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Background Oropharyngeal squamous cell carcinoma (OPSCC) is the only subgroup of head neck cancer that pre-
sents with an increased incidence. Gender-specific studies in other cancer entities have revealed differences in treat-
ment response and prognosis. However, only limited data in OPSCC according to gender and human papillomavirus
(HPV) status exist. Therefore, we aimed to investigate sex-specific differences in OPSCC and how these may be distrib-
uted in relation to HPV and other risk factors.

Methods This retrospective, bicentric study included 1629 patients with OPSCC diagnosed between 1992 and 2020.
We formed subgroups based on TNM status, American Joint Cancer Committee 8" edition (AJCC8), HPV status, treat-
ment modality (surgery (£ radio(chemo)therapy (RCT) vs. definitive RCT) and patient-related risk factors and investi-
gated gender differences and their impact on patients survival via descriptive-,uni- and multivariate analysis.

Results With the exception of alcohol abuse, no significant differences were found in risk factors between men
and women. Females presented with better OS than males in the subgroup T1-2, N+, independent of risk factors
(p=0.008). Males demonstrated significant stratification through all AJCC8 stages (all p <0.050). In contrast, women
were lacking significance between stage Il and Ill (p=0.992). With regard to therapy (surgery (+ R(C)T) - vs. defini-
tive RCT) women treated with surgery had better OS than men in the whole cohort (p=0.008). Similar results were
detected in the HPV-negative OPSCC sub-cohort (p=0.042) and in high-risk groups (AJCC8 stage Ill and IV with MO,
p=0.003).

Conclusion Sex-specific differences in OPSCC represent a health disparity, particularly according to staging and treat-
ment, which need to be addressed in future studies.
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Background

Head and neck squamous cell carcinoma (HNSCC) con-
stitute the seventh leading type of malignancy worldwide
with approximately 878.000 new cases and over 444.000
deaths annually [1]. Oropharyngeal squamous cell carci-
noma (OPSCC) is the only subgroup of head neck cancer
that presents with an increased incidence [2—4]. Major
risk factors are tobacco and alcohol consumption [5, 6].
Over the last two decades, a significant increase in inci-
dence of Human papillomavirus (HPV) related- OPSCC
has been observed, in particular in high-income coun-
tries [3, 4, 7, 8]. The majority of these OPSCC are associ-
ated with high-risk HPV type 16 [9, 10]. Notably, patients
with HPV-related OPSCC have a significantly improved
prognosis compared to HPV-negative OPSCC, regardless
of treatment modality or tumor stage [11-13].

In general, men are diagnosed with OPSCC much more
frequently compared to women (approximately 70% vs.
30%) [14]. Furthermore, in a multicenter study includ-
ing patients from 29 different countries, Castellsagué and
colleagues [15] demonstrated that there is a spatial het-
erogeneity regarding HPV prevalence and distribution of
HPV-related OPSCC according to gender. In the US pop-
ulation the rise in incidence is predominantly attributable
to male patients [7, 16], whereas in Germany a higher
increase in females was reported [4].

Despite these gender differences in incidence, the
patient’s sex is usually not considered in diagnostic pro-
cedures, classification or clinical decisions. For many
years, gender medicine was a neglected topic in oncol-
ogy. Meanwhile, further differences in diagnosis, tumor
aggressiveness and outcome are known in many cancer
entities as papillary thyroid cancer and gastric cancer [17,
18]. Various reasons such as differences in habits (smok-
ing, drinking and sexual behavior), differences according
to the immune system, molecular differences or hormo-
nal influences are discussed [2, 17-20].

Regarding head and neck cancer one explanation for
the above described gender disparities is the differ-
ence in habits (more smoking and drinking in men) [6,
21]. Regarding HPV related OPSSC one cause might be
the cervicovaginal microbiota. It has been reported that
females display a higher viral load of the genital mucosa
compared to men, despite similar genital HPV preva-
lence [22, 23]. Consistent with these findings, other
studies have reported that HPV may be transmitted
more often from female to male, than vice versa [24, 25]
and that there are higher rates of HPV transmission via
vaginal—oral rather than penile—oral sex [26]. A higher
prevalence of oncogenic HPV in the oral cavity of men
compared to women was also detected (10.1% vs. 3.6%)
[2, 27], which could in part explain the higher prevalence
of HPV-related OPSCC in men [2, 28]. Another reason
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for a higher HPV prevalence of men might be a higher
number of sexual partners [2, 3, 29]. This is in line with
the finding of a higher diffusion among (non vaccinated)
men having sex with men [30-33].

Independent of HPV infection, another reason for
gender disparities in HNSCC might be caused by dif-
ferences in sexual hormones. Hormones play an impor-
tant, mostly protective role in different types of cancer in
women like hepatocellular carcinoma [34]. A case—con-
trol study by Hashim et al. demonstrated that the risk of
developing HNSCC was inversely correlated with endog-
enous and exogenous estrogen exposures [35]. Regard-
ing endogenous hormone exposure, the author specified
that women giving birth to a child before 35 years of age
had a lower risk of HNSCC than older women or women
that have never been pregnant. Furthermore, female hor-
mone pathways can be affected by smoking and alcohol
drinking [35, 36]. Smoking is known to increase estrogen
catabolism [31], which may be one reason for a different
effect of smoking on the risk of developing HNSCC in
women than in men.

Here, we performed a bicentric, retrospective analy-
sis of OPSCC patients focused on gender-related overall
survival and therapy, with the aim to identify sex-specific
differences with potential impact on staging and treat-
ment in the future.

Materials and methods

Patient cohort

The study protocol was approved by the Ethics commit-
tee of Giessen and Cologne (study number 144/22 Gies-
sen, 19—-1288 Cologne). Informed consent was obtained
from all the participants and/or their legal guardians. All
study procedures were conducted according to the guide-
lines of the Declaration of Helsinki.

Patients diagnosed with OPSCC (C09, C10, Interna-
tional Classification of Diseases for Oncology (ICD-
0O)) and treated at the University Hospital Giessen and
Cologne between 1992 and 2020 were included in this
study. The following data were assessed: Age at initial
diagnosis, TNM, ECOG, HPV-status, alcohol and nico-
tine consumption, treatment and OS. Due to the wide
timespan, data was not available in all cases. Therefore,
statistical analysis was performed based on available data
in each category. The numbers of included cases were
specified in each category. The extent of the disease was
defined by TNM 7™ or 8" edition, according to validity
at the time of diagnosis. T4a- and T4b-status in patients
with HPV-negative OPSCC were combined into a
T4-status for better comparability to patients with HPV-
related OPSCC. In terms of N-status, stages N2 a-c and
N3 a-b in HPV-negative OPSCC were merged into stages
N2 and N3. Based on TNM, the classification according
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to the 8™ edition of the American Cancer Staging Classi-
fication, (AJCC8 I-IV) was determined. This was feasible
for 1149 patients, whereas information on AJCCS8 status
was lacking for the remaining cases.

Patients were considered non-smokers if nicotine
consumption was suspended 16 years before the ini-
tial diagnosis of the OPSCC. Alcohol consumption was
marked positive when patients reported a regular alcohol
consumption.

Treatment options were divided into either surgery
with risk-adapted adjuvant radio(chemo)therapy (R(C)
T) versus definitive RCT. Treatment was defined to be
the first course of cancer specific therapy. For the analy-
sis of therapeutic differences, only patients with MO were
included in the statistical analysis. Clinicopathological
features of the cohort are displayed in Table 1 and Fig. 1.

HPV status of OPSCC

The formalin-fixed, paraffin-embedded samples contain-
ing sufficient tumor tissue either acquired by diagnostic
biopsies (in the case of non-surgical treatment) or sur-
gery were all analyzed for the presence of HPV DNA,
HPV genotypes and expression of pl6™N<* (p16) by
immunostaining as described previously [9]. HPV-posi-
tivity was defined as a combination of an expression of
p16 in more than 70% of tumor cells and high-risk HPV-
DNA detection as described previously [9]. HPV-nega-
tivity was defined as either p16 negative and HPV-DNA
negative (p16-/HPV-), p16 negative and HPV-DNA posi-
tive (p16-/HPV +) or pl6 positive but HPV-DNA nega-
tive (p16+HPV-). Only when analyzing the OS according
to AJCC8™ edition (Fig. 3) patients were subdivided
solely by their p16 status (independent of HPV-DNA), as
defined in the AJCCS8 classification criteria.

Statistical analysis

Statistical analyses were performed using SPSS statisti-
cal software (IBM SPSS 28.0, Armonk, NY, USA). Sur-
vival curves were plotted according to the Kaplan—Meier
method and analyzed using the log-rank test. Patients for
whom the time of death or survival could not be deter-
mined were censored at the last known contact. Censor-
ing was indicated in the graphs by vertical bars. To assess
significant differences in OS, Cox proportional-hazards
models were used to estimate hazard ratios (HR) with
a confidence interval (CI) of 95%. This was performed
as univariate and multivariate analysis. All tests were
two-sided. For all tests, p-values<0.05 were consid-
ered statistically significant. Graphs were created using
GraphPadPrism (GraphPadPrism 8.3.0, San Diego, CA,
USA).
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Results

Patients characteristics

This retrospective, bi-centric study includes 1.629
patients (Giessen: n=786, Cologne: n=843) with
OPSCC, 1258 (77.2%) males and 371 (22.8%) females.
All OPSCC were diagnosed between 1992 and 2020.
Overall, the mean age at diagnosis was 59 years for
both female and male patients (Fig. 1A and B). 311
(31.6%) male and 100 (34%) female patients had HPV-
positive OPSCC (Fig. 1C and D, Table 1). The mean
age of the patients with HPV-related OPSCC was
61 years, whereas in the HPV-negative OPSCC cohort
it was 59 years. There was a significant difference in
the distribution of the AJCC stages between men and
women (p=0.015, Fig. 1E and F, Table 1). 56.7% of the
female patients were classified as T1-T2, whereas only
50.8% of the male patients were classified in this group
(Table 1). Female patients demonstrated a trend for
smaller tumor size (defined as T1-T2) compared to men
(p=0.055, Table 1). With regards to the lymph node
status (N-stage of the TNM classification) and distant
metastasis (M-stage of the classification), there was
no significant difference between females and males
(N-stage p=0.512; M-stage p=0.129, Table 1).

Of the female patients, 184 were smokers (73.3%) and
67 were non-smokers (26.7%). Of the male patients, 682
(74%) were smokers and 240 (26%) were non-smokers.
There was no significant difference between males and
females according to smoking (p =0.832, Table 1, Fig. 1G,
H). A higher number of male patients stated regular alco-
hol consumption compared to female patients (47% vs.
33.2%, p <0.001, Table 1, Fig. 1L, J).

Regarding treatment modalities, 210 (69.5%) female
patients received surgery (+adjuvant therapy) and 92
(30.5%) definitive RCT, whereas 687 (64.8%) of the male
patients received surgery (+adjuvant therapy) and 374
(35.2%) were treated with definitive RCT (p=0.122,
Fig. 1K, L).

Gender-specific overall survival

A major objective of this study was to analyze the gen-
der-specific OS of the total cohort and according to sub-
groups. Whereas gender itself could not be identified as a
significant factor according to OS in the uni- and multi-
variate analysis (additional Table 1), there was a trend of
better OS in female patients compared with male patients
(p=0.068, Fig. 2A) in the whole cohort. For men, the
average survival time was 8.1 years, while for women it
was 9.2 years. Similar to the total cohort, female patients
with HPV-negative OPSCC demonstrated a trend for
a better OS compared with males with HPV-negative
OPSCC (p=0.093, Fig. 2B). In patients with HPV-related
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(n) total cohort % (n) female % (n) male % p (male vs. female)
HPV-Status
p16-HPV- 758 596 170 59.8 590 596
p16-HPV+ 40 32 9 31 31 32
p16+HPV- 62 49 7 24 55 5.6
HPV- (total) 860 67.7 188 653 672 684 0.325
HPV + 411 323 100 347 311 316
Unknown 358 83 275
T-classification
T1 311 20.1 78 227 233 194 0.294
T2 495 320 116 337 379 315
T3 328 212 69 20.1 259 215
T4 412 266 81 235 331 27.5
Tx 83 27 56
T1-T2 806 52.1 195 56.7 611 50.8 0.055
T3-T4 740 479 149 433 591 492
N-classification
NO 390 26.2 94 28.1 296 256 0.521
N1 226 15.2 56 16.7 170 14.7
N2 775 520 165 493 610 52.8
N3 100 6.7 20 6.0 80 6.9
Nx 138 36 102
M-classification
MO 1369 94.2 309 96.0 1060 93.7 0.129
M1 84 58 13 40 71 6.3
Mx 176 49 127
Tumor stage (AJCC 8th edition)
I 225 19.6 67 259 158 17.8 0.015
I 225 19.6 44 17.0 181 203
1l 195 17.0 48 185 147 16.5
Y 504 439 100 386 404 454
Not staged 480 112 368
Smoking
No smoking 307 26.2 67 26.7 240 26.0 0.832
Smoking 866 738 184 733 682 74.0
Unknown 456 120 336
Alcohol
No alcohol 683 56.1 183 66.8 500 530
Alcohol abuse 534 439 91 332 443 47.0 <0.001
Unknown 412 97 315
Treatment
Surgery +adj. therapy 897 65.8 210 69.5 687 64.8 0.122
Def. RCT 466 342 92 305 374 352
unknown 266 69 197
ECOG
0 134 173 30 16.1 104 17.7 0.963
| 438 56.5 107 575 331 56.2
Il 166 214 39 210 127 216
I 32 4.1 9 48 23 39
Y 5 06 1 05 4 0.7
Unknown 854 185 669

%: percentage based on cases with known values. HPV +defined as p16 +/HPV +; HPV- (total) defined as either p16-/HPV -, p16-/HPV + or p16 +/HPV-.Statistical analysis

was done with the Chi Quadrat test, significant values in bolt



Klasen et al. BMC Cancer  (2023) 23:1054

Page 5 of 12

Age HPV AJCCs8
Male
m <50 + 50-60y m HPV negativ. = HPV positiv miwlb=lEsv
=60.1-70 = >70 = =
y y p=0.910 p=0.320 p=0.0150
Female -
= <50 50-60y m HPV negativ. = HPV positiv ol =RV
=60.1-70y =>70y
Smoking Alcohol Therapy
Male
m smoking = no smoking = = surgery +adj therapy
g g m alcohol no alcohol = definitive RCT
p=0.830 p<0.001 p=0.120
Female - m m

m smoking = no smoking

m alcohol

m surgery + adj therapy
= definitve RCT

= no alcohol

Fig. 1 Distribution of patient- and tumor-characteristics, risk factors and therapy modality in OPSCC stratified by sex. Age (A, B); Human
Papillomavirus (HPV) status (HPV-positive defined as HPV + p16 +; HPV-negative defined as either p16-/HPV-, p16-/HPV +or p16 +/HPV-) (C, D);
tumor stage (American Joint Committee on Cancer 8th edition (AJCC8) (E, F); smoking (G, H) and alcohol status (I, J) and treatment modality
(K, L) in male (A, C, E, G, I, K) and female patients (B, D, F, H, J, L). Gender specific differences were analyzed with Chi-Quadrat test. RCT:

radiochemotherapy

OPSCC, there was no difference in OS in respect to sex
(additional Fig. 1A).

We evaluated the OS in subgroups stratified by
tumor size (T1-T2 vs. T3-T4) and with (N+) or with-
out (NO) lymph node metastasis. In the subgroup with
small tumors and lymph node metastasis (T1-T2, N+),
women demonstrated a significant better OS than men
(p=0.008, Fig. 2C). Looking at the HPV-negative OPSCC
in this subgroup, women also presented with a significant
better OS (p=0.013, Fig. 2D). In the other subgroups
(T1-T2NO, T3-T4N+, T3-T4NO), as well as in the HPV-
related cohort (additional Fig. 1B), there were no signifi-
cant differences in OS between males and females.

Regarding OS analyzed according to the risk factors
alcohol and smoking, the subgroup T1-T2, N+ female

smokers had a significantly improved OS compared with
male smokers (p=0.014, Fig. 2E). Similar to the results
above, only in HPV-negative OPSCC with T1-T2, N+,
female smokers demonstrated a significantly better OS
compared with male smokers (p=0.004, Fig. 2F). This
was not evident in the cohort with HPV-related OPSCC
(additional Fig. 1C). Whereas ECOG itself was a signifi-
cant factor for OS in uni- and multivariate analysis (addi-
tional Table 1) in regard to sex there was no significant
difference (p=0.812, data not shown).

Overall survival according to AJCC tumor staging, 8th
edition

In the total cohort, male patients displayed significant
stratification between all stages (all p<0.05, Fig. 3A).



Klasen et al. BMC Cancer  (2023) 23:1054

In contrast, female patients were lacking significance
between stage II and III (p (II vs. I1I)=0.992; Fig. 3B). For
additional analysis, patients were subdivided according to
their p16-status (independent of HPV-DNA, as defined
in the AJCC 8™ edition). Similar to the total cohort, male
patients with p16 positive OPSCC displayed a significant
stratification of all stages (all p<0.05, Fig. 3C), whereas
females demonstrated significance only between stage I
and II (p=0.03, Fig. 3D). In the p16-negative cohort, male
patients demonstrated significance only between stage II
and III and between stage III and IV (p(II vs. III)=0.008,
p(III vs. IV)=0.002, Fig. 3E), whereas females displayed
a significant difference only between stage III and IV
(»=0.005, Fig. 3F). Comparing the prognosis of female and
male patients of the total cohort, or the pl6-positive or
-negative cohort according to the different AJCC8 stages
I-IV, there were no significant differences (not shown).
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Gender-specific overall survival according to treatment
modality

Female patients treated with surgery and risk-adapted
adjuvant therapy had a significantly better OS compared
to male patients with the same treatment (p=0.008,
Fig. 4A). In contrast, there was no significant difference
between female and male patients when treated with def.
RCT (p=0.361, Fig. 4B).

When analyzing treatment modality according
to HPV-status, female patients with HPV-negative
OPSCC treated with surgery+adjuvant therapy
demonstrated a significantly better OS compared
to male patients (p=0.042, Fig. 4C). Similar to the
results of the total cohort, no significant difference
was seen in females with HPV-negative OPSCC
treated with definitive RCT (p=0.254, Fig. 4D).
Patients with HPV-related OPSCC did not display
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Fig. 2 Gender-specific overall survival. Gender-specific overall survival A in the total cohort (n=1548); B In patients with Human
papillomavirus-negative (HPV-) OPSCC (HPV-negative defined as either p16-/HPV-, p16-/HPV +and p16+/HPV; n=836); C In subgroup T1-2,
N+(n=517); D in subgroup T1-2, N+, HPV- (n=211); E In subgroup T1-2, N+, nicotine +, (n=258); F In subgroup T1-2, N+, HPV-, nicotine + (n=140)
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Female patients
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Fig. 3 Overall survival according to AJCC-stage (American Joint Committee of Cancer 8th edition). Overall survival of A All male patients
(n=873, p(lvs. 1)=0.017, p(Il vs. 1) <0.001, p(Ill vs. IV) <0.001); B All female patients (n=255, p(l vs. I1)=0.023, p(Il vs. ll)=0.992, p(lll vs. IV)=0.001);
C Male patients with p16-positive OPSCC (p16-positive defined as either p16+/HPV- or p16+HPV+; n=267, p(l vs. Il)=0.005, p(ll vs. II)=0.030,
p(llvs. IV)=0.004); D Female patients with p16-positive-OPSCC (n =83, p(l vs. I1)=0.033, p(Il vs. ll)=0.977, p(lll vs. V) =0.090); E Male patients
with p16-negative OPSCC (p16-negative defined as either p16-/HPV- or p16-HPV-; =605, p(l vs. I1)=0.437, p(ll vs. lll)=0.008 p(lll vs. V) =0.002); F
Female patients with p16-negative OPSCC (n=172, p(l vs. I)=0.317, p(ll vs. lll)=0.905, p(lll vs. IV)=0.005)

any significant gender-specific differences according
to both treatment options (additional Fig. 2A, B).

Finally, treatment modalities were examined in rela-
tion to the AJCC 8th edition. Similar to the results
of the total cohort, we found that in advanced tumor
stages (AJCC stage III, IV, MO) female patients treated
with surgery + adjuvant therapy had a significantly bet-
ter OS (p=0.003, Fig. 4E) compared to male patients.
Further, there was no significant difference according
to gender when treated with definitive RCT (p=311,
Fig. 4F).

Discussion

Gender is an important aspect in oncology affecting inci-
dence, treatment and prognosis. Nevertheless, there are
still limited data on sex disparities in OPSCC, especially
according to HPV-status. In this study, we could gain
important insights into sex-related oncologic differences.
First of all, we found that almost three times more men
than women develop OPSCC, which is in line with data
from literature [4, 37]. Various reasons are discussed
like hormonal influence, immune response, HPV-status,
but also a different lifestyle regarding sexual practices,
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Def. radiochemotherapy
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tobacco and alcohol consumption [6, 14]. In our cohort,
age, ECOG status, HPV-status, tumor size, lymph node-
and distant metastasis as well as nicotine consumption
were equally distributed between males and females.
According to the equal distribution of the ECOG status,
we can assume that patients were in a comparable state
of health.

Furthermore, we could demonstrate that there is a
trend for better OS in women compared with men.
This is in line with a recently published study of Preiss-
ner et al. demonstrating a significantly better 5-year-OS

of women in a cohort of almost 150.000 patients with
HNSCC [14]. In addition to Preissner et al., we analyzed
the OS in different subgroups. Thereby, we could identify
that in the subgroup with small tumors and lymphatic
metastasis (T1-T2, N+), female patients demonstrated a
significantly better OS than men independent of smok-
ing and alcohol consumption. We could also demonstrate
that female patients treated with surgery + adjuvant ther-
apy vs. definitive RCT had a significantly better OS than
men. The same results were found in female patients with
advanced tumor stage (subgroup AJCC III-IV, M0).
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Up-to-date there are no reliable data that adequately
explains differences in OS between male and female
patients with OPSCC [14]. Looking at other cancer enti-
ties, survival advantage of women is often explained with
younger age at first diagnosis, less nicotine consumption
or with distinct phenotypes of diseases by sex [38, 39].

Nicotine and alcohol consumption are well-known
risk factors [13]. Regarding the risk factor smoking, we
couldn’t detect gender-specific differences in the over-
all distribution. Therefore, this does not explain the bet-
ter OS of women in our OPSCC cohort. One limitation
thereby is the lack of granularity with regard to smoking
history, which is considered binary because sufficient
pack-year data were not available. However, we could
demonstrate that smoking seems to have an effect on OS
in males and females within certain subgroups: Smok-
ing female presented with a significantly better OS in the
subgroup of T1-T2, N+ OPSCC compared with males.
This can’t be explained by different treatments of males
and females as both displayed equal distribution to surgi-
cal therapy vs. definitive RCT (Table 1). One explanation
might be that smoking affects hormone balance differ-
ently in women than in men, as smoking is known to
increase estrogen catabolism [36] and thus could confer a
survival advantage over men.

Furthermore, we found that significantly more males
than females reported alcohol consumption in the total
cohort. Alcohol consumption is an important risk factor
especially in HPV-negative OPSCC. We therefore ana-
lyzed the influence of alcohol consumption also in T1-T2,
N+ OPSCC and in the subgroup T1-T2, N+, HPV-nega-
tive OPSCC (not shown). Again, no significant difference
was found between men and women, so the risk factor of
alcohol could not explain the better OS of women. These
findings are in line with the results of Preissner et al. [14],
who could not detect differences in tobacco and alcohol
consumption according to sex in their large study popu-
lation of HNSCC. A limitation of our study is, that we
weren't able to assess the quantity of alcohol consump-
tion due to insufficient data available over the years.

Besides smoking and alcohol, HPV-status is the
most important risk- and prognostic factor in OPSCC
patients to date. In line with other representative stud-
ies such as the RTOG-0129 [13], our study revealed a
significantly better 5-year & 10-year OS of patients
with HPV-related OPSCC compared to patients with
HPV-negative OPSCC (additional Fig. 3A, B). In our
study cohort, HPV positivity was defined as a combi-
nation of HPV-DNA and p16 positivity. This is impor-
tant to emphasize, as the definition of HPV positive
OPSCC (whether it is defined only by overexpres-
sion of pl6, independent of HPV-DNA or a combina-
tion of HPV-DNA and p16 positivity) is still discussed
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controversially in literature and not uniform [9, 37,
40-42]. In addition to the p16+ /HPV + cases we could
identify in total 62 patients with pl6 overexpression
but HPV-DNA negative OPSCC (which is a rate of 4.9%
of false positive p16 cases).This rate is comparable with
the predicted rate of false positive p16 cases (3.8%) cal-
culated by a recently published formula of Gallus et al.
[42]. Recent studies [9, 37, 40-42] found that patients
with p16 + /HPV- OPSCC seem to have the same prog-
nosis or only slightly better than pl6-/HPV- cases.
Consistent with these findings patients in our cohort
with pl6+/HPV- OPSCC (and pl6-/HPV+OPSCC)
had a significant worse OS than patients with pl6+/
HPV + OPSCC (additional Fig. 3C & D).

Interestingly, when OS was analyzed with respect
to gender, we could demonstrate better OS of women
only in the HPV-negative cohort. This finding contra-
dicts the results of Preissner et al. [14] where better
OS of women was found in the HPV-related cohort.
Mentioned by the authors themselves, one weakness
in their retrospective study cohort was the unclear ori-
gin of the HPV test samples. In our study cohort, HPV
positivity was defined as a combination of HPV-DNA
and p16 positivity, which might in parts explain some
discordance of the results. A limitation of our study is
the missing investigation on the disease-free survival
(DES), due to the retrospective study design and lack-
ing data on cause of death in most cases. This would
have given more accurate information on survival of
OPSCC patients based on the disease itself.

Importantly, in our study there were no gender-spe-
cific differences in the distribution of HPV-status. Con-
sequently, HPV-status of OPSCC affected the survival
probability equally and therefore could not explain the
gender-specific differences in OS.

Regarding AJCC8 stages, male patients demonstrated
a significant stratification between all stages, whereas
women were lacking significance between stage II and
III. We could further demonstrate that male patients
with p16 negative OPSCC, as well as females with p16
positive and negative OPSCC were lacking significance
between different stages. However, this aspect needs to
be reviewed within a larger cohort.

Conclusion

In summary, we could demonstrate important sex-spe-
cific differences: Females had significantly better OS
than males in the subgroup T1-2, N+, independent of
risk factors. Men demonstrated significantly better strat-
ification across all AJCC8 stages. In contrast, women did
not reveal OS differences between stage II vs. stage III.
A comparison of therapy (surgery + adjuvant therapy vs
definitive RCT) demonstrated, that women treated with
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surgery + adjuvant therapy had better OS than men in
the whole cohort. The same results were detected in the
cohort of HPV-negative OPSCC and within high-risk
groups (AJCCS stage III and IV with MO0). The cause for
these gender disparities cannot be explained adequately
by our study and needs to be addressed in the future.
Understanding gender differences in OS in OPSCC
could impact future treatment strategies, especially in
the era of personalized medicine.
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