org/10.1002/ijc.30516
https://doi.org/10.1016/S0002-9440(10)63871-0
https://doi.org/10.1016/j.oraloncology.2015.02.098
https://doi.org/10.1016/j.oraloncology.2015.02.098
https://doi.org/10.1007/s10147-017-1107-0
https://doi.org/10.1038/bjc.2015.139
https://doi.org/10.1038/bjc.2017.132
https://doi.org/10.1001/jamaoto.2013.2666
https://doi.org/10.1002/hed.24190
https://doi.org/10.1002/hed.24190
http://creativecommons.org/licenses/by/4.0/

	Prognostic Impact of AJCC/UICC 8th Edition New Staging Rules in Oropharyngeal Squamous Cell Carcinoma
	Introduction
	Materials and Methods
	Patients, Tumor Samples, and Clinical Data Collection
	Changes in the AJCC/UICC 8th Edition
	Therapy
	Histopathology, HPV-DNA Genotyping, and p16INK4a Immunohistochemistry
	Statistical and Survival Analysis

	Results
	Biometric Data in OPSCC Patients
	Prevalence of HPV According to Prognostic Factors and Biometric Data
	Prognostic Factors According to Therapy
	Univariate Overall Survival Analysis According to Prognostic Factors, Tumor Characteristics, and Treatment
	Univariate Overalls Survival Analysis According to Prognostic Factors, Tumor Characteristics, and Treatment in Patients with HPV-Associated Tumors
	Univariate Overall Survival Analyses According to Prognostic Factors, Tumor Characteristics, and Treatment in Patients with HPV-Negative Tumors
	Multivariate Analysis of Overall Survival
	Discriminative Power of Stage Groupings in OPSCC

	Discussion
	Conclusion
	Ethics Statement
	Author Contributions
	References


