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Editorial on the Research Topic

Advances in the Involvement of Human Papilloma Virus in Head and Neck Squamous
Cell Carcinoma

BACKGROUND

Head and neck squamous cell carcinomas (HNSCC) are the sixth most common cancers in males
and the eighth most common in females worldwide, accounting for over 890,000 new cases in 2017
(1, 2). HNSCCs represent 5.3% of all cancers. From a mortality standpoint, they involve more than
500,000 deaths worldwide, representing 5.3% of all cancer deaths (2). Irrespective to the world
region, the most prevalent HNSCCs in 2017 were lip and oral cavity (390,000 new cases), laryngeal
(211,000 new cases), pharyngeal (179,000 new cases) and nasopharyngeal (110,000 new cases)
carcinomas (2). The main risk factors for HNSCCs are alcohol and tobacco consumption and
persistent infection with human papillomavirus (HPV) that is associated with the rising incidence of
oropharyngeal squamous cell carcinoma (OSCC) in the United States and Europe (3, 4). The
incidence of HPV-induced HNSCC depends on the world region and the method used to assess the
presence of HPV (5). The incidence of HPV-induced HNSCC has increased since the 80s (5).

HPV infection is predominantly attributable to subtypes HPV-16 and HPV-18 even if there is
geographical heterogeneity between continents (3, 6, 7). Young, nondrinking and nonsmoking
individuals with HPV-induced OSCC often have advanced carcinoma, but they have a better
prognosis compared with patients with tobacco- and alcohol-induced OSCC (6, 7). The
mechanisms underlying the better prognosis of patients with HPV-induced HNSCC remain
poorly understood and may involve interactions between HPV antigens and the host-immune
system, leading to an improved responses of immune cells against tumor (8). In that way, an
increasing number of studies reported significant differences in the composition of tumor-
infiltrating immune cells in HPV-positive and HPV-negative HNSCC (8). Most authors recognized
that the overexpression of some immune cells may be considered as a significant prognostic factor for
HNSCC patients (8). In this Research Topic, several research groups published clinical and experimental
studies about the involvement of HPV in the development of OSCC and non-OSCC.2
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IMMUNOLOGICAL FEATURES OF
HPV-INDUCED CARCINOMA

The better survival outcomes of patients with HPV-positive OSCC
may be explained by immunological differences between HPV-
positive and HPV-negative HNSCCs. The HPV infection is
associated with an increased CD8+ T tumor cell infiltration and
PD-1 expression by CD8+ T cells in both OSCC and non-OSCC,
which is associated with better overall survival (OS). The interaction
between the tumor environment and CD8+ T cells is mediated
through many cytokines, including IFN-g and IL-2, -4, -8, -12 and
-17 (9, 10). Recent studies supported interactions between CD8+
and CD4+ T cells in HPV-positive HNSCC (8). Precisely, in tumor
environment, CD4+ T cells may be converted into Th17 cells,
which could potentiate the cytotoxic effects of CD8+ T cells against
HPV-induced tumor cells (8). M1 and M2 macrophages are
additional immune cells that may have an important role in
HPV-induced carcinogenesis (11). M2 macrophages are involved
in the enhancement of immunosuppression through the
stimulation of regulatory T cells (Tregs) that induces a favorable
environment for tumor growth through the secretion of TGF-b,
TNF-a, and IL-10 (8). In HPV-negative HNSCC, an increased
proportion of M2 cells is an important factor underlying the
improvement of OS (8). The involvement of Foxp3 Tregs in
HPV-positive and HPV-negative HNSCC remains uncertain.
Indeed, several researches showed that an increase of Tregs in
HPV-positive HNSCC environment was associated with improved
OS (8, 12), while others reported similar findings in HNSCC but no
influence of the HPV status (8, 13). Foxp3 Tregs may inhibit the
protumoral effects of inflammatory immune cells, which is a
favorable prognostic marker at some tumor sites, whereas in
other tumor sites, Treg infiltration may be associated with poor
survival outcomes regarding their conventional regulatory function
(13). The activation of Tregs may be associated with myeloid
derived suppressor cells infiltration, these cells being associated
with tumor progression and PD-L1 expression (14).

LIMITATIONS AND HETEROGENEITY
STUDIES

The findings of studies investigating the immune cell features of
HPV-induced HNSCCs have to be considered with cautious
because many limitations. The method used to determine the
HPV status may significantly vary from one to another study. In
many centers, the detection of HPV infection is made with p16
immunostaining. Some authors used pl6 immunostaining to
compare data from HPV-positive and HPV-negative HNSCCs,
while others used polymerase chain reaction (PCR) or other
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Oropharyngeal cancer (OPC) caused by human papillomavirus (HPV) is a rising global
concern. Early lesions are small and are often located in difficult to access areas (such as
the crypts of the tonsils or base of tongue). Unlike cervical cancer, there is no standard
or routine screening program for HPV-driven OPC. HPV DNA from OPC tumors may
shed directly into saliva, and this can be used as a biomarker for early diagnosis. In this
study, we report the first-ever clinically occult OPC in an asymptomatic patient discovered
through a saliva test. This case relied upon serial measurements of HPV-16 DNA in saliva,
which fell to undetectable levels following low morbidity, curative treatment.

Keywords: human papillomavirus, oropharyngeal cancer, saliva, screening tools, biomarker

INTRODUCTION

The incidence of high-risk human papillomavirus (HR-HPV—16,-18,-33) driven oropharyngeal
cancer (OPC) is rapidly increasing in developed countries (1-3). HPV-driven OPCs have surpassed
cervical cancer as the most common HPV-driven cancer in the USA. The prevalence of HR-HPV
has been reported as 3.7% of the USA population, with a bimodal age distribution of incidence
(4). It remains unclear why some individuals go on to develop OPC, while others clear the initial
HPYV infection (5). The strong association between HR-HPV infection and cervical cancer has led to
screening programmes in primary healthcare settings, resulting in earlier diagnosis and a reduction
in cancer deaths (6). Unlike cervical cancer, no screening test is available for OPC and current HPV
vaccines have yet to demonstrate any reduction in future OPC development (7). Here, we report
the first ever case of occult OPC detected as a direct result of a theoretical screening test—in this
case HPV-16 DNA analysis in salivary oral rinse samples. Our clinical and pathological findings
increase our understanding of both the natural history of the disease and the potential for wider
screening to identify early stage OPC, facilitating less morbid treatments.

CASES PRESENTATION

An ongoing HPV-16 DNA prevalence study was approved by institutional ethics committees
from the University of Queensland; Queensland University of Technology and the Royal Brisbane
and Women’s Hospital. A total of 665 cancer-free healthy individuals from Queensland Region,
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Australia between May 2016 and October 2017 were recruited.
All participants gave written informed consent prior to
sample collection.

Six hundred and fifty cancer-free healthy individuals with
sufficient amount of DNA were tested for oral HPV-16 DNA.
Of these 3 have been identified to have persistent oral HPV-
16 DNA infection. Following discussion with our ethics team
we have approached these three participants and offered them
consultation with an Ear, Nose, and Throat (ENT) surgeon. A 63-
year-old caucasian male was assessed as part of this consultation
process. He had consistently been HPV-16 DNA positive for a
period of 36 months, with a steadily rising HPV-16 viral load
in his salivary oral rinse samples (Figure 1A). He was invited to
attend the ENT clinic for assessment and discussion.

He is an ex-smoker, having quit 15 years ago, with a 45
pack year history of smoking. He drinks two standard drinks
(2.5 units of alcohol) per day. He is heterosexual, and his
social history includes multiple oral sex partners in the past
(>5), followed by a long term monogamous relationship. Initial
clinical examination of the oropharynx including palpation and
white light revealed no significant abnormalities. Both tonsils
were irregular due to mucous retention cysts and there was
slight tonsillar asymmetry (Left < Right) but no evidence of
any malignant lesions. Narrow band imaging (NBI) showed
some mild vascular changes at the left glosso-tonsillar sulcus.
There were no palpable lymph nodes in the neck. An MRI
examination of the oropharynx and neck demonstrated no
occult lesions of the tonsils or the base of tongue and no
cervical lymphadenopathy.

He was offered continued surveillance, or a biopsy of the area
of NBI change with bilateral tonsillectomy. The patient elected
for bilateral tonsillectomy and biopsy of the base of tongue with
NBI guidance under general anesthetic and informed consent
was obtained. The surgical specimens were sent for histology
and tissue HPV-16 DNA testing. The patient was discharged
from hospital the same day. He had a routine postoperative
course with a sore throat for 1 week and recovered fully. An
ultrasound scan of his neck was performed 2 months post-
surgery which showed no cervical lymphadenopathy. He is
currently under routine oncological surveillance. The patient has
avery high likelihood of cure with minimal morbidity from single
modality treatment.

CLINICAL SPECIMENS’ COLLECTION AND
PROCESSING

Salivary oral rinse samples of this individual were collected
at baseline, 6, 12, 36 month, and 2 weeks after his bilateral
tonsillectomy using previously published method (8-10). Briefly,
participants were asked to swish and gargle for 1-2min with
2 x 10mL volumes of 0.9% saline, prior to expectorating the
rinse sample into a 50 mL falcon tube. Tissue biopsies from
the tonsil and base of tongue were obtained after surgical
resection. All samples were immediately frozen on dry ice
upon collection and transported back to the laboratory for
subsequent processing.

HPV-16 DNA QPCR ANALYSIS

Total DNA was extracted from salivary oral rinse and tonsillar
tissue samples using the QIAmp DNA Mini Kit (Qiagen,
Germantown, MD, USA) as per manufacturer’s protocol. For
detection of HPV-16 genotyping, the qPCR assay targeting
the opening reading frame (ORF) region of HPV16 E6/7 was
carried out with the QuantStudio™ 7 Flex Real-Time PCR
System (Applied Biosystems, Foster City, CA, USA) as described
previously (11, 12). For quantification of HPV-16 DNA viral
copies in salivary oral rinse and tissue samples, a standard
calibration curve was generated using qPCR by plotting threshold
cycle (Ct values) against the logarithm of the copy number of 8-
fold serially diluted (1 x 10'-1 x 108 copies) of pHPV-16 plasmid
DNA [American Type Culture Collection (ATCC)® 45113™].

IMMUNOHISTOCHEMISTRY

H&E (Haemotoxylin and Eosin stains) staining on formalin-fixed
paraffin-embedded (FFPE) slide was performed to investigate
the cellular and tissue structure/morphology. HPV status was
evaluated using CINtec® p16INK4a Histology Kit (E6H4 clone)
(Roche MTM Laboratories, Heidelberg, Germany) according to
manufacturer’s instructions. p16INK4a was considered positive
by two independent pathologists when there was a strong, diffuse
nuclear and cytoplasmic staining pattern in the majority (>70%)
of tumor cells.

SALIVARY HPV-16 DNA AS A
BIOMARKER-BASED TOOL FOR
HPV-DRIVEN OPC SCREENING

Salivary oral rinse samples from this individual had been
collected at baseline, 6, 12, and 36 month follow-up as well as 2
weeks after his bilateral tonsillectomy. HPV-16 DNA genotyping
and viral loads in all samples were analyzed using an in-
house developed qPCR assay. HPV-16 DNA viral load in saliva
increased exponentially across the 36 month follow-up period
(from 3.43 to 1,281.69 copies/50 ng) and subsequently declined
to undetectable levels post-tonsillectomy (Figure 1A).

HISTOLOGICALLY CONFIRMED
DIAGNOSIS OF AN OCCULT P16INK4A
POSITIVE OPC

This individual was diagnosed as having a 2mm squamous
cell carcinoma (TINOMO) in the left tonsil (Figure 1B) using
Haemotoxylin and Eosin (H&E) staining. He had only foci
of stromal invasion with a depth of <1 mm. The remainder
of the left tonsil showed follicular lymphoid hyperplasia.
Further, HPV-16 DNA was only positive in left tonsillar
tissue (Figure 1C). Immunohistochemistry (IHC) staining for
pl6INK4a demonstrated diffuse and strong staining in more
than 70% of tumor cells (Figure 1D). However, the non-affected
remainder of the left tonsil as well as the right tonsil were negative
for p16INK4a with usual mosaic pattern of staining. The excision
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FIGURE 1 | Occult oropharyngeal microcarcinoma detected based on a screening test through the serial measurements of salivary HPV-16 DNA. (A) HPV-16 DNA
viral load in salivary oral rinse samples over time. B (Baseline); F1 (6 month follow-up); F2 (12 month follow-up); F3 (36 month follow-up); PT (2-week post-
tonsillectomy). (B) Sections of the left tonsillar tissue found a 2 mm non-keratinising squamous cell carcinoma, with focal stromal invasion <1 mm, excised with clear
margins. The remainder of the left tonsil showed follicular lymphoid hyperplasia. Hematoxylin-eosin (H&E x200) (C) HPV-16 DNA was only positive in left tonsillar tissue.
(D) p16INK4a immunohistochemistry staining (IHC) x20: Diffuse positive brown staining for p16INK4a in tumor region comparing non-affected area in the left tonsil.

C
Tissue Location HPV-16 viral copies per S0 ng
Left Tonsil 32773
Right Tonsil Negative
Base of Tongue Negative

margins of the left tonsillar malignancy were widely clear. No
atypia or malignancy could be identified in the right tonsil and
bilateral tongue base specimens all of which were negative for
HPV-16 DNA.

DISCUSSION

Long-term persistence of HPV-16 infection is likely to be a
prerequisite for the development of malignancy (13, 14). Women
with persistent HPV-16 infection in the cervix for <1 year
have a 40% risk of developing cervical intraepithelial neoplasia
grade 2 or more within 3 years (13). Indeed, the natural
history of HPV in the oropharynx from initial infection to
carcinogenesis is not known with many questions remaining
unanswered. Several studies have evaluated the prevalence of
HPV-16 DNA in saliva (15-18) without clinical assessment of
positive individuals. Studies aimed at clinical assessment of those
with persistence for premalignancy or microscopic carcinoma
have failed to detect significant abnormalities (19). This has led
to the assertion that screening for early occult or premalignant
oropharyngeal lesions is not feasible. Here, we report the first
ever histologically confirmed diagnosis of an asymptomatic

occult OPC (TINOMO) discovered by a theoretical screening test
through the serial measurements of HPV-16 DNA in salivary oral
rinse samples.

The impact of the pattern of salivary HPV persistence
including changes in the absolute HPV viral DNA copies over
time has never been investigated. The pattern of salivary HPV-
DNA detection in this case demonstrates an exponential upward
trend with the titer at first sample being 3.43 copies per 50 ng
and the final titer before surgery of 1281.7 viral copies per 50
ng. This may represent progression of the lesion with subsequent
shedding of increasing levels of HPV-16 DNA into the saliva. In
future cases the presence of this pattern should be evaluated, as
it may provide a critical marker for the progression of disease
and hence a signal for intervention; indeed the pattern of viral
copies in serial measurement may have more importance than
the persistence itself.

This case also has important implications with regards to
the natural history of the disease. The left tonsil was strongly
positive for HPV 16 DNA outside the region of malignancy and
as anticipated was p16INK4a positive only within carcinoma.
This implies that the malignancy is likely to have developed in a
wider field of HPV infection with only a component undergoing
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malignant change. The existence of a precursor lesion to OPC has
long been doubted and is cited as one of the obstacles to OPC
screening (16). This case demonstrates that very early lesions
can be found in asymptomatic individual, and that they can
potentially be eradicated with minimal morbidity.

The quest for a sensitive and specific screening test for
HPV-driven OPC 1is of great importance. The uptake of
HPV immunization in developed countries is variable and
the developing world remains largely unimmunised. As sexual
habits change in the developing world (20, 21) there is likely
to be the same rapid expansion in this disease that we have
witnessed in the United States and Europe and global burden
will continue to rise. As the first singular case, this report
does not act as direct evidence of the value of screening
in a general population, however, it demonstrates a possible
salivary screening test and pathway for the detection of
microscopic OPC. It demonstrates that a screened individual
can receive significantly less morbid treatment than would be
required for the standard presentation at a more advanced
stage. This report and previous studies (8, 11, 12, 22),
support the value of a salivary oral rinse test as a potential
screening tool. Unlike previously published work, our study
is the first to demonstrate that continuous monitoring of
HPV-16 DNA in salivary oral rinse samples can detect
occult OPC.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article.

REFERENCES

1. Hong AM, Grulich AE, Jones D, Lee CS, Garland SM, Dobbins TA,
et al. Squamous cell carcinoma of the oropharynx in Australian males
induced by human papillomavirus vaccine targets. Vaccine. (2010) 28:3269-
72. doi: 10.1016/j.vaccine.2010.02.098

2. Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W,
Kim E, al. Human papillomavirus and rising oropharyngeal
cancer incidence in the United States. J Clin Oncol. (2011)
29:4294-301. doi: 10.1200/JC0O.2011.36.4596

3. Habbous S, Chu KP, Lau H, Schorr M, Belayneh M, Ha MN, et al
Human papillomavirus in oropharyngeal cancer in Canada: analysis of 5
comprehensive cancer centres using multiple imputation. CMAJ. (2017)
189:E1030-40. doi: 10.1503/cmaj.161379

4. Gillison ML, Broutian T, Pickard RKL, Tong Z-Y, Xiao W, Kahle L, et al.
Prevalence of oral HPV Infection in the United States, 2009-2010. JAMA.
(2012) 307:693-703. doi: 10.1001/jama.2012.101

5. Gravitt PE. The known unknowns of HPV natural history. J Clin Invest. (2011)
121:4593-9. doi: 10.1172/JCI57149

6. Bosch FX, Broker TR, Forman D, Moscicki AB, Gillison ML,
Doorbar J, et al. Comprehensive control of human papillomavirus

(2013)  31(Suppl.

et

infections and  related  diseases.  Vaccine.
7):H1-31. doi: 10.1016/j.vaccine.2013.10.003

7. Kreimer AR. Prospects for prevention of HPV-driven oropharynx
cancer. Oral Oncol. (2014) 50:555-9. doi: 10.1016/j.oraloncology.2013.
06.007

8. Rosenthal M, Huang B, Katabi N, Migliacci ], Bryant R, Kaplan S, et al.
Detection of HPV related oropharyngeal cancer in oral rinse specimens.
Oncotarget. (2017) 8:109393-401. doi: 10.18632/oncotarget.22682

ETHICS STATEMENT

This study was approved by institutional ethics committees from
the University of Queensland (UQ) [HREC No: 2014000679
and 2014000862]; Queensland University of Technology [HREC
No: 1400000617 and 1400000641]; and the Royal Brisbane and
Women’s Hospital (RBWH) [HREC/16/QRBW/447]. Written
informed consent was obtained from this participant for
publication of this case report.

AUTHOR CONTRIBUTIONS

All authors have read and agree to the published version of
the manuscript. KT and CP: conceptualization. All authors:
methodology, validation, formal analysis, data curation,
investigation, and writing—review and editing. KT, SV, and CP:
writing—original draft preparation. CP: funding acquisition.

FUNDING

The prevalence study was funded by Janssen Biotech Inc.

ACKNOWLEDGMENTS

We thank Dr. Gert Scheper from Janssen Vaccines & Prevention
B.V. We would also like to thank Lilian Menezes for her
assistance in the recruitment of study patient and collection of
clinical samples.

9. Sun CX, Bennett N, Tran P, Tang KD, Lim Y, Frazer I, et al. A pilot study
into the association between oral health status and human papillomavirus-16
infection. Diagnostics. (2017) 7:11. doi: 10.3390/diagnostics7010011

Tang KD, Menezes L, Baeten K, Walsh L], Whitfield BCS, Batstone MD, et al.
Oral HPV16 prevalence in oral potentially malignant disorders and oral cavity
cancers. Biomolecules. (2020) 10:223. doi: 10.3390/biom10020223

. Tang KD, Baeten K, Kenny L, Frazer IH, Scheper G, Punyadeera C. Unlocking
the potential of saliva-based test to detect HPV-16-driven oropharyngeal
cancer. Cancers. (2019) 11:473. doi: 10.3390/cancers11040473

Tang KD, Kenny L, Frazer IH, Punyadeera C. High-risk human
papillomavirus detection in oropharyngeal cancers: comparison of saliva
sampling methods. Head Neck. (2019) 41:1484-9. doi: 10.1002/hed.25578
Castle PE, Rodriguez AC, Burk RD, Herrero R, Wacholder S, Alfaro
M, et al. Short term persistence of human papillomavirus and risk of
cervical precancer and cancer: population based cohort study. BM]J. (2009)
339:b2569. doi: 10.1136/bmj.b2569

Bodily ], LA.
infection: keys to malignant progression.
19:33-9. doi: 10.1016/j.tim.2010.10.002
Beachler DC, Sugar EA, Margolick JB, Weber KM, Strickler HD, Wiley DJ,
et al. Risk factors for acquisition and clearance of oral human papillomavirus
infection among HIV-infected and HIV-uninfected adults. Am ] Epidemiol.
(2015) 181:40-53. doi: 10.1093/aje/kwu247

Tam S, Fu S, Xu L, Krause KJ, Lairson DR, Miao H, et al. The
epidemiology of oral human papillomavirus infection in healthy
populations: a systematic review and meta-analysis. Oral Oncol. (2018)
82:91-9. doi: 10.1016/j.oraloncology.2018.04.005

D'Souza G, McNeel TS, Fakhry C. Understanding personal
of oropharyngeal cancer: risk-groups for oncogenic oral

of human
Trends

Laimins Persistence papillomavirus

Microbiol. (2011)

risk

Frontiers in Oncology | www.frontiersin.org

1"

March 2020 | Volume 10 | Article 408


https://doi.org/10.1016/j.vaccine.2010.02.098
https://doi.org/10.1200/JCO.2011.36.4596
https://doi.org/10.1503/cmaj.161379
https://doi.org/10.1001/jama.2012.101
https://doi.org/10.1172/JCI57149
https://doi.org/10.1016/j.vaccine.2013.10.003
https://doi.org/10.1016/j.oraloncology.2013.06.007
https://doi.org/10.18632/oncotarget.22682
https://doi.org/10.3390/diagnostics7010011
https://doi.org/10.3390/biom10020223
https://doi.org/10.3390/cancers11040473
https://doi.org/10.1002/hed.25578
https://doi.org/10.1136/bmj.b2569
https://doi.org/10.1016/j.tim.2010.10.002
https://doi.org/10.1093/aje/kwu247
https://doi.org/10.1016/j.oraloncology.2018.04.005
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Tang et al.

Detection of OPC by Saliva

18.

19.

20.

21.

HPV infection and oropharyngeal Ann  Oncol. (2017)
28:3065-9. doi: 10.1093/annonc/mdx535

Antonsson A, Cornford M, Perry S, Davis M, Dunne MP, Whiteman DC.
Prevalence and risk factors for oral HPV infection in young Australians. PLoS
ONE. (2014) 9:€91761. doi: 10.1371/journal.pone.0091761

Fakhry C, Rosenthal BT, Clark DP, Gillison ML. Associations between oral
HPV16 infection and cytopathology: evaluation of an oropharyngeal “pap-
test equivalent” in high-risk populations. Cancer Prev Res. (2011) 4:1378-
84. doi: 10.1158/1940-6207.CAPR-11-0284

Yingying H, Smith K, Suiming P. Changes and correlates in multiple
sexual  partnerships among Chinese adult women-population-
based surveys in 2000 and 2006. AIDS Care. (2011) 23(Suppl
1):96-104. doi: 10.1080/09540121.2010.516350

Shisana O, Rehle T, Simbayi LC, Zuma K, Jooste S, Zungu N, et al. South
African National HIV Prevalence, Incidence and Behaviour Survey, 2012. Cape
Town: HSRC Press (2015).

cancer.

22.

Chai RC, Lim Y, Frazer IH, Wan Y, Perry C, Jones L, et al. A pilot study
to compare the detection of HPV-16 biomarkers in salivary oral rinses with
tumour pl6(INK4a) expression in head and neck squamous cell carcinoma
patients. BMC Cancer. (2016) 16:178. doi: 10.1186/s12885-016-2217-1

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Tang, Vasani, Taheri, Walsh, Hughes, Kenny and Punyadeera.
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) and the copyright owner(s) 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

12

March 2020 | Volume 10 | Article 408


https://doi.org/10.1093/annonc/mdx535
https://doi.org/10.1371/journal.pone.0091761
https://doi.org/10.1158/1940-6207.CAPR-11-0284
https://doi.org/10.1080/09540121.2010.516350
https://doi.org/10.1186/s12885-016-2217-1~
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

1' frontiers
in Oncology

REVIEW
published: 11 August 2020
doi: 10.3389/fonc.2020.01394

OPEN ACCESS

Edited by:

Francois Mouawad,

Centre Hospitalier Regional et
Universitaire de Lille, France

Reviewed by:

Panagiotis Balermpas,

University Hospital Zdrich, Switzerland
Claudia Scherl,

University of Heidelberg, Germany

*Correspondence:
Julian Kinzel
julian.kuenzel@ukr.de

Specialty section:

This article was submitted to
Head and Neck Cancer,

a section of the journal
Frontiers in Oncology

Received: 14 January 2020
Accepted: 02 July 2020
Published: 11 August 2020

Citation:

Beltz A, Zimmer S, Michaelides |,
Evert K, Psychogios G, Bohr C and
Kinzel J (2020) Significance of
Extranodal Extension in Surgically
Treated HPV-Positive Oropharyngeal
Carcinomas. Front. Oncol. 10:1394.
doi: 10.3389/fonc.2020.01394

Check for
updates

Significance of Extranodal Extension
in Surgically Treated HPV-Positive
Oropharyngeal Carcinomas

Anna Beltz', Stefanie Zimmer?, loannis Michaelides?®, Katja Evert*, Georgios Psychogios?,
Christopher Bohr?® and Julian Kiinzel**

" Department of Otorhinolaryngology, University Medical Center Mainz, Mainz, Germany, ° Institute of Pathology, Tissue Bank,
University Medical Center Mainz, Mainz, Germany, ° Department of Otorhinolaryngology, University Hospital Regensburg,
Regensburg, Germany, * Institute of Pathology, University of Regensburg, Regensburg, Germany, ° Department of
Otorhinolaryngology, University Hospital of loannina, loannina, Greece

Sqguamous cell carcinomas of the head and neck are the subject of numerous current
studies, especially in view of the increasing incidence of tumors induced by human
papillomavirus (HPV) and the latest changes to the TNM classification of oropharyngeal
squamous cell carcinoma (OPSCC). In addition to HPV status, the presence of extranodal
extension of lymph node metastases represents an important risk and prognostic
factor, which has now been integrated into the staging algorithm of the eighth edition
of TNM classification for HPV-negative OPSCC. In the past numerous studies had
shown a lack of prognostic significance of extranodal extension in HPV-associated
tumors. However, extranodal extension—as a possible risk factor even in HPV-positive
OPSCC-remains an important subject of current studies, which are now particularly
characterized by high numbers of cases. In this paper, diagnostic methods and the
prognostic significance of extranodal extension in surgically treated HPV-positive OPSCC
are presented and discussed based on relevant literature, and the results of current
publications are summarized. Further development of diagnostic criteria and procedures
as well as international standardization of clinical diagnostics of extranodal extension
should be encouraged. Several studies demonstrate that extranodal extension results in
worse survival outcomes even in HPV-positive tumors, in contrast to results of previous
studies. Consequently, whether the prognostic significance of extranodal extension is not
actually relevant to outcome and the staging algorithm of HPV-positive OPSCC should
be questioned and further analyzed.

Keywords: extranodal extension, TNM classification, human papilloma virus, oropharyngeal carcinoma, HPV,
OPSCC

INTRODUCTION

The role of HPV in OPSCC has gained a great deal of attention in recent years. In
addition to its causative role, HPV infection also proved to have a clear prognostic
value (1). With the introduction of the eighth edition of the TNM classification (2017)
a distinction is being made for the first time between HPV-positive and HPV-negative
squamous cell carcinomas by the use of pl6 immunohistochemistry (pl6 IHC) as part
of the staging of oropharyngeal squamous cell carcinoma (OPSCC). Furthermore, the
prognostic influence of extranodal extension (ENE) of lymph node metastases for HPV-negative
OPSCC was integrated into the staging algorithm. The prognostic influence of ENE
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has been analyzed in several studies and it was recognized
as an essential prognostic factor, which should facilitate an
even more accurate estimate of the risk of regional disease
recurrences or distant metastases (1, 2). In the clinical staging
of lymph node metastasis, defined criteria must be fulfilled
for the diagnosis of clinical ENE. According to the new
edition of the TNM classification, ENE in p16-positive OPSCC
compared to HPV-negative tumors does not result in prognostic
upstaging with regard to the N category or UICC stage. Several
current studies focus on evaluating extensively the prognostic
influence of ENE in HPV-positive tumors. The diagnostic
methods and significance of ENE—with particular attention
to surgically treated HPV-positive OPSCC—are presented and
discussed below.

DEFINITION OF EXTRANODAL EXTENSION

Extranodal extension was first described in 1930 by Rupert A.
Willis in the context of autopsies on patients with advanced
head and neck squamous cell carcinoma (HNSCC) (1, 3). It is
generally defined as the spread of tumor tissue or neoplastic cells
outside the lymph node capsule with infiltration of perinodal
soft tissue (4). By means of histopathologic examination (lymph
node metastasis without ENE; Figure 1A), ENE can additionally
be subdivided into the categories “microscopic” (<2 mm beyond
the lymph node capsule; Figure 1B) and “macroscopic” (>2 mm
beyond the lymph node capsule; Figure 1C) (4). For instance,
Bauer et al. in their 2019 study illustrated the importance of
the extent of ENE in patients with OPSCC (5). Patients were
classified into the categories ENE-negative, microscopic ENE,
and macroscopic ENE, and patients with microscopic ENE
showed significantly reduced survival compared to patients with
negative ENE status (hazard ratio = HR = 1.52; 95% CI = 1.00-
2.31; p = 0.048) (5). Patients with macroscopic ENE had the
worst outcome (HR = 2.50; 95% CI = 1.39-4.51; p = 0.002)
(5). In addition to that, recent data even differentiate between
the categories “no ENE;” “minimal ENE” (<1 mm beyond the
lymph node capsule”), and “>1mm beyond the lymph node
capsule” (6).

Although these subcategories have not yet been applied for
the purpose of pN classification, they are recommended by
the AJCC for data collection and analyses and find application
in recent studies (4). In addition to patients with diagnosed
lymph node metastases and ENE of metastases, it is reported
that a proportion of 10.5-25% of patients exhibit microscopic
ENE despite having a clinically unremarkable lymph node status
(1, 7). Thus, microscopic ENE, micrometastases, or soft tissue
deposits can cause an underestimate of the incidence of ENE—
especially with regard to patients with primary radiotherapy that
are classified within the cTNM-classification system (1, 7).

IMAGING AND CLINICAL PREDICTORS IN
DIAGNOSING EXTRANODAL EXTENSION

In addition to the widely used diagnostic methods involved
in postoperative histopathologic examination, various imaging

techniques can be applied, such as ultrasound, magnetic
resonance imaging (MRI), and computed tomography (CT).
Clinical diagnosis of ENE of lymph node metastases presupposes
that clear, defined criteria are met (8). Clinical or radiologic signs
of tumor invasion alone (including the skin and surrounding
soft tissue) as well as clinical symptoms of neural involvement
(e.g., paresis of cranial nerves) are defined as clinical ENE
in the new TNM classification (9). The following criteria are
used for radiologic diagnosis of ENE for both CT and MRI:
presence of irregular nodal capsular enhancement, loss of distinct
nodal margins and infiltration into adjacent structures (fatty
tissue, muscle, blood vessels) (1, 10, 11). Generally speaking,
however, the limited sensitivity and specificity of the methods
used in relation to the clinical diagnosis of ENE need to be
discussed (8). For example, Steinkamp et al. showed in several
publications a sensitivity of ~80.9% with specificity of 72.2% for
CT investigations and sensitivity of ~74.4% and specificity of
72.2% for MRI imaging (1, 12, 13). Clinical diagnosis of ENE by
ultrasound, with a sensitivity of 78.6% and specificity of 81.8%,
achieved slightly better results than CT or MRI (1, 14). With
regard to diagnosing ENE by contrast-enhanced CT imaging, the
values quoted in the literature according to Faraji et al. and others
range from 75 to 86% for the accuracy of predicting pathologic
ENE, from 65 to 90% for sensitivity and 73-91% for the specificity
of the imaging method (12, 15-21). As clinical diagnosis of
ENE, for example, does not differentiate between microscopic
and macroscopic ENE so far, the data of patient collectives with
primary surgery and collectives with primary radiotherapy are
not readily comparable.

For a long time there have been strong demands for
standardization and further development of investigation
methods and internationally recognized diagnostic criteria for
the imaging modalities of ultrasound, CT and MRI (1). Only
recently Kann et al. published their study on the diagnosis
of lymph node metastases and ENE in HNSCC by means of
pretreatment CT images and three-dimensional deep learning
neural networks (22). In this study they trained the neural
network using a data set of 2,875 CT-segmented lymph node
specimens and achieved diagnostic results which exceeded those
of human clinicians (22). The area under the receiver operating
characteristics curve for diagnosing ENE and lymph node
metastases was 0.91 (95% CI = 0.85-0.97)—ENE of lymph node
metastases could be predicted with a sensitivity of 88% and
specificity of 85% (22). The diagnosis of ENE by means of CT was
additionally the subject of the recently published work by Faraji
et al. (15). Seventy-three patients with HPV-positive OPSCC
treated by primary surgery and neck dissection were reviewed
for the presence of seven defined criteria of CT imaging (15).
The pretreatment CT scans were evaluated by two radiologists
who were blinded to the pathologic ENE results (15). In the
evaluations, the presence of irregular nodal margins (highest
specificity of 94% for examiner A and 95% for examiner B) and
the absence of perinodal fatty tissue (highest sensitivity of 87%
for examiner A and 96% for examiner B) showed a significant
association with ENE (15).

In 2018 Hararah et al. published initial attempts at
pretreatment prediction of ENE and positive surgical margins
for OPSCC (23). In the course of analyzing prognostic
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FIGURE 1 | Microscopic view of lymph node metastases without ENE (A), with microscopic ENE (B) and with macroscopic ENE (C).
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FIGURE 2 | Flow-chart of literature research adapted from PRISMA (24).
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parameters of 5,056 patients (3,336 HPV-positive), Hararah
et al. developed nomograms for the parameters ENE and/or
positive resection status for HPV-negative as well as HPV-
positive OPSCC (23). Regarding the prediction of postoperative
ENE, for HPV-positive tumors clinical ENE, cN staging, cT
staging, age, and tumor grading were integrated into the
nomogram as predictive parameters (AUC ROC = 0.66; p
< 0.01; 95% CI = 0.64-0.68) (23). Hararah et al. are thus
presenting additional approaches to diagnosing ENE which, as
a whole, could potentially facilitate clinical decision-making
regarding primary treatment. However, they particularly stress
the current aspiration to further develop clinical (and pathologic)
diagnostic methods.

Further studies and more prolonged use of the new TNM
classification are required to show how far the new clinical N
classification, or particularly the clinical diagnosis of ENE defined
therein, can succeed in everyday clinical practice and result in
reliable identification of ENE status or whether new diagnostic
methods will prevail in future. Understaging or upstaging of
patients not surgically treated should be avoided where the
prognostic influence of ENE is proven. Improving the modalities
for clinical diagnosis of ENE and standardizing ENE diagnosis
in general will thus continue to be the objective over the next
few years.

METHODS

The aim of this paper is to provide a structured overview of
current study results on the topic “Prognostic influence of ENE in
surgically treated HPV-positive OPSCC.” In order to investigate
a possible prognostic influence of ENE in HPV-positive
OPSCC, a literature research was conducted with PubMed.
Using the PubMed Search Builder the following search term
was created:  ((((((((((extracapsular spread[Title/Abstract])
OR perinodal spread[Title/Abstract]) OR transcapsular
spread|[Title/Abstract]) OR extranodal spread[Title/Abstract])
OR extracapsular extension[Title/Abstract]) OR
extranodal extension[Title/Abstract]) OR perinodal
extension[Title/Abstract]) OR transcapsular
extension[Title/Abstract])) AND (((hpv([Title/Abstract])
OR human papilloma virus[Title/ Abstract]) OR
pl6[Title/Abstract])) AND (((((head and neck squamous
cell carcinoma)) OR hnscc) OR oropharyngeal squamous
cell carcinoma) OR opscc). The process of literature research
is illustrated in Figure2. 109 of 110 results were available
in English. The included studies were published before
July 2020.

Before screening the records, the following inclusion criteria
were defined: (a) OPSCC, (b) patient collective contains HPV-
positive tumors, (c) surgically treated collective/Neck Dissection
(with or without adjuvant therapy), (d) ENE-Status available,
(e) statement on the prognostic influence of ENE, (f) original
research paper. Full-text articles assessed for eligibility were
screened for further relevant publications. The publications
included in analysis were screened for their study results
referring to the prognostic impact of ENE in HPV-positive
OPSCC. The relevant results as well as characteristics of the

studies and number of cases are shown in Tables1, 2 in
the following.

EXTRANODAL EXTENSION AS RISK AND
PROGNOSTIC FACTOR

Numerous studies in the past have shown that the presence
of ENE additionally worsens the prognosis of patients with
HNSCC (1, 8, 46-50). In a 2006 meta-analysis by Dunne et al.
involving 1,620 patients with diagnosed HNSCC and lymph node
metastasization, 5-year overall survival deteriorated to 30.7% in
the presence of ENE compared to 58.1% in the absence of ENE
(1, 50).

Furthermore, the correlation between ENE and locoregional
recurrence and distant metastases has been studied in recent
years. For example, Myers et al. showed in their publication
of 2001 on 266 patients with squamous cell carcinoma of the
tongue that ENE was the most significant prognostic parameter
for the risk of regional recurrence and distant metastases in their
population (1, 2). The meta-analysis by Mermod et al. from 2016
showed an odds ratio of 2.18 (95% CI = 1.23-3.87) for the
correlation between ENE and distant metastases (1).

In 2014 Kinzel et al. analyzed, among other things, the
influence of ENE on the disease-specific survival of patients with
OPSCC not stratified to HPV status. The study analyzed 384
patients first diagnosed between 1980 and 2010 (48). One of
the findings was that ENE is associated with significantly worse
disease-specific survival of 50% compared to 81% in the absence
of ENE (p < 0.001) (48).

A few studies, however, demonstrated a lack of significant
worsening of outcome due to ENE in HPV-positive OPSCC
(1, 25,27, 29, 30). In particular, the research group of Sinha et al.
investigated the influence of ENE in HPV-induced OPSCC in
detail (1, 25-27, 30, 31). In 2012, with regard to a group of 171
patients with p16-positive surgically treated OPSCC (adjuvant
RT: n = 73, adjuvant CRT: n = 69), they published a lack of
significant impact of ENE on overall and disease-specific survival
(1, 26). In their multivariate analysis from 2012 (27), ENE (except
for soft tissue deposits) did not prove prognostic in HPV-positive
OPSCC in a prospective transoral laser surgery database (n = 152
patients—adjuvant RT: n = 66, adjuvant CRT: n = 67) (1, 27).
In 2015 in their multivariate analysis of p16-positive OPSCC
treated by surgery and neck dissection (n = 220 patients—
RT: n = 97, CRT: n = 75), one of their findings was that the
number of lymph node metastases (>5)—but not ENE—was an
independent prognostic factor (1, 30).

Their analyses of 2011, 2012, and 2015 additionally
investigated the significance of the extent of ENE and its
prognostic influence: Thus Lewis et al. also described a lack of
significant influence of ENE on overall survival, disease-free
survival (DFS), and disease-specific survival (DSS) in surgically
treated HPV-positive OPSCC (n = 101 patients—postoperative
radiation therapy: n = 100, postoperative chemotherapy: n = 44)
(25). In fact, a significant correlation was found between the
presence of soft tissue deposits (defined as grade 4 ENE) and
overall survival, DSS and DFS. Given a correlation with the
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TABLE 1 | Summary of the described studies on the prognostic influence of ENE in HPV-positive OPSCC—part 1.

References Characteristics Patients Prognostic influence of ENE in HPV+ OPSCC
Lewis et al. (25) — Monocentric n =101 OPSCC — Univariate analysis: only grade 4 ENE (soft tissue deposit)
— Retrospective (HPV+: n = 90) associated with OS (p < 0.001), DFS (p = 0.0025), and DSS
— Surgical (p = 0.0013) (but correlates with T stage)
Multivariate analysis: no significant correlation with OS, DFS,
or DSS
Haughey et al. (26) — Monocentric n =171 OPSCC ENE not significantly associated with OS, DSS, or DFS
— Retrospective (HPV+)
— Surgical
Sinha et al. (27) — Monocentric n =152 OPSCC Univariate analysis: grade 4 ENE (soft tissue deposit) significantly
— Prospective (HPV+) associated with DFS (p = 0.02), DSS (p = 0.03), and OS
— Surgical (o = 0.009)
Multivariate analysis: grade 4 ENE (soft tissue deposit)
significantly associated with DFS (p = 0.01), DSS (p = 0.01),
and OS (p = 0.03)
ENE grade 0-3 not prognostic
Klozar et al. (28) — OPSCC+0SCC n =139 OPSCC ENE in univariate and multivariate analysis not significantly
— Monocentric (HPV+:n =91) associated with DSS
— Retrospective n =31 0SCC
— Surgical (except (HPV4+:n=7)
for 3 patients)
Maxwell et al. (29) — OPSCC+0SCC n =133 OPSCC OPSCC: ENE not significantly associated with DSS (p = 0.936)
— Monocentric (HPV+:n = 76) (also for HPV-OPSCC, p = 0.198)
— Retrospective n =214 OSCC ENE as significant independent prognostic factor in OSCC
— Surgical
Sinha et al. (30) — Monocentric n =220 OPSCC ENE not prognostic for DFS, DSS, or recurrence
— Prospective (HPV+) Number of lymph node metastases significantly associated
— Surgical with outcome
Sinha et al. (31) — Monocentric n =222 OPSCC Grade 4 ENE (soft tissue deposit) significantly associated with
— Prospective (HPV+) distant metastases and DMFS (p = 0.004) only for T3-T4 tumors
— Surgical No significant correlation with regional recurrence
lyer et al. (32) — Monocentric n =201 OPSCC ENE not significantly associated with 5Y-OS (p = 0.300),
— Retrospective (HPV+: n = 106) 5Y-DSS (p = 0.116), or 5Y-RFS (p = 0.753)
— Surgical
Kaczmaret al. (33) — (Monocentric) n =114 OPSCC Univariate analysis: ENE not significantly associated with
— Retrospective (HPV+) increased risk of local and distant progression (o = 0.575,
— Surgical p =0.793)
Kumar et al. (34) — Monocentric n =289 OPSCC Univariate analysis: ENE nearly reached significance (p = 0.0553)
— Retrospective (HPV+: n=172) Multivariate analysis: ENE not significantly associated with OS
— Surgical (p = 0.7644)
Kharytaniuk et al. — OPSCC+CUP n =62 OPSCC ENE not significantly associated with RFS (p = 0.93) or DSS (p
(35) — Monocentric (HPV+: n = 36) =0.91)
— Retrospective n=21CUP
— Surgical (HPV+:n=9)
(neck dissection)
Tassone et al. (36) — Monocentric n = 85 OPSCC Logistic regression analysis of recurrence (as binary variable):
— Retrospective (HPV+) ENE not significantly associated with recurrence (OR = 2.28,
— Surgical p = 0.383)

Univariate analysis of DFS: ENE no significant impact on DFS (p
=0.25)

CUR, cancer of unknown primary; DFS, disease-free survival; DMFS, distant metastasis-free survival; DSS,

disease-specific survival; ENE, extranodal extension; HPV, human

papillomavirus; HR, hazard ratio; NCDB, National Cancer Database; OPSCC, oropharyngeal squamous cell carcinoma; OR, odds ratio; OS, overall survival; OSCC, oral squamous
cell carcinoma,; RFS, recurrence-free survival.

T stage, it was not confirmed in the multivariate analysis
(25). In their 2012 publication, Sinha et al. then confirmed a
significant influence of soft tissue deposits on overall survival,
DFS and DSS (27). In 2015 they again published results
which showed a significant correlation between soft tissue
deposits and distant metastasis-free survival for T3-T4 tumors

only (n = 222 patients, adjuvant RT: n = 97, adjuvant CRT:

In this connection Maxwell et al. reached the following
conclusion in their 2013 publication (29): In their analysis of 133
patients with OPSCC and 214 patients with carcinoma of the oral
cavity (surgically treated in the years 1983-2009), they found no
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TABLE 2 | Summary of the described studies on the prognostic influence of ENE in HPV-positive OPSCC —part 2.

References Characteristics Patients Prognostic influence of ENE in HPV+ OPSCC
An et al. (37) — NCDB (multicenter n = 1,043 OPSCC — Univariate analysis: significant correlation with 3Y-OS (p = 0.01)
design) (HPV+) — Multivariate analysis: significant correlation with OS (HR = 1.89; 95%
— Retrospective Cl =1.01-3.51; p = 0.046)
— Surgical — Only patients with 1 lymph node metastasis: significant correlation with
3Y-0S (p = 0.033)
Zhan et al. (38) — NCDB (multicenter n = 3,745 OPSCC — Univariate analysis: significant correlation with 4Y-OS (p < 0.001)

design) (HPV+)
— Retrospective
— Surgical
(neck dissection)
Shevach et al. (39) — Monocentric n=750PSCC
— Retrospective (HPV+)
— Surgical
(neck dissection)
Meyer et al. (40) — Monocentric n =88 OPSCC
— Retrospective (HPV+: n = 39)
— Surgical
Bauer et al. (5) — NCDB (multicenter n = 4,153 OPSCC
design) (HPV+)
— Retrospective
— Surgical

Miccio et al. (41)

NCDB (multicenter

n = 3,407 OPSCC

design) (HPV+)
— Retrospective
— Surgical
Beltz et al. (42) — Monocentric n =95 OPSCC
— Retrospective (HPV+: n = 50)
— Surgical
Han et al. (43) — NCDB (multicenter n =736 OPSCC
design) (HPV+)
— Retrospective
— Surgical (alone)
Freitag et. al. (44) — Monocentric n =92 OPSCC
— Retrospective (HPV+)
— Surgical
Gal et al. (45) — NCDB (multicenter n=16,845
design) OPSCC
— Retrospective (HPV+: n = 8,780)
— Surgical

— Also after stratification according to N classification for pN1 tumors

— Univariate analysis: significant correlation with 5Y-DC rate (o = 0.046) and
5Y-PFS (p = 0.021)

— Multivariate analysis: independently prognostic of worse DC (HR = 8.26;
95% Cl = 1.24-55.21; p = 0.029) and PFS (HR = 4.64; 95% Cl = 1.18—
18.29; p = 0.028)

— No significant difference in 5Y-LRC or OS

— Univariate analysis: significant correlation with OS (p = 0.012) und RFS
(0 =0.012)

— Multivariate analysis: ENE not included

— Univariate analysis: significant correlation with 5Y-OS (p = 0 < 0.001)

— Stratified according to N stage (8™ edition): significant correlation with
5Y-0S (p = 0 < 0.001)

— Multivariate analysis: significant prognostic parameter (HR = 1.90; 95%
Cl=1.35-2.67; p = 0 < 0.001)

— Univariate analysis: significant correlation with OS (HR = 2.04; 95%
Cl =1.59-2.63; p < 0.001)

— Multivariate analysis: significant correlation with OS (HR = 1.66; 95%
Cl=1.26-2.19; p < 0.001)

— Univariate analysis: significant correlation with 5Y-OS, (o = 0.008)

— Univariate analysis: presence of microscopic ENE (p = 0.009) or
macroscopic ENE (p = 0.007) associated with increased risk of death

— Multivariate analysis: macroscopic ENE vs. non-ENE as independent risk
factor for death (HR = 4.9; 95% Cl = 1.4-18.1; p = 0.016)

— p16+: significant correlation with OS (p = 0.007) and TSS (p = 0.047)

— p16+/HPV16 DNA+: significant correlation with OS (p = 0.013) and TSS
(o = 0.026)

— Multivariate analysis: independent predictor for decreased OS
(o =0.033), TSS (p = 0.165), PFS (o = 0.42), and DFS (p = 0.04)

— Pathologic and clinical ENE associated with decreased survival

— No significant difference between pathologic and clinical ENE

Cl, confidence interval; DC, distant control DFS, disease-free survival; ENE, extranodal extension; HPV, human papillomavirus; HR, hazard ratio;, NCDB, National Cancer Database;
OPSCC, oropharyngeal squamous cell carcinoma; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival; TSS, tumor-specific survival.

significant association between ENE status and DSS for HPV-
positive and HPV-negative patients (OPSCC: adjuvant radiation:
n = 111, adjuvant chemotherapy: n = 40).

The investigation of potential prognostic parameters of HPV-
positive and HPV-negative OPSCC and oral carcinomas of
170 patients (OPSCC: n = 139, 65.5% HPV-positive) was also
the purpose of the study by Klozar et al. published in 2013
(28). For HPV-negative tumors, univariate analysis showed
UICC stage, Pt, and pN classification, number of positive
lymph nodes and ENE to be significant prognostic parameters.
Except for ENE, these were confirmed in the multivariate

analysis. For HPV-positive tumors, by contrast, none of these
parameters showed a significant correlation with the DSS of
patients (28).

In 2015 Iyer et al. published the following results: While ENE,
resection status, lymph vessel invasion, and pN category were
independent predictors of survival in the case of HPV-negative
OPSCC, they were not prognostic for HPV-positive tumors
[in respect of recurrence-free survival (RFS), DSS, and OS]
(n =201 patients, adjuvant RT: n = 138) (32). In addition to that,
Kumar et al. (34) showed that ENE (p = 0.0021) and advanced
T-classification represent significant predictors of survival in

Frontiers in Oncology | www.frontiersin.org

18

August 2020 | Volume 10 | Article 1394


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Beltz et al.

Extranodal Extension in HPV-OPSCC

HPV-negative surgically treated OPSCC (most patients treated
with adjuvant RT/RCT based on NCCN guidelines). While ENE
nearly reached significance in the univariate analysis of HPV-
positive OPSCC (p = 0.0553), multivariate analysis revealed that
ENE was not significantly associated with survival (p = 0.7644)
(34). Kharytaniuk et al. in their 2016 analysis of 83 patients
(n 62 with OPSCC, n = 21 with cancer of unknown
primary = CUP) with neck dissection as part of primary
definitive treatment—also confirmed that ENE is not a negative
prognostic factor for HPV-positive OPSCC (in respect of RFS
and DSS) (35) (surgery only: n = 8, RT: n = 50, CRT: n = 25).
Kaczmar et al. showed that ENE does not correlate with increased
risk of local as well as distant progression in HPV-positive
OPSCC (114 surgical patients, 89 with adjuvant radiation, 54 with
adjuvant chemotherapy) in univariate analysis (33). In addition
to that, Tassone et al. confirmed that ENE is not significantly
associated with recurrence and DFS in a retrospective analysis
of 85 surgically treated HPV-positive OPSCC (adjuvant RT:
n = 81, adjuvant systemic therapy: n 52) (36). Table1l
summarizes the studies described in this chapter showing no or
weak prognostic influence of ENE in primarily surgically treated
HPV-positive OPSCC.

EXTRANODAL EXTENSION IN THE
CONTEXT OF THE 8TH UICC
CLASSIFICATION

According to the 8th edition of the TNM classification, the
presence of ENE leads to distinct upstaging solely in HPV-
negative OPSCC. For HPV-positive tumors, only the number
of positive lymph nodes is decisive in terms of pTNM staging.
This is why the prognostic influence of ENE in HPV-induced
tumors is currently the focus of a number of studies. In a 2019
study by the present authors, the application and prognostic
impact of the new TNM classification as well as the factors
HPYV status and ENE were examined in a group of 255 patients
with OPSCC first diagnosed in the years 2008-2015 (42). This
included analyzing the overall survival of HPV-positive patients
with negative vs. positive ENE status treated with surgery alone
or surgery combined with adjuvant radiation/chemoradiation.
In this cohort adjuvant therapy was standard in case of
pathologically proven ENE. This study addressed, among other
things, the question of whether ENE can actually be ignored
in HPV-mediated OPSCC (42). Ninety five patients met the
inclusion criteria for ENE analysis. The Kaplan-Meier curves
presented (Figure 3) and the log rank test revealed a statistically
significant deterioration of overall survival in the presence of
ENE for HPV-positive patients in the univariate analysis (ENE-
negative: OS = 92.9%, ENE-positive: 68.0%, p = 0.008) (42).

The univariate analysis of the study by Meyer et al. (40), which
examined the prognostic influence of the lymph node ratio, also
showed a significant influence of ENE on overall survival of
HPV-positive patients with surgically treated OPSCC (p = 0.012;
ENE not included in the multivariate analysis) (surgery: n = 21,
surgery + R(C)T: n = 67).

10 e

e

0 1 2 3 4 5

overall survival (years)

FIGURE 3 | Prognostic influence of extranodal extension in patients with
p16-positive oropharyngeal carcinoma (ENE, extranodal extension) (42).

In 2017 Zhan et al. published results of their validation of
the new staging system based on 3,745 cases of HPV-positive
OPSCC treated by surgery and neck dissection from the National
Cancer Database (NCDB) for the years 2010-2014 (surgery only:
n = 642, surgery + RT: n = 1,005, surgery + CRT: n = 1,773)
(38). As well as a general evaluation of the new staging algorithm,
the study focused on analyzing the prognostic influence of ENE
in HPV-positive OPSCC. During the course of their analyses,
Zhan et al. demonstrated a statistically significant influence of
ENE on 4-year overall survival in HPV-positive OPSCC (ENE-
negative: 92% vs. ENE-positive: 85%, p < 0.001) (38). Upon
stratification according to pN classification, ENE proved to be a
significant prognostic parameter for the 4-year overall survival
of HPV-positive patients with pN1 stage [pN1: ENE-negative
92%, ENE-positive 87% (p = 0.004); pN2: ENE-negative 88%,
ENE-positive 77% (p = 0.061)] (38).

The described results are consistent with the results of
analyses by An et al. published in 2017 (37): In their study
the prognostic value of ENE was examined in a group of
1,043 patients with HPV-positive OPSCC (pT1-T4, pN1-N3,
MO, R0O) who underwent primary surgical treatment (adjuvant
RT: n = 306, adjuvant CRT: n = 498). Patients who met the
defined inclusion criteria were identified via the NCDB for
the years 2010-2012 (37). In the course of their analyses An
et al. demonstrated that a positive ENE status is associated with
a significant deterioration of overall survival of HPV-positive
patients (3-year overall survival: 89.3 vs. 93.6%, p = 0.01) (37).
No significant difference in overall survival was found between
cases with microscopic vs. macroscopic ENE (37). Furthermore,
An etal. also demonstrated in the multivariate analysis that rather
than the presence of >5 lymph node metastases—as integrated
into the TNM classification for HPV-positive OPSCC—it is
the presence of ENE that is significantly associated with a
deterioration of overall survival (HR = 1.89; 95% CI = 1.01-3.51;
p = 0.046) (37). Hence the results to some extent contradict the
current system of N classification of p16-positive OPSCC (42).
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For HPV-positive OPSCC patients who have undergone primary
surgical treatment, it is only the absolute number of lymph
nodes involved (cut-off between pN1 and pN2: >5 involved
lymph nodes) which has the decisive prognostic influence on
determining the pN category according to the 8th edition (42).
Given comparable hazard ratios (>5 lymph node metastases:
HR = 1.81, p = 0.086 vs. ENE: HR = 1.89, p = 0.046), An
et al. do not question the cut-oftf of >5 lymph node metastases
as a prognostic parameter for HPV-positive OPSCC. However,
they do advocate evaluation of both parameters as potential
prognostic factors—especially since a higher number of lymph
node metastases is associated with the presence of ENE with a
greater probability (37).

In order to eliminate the possible confounding variable of
“total number of lymph node metastases” from the analysis and
to investigate the relationship between ENE and overall survival
in isolation, overall survival was analyzed only in patients with
one lymph node metastasis: once again a deterioration of 3-year
overall survival to 90.8% compared to 96.0% (p = 0.033) was
observed (37).

In addition to that, Shevach et al. (39) published results
showing that ENE-positive status is significantly associated
with a deterioration of distant control and progression-free
survival in univariate and multivariate analysis (39). They
evaluated a collective of 75 patients with HPV-mediated OPSCC
treated with surgery, respectively, neck dissection followed by
adjuvant radiotherapy/chemoradiotherapy. However, there was
no significant difference in OS and locoregional control between
ENE-negative and -positive patients (39).

Bauer et al. recently showed that ENE represents a
significant prognostic parameter in respect of overall survival
in HPV-mediated OPSCC (5). In their paper published
in 2019, they analyzed the prognostic significance of ENE
in a group of 4,153 patients with HPV-positive OPSCC
from the NCDB who were treated surgically and by neck
dissection (NO 531, ENE-positive: 1,429, ENE-negative:
2,193—surgery only: n = 923, surgery/radiation: n = 1,403,
surgery/radiation/chemo: n = 1,827) (5). The univariate analysis
revealed a statistically significant correlation between ENE and
overall survival in HPV-positive patients (p < 0.001) with 5-year
overall survival of 92.6% (95% CI = 90.5-94.7%) for negative
ENE status compared to 84.0% (95% CI = 80.7-87.4%) for ENE-
positive tumors (5). Furthermore, when stratified according to N
stage (8th edition), tumors classified as N1/ENE-negative showed
the highest 5-year overall survival rate of 93.4% (95% CI = 91.3-
95.5%), whereas N2/ENE-negative and N1/ENE-positive tumors
had similar 5-year overall survival of 87.8 and 87.3%, respectively,
(5). The multivariate analysis (with age, gender, population
group, morbidity, T stage, treatment, and resection status as
possible confounding variables) revealed in respect of mortality
risk a hazard ratio of 1.90 (95% CI = 1.35-2.67) in the presence
of ENE vs. ENE-negative OPSCC (p < 0.001). The pathologic
N stage—or hence the number of positive lymph nodes—was
significantly associated with patients’ outcome (pN2 vs. pN1:
HR = 1.53) (5). Furthermore, Bauer et al. demonstrated that—
when combining pN category and ENE status—tumors classified
as N2/ENE-positive had the lowest 5-year overall survival rate

(HR = 2.93; 95% CI = 1.94-4.43; p < 0.001) in comparison with
N1/ENE-negative OPSCC (HR = 1.00) (5). OPSCC classified as
N1/ENE-positive also showed nearly twice as high mortality risk
(HR = 1.88; 95% CI = 1.26-2.80; p = 0.002) as ENE-negative
pNI1 tumors. Bauer et al. thus concluded in the course of their
evaluation that ENE is prognostic irrespective of the number of
positive lymph nodes and that the combination of ENE status
and number of positive lymph nodes (pN category) particularly
leads to an improved picture of mortality risk (5). All in all, the
work by Bauer et al. including 4,153 patients represents a large
study in this field for HPV-positive OPSCC and—as a result of
the length of follow-up—also allows the prognostic influence of
ENE on 5-year overall survival to be evaluated. As Bauer et al.
also stress, this is particularly significant in view of the relatively
good prognosis of HPV-positive tumors. Furthermore, a large
number of possible confounding variables were integrated into
the multivariate analysis. In summary, the large number of cases
included and the length of follow-up made it possible for the
results to reach statistical significance (5).

Furthermore, Miccio et al. recently published their study on
the influence of contralateral lymph node metastasization and
ENE on survival in HPV-mediated OPSCC (41). Three thousand
four hundred seven patients from the NCDB (2010-2015) with
surgically treated, HPV-positive OPSCC and a minimum of 10
lymph nodes removed made up the study population (adjuvant
RT: n = 1,262, adjuvant CRT: n = 1,501, unknown: n = 78) (41).
In their evaluation, the research group of Miccio et al. concluded
that, in both the univariate analysis (HR = 2.04; 95% CI = 1.59-
2.63; p < 0.001) and the multivariate analysis (HR = 1.66; 95%
CI = 1.26-02.19; p < 0.001), the presence of ENE is associated
statistically highly significantly with a deterioration of overall
survival in HPV-positive tumors and it should be included in
future staging algorithms (41).

In 2019, Han et al. published a retrospective analysis of 736
patients with only surgically treated HPV-positive OPSCC from
the NCDB (2010-2014) (43). Among other things, they showed
that microscopic or macroscopic ENE results in a significantly
worse OS when compared to positive lymph nodes without
ENE (5]J-OS: 91% vs. 78%; p < 0.0001) (43). In addition,
Freitag et al. recently published their analysis of a cohort
of 92 patients with surgically treated HPV-mediated OPSCC
(IC+OP+RT: n = 8, OP: n = 21, OP+RT: n = 23, OP+RCT:
n = 39, OP+RT+Cetuximab: n = 1) (44). Their multivariate
analysis showed that ENE represents an independent predictor
for decreased OS (p = 0.033), tumor-specific survival (p = 0.165),
progression-free survival (p = 0.42), and DES (p = 0.04)
(44). The results of their investigation as a whole led them
to the conclusion that ENE (as well as HPV16 DNA status)
should be integrated in the prognostic staging algorithm of
HPV-mediated OPSCC (44). Furthermore, Gal et al. recently
showed a decreased survival in the presence of clinical and
pathological ENE compared to the absence of ENE. Their
retrospective SEER database study analyzed 16,845 primarily
surgical treated patients with tonsillar and base of the tongue
primaries (45).

As a whole the results described above contrast with the
conclusions of the 2016 review by Mermod et al. which included
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an analysis of the prognostic significance of histopathologically
proven ENE in HPV-positive OPSCC (1). Individual results of
the studies included have already been presented: overall, the
analyses had shown a lack of negative influence of ENE in HPV-
positive OPSCC (1). Compared with the monocentric design of
the studies analyzed by Mermod et al. (1) and the maximum
number of 222 patients included Sinha et al. the great strengths
of the studies by Zhan et al. (38), An et al. (37), Bauer et al. (5),
Miccio etal. (41), and Gal et al. (45) are the case numbers of 3,745,
1,043, 4,153, 3,407, and 16,845 patients, respectively, and hence
their power as well as their multicenter design.

Table 2 summarizes the described studies showing significant
influence on prognosis of ENE in HPV-positive OPSCC.

The possible influence of tobacco consumption of patients
was not analyzed because of the lack of recording in the
NCDB. The influence of nicotine consumption on the risk and
prognostic profile of HPV-positive OPSCC, however, is a relevant
parameter according to the results of Ang et al. (51) and should
be considered in future prospective analyses. Kompelli et al.
recently published an analysis of patients with HPV-related
OPSCC (52): Aim of this study was to investigate the impact of
pathologic prognostic factors in the context of chronic tobacco
use. The results show that, among other things, presence of
ENE did not significantly affect survival in HPV-positive heavy
smokers (>20 pack years) (52). However, HPV-positive ENE-
positive heavy smokers had a significant decrease in survival
(similar to HPV-negative patients) compared to HPV-positive
non-smokers with positive ENE-status (52). In the future, the
prognostic impact of ENE should also be evaluated in the context
of tobacco consumption and the prognostic influence of tobacco
abuse in HPV-positive OPSCC should be examined in detail
further on.

All in all, the current study results from various publications
presented here emphasize that ENE is a risk and prognostic
factor, including HPV-positive OPSCC, which to date has
not been integrated into the staging algorithm of the TNM
classification. Possible reasons for the different results of the
studies mentioned are discussed by Bauer et al. (5), An et al.
(37), and Zhan et al. (38). For example, the excellent prognosis
of HPV-positive OPSCC could lead to the fact that only studies
with a higher number of cases can reveal statistically significant
differences between ENE-positive and—negative tumors (5). An
et al. stress the greater power achieved by larger patient collectives
as well (37). In addition, Zhan et al. support this argumentation
with their data-with a moderate effect size on OS (5-11% on 4Y-
0S), significant results are only likely in high numbers of cases
(38), such as those made possible by the NCDB. Nonetheless, the
prognostic influence of ENE in surgically treated HPV-positive
OPSCC remains a topic that should be analyzed in further
(prospective) multicenter studies.

Limitations of this work are that only studies that explicitly
examined ENE in HPV-positive OPSCC (e.g., ENE terms in
title/abstract) were included—therefore other possibly relevant
research results, which were not identified through literature
research or references, could have been missed. The aim of this

publication was to provide the reader with an overview of the
current status of research in this field in a structured form.
Due to a limited number of studies that explicitly focus on this
issue, as well as partly limited comparability, we did not choose
a systematic review, but a structured review according to the
PRISMA guidelines. We performed our literature research as
structured and traceable as possible. Furthermore, no quality
assessment of the included studies was carried out. Despite the
focus on surgically treated collectives, it can be assumed that
the therapy algorithms (especially regarding adjuvant therapy)
vary to a certain extent from institute to institute, which
influences the comparability of the studies. As histopathologically
proven ENE is an accepted risk factor in HNSCC in general
and de-escalation strategies in HPV-positive tumors have not
been integrated into clinical practice, the majority of patients
of all discussed studies should have been treated by adjuvant
radiotherapy. As a topic that is currently gaining more
and more interest, a future meta-analysis—including possible
additional publications of the next months/years—should
be considered.

CONCLUSION

Whether the prognostic influence of ENE of lymph node
metastases can actually be ignored for HPV-positive tumors
in the TNM classification system should be reevaluated
in detail in the context of prospective multicenter studies.
According to the study results presented here, it also seems
necessary to record ENE in the tumor documentation for HPV-
positive tumors. Furthermore, it is also the extent of ENE
(macroscopic vs. microscopic—ENE </>1mm, respectively,
ENE </>2mm) that should be examined and documented
as it represents an additional prognostic factor. The methods
applied (including ultrasound, CT, MRI) in the clinical
diagnosing of ENE have limited sensitivity and specificity.
In this regard initial attempts at computer-aided analysis
of image data should be pursued. Furthermore, clinical
diagnostic criteria should be standardized overall at the
international level.
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High-risk human papillomaviruses (high-risk HPVs) have been recently reported to be
co-present with Epstein—Barr virus (EBV) in different types of human cancers including
head and neck (HN), where they can cooperate in the initiation and/or progression
of this cancer. Accordingly, we herein explored the prevalence of high-risk HPVs and
EBV in 80 HN cancer tissues from the Syrian population using polymerase chain
reaction, immunohistochemistry, and tissue microarray methodologies. We report that
high-risk HPVs and EBV are present in 35/80 (43.7%) and 41/80 (51.2%) of our
samples, respectively, and the most frequent HPV types are 33, 16, 18, 45, 52, 58,
35, 51, and 31, in this order. More significantly, our data reveal that 25/80 (31.2%) of
cancer cases are positive for high-risk HPVs as well as EBV, and their co-presence is
associated with high/intermediate-grade squamous cell carcinomas. These data confirm
the co-presence of high-risk HPVs and EBV in HN cancers in the Syrian population of
the Middle East and demonstrate that their co-incidence is linked to a more aggressive
cancer phenotype. Thus, future studies are required to confirm these data and elucidate
the exact role of high-risk and EBV cooperation in human HN carcinogenesis.

Keywords: head and neck cancers, human papillomaviruses, Epstein-Barr virus, tumor grade, Syrian population

INTRODUCTION

Head and neck (HN) cancer is a broad term that incorporates epithelial malignancies located in the
paranasal sinuses, oral cavity, nasal cavity, pharynx, and larynx (1). HN cancer is one of the most
common among both male and female worldwide, with around 650,000 new cases and 330,000
deaths each year assessed by the World Health Organization (2); notably, most of these deaths
occur in developing countries (3). When it comes to cancer-related mortality, it is generally either
directly attributed to metastasis, as in tumor involvement of critical organs, or caused indirectly
due to therapeutic resistance and the adverse effect of treatment on human organs (4, 5).

Today, it is well-known that more than 20% of human cancers are estimated to be linked
with microorganism infections including oncoviruses infection especially high-risk human

Frontiers in Oncology | www.frontiersin.org

24 August 2020 | Volume 10 | Article 1016


https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.01016
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.01016&domain=pdf&date_stamp=2020-08-20
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:aalmoustafa@qu.edu.qa
https://doi.org/10.3389/fonc.2020.01016
https://www.frontiersin.org/articles/10.3389/fonc.2020.01016/full
http://loop.frontiersin.org/people/985870/overview
http://loop.frontiersin.org/people/133469/overview
http://loop.frontiersin.org/people/58247/overview
http://loop.frontiersin.org/people/74123/overview
http://loop.frontiersin.org/people/934201/overview

Gupta et al.

HPVs and EBV in Human HN Cancer

papillomaviruses (high-risk HPV) and Epstein-Barr virus (EBV)
(6-8). More specifically, it has been well-established that high-
risk HPV infections are critical etiological factors in the
development of human HN cancers, especially oral, as ~40% of
oral cancer cases are positive for high-risk HPVs, particularly
types 16, 18, 31, 33, 35, 45, 52, and 58 worldwide including the
Middle East (ME) region (7, 9). Additionally, it was pointed
out that their presence is linked with vascular invasion and
lymph node metastases in different types of human carcinomas
including cervical and HN (10-12).

Likewise, EBV is a human gamma herpesvirus that commonly
infects more than 90% of the adult population (13). Persistent
infection with EBV can cause infectious mononucleosis, and its
latent state can lead to several types of human B-cell lymphomas
and certain solid cancers, especially nasopharyngeal (14-17);
additionally, EBV has been shown to be strongly associated with
undifferentiated nasopharyngeal carcinomas (NPCs). Several
studies have detected the presence of EBV in HN squamous
cell tumors implying its possible role in the development of
malignancies throughout the upper aerodigestive tract (7, 18, 19).
Moreover, it has been recently revealed that EBNAI and LMP1
of EBV oncoproteins can enhance invasion of human cancer
cells via the induction of epithelial-to-mesenchymal transition
(EMT) (20, 21).

On the other hand, several recent studies revealed that high-
risk HPVs and EBV are co-present in human HN cancers
especially oral (22-24). Moreover, it has been reported that the
co-occurrence of high-risk HPVs and EBV in oral cancer is
associated with a significant increase in the invasiveness ability of
cancer cells (25). We recently demonstrated that the co-presence
of high-risk HPVs and EBV is linked to high/intermediate grade
in different types of human carcinomas including HN (5, 26, 27).
Thus, it is evident that the co-presence of high-risk HPVs and
EBV in high-grade human carcinomas could suggest a possible
cooperation between their oncoproteins; however, there are only
few studies regarding the co-presence of high-risk HPVs and
EBV in the ME region focusing only on NPCs.

Therefore, in this investigation, we assessed the presence
of high-risk HPVs and EBV and their association with tumor
phenotype in human HN cancer samples from Syria. Our
study pointed out that high-risk HPVs and EBV are present
in 43.7 and 51.2% of our samples, respectively, while co-
incidence of these oncoviruses is 32.2%. More significantly, we
noted that the co-incidence of these oncoviruses is associated
with high/intermediate-grade squamous cell carcinomas in the
majority of positive cases.

MATERIALS AND METHODS

High-Risk HPV and EBV Detection

Eighty formalin-fixed paraffin-embedded blocks of HN cancer
(57 larynx, 19 lower lip, 3 upper lip, and 1 nasopharynx) from
Syrian patients, 73 males and 7 females, with an average age
of 54.51 years were used. The samples were obtained from
the Pathology Department, Faculty of Medicine of Aleppo
University, Syria. Tissue blocks and data used in this report
were approved, in March 22, 2009, by the Ethics Committee

of the Faculty of Medicine of Aleppo University, # 2009-007,
Aleppo, Syria. One hundred nanograms of DNA was extracted
from each sample using Qiagen GmbH kit (Hilden, Germany).
These samples were analyzed for high-risk HPVs and EBV by
PCR using primers for E6/E7 genes of high-risk HPV types (16,
18, 31, 33, 35, 45, 51, 52, and 58) in addition to primers for LMP1
and EBNA1 genes of EBV; meanwhile, primers for the GAPDH
gene were utilized as an internal control (26, 28). This analysis
was achieved as illustrated earlier by our group (5, 26, 28).

Tissue Microarray

Tissue microarray (TMA) building was realized as elucidated
previously by our group (28, 29). Briefly, HN cancer samples
were inserted into a virgin paraffin TMA block using a non-
automated tissue arrayer (Beecher Instruments, Silver Spring,
MD) irrespective of pathological staging information. Three
TMA cores of 1.0 mm in diameter were sampled from a cohort of
80 block tissue samples of Syrian HN cancer patients. Afterwards,
to verify the histological diagnosis, 4-pm sections were cut and
stained with hematoxylin and eosin (H&E). Then, slides of the
completed blocks were used for immunohistochemistry assay.

Immunohistochemistry

Immunohistochemical (IHC) procedures examining the
expression patterns of E6 and LMP1, of HPV and EBV, were
done using standard practices. Briefly, slides were deparaffinized
in graded alcohol, rehydrated, and boiled in 10 mM citrate buffer
(pH 6.0) for antigen retrieval. Then, TMA slides were incubated
for 35min at 37°C with primary monoclonal and polyclonal
antibodies for E6 of HPV and LMP1 of EBV (clones 1-4 and
clone C1P5 from Dako and Calbiochem, Canada, respectively)
using an automated immunostainer (Ventana Medical System,
Tuscon, AZ). Afterwards, staining procedures were achieved
according to the manufacturer’s recommendations as slides were
counterstained with hematoxylin prior to mounting. Negative
controls were achieved by omitting primary antibody for E6
and LMP1. Following immunohistochemistry, two independent
observers examined all TMA slides. The tumors were considered
positive for E6 and LMP1 oncoproteins if cancer cells exhibited
positivity >1% at any intensity (>1+, scale 0-3+).

All TMAs also contained various cores representing positive
and negative controls (e.g., cervical carcinoma and lymphatic
tissues served as positive controls for HPV and EBV stains,
respectively; normal HN tissues and epithelium were used as
negative controls).

Statistical Analysis

Statistical assessments were achieved using IBM SPSS Statistics
(version 22; SPSS Inc., Chicago, IL, USA) and R. Data were
analyzed as non-parametric files. We used y2-test with Yates
correction to explore the significance of the association between
tumor grade and the co-incidence of high-risk HPVs and EBV.

RESULTS

In order to classify the presence of high-risk HPVs and EBV in
human HN cancer tissues in the ME region, we explored the
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TABLE 1 | High-risk HPVs and EBV detection in human head and neck cancers.

Number of samples* HPVs+ EBV+ HPVs+/EBV+
Positive cases 35/80 41/80 25/80
(%)** (43.7) (51.2) (31.2)

The presence of HPVs and EBV was found in 35 (43.7%) and 41 (51.2%) of the 80 cancer
samples, respectively, while we observed that 25 (31.2%) of cancer cases are positive for
both high-risk HPV's and EBV. The presence of these oncoviruses was confirmed by PCR
and IHC using specific primers for E6/E7 and LMP1 as well as EBNAT genes of high-risk
HPVs and EBV, in addition to monoclonal antibodies for E6 and LMP1, as illustrated in
the Materials and Methods section.

#The total number of samples examined in this studly is 80.

## These two methodologies, PCR and IHC, were used to detect the presences of high-risk
HPVs and EBV.

TABLE 2 | Presence of HPV types 16, 18, 31, 33, 35, 45, 51, 52, and 58 in
human HN cancer.

No. of cases High-risk HPVs
16 18 31 33 35 45 51 52 58
80 31/80 28/80 13/80 34/80 18/80 25/80 15/80 22/80 20/80

We note that HPV types 33, 16, 18, and 45 are the most common in HN cancer in the
Syrian population.

incidence of high-risk HPV types 16, 18, 31, 33, 35, 45, 51, 52,
and 58 in a cohort of 80 HN cancer specimens from the Syrian
population by PCR analysis, using specific primers for E6/E7 and
LMP1 as well as EBNA1 genes of HPVs and EBV, respectively
(5, 26, 28). Our data revealed that 35 (43.7%) and 41 (51.2%) of
the 80 cancer samples are positive for high-risk HPVs and EBV,
respectively (Table 1), and all of HPVs-positive specimens are
co-infected with more than one HPV type. Regarding high-risk
HPVs genotyping in these samples, our results pointed out that
the most prevalent high-risk HPVs among the positive samples
are types 33 (34/80), 16 (31/80), 18 (28/80), 45 (25/80), 52 (22/80),
58 (21/80), 35 (18/80), 51 (15/80), and 31 (13/80), as shown in
Table 2.

Next, we investigated the co-presence of high-risk HPVs
and EBV in our HN cancer samples by IHC and PCR analysis
using monoclonal antibodies, for E6 and LMP1, as well as
specific primers for these oncoproteins/genes, respectively; we
found that 25 (31.2%) of the 80 cancer cases are positive
for both high-risk HPVs and EBV with P < 0.001 (Table1).
Furthermore, we examined the relation between the co-presence
of these oncoviruses and tumor grade in these samples. Our data
revealed that the co-expression of E6 and LMP1 oncoproteins
of high-risk HPVs and EBV, respectively, in the majority of
cases (88%) is associated with high/intermediate (G3/G2)-grade
invasive carcinoma form in comparison with high-risk HPVs+
or EBV+ alone cases or HPVs/EBV-negative cases, which are
4/10 (40%), 5/16 (31.2%), and 3/29 (10.2%) with P = 0.00328,
0.00018, and <0.001, respectively (Table3 and Figures 1, 2),
while it is important to highlight that cancer phenotype in the
HPVT/EBVT was not linked to a specific HPV type since all our
positive cases were infected with more than one type of high-
risk HPVs. Finally, normal HN tissues and epithelial cells, which

TABLE 3 | High-risk HPVs and EBV status in relation to tumor grade in HN cancer
samples.

EBV/HPVs EBV*/HPVst EBV+/HPVs~ EBV-/HPVst EBV-/HPVs~
status (%) (%) (%) (%)
TUMOR GRADE

High 5 (20.0) 1(10.0) 2 (12.5) 1(3.4)
Intermediate 17 (68.0) 3(30.0) 3(18.7) 2(6.8)
Low 3(12.0) 6 (60.0) 11 (68.7) 26 (89.6)
Number of 25 (31.2) 10 (12.5) 16 (20.0) 29 (36.2)
samples”

We notice that 88% of HPVs- and EBV-positive cases are high/intermediate-grade
carcinomas in comparison with EBV*/HPV~, EBV~/HPV*, and EBV~/HPV~, which are
40, 31.2, and 10.2% with a P-value of 0.00328, 0.00018, and <0.001, respectively.
#The total number of samples examined in this study is 80.

Values inside parentheses denote percentage.

E6 of HPV

LMP1 of EBV

FIGURE 1 | High-grade (Grade 3), non-keratinizing squamous cell carcinomas
with basaloid appearance. Tumor cells were diffusely (>75%) and strongly (2+
and 3+ intensity on the scale 0-3) positive for both HPV (E6, upper images)
and EBV (LMP1 protein) (lower images). The left-sided images are captured at
4x magnification, while the right-side ones are at 10x magnification (Olympus
BX53). Expression of both proteins was assessed by immunohistochemistry
using a semiquantitative approach.

served as controls, were shown to be negative for both high-risk
HPVs as well as EBV.

DISCUSSION

In this investigation, we explored, for the first time, the
incidence/co-incidence of high-risk HPVs and EBV in human
HN cancer and the association of their co-presence with tumor
grade in Syria, which can also be considered the first study of
this type in the ME region. We report that high-risk HPVs and
EBV are present in 43.7 and 51.2%, respectively, in our Syrian
samples, and the most frequent HPV types in HN cancer in
Syria are 33, 16, 18, 45, 52, 58, 35, 51, and 31, correspondingly.
Meanwhile, our data pointed out that 31.2% of the samples are
positive for both high-risk HPVs and EBV. More significantly,
we report that the co-presence of these oncoviruses is associated
with high/intermediate tumor grade in 88% of the samples in
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E6 of HPV

LMP1 of EBV

FIGURE 2 | A case of moderately differentiated (Grade 2) squamous cell
carcinoma exhibiting co-expression of E6 (upper images) and LMP1 (lower
images) oncoproteins of HPV and EBYV, respectively. Left-sided images are
captured at 4 x magnification, while the right-sided ones are at 10x
magnification (Olympus BX53). Note that the expression of E6 protein was
observed in >90% of cancer cells while LMP1 protein was expressed in
~70% of cancer cells. Expression of both oncoproteins was assessed by
immunohistochemistry using a semiquantitative approach.

comparison to HPVs or EBV-positive alone and HPVs/EBV-
negative samples. Regarding the most common HPV types
in the Syrian population, the present data concur with our
previous studies on HPVs in different types of human carcinomas
including cervical and breast in Syria where we found that HPV
type 33 is the most frequent in these cancer tissues. In this
context, HPV type 33 was reported to be the most common in
breast cancer in Turkey (30). Herein, it is important to highlight
that the Syrian samples were collected from Aleppo province,
which is located in the northern part of the country bordering
Turkey. Accordingly, our data confirm that specific types of high-
risk HPV infection, in human cancers, are related to certain
geographic locations, as it was demonstrated by a large number
of investigations worldwide (7, 31-36).

Concerning the co-presence of HPVs and EBV in HN cancer
in the ME region, Tatli Dogan et al. (37) published a study
regarding the incidence of HPVs and EBV in NPCs in Turkey,
they found that 72 of their 82 samples are positive for EBV
and only one case revealed positive for HPVs; meanwhile, they
reported that the highest rate of EBV positivity correspond with
undifferentiated NPCs. However, and in agreement with our
investigation, one report from North Africa assessed the presence
and co-presence of high-risk HPVs and EBV in 70 cases of NPCs
from the Moroccan population (38). Their study revealed that
24 of the samples are positive for high-risk HPVs, and the most
frequent HPV types are 31, 59, 16, 18, 33, and 35. They found
that all their cancer cases are positive for EBV. Consequently,
24 (34%) Moroccan samples were positive for both high-risk
HPVs and EBV, which are in their majority NPCs grade III and
II. It is important to highlight that the Turkish and Moroccan
studies in addition to another investigation from Iran with only
20 cancer cases (39) focused only on the co-presence of HPVs and
EBV in NPCs; therefore, our investigation can be considered the
first study regarding the co-presence of these oncoviruses in HN

cancer in the ME region since our samples include tissues from
several HN locations.

On the other hand, in 2012, Jalouli et al. (40) examined the
incidence and co-incidence of high-risk HPVs and EBV in 155
oral squamous cell carcinomas (OSCCs) from eight different
countries from Europe, Asia, Africa, and North America with
a limited number of cases ~20 cancer cases from each country
including Sudan and Yemen from the ME region. They found
that 35 and 55% of the samples are positive for HPVs and EBYV,
respectively. They reported that HPVs and EBV are co-present
in 21% of all OSCCs. However, no clear conclusions can be
drawn from this study due to the limited number of cancer cases
from participant countries. Meanwhile, there are two recently
published investigations from Europe regarding the presence of
HPVs and EBV in human oral cancer; one from Poland showed
that HPVs and EBV are co-present in 34.1% of cancer cases in
comparison with HPV and EBV infections alone, which are 28.1
and 54.7%, respectively (23). In the second study from Finland,
the authors reported that the co-incidence of HPV and EBV
is 14% in the population of Finland (41). In comparison, our
study focused on the presence/co-presence of HPVs and EBV
in HN cancer in Syria with an acceptable number of samples,
which allowed us to make an adequate conclusion about these
oncoviruses in HN cancer in this country, revealing that 31.2%
of the samples are HPVs'/EBV™, which is comparable with the
study published from Poland.

The co-presence of high-risk HPVs and EBV and their
association with tumor phenotype in HN cancer is clearly
demonstrated in our present study regardless of HPV type
since all our HPV/EBV-positive cases are infected with more
than one HPV virus strain. Our findings are in agreement
with several investigations worldwide, including three from
our group in addition to the Turkish and Moroccan studies;
data of these reports pointed out that the co-presence of
HPVs and EBV is associated with high-grade carcinomas in
addition to positive axillary lymph nodes (5, 23, 25-27, 42,
43). Indeed, it has been reported that prevalence of poorly
differentiated tumors is four times more frequent in HPV/EBV
co-infection in comparison with EBV or HPV infection alone
in oral cancer samples from Poland (23); in addition, the
study pointed out that there is a significant correlation
between tumor dimensions in co-infected patients compared
with single infection. However, a recent investigation in NPCs
reported that 5-year overall survival is significantly higher
in HPV/EBV-positive patients in comparison with HPV/EBV-
negative ones (41). Well, this could be due to radiation
sensitivity as demonstrated by several investigations. Actually,
earlier studies in HPV-positive cases of HNSCC found that
the virus takes control of the cellular machinery for DNA
repair, altering cell cycle distribution and causing hypoxia
during radiation treatment (44, 45). On the other hand,
numerous studies on the alteration of radiation response by
EBV reported that LMP-1 blocks DNA repair by suppressing
the phosphorylation and activity of DNA-dependent protein
kinase, a key enzyme of non-homologous end-joining pathway
in NPCs, and by repressing ATM, which ultimately modulates
resistance of ionizing radiation-induced apoptotic cell death
(46).
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Apropos the mechanism of HPVs and EBV interaction, based
on the fact that high-risk HPVs and EBV oncoproteins share
different downstream pathways, we assumed that oncoproteins
(E5, E6/E7, LMP1, and EBNA1) of these oncoviruses can
cooperate in the initiation and/or progression of several types
of human carcinomas where the EMT event can play a crucial
role in this procedure (47). Indeed, earlier investigations showed
that E5 and E6/E7 oncoproteins of high-risk HPVs can enhance
cell invasion and cancer progression via the induction of
EMT in several types of human cancers including cervical
and oral as well as NPCs (48-53). On the other hand, it has
been reported by several investigations that LMP1, LMP2A,
EBNA3C, and EBNA1 oncoproteins of EBV can enhance cancer
progression via the modulation of EMT in human carcinomas
including NPCs (20, 53-56). Meanwhile, our preliminary data
showed that E6/E7 of HPV type 16 can cooperate with LMP1
of EBV to enhance EMT progression and consequently cell
motility via the activation (phosphorylation) of Erk1/Erk2 and B-
catenin (in preparation). Nevertheless, further studies are needed
to elucidate the complete pathogenesis and role of the co-
incidence of high-risk HPVs and EBV in human carcinomas
including HN, especially since HPVs and EBV vaccines are
currently available and under clinical trial, respectively (57—
59). This is a key step, which could possibly limit HPV
and EBV infection and their associated cancers including
HN malignancy initiation and development to a metastatic
form, thus diminishing cancer-related mortalities especially in
developing countries where oncoviruses-associated cancers are
still considered major causes of death among both males and
females in these countries.

Lastly, with regard to the number of specimens that we were
able to amass from Aleppo, Syria, it is essential to confirm our
data using a larger number of samples from different areas in this
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Besides classic tobacco and alcohol risk factors, human papillomavirus (HPV) plays
a role in the development of a subset of head and neck squamous cell carcinomas
(HNSCCs), and notably oropharynx squamous cell carcinomas (OPSCCs). HPV-induced
OPSCCs have a different biological behavior and a better prognosis compared to
non-HPV-induced OPSCCs and the eighth-edition TNM classification now separates
these two entities. Therefore, determining the HPV status of patients with OPSCC
is now essential for treatment, prognosis, and development of clinical trials. In this
review, after reminding essential steps of HPV implication in the cell cycle, we describe
the existing tools that are currently feasible in routine practice according to facilities
available in health structures, with their benefits and drawbacks: HPV PCR, E6/E7
MRNA RT-PCR, E6/E7 mRNA in situ hybridization, HPV DNA in situ hybridization, and
P16 immunochemistry. Besides these traditional HPV detection tools, novel diagnostic
approaches are being evaluated for HPV-induced OPSCC “ultrastaging.” E6 humoral
response and ddPCR-detecting HPVct DNA are two techniques performed on blood
and are therefore non-invasive. Baseline E6 humoral levels could have a prognostic
value, and HPVct DNA could be helpful for HPV OPSCC recurrence monitoring. At
last, next-generation sequencing (NGS)-based “capture HPV” is a technique feasible
on biopsies and circulating DNA material. It helps characterize HPV integration status
and sites, and it could define prognostic subgroups in HPV-induced OPSCC. These
novel precision detection tools could be further integrated in the care of patients with
HPV-induced OPSCC.

Keywords: HPV, DNA hybridization, RNA hybridization, p16, RNAscope, PCR, head and neck, squamous cell
carcinoma

INTRODUCTION

Head and neck squamous cell carcinomas (HNSCCs) constitute a group of malignant tumors
located in the oropharynx, larynx, hypopharynx, nasopharynx, and oral cavity. All together, they
represent approximately 800,000 new cases and 400,000 deaths per year (1). Classic risk factors
include tobacco and alcohol exposure, but it is now established that human papillomavirus (HPV)
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plays a major role in the development of oropharyngeal
squamous cell carcinomas (OPSCCs) (2-5). This role is not
so clear in non-oropharyngeal squamous cell carcinomas (non-
OPSCCs), but some reports suggest a possible association
between HPV infection and nasopharyngeal carcinomas (6, 7).
HPYV infection is found in 20-60% of the OPSCCs depending
on the countries (8) with, for example, approximately 20%
of HPV-induced OPSCCs in Bangladesh and South China (9,
10) and higher rates of HPV-induced OPSCCs in Western
Europe and North America (11). Subdividing the HNSCCs in
oropharyngeal and non-oropharyngeal carcinomas is therefore
well integrated now, because of their different carcinogenesis.
HPV-induced OPSCCs tend to occur more often in non-smokers
and are associated with more frequent nodal involvement (4, 5).
Previous studies reporting the HPV-induced OPSCC occurrence
mostly in younger patients seem now to be countered by
recent reports revealing that they can also develop at a later
age under certain geographic and sociosexual conditions (12—
14). Moreover, HPV-induced OPSCCs have a better prognosis
than non-HPV-induced OPSCCs, with a better sensitivity to
radiations and a better overall survival (5, 15). More broadly,
HPV-induced OPSCCs have a better prognosis regardless of
the modality of treatment (16-18). For HPV-positive non-
OPSCCs, some subgroups might also have a better prognosis,
but studies are heterogeneous and controversial (19). Because
of these significant biological and clinical differences, HPV-
induced OPSCCs have their own classification in the eighth
edition of the UICC TNM classification (Union for International
Cancer Control) (20). In this context, determining HPV status
in HNSCCs and especially in OPSCCs has become mandatory.
Besides, several trials based on radiation de-escalation programs
or on immunotherapy are evaluating performances of treatments
according to HPV status in OPSCCs, and it is essential to
adequately classify patients (16, 21-23). Interestingly, the College
of American Pathologists has recently published guidelines for
HPV testing in HNSCCs (24). These recommendations focus
on diagnostic tests in routine practice, and many of them
are based on expert consensus opinion. According to these
guidelines, all OPSCC samples should be tested for HPV.
In this review, we will present the different tests currently
used and give an insight into novel diagnostic approaches
currently available in research but that could be further used in
routine practice.

HPV INVOLVEMENT IN THE CELL CYCLE

HPV involved in mucosal cancer can be divided into two
main groups, depending on their oncogenic associated risk.
Low-risk HPV are very rarely associated with the development
of cancers, and HPV-induced OPSCCs are usually developed
after a high-risk HPV infection. Conversely, high-risk HPV
genotypes encompass HPV16, HPV18, HPV31, HPV33, HPV35,
HPV39, HPV45, HPV51, HPV52, HPV56, HPV58, HPV59,
and HPV68. The high-risk genotypes produce E6 and E7
oncoproteins. E6 protein binds to tumor suppressor p53 by the
formation of a trimeric complex E6/E6AP/p53 (25), leading to

the proteolytic degradation of p53 (26, 27). E7 protein binds
to pRb (phosphorylated retinoblastoma protein), releasing E2F
transcription factor and then promoting cell-cycle progression,
and consecutively to pl6 overexpression. Briefly, p16 is a CDK
(cyclin-dependent kinase) inhibitor. This protein is involved
in the pRB pathway, implicated in cell-cycle regulation. p16
protein has a cell-cycle regulation role by inhibiting the S
phase. It is important to underline that interaction between
p16 with CDK4/6 avoids CDK4/6-cyclin D complex formation
and phosphorylation of Rb. Overall, p16 overexpression avoids
phosphorylation of Rb family members, leading to capture of
E2F by Rb proteins and thus to cell-cycle arrest into the Gl
phase (28). Low-risk HPV produce E6 and E7 proteins which
have lower affinity for p53 and pRb proteins (29) and thus are
not theoretically associated with cell-cycle progression, nor with
pl6 overexpression. Nevertheless, no study has systematically
studied the patterns of pl6 expression in OPSSCs associated
with low-risk HPVs. The reason why high-risk HPV-induced
cancers overexpress pl6 protein has been partially answered by
studying epigenetic changes in HPV16 E7-expressing human
epithelial cell lines (30). Independent of its function to inhibit
pRB, E7 oncoprotein is responsible of KDM6B demethylase
upregulation, leading to decreased levels of repressive H3K27me3
marks in the pl6INK4a-encoding CDKN2A promoter region,
responsible for the overexpression of the pl6 protein. At last,
maintenance of an HPV malignant phenotype (e.g., promotion of
proliferation and prevention of apoptosis) in established HPV16-
positive human OPSCC cell lines requires E6 and E7 proteins,
as shown by Rampias et al. using ShRNA targeting E6 and E7
transcripts (31).

MAIN TECHNIQUES USED TO DETECT
HPV IN OPSCC

According to recent studies, based on this well-known molecular
characteristic of the HPV virus to drive the cell toward a
tumoral phenotype, different techniques have been developed.
They tend to certify the HPV implication in OPSCC tissues:
PCR (HPV DNA detection), RT-PCR (E6 and E7 mRNA
detection), p16 immunohistochemistry, in situ hybridization
targeting DNA (DNA ISH), and in situ hybridization targeting
RNA (RNA ISH) (Table 1). All these assays have different
advantages, diagnostic performances, and counterparts that we
will detail further. These recommended routine diagnostic tests
are completed to classify OPSCC HPV-positive (HPV+) or HPV-
negative (HPV-) and other new performant biomarkers seem to
be adapted for HPV-induced OPSCC ultrastaging. Indeed, as we
already described before, the E6 and E7 HPV oncoproteins are
responsible for cell transformation and carcinogenesis and have
been proven to be indispensable for the maintenance of tumor
phenotype (32). According to the CAP guidelines, every diagnosis
of OPSCC should be followed by an assay evaluating HPV
infection status in the tissue (24). Several techniques are available,
depending on diagnostic performances and resources available in
the laboratory. Optimal HPV detection should consider assays
detecting (i) transcriptionally active infections, because transient
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TABLE 1 | Description of the benefits and drawbacks of different HPV detection techniques.

Detection technique Benefits Drawbacks References
HPV PCR High sensitivity No information about viral transcription (49-60)
HPV genotype information High risk of contamination (intrinsic and extrinsic)
FFPE manageable
Easy and inexpensive technique
E6/E7 mRNA RT-PCR High sensitivity and specificity Time-consuming (39-45)
Detects active viral infection Non-FFPE manageable (fresh or frozen tissue only)
Gold standard for research RNA fragility
E6/E7 mRNA in situ High specificity and good sensitivity RNA degradation over time (62-65, 69-72)
hybridization In situ detection of a transcriptionally Expensive technique
active HPV infection
FFPE manageable
HPV DNA in situ In situ detection of HPV DNA Reduced sensitivity (needs a minimum DNA (54, 62-67)
hybridization High specificity copy number)
FFPE manageable

P16 immunochemistry High sensitivity
Inexpensive technique

FFPE manageable

Serology for antibodies
against E6 protein

Present in more than 90% of patient
with OPSCC related to HPV16
Easy to set up

Correlation with clinical outcome
Early detection of recurrences in
posttreatment monitoring

High sensitivity and specificity
Low cost

HPV circulating tumoral
DNA by ddPCR

Moderate specificity
Surrogate marker of HPV infection

Lack of clinical data and hindsight

Need to be validated on larger cohorts

(8, 62,63, 70, 71, 81, 82)
(87, 88, 92-95)

(119-124, 126)

(52, 117, 130, 133)

HPV, human papillomavirus; RT-PCR, reverse-transcriptase polymerase chain reaction;, ddPCR, droplet digital PCR; FFPE, formalin-fixed paraffin-embedded tissues.

infection does not seem sufficient to develop a carcinoma (33-35)
and (ii) consistency with high-risk HPV, because those are
associated with malignant processes (3, 4, 36). The 2017 revised
WHO/IARC (World Health Organization/International Agency
for Research on Cancer) recommendations introduced direct
HPV testing based on in situ hybridization and/or PCR and/or
anti-pl6 immunochemistry to classify the OPSCC according to
HPYV status (37).

Molecular Assays

mRNAEG6/E7 Detection

The maintenance of the transformed phenotype of HPV-driven
tumor cells is based on the expression of E6 and E7 proteins
(33-35). Therefore, detecting E6 and/or E7 protein expression
constitutes the best tool to define a tumoral sample as an HPV-
driven tumoral tissue or not. However, for the time being,
performant techniques based on reliable immunohistochemical
probes to detect such viral protein on tissue sample are not
current. A recent study compared the results of E6 protein
detection in lymph-node fine-needle aspirates, and oral samples
(saliva or swabs) by OncoE6™ Oral Test (Arbor Vita Corp©)
to reference tests performed on FFPE material: p16 and high-
risk HPV mRNA. Agreement between fine-needle aspirates
OncoE6™ and FFPE p16 was good (kappa = 0.53). Agreement
between oral samples and FFPE p16 and high-risk HPV mRNA
was poor (kappa = 0.02 for both), probably due to lower
concentrations of E6 protein in these analytes (38). Thus, using
such commercial assays on minimally invasive lymph-node
fine-needle aspirates could be helpful to diagnose high-risk

HPV infection in routine practice. Detection of E6 and/or
E7 mRNA by RT-PCR on fresh/frozen samples is considered
by some authors as the gold standard to diagnose an HPV-
related OPSCC, particularly based on its capacity to represent an
eventual prognosis biomarker (39). Nevertheless, it is important
to be cautious about the accuracy and reliability of techniques
detecting mRNA by RT PCR regarding available samples.
Even if the accuracy of this technique has been tested on
formalin-fixed paraffin-embedded (FFPE) samples (40), such
assays should be used on fresh/frozen tissues given the better
diagnostic performances obtained with these types of samples
when compared to FFPE ones (41-44). This may be mostly
explained by higher RNA destruction and fragmentation of FFPE
samples and subsequent decreased sensibility of RNA detection
by RT-PCR techniques. Therefore, the gold standard E6/E7
mRNA detection for HPV-related OPSCC diagnosis requires
fresh samples (45) and is not useful for routine screening as
it is technically demanding. However, a recent study about the
development and the validation of a novel and rapid molecular
detection method for HR-HPV in FFPE tumor tissues based
on combined HPV DNA and E6 mRNA detection reached an
accuracy of 97 and 100%, respectively, in OPSCC and oral cavity
squamous cell carcinoma (46).

PCR and HPV Genotyping

Firstly and until now, several commercially available assays
have been clinically validated on cervical swabs to detect high-
grade preneoplastic lesions (47, 48). However, none of these
commercial molecular assays have been specifically validated
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for clinical routine practice on OPSCC samples. Most of these
assays target the L1 gene and amplify a region from 65 to
>400 bp according to the technique. Different studies in small
cohorts of patients have demonstrated the possibility of using
these assays for HPV detection in OPSCC on fresh tissues.
These techniques are known to be stable and reproducible, and a
recent meta-analysis found the pooled sensitivity and specificity
of HPV DNA PCR to be respectively 98 and 84% for HPV
detection in OPSCCs (49). However, FFPE samples are often the
only material available for molecular testing after pathological
examination in the OPSCC context and only few studies have
evaluated different commercial molecular assays on head and
neck FFPE biopsies (50-55). Regarding the frequent proportion
of degraded DNA in FFPE samples, some authors such as
Steinau et al. suggest to pretreat FFPE tissues using specific
protocols to enhance DNA extraction yields before PCR assay
(56). However, it is well reported that DNA recovering in FFPE
specimens may be influenced by several factors, such as formalin
quality and concentration, length of fixation, paraffin quality, and
temperature (57) leading to nucleic-acid fragmentation (56, 58,
59). As a consequence, DNA in FFPE biopsy is either completely
or partially degraded into DNA fragments of 200 bp or less
(58). Low HPV viral load in FFPE biopsy samples associated
with a large region targeted by the molecular assay used (>200
pb) could be a limiting factor, and in medical practice, this
decreased sensitivity could sometimes hamper HPV detection
in OPSCC. Since PCR is a very sensitive technique, the risk of
a false positive due to contamination is not negligible. It may
occur within the specimen by a fragment of normal epithelium
infected with an HPV unrelated to the cancer. Contamination
may also occur during specimen processing with another sample
(cross-contamination) or with a soiled object in the laboratory
(60). For all these reasons, HPV diagnosis and genotyping
on FFPE biopsy from OPSCC using commercially available
HPV molecular assays require a good expertise, particularly for
preanalytical treatment. This step could require complementary
technical approaches to increase sensitivity, as we recently
described (52). For example, since HPV16 is known to be
the most prevalent HPV genotype in OPSCC, diagnosed in
more than 85% of HPV-driven OPSCC (61), we think that
it is better to confirm negative results obtained with certain
commercial tests through an HPV16-specific home-made PCR
able to detect smaller fragments of DNA (<100 pb) from FFPE
samples (52).

In situ Hybridization Targeting DNA (DNA ISH)

Many studies have evaluated the use of DNA ISH to diagnose
HPV infection in oropharynx carcinomas (54, 62-66). This
technique is based on the hybridization of probes against
specific sequences of DNA, and conventional light microscopy
is sufficient to read the assay result. It has the advantage of
being cheaper than RNA in situ hybridization, but it seems
that sensitivities and specificities of this assay strongly depend
on the type of probes used to target HPV (e.g., different
manufacturers, probe designs). Depending on the DNA targets,
DNA ISH can focus only on high-risk 16 and 18 genotypes, or on
broader high-risk HPV-like genotypes 16, 18, 31, 33, 51 (Enzo©’s

high-risk cocktail here for example; Enzo, NY, United States).
Ventana© Inform HPV III Family 16 Probe cocktail is also
able to detect 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and
66 types. Finally, some screening probe cocktails can detect
most frequent high-risk HPV (16, 18, 31, 33, 51), as well as
some low-risk HPV (6 and 11 types for Enzo©’s screening
probe for example).

Data about consistency of DNA ISH results in OPSCCs are
quite controversial. For Schlecht et al., comparison of high-
risk HPVs probe cocktail (Ventana®©, AZ, United States) and
HPV16/18 DNA probe cocktail (Dako©, CA, United States)
showed better performances by the first manufacturer (66).
Conversely, Keung et al. did not find significant differences
between performances of three different manufacturers’ probe:
Enzo© (NY, United States), Leica© (Germany), and Ventana©
(AZ, United States) (67). It seems that DNA ISH quality is highly
dependent on quality control procedures, and experience of the
laboratory with this technique should be taken into account (68).
Importantly, Bishop et al. reported that an important background
signal could hinder the visualization of the punctuate signal
corresponding to target DNA and thus lead to false-negative cases
(69). More precisely, it seems that when less than 100 copies
of target HPV are present in tumor cells, approximately 25-
45% of cases would be reported falsely negative (67). For all
these technical reasons, the popularity of DNA ISH appears to
have come to a standstill whereas RNA ISH interest is surely
growing. Figure 1A shows an example of positive DNA ISH
targeting HPV in OPSCC.

In situ Hybridization Targeting RNA (RNA ISH)

Studies about RNA ISH have been rising in the last 10 years
and showing excellent diagnostic performances. Sensitivities vary
from 87 to 100%, and specificities vary from 88 to 100%,
being more frequently around 95% (62-65, 69-72). Importantly,
studies using RT-PCR as the reference test found the best
diagnostic performances, making RNA ISH the method of
choice for detecting high-risk HPV infections (62, 65, 71).
The RNAscope© (ACD®, DC, United States) technology is the
most used one and gives excellent results. This technology can
detect E6 and E7 transcripts from 18 high-risk HPV genotypes
(HPV1e, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59,
66, 68, 73, and 82). RNA ISH has the advantage of being
feasible on paraffin-embedded tissues. In short, RNAscope©
has a good specificity thanks to paired “Z” probes system
and a good sensitivity thanks to the amplification system.
Moreover, the small size of probes used for this assay enables
hybridization to partially degraded mRNA, notably in paraffin-
embedded tissues (Figure 1B). Another advantage of this method
is to be readable on conventional optic light microscope (73).
Biologically, RNA ISH is relevant because it addresses several
points: (i) the presence of signal indicates the presence of one
of the 18 high-risk HPVs included in the probe cocktail, (ii)
whether there is a transcriptionally active infection, and (iii)
the location of the signal within the tumor cells. Some studies
suggest that the analysis of signal could be quantitative or
semiquantitative (63, 74, 75), but more studies are necessary
to confirm these data. Combining RNA ISH with other assays
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FIGURE 1 | In situ exploration of HPV presence: DNA ISH showing blue
punctate staining in tumor cells (A); RNA ISH showing brown punctate
staining in tumor cells (B); P16 immunohistochemistry showing diffuse and
intense nuclear and cytoplasmic staining in almost all tumor cells (C).

does not seem to be worthwhile, because it has great diagnostic
performances and it would hamper the workflow of specimens
using two assays. Nevertheless, to answer that question, a
study testing RNA ISH and pl6 immunostaining using RT-
PCR as the gold standard would be required. In a perspective
of clinical routine use of RNA ISH, Kerr et al. compared the
diagnostic performances of manual and automated assays in a
series of 45 HNSCCs, approximately two thirds being OPSCCs
(76). Concordance between manual and automated assays was
high (96%). Another study showed the same results with a
high concordance between automated and manual RNA ISH,
with only 3 cases out of 42 HNSCCs (35 OPSCCs) being
discrepant (kappa = 0.915) (77). These data are in favor of the
utilization of RNA ISH on automated platforms. This would

enhance workflow efficiency in a routine practice with a high
volume of specimens.

The main inconvenient of RNA ISH is its cost, rendering
this diagnostic option poorly available for numerous pathology
laboratories. A secondary limit of this assay is its incapacity to
assess which one of the high-risk HPV types is present in the
tumor tissue, whereas this information could be useful to precise
prognosis of HPV-positive OPSCCs (78).

It has been shown that oropharynx cancers with
transcriptionally active HPV infections are genetically different
entities and have a better prognosis (79, 80). In practice, it
was necessary to ascertain that RNA ISH was able to predict
survival of patients, as well as RT-PCR. Studies have shown
that in situ hybridization is equivalent for appreciation of
prognosis compared to RT-PCR. They showed better survival
for patients with HPV-driven OPSCC sought by E6/E7 in situ
hybridization (65, 81-83). Additionally, our team has shown a
difference in prognosis within HPV-related OPSCC depending
on the intensity of the RNA ISH staining. Over 50 histologically
confirmed p16 positive oropharyngeal squamous cell carcinomas,
we applied HPV RNA ISH with a E6/E7 high-risk RNA probe.
The staining was assessed semiquantitatively to define two scores:
RNA ISH “low” and RNA ISH “high.” This series contained 29
RNA ISH low cases (58%) and 21 RNA ISH high cases (42%).
RNA ISH high staining was associated with a better overall
survival in both univariate and multivariate analyses (p = 0.033
and p = 0.042, respectively) (84). Nowadays, this technique is not
yet recommended to be used routinely and is only applied for
research purposes.

p16 Immunostaining

Immunostaining against pl6 protein is a cost-effective
method to diagnose a high-risk HPV infection within
tissues. Overexpression of plé protein may be an indirect
sign of expression of E6 and E7 proteins with cell-cycle
upregulation (24, 30). Nevertheless, other processes can
lead to pl6 overexpression: inflammation, regeneration, and
p53 mutations (85, 86). Diagnostic performances of pl6
immunostaining are considered high enough to diagnose a high-
risk HPV infection in oropharyngeal squamous cells carcinomas,
and according to the College of American Pathologists and to
the eighth edition of the TNM classification, this assay can be
used as a surrogate marker of high-risk HPV infection (24).
Sensitivity and specificity of pl6 immunostaining for high-risk
HPV infection vary from approximately 80-98% according
to studies. Among other causes, these differences may be
explained by the number of cases included for comparison,
by the reference test used as gold standard (RT-PCR, PCR,
RNA ISH), and by whether tissue microarray (TMA) were
used or not. Interestingly, studies using TMA to evaluate
diagnostic performances of pl6é immunostaining tend to
report lower sensitivities (54, 87). This might be explained by
intratumoral heterogeneity of p16 immunostaining (88). Chen
et al. have shown that a diffuse nuclear and cytoplasmic staining
is significantly associated with HPV positivity in OPSCCs
regardless of the intensity of staining, contrary to focal nuclear
and cytoplasmic staining (89). Nevertheless, this information
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is difficult to evaluate on biopsies. Concerning subcellular
localization, according to Lai et al. and Zhao et al,, it seems that
OPSCCs associated with a highly intense nuclear and slightly
intense cytoplasmic pl6 immunostaining have poor prognosis,
similarly to pl6-negative OPSCCs. In both studies, OPSCCs
with a high nuclear and high cytoplasmic p16 immunostaining
are confirmed to be significantly associated with a better
prognosis (90, 91). Figure 1C shows an example of positive p16
immunohistochemistry with a diffuse and intense nuclear and
cytoplasmic staining of most of tumor cells.

Sensitivity of pl6 immunostaining in the oropharynx is
around 80-90% (8, 62, 63,70, 71, 81, 82, 87, 88, 92-95). One study
compared the performances of pl6 immunostaining according
to the threshold of positivity used to assess p16 immunostaining
positivity (96). The authors show that determining p16 positivity
using a 75% threshold is associated with a poor reproducibility,
whereas a 50% threshold is more reproducible. Besides, although
a 70% threshold is recommended by most institutions (24,
97, 98), several teams have shown that 50-70% of positivity
is often consistent with high-risk HPV infection (88). Thus,
one could wonder if using a 50% positivity threshold to
assess pl6 positivity in routine practice might be an effective
diagnostic approach. Further studies led in different OPSCC
populations and comparing different thresholds of positivity are
required. Considering that specificity of pl6 immunostaining
varies from 80 to 90% (8, 62, 63, 70, 71, 81, 82, 87,
88, 92-95), some patients with OPSCC may be diagnosed
as having a transcriptionally active HPV infection when it
is not the case. Rietbergen et al. showed especially that
OPSCCs with a pl6 immunostaining, and no transcripts of
E6 and E7 proteins have a poorer prognosis compared to
those with E6 and E7 transcripts (86). Using RNA ISH, we
have found similar results (63). Using pl6 immunostaining
alone could misclassify some patients, but in a large scale
of OPSCC management, this option makes sense because
the assay is affordable and available for many pathologic
departments. However, for trials evaluating impact of treatments
according to HPV status, this diagnostic option does not seem
performant enough for us, and an assay detecting E6 and E7
transcripts could then be used (RT-qPCR if frozen samples are
available, RNA ISH if only formalin-fixed paraffin-embedded
tissues are available).

Several studies and meta-analyses have shown that pl6-
positive OPSCCs have a better overall survival and a better
disease-free survival compared to pl6-negative OPSCCs (5, 99-
101), whatever the age of patients (102). Within p16 + OPSCC,
it is unclear whether the prognosis is solely related to HPV or
whether p16 expression could be a prognostic factor in itself.
Indeed, few studies compare the prognosis of pl6 + /HPV-
OPSCC patients to pl6 + /HPV + or pl6-/HPV- OPSCC
patients: this pl6 + /HPV- subgroup in OPSCC most often
has a small number of patients, and the results are therefore
not representative. The studies are moreover contradictory,
demonstrating for some that there is a better prognosis in spite
of the expression of pl16 alone in OPSCC (100), and for others
that there is no difference in prognosis in OPSCC between
the pl6 + /HPV- and pl6-/HPV- subgroups (70, 101, 103).

Studies with a higher number of patients are needed to clarify
this issue. One caveat about pl6 immunostaining is that it
does not provide any data about HPV types involved in the
oncogenic process, although this information may be important
because a recent study suggested that some high-risk HPV
types might be associated with a worse prognosis than others.
Indeed, Chatfield-Reed et al. showed that compared to HPV16
type, HPV33 type could be independently associated with
a shorter survival, making pl6é immunostaining suboptimal
to predict survival differences within high-risk HPV-positive
OPSCCs (78).

As pl6 immunostaining is not a good surrogate marker of
high risk HPV infection in non-OPSCC (104), it is rational to
ask whether this marker is of prognostic interest in these cancers.
Studies are contradictory, but those with larger cohorts seem
to support an absence of prognostic difference. In over 1362
HNSCC from the United States, Brazil, and Europe, D’souza
et al. found that pl6-positive cases had a lower risk of death
compared to pl6-negative cases among non-OP HNSSCs in
univariate analysis (HR = 0.74, 95% CI = 0.57-0.96), but it was
not confirmed after adjusting for other risk factors (aHR = 0.83,
95% CI = 0.60-1.14) (101). In another cohort of 621 non-
OPSCC, Fakhry et al. found a similar result: overall survivals of
patients with pl6—positive non—OP HNSCC (n = 62) and with
pl6—negative non—OP HNSCC (n = 559) were not significantly
different (p = 0.26) (105). More specifically, regarding laryngeal
and hypopharyngeal SCC in a small cohort of 31 patients, there
was no significant difference in overall survivals (p = 0.34)
between the p16-positive and p-16 negative patients (106).

There are few data concerning the response to anti-EGFR
treatment according to the pl6 status. In locally advanced
OPSCC, patients with pl6—positive tumors had significant
superior OS than those with pl6—negative tumors in both
cetuximab plus radiotherapy (RT) and RT-alone treatment arms
(107). Regarding recurrent or metastatic HNSCC, pl6—positive
status was associated with better overall survival in both the
cetuximab plus platinum plus 5—FU and platinum plus 5—FU
treatment arms (108). On the contrary, with the panitumumab
in the SPECTRUM study, median overall survival in patients
with p16-negative HNSCC was longer in the panitumumab group
than in the control group (p = 0.0115). This difference was not
shown for p16-positive patients (p = 0.998) (109).

Finally, concerning the response to immunotherapies there
are again few data available, but p16 status is quite consistently
used. In KEYNOTE-012, for the head-and-neck cohorts, the
percentage of pl6 + patients was relatively small with 45 (23%)
being p16 + and 147 (77%) being p16- (110). When stratified
by pl6 status, response rates were higher in pl6 + patients
compared to pl6- patients, with demonstrated ORRs of 24%
(95% CI, 13-40%) and 16% (95% CI, 10-23), respectively (110,
111). These results are contradictory with the CheckMate 141
study in which 63 (26%) patients were pl6-positive, 50 (21%)
were pl6-negative, and 127 (53%) were not tested (112). Analyses
revealed nivolumab to be beneficial compared to standard-of-
care chemotherapy, irrespective of p16 (112). This was confirmed
in a recent update, with significant benefit in both p16- patients
and p16 + patients (113).
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NEW HPV BIOMARKERS IN THE
MANAGEMENT OF HPV-DRIVEN OPSCC

Completing these recommended routine diagnostic tests used
to properly classify OPSCC due or not to HPV infection, other
new performant biomarkers seem to be useful for HPV-induced
OPSCC ultrastaging. Indeed, as we already described before, the
E6 and E7 HPV oncoproteins are involved in cell transformation
and carcinogenesis and have been proven to be indispensable for
maintenance of tumor phenotype (32). Moreover, recent in vitro
data suggest that E6 and E7 oncoproteins and spliced isoforms
of E6 oncoprotein would be associated with higher levels of
IL6, responsible of an immunosuppressive environment within
cancer (114). This immunosuppressive context could be targeted
by therapies associating IL6 and PD-1/PD-L1 blockade (115). To
our knowledge, HPV-derived nucleic acids, and particularly the
E6 and E7 genes, have not been detected in blood samples in
case of simple HPV mucosal infection but only in HPV-related
cancer cases (116). Therefore, HPV circulating tumoral DNA
(ctDNA) based on detection of HPV DNA in plasma with new
ultrasensitive methods appears to have a clinical interest in HPV
OPSCC (52, 117). The detection of humoral response against
HPV early proteins, especially antibodies against E6, has also
been associated with an increased risk to develop oropharyngeal
cancer (118).

E6 Humoral Response

The detection of humoral response against HPV early proteins,
particularly antibodies against E6 protein, has been associated
with a 132-fold increase risk to develop oropharyngeal cancer
(118). Rather interestingly, these antibodies seem to develop
more than 10 years before HPV-driven OPSCC diagnosis
(119). Meanwhile, these E6 antibodies are detectable in <1%
of healthy controls (120, 121). Finally, different studies have
shown that the vast majority of HPV-positive OPSCC patients
(>90%) present an HPV16 E6 antibody response in blood at
the time of their HPV16-OPSCC diagnosis (119-124). Even
if some authors argue that E6 serology could be helpful
for HPV OPSCC monitoring, particularly to track residual
disease or recurrence (125), its interest must be confirmed
and validated before considering its general use in clinical
routine. Even if baseline HPV16 E6 antibodies may have a
potential clinical utility for the diagnosis and/or prognosis
of HPV-induced OPSCC because HPV16 E6 seropositivity
is associated with significant reduced risk of recurrence, E6
serology does not represent a good biomarker for posttreatment
monitoring and early identification of relapses. Indeed, HPV16
E6 antibody level remains stable in patients after treatment and
eventual variations in antibodies level were not associated with
recurrence (126).

HPVct DNA by ddPCR

As we previously mentioned, HPV circulating tumoral DNA
(ctDNA) based on detection of plasmatic HPV DNA (E6 or
E7 genes) with new ultrasensitive methods appears to have
a clinical interest in HPV OPSCC. Indeed, the liquid-biopsy

approach using the detection of ctDNA released from tumor
cells and detectable in blood has garnered growing interest
(127) particularly in HNSCC (128). Detection of ctDNA has
demonstrated its relevance in lung or colorectal cancer with the
detection of EGFR and KRAS mutations for non-invasive tumors
genotyping, treatment response follow-up, and relapse prediction
(129). HPV-related cancers are an ideal model to monitor ctDNA
by detecting HPV oncogenes E6 or E7. The feasibility and
the interest of HPV ctDNA detection in the plasma of HPV-
related OPSCC patients using new ultrasensitive molecular tools
such as droplet-based digital PCR (ddPCR) assays have been
recently reported and correlated with clinical outcome (52, 117)
and early detection of recurrences in posttreatment monitoring
(130). This quantitative method of ddPCR is characterized by
its high sensitivity, its accuracy, and its reproducibility inter-
and intra-laboratories (131). Our team has recently highlighted
the interest of quantifying HPVctDNA in plasma samples of
OPSCC patients at baseline (52). Indeed, it is the first time
that pre-therapeutic HPVctDNA using ddPCR technology was
evaluated as a biomarker for OPSCC staging correlated with the
new AJCC staging algorithm for HR HPV-associated OPSCC
(132) and for patients clinical outcome. We demonstrated
a positive correlation between the level of HPVctDNA load
quantified by ddPCR and T status, N status, and the specific
stages of the new HPV OPSCC staging algorithm. Moreover,
in our series, we observed a positive correlation between
HPVctDNA detection by ddPCR and patient clinical outcome.
Even if further studies need to be performed in larger cohorts
to confirm the prognostic interest of this biomarker before
considering its use in routine practice, HPVctDNA appears to
be a very interesting biomarker to monitor for optimization
of HPV-related OPSCC management with potential interest
to select patients for whom treatment de-escalation could
eventually be offered.

Finally, the performance of HPVctDNA has also been
evaluated to monitor treatment response early, showing that
HPVctDNA  kinetics are clearly correlated with treatment
failure or success and this feature would be more precocious
than classical Response Evaluation Criteria in Solid Sumours
(RECIST) criteria (52, 117, 133). In the future, the monitoring of
HPVCctDNA could also be considered as an easy-to-use plasmatic
biomarker to determine treatment efficacy early considering the
increasing use of very specific and expensive treatment such as
immunotherapies in OPSCC medical support. According to the
different studies already published on HPVctDNA in HPV-driven
OPSCC, this biomarker has a very high sensitivity and specificity,
recently estimated at 89 and 97%, respectively by Chera et al.
(133). Finally, another great interest of the quantification of
HPVctDNA by ddPCR is its very low cost compared to other
innovative technologies.

HPV Capture Technology and Viral

Molecular Signatures

In cervical carcinomas, integration of HPV DNA into the host
genome seems to be the main critical etiological event in the
progression from normal cervix to intraepithelial neoplasm, and
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finally to invasive cervical cancer. This HPV oncogenic process
is considered to be identical in OPSCC, but with no scientific
certainties as pretumoral lesions are not yet characterized in
head and neck cancer. However, for cervical cancers, different
studies have already shown that a part of HPV-driven tumor
does not present any integration and is associated only with
episomal HPV (134-136). Therefore, HPV molecular status
(integrated or not) in the tumor cells could represent an
interesting profile to clarify and to correlate with clinical data.
Moreover, if integration occurred, the site of HPV integration
could also have a real impact on cancer progression (disruption
of cancer suppressor genes, immunomodulatory genes, etc.).
Finally, HPV genotype variant description could also be of
interest as HPV variants have been shown to differ biologically
and functionally, thereby affecting persistence and potentially
the risk of progression (137, 138). Identifying HPV genotype
variants could be pertinent to classify them according to their
tumoral aggressiveness.

Recently, using a next-generation sequencing (NGS)
technology called “Capture HPV” (135) on biopsies and
circulating DNA material, five molecular signatures of HPV
integration have been identified in HPV cervical cancer and
correlated with survival (but not significantly). To describe the
molecular HPV profile and variants in tumor samples, this new
and innovative “HPV capture” technology is based on a generic
and comprehensive HPV genome capture (235 genotypes and
variants) followed by NGS. Exhaustive data will be obtained
as HPV whole-genome sequencing/HPV molecular status
(integrated or episomal)/HPV integration site, both in virus and
human genomes/HPV genotype variant sequences.

“HPV capture” technology has already been performed on
HPV cervical and anal cancers (135, 139) to determine a potential
prognosis value of the HPV molecular signatures described.
Investigations based on this new technology are actually in
process in HPV oropharyngeal cancer. The deep information
obtained with such technology such as viral molecular status,
genotype variants, integration of viral genes deletion, and sites
of integration could be extremely informative regarding the viral
oncogenic process and could allow the possibility to ultrastratify
HPV-driven OPSCC based on virological information.

Which Sample for Which Test?

Depending on the material obtained from patients, different
HPV assays are feasible. Some samples require more invasive
procedures than others. For this reason, except for the specific
context of a clinical trial, performing a second “fresh” biopsy for
RT-PCR is not standard because it requires invasive procedures.
The new generation of HPV assays is highly sensitive and can
be performed on non-invasive or minimally invasive samples,
such as blood puncture and oral rinse. These approaches will
undoubtedly be complementary to current classical routine
practice HPV assays and will help to stratify and monitor HPV-
positive HNSCCs. Considering the availability of human samples
and technical aspects of assays cited above, we have briefly,
through this review, given an overview of the techniques feasible
on each kind of sample.

CONCLUSION

In this review, we have explored main HPV detection tools
available in routine practice on fresh, frozen, and formalin-fixed
tissues in the HNSCC context. If pl6 immunostaining is the
most affordable technique, it seems that the threshold of 70% of
positive tumor cells recommended by the College of American
Pathologists might be a little too high because a fraction of
cases with a nuclear and cytoplasmic staining in 50-70% of
tumor cells are clearly associated with high-risk HPV infection.
Of the two in situ hybridization assays, the popularity of RNA
ISH stems from its excellent diagnostic performances and the
biological value of the assay, because positive cases show evidence
of transcriptionally active HPV infection. Nevertheless, the price
of this assay hampers its use in routine practice. DNA ISH
is more difficult to read, and the technique process is highly
dependent on the level of expertise of pathology laboratories.
This variability leads to moderate diagnostic performances, and
this assay is becoming unpopular. RT-PCR and PCR are non-
spatial assays but are powerful tools to detect HPV infection.
RT-PCR is more performant on fresh and frozen tissues which
are often not available in routine practice. For PCR, several
commercial assays have been developed for cervical cancers
and could be used for HNSCCs, but an important work of
comparative evaluation of these tools is needed in HNSCCs
and some pre-PCR steps might be optimized to enhance the
yield of the technique. Pragmatically, the high sensitivity of
pl6 immunostaining and the value of PCR to specify HPV
type make these tools really interesting in routine practice.
Indeed, using pl6 immunostaining as a screening tool than
PCR constitutes a performant way to diagnose and specify the
HPV type since this information is important because of its
prognostic value even among high-risk HPV types. In case
RNA ISH is feasible, using it as a standalone test might be
a seductive solution but it does not provide any precision on
the HPV type. We think that further studies evaluating the
impact of high-risk HPV type in the prognosis of patients
should be conducted to be sure that this information requires a
second PCR assay. Among new HPV biomarkers, HPVctDNA
detection could be a useful monitoring tool to detect early
disease recurrence. This latter tool also seems to have prognostic
value, since quantification of HPVctDNA is correlated with T
and N stages in OPSCCs. Finally, HPV capture, based on next-
generation sequencing, gives insights into the integration process
of various genotypes of HPV. In the near future, this assay
could be a stratification and prognostic tool for patients with
HPV-induced OPSCC.
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Head and neck squamous cell carcinoma (HNSCC) is a highly heterogeneous disease
that affects more than 800,000 patients worldwide each year. The variability of HNSCC
is associated with differences in the carcinogenesis processes that are caused by two
major etiological agents, namely, alcohol/tobacco, and human papillomavirus (HPV).
Compared to non-virally induced carcinomas, the oropharyngeal tumors associated
with HPV infection show markedly better clinical outcomes and are characterized by
an immunologically “hot” landscape with high levels of tumor-infiltrating lymphocytes.
However, the standard of care remains the same for both HPV-positive and HPV-negative
HNSCC. Surprisingly, treatment de-escalation trials have not shown any clinical benefit
in patients with HPV-positive tumors to date, most likely due to insufficient patient
stratification. The in-depth analysis of the immune response, which places an emphasis
on tumor-infiltrating immune cells, is a widely accepted prognostic tool that might
significantly improve both the stratification of HNSCC patients in de-escalation trials and
the development of novel immunotherapeutic approaches.

Keywords: head and neck squamous cell carcinoma, human papillomavirus (HPV), tumor microenvironment,
immune infiltrate, antitumor immune response, treatment de-escalation

INTRODUCTION

Head and neck squamous cell carcinomas (HNSCCs) are a heterogeneous group of epithelial
tumors that are localized in the oral cavity, nasopharynx, oropharynx, hypopharynx, and larynx
with an estimated global incidence of more than 800,000 new cases per year (1). In general,
heavy tobacco and alcohol exposure have been determined to be the most important risk
factors for HNSCC. In the 1990s, human papillomavirus (HPV) was described as an emerging
etiological agent of oropharyngeal cancer [oropharyngeal squamous cell carcinoma (OPSCC)]. In
the following years, the incidence of HPV-associated tumors of the tonsils and base of the tongue
has markedly increased, especially in the developed world. Recently, the proportion of patients
with HPV-associated OPSCC may be as high as 70-90%, depending on the patients’ region of
origin (2, 3).

HPVs are small double-stranded DNA viruses from the family Papillomaviridae. At present,
more than 200 different HPV types have been identified, including 16 “high-risk” types that are
preferentially found in precancerous and cancerous lesions (4, 5). In OPSCC, the most commonly
detected type is HPV16 (>80%) followed by HPV18 (3%) (6). In contrast to tobacco- and
alcohol-related mutagens, which induce mutagenesis in broad areas of the cells that form the
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stratified squamous cell epithelium of the upper aerodigestive
tract, the carcinogenic activity of HPV is localized to the
reticulated epithelium of the tonsillar crypts, thereby promoting
the malignant transformation of epithelial cells within the
oropharyngeal region (Figurel) (7). Additionally, whereas
>80% of HPV-negative tumors bear mutations in TP53, HPV-
associated tumors mostly harbor wild-type TP53 (8). During
HPV infection, the HPV-derived oncoprotein E6 binds to host
tumor suppressor protein p53, inducing its ubiquitin-mediated
degradation, whereas the oncoprotein E7 inactivates pRb (9,
10). Inactivation of pRb results in overexpression of pl6 (11),
which is used as a valid marker for HPV status assessment in
OPSCC patients.

Although the process of carcinogenesis differs markedly
between HPV-associated OPSCC and HNSCC of other etiology,
both types of tumors have a high tumor mutational burden
(TMB). In general, tumors with high TMB express higher
levels of neoantigens that can be recognized by the immune
system (12). Surprisingly, high TMB correlated in HNSCC
patients with unfavorable immune expression signatures and
poor clinical outcome (13). Besides carcinogen exposure, a
significant part of mutations in HNSCC can be attributed to the
activity of apolipoprotein B mRNA editing enzyme, a catalytic
polypeptide-like 3 (APOBEC3) family of cytosine deaminases.
In accordance with the well-defined role of the APOBEC
family in viral restriction, APOBEC3 mutations are particularly
prominent in HPV-associated OPSCC. Contrary to the general
TMB mentioned above, immune cell infiltration was positively
associated with APOBEC mutational burden in HNSCC (14, 15).

Smoking and alcohol consumption on the one hand and
HPV infection on the other hand can also markedly affect the
composition of the salivary microbiome. It has been reported that
microbes and their products can influence cancer development
and progression, antitumor immune response, and in the upshot
patients’ survival (16-18). Therefore, the specific impact of the
shifts in the oral salivary microbiome during HNSCC progression
needs further evaluation.

Patients with HPV-associated tumors are typically diagnosed
with large, cystic metastatic cervical lymph nodes; however,
they are highly responsive to standard treatment approaches
and have significantly better prognoses compared to HPV-
negative patients (19-21). Due to the discrepancy between
the predictive value of the standard staging algorithm in
patients with HPV-negative and HPV-positive HNSCC, the
eighth edition of the American Joint Committee on Cancer
Staging Manual proposed a new, independent staging system
for HPV- associated OPSCC (22). Consequently, since 2018,
HPV-associated OPSCC and HPV-negative HNSCC have been
considered distinct diseases with independent classification
and multiple, significant differences in their clinicopathological
features (Table 1). In contrast to squamous cell carcinoma of
the oropharynx, the clinical impact of HPV and its detection
in non-oropharyngeal HNSCC have not been confirmed to date
and need to be further evaluated. In silico study published by
Chakravarthy et al. (30) showed that although HPV-positive non-
oropharyngeal HNSCC shared a gene expression signature and
basaloid morphology with HPV-positive OPSCC, HPV-positivity

in non-oropharyngeal HNSCC was not associated with improved
patients’ prognosis. The major difference between HPV-
associated non-oropharyngeal and oropharyngeal HNSCC was in
the level of tumor-infiltrating immune cells, suggesting a crucial
role of immune response in the disease outcome.

The excellent prognosis of HPV-positive OPSCC patients
also initiated discussions about treatment de-escalation
strategies, which may achieve similar efficacy with decreased
toxicity in this particular group of patients (31, 32). The
standard treatment regimens, which mainly include curative
chemoradiotherapy or surgery followed by adjuvant radiotherapy
or chemoradiotherapy, are highly effective; however, they are
associated with substantial long-term morbidity, which escalates
with treatment intensity and negatively impacts the quality of the
patients’ lives (32). However, due to the existence of a subgroup
of “high-risk”> HPV-positive OPSCC patients with a poor
prognosis, patient stratification according to HPV status alone is
insuflicient for successful treatment deintensification. A positive
correlation between heavy smoking and poor clinical outcome,
as reported by several authors (25, 31, 33), led to the use of
smoking status as a cofactor in some de-escalation clinical trials
(25, 34). In addition to smoking history, the immune signature
might be another important cofactor for the precise selection
of patients for de-escalation regimens. Although pan-cancer
analyses reveal both HPV-negative and HPV-positive HNSCC
as malignancies with a high level of immune cell infiltration
(35), HPV-positive OPSCCs show in general markedly higher
densities of tumor-infiltrating lymphocytes (TILs) and belong
to the immunologically “hottest” of all cancer types (29, 35-37).
This feature was reported to be positively correlated with
patient survival in a wide range of malignancies (36, 38-42).
However, HPV-positive tumors are heterogeneous, and some
of the patients with confirmed HPV-associated OPSCC were
shown to have immunologically “colder” tumors with low levels
of TILs and markedly worse clinical outcome (26, 42, 43).
Indeed, Ward et al. (26) described a prognostic model based
on the TIL density, smoking status and T stage, and this model
can effectively identify the subgroup of HPV-positive patients
with poor survival who should be excluded from treatment
deintensification trials.

It is widely accepted that the shape of the antitumor immune
response is a significant factor that determines a patient’s clinical
outcome. Thus, it is thought that the detailed characterization
of the tumor microenvironment will translate into targeted
therapeutic approaches and significant improvements in both
overall survival and quality of life following treatment. This
review will summarize the knowledge about the immune cell
infiltration of the remarkable HNSCC tumor microenvironment
with respect to HPV status.

IMMUNE MICROENVIRONMENT OF HEAD
AND NECK SQUAMOUS CELL
CARCINOMA TUMORS

In the 1950s, the theory of immune surveillance was proposed
by Burnet (44). According to this concept, the immune system
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FIGURE 1 | Processes of carcinogenesis in human papillomavirus (HPV)-negative and HPV-associated head and neck squamous cell carcinoma (HNSCC). Tobacco-
and alcohol-related mutagens induce widespread mutagenesis in the cells that form the stratified squamous cell epithelium of the upper aerodigestive tract, including
the nasal cavity (NC), oral cavity (OC), nasopharynx (N), oropharynx (OP), hypopharynx (HP), and larynx (L). HPV preferentially infects the basal cell layer of the
reticulated epithelium of the tonsillar crypts, thus promoting the malignant transformation of epithelial cells within the oropharyngeal region (OP).
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TABLE 1 | Features of HPV-negative and HPV-positive HNSCC.

Feature HPV- HPV+ References
Risk factors Tobacco, HPV 23
Alcohol
Incidence Decreasing Increasing (24)
Most common anatomic site Oral cavity, Larynx Oropharynx (20)
Age Older Younger (25)
Race Non-Caucasian Caucasian (20)
Education level Lower Higher (24)
5-years overall survival 48% 80% (26)
Histological subtype Keratinizing Non-keratinizing (27)
LN metastases 55.7% 86% (20)
Mutational spectrum TP53, CDKN2A, MLL2, CUL3, NSD1, PIK3CA, NOTCH PIKSCA, DDX3X, CYLD, FGFR (28)
Density of tumor-infiltrating immune cells Lower Higher (29)

HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; LN, lymph node.

constantly recognizes and destroys emerging malignant cells
before they can develop into detectable tumors. This theory is
supported by the fact that cancers, including HNSCC, are more
prevalent in immunosuppressed patients (45, 46). To escape the
control of the immune system, tumor cells develop multiple
strategies that make them unrecognizable by immune cells or
that efficiently suppress the immune response. The mechanisms
of tumor immune evasion include the reduction of antigen
presentation due to the loss of major histocompatibility complex
(MHC) class I expression, the production of immunosuppressive
cytokines, such as interleukin (IL)-10 and transforming growth
factor (TGF)-B, the resistance to apoptosis, and the expression of
Fas ligand (FasL), which is capable of inducing the death of TILs
(47). Together with the recruitment of regulatory T cells (Tregs)
and myeloid-derived suppressor cells (MDSCs) into the tumor,
these mechanisms help to establish an immunosuppressive
microenvironment, which supports tumor growth (47, 48).
Despite the prevailing immunosuppressive character, the pattern
of immune cell infiltrate markedly differs between HPV-
associated and HPV-negative tumors (29, 37) (Figure 2). Indeed,
not only the density of tumor-infiltrating immune cells but
also their phenotypes and functional capacities distinguish
immunologically “hottest” HPV-positive tumors with good
prognosis from immunologically “colder,” high-risk HNSCC.
The individual features of the tumor-infiltrating immune cell
populations are discussed below, and their prognostic impact is
summarized in Table 2.

TUMOR-ASSOCIATED MACROPHAGES

Macrophages are monocyte-derived innate immune cells that,
as sentinel and effector cells, play an essential role in the
maintenance of tissue homeostasis, the control of pathogens,
and the overall surveillance of tissue changes (65). According
to their mechanisms of activation and subsequent roles in
the polarization of the immune response, macrophages are
divided into two main phenotypes. Inflammatory “fighting”
MI1 macrophages are activated by interferon (IFN)-y and are

involved in antitumoral helper T (Th)1 immune responses. Anti-
inflammatory “healing” M2 macrophages, which are alternatively
activated by IL-4, IL-10, IL-13, and/or prostaglandin E2, are
associated with protumoral Th2 immune responses (66-69).

Macrophages are mainly recruited from the bone marrow via
colony-stimulating factor 1 (CSE-1) and monocyte chemotactic
protein 1 (MCP-1) signaling, which are particularly driven by the
hypoxic conditions in the tumor tissue (70, 71). M1 macrophages
express inducible nitric oxide synthase (iNOS) and produce
nitric oxide (NO), IL-12, IL-23, tumor necrosis factor (TNF),
IL-1P and IL-6, whereas anti-inflammatory M2 tumor-associated
macrophages (TAMs) secrete immunosuppressive cytokines and
express arginase-1, which promotes the depletion of extracellular
arginine and leads to the metabolic suppression of tumor-
infiltrating T cells (65, 69, 71). Additionally, TAMs, as a major
source of C-C motif chemokine ligand (CCL)22, help recruit
Tregs into the tumor microenvironment via the CCL22/C-X-C
motif ligand (CXCL)4 pathway (72, 73).

In HNSCC, TAMs generally show the tumor-promoting
M2 phenotype that is associated with the production of the
immunosuppressive cytokines IL-10 and TGF-B, and their
presence in the tumor microenvironment is positively correlated
with lymph node status and poor prognosis (71, 74-76).
However, although the overall density of TAMs is comparable
in HPV-positive and HPV-negative tumors (29, 37), Gameiro
et al. (37) reported a significantly lower proportion of M2
macrophages in HPV-associated tumor tissues compared to
that in HPV-negative tumor tissues. Similarly, Chen et al. (49)
observed a higher M1/M2 macrophage ratio in HPV-positive
tumors compared to that in HPV-negative tumors. Importantly, a
high M1/M2 ratio correlated with better prognosis in both HPV-
positive and HPV-negative HNSCC patients. Both analyses were
performed at the mRNA level using publicly available databases.

MYELOID-DERIVED SUPPRESSOR CELLS

Myeloid-derived suppressor cells (MDSCs) form a heterogeneous
population of immature myeloid cells, which under
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relative proportions of these cell populations from published data.

FIGURE 2 | Pattern of tumor-infiltrating immune cells in the human papillomavirus (HPV)-negative and HPV-associated head and neck squamous cell carcinoma
(HNSCC) microenvironments. Although myeloid cells prevail in the HPV-negative tumor microenvironment, HPV-associated tumors are mostly characterized by high
numbers of tumor-infiltrating lymphocytes. Neutrophils and myeloid-derived suppressor cells (MDSCs) are not included, as it was not possible to extrapolate the
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TABLE 2 | Prognostic impact of tumor-infiltrating immune cell populations in
HNSCC.

Prognostic Impact on Impact on References
marker prognosis HPV- prognosis HPV+

High M1/M2 ratio  Positive Positive (49)
MDSC NA NA

Neutrophils None Negative (49)

NK cells Positive NA (50)
mDC Positive None (51-54)
pDC Negative NA (55, 56)
CD8+ T cells Positive Positive (36, 42, 43, 57)
CD4+ T cells None None (49, 57, 58)
Tregs Contradictory Contradictory (59-63)

B cells NA Positive (43)
IL-10+ Bregs Negative NA (64)

HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus;, M1/M2
ratio, ratio between inflammatory M1 and anti-inflammatory M2 macrophages; NK cells,
natural killer cells; MDSC, myeloid-derived suppressor cells; mDC, myeloid dendritic cells;
pDC, plasmacytoid dendritic cells; Bregs, regulatory B cells; NA, not available.

physiological conditions represent only 0.5% of peripheral
blood mononuclear cells (PBMCs) and consist of precursors
of granulocytes, monocytes, and dendritic cells. There
are two major subsets of MDSCs in humans, namely,

Lin"HLA-DR™/°CD11b*CD14~CD157CD33"  granulocytic
PMN-MDSCs and Lin~HLA-DR™8/°CD11b*CD14+CD15~
monocytic M-MDSCs (77, 78). Pathological MDSC
accumulation is associated with chronic inflammation
and cancer progression, and MDSCs are known to exhibit
significant immunosuppressive and protumorigenic functions.
These tumor-promoting activities include the production of
immunosuppressive cytokines IL-10 and TGF-f, the secretion
of angiogenic factors, NO and reactive oxygen species (ROS),
the promotion and activation of Tregs, and the induction of
arginine and cysteine deprivation, which result in the metabolic
suppression of tumor-infiltrating T cells and the production
of soluble factors that support tumor growth and invasion
(71,77, 79, 80).

MDSCs are mainly recruited to the tumor microenvironment
via the prostaglandin E2-induced chemokines CCL2, IL-8,
and CXCL12 (80, 81). Additionally, tumor cells are capable
of producing mediators of chronic inflammation, such as
granulocyte-macrophage colony-stimulating factor (GM-CSEF),
vascular endothelial growth factor (VEGF), TNF-a, IL-18, and
IL-6, which induce the generation and expansion of MDSCs in
situ (80, 82). In HNSCC patients without a defined HPV status,
the proportion of circulating PMN-MDSCs negatively correlated
with overall survival. These peripheral blood-derived MDSCs
were capable of suppressing T cell proliferation and cytokine
production (83). Similarly, Chikamatsu et al. (84) reported
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elevated levels and suppressive activities of MDSCs in the
peripheral blood of HNSCC patients. In HPV-negative HNSCCs,
tumor-derived MDSCs created a significant proportion of
tumor-infiltrating immune cells and were capable of efficiently
suppressing T cell (85) and natural killer (NK) cell functions (86).
As all of these studies either did not specify the HPV status of
the patients or included HNSCC patients with tumors localized
outside the oropharynx, there is no report about the proportions
and suppressive capacities of MDSCs in HPV-associated HNSCC
to date.

NEUTROPHILS

Neutrophils represent the most abundant population of
immune cells in humans and play an essential role in
antimicrobial immune responses and wound healing (87).
Depending on the signals from the tumor microenvironment,
neutrophils can be either protumorigenic or antitumorigenic;
however, most published studies describe neutrophils as tumor-
promoting cells with a strong impact on the antitumor immune
response (87, 88).

Similar to other malignancies, neutrophils were found at
elevated levels in the peripheral blood of HNSCC patients, and
their frequencies were inversely correlated with the frequencies
of lymphocytes (89, 90). Patients with HPV-associated tumors
had significantly lower levels of circulating neutrophils compared
to patients with HPV-negative tumors, and the high absolute
number of neutrophils correlated with poor prognosis in HPV-
positive patients but not HPV-negative patients (91). However,
if the abundance of neutrophils was related to the levels of
circulating lymphocytes, a high neutrophil-to-lymphocyte ratio
(NLR) was associated with poor prognosis in both groups of
patients. As expected, patients with HPV-associated tumors
showed lower NLR ratios compared to patients with HPV-
negative tumors (89). Surprisingly, in patients with advanced
oral squamous cell carcinoma (OSCC), both very high and very
low NLRs were reported to be associated with increased risk of
death (92). The authors suggest that compared to early-stage
OSCC, where low NLR indicates unaffected immune system,
in advanced-stage tumors, very low NLR may be a marker of
immune system exhaustion.

The only publication that mentions the levels of neutrophils
in the tumor microenvironment is an in silico study published
by Chen et al. (49), which reported significantly lower levels
of tumor-infiltrating neutrophils in HPV-associated samples
compared to those in HPV-negative samples. Additionally, high
infiltration of neutrophils was correlated with poor outcome
in patients with HPV-associated HNSCC and was determined
to be an independent prognostic marker based on the Cox
proportional hazard model.

NATURAL KILLER CELLS

NK cells are generally considered to be effector lymphocytes
of the innate immune system; however, they express a wide
spectrum of activating and inhibitory receptors, which efficiently

empower their cytotoxicity against virus-infected and tumor
cells while concurrently ensuring self-tolerance (93). NK cells
are known to recognize cells that escape detection by cytotoxic
T cells due to the abnormal surface expression of HLA class
I molecules. Indeed, a reduction in HLA class I expression
is a very common mechanism used by viruses, such as HPV,
and tumor cells to evade the host immune response (94).
There are two major groups of NK cells, namely, cytokine-
producing CD56""8MCD164™ immunoregulatory NK cells and
CD564mCD16"18ht cytotoxic NK cells.

In HNSCC patients, peripheral CD564™ NK cells were
shown to be functionally impaired and preferentially targeted
for apoptosis (95). Subsequently, plasma TGFf1 and soluble
MHC class I chain-related peptide A (sMICA) were determined
to be the main factors driving the loss of the functional
capacities of peripheral NK cells in HNSCC (96). Although
an in silico study published by Chen et al. (49) revealed
no difference between the NK cell gene signatures in HPV-
negative and HPV-positive HNSCC samples, Wagner et al. (50)
found significantly higher numbers of tumor-infiltrating CD56+
NK cells in the microenvironment of HPV-positive OPSCC
specimens compared to those in the microenvironment of HPV-
negative OPSCC specimens. These cells mostly coexpressed
granzyme B and CD16, suggesting their cytotoxic capacity and
were correlated with increased overall survival independent of
the HPV status of the patients.

MYELOID DENDRITIC CELLS

Myeloid dendritic cells (mDCs) are the most important antigen-
presenting cells (APCs) with the highest capacity to initiate
adaptive immune responses. Immature mDCs efficiently capture
and process antigens, but due to the lack of co-stimulatory
molecules, they are rather tolerogenic and may actually inhibit
T cell responses (97, 98). Upon stimulation with microbial
stimuli and inflammatory cytokines IL-1, TNFa, and IL-12,
mDCs undergo maturation and migrate into T cell-rich areas of
lymphoid organs. Mature mDCs produce substantial amounts of
IL-12 and express high levels of HLA molecules and high levels
of co-stimulatory molecules that are equally essential for T cell
activation (99, 100).

Compared to healthy controls, HNSCC patients had
significantly lower numbers of CD11c+ DCs in their peripheral
blood. Interestingly, the decreased mDC levels normalized
after tumor resection (101). In squamous cell carcinoma of
the tongue, the presence of a high level of peritumoral CDla+
DCs was shown to be associated with improved overall patient
survival (52). High densities of stromal CDla+ Langerhans
cells were later confirmed to be a positive prognostic marker
in HPV- HNSCC but not in HPV+ HNSCC (54). Similarly, in
laryngeal (51) and oral (53) cancer patients, low densities of
S-100+ DCs were associated with poor prognosis. To the best of
our knowledge, compared to HPV-negative HNSCC, mDCs have
not been considered a valid prognostic factor in HPV-associated
oropharyngeal tumors to date.
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In silico studies published by Chen et al. (49) and Gameiro
etal. (37) did not reveal any statistically significant differences in
the expression of mDC-related genes between HPV-positive and
HPV-negative HNSCC samples (37, 49). In contrast, we observed
significantly higher levels of CD45+LIN-HLA-DR+CD14-
CD1lc+ mDCs in HPV+ oropharyngeal tumors compared
to those in HPV-negative HNSCC using flow cytometry (29).
However, we did not show any differences between the
densities of tumor-infiltrating DC-LAMP+ activated mDCs
in HPV+ and HPV- oropharyngeal tumor samples using
immunohistochemical staining, and we did not observe any
associations between the DC-LAMP+ mDC densities and patient
outcomes (43).

PLASMACYTOID DENDRITIC CELLS

Plasmacytoid dendritic cells (pDCs) play an essential role in
the antiviral immune response and are characterized by their
considerable production of IFNa in response to viral RNA or
DNA, which are recognized by intracellular Toll-like receptors
TLR7 and TLRY, respectively (102). Additionally, depending
on the activation status of pDCs, these cells may act as
efficient antigen-presenting cells or induce the differentiation and
expansion of Tregs (103, 104).

Similar to other solid tumors, the pDCs infiltrating HNSCC
were shown to be functionally impaired and were thought to be
rather protumorigenic. Indeed, Hartmann et al. (105) reported
a diminished capacity of HNSCC-infiltrating pDCs to produce
IFNa upon TLRY stimulation with CpG motif-containing
oligonucleotides. ~ Moreover, tumor-derived  supernatants
harvested from primary tumor cell cultures and HNSCC cell
lines inhibited IFNa production in control peripheral pDCs.
Bruchhage et al. (106) later suggested that IL-10 might be the
major cytokine responsible for the impairment of pDC functional
capacity in the HNSCC microenvironment. Consistent with
these findings, high densities of pDCs were associated with poor
prognosis in oral squamous cell carcinoma patients (55, 56).

T LYMPHOCYTES (TUMOR-INFILTRATING
LYMPHOCYTES)

T lymphocytes are the pillars of adaptive immunity and are
known to be essential in the control of tumor progression.
Consequently, most of the immunotherapeutic protocols in
cancer management, including highly successful immune
checkpoint inhibitors, target T cell-related immune responses.
Three major classes of T cells can be distinguished according
to their primary function: cytotoxic CD8+ T cells, which are
capable of killing infected or malignant cells; helper CD4+ T
cells, which provide essential signals to B cells and polarize the
immune response via cytokine production; and Tregs, which
suppress the activity of other lymphocytes and help maintain
peripheral tolerance.

Similar to the observations in other malignancies, the densities
of CD8+ tumor infiltrating T cells were positively correlated with

improved clinical outcome in both HPV-associated and HPV-
negative HNSCC (36, 42, 43, 57, 107, 108). In general, tumors
associated with HPV show significantly higher levels of T cell
infiltration, especially CD8+ T cell infiltration (29, 36, 37, 49).
Additionally, significantly higher proportions of CD8+ T cells
infiltrating HPV-associated HNSCC were reported to be capable
of producing pro-inflammatory cytokines, namely, IFNy and IL-
17 (29). However, a subgroup of cases with low proportions of
infiltrating TILs and prognosis comparable to that of patients
with HPV-negative tumors can be identified among HNSCC
patients with HPV-positive tumors (26). These data suggest that
the quantity and quality of the immune infiltrate is a valid
prognostic tool that may markedly improve the stratification of
HNSCC patients. Indeed, it has been shown that HPV-specific
CD8+ T cells are detectable in 64-75% of HPV-positive HNSCC
samples (109-111). These functional HPV-specific T cells were
shown to be mostly PD-1+Tim-3- (111), and their presence was
associated with improved overall survival (110). Thus, in addition
to the density of CD8+ T cells, the presence of HPV-specific T
cells seems to be a valid prognostic marker that can be used for
better patient stratification.

In the case of CD4+ T cells, our study based on flow cytometry
data showed significantly higher numbers of naive CD4+ T cells
but not Th1 cells and Th17 cells in the tumor microenvironment
of HPV-positive HNSCC samples compared to those in the
tumor microenvironment of HPV-negative samples (29). A gene
expression study published by Gameiro et al. (37) revealed
higher numbers of follicular T helper (Tfh) cells and Tregs, but
not memory CD4+ T cells, in HPV-associated tumor samples
compared to those in HPV-negative tumor samples. Higher
numbers of Tregs in HPV-positive HNSCC were also reported
by several studies based on immunohistochemical staining of
tumor sections (36, 58, 112). Unlike CD8+ T cells, the role
of Tregs in HNSCC is not fully understood. Whereas, some
studies suggest a negative impact of tumor-infiltrating Tregs
on disease progression (60, 62), other publications reported
a positive correlation between high densities of Tregs and
patient outcome (59, 61, 63). The high numbers of tumor-
infiltrating Tregs observed in immunologically “hot” HPV-
associated tumors suggest that the proportions of Tregs or the
CD8+ T cell/Treg ratio, rather than Treg numbers alone, might
truly reflect the shape of the immune response within the tumor
microenvironment. Indeed, we have observed that although
the numbers of Tregs were slightly higher in HPV-associated
HNSCC samples, the proportions of these cells were actually
lower (29). Thus, the whole pattern of immune cells, which
also reflects the relationships among various cell populations,
provides the best information about the prevailing status of the
immune response within the tumor microenvironment.

B LYMPHOCYTES

It is well-known that B lymphocytes play a central role in humoral
immunity due to their capacity to produce antibodies. Different
subsets of B cells are able to recognize either polysaccharides
or lipid antigens, which leads to T cell-independent responses,
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or protein antigens, which are presented to Tth cells in
the lymph nodes, Payer’s patches, and spleen via HLA class
II molecules. During T cell-dependent activation, Tth cells
stimulate B cell activation and differentiation into antibody-
secreting plasmablasts via the CD40L-CD40 pathway and IL-21
and IL-4 production. Additionally, B cells can undergo further
maturation in germinal centers and develop either into long-
lived plasma cells that secrete high levels of antibodies or into
memory B cells. Compared to the T cell-independent pathway of
B cell activation, the T cell-dependent pathway of B cell activation
leads to the production of high affinity class-switched antibodies
(113, 114). In addition to antibody production, B cells are capable
of producing immunomodulatory cytokines and chemokines,
can play a role as antigen-presenting cells, and can efficiently
stimulate both CD4+ T cells and CD8+ T cells (114-116).

Compared to T cells, the role of B cells in cancer immunology
has been less extensively explored and generally underestimated.
Thus, the role of B cells in tumor progression remains
controversial. Whereas, B cells were shown to be rather
protumorigenic in mice, high levels of tumor-infiltrating B cells
in humans were mainly associated with good outcome and
longer overall survival (114, 117). However, recent studies have
shown that B cells play an essential role in the response to
immune checkpoint inhibitors and thus might be much more
important for successful immunotherapeutic approaches than
expected (118).

In HNSCC, B cell signatures were able to distinguish
between HPV-associated and HPV-negative carcinomas, with
a significantly higher expression of B cell-related genes in
HPV-associated tumors (37, 43, 49, 119). These data were
confirmed at the cellular level, and significantly higher densities
of tumor-infiltrating CD20+ B cells were observed in the
microenvironment of HPV-associated tumor sections than in
the microenvironment of HPV-negative samples (43, 112, 120).
Compared to samples with low infiltrates of lymphocytes, B
cells derived from TIL-rich tumors were shown to be activated
and to express high levels of HLA and costimulatory molecules.
Consistent with these findings, high B cell density was associated
with good prognosis in OPSCC patients regardless of HPV
status (43). Importantly, B cells were shown to create aggregates
with CD8+ T cells, and the frequency of these B cell-
CD8+ T cell interactions was positively associated with the
proportions of HPV-specific CD8+ T cells infiltrating the tumor
microenvironment, suggesting the importance of B cells for the
T cell-related antitumor immune response (43). In contrast, the
proportion of IL-10-producing regulatory B cells (Bregs) in HPV-
associated tumor tissues was comparable to the levels of Bregs in
control tonsils, indicating that Bregs do not accumulate in the
tumor microenvironment of HPV-associated HNSCC (43). In
HPV-negative tongue squamous cell carcinoma, the proportions
of IL-104+-CD19+ Bregs were also very low (below 1%); however,
their levels were significantly enhanced compared to adjacent
tissue and were significantly correlated with poor outcome in
univariant, but not multivariant, survival analysis (64).

Besides the direct association between B cell densities in the
tumor microenvironment and the disease outcome, the presence
of antibodies against HPV16 E6 and E7 oncoproteins in patients’
sera was positively correlated with the recurrence-free survival of

HPV-positive OPSCC patients (121, 122). These findings support
the importance of B cell-mediated immune responses in HPV-
associated OPSCC.

CYTOKINE AND CHEMOKINE PROFILE

Similar to other malignancies, higher levels of pro-angiogenic
cytokines IL-8 and VEGF were detected in HNSCC patients’
sera compared to healthy controls (123). Expression
of these cytokines by HNSCC cells was confirmed by
immunohistochemistry (IHC), showing up to 90% of VEGF-
positive tumors (123, 124). Together with pro-angiogenic
effects, IL-8 and VEGF are known to promote tumor growth
and metastasis (125). Comparing plasma levels of cytokines
in HNSCC patients and healthy controls, Lathers et al. (126)
showed that the cytokine profile of HNSCC patients is shifted
toward Th2 bias. Indeed, HNSCC patients had significantly
higher levels of IL-4, IL-6, and IL-10 in the plasma compared
to controls. In agreement with this finding, lower levels of
IFNy were observed in HNSCC patients; however, the levels of
IL-1, IL-2, and GM-CSF were increased, whereas Thl cytokine
IL-12 and immunosuppressive TGFf remained unchanged
(126). IL-6 and IL-10 were detected in HNSCC cell lines,
primary HNSCC cells, as well as tumor-infiltrating immune
cells (123, 127-129). Moreover, serum levels of IL-6 negatively
correlated with HNSCC patients’ prognosis (130). Despite
exerting many pro-inflammatory properties, protumorigenic IL-
6 is a pleiotropic cytokine, which affects cell growth, maturation,
survival, and migration during immune responses (131, 132). In
colorectal cancer, IL-6 was shown to stimulate IL-10 production
by tumor cells (133). The role of IL-10 in cancer progression
has been extensively studied. Mostly, IL-10 is regarded as
an immunosuppressive, anti-inflammatory cytokine, which
promotes tumor escape from immune surveillance. However,
IL-10 was also shown to inhibit tumor-induced angiogenesis,
enhance the production of NO, and increase tumor cell line
immunogenicity in some preclinical models (134). Besides pro-
angiogenic and Th2 cytokines, HNSCC tissues were reported
to produce high levels of pro-inflammatory TNFa (29, 127).
Immunohistochemical staining revealed that TNFa is mainly
produced by tumor cells, TAMs, endothelial cells, stromal
fibroblasts, and inflammatory tumor-infiltrating immune cells
(127, 135, 136).

As most of the studies did not include HPV status, little
is known about the differences in cytokine profile of HPV-
positive and HPV-negative HNSCC. Partlova et al. (29) reported
no statistically significant differences in cytokine production in
cell culture supernatants derived from HPV-positive and HPV-
negative HNSCC, although HPV-positive samples produced
higher levels of IL-2, IL-17, IL-23, and IFNy and slightly
lower levels of IL-1B, IL-6, and TNFa compared to HPV-
negative samples. However, HPV-positive samples produced
markedly higher levels of pro-inflammatory chemokines CXCL9
and CXCL10, which characterize immunologically “hot” tumors
(137). Additionally, HPV-positive samples produced significantly
higher levels of CCL17 and CCL21. Via interaction with CCR4
and CCR8, CCL17 induces chemoattraction of T cells (mainly
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Tregs and Th2 cells), macrophages, and activated NK cells (138-
140). Surprisingly, in HNSCC, the levels of CCL17 positively
correlated with the densities of Th17, Thl, and cytotoxic
T cells, but not Tregs and macrophages (29). In secondary
lymphoid organs, CCL21 attracts naive T cells facilitating
their co-localization with antigen-stimulated DCs in T cell
zones. In addition to chemoattraction, CCL21 favors expansion
of CD4" and CD8' T cells and induces Thl polarization,
whereas Tregs are hyporesponsive to both CCL21-induced
migration and CCL21 co-stimulation (141). In HNSCC, levels
of CCL21 positively correlated with the frequency of Th17
cells (29).

CONCLUSIONS

Despite the markedly better prognosis of HNSCC patients with
HPV-associated tumors and despite the recent segregation of
HPV-associated and HPV-negative HNSCC into two different
entities, the standard of care management remains the same
in both groups of patients. Clinical trials focused on treatment
deintensification strategies have not provided the necessary
evidence to date to support deintensification protocols. The
recently published multicenter DeESCAIaTE and RTOG 1016
clinical trials showed a significant decrease in tumor control in
patients with HPV-associated OPSCC treated with radiotherapy
plus cetuximab compared to those treated with radiotherapy
plus cisplatin-based chemotherapy, and, moreover, there was
no benefit in terms of reduced toxicity (142, 143). Indeed,
the appropriate selection of patients who would profit from
deintensified treatment is essential; however, a valid biomarker
that is suitable for the precise stratification of patients with HPV-
associated tumors has not yet been approved. As the density
and pattern of the immune infiltrate in tumor tissues has been
repeatedly associated with patient outcome in a wide range of
malignancies, including HPV-associated HNSCC, high densities
of CD8+ T cells and especially B cells or the presence of HPV-
specific T cells within the tumor tissue might be considered
possible biomarkers in treatment deintensification clinical trials.
However, these markers would be applicable in surgically treated
patients only, as tissue specimens are necessary for precise IHC
or flow cytometry-based analyses. For non-surgically treated
patients, IL-6 plasma levels and NLR might be candidates for
stratification biomarkers. Nevertheless, to validate a biomarker,
a large multicenter study needs to be performed to establish a
proper cutoff. A precise and comprehensive immune monitoring
of completed deintensification clinical trials would enable to
preselect a biomarker worth validating.

REFERENCES

1. Bray E Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2018) 68:394—
424. doi: 10.3322/caac.21492

2. Lajer CB, von Buchwald C. The role of human papillomavirus
in head and neck cancer. APMIS. (2010) 118:510-
9. doi: 10.1111/§.1600-0463.2010.02624.x

The current knowledge about the HNSCC microenvironment
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Purpose: To evaluate the impact of tonsillectomy on the detection of the primary tumor,
based on p16 immunohistochemistry analysis, in patients with cervical unknown primary
of squamous cell carcinoma (SCC-CUP).

Methods: This was a retrospective study of 63 patients, included from January 2008 to
December 2017 in a single institution. All patients had an initial assessment with physical
examination, CT scan of the neck and chest, whole body FDG-PET CT, and endoscopy
under general anesthesia, which failed to determine the primary tumor.

Results: Forty-seven out of the 63 patients had an ipsi- or bilateral tonsillectomy which
revealed 12 tonsil cancers (26%). The tonsil primary was ipsilateral to positive nodes in 10
cases, contralateral in 1 case and, in 1 case, the patient had bilateral neck involvement.
The analysis of the p16 status was carried out in 41/63 patients (65%). Among the 32
patients who had a p16 analysis and tonsillectomy, the rate of primary detection was 59%
(10/17) for p16-postives and 0% (0/15) for p16-negatives (p < 0.001).

Conclusion: These results suggest that an extended work-up should be systematically
proposed including bilateral tonsillectomy (+/- mucosectomy of the base of tongue) in
SCC-CUP p16-positive patients but not in p16-negatives.

Keywords: unknown primary, oropharyngeal cancer, human papillomavirus, head and neck cancer, squamous
cell carcinoma
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PURPOSE

Carcinomas of unknown primary (CUP) of the head and neck
are lymph node metastases with no primary tumor identified
after a work-up including a physical examination and imaging
tests (CT scan of the neck and chest, whole body FDG-PET CT).
When no primary cancer is found, endoscopy under general
anesthesia is performed, possibly associated with ipsi- or
bilateral tonsillectomy.

Squamous cell carcinoma (SCC) is the most common histology
of head and neck CUP. The incidence of head and neck CUP of
squamous cell carcinoma (SCC-CUP) is rare, accounting for 1-4%
of all head and neck cancers, and mortality is high, with mean 5-
year survival rates that vary widely depending on the study,
ranging from 24 to 79% of cases (1, 2). The detection of a
primary tumor is an important goal to help improve both
overall and disease-free survival. It is likely that this is related to
the potential adaptation of treatment to the primary tumor by
proposing a targeted treatment with curative surgery and a
decrease in morbidity of an “over-treatment” (saving on
adjuvant radiotherapy or modified radiation fields) (3).

It would appear that HPV or EBV status could point to a
primary oropharyngeal or nasopharyngeal tumor. SCC-CUP
represents a diagnostic challenge and, to date, there is no
consensus on whether tonsillectomy should be performed as a
single or bilateral procedure and on whether base of tongue
mucosectomy should be conducted. Moreover, few studies have
evaluated the impact of HPV status on the rate of discovery of
the primary tumor (3, 4).

The aim of this study was to evaluate the impact of
tonsillectomy on identification of the primary tumor, based on
pl6 immunohistochemistry analysis, in patients with SCC-CUP.

METHODS

Ethical Considerations

All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consent was obtained
from all participants included in the study. Authorization to
conduct this study was obtained from the Ethical Committee of
our institution (Assistance Publique des Hopitaux de Marseille,
no. 2018-28).

Study Design

This was a retrospective, monocentric study analyzing the records
of 63 patients managed from January 2008 to December 2017 with
SCC-CUP (histologically confirmed by lymph node sampling)
with no identified primary tumor after clinical examination,
standardized imaging (CT scan of the neck and chest and whole
body FDG-PET CT) and endoscopy under general anesthesia.
Tonsillectomies were performed either during the initial
endoscopy when no suspicious area was discovered or, in case

of directed biopsy of any suspicious areas, during a second
procedure when biopsies were finally negatives. Patients for
whom a primary was visible during the endoscopy were not
included in the study. Concerning the lymph node sampling, 33
patients (52%) had an adenectomy or lymph node open biopsy
performed at another center and were then referred to our
institution. Thirty-one patients (48%) had an initial Fine-needle
aspiration cytology with, in all cases, confirmation of diagnosis
(frozen section + histological analysis) after lymph node
dissection. Patients with a history of head and neck cancer or
radiotherapy of the neck were not included. Mean age of the
patients was 63 years (range, 38 to 84). There were 51 males and 12
females. The rate of discovering a primary tonsillar tumor was
noted as well as patient characteristics (sex, age, alcohol and
tobacco consumption, lymph node location, TNM stage,
histological criteria of aggressiveness, and HPV and EBV status).

Immunohistochemical Analysis

The presence of HPV in tumor cells was based on overexpression
of the p16 protein using immunohistochemistry. The secondary
antibody was clone E6H4 reference 6695248001, from the Roche
laboratory, using Ventana BenchMark ULTRA automaton. The
presence of EBV was tested using in situ hybridization with the
EBER VENTANA-ROCHE probe (Epstein Barr virus Early RNA
Probe; REF: 800.2842; GTIN: 04015630971923) using Ventana
BenchMark ULTRA automaton.

Testing for the presence of EBV and HPV was performed in
41/63 patients (65%). These analyses had been performed at the
time of initial assessment for 6 patients and were performed
retrospectively for 35 patients. For 22 patients, the EBV or p16
status could not be determined as histological samples were
not available.

Statistical Analysis

Categorical data were compared using Fisher’s exact tests. Non-
parametric Mann-Whitney tests were used to compare ordinal
data. P values of less than 0.05 were taken to be statistically
significant. All statistical analyses were two-sided and performed
using IBM SPSS Statistics 20.0 (IBM Inc., New York, USA).

RESULTS

In the whole series, 12 primary tonsillar tumors were found
(19%). Tonsillectomy was performed in 47 patients (bilateral in
36 and unilateral in 11) representing 75% of the patients in the
series. Deep biopsies, without tonsillectomy, were performed in
10 patients (16%). Six other patients (9%) who had a history of
bilateral tonsillectomy in childhood with no residual tonsil
visible on endoscopy, had biopsies of the tonsil fossa. Three of
the 47 patients with tonsillectomy (6%) had a postoperative
hemorrhagic complication requiring hemostasis under general
anesthesia: in two cases, the bleeding occurred in the tonsillar
fossa ipsilateral to the lymphadenopathy. Among these two
cases, we observed a primary carcinoma in one case. In one
case, there was contralateral bleeding with no tumor.
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For the 47 patients who had tonsillectomy, the procedure
revealed 12 tonsil cancers (26%). The tonsil primary was
ipsilateral to positive nodes in 10 cases (84%) and contralateral
in 1 case (8%), and in 1 case (8%), the patient had bilateral
neck involvement.

All the primary tumors were found on the tonsillectomy
specimens. No primary tumors were found after deep biopsies
without tonsillectomy. The median size of the primary tumors
found after tonsillectomy was 6 mm (range, 2 to 18 mm). Among
the 36 patients who had bilateral tonsillectomy, one primary
contralateral to lymphadenopathy was found (3%).

For the 47 patients who had tonsillectomy, the procedure
revealed 12 tonsil cancers (26%). The tonsil primary was
ipsilateral to positive nodes in 10 cases (84%) and contralateral
in 1 case (8%), and in 1 case (8%), the patient had bilateral
neck involvement.

No statistically significant differences were found for age, sex,
alcohol consumption, M stage, location of lymphadenopathies,
extracapsular spread, and tumor differentiation (Table 1).

Of the 41 patients for which immunohistochemical analysis
was performed, none was positive for EBV. Eighteen out of 41
patients (44%) were p16-positive, among which a primary tonsil

TABLE 1 | Comparison of patients with or without primary finding.

Tonsil primary No primary Overall population p (Fisher test)

N % N % N (%)
Population 12 19% 51 81% 63
Sex
Male 10 83% 41 80% 51 (81%) 0.99
Female 2 17% 10 20% 12 (19%)
Tobacco consumption
Yes 7 58% 44 86% 51 (81%) 0.03
No 5 42% 6 12% 11 (17%)
Not available 0 1 2% 1(2%)
Alcohol consumption
Yes 6 50% 27 53% 33 (52%) 0.75
No 6 50% 21 41% 27 (43%)
Not available 0 3 6% 3 (56%)
Stage N
N1 7 58% 16 31% 23 (36%) 0.04*
N2 4 33% 16 31% 20 (32%)
N3 1 8% 19 37% 20 (32%)
Stage M
MO 12 100% 50 98% 62 (98%) 0.99
M1 0 1 2% 1(2%)
Tonsillectomy
Unilateral 5 42% 6 12% 11 (17.5%) 0.17
Bilateral 7 58% 29 57% 36 (57%)
No tonsillectomy 0 0% 16 31% 16 (25.5%)
Lymph node levels involved
| 1 8% 8 16% 9 (14%) 0.99
1 ih 92% 42 82% 53 (84%) 0.67
Il 3 25% 21 41% 24 (38%) 0.35
\% 1 8% 10 20% 11 (17%) 0.45
\ 2 17% 8 16% 10 (16%) 0.99
Bilateral lymph node involvement
Yes 1 8% 4 8% 5 (8%) 0.99
No iR 92% 47 92% 58 (92%)
Extracapsular spread
Yes 2 17% 19 37% 21 (34%) 0.30
No 9 75% 29 57% 38 (60%)
Not available 1 8% 3 6% 4 (6%)
p16 status
Positive 10 83% 8 16% 18 (29%) <0.001
Negative 0 23 45% 23 (36%)
Not available 2 17% 20 39% 22 (35%)
Tumor differentiation
Well differentiated 6 50% 22 43% 28 (44%) 0.58*
Moderate differentiation 2 17% 7 14% 9 (14%)
Poor/undifferentiated 4 33% 19 37% 23 (37%)
Not available 0 3 6% 3 (5%)

*Mann-Whitney test for ordinal data.
Bold characters denote statistical significance.
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tumor was found in 10 cases (56%). Twenty-three out of 41
patients (56%) were pl6-negative, among which no primary
tonsil tumor was found. Lastly, a primary tonsillar tumor was
found in two patients whose p16 status was unknown.

Of the 32 patients who had a p16 analysis (all EBV-negative)
and an ipsi- or bilateral tonsillectomy, 17 were p16-positive and
15 were pl6-negative. Ten primary tonsil tumors were found, all
in pl6-positive patients. The primary detection rate in pl6-
positive patients with tonsillectomy was therefore 10/17 (59%)
versus 0% for pl6-negative patients (p < 0.001).

DISCUSSION

Benefits of Tonsillectomy

In our study, a tonsil primary tumor was found in 19% of cases
(12 patients out of 63). However, this percentage is probably
underestimated because 16 patients had only tonsil deep biopsies
and no tonsillectomy.

In a cohort of 126 patients with SCC-CUP, Waltonen et al.
reported a positive yield in 30% of patients who underwent
tonsillectomy. In comparison, in the same study, deep biopsies
identified the malignancy in only 3% of cases, reflecting the fact
that some tumors are small and located within the tonsillar
crypts and therefore cannot be identified by biopsy alone (5).

In our study, among the patients undergoing tonsillectomy,
the latter was bilateral in 77% of cases and unilateral in 23% of
cases. This distribution is similar to that found in 2016 by
Farnebo et al. studying the management of patients with SCC-
CUP in 22 main centers in five Nordic countries (Iceland,
Norway, Sweden, Finland, and Denmark). Routine bilateral
tonsillectomy was performed in about 80% of cases compared
to 20% for unilateral tonsillectomy (6).

In our series, out of the 47 patients undergoing tonsillectomy,
a primary tumor was found in 26% of cases, with a primary
contralateral to the lymphadenopathy in 3% of the cases who
underwent bilateral tonsillectomy. Our results are consistent
with the literature reporting that ipsilateral tonsillectomy has a
detection rate of 18 to 45%. However, they are lower for
contralateral tonsillectomy with a likely detection rate ranging
from 10 to 25% (7).

Di Maio et al. performed a systematic review and meta-
analysis to evaluate the effectiveness of palatine tonsillectomy
in patients with SCC-CUP. They analyzed 14 studies comprising
673 patients who underwent 416 palatine tonsillectomies, 338
performed during examination under anesthesia, and 78
managed with transoral robotic surgery (TORS). A total of 140
occult tonsillar malignancies were identified. Of these, 124 (89%)
were ipsilateral, 2 were (1%) contralateral, and 14 were (10%)
synchronous bilateral. A meta-analysis of 11 out of the 14 studies
showed an overall detection by tonsillectomy rate of 0.34 (99%
confidence interval, 0.23-0.46). The authors concluded that
palatine tonsillectomy is a valuable diagnostic tool and that
bilateral tonsillectomy should be considered mainly not only
because of the non-negligible number of bilateral/contralateral
occult tonsillar tumors reported in the literature but also because

out of 204 bilateral tonsillectomies performed (from a total of
416), 2 bleeding episodes were reported in only one of the
included articles (8). In our series, bleeding occurred in one
(3%) contralateral tonsil fossa among the 36 patients undergoing
bilateral tonsillectomy.

The American Society of Clinical Oncology has recently
published evidence-based recommendations on the diagnosis
and management of squamous cell carcinoma of unknown
primary in the head and neck. They recommend that patients
should undergo a complete operative upper aerodigestive tract
evaluation of mucosal sites at risk (oral cavity, nasopharynx,
oropharynx, hypopharynx, and larynx), including directed
biopsy of any suspicious areas. Random biopsies of
nonsuspicious areas have a low yield and should not be
performed. For patients with unilateral lymphadenopathy, if a
primary site is not confirmed on initial evaluation, then the
surgeon should perform ipsilateral palatine tonsillectomy. If
palatine tonsillectomy fails to identify a primary, then
ipsilateral lingual tonsillectomy may be performed. Bilateral
palatine tonsillectomy may be considered according to clinical
suspicion, at the discretion of the surgeon. For patients with
bilateral lymphadenopathy, if a primary site is not confirmed on
endoscopic examination, then the surgeon may perform
unilateral lingual tonsillectomy on the side with the greater
nodal burden and may perform contralateral lingual
tonsillectomy if the ipsilateral procedure fails to identify a
primary. Bilateral palatine tonsillectomy after bilateral lingual
tonsillectomy should be avoided (9).

However, there is no international consensus on whether
tonsillectomy should be a single or bilateral procedure and
whether it should be combined with an ipsi- or bilateral base
of tongue mucosectomy depending on p16 status (3, 10).

Impact of p16 Immunohistochemistry
Analysis

It is widely accepted that the base of the tongue and the tonsils
are the most common primary tumor sites found in the work-up
for SCC-CUP (I, 3, 4).

The question is whether p16 status influences the detection
rate of the primary tumor in the oropharynx. In our study, 10 of
the 12 carcinomas found in the tonsils were p16-positive (83%),
while for the other 2 patients, the p16 status was unknown. Also,
among patients in whom a tonsillar primary was found, there
were statistically fewer smokers than among those without a
detected primary. In addition, the former had a lower lymph
node stage. Most importantly, no tonsillar primary was found in
pl6-negative patients. Finally, among the patients in our series
who underwent tonsillectomy, the detection rate of a tonsillar
primary in pl6-positive patients was 53% compared to 0% in
pl6-negative patients.

The role of p16 status on the rate of primary tumor detection
in the oropharynx has been very little studied in the literature.

In the systematic review by Di Maio et al. the p16 status was
available for 116 out of 673 patients. Of these, 104 (90%) were
pl6-positive and 12 (10%) pl6-negative, but no information is
given about the rate of primary findings in these patients (8).
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Ryan et al. analyzed 80 pl6-positive patients with SCC-CUP.
After direct laryngoscopy with biopsies, 29/80 (35%) primary
tumors were identified. Thirty-four patients with negative
biopsies underwent palatine tonsillectomy. Fifteen of these 34
(44%) revealed the primary tumor, yielding a cumulative
identification of 44/80 (55%) (11).

In our study, the presence of HPV in tumor cells was based on
overexpression of the p16 protein using immunohistochemistry.
According to the guideline the College of American Pathologists,
the preferred method for initial high risk-HPV testing of tissue
specimens (core biopsy or excisions) in high-prevalence settings
is pl6 immunohistochemistry, which is a sensitive surrogate
marker (12).

Decision-Making Based on p16 Status

Our results showed that oropharyngeal primaries were found
exclusively in pl6-positive patients and never in pl6-negative
patients. The detection rate of a tonsil primary in p16-positive
patients undergoing tonsillectomy was 53% in our series. This
result is probably underestimated since not all our patients had
bilateral tonsillectomy and none of them underwent base of
tongue mucosectomy.

These findings highlight the need to intensify the search for
the primary at oropharynx level in pl6-positive patients. It is
necessary, therefore, to ascertain the pl6 status as early as
possible by means of a cervical lymph node sample. In this
way, pl6-positive patients, in which there is the greatest
likelihood of finding a primary tumor, could benefit from
maximum sampling of the oropharynx. These patients could
thus benefit from bilateral tonsillectomy possibly associated, at
the same time or at a second stage, with a base of tongue
mucosectomy to optimize the search for the primary tumor, as
suggested by several authors (4, 13). Mehta et al. evaluated 10
patients with unknown primary tumors of the head and neck. All
patients underwent a cervical biopsy, positron-emission
tomography/computed tomography, formal endoscopy, and
bilateral tonsillectomy. When the initial endoscopy and
biopsies failed to locate a primary tumor, all patients
underwent transoral robotic base of tongue resection. A
primary was found in 9/10 (90%) patients, of which 8 out of
the 9 (89%) were HPV-positive (13).

On the other hand, tonsillectomy and/or mucosectomy of the
base of the tongue for pl6-negative patients is much more
debatable since, in our series, no primary was found in pl6-
negative patients who underwent tonsillectomy. This observation
was already made by Kubic et al. (14), who analyzed the rate of
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A significant subset of carcinomas developed in the head and neck (H&NCs) are
associated with specific human papillomaviruses (HPV) genotypes. In particular, 40—
60% of oropharyngeal carcinoma cases are linked to HPV. Epidemiological studies have
demonstrated that HPV oral infections are predominantly sexually transmitted and are
more frequent among men (10-18%) than women (3.6-8.8%). Although there is a large
diversity of HPV genotypes associated with H&NCs, HPV16 lineage represents 83% of the
reported cases. The prognostic value of HPV as a biological parameter is well recognized.
However, the use of HPV DNA as a diagnostic and/or predictive marker is not fully
developed. Recent data reporting the physical state of the HPV genome in tumors have
shown that HPV DNA integration into the tumor cell genome could lead to the alteration of
cellular genes implicated in oncogenesis. Most importantly, HPV DNA corresponds to a
tumor marker that can be detected in the blood of patients. Profile of the HPV DNA
molecular patterns in tumor cells using New Genome Sequencing-based technologies,
allows the identification of highly specific tumor markers valuable for the development of
innovative diagnostic and therapeutic approaches. This review will summarize recent
epidemiological data concerning HPV-associated H&NCs, the genomic characterization
of these tumors, including the presence of HPV DNA in tumor cells, and will propose
perspectives for developing improved care of patients with HPV-associated H&NCs,
based on the use of viral sequences as personalized tumor markers and, over the longer
term, as a therapeutic target.

Keywords: HPV—human papillomavirus, head and neck carcinoma, ctDNA, tumor markers, tumor
microenvironment, viral integration, viral oncogenesis
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INTRODUCTION

The first aim of this review is to summarize recent data
concerning the pathology of head and neck carcinomas
(H&NCs) associated with the human papillomaviruses (HPV),
including prevalence and viral epidemiology which characterize
these tumors as well as the specificities of HPV DNA as a tumor
marker. In the second aim, we will explore specific perspectives
focused on the use of HPV DNA as a prognostic tumor marker in
the blood of patients with H&NCs and on the developments of
new applications in clinical oncology related to the introduction
of New Genome Sequencing (NGS) approaches as tools for the
optimized characterization of viral DNA in the tumor cells of
HPV-positive H&NCs.

EPIDEMIOLOGY

Epidemiology of HPV-Associated H&NCs
The reported worldwide prevalence of HPV-associated H&NCs
varies between 25.9 (1) and 30% (2). The frequency of HPV
association is different according to tumor localizations. The
highest rate (35%) is observed for tumors located in the
oropharynx (1, 3), particularly when developed in lympho-
epithelial sites such as palatine tonsil (56 to 62%) (4, 5) and
base of the tongue (40%) (4). Lower rates are observed in tumors
developed in the oral cavity, (5.8 to 23.5%) (1, 3), in the larynx
(3.3 to 24.0%) (1, 3), or in the soft palate (3.1%) (6).There is a
striking geographic heterogeneity of HPV prevalence in
oropharyngeal tumors: rates are higher in the United States
(59.3%) and in Europe (31.1%) than in Brazil (4.1%) (3, 7). In
the United States, an increase in the prevalence of H&NCs has
been observed between 1984-1989 and 2000-2004, rising from
16.3 to 71.7% (8). A significant increase of HPV-related tumors
developed in women has also been observed in France (9).

Viral Epidemiology of Asymptomatic Oral
Infection and of H&NCs

In the general population, the prevalence of asymptomatic HPV
infection was assessed by viral analyses of oral rinse specimens.
The reported infection statistics ranged from 6.9% in the United
States (10) to 13.1% in France (11). The prevalence is two- to
three-fold higher in men (from 10.1 to 18%) (10-12) than in
women (3.6 to 8.8%) (10, 11). Within non-tumor tonsils, HPV
DNA was found in 3.6 to 4.9% from these specimens (11, 13).
Paired analyses of tonsil brushing and oral rinse found a low
agreement between the results (11) indicating that oral rinse, not
able to reach the bottom of all of the tonsillar crypts, was a poor
surrogate of HPV prevalence within tonsils. In a Japanese study
concerning male patients, HPV DNA detected from mouth
rinses was also found in the urine with a good agreement
between the genotypes detected in these two specimens from
the same patient (12).

The mode of contamination has been further analyzed from a
large cohort study conducted with 5,500 subjects in the United
States (10). This study showed that oral HPV infection was
predominantly sexually transmitted: oral HPV prevalence was

more than 8-fold higher among individuals who reported sexual
relations vs no sexual relations (7.5 vs 0.9%). The prevalence
increased with the number of partners but no evidence for
increased risk related to particular sexual behavior was observed.
However, one explanation for the observed higher prevalence
among men could be attributed to the higher probability of
HPV transmission through oral sex with women vs men.
Indeed, oral HPV prevalence increased more sharply with the
number of sexual partners for men than women (10). Low-risk
HPV genotypes were two-fold more frequently detected than
high-risk. Multivariate analyses showed that HPV prevalence
was also related to cigarette smoking and to age, with a bimodal
pattern characterized by peak prevalences among individuals aged
between 30 to 34 and 60 to 64 years (10).

Patients with oropharyngeal cancer showed risk factors
including a history of numerous sexual partners and oral sex
(14-16). A study analyzing the risk of cancer among homosexual
individuals showed an increased prevalence of oropharyngeal
cancer in women but not in men (17). No significant increase in
HPV infection was observed in partners of H&NCs patients (18).

When looking at H&NCs as well as cervical cancers, there is a
large heterogeneity of the high-risk HPV genotypes encountered,
but the prevalence of HPV16 in H&NCs (83.0%) (19) is
significantly higher than in the cervix (55.5%) (20). In H&NCs,
the other high-risk genotypes are found at lower rates: 3.3% for
HPV33, 2.6% for HPV26, 2.2% for HPV 35, 1.8% for HPV18, and
below 1% for the other genotypes. In laryngeal tumors, the
distribution of the respective genotypes is 50.8% for HPV16,
8.5% for HPV45, 6.6% for HPV6, 5.1% for HPV 18, 3.4% each for
HPV31 and HPV33, 1.7% for HPV35, and less than 1% for the
other genotypes (19).

The improvement in sequencing technologies has revealed a
high diversity of HPV16 DNA sequences. Four major variant
lineages and up to 16 sublineages were identified (21), associated
with different risks of persistence and of progression to invasive
carcinoma (22) and with distinct histological types (23).
Recently, among a series of 5,570 HPV16-infected case-control
cervical samples, Mirabello et al. identified thousands of unique
HPV16 viral isolates (24). In contrast to this variability, the
HPV16 E7 gene showed extremely low variability in cervical
cancers around the world, indicating that genetic conservation of
this viral oncogene is critical for carcinogenesis. The role of HPV
genome variants in the development of H&NCs merits updated
and precise documentation in the HPV community (11).

GENETICS OF HPV POSITIVE AND HPV
NEGATIVE H&NCS

Independently of their HPV status, H&NCs are characterized by
recurrent mutations in the TP53, CDKN2A, PI3KCA, HRAS,
NOTCHI, and FBXW?7 genes (25, 26) and in at least 30% of the
cases, harbor mutations in genes regulating squamous cell
differentiation, such as NOTCH1, IRF6, and TP63 (27). Recurrent
overexpression of sequences corresponding to relevant therapeutic
targets, such as PGF, PDL1, CDK6, MET, and EGFR, were also
observed (28).
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Several studies aimed at determining the genetic alterations
that distinguish HPV-positive from HPV-negative H&NCs (26,
27, 29, 30). In HPV-positive tumors, the mutation rate was two-
fold lower (2.28 mutations per Mb) than in HPV-negative
tumors (4.83 per Mb) (27). HPV-positive tumors harbor
recurrent mutations of PTEN, TRAF3 (TNF receptor associated
factor 3), and PIK3CA and focal amplification of E2F1 whereas
HPV-negative cases are characterized by a high rate of TP53
mutations and abrogation of the G1/S checkpoint via CDKN2A/B
deletion and/or CCNDI amplification. In line with an
enhancement of cell proliferation induced by the E7 HPV
protein (31), genome-wide expression profile of HPV-positive
H&NCs revealed an up-regulation of a distinct and large subset
of cell cycle genes as compared with HPV-negatives cases (32). In
summary, these analyses show that HPV-positive H&NCs are
mainly characterized by a low mutational load, a high
proliferative index, integrity of p53, and a frequent alteration of
the PTEN/PIK3CA pathway.

The HPV genome is a 7.8-kbp double-stranded DNA circular
molecule and its presence in the nucleus of tumor cells represents
per se a genetic alteration. In cervical neoplasias, the analyses of the
interactions between viral and cell genomes have shown that the
physical state of HPV genomes in tumor cells is different according
to the types of lesions. In benign or in intraepithelial lesions, viral
genomes are present as free episomal molecules in the nucleus of
infected cells whereas, in most invasive cancers, part of the viral
DNA is integrated into the cell genome (33). HPV DNA integration
is clonal, stable over time and, homogeneously distributed
throughout different tumor regions, does not depend upon intra-
tumor heterogeneity (34). Host chromosomal structural alterations
at the HPV integration locus are frequently observed (35) and the
nature of these changes is related to the recombination mechanisms
of viral insertions (36). These chromosomal alterations, as well as
the introduction of illegitimate viral DNA enhancer sequences into
the cell genome, have consequences on the expression of cellular
genes located near integrated viral sequences (37). Tumor cells may
also contain non-integrated episomal molecules in various
quantities, ranging from a few to several thousand per nucleus (38).

For H&NCs, few analyses have been performed concerning
the physical state of HPV genomes, but the reported pattern is
similar to that observed in genital carcinomas. Viral integration
was detected in 60.7% (51/84) (39) to 71.4% (25/35) (40) of the
cases, although a low prevalence of 15.4% (2/13) was observed in
another series (41). As in genital tumors, integration was
frequently found within or in close vicinity (<20 Kb) to cellular
genes and tumors without viral integrants displayed distinct gene
expression profile (40). Reported target genes for HPV insertion
were RAD51B, ETS2, NR4A2, KLF5, KLF12, p63, CD274,
FLJ3745, and TTC6 (39, 40).

HPV AS A TUMOR MARKER IN H&NCS

Prognostic and Predictive Value of HPV
DNA in H&NCs

Many strategies for HPV characterization in H&NCs have been
used (42, 43) including Polymerase Chain Reaction (PCR) or

Quantitative Reverse Transcription-PCR (qRT-PCR) for the direct
detection of HPV DNA or RNA, and immunohistochemistry
(IHC) for the detection of P16INK4A (pl16) cell protein. Viral
E7 oncoprotein expressed from high-risk HPVs inactivates cellular
Rb protein leading to the up-regulation of various cell cycle
associated protein, including p16, which is commonly used as
an indirect surrogate marker of HPV infection. Consistent
discrepancies in the respective positivity of p16 and HPV DNA/
RNA have been reported (44). Due to the high sensitivity and
specificity of PCR and qRT-PCR, these methods are widely
accepted for the clinically significant detection of HPV infection
in H&NCs but p16 THC is commonly used as a complementary
procedure due to its low cost and sensitivity (43). Guidelines
suggest to perform pl6 IHC as the initial test for HPV
characterization in tumor tissue, followed by additional
molecular test at the discretion of pathologists (45). It was
shown that combined p16 and HPV DNA testing discriminates
subgroup of tumors with significantly distinct outcome (44, 46).

The outcome of HPV-associated H&NC:s is better than that of
HPV-negative cases (47). In a meta-analysis including 42 studies,
both progression-free survival and disease-free survival were
significantly improved in HPV-positive tumors (48). However,
the prognostic value of the HPV status should be appreciated
differently according to tumor histology. Most HPV-positive
H&NCs correspond to SCC, but undifferentiated carcinomas
may also be HPV-associated and present a favorable outcome
(49) whereas large cell neuro-endocrine carcinoma (50) and high-
grade neuro-endocrine carcinomas (51) correspond to diseases of
poor outcome whatever their HPV status may be. Neuro-
endocrine tumors frequently express pl6 and this marker is a
poor surrogate for HPV-association in these tumors (52). In
addition, H&NCs associated with HPV genotypes other than
HPV16 were found to have unfavorable outcomes as compared
with HPV16-positive cases (53), an inversed association to that
observed in cervical cancers (20). Integration pattern might also be
clinically predictive: H&N squamous cell carcinoma with presence
of episomal form of the viral genome without integration were
associated with a better outcome than HPV integration-positive or
HPV-negative cases (39) and tumor relapse was more frequently
observed when HPV-DNA was found inserted in cancer-related
genes rather than in intergenic loci (54).

In patients with carcinomas of the oral cavity or of the
oropharynx, the oral rinse sampling for prognostic purpose may
represent a convenient approach for sequential viral analyses. A
diagnostic rate of 81 and 100% of sensitivity and specificity for
HPV-16-positive cases was observed (55). After completion of
primary therapies, the presence of persisting viral DNA in the oral
cavity was associated with an increased risk of recurrence: the
disease-free survival at 2 years was 55% in patients with persistent
HPV detection versus 88% for viral-negative cases (55).

It is likely that the HPV status has also a predictive value. A
specific HPV-related tumor immune microenvironment (56) may
be implicated in improving sensitivity to treatments. The analysis
of the immune infiltrate in H&NCs has shown that HPV-positive
cases exhibited greater CD8+ T cell infiltrate and PD-L1
expression than HPV-negative tumors (57-60). This immune
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pattern was associated with favorable outcome after chemo-
radiotherapy (58). Moreover, clinical trials provide data
indicating that anti-PD-1/PD-L1 therapy results in anti-tumor
activity in H&NCs (61) and report a higher response rate in HPV-
positive than in HPV-negative patients (57). Immunological
analyses found that an HPV-positive status contributes to T-cell
infiltration and enhanced cytolytic activity which result in a better
response to anti PD-1/PD-L1 therapy (57). Nevertheless,
significant PD-L1 expression can also be observed in HPV-
negative H&NCs and thus, the HPV status is not a prerequisite
for immunotherapy in these tumors (62).

HPV Integration Signatures and Viral DNA
Used as Specific Tumor Markers

HPV DNA integration pattern can be used as specific tumor
markers helpful for personalized patient follow-up (34, 63). This
pattern encompasses several parameters, (I) locus at the
molecular level, (II) break locus on the viral genome, (III)
deletion of part of the viral genome, and (IV) characteristic
patterns of the viral/cell genome junctions. The high specificity
of this signature is essential for diagnostic purposes. For instance,
in a patient previously treated for an HPV-associated tumor and
developing a second tumor, the differential diagnosis between a
metastasis versus the de novo development of an independent
second tumor associated with the same viral genotype may be
difficult. In this situation, the presence of the same insertional
signature in the two lesions confers a very high level of specificity
for a diagnosis of metastasis. As an example, we have
demonstrated recently that a carcinoma developed on the base
of the tongue in a male patient previously treated for a carcinoma
of the anal canal shared the same HPV16 specific insertion
molecular signature as that characterizing the anal tumor and
we could conclude that the tongue tumor corresponded
unambiguously to the metastasis of the primary anal tumor
(64). The distinction can be important since the therapeutic
approach is different in case of metastasis vs a second primary
tumor. A limitation of this approach for diagnostic purpose relies
on the fact that 30-40% of H&NCs harbor only episomal HPV
DNA and thus HPV-chromosome insertional signatures are
lacking. However, the identification of the precise lineage and
sub-lineage of the HPV viral genotype should nevertheless
provide a valuable tumor marker, particularly when different
HPYV strains/genotypes are detected in the respective
heterogeneous tumors.

PERSPECTIVES

Three major bio-clinical perspectives may be considered, (a) the
development of the detection of circulating tumor DNA
(ctDNA) using HPV sequences as a tumor marker, (b) the
introduction of NGS methods for the optimal molecular
characterization of viral DNA in clinical oncology, and (c) the
analysis of the tumor immune microenvironment in the frame of
immunotherapeutic protocols.

HPV Genome: A Tumor Marker

for the Detection of ctDNA

Circulating HPV DNA: A specific Form of ctDNA
Numerous applications of ctDNA as diagnostic and predictive/
prognostic marker in oncology are under development (65-67).
In most models, ctDNA is detected via the presence of somatic
mutations, but the low rate of target molecules, especially in early
stage tumors, implies that their detection can be affected by
stochastic sampling leading to a lack of target molecules in some
specimens (68), a limitation for clinical applications, (69). In this
context, HPV-associated tumors represent a privileged model for
the detection of ctDNA. As mentioned above, the HPV genome
is a 7.8 kbp-long circular double-strand DNA molecule present
in the nucleus of tumor cells, as free episomes and/or as an
integrated form, in copy numbers varying from a few to
thousands per cell. The viral DNA fragments shed in the blood
corresponds thus to a large target of foreign DNA that can be
more easily detected than ctDNA fragments harboring point
mutations dispersed among germline circulating DNA. Indeed,
circulating HPV DNA can be detected in patients with various
types of HPV-associated carcinoma (70, 71). Studies found no
circulating viral DNA in non-tumor patients or in patients with
intra-epithelial neoplasia and circulating HPV DNA, referred to
as ctHPV DNA, can thus be considered as a specific form of
ctDNA (71) and serve as a tumor marker for improved diagnosis,
prognosis, and treatment monitoring (72).

ctHPV DNA: A Diagnostic Marker

At the time of diagnosis of HPV-positive H&NC:s, the rates of
ctHPV DNA positivity ranged from 60.5 to 95.9% (57, 70, 71, 73,
74).In a study focused on early stage H&NCs and using an NGS-
based approach for the detection of HPV16, all cases (55/55)
were ctHPV DNA positive (75). Although a positive correlation
between ctHPV DNA levels and tumor stages has been observed
(71,76, 77), a striking and recurrent fact is that small tumors may
be associated with high ctHPV DNA levels whereas low levels are
found in more advanced cases (70, 71, 74). The reasons for this
discrepancy are unclear. It could be related to variations in tumor
viral load and/or integration signatures, but the comparison
between tumor viral loads and ctHPV DNA levels revealed
only a weak correlation for H&NCs (70). Other factors such as
tumor differentiation, necrosis, proliferative rate, or immune
response might be involved in the release of viral DNA. Like in
other tumor models, the data collected suggest that ctHPV DNA
levels are not simply associated with tumor burden or the
number of dying cells but they correspond to a complex
combination of tumor biology factors, potentially playing an
active role in immunomodulation or in other processes
regulating cell homeostasis (68).

From these works, three major conclusions can be drawn. (I)
High rates of ctHPV DNA positivity are observed at diagnosis in
patients with HPV-associated H&NCs; (II) The ctHPV DNA
level is poorly related to tumor volume; (III) ctHPV DNA is
already detectable in patients with subclinical disease. In clinical
oncology, the first potential application is the possibility of using
ctHPV DNA detection as an alternative approach to histology for
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the diagnosis of HPV-associated invasive carcinoma. This new
approach could notably be used for the diagnosis of relapse in
patients previously treated for an HPV-associated tumor and
presenting abnormal imaging. In this situation, the detection of
ctHPV DNA should be a sufficient criterion to confirm the
diagnosis of relapse, avoiding unnecessary biopsy procedure that
may cause morbidity. However, the question of the specificity of
this approach has to be considered since some cases may be
difficult to interpret. We previously provided a proof of concept
showing that the highly specific viral insertional signature could
be detected in the blood of patients (78) and that this approach
provides a valuable tool to ascertain the specificity of the result of
ctHPV DNA analysis when necessary.

Dynamic of ctHPV DNA Load: A Prognostic/
Predictive Marker
The comparison between virological and clinical data showed
that ctHPV DNA load at diagnosis is poorly indicative of disease
outcome (76, 77). This is in contrast with the Epstein-Barr virus
(EBV)-associated nasopharyngeal carcinoma model in which
patients with a high plasma EBV load at diagnosis present a
higher tumor stage and metastatic status (79). This discrepancy
may be related to a poor correlation between tumor size and
HPV ctDNA load in H&NCs. In contrast, longitudinal studies
report that the dynamics of ctHPV DNA load under treatment
can be a surrogate for the quality of tumor response and
represent a valuable prognostic factor (70, 75, 77). Response
kinetics to chemoradiation showed a high degree of
heterogeneity among patients, but a drop in ctHPV DNA load
was observed in most cases, preceding tumor regression at
imaging (70). In particular, the post-therapeutic ctHPV DNA
load demonstrated a major surrogate marker for the quality of
the tumor response (75). At the end of treatment, early relapse in
patients with positive ctHPV DNA was observed whereas, in
patients showing abnormal fixation at imaging and ctHPV DNA
negative detection, no residual disease was detected (75).
Altogether, these observations suggest that post treatment
ctHPV DNA status has positive as well as negative
predictive values.

The high level of sensitivity and specificity of ctHPV DNA as
a tumor marker in patients with HPV-associated carcinomas
advocates for use of this marker to improve the biological follow-
up of patients. The clinical relevance of this approach has been
documented in colon carcinomas (80). However, there is no
current evidence that, in all H&NCs cases, a biological relapse
characterized by ctHPV DNA positivity would be followed by a
clinical relapse at short term. Prospective studies are necessary to
document and provide the clinical validation of this approach.
Other pending questions are to address the specificity of the test,
as well as the clinical utility of this approach. Concerning the
specificity, the criteria necessary to affirm a biological relapse
should be determined according to the clinical situation. In case
of doubt, the specificity of the insertional signature would be a
formal argument for a diagnosis of relapse and discard the
possibility of the subclinical development of a second HPV-
associated tumor. The clinical utility of the detection of

subclinical relapse has also to be discussed. What should be the
attitude in case of ctHPV DNA positivity in patients with no
clinical or radiological evidence of a tumor? The design of
innovative therapeutic protocols targeting subclinical diseases
will be necessary to address this question and, in this perspective,
ctHPV DNA will be a valuable surrogate marker to measure the
efficiency of these treatments.

NGS for the Improved Characterization
of HPV-Associated H&NCs
The detection of HPV DNA in biological specimens is
commonly performed using q-PCR technique. However, this
technology is not sufficient to allow the identification of the
specific molecular markers useful for the diagnostic or follow-up
purposes described above. In contrast, NGS is a powerful tool
able to provide, in a single experiment, the extensive molecular
characterization of HPV DNA in tumors: the complete
nucleotide sequence of the viral genome (genotyping), its host
chromosomal modifications (deletion, amplification), physical
status, integration signature, chromosomal integration site(s),
and identification of the gene(s) located in the vicinity (36, 81-
84) (Figure 1). For instance, the CaptHPV method that we have
developed (36) includes a double capture of HPV DNA
fragments using single-stranded biotinylated probes
recognizing 235 unique HPV types and variants. DNA
sequences captured are sequenced using MiSeq instruments
and raw sequencing data are aligned on the 235 HPV reference
strains. A second alignment on human genome is performed to
select hybrid reads that align on both HPV and human genomes
and a map of the HPV pattern is deduced. This global approach
has been validated technically and may be used in clinical
oncology. In H&NCs, most of the data described above
concerning integration targets were obtained using NGS
methods (39-41, 75). These data have identified recurrent
integration sites (39) and have shown that, as in genital
tumors, viral insertion could impact the host genome by
amplification of oncogenes and disruption of tumor
suppressors as well as by driving inter- and intrachromosomal
rearrangements (40). The clinical relevancy of the HPV
integration status has been suggested (39) and, if confirmed,
represents an important biological parameter to take into
account when defining therapeutic strategies. Moreover, NGS
approaches provide precise identifications of the viral sequences
associated with the tumor, corresponding either to a specific
HPV 16 strain (75) or to any other genotypes (20% of the cases)
(39, 40), genotypes that constitute valuable tumor markers.
Importantly, the NGS-based method developed for the
molecular characterization of HPV DNA in cervical tumors can
be successfully applied to the detection and characterization of
ctHPV DNA (36). The NGS approach applied to the analysis of a
standard blood sample allows the identification of any HPV
genotype as well as the characterization of the insertional
signature. Using this methodology, a diagnosis of HPV-
associated invasive carcinoma can be obtained from a blood
sample whatever the viral genotype involved. A prospective
study is in progress to provide the clinical validation of this
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approach as an alternative to histology for a diagnosis of HPV-
associated carcinoma, and to determine its limitation in terms of
sensitivity and specificity (Sastre-Garau et al., in preparation).
Furthermore, an NGS approach can be designed to combine the
characterization of HPV DNA with the identification of somatic
mutations frequent in HPV negative tumors. Using such a
combined approach, Wang et al. detected ctDNA in 86 to 100%
of HPV-positive or -negative H&NCs cases (57). Therefore, the
design of NGS approaches combining extensive HPV DNA
analysis and the detection of recurrent mutations can allow the
determination of molecular markers and targets associated with in
H&NCs independently of their HPV status (29). For the moment,
NGS-based approaches remain relatively expensive and are not
used routinely for sequential analyses during patient’ follow-up
care in most hospitals or clinics worldwide. Their implementation
requires specific facilities, including dedicated bioinformatics
pipeline and trained team for technical processing and data
interpretation. However, once we have a full picture of the HPV
integration pattern that characterizes each tumor using NGS, the
relevant markers determined can be extrapolated and sequentially
analyzed using specific g-PCR method, allowing optimized long-
term follow-up at reduced costs.

Analysis of the Tumor Immune
Microenvironment

The important role of the immune microenvironment as a major
feature for tumor response to therapies of subsequent disease
outcome has been underlined. Among the various parameters
that can be analyzed, includes the density of the effector T cells
(CD8+) and of PD-L1 in both immune cells and tumor cells that
represent key prognostic and predictive parameters recurrently
found in several studies (58-60). The development of
immunotherapy protocols will require the evaluation of these
markers using standardized parameters.

CONCLUSION

Over the last 10 years, a number of viro-clinical studies have
permitted us to obtain a better knowledge of the prevalence of

FIGURE 1 | Next-generation sequencing data using the CaptHPV assay. The results presented here are sequences obtained from tumor tissue analyze in a patient
with a HPV16-induced carcinoma. DNA sequences show viral DNA inserted within the TP63 gene (3g28 chromosomal band), between exon 3 and exon 5 with gene
disruption and loss of the exon 4. All genomics coordinates are presented in Hg38 reference genome.

HPV association in H&NCs, including the viral epidemiology
and the oncogenesis of these tumors, allowing us to evolve from
the concept of HPV-positive towards that of HPV-driven
H&NCs (85). However, the use of HPV DNA as a diagnostic
and/or predictive marker is not yet fully developed, in large part
due to a lack of clinical validation. In the process of validation of
tumor biomarkers, three main steps should be distinguished:
analytical validity, clinical validity, and clinical utility (86). In the
model of HPV-associated H&NCs, two major steps have already
been reached: (I) the analytical validity of the HPV status using
different methods (immunohistochemistry, PCR, or NGS) and
(II) the clinical validity of the prognostic value of the HPV status
when considered as a binary parameter (positive versus negative)
(45). However, the clinical validity of other potential prognostic
viral-related markers, such as the exact genotype or the physical
state of viral DNA, needs to be further documented.

HPV-associated tumors represent a privileged model for the
analysis of ctDNA and viral sequences constitute a very
convenient biological role model to assess the course of the
disease. ctHPV DNA is a sensitive tumor marker and this should
facilitate the clinical validation of the “liquid biopsy approach”
for the diagnosis of invasive carcinomas, for instance in case of
suspicion of relapse. This validation will require the analysis of
various tumors differing in size, localization, and viral genotype
before the ctHPV DNA approach could be implemented as a
recognized diagnostic tool in clinical oncology, avoiding more
invasive procedures such as biopsies or fine needle aspirations.
The ctDNA load at diagnosis is a poor prognostic marker, but its
dynamic during the treatment is a promising predictive
surrogate of tumor response. During the follow-up procedures,
the clinical validation of ctHPV DNA as a predictive marker of
relapse will solicit prospective studies demonstrating that all of
the biological relapses precede clinical relapses. Difficulties need
to be overcome. For instance, current studies report that
advanced cases of HPV-positive tumors remain ctHPV DNA
negative and the identification of the parameters accounting for
this discrepancy is a prerequisite for a large use of ctDNA as a
surrogate marker of the course of H&NCS.

Once these clinical validations are obtained, a major challenge
remains to document the clinical utility of the diagnosis of sub-
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clinical disease, which depends mainly on the possibility of
treatment. New tools will be necessary for the care of
subclinical relapses and viral-associated tumors represent an
attractive model for the development of immunotherapy. As
an example, the treatment of high grade cervical intra-epithelial
neoplasia using therapeutic HPV16/18 vaccine is currently in
evaluation and provides encouraging results (87). Such an
approach might be extended to sub-clinical diseases. The
design of these innovative treatments as well as the assessment
of their efficiency will require extensive molecular
characterization of the viral sequences, and tools allowing this
characterization are available.

The analysis of a large series of H&NCs using NGS
approaches should enhance our knowledge about the biology
of these tumors and favor further developments in diagnosis,
follow-up, and treatments. The implementation of large data
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Oropharyngeal squamous cell carcinoma (OPSCC) develops as a consequence of several
mutations in the tumor suppressor pathways or after a progressive infection with high risk
human papillomavirus (HPV). The dismal side effects of the current standard of care and
the clear involvement of the immune system has led to a surge in clinical trials that aim to
reinforce the tumor-specific immune response as a new treatment option. In this review,
we have focused on the most recent literature to discuss the new findings and insights on
the role of different immune cells in the context of OPSCC and its etiology. We then applied
this knowledge to describe potential biomarkers and analyzed the rationale and outcomes
of earlier and ongoing immunotherapy trials. Finally, we describe new developments that
are still at the preclinical phase and provide an outlook on what the near future may bring,
now that several new and exciting techniques to study the immune system at the single
cell level are being exploited.

Keywords: tumor microenvironment, immunotherapy, oropharyngeal cancer, T cells, myeloid cells, clinical
outcome, survival

INTRODUCTION

Head and neck cancer is the sixth most prevalent cancer type and mainly consists of squamous cell
carcinoma [90%; HNSCC (1, 2)]. The tumor can develop in the oral cavity, the larynx, pharynx
(hypopharynx, nasopharynx, or oropharynx) and in the sinonasal tract. While the incidence of head
and neck cancer located at most oral sites is marginally decreasing due to the knowledge of tobacco
and alcohol as risk factors for its development, the incidence of oropharyngeal carcinomas is
increasing, especially in the developed world (3). Oropharyngeal squamous cell carcinomas
(OPSCC) include oropharyngeal, tonsillar and base-of-tongue tumors. A high percentage (60-
80%) of the OPSCC are induced by high risk human papillomavirus type 16 (HPV16) (4-6).
Patients with HPV+ OPSCC often tend to be younger, approximately 75% is male, a minority
smokes and they often have lymph node metastasis when first visiting the clinic (7, 8). HPV is a
double stranded DNA virus encoding for early and late (envelop) proteins (9, 10). The early proteins
E6 and E7 are oncoproteins and responsible for the malignant transformation of HPV infected
epithelial cells and maintenance hereof (11, 12). Patients with HPV16+ OPSCC display a longer
overall survival (OS) and a lower recurrence rate after standard of care treatment than patients with
HPV-negative OPSCC (13, 14).

Only recently the difference between these two OPSCC entities has been acknowledged and
a debate on treatment has been started (15, 16). To understand the differences between the
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HPV+ and HPV-negative tumors, in-dept analysis have been
performed on various levels including genetics (DNA), epigenetics,
(micro)RNA and the immune system (7). De-intensified
treatment, by lowering the dose of the (chemotherapeutic)
drug or radiotherapy or by replacement of the drug, have
been suggested in order to decrease side effects particularly
in patients with HPV+ OPSCC (15, 16). This led to
inferior survival and new treatment designs are required (17).
Immunotherapy may form a new effective treatment in OPSCC
and is currently under investigation. While it is clear that during
HPYV infection and subsequent transformation several ways are
exploited to escape from the immune system (18-22), HPV16
E6/E7-specific T-cells are often detected in OPSCC tumors and
their presence is associated with improved clinical outcome (6,
23, 24). In addition, a whole series of articles exists on the
association between intratumoral T-cell infiltration and better
clinical outcome after standard of care therapy (25-28). These
type of data paved the way for immunotherapeutic strategies to
harness the immune response to OPSCC. Indeed, blockade of
CTLA-4 and/or PD-1 has been studied and showed a survival
benefit in a subset of patients with different types of HNSCC
when compared to the standard of care treatment arm (29). The
vast majority of patients did not benefit from this treatment,
illustrating the requirement for in-depth studies on systemic
and local host-tumor interactions. In particular, studies on the
tumor immune microenvironment (TME) are a prerequisite
to understand what hurdles are at play and need to be
overcome in order for the immune system to effectively control
tumor growth.

A search in PubMed using the key terms “Oropharyngeal cancer
immunity”, “Oropharyngeal cancer myeloid cells”, “Oropharyngeal
cancer immunotherapy trial”, and “Head and Neck squamous cell
carcinoma immunotherapy trial” was performed for articles
published in the last 10 years (until august 2020) describing cohorts
of patients with head and neck cancer, of which at least 25% had
OPSCC and the results were not typical for one type of HNSCC, or
with <25% of OPSCC patients but with results specific for the OPSCC
group. Also, studies comparing the results between HPV-negative
and HPV-positive HNSCC were included. In addition, a search in
Clinicaltrials.gov for registered and ongoing trials in patients with
HNSCC, including OPSCC, was performed. From these articles a
selection was made to discuss the insights and developments in
OPSCC immunity, biomarkers, and immunotherapy within the last
decade. Last but not least, these studies were supplemented with
general literature to explain concepts.

THE TUMOR IMMUNE
MICROENVIRONMENT

The TME plays a pivotal role in the clinical behavior and
response to different sorts of therapy of various cancer types
(30). In-depth studies on the type, balance and interaction of
immune cells in the TME and how this may affect clinical
behavior could open the door to rationally designed strategies
to treat patients with OPSCC (23).

Lymphocytes

The influx of high number of T cells was positively associated
with clinical outcome of OPSCC after standard of care therapy
(23, 31-33). In particular, strong infiltration by CD8+ and CD4+
T cells in pretreatment OPSCC tissues was associated with lower
T stage, improved disease specific survival (DSS) and prolonged
overall survival (OS). The clinical benefit of tumor infiltration
with T cells was irrespective of HPV status of the tumor, albeit
that HPV-induced tumors were more often strongly infiltrated
by these T cells (31, 34-38). The functional activity of these
tumor-infiltrating T cells is also important. Higher interferon
gamma (IFNy) and lower interleukin-4 (IL-4) and transforming
growth factor-beta (TGF-P) cytokine expression levels were
observed in HPV+ than HPV-negative OPSCC (39). In line
with this, HPV-induced OPSCC contain high numbers of IFNy
or IL-17 producing CD8+ T cells (40) and the presence of IFNY-
producing CD4+ and CD8+ T cells in OPSCC, as inferred by the
expression of the transcription factor T-box (Tbet) expressed in
T cells, was related to better OS (6). Interestingly, the presence of
IL-17-producing non-T cells in HPV+ OPSCC was associated
with worse clinical benefit (38).

The analysis of freshly dissociated OPSCC tissues by mass
cytometry revealed that HPV16+ OPSCC, comprising HPV16-
specific T cells, also contained high numbers of CD161+ classical
T cells, CD103+ tissue resident CD8+ T cells, dendritic cells
(DCs) and DC-like macrophages (6). CD161+ T cells were highly
activated, as shown by the high expression levels of PD-1, CD38
and HLA-DR, and were shown to be superior effector cells as
they produced more IFNYy per cell (24). Notably, a higher
frequency of CD161+CD4+ T cells was found to be associated
with prolonged survival in OPSCC (24). The abundant presence
of CD103+CD8+ T cells in HPV16+ OPSCC and its correlation
with better prognosis was also demonstrated by others (41, 42).
These CD103+CD8+ T cells represent non-circulating memory
T cells that play a key role in local immunosurveillance (43) and
are enriched for a number of genes associated with tissue resident
cells (44). Single cell RNA analysis of 13 OPSCC revealed that
these cells also expressed genes associated with cytotoxic
potential, exhaustion/co-inhibition programmed cell death
protein 1 (PD-1), lymphocyte activation gene 3 (LAG3), and T
cell immunoglobulin and mucin domain-containing protein 3
(TIM3)) as well as activation/co-stimulation [CD27, inducible T
cell costimulator (ICOS) and tumor necrosis factor receptor
superfamily member 14 (TNFRSF14)] (45).

An important aspect in tumor control by T cells is the
interaction with human leukocyte antigen (HLA) molecules
presenting tumor-derived antigens at the cell surface of tumor
cells, yet HLA expression is often lost or decreased in OPSCC
(46, 47). Antigen presentation to CD8+ T cells may also be impaired
by alterations in antigen processing pathway components such as
the endoplasmic reticulum aminopeptidase 1 (ERAP1), an enzyme
involved in trimming the N-terminus of peptide until it fits in the
HLA class I molecule. Some polymorphisms in ERAP-1 were
associated with high or low T cell infiltration of OPSCC.
Interestingly, only the ERAPI allotypes present in highly
infiltrated HPV16+ OPSCC were capable of trimming model
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antigens, including HPV16 E7, to the proper HLA class I binding
epitope (48). In contrast to HPV-negative OPSCC, there is no
correlation between HLA class I expression and survival for HPV+
OPSCC (49, 50). The expression of HLA class II, which was more
often found on tumor cells in HPV+ OPSCC, is associated with
longer OS, DES and disease specific survival (DSS) in OPSCC (46),
supporting a role for CD4+ T cells in the control of OPSCC.

The Curious Relationship Between
Regulatory T Cells and OPSCC Survival
Regulatory T cells (Tregs) act as gatekeepers of immunological
tolerance, and dysfunction in Treg-mediated control plays an
important role in autoimmune and allergic disorders and cancer.
Tregs play a dismal role in tumor immunity, with numerous
studies revealing their role in suppressing anti-tumor immune
responses and promoting tumor progression in various types of
cancer. In HNSCC, including OPSCC, there is conflicting
evidence regarding their role in suppressing tumor immunity
and survival (51). In two small scale studies, a negative impact on
clinical outcome and disease progression was observed for high
frequencies of Tregs in the peripheral blood of patients with
OPSCC (52, 53), whereas other studies including OPSCC
demonstrated no impact of tumor-infiltrating Tregs (54) or a
positive impact of circulating or tumor-infiltrating Tregs (38, 55,
56) on clinical outcome and/or survival. A similar debate has
been described for colorectal cancers (57, 58), resulting in the
definition of three populations of CD4+Foxp3+ T cells, namely
highly suppressive CD45RA-negative Foxp3™ effector Tregs
(Poxp3hi eTregs), suppressive CD45RA+Foxp3™ naive Tregs
(Foxp3™ nTregs), and non-suppressive cytokine-producing
CD45RA-negative Foxp3™ T cells (59-61). Patients with
colorectal tumors that were predominantly infiltrated with
non-suppressive and cytokine-producing CD45RA-negative
Foxp3™ T cells displayed a much better survival than patients
with tumors mainly infiltrated with suppressive Foxp3™ eTregs
(60). This phenomenon may also play a role in studies that
evaluated the clinical significance of intratumoral Tregs in
OPSCC by means of immunohistochemistry (IHC), since
discrimination between Foxp3™ and Foxp3™ is difficult using
this technique.

Part of the controversy on the prognostic value of Tregs may
also be attributed to differences in the type of samples assessed,
i.e. peripheral blood versus tumor tissues, and the absence of
knowledge about the HPV status of the assessed tumors (51).
The latter may be important as HPV-associated OPSCC is a
distinct clinical entity with a different intratumoral immune cell
make-up and a much better prognosis after (chemo)radiotherapy
than HPV-negative OPSCC, particularly in patients with a
concomitant HPV-specific and type 1-oriented intratumoral T
cell response (6, 14, 32, 62).

Alternatively, differences in the effects of Tregs on clinical
outcome may also come from their functional adaptability. Tregs
can mirror effector cells by adopting the transcriptional profile of
the cells they aim to suppress. In mice, Foxp3+ Tregs have been
described to upregulate signal transducer and activator of
transcription 3 (STAT3), GATA binding protein 3 (GATA-3)/

interferon regulatory factor 4 (IRF4), or Tbet to control T helper
type 17 (Th17), Th2 or Thl inflammatory responses,
respectively, in persistent infection and autoimmunity (63-66).
We recently described that Tbet+ Tregs accumulate in tumors of
HPV16+ OPSCC patients, and that their presence was associated
with prolonged survival following standard of care therapy (67).
Albeit detected at lower levels, the number of infiltrating Tbet+
Tregs strongly correlated with the number of tumor-infiltrating
Tbet-positive CD4+ and CD8+ effector T cells as well as with the
detection of HPV16-specific T cells, both of which we previously
demonstrated to be associated with better tumor control on
standard of care therapy. These data suggested that Tbet
expression within the intratumoral Treg population and the
association with prolonged survival is merely the reflection of
an ongoing beneficial Th1-oriented T cell response, and that the
balance between pro- and anti-tumor T cells eventually
determines clinical outcome.

Myeloid Cells

The myeloid cell compartment constitutes another major player
in the TME. One of the most abundant types of myeloid cells in
the TME are macrophages. High numbers of tumor associated
macrophages (TAMs) in the TME is most often associated with
poor prognosis (68, 69). Macrophages are highly plastic and
display a functional status ranging between classically activated
anti-tumor type 1 macrophages (M1) and the alternatively
activated tumor promoting type 2 macrophages (M2) (70).
Incoming monocytes from the blood into the tumor can
differentiate into macrophages dependent on the different
cytokines they sense and the interactions they have with other
cells present in the TME. While an inflamed TME with IFNy
results in M1 differentiation, high levels of interleukin 4 (IL-4)
and IL-13 turn them into M2 (71). M2 can produce cytokines,
such as TGF-P, vascular endothelial growth factor (VEGF), IL-6,
IL-10, and prostaglandin E2 (PGE2), and chemokines that
promote angiogenesis or destruct the extracellular matrix,
thereby helping tumor cells to invade and metastasize and they
can stimulate Treg development and expansion while
suppressing CD8+ T cell function (72, 73). Moreover, in
response to inflammation (IFNy production) or hypoxia TAMs
can upregulate inhibitory receptor ligands for T cells like PDL-1
and PDL-2 (69, 72).

CD68+CD163+ M2 macrophages are often detected in
OPSCC (46, 74). A higher infiltration with these macrophages
was associated with poor clinical outcome in two studies on
HNSCC tumors with the majority or all being OPSCC (46, 75).
The strong stromal presence of CD68+CD163+ macrophages
was associated with shorter DFS, DSS and OS, independent of
HPV status in OPSCC (46), but this does not mean that all
macrophages are bad as high infiltration with macrophages, the
minority being M2, was associated with better PFS in pl6+
OPSCC (47). This suggests that other macrophages may benefit
tumor control. Indeed, in various tumor types high infiltration
with M1 (CD14+CD163-negative) macrophages is associated
with prolonged survival (76, 77). It also implies that simply
depleting all macrophages in the TME may have detrimental
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effects and even accelerate tumor growth or increase recurrences
(72,78, 79). Therefore, reprogramming TAM:s is currently under
investigation in solid tumors, to move the balance from pro-
tumorigenic towards tumor fighting macrophages (72, 80) and it
is highly likely that also a strong Th1 cell response may aid in this
process (73).

Similar to TAMs also myeloid derived suppressor cells
(MDSCs) can be recruited from the blood or generated locally
by arresting monocytes in their immature state. The phenotype
of these MDSC is often described as CD14+ HLA-DR-CD33+
CD11b+ (81, 82), hence monocytic MDSC (mMDSC). High
circulating numbers of these cells are associated with metastasis
and recurrences in OPSCC patients (83). Interestingly, treatment
with tadalafil, a phospohodiesterase 5 inhibitor to block nitric
oxide and arginase 1 production by myeloid cells, resulted in the
activation of a stronger tumor-specific T-cell response with no
difference in responsiveness between HPV16+ OPSCC and
HPV-negative (non)oropharyngeal cancer patients (84). Several
other studies to deplete mMDSCs, prevent their recruitment or
block their suppressive function have been undertaken (85). Next
to these mMDSC also granulocytic MDSC (gMDSC) and
neutrophils may enter the tumor to suppress effector T cells in
the TME. However, no studies on the role of these cells in the
TME of OPSCC have been reported.

Finally, recruited monocytes can also differentiate into DCs.
High numbers of CD14+CDI11b+CDI11c+ DC-like macrophages
and CD14-negative CD11b%™CD11c+ DCs have been detected in
the TME of OPSCC patients with a good clinical outcome (6). In
another study, high numbers of stromal CD1lc+ DC was an
independent prognostic factor for better survival in HNSCC,
including OPSCC (55). Current studies have analyzed DCs by
only a few markers. Recently, two in-depth studies on blood
derived DCs have divided these in several phenotypic and
functional subtypes (86, 87). We applied high-dimensional flow
cytometry and multispectral imaging to reveal a new subset of DCs,
called CD163+ ¢DC2 or DC3, the presence of which was directly
related to survival in HPV16+ OPSCC (74). Moreover, these DCs
displayed the capacity to specifically trigger type 1 T cell responses
by their production of IL-12 and IL-18 (74) and may be involved in
conferring a tissue-resident signature to stimulated T cells (88).

Expression of Immune Checkpoints

Intratumoral T cell reactivity is regulated via so-called co-
stimulatory and co-inhibitory (or checkpoint) molecules. Well-
known is the suppression of T cells expressing PD-1 via PD-1
ligand (PD-L1) and blockade of this axis has resulted in
spectacular clinical responses for a number of tumor types.
Analyses of checkpoint expression in OPSCC revealed that the
expression of PD-1 and/or PD-L1 was related to a stronger
immune infiltration and good prognosis after standard therapy
(89-92), most likely as it reflects an ongoing immune response in
which type I and II interferons are produced. The presence of
intratumoral PD-L1 expressing CD68+ macrophages and CD8+
T cells was found to be associated with improved OS (93). In
addition, rich immune infiltration, comprising PD1+CD8+ T
cells and CD68+ macrophages, was found to be associated with a
better clinical response to checkpoint therapy (94). While the

numbers of infiltrating total CD8+ T cells and CD68+
macrophages were higher in HPV+ OPSCC, the percentage of
CD8+PD-1+ T cells was similar, and the percentage of CD68+
PD-L1+ macrophages lower in HPV+ OPSCC compared to
HPV-negative OPSCC (95).

Another actionable co-inhibitory molecule is natural killer group
2 member A (NKG2A) (96, 97), which together with its co-receptor
CDY%4 is expressed by many of the tumor-infiltrating CD8+ T cells
and only by a minority of the CD4+ T cells in OPSCC (45).
Remarkably, NKG2A expression on CD8+ in OPSCC is
independent from PD-1 and often found on CDI103+ early
effector tissue resident CD8+ T cells (45, 97). The frequency of
intratumoral NKG2A/CD94+ CD8+ T cells was higher in in
HPV16+ OPSCC patients with a demonstrable ongoing HPV16-
specific T cell response when compared to HPV16+ OPSCC lacking
such an anti-tumor response or to HPV-negative OPSCC patients
(6, 97). NKG2A interacts with HLA-E, which is a non-classical
highly-conserved HLA class I molecule that is expressed by many
cancers (96, 98, 99), including OPSCC (50). The interaction
between NKG2A and HLA-E is thought to block the cytotoxic
activity of CD8+ T cells and NK cells (100) and a couple of studies
have shown that expression of HLA-E by tumor cells restrained the
prognostic impact of tumor-infiltrating CD8+ T cells (98, 99),
including that of HPV16+ OPSCC (97).

Other inhibitory receptors found to be upregulated on
activated T cells in the TME of OPSCC include TIM3, LAG3
and T cell immunoreceptor with Ig and ITIM domains (TIGIT)
and others (45). All expressed on higher numbers of T cells in
HPV+ when compared to virus-negative head and neck tumors,
but only in HPV+ tumors each of these markers was associated
with prolonged survival (101).

Overall, the expression of inhibitory receptors are more
indicative for an inflamed TME with ongoing antitumor
immunity than for an exhausted T cell response in OPSCC.
Nevertheless, the interaction between inhibitory receptors and
their ligands will inhibit the activation and effector functions of T
cells impairing their capacity to control OPSCC growth.

THE BLOOD COMPARTMENT FOR
BIOMARKER ANALYSIS

An important question is whether the TME biomarkers
associated with clinical outcome are also detectable and
prognostic when analyzed on immune cells present in blood,
as this compartment is easily accessible and allows for kinetic
studies. The easiest approach is to determine differential
leukocyte counts on blood samples, which is used in all
hospitals as a normal diagnostic routine. High neutrophil
counts in OPSCC, and more specifically high neutrophil-to-
lymphocyte ratio (NLR) in the blood sample prior, during and
after radiotherapy correlated with poor OS, recurrence free
survival (RFS) and/or DSS as well as distant metastasis (102—
105). Also, in HPV16+ OPSCC patients, a high NLR in the blood
sample obtained prior to concurrent chemoradiation correlated
with decreased OS. Neutrophils appear to have an unique
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phenotype of immature granulocytes CD11c""¢"/CD62L4™/
CD11b™8"/CD16"", which are absent in blood of healthy
donors (106).

High circulating monocyte counts prior to therapy also
correlated to reduced OS and RFS in HPV16+ OPSCC patients
(102, 107). While monocyte counts in HPV-negative OPSCC
patients were even higher, the absolute monocyte counts were not
related to clinical outcome in this patient group (102), suggesting
that these monocytes might have a negative impact only in highly
immunogenic tumors. Potentially, the composition of the monocyte
subtypes may be of importance as some of them may constitute
CD14+ MDSC, which have shown to exhibit immune suppressive
effects (6, 108). Furthermore, the percentage of classical
(CD14™8"CD16-negative) monocytes were shown to be increased
in OPSCC patients as well as expressed PD-L1 (107). Also a high
monocyte-to-lymphocyte ratio was associated with lower OS in
OPSCC (107, 109).

So far, no comparative studies have been performed with
respect to neutrophils and MDSC in order to analyze if the blood
compartment reflects the TME.

The relation between higher numbers of tumor-infiltrating T
cells and clinical outcome prompts the question if this can also be
detected in the blood. High pre-treatment numbers of CD8+ T cells
in the blood correlated with improved OS in HPV16+ OPSCC
patients (14). However, absolute CD4 counts as well as frequencies
of CD4+ T cells measured in blood of OPSCC was not correlating to
clinical outcome (14). This seems logical as the population of CD4+
T cells comprises naive T cells, type 1 and type 2 effector T cells,
memory T cells and also Tregs which dilutes the real impact of one
of these subpopulations. Moreover, the peripheral blood levels of
CD4+ and CD8+ T cells were not related to the type and degree of
specific T cell subset infiltration in OPSCC (34). Interestingly, it was
found that HPV+ OPSCC with elevated Treg frequencies in the
blood displayed a better OS than patients with HPV-negative
tumors or patients with HPV+ OPSCC patients displaying
relatively low numbers of circulating Tregs (56).

Last but not least, HPV16-specific T cells have been detected
in the circulation of patients with OPSCC using functional assays
in which PBMC were stimulated with the HPV-encoded antigens
(110-112). The detection of such an HPV16-specific T cell
response in the peripheral blood did not always coincide with
the presence of these HPV16-specific T cells in the TME, this
(110). HPV16-specific T cells could also be detected in a large
percentage of healthy individuals (113-115) indicating that their
presence is not enough to function as a biomarker.

All together there are a couple of opportunities (neutrophils,
monocytes, Tregs) that may be exploited as blood biomarkers
reflecting the TME, but more sophisticated measurements of
subpopulations and validation of the used techniques are warranted.

THE ROLE OF TUMOR-SPECIFIC T CELLS
IN THE TME OF OPSCC

There is ample evidence that tumors highly infiltrated with CD4
+ and/or CD8+ T cells (also referred to as immunologically “hot”

tumors) respond better to (immuno-)therapy (27, 116). In
OPSCC, HPV infection may play a very important role in this
phenomenon. Superior prognosis of HPV+ OPSCC over HPV-
negative OPSCC following chemoradiotherapy has been
reported (13, 117). Interestingly, for the majority of HPV+
OPSCC this was related with a more dense and activated T cell
infiltrate, suggesting a role for HPV-specific immunity in tumor
control (14, 62, 118).

HPV16+ tumors express the virally derived oncoproteins E6
and E7, and it has been suggested that these “non-self” HPV
antigens can evoke immune responses. Indeed, cellular and
humoral immunity against these antigens can be detected in
the peripheral blood and TME of HPV16+ OPSCC patients (110,
119-123). Notably, there is a direct link between the presence of
an intratumoral HPV-specific T-cell response and the good
prognosis of HPV16-driven OPSCC (6). Patients with an
HPV16-driven tumor and a concomitant intratumoral HPV16-
specific T cell response have a much better survival after (chemo)
radiotherapy than patients with an HPV16-driven tumor
without such an HPV16-specific T cell response or patients
with HPV-negative OPSCC. Moreover, the presence of these
HPV-specific T cells was associated with a type 1 oriented TME
and a much higher level of activated CD161-expressing effector
memory CD4+ T cells,CD103+ tissue-resident CD8+ T cells, and
tissue-resident memory T cell-stimulating CD163+ cDC2 (6, 74).

Although a clear relation could be found between the dense,
type 1 oriented HPV-specific immune infiltrate and disease
outcome in HPV16-driven OPSCC, there is also evidence for
improved survival of HPV-negative OPSCC patients with
strongly T-cell infiltrated tumors (37, 124). Unfortunately,
knowledge on the tumor-specificity is lacking in these studies.
A promising and emerging field in studies of the anti-tumor
response is the recognition of tumor neoantigens. Tumors with
high numbers of nonsynonymous mutations have a greater
likelihood of presenting mutation-derived neoepitopes and
consequently mounting a T-cell response against these epitopes
thereby improving the clinical response (125). Tumor mutational
burden (TMB) in HNSCC is relatively high and comparable to
other smoking related tumor types. Viral HNSCC display only
half of the mutations rate observed in non-viral HNSCC (125,
126). CD8+ T cells responding to such mutations have been
detected in a few patients with non-OPSCC either spontaneously
induced (127) or following a complete response after
pembrolizumab treatment (128). Notably, such neoantigen
specific T cells can also be detected in low TMB tumors (129),
suggesting that they may also be present in OPSCC.

IMMUNOTHERAPY IN OPSCC

During the last two decades, several strategies aiming to boost
the immune response to cancer have been developed and tested
in patients with cancer, ranging from immune modulators
to checkpoint therapy, adoptive cell transfer, and vaccines.
Table 1 summarizes active/recruiting immunotherapy trials in
patients with OPSCC and HNSCC, including OPSCC.
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Immune Modulators

One of the earliest immune stimulators tested is recombinant IL-
2 (rIL-2), used to directly stimulate the activity of tumor-specific
T cells. In a phase III trial with 200 patients rIL-2 was injected
close to the ipsilateral lymph node, each day for 10 days before
surgery and radiotherapy and then each month at the
contralateral LN site for 1 year. The treatment had no
significant side effects but improved the DES (from 51 to 64%)
and OS (from 55 to 73%) at 5 years (130). At a later stage, IRX-2
was developed to stimulate T cell activity. IRX-2 is a mix of
purified cytokines obtained after stimulating peripheral blood
mononuclear cells (PBMC) with phytohemagglutinin (PHA). In
a phase Ila trial treatment naive patients with HNSCC received
subcutaneous IRX-2 injections near the TDLN for 10 days prior
to surgical resection, which with the knowledge of today is an
interesting choice as our studies showed that the great majority
of TDLN comprise tumor-specific T cells even when they are
hardly detectable in the tumor itself (24, 131). Injection of IRX-2
was associated with small radiological reductions in tumor size,
including patients with OPSCC (132). In a first analysis, pre-and-
post IRX-2 samples were analyzed and showed marked increases
in CD3+ T cells and CD68+ macrophages (133). In a subgroup of
7 patients pre-and post-samples could be compared, showing
potential increases in CD4+ T cells (6/7) and CD68 macrophages
(4/7) as well as decreases in CD8+ T cells (5/7) patients after
IRX-2 treatment. Unfortunately, HPV status was not determined
but one could envision that most of the responders would have a
HPV-positive tumor. Nanostring analyses using the PanCancer
10360 immune profiling panel confirmed the increases in CD4+
T cells and most markedly in DC as well as in the immune
modulatory cytokines IL-6 and IL-10 (134). Another compound
that indirectly could stimulate the tumor-specific T cell response
is the toll-like receptor 8 (TLR8) agonist motolomid, which is
known to activate monocytes, DCs and NK cells (135).
Treatment of recurrent or metastatic HNSCC patients after the
first 6 cycles of chemotherapy with weekly infusions of
cetuximab with or without motolomid did not result in
improved OS in a trial with n=195 patients. However, in a
prespecified subgroup of n=83 OPSCC patients the motolomid
arm displayed longer PFS and OS when the tumor was induced
by HPV (136), suggesting that motolomid may have boosted the
existing but probably weak HPV-specific T cell response in
these patients.

Other compounds target immune suppressive cells that are
active in the TME. For instance, metformin, which is widely used
as a drug to manage diabetes type 2, has been described to
have anti-cancer effects (137). In mice, metformin increased
the number of tumor infiltrating CD8+ T cells, and the
combination of metformin and a tumor vaccine improved the
multifunctionality of the vaccine-induced CD8+ tumor
infiltrating lymphocytes (TIL) (138). Another potential
mechanism is the effect of metformin on Tregs, as it also
inhibits mammalian target of rapamycin (mTOR). Metformin
treatment for a minimum of 9 days before surgery of HNSCC,
more than half being OPSCC, resulted in a strong decrease of

intratumoral Foxp3+ Tregs and increase of stromal CD8+ T cells
between pre-and post-treatment samples (n=16 HPV+ and n=20
HPV-negative), independent of HPV status (139). Potentially,
metformin treatment may be interesting for HPV+ OPSCC
patients with ongoing tumor immunity. As high numbers of
Tregs have infiltrated those tumors (67), the use of metformin
may tip the balance in favor of spontaneous anti-tumor
responses in these patients, resulting in tumor shrinkage.
Similarly, it may provide benefit in combination with other
types of immunotherapy. Several new immune modulators are
currently tested in the clinic (Table 1).

Checkpoint Blockade Therapy

The use of antibodies that block the interaction between PD-1
and PD-L1 are successfully used in several types of immunogenic
cancers with a high mutation rate (e.g. melanoma, lung cancer)
or induced by the Merkel cell virus (140-142). Several studies
have been reported on the efficacy of such antibodies for the
treatment of HNSCC, including patients with OPSCC (143-147).

In CheckMate 141, a phase III trial, platinum-resistant
patients with recurrent or metastatic tumors were treated with
the anti-PD-1 antibody nivolumab. The response rate was 13.3%
in the nivolumab group versus 5.8% in patients treated with
standard of care. The objective response rate (ORR) to
nivolumab was 15.9% in HPV+ patients while it was 8.0% in
HPV-negative patients (143). The 2-year OS in this study was
16.9% in patients with PD-L1 expression, regardless of the HPV
status (148). Nivolumab also induced clinical benefit in patients
lacking PD-L1 expression, albeit in a lower proportion of
patients (148). Interestingly, continued treatment of patients
with nivolumab with slow progressing disease still resulted in
clinical benefit, irrespective of the HPV status of the tumor. This
was associated with a decrease in the percentage of PD-1+ Tregs
in PBMC (149), suggesting that an ongoing immune response
was present in these patients but which was simply too weak to
be effective. Importantly, nivolumab treatment improved OS
irrespective of prior treatment with cetuximab, an antibody
known for its immune modulating side effects (150-153), albeit
that the reduction in risk of death was lower in pre-treated
patients (154). A similar response rate with PD-1 blockade using
pembrolizumab was found in the KEYNOTE-012 phase Ib study
of 60 patients with recurrent or metastatic tumors with PD-L1
expression. In total 18% of the patients displayed a clinical
response, divided as 25% (4/16) in the HPV+ HNSCC patient
group and 14% (4/29) in HPV-negative group (144).

The PD-L1 antibody durvalumab was tested in the expansion
phase of a phase I/II study for treatment of patients with
recurrent or metastatic tumors, 40% of which were HPV+. The
ORR was 6.5% (4/62) in the total group with 15% in the PD-L1
expressing subgroup and 2.6% in the group with low PD-LI
expression. None of the HPV+ patients showed a response (145).

Another important checkpoint molecule is NKG2A.
Preclinical experiments revealed that anti-NKG2A therapy
promoted tumor immunity and synergized with PD-1
blockade. In addition, it was shown that NKG2A blockade
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TABLE 1 | Immunotherapy in patients with OPSCC.

NCT Phase Number Randomized Treatment Target Setting Previous Number Endpoint Trial
number of arms therapy of Status
patients
OPSCC  Immune modulators
2002182 2 2 No (open ADXS11-0001 vs control  ADXS11-0001: HPV16 E7  Neoadjuvant None 30 HPV+  Safety + IR Active (Not
label) (SoC) (pre-surgery) recruiting)
4106362 2 2 Yes (open RT-CT + Cetuxi vs RT- Cetuxi: anti EGFR First line None 70 HPV+  Efficacy +  Recruiting
label) CT KRA toxicity
variant+
stage llI-IV
4508829 2 1 No (open IMRT + CT + anti EGFR  Anti EGFR Concurrent  SoC (no 52 Efficacy Recruiting
label) moAb RT) (advanced
stage)
OPSCC  Checkpoints (+ combinations)
3144778 1 2 Yes (open Durva vs Durva + Treme  Durva: anti PD-L1 Durva + None 28 stage Safety + IR Active (not
label) Treme: anti CTLA-4 Treme prior II-IVA recruiting)
to surgery
3618134  1/2 1 No (open RT + Durva vs RT + Durva: anti PD-L1 Prior to None 82 HPV+  Safety + Recruiting
label) Durva + Treme Treme: anti CTLA-4 surgery stage -l efficacy
3715946 2 1 No (open RT (reduced) + Nivo Nivo: anti PD-1 Adjuvant Surgery 135 Efficacy Recruiting
label) (primary
tumor)
3799445 2 1 No (open Ipi + Nivo + RT Ipi: anti CTLA-4 First line None 180 HPV+ Safety + Recruiting
label) stage |- efficacy
IVA
Nivo: anti PD-1
3838263 2 2 Yes (2:1; Nivo vs CRT (control) Nivo: anti PD-1 Nivo before  None 61 HPV+  Safety + Recruiting
open label) RT-CT efficacy
3811015 2/3 3 (ncl.  Yes (open IMRT + CT + Nivo vs Nivo: anti PD-1 Nivo post None 744 HPV+ Efficacy +  Recruiting
Cross label) IMRT + CT (control) RT-CT Prognostic
over) biomarker
3952585  2/3 3 Yes (open IMRT + CT vs IMRT Nivo: anti PD-1 Nivo prior to  None 711 p16+ Efficacy Recruiting
label) (reduced) + CT vs Nivo + IMRT
IMRT (reduced) + CT (reduced) +
CT
OPSCC ACT
4015336 2 1 No (open E7 TCR T cells E7 TCR T cells: HPV16 E7  HLA-A0201  None 180 Safety Recruiting
label) HPV16+
stage Il
OPSCC  Vaccines (+ combinations)
3258008 2 1 No (open Utomi + ISA101b Utomi: agonistic CD137 Adjuvant SoC 27 HPV+  Efficacy +  Active (not
label) ISA101b: HPV16 EGE7 toxicity recruiting)
3669718 2 2 Yes (Double  ISA101b + Cemip vs ISA101b: HPV16 E6E7 Adjuvant SoC 194 Efficacy +  Recruiting
blinded) Cemip Cemip: anti PD-1 HPV16+ toxicity
R/M
4001413 2 2 Yes (open Durva vs Durva + Durva: anti PD-L1 Adjuvant SoC 66 HPV+  Efficacy +  Recruiting
label) MEDI0457 MEDI0457: HPV16/18 toxicity
EBGE7
HNSCC  Immune modulators
3088059 2 Multiple  No (open Afatinib, Palbociclib, Afatinib: kinase inhibitor Adjuvant CT 340 R/M Efficacy +  Recruiting
label) Niraparib, Rogaratinib Palbociclib: kinase Biomarker
(BAY1163877) inhibitor
Niraparib: PARP inhibitor
Rogaratinib: FGFR
tyrosine kinase inhibitor
3795610 2 1 No (open IPI-549 IPI-549: PI3Ky inhibitor Neoadjuvant  None 15 PI3Ky Recruiting
label) (pre-surgery) advanced  changes +
IR+
toxicity
HNSCC  Checkpoints (+ combinations): Ipilimumab
1935921 1 1 No (open Ipi + cetuxi +RT Ipi: anti CTLA-4 Concurrent  None 19 stage Dose Active (not
label) Cetuxi: anti EGFR -V finding + recruiting)
efficacy +
biomarkers
(Continued)
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TABLE 1 | Continued

NCT Phase Number Randomized Treatment Target Setting Previous Number Endpoint Trial
number of arms therapy of Status
patients
HNSCC  Checkpoints (+ combinations): Nivolumab
2741570 3 2 Yes (open Nivo + ipi vs SoC Nivo: anti PD-1 First line None 947 RM Efficacy Active (not
label) Ipi: anti CTLA-4 recruiting)
2764593 1 4 No (open Nivo + CT + IMRT, Nivo  Nivo: anti PD-1 Neoadjuvant  None 40 stage  Toxicity Active (not
label) + high CT + IMRT, Nivo  Cetuxi: anti EGFR (pre-RT) =\ recruiting)
+ Cetuxi + RT, Nivo +
IMRT
2823574 2 2 Yes (double  Nivo + ipi vs nivo Nivo: anti PD-1 Adjuvant None 675 R/M Efficacy Active (not
blinded) (control) Ipi: anti CTLA-4 recruiting)
2834013 2 No (open Nivo + ipi vs nivo Nivo: anti PD-1 Adjuvant SoC 818 PD Efficacy +  Recruiting
label) (control) Ipi: anti CTLA-4 (rare toxicity
tumors)
3247712 1/2 4 No (open Nivo + RT Nivo: anti PD-1 Neoadjuvant  None 28 (eligible  Safety + Recruiting
label) (pre-surgery) for feasibility +
surgery) efficacy
3317327 172 1 No (open Nivo Nivo: anti PD-1 Neoadjuvant  SoC 20R Safety + Recruiting
label) (pre-RT) efficacy
3341936 2 1 No (open Nivo + Liri Nivo: anti PD-1 Neoadjuvant  SoC 58 R Safety + Recruiting
label) Liri: anti KIR2DL1/2L.3 (pre-salvage efficacy
surgery)
3406247 2 2 No (open Nivo alone vs nivo + ipi Nivo: anti PD-1 Adjuvant Salvage 140 PR Safety + Not yet
label) Ipi: anti CTLA-4 surgery efficacy recruiting
after RT
3620123 2 2 Yes (open Nivo + ipi vs docetaxel Nivo: anti PD-1 Palliative SoC 280 R/M Efficacy Recruiting
label) Ipi: anti CTLA-4
3854032 2 2 Yes (open Nivo + BMS-986205 vs  Nivo: anti PD-1 Neoadjuvant None 48 stage Efficacy +  Recruiting
label) Nivo BMS-986205: IDO1 (pre-surgery) IV (non IR+
inhibitor R) toxicity
4080804 2 3 Yes (open Nivo + ipi vs nivo + Nivo: anti PD-1 Neoadjuvant None 60 Safety + IR Recruiting
label) Relatlimab vs nivo Ipi: anti CTLA4 (pre-surgery) advanced  + efficacy
Relatlimab: anti LAG3
HNSCC  Checkpoints (+ combinations): Pembrolizumab
2296684 2 1 No (open Pembro Pembro: anti PD-1 Neoadjuvant  None 66 stage Efficacy +  Recruiting
label) (pre-surgery) -V toxicity
2586207 1 1 No (open Pembro + CRT Pembro: anti PD-1 Concomitant  SoC 57 stage Safety + Active (not
label) -V QoL recruiting)
2707588 2 2 Yes (open Pembro + RT vs Cetuxi + Pembro: anti PD-1 Concomitant  SoC 138 Efficacy +  Active (not
label) RT advanced  toxicity + recruiting)
Cetuxi: anti EGFR p16/HPV QoL
+impact
2718820 1/2 1 No (open Pembro + docetaxel Pembro: anti PD-1 Adjuvant SoC 22 R/M Efficacy +  Active (not
label) QoL + recruiting)
toxicity
2769520 2 1 No (open Pembro Pembro: anti PD-1 Adjuvant Surgery 45R Efficacy +  Recruiting
label) toxicity
2775812 1 1 No (open Pembro + CT + IMRT Pembro: anti PD-1 Concomitant  SoC 37 stage RP2D + Active (not
label) CT: cisplatin -V (high  efficacy +  recruiting)
risk) toxicity +
biomarkers
2777385 2 2 Yes (open Pembro + CT + IMRT Pembro: anti PD-1 Adjuvant SoC 90 (non M) Efficacy +  Recruiting
label) CT: cisplatin toxicity
2819752 1 2 No (open Pembro + CRT Pembro: anti PD-1 Concomitant  SoC 36 stage MTD + Active (not
label) IV (HPV+  toxicity + recruiting)
vs HPV-) efficacy
2841748 2 2 Yes (double-  Pembro vs placebo Pembro: anti PD-1 Adjuvant SoC 100 stage  Efficacy Recruiting
blinded) -1V (high
risk)
3082534 2 4 No (open Pembro + Cetuxi Pembro: anti PD-1 Concurrent  SoC 83 R/M Efficacy Recruiting
label) Cetuxi: anti EGFR
(Continued)
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TABLE 1 | Continued

NCT Phase Number Randomized Treatment Target Setting Previous Number Endpoint Trial
number of arms therapy of Status
patients
3383094 2 2 Yes (open Pembro + IMRT vs IMRT  Pembro: anti PD-1 Concurrent ~ None 114 p16+ Efficacy +  Recruiting
label) + CT (control) + adjuvant stage llI-IV  toxicity
3546582 2 2 Yes (open Pembro + RT vs RT Pembro: anti PD-1 Adjuvant RT 102 Ror  Safety + Recruiting
label) second efficacy
primary
3695510 2 1 No (open Afatinib + Pembro Afatinib: kinase inhibitor Adjuvant SoC 29 R'M Efficacy +  Recruiting
label) Pembro: anti PD-1 toxicity
HNSCC  Checkpoints (+ combinations): Pembro
4193293  1/2 1 No (open Duvelisib + pembro Duvelisib: PI3K inhibitor Adjuvant SoC 30 R/M DLT + Recruiting
label) Pembro: anti PD-1 efficacy +
safety
HNSCC  Checkpoints (+ combinations): Durvalumab
2551159 3 3 Yes (open Durva vs durva + treme ~ Durva: anti PD-L1 First line None 823 R/M Efficacy +  Active (not
label) vs SoC Treme: anti CTLA-4 PK+ IR +  recruiting)
QoL
2827838 2 1 No (open Durva Durva: anti PD-L1 Neoadjuvant  None 20 stage IR vs HPV  Recruiting
label) (pre-surgery) =\ status
2997332 1 1 No (open Durva + CT Durva: anti PD-L1 Adjuvant SoC 36 Safety + Recruiting
label) advanced RP2D
3051906  1/2 1 No (open Durva + cetuxi + RT Durva: anti PD-L1 Adjuvant SoC 69 Efficacy +  Not yet
label) Cetuxi: anti EGFR advanced  toxicity recruiting
3088059 2 Multiple  No (open SoC, IPH2201 or durva  IPH2201: anti NKG2A Adjuvant CT 340 R/M Efficacy +  Recruiting
label) Durva: anti PD-L1 Biomarker
3258554  2/3 2 Yes (open RT + durva vs RT + Durva: anti PD-L1 Adjuvant SoC 523 stage DLT + Recruiting
label) cetuxi Cetuxi: anti EGFR -V efficacy
+QolL
3426657 2 1 No (open Durva + treme + + CT +  Durva: anti PD-L1 Adjuvant CcT 120 Feasibility ~ Recruiting
label) RT Treme: anti CTLA-4 advanced + IR +
toxicity +
efficacy
3509012 1 8 No (open Durva + treme + CRT Durva: anti PD-L1 Adjuvant SoC 360 Toxicity +  Active (not
label) Treme: anti CTLA-4 advanced efficacy recruiting)
3529422 2 1 No (open Durva + Treme + RT Durva: anti PD-L1 Adjuvant Surgery 24 stage Safety + Recruiting
label) Treme: anti CTLA-4 -V (non  efficacy
M)
HNSCC  Checkpoints (+ combinations): others
2999087 3 4 Yes (open Avelu + cetuxi + RT vs Avelu: anti PD-L1 None 688 Efficacy Recruiting
label) cetuxi + RT vs CRT Cetuxi: anti EGFR advanced
4129320 2/3 4 Yes (open Enoblitu + MGAO12 vs Enoblituzumab: anti B7H3 None 750 R/M Efficacy +  Not yet
label) Enoblitu + MGAO12 + CT (MGA271) toxicity + recruiting
vs MGAO12 + CT vs MGAO12: anti PD-1 IR + QoL
Pembro + CT (control)
Pembro: anti PD-1
2274155 1 3 No (open MEDI6469 MEDIB469: OX40 agonist  Neoadjuvant None 17 Safety + Active (not
label) (pre-surgery) advanced feasibility + recruiting)
IR+
efficacy
HNSCC ACT
3083873 2 5 No (open LN-145 non- autologous TIL Adjuvant SoC 55 R/M Efficacy +  Recruiting
label) cryopreserved vs safety
cryopreserved
3578406 1 2 Yes (open TCR-T with or without HPV16 E6-specific T cells  Adjuvant SoC 20 HPV16 MTD Recruiting
label) anti PD-1 secreting +R/M
element
HNSCC  Vaccine (+ combinations)
1998542 2 1 No (open AlloVax + CRCL + AlloVax Adjuvant SoC 12 R/M Safety + Completed
label) AlloStim CRCL: chaperone rich cell efficacy
lysate
AlloStim: adjuvant
(Continued)
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TABLE 1 | Continued

NCT Phase Number Randomized Treatment Target Setting Previous Number Endpoint Trial
number of arms therapy of Status
patients
2865135 1b/2 1 No (open DPX-E7 DPX-E7:HPV16 E74.19 Adjuvant SoC 44 HPV+  Safety + Active (not
label) HLA-A*02  efficacy recruiting)
+
3162224 1b/2a 1 No (open MEDI0457 + Durva MEDI0457: HPV16/18 Adjuvant SoC 35 HPV+  Safety + Active (not
label) EBE7 R/M efficacy recruiting)
Durva: anti PD-L1
3260023  1b/2 1 No (open TG4001 + Avelu TG4001: HPV16 EGE7 Adjuvant SoC 52 HPV+  Safety + Recruiting
label) Avelu: anti PD-L1 R/M DLT (+
efficacy in
phase Il)
3633110  1/2 2 No (open GEN-009 vs GEN-009 + GEN-009: neoepitope Adjuvant SoC 99 NED Safety + IR Active (not
label) anti PD-1 SLP vaccine + efficacy  recruiting)
Anti PD-1: nivo or pembro
3946358 2 1 No (open UCPVax + Atezo UCP: telomerase derived  Adjuvant SoC 47 HPV+  Efficacy +  Recruiting
label) advanced/ QoL
M
4180215  1/2 Multiple  No (open HB-201 (IV or IT) vs HB-  HB-201: HPV16 E7E6 Adjuvant SoC 100 HPV+ Dose Recruiting
label) 201 + Cl finding +
toxicity
4287868  1/2 2 No (open PDS0101 + M7824 + PDS0101: HPV Adjuvant SoC 40 HPV+  Safety + Recruiting
label) NHS-IL12 M7824: anti PD-L1/TGFB advanced/  efficacy
NHS-IL12: IL12 M
4432597  1/2 4 No (open PRGN-2009 vs PRGN- PRGN-2009: HPV Neoadjuvant SoC 70 HPV+  Safety + Recruiting
label) 2009 + M7824 M7824: anti PD-L1/TGFB  or induction R/M efficacy

Clinical trials studying immunotherapy in patients with OPSCC and HNSCC (including OPSCC). Afatinib, protein kinase inhibitor, highly selective irreversible ErbB family blocker
(including EGFR); AlloStim, living cell product, consisting of activated allogeneic type 1 CD4™ memory T cells containing cytolytic activity and have the following phenotype
CD45R0O", CD62L"°, CD40L", CD25*, IFN-gamma®, IL-4°, granzyme*, and perforin*, and is used as adjuvant; Avelu, avelumab (anti PD-L1 antibodly); Cemip, Cemiplimab
REGN2810 (anti PD-1 antibody), Cetuxi, cetuximab (anti EGFR antibody); CRCL, chaperone rich cell lysate as source of tumor antigens prepared from autologous tumor; CRT,
chemoradiation therapy,; CT, chemotherapy,; CTLA-4, cytotoxic T lymphocyte antigen 4, DLT, dose limiting toxicity; Durva, Durvalumab (anti PD-L1 antibody); EGFR, epidermal
growth factor receptor; Enoblitu, Enoblituzumab (anti B7H3/CD276 antibody); FGFR, fibroblast growth factor receptor; HB-201, arenavirus vector-based vaccine expressing
inactivated fusion protein HPV16 E7E6; HLA, human leukocyte antigen; HNSCC, head and neck squamous cell carcinoma (including OPSCC); HPV, human papillomavirus; IDO-
1, indoleamine 2,3-dioxygenase-1; IMRT, intensity modulated radiotherapy; IPH2201, Monalizumab (anti NKG2A antibody); Ipi, ipilimumab (anti CTLA-4); IR, immune response;
KIR, killer cell immunoglobulin-like receptor; LAG-3, lymphocyte activation gene 3, Liri, Lirilumab (anti KIR2DL1/2L3 antibodly); LN-145, Lifileucel, autologous TIL adoptively
transferred with addition of IL-2 in patients receiving a nonmyeloablative lymphocyte depletion; M, metastatic cancer patients; M7824, bintrafusp alfa, fusion protein, bispecific
antibody directed to TGF-beta and PD-L1; MEDI0O457, INO-3112 HPV DNA vaccine; MoAb, monoclonal antibody; MTD, maximum tolerated dose; NED, no evidence of disease
anymore after treatment,; Nivo, Nivolumab (anti PD-1 antibody); NKG2A, natural killer group 2A inhibitory receptor, ligand of HLA-E; OPSCC, oropharyngeal squamous cell
carcinoma, P, primary tumor; PARP, poly ADP ribose polymerase enzyme; PD, progressive disease; PD-1, programmed cell death protein 1; Pembro, Pembrolizumab (anti PD-
1 antibody); PD-L1, programmed cell death ligand 1; PISK, Phosphatidylinositol-3-kinase; PK, pharmacokinetics; R, recurrent cancer patients; RT, radiotherapy; QoL, quality of
life; RP2D, recommended phase 2 dose;, R/M, recurrent/metastasis patients; RT-CT, radiotherapy-chemotherapy (standard therapy); SLP, synthetic long peptide; SoC,
standard of care therapy; TCR, T cell receptor; TCR-T, engineered T cells bearing HPV EG6 specific TCR and armed with PD-1 antagonist that will be secreted; TG-4001, Vaccinia
vector (MVA)-HPV16E6/E7-IL2 vaccine; TIL, tumor infiltrating lymphocytes; Treme, Tremelimumab (anti CTLA-4); UCPVax, Universal cancer peptides (UCP2 and UCP4)
derived from telomerase, a CD4 T helper type 1 inducer cancer vaccine; Utomi, utomilumab (agonistic anti CD137 antibody).

improved the efficacy of tumor vaccines and adoptive cell  expected. The majority of HPV+ patients with recurrent or metastatic
therapy (ACT) (96, 97). The humanized NKG2A antibody  tumors most likely are those in whom there was no or a very weak
monalizumab was tested together with cetuximab in previously — intratumoral T-cell response to HPV during first line treatment and it
treated recurrent or metastatic tumors, including 32% OPSCC. A is known that checkpoint blockade works best in patients with a pre-
preliminary report on the outcome of the trial revealed a  existing tumor-specific immune response (155). Hence, in OPSCC
confirmed clinical partial response (PR) in 8 out of 26 patients these therapies should be combined with modalities that enhance the
(31%) and stable disease (SD) in 14 out of 26 patients, which was tumor-reactive T cell response in patients.
regarded as promising when compared to historical cetuximab
data (96). Adoptive Cell Therapy

In comparison to the high ORR in virus-driven Merkel cell ~ The infusion of large numbers of tumor-reactive T cells, being
carcinoma after checkpoint therapy (56% (142)), the response in either ex-vivo expanded TILs, T-cell receptor (TCR) transduced T
HPV+ patients to checkpoint therapy is disappointingly low.  cells or chimeric antigen receptor (CAR)-T cells is one way to
However, in view of the fact that patients with both an HPV+  enhance the number of tumor-reactive T cells and has proven to
tumor and a strong immune response to HPV display an excellent  be clinically effective in patients with advanced cancer (156-158).
response to standard of care therapy (6, 24), this result was to be  The presence of two strong tumor-specific antigens E6 and E7 in
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HPV-driven cancers provides the opportunity to specifically
stimulate and expand tumor-specific T cells for ACT.
Stimulation of peripheral blood lymphocytes with overlapping
peptide pools resulted in the expansion of HPV16-specific T cells
in 33 of 52 HPV16+ OPSCC patients. Most of the cell cultures
comprised HPV16-specific CD4+ T cells and infrequently CD8+
T cells with the capacity to kill target tumor cells (122). A highly
reproducible method to stimulate these cells under good
manufacturing practice (GMP)-conditions resulted in the
expansion of IFNy-producing HPV-specific CD4+ T cells (11 of
11 cases) and CD8+ T cells (3 of 11) cases (131). In a phase Il ACT
trial, one out of 5 OPSCC patients resolved most of the metastatic
lesions (complete response, CR) except for one brain metastasis,
which was resected. Responding patients received higher numbers
of IFNy-producing HPV-specific TILs and the frequency of HPV-
specific T cells in the blood one month after ACT correlated with
clinical outcome. The question is how HPV-specific ACT will be
used as most patients of whom their primary tumors display HPV-
specific TIL reactivity respond well to chemoradiation while the
tumors of most patients with recurrent disease are expected to
contain no or few HPV-specific TILs (6). If present in the tumor,
ex-vivo expansion and reinfusion of HPV-specific TIL may help to
prevent or to reduce chemoradiation as primary treatment.

The absence of HPV-specific T cells mandates alternative
approaches such as the infusion of ex-vivo TCR-transduced
autologous T cells. Draper et al. reported the isolation of an
HLA-A*0201 restricted HPV16 E6,9.35-specific TCR from a
patient with HPV16-induced anal cancer. The use of this TCR
is expected to contribute to tumor immunity as the tumor site
was highly enriched for this TCR clonotype when compared to
blood and T cells transduced with this TCR were shown to
recognize several HPV16+ cell lines of different origins (159).
Another study reported the isolation of an HLA-DRB1*04
restricted TCR reactive to the HPV16 E7;yg9 epitope. TCR-
transduced cells were shown to specifically produce IFNy when
stimulated with HPV16 E6 and E7 containing tumor lysate (160).
The isolation of TCR responsive to HPV epitopes restricted by a
series of HLA class I and II molecules will lead to a warehouse of
HPV-specific TCR required for personalized treatment of
patients with recurrent or metastatic HPV-induced OPSCC.
Currently, the use of T cells transgenic for an E7-specific TCR
is tested in the clinic (Table 1). The fact that most mutations
(neoantigens) are patient specific makes a similar approach for
HPV-negative OPSCC complicated but not impossible (161).

Vaccines

Therapeutic vaccination is another option to increase the
number of tumor-reactive T cells in OPSCC, preferentially
against tumor-specific epitopes created by DNA mutations or
oncogenic viruses. Based on a whole series of different trials it
was concluded that the induction of tumor reactivity correlated
with clinical outcome after vaccination in patients with pre-
cancers or in settings of low tumor burden, and with tumor
regressions if broad type 1 T cell reactivity was established (162).
The treatment of most established cancers will require the
combination of therapeutic vaccination with other modalities
to overcome immune suppression and escape (163).

Two types of vaccines, one aiming to induce responses to
MAGE-A3 and HPV and the other aiming to induce T-cell
reactivity against p53 (for HPV-negative tumors) were tested in
groups of HNSCC patients, including 30-40% OPSCC patients.
These vaccines displayed a weak immunogenicity and did not
alter clinical outcome (164, 165).

However, in a single arm phase II trial, designed based on the
observation that HPV16+ OPSCC patients lacking tumor
infiltration with HPV16-specific T cells are most likely the
ones that are diagnosed with incurable HPV16+ cancer (6, 24)
and that PD-1 checkpoint therapy has most impact in patients
with pre-existing tumor-specific T cell responses (155), HPV16+
OPSCC patients received a combined treatment with ISA101 and
nivolumab (146). ISA101 is an HPV16 -E6 and -E7-specific
synthetic long peptide vaccine, which previously was shown to
induce CR and PR in patients with HPV16-induced high-grade
but premalignant disease (166, 167). The ORR of 33% and
median OS of 17.5 months was regarded promising (146) when
compared to PD-1 inhibition only in a similar patient group (143)
or when compared to the study with durvalumab in which none of
the HPV+ patients responded (145). A randomized trial
comparing the efficacy of PD-1 blockade alone versus
vaccination + PD-1 blockade is underway (Table 1). The
outcome of the combination ISA101 and nivolumab trial argue
for tumor-specific vaccination strategies. Approaches to stimulate
the neoantigen repertoire are also warranted for the treatment of
in particular HPV-negative OPSCC, similar to what has been done
in other types of cancers (168-170).

Another option to stimulate tumor-reactive T cells might be
through irradiation, as this has been shown to result in the
release of antigens from tumor cells as well as in the induction of
proinflammatory signals that trigger the innate immune system
(171). Upon radiation, the tumor may serve as an in situ vaccine
with the capacity to activate tumor-specific T cells. Spurred by
the results with checkpoint blockade after radiation therapy in
lung cancer (172), new trials are initiated in patients with
HNSCC, including OPSCC (Table 1), using radiotherapy and
checkpoint inhibition together or in combination with
chemotherapy (173-175). The feasibility of using PD-L1
antibody avelumab with conventional cetuximab-radiotherapy
as an alternative for advanced stage OPSCC patients unfit for
cisplatin treatment was tested in a phase I study with 8 patients
with OPSCC, 4 of which were HPV+. Immune toxicity was
transient and manageable, and objective responses were observed
in 4 of 6 evaluable OPSCC patients (3 complete responses and
one partial response), including 3 HPV+ patients (176).

PRECLINICAL DEVELOPMENTS

There are several mouse models for HPV+ HNSCC. Study of cell
surface proteins expressed by MTEC tumors, made from mouse
tonsillar epithelial cells that are transformed by HPV16 E6, E7, and
hRAS, showed the expression of CD47 (177). By binding to signal-
regulatory protein alpha (SIRP-alpha) expressed on antigen
processing cells, this transmembrane molecule blocks the
phagocytosis and clearance of cells expressing CD47, resulting in
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the suppression of innate and adaptive anti-tumor responses.
Targeting of CD47 using antibodies in rituximab-refractory non-
Hodgkin’s lymphoma re-sensitized about 50% of these patients (178).
The CD47-SIRP-alpha axis can also be targeted pharmacologically
(179). The efficacy of radiation, which is a key component of the
standard of care treatment for OPSCC, was shown to depend on
intact T cell responses and was improved after CD47 knock-down in
MTEC tumors (177), suggesting that CD47 may also play a key role in
regulating immunity and as such the efficacy of standard of care
treatment in OPSCC. Another study with mEER tumor cells, derived
from the metastases of an HPV+ oropharyngeal murine cancer,
injected into the flank of mice showed that the response to standard
cisplatin-radiation therapy could be improved by adding
cyclophosphamide and an inducible nitric oxide synthase (iNOS)
inhibitor. Standard therapy did not alter the tumor
microenvironment, which remained cold as indicated by high
numbers of immune suppressive immune cells (MDSC, Tregs) and
low numbers of T cells, M1 macrophages, and DCs (180). The
addition of cyclophosphamide to the standard treatment converted
treated tumors to hot but the combination with the iNOS inhibitor
resulted in a strong influx of CD8+ and CD4+ Thl1 cells as well as lead
to durable control of established tumors (180). The use of cisplatin
chemotherapy has been shown to increase tumor immune
infiltration (181) and tumor cell killing by tumor necrosis factor
alpha (TNFo)-producing T cells (182). The use of a low dose cisplatin
was also shown to augment the effects of an adenovirus-based
oncolytic virus therapy of subcutaneously injected mEER tumors.
The effects of the oncolytic virus were clearly CD8+ T cell dependent
and cisplatin was shown to augment the infiltration of the mEER
tumors with HPV16 E7-specific CD8+ T cells (183). Interestingly, the
anatomical location of the mEER tumors had a profound impact on
the composition of the tumor infiltrating immune cells (184), quite
reminiscent of what was observed in patients with HPV16-induced
OPSCC and cervical cancer (24). Orthotopic injection of mEER
tumor cells resulted in a much more inflamed tumor immune
microenvironment, reflected by higher numbers of tumor-
infiltrating CD8+ T cells and a stronger type 1 and 2 gene
signature, than when these tumor cells were injected in the flank.
Moreover, whereas the orthotopic growing mEER tumors were
directly responsive to treatment with anti-PD-1 (> 50% survival)
and even better to the combination of anti-PD-1 and anti-CTLA-4 (>
90% survival), flank injected tumors did not show any response to
PD-1 blockade alone whereas only 40% responded to the
combination treatment. Intratumoral injections of STING agonist,
to increase IFN signaling, resulted in a strong decrease of Tregs and
MDSC and an almost complete eradication of flank tumors (184).
The decrease of immune suppressive immune cells in flank-injected
mEER tumors seems essential for a better outcome after both
standard chemoradiation (180) and immunotherapy (184).

PERSPECTIVES

The use of 15 parameter flow cytometry, the development of over
30 marker panels by mass cytometry and the introduction of
unbiased bioinformatical approaches to cluster cells based on the

expression of all proteins assessed have led to a much better
definition and quantification of the immune cell phenotypes that
are present in OPSCC, solved debates on the prognostic role of
certain subtypes and led to the identification of subtypes strongly
associated with clinical outcome. The use of single cell RNA
sequencing to study the transcriptome of intratumoral cells has
provided new means to identify subtypes of immune cells and
understand their functional properties as well as defined gene
expression signatures with clinical outcome. In a first study of 26
patients with all types of HNSCC, including 7 OPSCC, the
transcriptional signatures in helper CD4+ T cells and B cells
were quite divergent between HPV-negative and HPV+ tumors,
whereas that of CD8+ T cells and Tregs was quite similar (185).
These results may not necessarily reflect a difference caused by
HPV but can be caused by the different types of tumor and their
location (6, 24, 184). In a similar, but purely OPSCC and T cell
focused transcriptome study, highly active tumor resident and
tumor-reactive populations of CD4+ and CD8+ T cells that
displayed actionable checkpoints were found in OPSCC (45).
Whilst these techniques give an unprecedented insight in the
complexity of the immune infiltrate of tumors, they lack the
spatial information on each cell. The fact that a fairly simple
classification based on the distribution of T cells has a major
impact on prognosis and response to immunotherapy stresses
the importance of such analyses (27). Multispectral imaging
using the Vectra not only allows for a more in-depth analyses
of different types of immune cells within the same tumor section
but also to study their interaction. The use of mass cytometry
based imaging allows for many more markers to be studied in a
spatial context (186) and one can foresee that this will bring a
much deeper understanding on the types of cells in the TME as
well as their interaction and how this affect clinical outcome.

The much better outcome of HPV+ OPSCC compared to their
HPV-negative counterparts after standard of care therapy prompted
discussions on de-intensified treatments, specifically with respect to
the dose of cisplatin chemotherapy (15), but this led to inferior
survival (17). It should be realized that the reason why patients with
HPV+ tumors do better on this standard therapy is because of their
extensive immune infiltration and this is enhanced by cisplatin (67,
180). Thus, rather than downscaling the use of chemotherapy one
should consider to make optimal use of it. For instance, by taking
advantage of the fact that chemotherapy may remove some of the
immunosuppressive mechanisms that are at play in HPV-induced
cancers (187, 188). Rational combination of the immunomodulatory
properties of chemotherapy and radiation that turns up the heat in
tumors are highly warranted. Based on a recent publication on
therapeutic vaccination (189), it is unlikely that checkpoint therapy
or ACT approaches will manage to do this. Potentially, oncolytic virus
therapy may aid in this (NCT02626000).

Finally, checkpoint therapy has only limited effect in patients
with head and neck cancer. One of the problems may be that
these patients failed to or mounted only a weak response to
tumor antigens. Whereas this can be achieved with therapeutic
vaccines in patients with HPV+ tumors, this is more difficult
when the tumor antigens are unknown, as is the case in HPV-
negative OPSCC. To increase the number of tumor-reactive T
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cells, approaches are undertaken to either transfer TCR
transgenic T cells into patients or by isolation and expansion
of T cells which are most likely to be enriched for tumor-reactive
T cells using the expression of the activation markers CD137,
PD-1, or CD39 to select the T cells (190-193). These approaches
have mostly targeted tumor-reactive CD8+ T cells, but in view of
the important role (194-196) and efficacy of tumor-reactive
CD4+ T cells (197-199) strategies to rapidly isolate that
specific T cell fraction are needed. This may be achieved using
the expression of CD39 on tumor-infiltrating CD4+ T cells (45).
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Objective: Determine the presence and prognostic value of human papillomavirus (HPV),
Epstein-Barr virus (EBV), Merkel cell polyomavirus (MCPyV), and cell cycle proteins in
head and neck squamous cell carcinoma (HNSCC) of non-smokers and non-drinkers
(NSND).

Methods: Clinical characteristics and tumors of 119 NSND with HNSCC were
retrospectively collected and analyzed on tissue microarrays. RNAscope in situ
hybridization (ISH) was used to screen for the presence of HPV and MCPyV mRNA.
Immunohistochemistry was performed for expression of p16 as surrogate marker for
HPV, Large T-antigen for MCPyV, and cell cycle proteins p53 and pRb. Positive virus
results were confirmed with polymerase chain reaction. For EBV, EBV encoded RNA ISH
was performed. Differences in 5-year survival between virus positive and negative tumors
were determined by log rank analysis.

Results: All oropharyngeal tumors (OPSCC) (n = 10) were HPV-positive, in addition to one
oral (OSCC) and one nasopharyngeal tumor (NPSCC). The other three NPSCC were EBV-
positive. MCPyV was not detected. Patients with HPV or EBV positive tumors did not have
a significantly better 5-year disease free or overall survival. Over 70% of virus negative
OSCC showed mutant-type p53 expression.

Conclusion: In this cohort, all OPSCC and NPSCC showed HPV or EBV presence.
Besides one OSCC, all other oral (n = 94), hypopharyngeal (n = 1), and laryngeal (n = 9)
tumors were HPV, EBV, and MCPyV negative. This argues against a central role of these
viruses in the ethiopathogenesis of tumors outside the oro- and nasopharynx in NSND. So,
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for the majority of NSND with virus negative OSCC, more research is needed to understand
the carcinogenic mechanisms in order to consider targeted therapeutic options.

Keywords: head and neck cancer, human papillomavirus, Epstein—-Barr virus, polyomavirus, non-smokers, non-
drinkers, cell cycle protein, in situ hybridization

INTRODUCTION

Viruses play an increasing role in head and neck squamous cell
carcinoma (HNSCC). High-risk human papillomavirus (HPV)-
positive oropharyngeal squamous cell carcinoma (OPSCC) has
been identified as an entity with a different carcinogenesis than
traditional HNSCC resulting from excessive tobacco and alcohol
consumption. HPV is also an independent prognostic factor for a
better disease free survival (DFS) and overall survival (OS),
which has led to a down staging of these tumors in the eighth
edition of the American Joint Committee on Cancer (AJCC) and
union for International Cancer Control tumor-node-metastasis
(TNM) classification (1-3). Because of the better prognosis, de-
escalation strategies are proposed for HPV-positive OPSCC
patients (4). The prevalence of HPV-positive OPSCC is rising
in the Western World. A HPV prevalence above 50% has already
been reported in America, Europe, and Australia, based on HPV
DNA in combination with either E6*I mRNA or plé6
immunohistochemistry (IHC) detection (5, 6). Combining
these HPV detection methods has been recommended because
only OPSCC with transcriptionally active HPV is related to a
better survival compared to biologically inactive infections (7, 8).

Another virus known for its carcinogenic potential in the
head and neck region is the Epstein-Barr virus (EBV). EBV has a
strong association with nasopharyngeal squamous cell
carcinoma (NPSCC), approaching a prevalence of 100% in
these tumors, and is endemic in Southern China, Southeast
Asia, Northern Africa, and the Mediterranean basin (9, 10). It
is suggested to cause an immunosuppressive microenvironment
in these tumors, among others via PD-L1 overexpression,
making these patients interesting candidates for checkpoint
blockade therapy (10). Detection of EBV presence can be
performed reliably with EBV encoded RNA (EBER) in situ
hybridization (ISH) (9, 11).

Lately, besides these acknowledged oncogenic viruses,
there is attention for polyomaviruses in HNSCC. Merkel cell
polyomavirus (MCPyV) has not only been detected by digital
transcriptome subtraction and polymerase chain reaction (PCR)
in up to 80% of Merkel cell carcinoma of the skin, but also in
non-malignant tonsillar tissue, oral squamous cell carcinoma
(OSCC), and pharyngeal cancer, with a reported prevalence of
23, 6.6-29, and 50% respectively (12-17). Although it was
thought not to play a role in oral carcinogenesis because of low
viral loads detected with quantitative real-time PCR, the presence
of MCPyV appears to be predictive for a better DFS (16).

Cell cycle deregulation plays a central role in head and neck
carcinogenesis, with frequent inactivation of TP53 and CDKN2A,
leading to cell proliferation and prevention of apoptosis, among
others. In HPV-related OPSCC, HPV integration in the host cell
DNA genome leads to deregulation of oncoproteins E6 and E7,

resulting in inactivity of p53 and retinoblastoma tumor suppressor
gene product pRb, respectively. The negative feedback of pRb
inactivation leads to p16 overexpression (18). In EBV infected
NPSCQC, it has been suggested that the cell cycle pathway is the
most deregulated pathway, promoting the progression of the G1/S
phase via inhibition of p16 expression and pRb overexpression
(19). For MCPyV, oncogenetic transformation requires both
integration of the viral genome into the host genome and
truncation of the Large T-antigen (LTAg) to render the viral
genome replication deficient (20). LTAg mutations disrupt the
DNA binding domain and the helicase domain distal to the pRb-
binding motif, thereby promoting cell cycle progression by
retaining its ability to bind to pRb (20, 21).

There is a small group of HNSCC patients without any
exposure to the traditional risk factors. The mechanisms
underlying carcinogenesis in these non-smokers and non-
drinkers (NSND) remain largely unclear, but a significant role
of oncogenic viruses would be expected. Indeed, a higher
prevalence of HPV in these tumors has been reported in
several studies, though in small numbers of patients (22-25).
Therefore, the goal of this study was to determine the presence of
HPV, EBV, and MCPyV in a series of 119 well-characterized
NSND with HNSCC. Secondary analyses evaluate differences in
tumor suppressor proteins pl6, p53, and pRb expression
regarding viral presence and whether the presence of these
viruses is predictive for a better DFS and OS.

MATERIALS AND METHODS

Patients

Consecutive patients with HNSCC were selected at the University
Medical Center Utrecht (UMCU) and Maastricht University
Medical Center (MUMC). In the UMCU, patients were
prospectively selected between 1980 and 2004, as described
previously (26). In the MUMC, HNSCC patients have been
selected retrospectively between 2011 and 2016, in addition to
all patients with OPSCC between 2003 and 2010. Inclusion
criteria were: >18-years-old NSND patients with HNSCC,
available formalin fixated and paraffin embedded (FFPE) tumor
tissue, and >2 years follow up. Patient characteristics, risk factors,
World Health Organization tumor classification, AJCC seventh
edition staging, and information concerning recurrent disease or
death were collected from the medical records. Non-smoking was
defined as having no history of smoking, non-drinking as having
no history of alcohol consumption (not even ‘sporadic’ alcohol
consumption), as reported in the patients’ medical records during
both their first presentation at the Head and Neck outpatient
clinic, as well as during the anesthesiological screening before
panendoscopy or surgical resection. Patients with a second
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primary tumor in the head and neck region, tumors outside the
upper aerodigestive tract, a cervical metastasis of unknown origin,
or a histopathologic diagnosis other than squamous cell
carcinoma were excluded.

The Medical Ethics Review Committee of the MUMC (2018-
0567) has approved this study and the principles outlined in the
Declaration of Helsinki were followed. All data and tissues were
handled according to General Data Protection Regulation.

Tissue Microarrays

FFPE blocks of either the diagnostic biopsy or tumor resection
were retrieved and hematoxylin and eosin sections were digitally
evaluated with a senior head and neck pathologist (SW or MH),
using Pannoramic viewer (3DHISTEC, Budapest, Hungary). Per
patient, three 0.6mm tumor tissue cores and one normal
epithelium core were selected, placed in a tissue microarray
(TMAs), and cut into 5 pm sections.

RNA In Situ Hybridization
To screen for the presence of HPV and MCPyV mRNA, the
RNAscope 2.5 RED assay kit and HPV-16/18 or V-MCPyV-LT-
ST-Ag probe cocktails (Advanced Cell Diagnostics, Newark,
California) were used according to the manufacturer’s
instructions. In short, TMA sections were deparaffinized and
pretreated with RNAscope Hydrogen Peroxide for 10 min.
Antigen retrieval comprised of boiling the slide sections in the
provided Target Retrieval Reagents solution at 100°C for 15 min.
After washing, the TMAs were dried over night at room
temperature and treated for 30 min with RNAscope Protease
Plus. In situ hybridization was performed applying four droplets
of the provided probes prior to each of the six amplification steps
(30 min at 40°C, 15 min at 40°C, 30 min at 40°C, 15 min at 40°C,
30 min at room temperature, and 15 min at room temperature,
respectively). After each hybridization step, the slides were
washed in the RNAscope wash buffer for 2 min at room
temperature. Subsequent to alkaline phosphatase Fast Red
chromogenic visualization of hybridized probes, the slides were
counterstained with hematoxylin and assessed under a bright
field microscope at 200x magnification. Tissue with at least 1 red
punctate signal dot in the cytoplasm and/or nucleus of malignant
cells was considered to be positive, as suggested by the
manufacturer for genes with an expression level varying
between 1 to >10 copies per cell. Probes for housekeeping gene
transcript human peptidylprolyl isomerase B (Hs-PPIB) and
bacterial dihydrodipicolinate reductase gene (dapB) transcript
were used as positive and negative controls, respectively. As virus
specific positive controls, virus positive tumor tissue was used, in
addition to the HPV-18 positive cell line HeLa, HPV-16 positive
cell lines SiHa and Caski, and MCPyV positive cell lines MKL-1,
MKL-2, and WaGa (Figure 1). Negative controls were tumor
tissue of a virus negative patient, cell lines MKL-1 and MKL-2 for
HPYV, and cell lines MCC13 and MCC26 for MCPyV (27).
EBER-ISH was performed using the Dako fluorescein-labeled
EBV peptide nucleic acid (PNA) probe mixture and PNA ISH
Detection kit (Agilent Technologies, Santa Clara, California)
according to the manufacturer’s instructions. Briefly, following
TMA section deparaffinization, target retrieval was performed

with the Dako Omnis ISH Pre-Treatment solution for 5 min.
Subsequently, enzyme pre-treatment was carried out using two
steps of 3 min ethanol 96% application and one step of Dako ISH
Pepsin for 15 min. Once the provided EBER RNA CISH probe
was applied, denaturation at 66°C for 10 min, and hybridization
at 45°C for 90 min followed. The slides were washed with the ISH
Stringent Wash Buffer for 3 min, and the provided reagents were
applied for staining: CISH Endogenous Enzyme Block for 3 min,
Anti-FITc-AP for 30 min, and BCIP-NBT Substrate for 15 min.
Sections were counterstained with Nuclear Fast Red and
analyzed under a bright field microscope at 200x
magnification. Strong blue staining of more than 50% of tumor
nuclei was considered to be positive. In parallel, a probe for
housekeeping gene glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used to ensure the presence of mRNA in the TMA
and a case of EBV-positive infectious mononucleosis served as a
positive control (Figure 1).

Immunohistochemistry

Three-um FFPE TMA sections were subjected to IHC, using
primary monoclonal antibodies directed against p16, p53, pRb,
and the LTAg of MCPyV (Table 1). Immunostainings were
performed on a Dako Omnis autostainer (Agilent Technologies)
using the EnVision FLEX+ Mouse (LINKER) kit. In short,
antigen retrieval was performed on the TMA with sodium
citrate-solution (pH 6.0) for pl6, or a high pH-bufter (pH 9.0)
for p53, pRb, and MCPyV. Endogenous peroxidase was blocked
with Dako REAL Peroxidase-Blocking Solution prior to 20
minutes of incubation with the primary antibody. Binding of
the antibodies was visualized by an enzymatic reaction with
horseradish peroxidase and 3,3’-Diaminobenzidine as substrate,
producing a brown precipitate (Figure 1). Slides were
counterstained with hematoxylin and evaluated under a bright
field microscope by two independent assessors, blinded for
patients’ clinical characteristics. In case of dissonance between
the assessors, a third assessor evaluated the staining and
agreement was reached by discussion. For pl6, strong
homogenous staining in the cytoplasm and nuclei of >70% of
the tumor cells was considered to be overexpression (28). p53
staining was assessed as 0-mutant type (0% nuclear staining),
mutant-type overexpression (>70% strong nuclear staining in the
non-keratinizing tumor cells), or wild-type (heterogeneous
nuclear staining) (29). For pRb, nuclear staining in <25% of
tumors cells was evaluated as loss of pRb (30). MCPyV LTAg was
considered positive if >10% of nuclei were stained (31). For p16,
a case of HPV-positive OPSCC was used as a control, and for p53
and pRb normal tonsil tissue was used. MCPyV positive cell lines
MKL-1, MKL-2, and WaGa served as positive controls for the
LTAg of MCPyV.

Human Papillomavirus-Specific
Polymerase Chain Reaction

Of patients with a positive result for HPV RNA-ISH and/or p16
IHC, DNA was isolated from eight 5-um FFPE whole tissue
sections with the Maxwell RSC DNA FFPE kit (Promega,
Madison, Wisconsin). DNA concentrations were determined
using the Quantus Fluorometer and the QuantiFluor ONE
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FIGURE 1 | Representative images of RNAscope in situ hybridization on cell lines Caski (A), HelLa (B), and WaGa (C), positive for HPV-16, HPV-18, and
MCPyV, respectively. A positive and negative control with housekeeping gene transcript PPIB (D) and bacterial transcript dapB (G) on the TMA, and a control
patient positive for HPV-16 and MCPyV (E, F). Positive internal control for housekeeping gene GAPDH (H) and a control case of EBV-positive infectious
mononucleosis (l) following Epstein-Barr virus encoded RNA in situ hybridization. Study TMA cores of patients positive for HPV-16 mRNA (at least 1 red
punctate dot per tumor cell), p16 immunohistochemistry (>70% strong brown staining of tumor nuclei and cytoplasm), and EBV mRNA (>50% strong blue
staining of tumor nuclei) are presented in (J-L), respectively. The images were taken at 200x magnification, an area of 100 um? is marked in each image and 3x
magnified in its top right corner.

TABLE 1 | Immunohistochemistry primary antibodies and evaluation criteria.

Antibody characteristics Source Clone Dilution Retrieval Localization Evaluation criteria

Antibody Company Cut off References

p16 Immunologic Monoclonal, Mouse MX007  1:200 Citrate (pH 6.0) Nuclear and cytoplasmic  >70% (28)

p53 Dako Omnis Monoclonal, Mouse DO-7 Ready-to-use High pH buffer (pH 9.0) Nuclear 0% (29)
>70%

pRb Leica Biosystems Monoclonal, Mouse 13a10  1:100 High pH buffer (pH 9.0) Nuclear >25% (30)

Large T-antigen Santa Cruz Biotechnology Monoclonal, Mouse CM2B4  1:50 High pH buffer (pH 9.0) Nuclear >10% (31)
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dsDNA system (Promega). Next, 250 ng DNA was added to
1 ml SurePath preservative fluid (VWR International,
Amsterdam, Netherlands) and used for HPV-DNA analysis
utilizing the COBAS 4800 platform (Roche, Basel, Switzerland),
according to the manufacturer’s instructions. The COBAS 4800
tests specifically for HPV-16, HPV-18, and a combination of 12
other HR-HPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,
and 68). Results were considered reliable when the controls
were labeled “valid”. Housekeeping gene 3-globin was used as a
control for the human DNA, in addition to DNA samples of an
HPV-positive and HPV-negative tumor.

Statistical Analysis

Patients were considered to be HPV or MCPyV positive when
the virus was detected with at least two techniques (ISH, IHC
and/or PCR). EBV presence was based on the EBER-ISH result.
Differences in clinical parameters between virus positive and
virus negative patients were evaluated by Mann-Whitney U test
for age because of a non-normal distribution, Fisher’s exact test
for binominal variables (sex, M-stage, recurrence, p16, pRb), and
the Fisher-Freeman-Halton exact test for tumor location, T-
stage, N-stage, and p53 because of expected counts of less than
five. The 5-year DFS and OS were estimated with Kaplan-Meier
curves and differences between virus positive and negative
tumors were determined by log rank test. DFS was defined as
the last date of treatment until the biopsy date of a histologically
proven recurrence or second primary tumor in the head and
neck region. OS was defined as the time between the primary
tumor biopsy date and death. Censoring took place when
patients were lost to follow-up, deceased without recurrent
disease for DFS, or at the cut-off point of 60 months. All

clinical and pathological parameters were assessed in bivariate
analysis regarding survival. Variables with significant (p < 0.05)
or near significant (p < 0.1) relationships were evaluated in
multinomial logistic regression to assess predictors for DFS and
OS. Analyses were performed using IBM SPSS Statistics 25.0
(IMB corp., Armonk, NY) and a p-value of <0.05 was considered
to be statistically significant.

RESULTS

A total of 119 patients were included in this study. These patients
had a median age of 74.9 years (inter quartile range = 14.6 years)
and were mainly women (78%) with a tumor of the oral cavity
(80%) and no regional or distant metastases (66 and 95%,
respectively). Thirty-one patients (26%) had recurrent disease
within 5 years (Table 2).

Human Papillomavirus

ISH on the TMAs showed HPV-16/18 mRNA expression in
tumors of ten patients. All of these tumors showed pl6
overexpression by IHC as well, in addition to five tumors with
no HPV-16/18 mRNA expression. COBAS analysis on HR-HPV
DNA in these 15 patients detected the presence of HPV-16 in ten
tumors and another HR-HPV type in one other case. For patient
61, the quality of the DNA was insufficient for COBAS analysis.
This resulted in a total of 12 tumors being HPV-positive based
on at least two detection techniques (Table 3).

Compared to HPV-negative tumors, HPV-positive tumors
were associated with lower age (67.3 versus 76.2 years old, p =
0.003), oropharyngeal origin (83% versus 0%, p < 0.001), and N2-
stage (58% versus 13%, p = 0.004) (Table 2). All oropharyngeal

TABLE 2 | Comparison of clinical characteristics between human papillomavirus (HPV) and Epstein-Barr virus (EBV) positive and negative head and neck squamous

cell carcinoma in non-smokers and non-drinkers.

Clinical characteristics Total (n = 119) HPV-positive HPV-negative p-value EBV-positive (n =3) EBV-negative (n =116) p-value
(n=12) (n=107)
Age (years) Median (interquartile range) 74.9 (146) 673 (132) 762 (14.7) 0.003 48.0 (NA%) 75.3 (14.1) 0.062
n (%) n (%) n (%) n (%) n (%)

Sex Female 93 (78) 10 (83) 83 (78) 1.0 2 67) 91 (78) 0.53
Male 26 22) 2 (7 24 22) 1 33) 25 22)

Location Hypopharynx 1 0.8 0 ©) 1 (0.9  <0.001 0 ©) 1 0.9 <0.001
Larynx 9 (7.6) 0 ©) 9 (8.4) 0 ©) 9 (7.8)
Nasopharynx 4 8.4 1 8.3 3 (2.8 3 (100) 1 0.9
Oral cavity 95 (80) 1 (8.3 94 (88) 0 () 95 (82)
QOropharynx 10 (8.4) 10 (83) 0 0) 0 0) 10 (8.6)

T-stage 1 33 (28) 3 (25) 30 (28) 0.35 1 (33) 32 (28) 1.0
2 36 (30) 2 (17) 34 (32) 1 (33) 35 (30)
3 13 (11) 3 (25) 10 (9.3 0 ©) 13 (11)
4 37 (31) 4 (33) 33 (31) 1 (33) 1 (31)

N-stage 0 78 (66) 5 (42) 73 (68) 0.004 0 () 78 67) 0.061
1 18 (15) 0 ©) 18 (17) 1 (33) 17 (15)
2 21 (18) 7 (58) 14 (13) 2 67) 19 (16)
3 2 (1.7) 0 0) 2 (1.9) 0 ©) 2 (1.7)

M-stage 0 113 (95) Ihl (92) 102 (95) 0.42 3 (100) 111 (96) 1.0
1 6 (5.0) 1 (8.3) 5 4.7) 0 ©) 5 4.3)

Recurrence  Yes 31 (26) 2 (17) 29 27) 0.73 2 67) 29 (25) 0.17
No 88 (74) 10 (83) 78 (73) 1 (33 87 (75)

*Not applicable because of small number of patients.
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TABLE 3 | Demographics and viral analysis results of 15 virus positive tumors in non-smokers and non-drinkers.

Virus Study ID Age (years) Sex Tumor location
HPV 1 56.4 Male Oropharynx
3 53.9 Female Oropharynx
4 71.5 Male Oropharynx
5 76.6 Female Oropharynx
9 69.5 Female Oropharynx
16 68.3 Female Oropharynx
21 71.8 Female Oropharynx
29 57.8 Female Nasopharynx
32 63.5 Female Oral cavity
40 67.9 Female Oropharynx
61 66.6 Female QOropharynx
122 57.9 Female Oropharynx
EBV 6 48.0 Male Nasopharynx
13 47.3 Female Nasopharynx
18 74.6 Female Nasopharynx

T

“ N2 OPrrPrPNONDAE2ONDd2®

N M Recurrence ISH p16 IHC COBAS PCR
2 0 No +* + HPV-16
2 0 No +* + HPV-16
2 0 No +* + HPV-16
2 0 No +* + HPV-16
0 0 No * + HR-HPV
0 0 No +* + HPV-16
2 1 Yes +* + HPV-16
0 0 No +* + HPV-16
0 0 No - + HPV-16
2 0 No +* + HPV-16
0 0 Yes +* + Invalid

2 0 No +* + HPV-16
2 0 Yes +7 NA NA

1 0 No +f NA NA

2 0 Yes +7 NA NA

ISH, in situ hybridization, IHC, immunohistochemistry; PCR, polymerase chain reaction; +, positive; -, negative; *, using RNAscope; f, using EBER-ISH; HR-HPV, high-risk human papilloma

virus; EBV, Epstein-Barr virus;, NA, not applicable.

tumors (n = 10) were HPV-positive, in addition to one OSCC of
the alveolar process and a NPSCC. Although the OSCC case
showed HPV-16 DNA and p16 overexpression, no mRNA was
detected with ISH, neither on the TMA nor on a whole section.

Four of the twelve patients with HPV-positive tumors (33%)
died within five years, two of which had recurrent disease. For
patient 1 there were no details recorded on the cause of death (OS
= 59.6 months), patient 5 died of the complications of an aortic
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valve prosthesis endocarditis (OS = 23.7 months), patient 21
received palliative treatment because of distant metastasis (DFS =
1.6 months), and patient 61 developed liver metastases 20.1
months after initial therapy (Table 3). The presence of HPV
was no predictor for a better DES or OS (p = 0.33 and p = 0.27,
respectively), compared to HPV-negative HNSCC in NSND
(Figures 2A, B). A younger age at cancer diagnosis (p = 0.008),
T1 stage (p = 0.0047), and NO or N1 stage (both p < 0.001) were
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FIGURE 2 | Kaplan-Meier curves estimating the survival of patients with HPV (A, B) and EBV (C, D) positive and negative tumors. HPV and EBV were no significant
predictors for a better disease free (p = 0.33 and p = 0.11, respectively) or overall survival (p = 0.27 and p = 0.62, respectively).
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TABLE 4 | Multivariable analysis of predictors for 5-year overall survival in non-smokers and non-drinkers with head and neck squamous cell carcinoma.

Parameter Coefficient (B) Standard error Wald X2 OR 95% CI p-value
Lower Upper

Age 0.053 0.020 7.0 1.05 1.0 1.1 0.008

T-stage (reference T4)

T -1.2 0.86 3.9 0.31 0.099 0.99 0.047

T2 -0.67 0.54 1.5 0.51 0.18 1.5 0.22

T3 0.79 0.74 1.1 2.2 0.52 9.4 0.29

N-stage (reference N3)

NO -19 0.59 1081 <0.001 <0.001 <0.001 <0.001

N1 -17 0.78 506 <0.001 <0.001 <0.001 <0.001

N2 -18 0.00 NA <0.001 <0.001 <0.001 NA

NA, not available because of small number of cases.
Nagelkerke R® = 0.35.

TABLE 5 | Expression of cell cycle proteins p16, p53, and pRb in virus positive and negative tumors.

Cell cycle protein Virus Virus p-value HPV-positive HPV-negative p-value EBV-positive EBV-negative p-value
positive negative
n (%) n (%) n (%) n (%) n (%) n (%)
p16 Overexpression 12 (80) 3 (2.9) <0.001 12 (100) 3 (2.8)  <0.001 0 ©) 15 (13) 1.0
No overexpression 3 (20) 101 97) 0 ©) 104 97) 3 (100) 101 87)
p53 Mutant-type overexpression 2 (13) 51 (49) 0.002 0 ) 53 (50) <0.001 2 67) 51 (44) 0.80
Wild-type ihl (73) 28 27) 10 (83) 29 (27) 1 (33) 38 (33)
O-mutant type 2 (13) 25 (24) 2 (17) 25 (23) 0 0) 27 (23)
pRb Positive (preserved expression) 5 33 84 (81) <0.001 2 (17) 87 (81)  <0.001 3 (100) 86 (74) 0.57
Loss 10 (7)) 20 (19) 10 (83) 20 (19) 0 (©) 30 (26)

HPV, human papillomavirus; EBV, Epstein-Barr virus.

retained in the best multivariable model as predictors for OS in
HNSCC of NSND (Supplementary table 1, Table 4). The model
explained 35% of the variation (model fit: omnibus test of model
coefficients: X° = 36.0 and p < 0.001; M-stage was omitted because
of low case numbers).

HPV-positive tumors showed significantly more often pl6
overexpression, p53 wild-type expression, and loss of pRb than
HPV-negative tumors (p16: 100 versus 2.8%, p < 0.001; p53: 83
versus 27%, p < 0.001; pRb: 83 versus 19%, p < 0.001) (Table 5).

Epstein-Barr Virus

Three tumors were EBV positive as detected by EBER-ISH.
These patients all had a tumor of the nasopharynx (100 versus
0.9% in EBV-negative tumors, p < 0.001), resulting in virus
positivity of all four nasopharyngeal tumors in this cohort (three
containing EBV and one HPV). Two of the three patients (67%)
with EBV-positive tumors were below 50 years of age and non-
Caucasian (Northern African and East Asian) and they all had
regional metastases (Tables 2, 3).

Patient 6 and 18 were both diagnosed with recurrent disease, the
former with distant metastases 8.3 months after chemoradiotherapy
and the latter with regional metastases 5.5 months after locoregional
radiotherapy, which eventually led to their death. Although this
resulted in a 33% 5-year survival for patients with EBV-positive
tumors, EBV was no significant predictor for DES or OS in this
cohort, compared to EBV-negative HNSCC (p = 0.11 and p = 0.62,
respectively) (Figures 2C, D).

None of the EBV-positive tumors showed pl6
overexpression, all were positive for pRb and two of the three
tumors (66%) showed p53 mutant-type overexpression. This did
not differ significantly from cell cycle protein expression in EBV-
negative tumors, most probably because of the small number of
EBV-positive tumors (Table 5).

Merkel Cell Polyomavirus
MCPyV was not detected in any of the samples with RNA-ISH or
IHC against the LTAg of MCPyV.

Virus Negative Tumors

None of the squamous cell carcinomas of the oral tongue
(OTSCC) (n = 39), larynx (LSCC) (n = 9), or hypopharynx
(HPSCC) (n = 1) showed involvement of HPV, EBV, or MCPyV.
Except for one tumor of the alveolar process, all other OSCC (n =
54) were virus negative as well (Table 2). Although the patients
with virus negative tumors were relatively old (mean age of 75
years) when being diagnosed with HNSCC, the 5-year OS of
these patients was still 50% (Figure 2).

The three patients with virus negative OSCC containing p16
overexpression all had recurrent disease within 6 months after
surgical resection [a TAN1IMO floor of mouth tumor, after an
irradical resection the patient wished no further treatment
(DFS = 0 months), OS = 27.4 months; a T4ANOMO oral cavity
tumor (not otherwise specified), DFS = 5.4 months after
resection, OS = 8.2 months; a T2N1IMO retromolar triangle
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TABLE 6 | Multivariable analysis of predictors for 5-year overall survival in non-smokers and non-drinkers with virus negative oral squamous cell carcinoma.

Wald X2

Parameter Coefficient (B) Standard error OR 95% CI p-value
Lower Upper

Age 0.051 0.022 5.3 1.05 1.0 11 0.021

N-stage (reference N3)

NO -20 0.72 803 <0.001 <0.001 <0.001 <0.001

N1 -18 0.89 414 <0.001 <0.001 <0.001 <0.001

N2 -19 0.00 NA <0.001 <0.001 <0.001 NA

NA, not available because of small number of cases.
Nagelkerke R® = 0.31.

tumor, DFS 4.8 months after resection, OS = 11.8 months]. Two
of these tumors showed loss of pRb expression. A poor DFS
(2.3, 8.8, and 20.3 months) was also found in three other tumors
in this cohort with some pl6 expression (>50%): all OTSCC
with a pRb expression above 50%. Apart from one LSCC, all
tumors with loss of pRb were OSCC (19/20) without any
expression of pl6. A younger age at cancer diagnosis (p =
0.021) and NO or N1 stage (both p < 0.001) were retained in the
best multivariable model as predictors for OS in NSND with
virus negative OSCC (Supplementary Table 2, Table 6). The
model explained 31% of the variation (model fit: omnibus test
of model coefficients: X* = 24.4 and p < 0.001; M-stage and p16
were omitted because of low case numbers).

Over 70% (76/104) of virus negative tumors showed mutant-
type p53 expression, with 0-type mutant expression in 20% (19/
94) of OSCC, 56% (5/9) of LSCC, and 100% (1/1) of HPSCC, and
mutant-type overexpression in 52% (49/94) of OSCC and 22%
(2/9) of LSCC (Table 5). Cell cycle protein expression was no
predictor for a better DFS or OS in patients with virus negative
tumors (data not displayed).

DISCUSSION

The objective of this study was to determine if HPV, EBV, and
MCPyV play a role in head and neck carcinogenesis of NSND,
the role of cell cycle proteins p16, p53, and pRb regarding viral
presence, and the influence of these viruses and proteins on
patient survival. In this cohort of 119 NSND, the ten
oropharyngeal (100%) and four nasopharyngeal (100%) tumors
contained either HPV or EBV. Besides one oral cavity tumor, all
other specimens of the oral cavity, hypopharynx, and larynx were
HPV, EBV, and MCPyV-negative. Virus positivity did not
predict better disease free or overall survival. Regarding cell
cycle protein expression, HPV-positive tumors showed more
pl6 overexpression, wild-type p53 expression, and loss of pRb
compared to HPV-negative tumors. OSCC with >70% pl6
expression had a poor DFS and OS, with loss of pRb in two of
the three cases. The other pRb negative tumors were mainly
OSCC as well and did not show p16 expression. Mutant type p53
expression was observed in over 70% of virus negative HNSCC.

As the worldwide HPV prevalence is rising, a wide range has
been reported in the literature, ranging from 20% in OPSCC
patients from Eastern Asia or Central America, to over 50% in

Europe and Australia, based on HPV DNA combined with E6*1
mRNA or p16 IHC (5, 6). A recent systematic review specifically
analyzing patients without tobacco or alcohol consumption
reported an OPSCC HPV prevalence of over 60% in non-
smokers and over 40% in non-drinkers, compared to 20% in
smokers and drinkers, based on at least two detection techniques
(combining PCR, ISH, IHC, or sequencing) (25). This is a lower
prevalence than the 100% (10/10) HPV infections of OPSCC in
the current study. Possibly, the low number of OPSCC in the
current study explains the 100% prevalence, as it could be a
coincidence that they were all HPV-positive. Nonetheless, it is
acknowledged that HPV plays an increasingly substantial role in
OPSCC carcinogenesis of patients without the traditional risk
factors. The HPV prevalence of 1.8% (2/109) in non-OPSCC as
found in the current study is comparable to the low prevalence in
other studies (32-35).

In this study, 4.2% (4/95) of OSCC showed p16 overexpression
with THC, and one of those contained HPV-16 DNA following
COBAS analysis resulting in HPV-positivity according to
detection by two methods. pl6 overexpression could result
from loss of pRb function via structural alterations, or maybe
as a result of other oncogenic viruses affecting pRb expression that
we are not aware of (36). Lechner and colleagues speculated that
high levels of protein p16 could also occur in cells irrespective of
PRb expression or HPV-positivity, as a result of enrichment for
NSDI mutations in CDKN2A wild-type tumors (36, 37). NSDI is
coding for Histone H3K36 methyltransferase, which is associated
with DNA hypomethylation, resulting in pl6 overexpression
when mutated by not being able to regulate its expression via
methylation anymore (36). Indeed, p16 overexpression has been
reported in non-OPSCC, without a correlation to HPV infection
nor as a predictor for survival (34, 38). Therefore, The College of
American Pathologists does not endorse routine p16 screening
for non-OPSCC (39). As the one HPV-positive OSCC in this
cohort had no loss of pRb and lacked HPV mRNA in a whole
section following RN Ascope ISH analysis, the p16 overexpression
could be a result of CDKN2A mutation, and HPV a commensal
with the HPV DNA not located in the tumor cells but in the
adjacent mucosal epithelial cells (40). The three HPV-negative
OSCC with p16 overexpression in the current study had a poor
DEFS. This could be a result of pRb loss, although for the whole
study group pl6 overexpression was no significant predictor for
survival. Additionally, HNSCC could be the result of a genetic
predisposition. OSCC has been associated with specific CDKN2A

Frontiers in Oncology | www.frontiersin.org

97

January 2021 | Volume 10 | Article 560434


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Mulder et al.

Viruses in Non-Smokers and Non-Drinkers

germline mutations, accompanied with loss of heterogeneity of
the wild-type allele, in a small fraction of young NSND (41).

The 5-year OS of HNSCC patients in general is 40-50%,
whereas it is 70-80% for patients with HPV-positive OPSCC (2,
42). In this study, there was no significant difference in OS or
DEFS between virus positive and virus negative patients. However,
it is not certain if the survival comparison of HPV-positive versus
HPV-negative HNSCC was one of HPV-positivity or of tumor
location (OPSCC versus non-OPSCC), as in this cohort HPV-
negative tumors were exclusively non-OPSCC. The same applies
to EBV-positive tumors, which were all NPSCC. Therefore, these
survival analyses should be interpreted with caution. The 5-year
OS of 67% for patients with HPV-positive tumors was lower than
expected, but these patients were relatively old with a median age
of 67.3 years. Patients with HPV-negative HNSCC (53%) did not
differ significantly in 5-year OS from patients with HPV-positive
OPSCC, even though they had a median age of almost 9 years
older than the patients with HPV-positive tumors (76.2 versus
67.3 years). So, considering their age at the time of HNSCC
diagnosis, the HPV-negative NSND, mainly with OSCC, had a
relatively good 5-year OS. Nevertheless, a young age at the time
of cancer diagnosis was predictive of a better OS in both the virus
negative OSCC group and the whole NSND cohort, besides a T1
stage and a NO or N1 stage.

Viral association in all four NPSCC patients of this cohort was
as expected. Although the worldwide incidence of EBV related
NPSCC has been decreasing over the past decade, the prevalence is
still high with almost 100% in endemic regions (southern China,
Southeast Asia, Northern Africa, and the Mediterranean basin),
and 60-85% in non-endemic regions (9, 43-46). NPSCC infections
with HPV are less common, and have been reported in studies
from non-endemic regions like West Africa and Europe (outside
the Mediterranean basin), with a prevalence between 1.6-16% (43,
45, 47, 48). Based on 517 U.S. NPSCC patients with known HPV
testing (34.8% HPV-positive) in the Surveillance, Epidemiology
and End Results database, predictors for HPV-positivity in NPSCC
have been established: being younger than 25-years-old, Caucasian
(rather than East-Asian or other ethnicities), an AJCC-7 stage other
than stage 1, and no distant metastases (M0) (49). Indeed, the one
patient in our cohort with HPV-positive NPSCC was a Caucasian
patient with stage 2 disease.

Expression of cell cycle proteins p16 and pRb was as expected
in the HPV-positive OPSCC of this cohort, with overexpression
of the former and loss of the latter. Although p53 is usually
degraded by HPV’s viral oncoprotein E6, only two HPV-positive
tumors showed 0-mutant type p53 expression, whereas the other
10 showed wild-type p53 expression. This is in agreement with
earlier observations, where there was p53 expression in 7/10
HPV-positive tumors of non-smokers, despite absence of TP53
mutations (50). Possible explanations for this finding are virally
induced processes, such as hypoxia, oxidative stress, or impaired
repair of double strand DNA breaks (50, 51). On the other hand,
up to 55-75% of HPV-negative OSCC contain TP53 mutations,
which is comparable to the 72% of HPV-negative OSCC showing
mutant-type p53 expression (either 0-type or overexpression) in
the current study (36, 52). The EBV-positive tumors were all

without p16 overexpression and with preserved pRb expression.
Zhang and colleagues reported that the cell cycle pathway is the
most deregulated pathway in NPSCC in comparison to non-
tumor nasopharyngeal epithelium, with down-regulation of p16
and up-regulation of pRb (19). Although the precise mechanism
of pl6 inactivation by EBV in NPSCC remains unclear, it has
been suggested that the Late Membrane Protein 1 of EBV could
inhibit pl6 expression and induce pRb phosphorylation,
promoting the progression of the G1/S phase (19). This is in
accordance with the cell cycle protein expressions found in the
current study.

No MCPyV was detected in the current study, which
contrasts earlier findings. Hamiter and colleagues performed
PCR using specific primers for the regulatory and LTAg of
MCPyV, followed by DNA sequence analysis to confirm viral
presence in 6/21 (29%, three were NSND) patients with OTSCC
(16). Although the OTSCC group in the current study was
almost twice the size (n = 39), no MCPyV presence was
detected. Other studies report MCPyV DNA in 4-50% of
HNSCC based on quantitative real-time PCR, though with low
viral loads (14, 15, 17). This discrepancy could be the result of
differences in sensitivity between the used detection methods
(RNA-ISH and LTAg THC versus DNA PCR and sequencing).
However, the MCPyV presence in the literature was solely based
on PCR and was not confirmed with another detection method.
Nevertheless, the significance of MCPyV presence in HNSCC
has yet to be determined, but our data strengthen the premise
that MCPyV is not likely to play an important role in head and
neck carcinogenesis.

HPV has its clinical relevance in routine practice as a
prognostic marker in OPSCC, with a better DFS and OS, in
addition to an improved radiosensitivity compared to HPV-
negative OPSCC because of altered DNA repair, reduced hypoxic
regions, and an increased cellular immune response (3, 53). With
the conduction of multiple phase III de-escalation trials for
HPV-positive OPSCC, and the high HPV prevalence in
OPSCC of NSND, the treatment of NSND may be affected in
the near future (4). For EBV-positive NPSCC, treatment usually
consists of radiotherapy, with or without chemotherapy. Besides
the anti-tumor effects of radiotherapy based on direct and
indirect DNA damage, it also induces an immune response
comprising of a network of immune-stimulatory and -
inhibitory signals like up-regulation of immune checkpoint
proteins such as PD-1/PD-L1 (54). Consequently, there are a
number of clinical trials evaluating the incorporation of immune
checkpoint inhibitors in the treatment of EBV-positive NPSCC
(10, 54). Mutant p53 has been associated with resistance to
chemoradiation in OSCC and an increased risk of locoregional
recurrence and metastases (55). Since NSND mainly have OSCC
and frequent mutant-type p53 expression (as presented in this
study), p53 could be used to predict therapy failure in case of
recurrent disease.

One of the limitations of this study was that the definition of
when a patient was a non-smoker and non-drinker was collected
retrospectively from their medical records. Nevertheless, a strict
definition was used (for example with exclusion of patients with
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“sporadic” alcohol consumption), based on a standard history
taking template including specific questions on any current or
previous tobacco and alcohol consumption, during two separate
hospital visits (Head and Neck outpatient clinic and
Anesthesiology screening). Secondly, there was a small group
of patients with tumors at anatomical sites other than the oral
cavity (OSCC). In combination with the strict NSND definition,
this resulted in no virus negative OPSCC and NPSCC. However,
it has been reported that NSND are mainly patients with OSCC,
so a small number of tumors outside the oral cavity was expected
(25, 56). Thirdly, there might be a higher percentage of HNSCC
positive for HPV DNA in this cohort, because COBAS PCR
analysis was not performed on all samples. Conversely, HPV is
only considered to be predictive for survival when being
transcriptionally active, and since all tumors were tested on
HPV-16/18 mRNA and pl6 IHC, we expect to have detected
the tumors with biologically active HPV infection (7, 8). Finally,
some of the FFPE material was rather old (>25 years of storage),
which is known to often result in breakdown of the nucleic acids.
Indeed, DNA quality of DNA extracted from one tumor was
insufficient for COBAS analysis. Nevertheless, the TMA blocks
were freshly sectioned before ISH, IHC, or PCR, and all the
positive controls were adequate.

CONCLUSION

A high prevalence of HPV and EBV was observed in OPSCC and
NPSCC of NSND respectively, but not in HNSCC outside these
locations. Although a significant role of oncogenic viruses would
be assumed in this specific patient group lacking the traditional
risk factors for developing HNSCC, HPV, EBV, and MCPyV
were not detected in this relatively large cohort of 95 OSCC apart
from one case, using clinically relevant cut-off values. This argues
against a central role of these viruses in the etiopathogenesis of
oral, hypopharyngeal, and laryngeal squamous cell carcinoma in
this specific patient group. With ongoing de-escalation trials for
HPV-positive OPSCC and trials for immune checkpoint
inhibitors in the treatment of EBV-positive NPSCC, the
treatment of NSND with tumors at those locations may change
in the near future. However, for the majority of NSND with virus
negative OSCC, more research is needed to understand the
carcinogenic mechanisms in order to consider targeted
therapeutic options.
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Introduction: Human papillomavirus 16 (HPV16) is the main cause of oropharyngeal
squamous cell carcinoma (OPSCC). To date, the links between HPV16 gene expression
and adaptive immune responses have not been investigated. We evaluated the
correlation of HPV16 DNA, RNA transcripts and features of adaptive immune
response by evaluating antibody isotypes against E2, E7 antigens and density of
tumor-infiltrating lymphocytes (TIL).

Material and Methods: FFPE-tissue from 27/77 p16-positive OPSCC patients was
available. DNA and RNA were extracted and quantified using gPCR for all HPV16 genes.
The TIL status was assessed. Immune responses against E2 and E7 were quantified by
ELISA (IgG, IgA, and IgM; 77 serum samples pre-treatment, 36 matched post-treatment).

Results: Amounts of HPV16 genes were highly correlated at DNA and RNA levels. RNA
co-expression of all genes was detected in 37% (7/19). E7 gPCR results were
correlated with higher anti-E7 antibody (IgG, IgA) level in the blood. Patients with
high anti-E2 IgG antibody (>median) had better overall survival (p=0.0311); anti-E2 and
anti-E7 IgA levels had no detectable effect. During the first 6 months after treatment, IgA
but not IgG increased significantly, and >6 months both antibody classes declined over
time. Patients with immune cell-rich tumors had higher levels of circulating antibodies
against HPV antigens.

Conclusion: We describe an HPV16 gPCR assay to quantify genomic and transcriptomic
expression and correlate this with serum antibody levels against HPV16 oncoproteins.
Understanding DNA/RNA expression, relationship to the antibody response in patients
regarding treatment and outcome offers an attractive tool to improve patient care.

Keywords: oropharyngeal squamous cell carcinoma, human papillomavirus 16, antibody isotype, gene expression,
immune response

Frontiers in Oncology | www.frontiersin.org 102

January 2021 | Volume 10 | Article 591063


https://www.frontiersin.org/articles/10.3389/fonc.2020.591063/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.591063/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.591063/full
https://www.frontiersin.org/articles/10.3389/fonc.2020.591063/full
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles
http://creativecommons.org/licenses/by/4.0/
mailto:c.ottensmeier@liverpool.ac.uk
https://doi.org/10.3389/fonc.2020.591063
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2020.591063
https://www.frontiersin.org/journals/oncology
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2020.591063&domain=pdf&date_stamp=2021-01-26

von Witzleben et al.

HPV16 Gene Expression and Seropositivity

INTRODUCTION

Head and neck squamous cell carcinoma (HNSCC) is the sixth
commonest cancer in the western world (1, 2). 25% of all cases of
HNSCC are associated with human papillomavirus (HPV) and 60%
of oropharyngeal squamous cell carcinomas (OPSCC) are HPV-
driven (3, 4). Infection with a high-risk HPV sub-type can result in
the development of OPSCC in individuals irrespective of classical
risk factors such as tobacco use and alcohol consumption (5).

The coding regions of the HPV genome consist of an early
region (E) with six open reading frames (ORF) E1, E2, E4, E5, E6,
E7, and a late region (L) with the ORFs, L1 and L2. The viral
oncoproteins E6 and E7, interact with tumor suppressors p53
and Rb, respectively, inactivating their protective function and
resulting in aberrant cell cycle control (6). As a result of the
functional inactivation of pRb by E7, p16 is upregulated; hence
high expression of p16 is often used as a surrogate diagnostic
marker for HPV16 (7). E2 has important regulatory function in
E6 and E7 gene transcription (8) and viral replication, this
function can be disrupted through integration (9). The viral
oncoprotein E5 can reduce cell surface expression of the HLA
class I, thereby promoting tumor escape from immune control
by CD8" T cells (10). Nonetheless, patients with HPV-positive
(HPVP%) OPSCC have a better prognosis in comparison to those
with HPV-negative (HPV"®¢) OPSCC (5). This is most likely
attributable to the patient’s anti-tumor immune response and is
independent of individual treatment regimens (11, 12). The
immunological ‘visibility” to T cells can be assessed by
counting the number of tumor-infiltrating lymphocytes (TILs),
higher TIL-density correlates with better survival. In contrast,
patients with HPVP®* OPSCC but a low TIL-density have a
disease-related survival resembling that of HPV16"® OPSCC
(13). HPV16 antigens can also be recognized by B cells.
Seropositivity to the early genes El, E2, E4, E6, E7, and L1 has
been described as a serological markers for the presence of
HPV16P* OPSCC (14, 15). HPV16** OPSCC patients show
increased levels of E6 and E7 antibody in the blood independent
of the viral load (16). Humoral immune responses also link to
outcome: in OPSCC, seropositivity to HPV16 E6 is associated
with a 68% reduction in the risk of death (17). Survival benefit
was also reported in OPSCC patients who were found to be
seropositive to HPV16 E1, E2, or E6 (18).

Systematic analyses of HPV16 genes at the DNA and RNA level,
and their correlation to TIL status and humoral immune responses
have not yet been published; it further remains unclear how often
antibody class switching occurs in HPVP*® HNSCC patients.

In this study, we aimed to evaluate the expression of HPV16
genes at a genomic and transcriptomic level, using a qPCR
assay. This helps to understand, which genes of HPV16 genome
are present in the tumor at the DNA level, and which of them
are transcribed in HNSCC. The data were related to the
presence of IgG, IgA and IgM antibodies against the HPV16
E2 and E7 antigens, as determined by ELISA. We used paired
serum samples before and after treatment, to measure IgG and
IgA antibody response to HPV16 E2 and E7 to determine
whether treatment influences the antibody response and how
the removal of the cancer as the source of antigen affects

antibody levels over time. Additionally, we assessed the TIL
status for those tumors and related this to the HPV16
expression and antibody responses.

MATERIAL AND METHODS

Study Ethics

The study given UK Medical Research and Ethics Committee
(MREC 09/H0501/90) and institutional approval at
Southampton University Hospitals NHS Foundation Trust,
Southampton, UK. Written informed consent was obtained
from all patients.

Patient Cohort

Patient samples were collected between 2011 and 2018
(Supplementary Table 1). Perioperative serum samples (n=77)
were selected from patients with p16" oropharyngeal squamous
cell carcinoma (OPSCC). Stored serum samples were available
for all patients, 73/77 patients had pre-treatment samples, 40/77
patients had post-treatment samples, 36/77 patients had both pre
and post-treatment samples available.

Where available, formalin fixed, paraffin embedded (FFPE)
material (n=27) from the primary tumor were retrieved from
pathology archives. Snap-frozen tissue samples were available for
4/77 patients. TNM was re-staged according to the 8™
edition (AJCC).

DNA, RNA Extraction From FFPE Tissue
and RT-PCR

DNA and RNA were extracted from FFPE tissue in accordance to
the manufacturer’s protocol (Maxwell® RSC DNA FFPE Kit,
AS1450, Maxwell® RSC RNA FFPE Kit, AS1440, Promega,
Southampton, UK). The concentrations of DNA and RNA were
measured using the Nanodrop 2000 (Thermo Scientific, Waltham,
MA, USA). All samples were diluted to a final concentration of 10
ng/ul (DNA), 20 ng/ul (RNA). 2 pl RNA was used for reverse
transcription (20 pl, Superscript III first-strand synthesis system,
Thermo Scientific, Waltham, MA, USA).

qPCR for HPV16

Quantitative polymerase chain reaction (QPCR) was performed
(GoTaq qPCR systems assay, Promega, Southampton, UK) using
1 pl each of DNA (10ng) and 1 pl of cDNA. Samples were loaded
onto 384 well plates in triplicates, read on the Applied
Biosystems 7900HT workstation and analyzed using SDS 2.3
software (Thermo Fisher, Waltham, MA, USA). The qPCR
settings on the workstation were adjusted according to the
manufacturer’s protocol for the GoTaq® assay.

Published primer pairs for all HPV16 genes used are shown in
Table 1 (19-26). Primer pair annealing to the HPV16 genome
NC_001526.4 was confirmed using Primer-BLAST (27, 28).
Primer pairs were confirmed in silico to be specific for HPV16
and to not bind to other high-risk virus genomes. Specificity was
verified using NCBI without detecting any unintended templates
of common human viruses (taxid: 10239). Four E5 primer pairs
were evaluated as we could not generate a PCR product using the
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TABLE 1 | Primer pairs (custom DNA primer, Sigma-Aldrich) used for gPCR with GoTag qPCR kit (Promega) and SYBR settings including their sequence in 5°-3’
direction, the length of the PCR product, location on the HPV16 genome (NC_001526.4), and the citation to the originate paper.

Gene Forward Primer 5’->3’ Reverse Primer 5°->3’ Size (bp) Location (HPV16 genome) Citation

= AGTAGAGCTGCAAAAAGGAGATTA CTGACTACATGGTGTTTCAGTCTC 123 355-454 Nilsson et al. (19)

E2 AACGAAGTATCCTCTCCTGAAATTATTAG CCAAGGCGACGGCTTTG 82 2498-2563 Peitsaro et al. (20)

E4 GACTATCCAGCGACCAAGATCAG CTGAGTCTCTGTGCAACAACTTAGTG 77 2599-2650 Egawa et al. (21)

E5 GCGACGTGAGAGCAACG AGGGGTTTCCGGTGTCTGG na Not found Paolini et al. (22)

E5 GCATCCACAACATTACTGGCG GTAGACACAGACAAAAGCAGCGG 95 3004-3076 Um et al. (23)

E5 CTTTGCTTTTGTGTGCTTTTGTGTG AAAGCGTGCATGTGTATGTATTAAA 192 3034-3201 Sahab et al. (24)

E5 ATGACAAATCTTGATACTGCA AATGATGTGTATGTAGACACAG 125 2986-3089 Campo et al. (25)

E6 GAGAACTGCAATGTTTCAGGACC TGTATAGTTGTTTGCAGCTCTGTGC 81 7136-7192 Peitsaro et al. (20)

E7 AAGTGTGACTCTACGCTTCGGTT GCCCATTAACAGGTCTTCCAAA 78 7781-7837 Wang-Johanning et al. (26)
L1 TTAGGTGTGGGCATTAGTGG TCCCCTATAGGTGGTTTGCA 164 5111-5255 Nilsson et al. (19)

L2 GACCCTGCTTTTGTAACCACTC ATGCTGGCCTATGTAAAGCAAC 166 4087-4231 Nilsson et al. (19)

B-actin TCACCCACACTGTGCCCATCTACGA CAGCGGAACCGCTCATTGCCAATGG 295 n.a. Wang-Johanning et al. (26)

initial primer pair [Paolini et al. (22)], because of missing
genomic complementary sequence.

The expression values of the samples (s) were calculated with
the modified AACt relative expression method (29, 30). The
median Ct(cycle threshold)-value of the gene of interest (GOI)
was normalized against the reference mean (88-actin) (26). AACt
relative values were calculated of the positive control (pc) and
subtracted from the total number of cycles to obtain positively
correlation values:

40 — AACt(GOI) = 40 - ((meanCt[GOI|,—meanCt[REF];)
— (meanCt[GOI],.—meanCt[REF],,))

This is a semi-quantitative method; therefore, the relative
values are reported as “amount” or “levels” of DNA and of
RNA expression.

The RNA qPCR was not successful in a subgroup of samples.
We were not able to detect the 8-actin gene, predominantly from
older FFPE pathological blocks (>5 years).

HPV16 Viral Genome Level Analysis

RNA was extracted from snap-frozen tissue of four patients
(Maxwell® RSC simplyRNA Tissue Kit(AS1340), Promega,
Southampton, UK). RNA concentration and quality were
analyzed using the RNA Nano Kit for the 2100 Bioanalyzer
System (Agilent Technologies, Santa Clara, CA, USA). RNA-
sequencing was undertaken by Edinburgh Genomics (University
of Edinburgh, Edinburgh, UK). An automated TruSeq stranded
mRNA-seq library preparation from total RNA and the NovaSeq
sequencing-system was used (100 bp paired-end; 1,750M+1,750M
reads, Illumina, San Diego, CA, USA). This RNA sequencing
dataset was generated in an independent collaboration with
Transgene, and the fact that Transgene funded the RNA
sequencing for four cases of the study, did not influence the study
design, execution, and results interpretation.

The “viral genome level analysis module” of the
bioinformatics pipeline viGen (31) was used to align the
FASTAQ files against the human reference genome (hg19), filter
out human RNA-sequences and map un-aligned reads against
the viral reference. Access to the raw and processed data of this
RNA sequencing set is possible via the gene expression omnibus
(GEO accession number: GSE160008).

Immunohistochemistry
p16 IHC on formalin-fixed, paraffin-embedded (FFPE) tumor
tissue was performed as part of the routine diagnostics process
(Supplementary Table 1). Additional IHC was performed on
FFPE tissue using standard protocols for the automated
platforms Dako PT Link for Heat Induced Epitope Retrieval
and Dako Autostainer 48S Link (Agilent, Santa Clara, CA, USA)
with staining of tumor-infiltrating lymphocytes using anti-CD8
antibodies (Anti-Human CDS8, Clone C8, 144B, Dako,
concentration: 1:100, Agilent, Santa Clara, CA, USA). An
unsuccessful immunohistochemical approach for HPV16 E2
and E7 was performed with following antibodies [Anti-HPV16
E2, NBP2-53115, NovusBio (no literature), Centennial, CO,
USA; Anti-HPV16 E7, ab20191, Abcam, Cambridge, UK (32);
Anti-HPV16 E7 (716-325), sc-51951, Santa Cruz Biotechnology,
Dallas, TX, USA (33)]. Different concentrations and antigen
retrieval techniques revealed still unspecific staining.
Frequency and density of CD8 positive T cells were
determined as previously described (34, 35). One case was
excluded in the further IHC analysis due to non-specific
IHC staining.

Expression and Purification of HVP16 E2
and E7 Protein

HPV16 E2 and E7 protein were produced in the protein core
facility of the CRUK Experimental Cancer Sciences Center,
Faculty of Medicine, Southampton University.

Control-GST and GST-E2 were expressed as soluble proteins
in bacteria, purified on GSTrap column (17528101, GE
Healthcare, Chicago, IL, USA) and dialyzed in PBS. GST-E7
was expressed as an insoluble protein in bacteria. The protein
was first purified under denaturing conditions in the presence of
urea on a HiTrap Q HP anion exchange column (17115301, GE
Healthcare, Chicago, IL, USA) and dialyzed in buffer without
urea. The dialyzed material was then purified under native
conditions on a HiTrap Q HP anion exchange column prior to
gel filtration in PBS.

The following plasmids were used: p3187 HPV-16 E2 was a
gift from Peter Howley (Addgene plasmid#10846; http://n2t.net/
addgene:10846;RRID : Addgene _10846) (36). pGEX2T E7 was a
gift from Karl Munger (Addgene plasmid#13634; http://n2t.net/
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addgene:13634;RRID : Addgene_13634) (37). Different E6
protein expression and purification methods failed, as non-
reliable ELISA results were detected.

ELISA

A standard ELISA was performed in triplicates including a
standard curve and negative control. Plates were coated with
GST HPV16 E2 and E7 with a working concentration of 2ug/mL
at 4°C overnight. Total IgG (goat anti-human (Fc), HRP, A0179,
Sigma, St. Louis, MO, USA), IgA (Goat anti-human IgA (Heavy
chain), HRP, PA1-74395), and IgM (Goat anti-human IgM
(Heavy chain), HRP, A18835, Thermo Scientific, Waltham,
MA, USA) were used as secondary antibodies. The Multiskan
FC Microplate Photometer was used to analyze the plates, and
OD values were exported using the Skanlt software (Thermo
Scientific, Waltham, MA, USA).

A standard curve was generated by seven steps of doubling
dilutions starting at a concentration of 1:100 using a pool of
positive sera. Antibody titers were measured in arbitrary units
(AU) using this standard curve. The negative control serum pool
was used to set the positive cut-off point (mean+1.645
standard deviations).

Analysis and Statistics

The statistical evaluations were undertaken and graphed using
Microsoft Excel (version 16.33) and GraphPad Prism (version
8.4.2). Nonparametric unpaired (Mann-Whitney test) or paired
tests (Wilcoxon signed-rank test) were used. Correlations are
reported using the nonparametric Spearman’s correlation
coefficient. An r-value <0.3 was deemed as very weak, 0.3-<0.5
as weak, 0.5-0.7 moderate and >0.7 as strong (38). The survival
analysis was performed using the Kaplan-Meier estimator and a
Mantel-Cox log-rank test to compare survival curves. P-values
less than 0.05 was considered statistically significant.

RESULTS

Patient Summary

Our clinical cohort of 77 patients included only pl6*
oropharyngeal tumors (patient characteristics shown in Table
2). Most of the tumors were histologically non-keratinizing
squamous cell carcinoma (58/77, 75%). Higher tumor stage
was associated with poor survival (p=0.0133, Figure S1). The
patient’s treatment is summarized in Table 2. Three patients had
after primary CRT/RT a surgical salvage (only preoperative
serum samples were evaluated). The median follow-up time
was 4 years and 5 months (Overall survival: 2-year: 94%, 5-
year: 85.3%). No significant difference in survival according to
gender, age, tumor site or nodal status was found.

Analysis of HPV16 DNA and RNA

The HPV16 genes E1, E2, E4, E5, E6, E7, L1, and L2, were
assessed using qPCR assays on DNA and ¢cDNA from 27 p16*
OPSCC patients. We could not detect the complementary
sequence in the HPV16 genome for the primer pair published

TABLE 2 | Summary of the patient characteristics.

Descriptive Statistics n= Percentage
Patients All 7 100%
Gender Male 67 87%
Female 10 13%
Age Median (years) 56
Range (years) 35-79
Tumor Oropharynx 7 100%
Base of Tongue 28 36%
Tonsil 49 64%
T status T 15 19%
T2 36 47%
T3 19 25%
T4 7 9%
N Status NO 6 8%
N1 14 18%
N2 53 69%
N3 4 5%
Treatment Surgery +/- adj. CRT/RT 23 30%
CRT/RT 51 66%
CRT/RT + Surgery 3 4%

by Paolini et al. (22) using primer-BLAST (28). This primer pair
was not used in further analyses. Additional three published
E5 primer sets were evaluated (Supplementary Table 1).
A concordant correlation of E5 DNA with the other HPV16
genes was observed using these primer pairs (Figure S2). For
further analysis we chose to proceed with the E5 primer pair
which had previously been used in HNSCC (Um et al.) (23).

The quantity of DNA identified for the early and late genes is
shown in Figure 1A, expressed as 40-AACt values and ordered
by the amount of DNA of the oncogenic E6. In three patients
(Case 25, 26, 27) no DNA was detected for any HPV16 gene;
these cases were excluded from further analysis and classified as
false positive (HPV-status) p16 IHC results.

In the remaining 24 samples, HPV16 DNA was present (40-
AACT range: 22.96-40) (Figure 1A). 40-AACT was highly
consistent for E6, E1, E2, E4, L1, and L2 within any individual
patient. By contrast, the 40-AACT detection thresholds of DNA
for E7 and E5 genes were less correlated with the other HPV16
genes (in particular case 3). No E5 DNA was detected in case 24
(Figure 1A), despite this patient having the highest 40-AACT
values for the other HPV16 genes.

The correlation matrix in Figure 1B shows the Spearman’s
correlation coefficients (r-values) and the respective p-values.
The analysis showed a high correlation of E6 DNA to that of the
other genes (strongest for E1 and E6, r=0.97, p<0.0001). In
contrast, the amounts of E7 DNA were less correlated with
other HPV genes, especially with E5 DNA (r=0.22, not
significant) (Figure 1B). This is consistent with the visual
impression in Figure 1A. E7 and E5 were only modestly
correlated with the 40-AACT values from other HPV16 genes;
the r-values ranged from 0.45 to 0.66 (p<0.05, Figure 1B). A
highly significant correlation (r>0.85, p<0.001) was observed for
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FIGURE 1 | Graphs showing the gPCR data of 27 p16* HNSCC patients analyzed. (A) Bar graph displaying 40-AACT values of DNA for all HPV16 genes of all
patients including the blank and negative control (p16 and HPV16 negative non oropharyngeal HNSCC) ordered by the amount of E6 DNA. HPV16™* false p16
positive cases are marked with a red dot. (B) The correlation matrix on the left shows the Spearman’s correlation coefficients (r) of each HPV16 gene DNA quantity
compared to each other. The right matrix displays the corresponding significance levels. (C) Scatter plot displaying individual correlations between the DNA levels of
the oncogenic genes E5, EB, and E7. (D) Bar graph displaying 40-AACT values of RNA for all HPV16 genes of all patients including the blank and negative control
(p16 and HPV16 negative non oropharyngeal HNSCC) ordered by the amount of E6 DNA (A). HPV16"* false p16 positive cases are marked with a red dot and not
analyzable cases are not labelled on the x-axis and are marked with a cross. (E) The correlation matrix on the left shows the Spearman’s correlation coefficients (r) of
each HPV16 gene RNA expression compared to each other. The right matrix displays the corresponding significance levels. (F) Scatter plot displaying individual
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DNA amounts among the early genes E1, E2, E4, and E6 with
each other and the late genes L1 and L2 (Figure 1B). Per-patient
correlations between the DNA levels of the oncogenic genes E5,
E6, and E7 are displayed in a scatterplot in Figure 1C with an
r-value of 0.45 for E6 vs E7.

To study transcription of the HPV16 genes, we performed
qPCR analysis on cDNA. In seven cases (5, 18, 21, 22, 24, 26,
and 27) the quality and amount of RNA was too low to detect
the housekeeping gene, B-actin and these are marked with a
cross on Figure 1D. As expected in case 25, (previously
identified as HPV16 negative) we did not detect HPV16 RNA.
Overall, a total of 19 samples yielded product in the gqPCR RNA
expression analysis and we detected 40-AACt values ranging
from 28.6-40.

RNA expression of all HPV16 genes were found in 7/19
(37%) patients. In five patients we detected all early genes but
only one late gene (26%); in two cases we found all early genes
but no late genes (11%) (Figure 1D). In case 4 we found RNA
for all early genes except E5; and in case 20 we found no E7
RNA despite the detection of DNA. Overall, expression of RNA
for late genes was detected in 11/19 cases (58%) for L1, 10/19
cases (53%) for L2, and seven cases had a co-expression of L1
and L2 (37%).

Using Spearman’s correlation coefficient to assess HPV16
genes (Figure 1E), E6 transcripts were highly correlated with
those for E1 (r=0.85, p<0.0001) and E7 (r=0.7, p<0.0001), while
E7 transcripts were highly correlated with those for E2/L1
(r=0.74, p<0.0001). Poor correlation was shown between E5/E6
(r=0.25, not significant), E5/E7 (r=0.47, p<0.05) and E5/E1
transcripts (r=0.18, not significant). However, E5 RNA was
highly correlated with E2 (r=0.66, p<0.001) and E4 RNA
(r=0.63, p<0.001). Figure 1E also shows the strongest
correlation between the transcripts for E2/E4 (r=0.97).

Per-patient correlations between the RNA expression for the
oncogenic genes E5, E6 and E7 are shown in Figure 1F. For both
E6/E7 and E5/E7 the correlation between RNA expression of
those oncogenes has a moderate (r=0.47) and high (r=0.70)
correlation value respectively. Whereas the E5/E6 correlation
was low and not statistically significant.

We quantified the HPV16 viral transcripts in 4 cases (15, 16,
23, and 27) using RNA-sequencing and compared this to the
qPCR results. The 40-AACt values assessed by qPCR for DNA
and RNA are displayed together with the HPV16 genome
alignment using RNA-sequencing data in Figure 2. Consistent
with data from qPCR, case 27 did not have any expressed HPV16
genes detected by RNA-sequencing either (previously identified
as HPV16"%). The other three cases showed high amount for all
HPV16 genes and RNA transcripts assessed by qPCR as well as
by using RNA-sequencing alignment.

Correlation of IgG and IgA Antibodies

to HPV16 E2 and E7

Total IgM, IgG, and IgA antibody responses to E2, E6, and E7
antigens were evaluated using ELISA. E6 protein showed
unreliable and inconsistent results, most likely due to
problems in protein folding in the protein expression system

(data not shown). 3/73 pre-treatment samples (4%) contained
strongly detectable IgM antibodies against E2 and E7
simultaneously, perhaps reflecting recent re-exposure of
HPV16. Interestingly, the HPV"® case 25 had low levels of
circulating E2 IgG (AU=0.2) and E7 IgA (AU=0.8), likely
reflecting an unrelated, cleared infection with HPV16. The
other two HPV"®® cases (26 and 27), had no detectable
antibodies to E2 and E7.

Of the remaining 70 pre-treatment serum samples, 46 were
positive for E2 IgG, 56 for E7 IgG, 28 for E2 IgA, and 63 for E7
IgA. Thirty-nine cases were positive for E2 and E7 IgG, while 24
had positive ELISA results for E2 and E7 IgA. Positive results for
all different antigen-antibody combinations were found in 20
cases. We assessed the relationship between IgA and IgG
antibody levels (including the post-treatment samples; Figure
$3). The antibody levels were correlated with weak to high
correlation values.

Antibody levels were not related to the location of the primary
tumor (Figure 3A), nodal status or primary treatment strategy
(not shown). Figure 3B shows that T2 and T3 tumors appear to
have higher levels of E2 and E7 IgG, and E7 IgA antibodies, but
these differences did not reach significance.

IgA Antibody Levels Are Increased Early
After Treatment

We compared pairs (n=32) with an interval of <6 months or >6
months between samples to understand the post-treatment
kinetics. IgA antibody levels against E2 and E7 increased
within the first 6 months post-treatment (p=0.0232 and
p=0.034, respectively), while this was not seen for IgG (Figures
3C, D).

We compared all baseline samples (n=67) against all post-
treatment samples (n=36). IgG and IgA antibody levels remained
stable <6 months after treatment. A significant decrease in IgG
antibody levels >6 months after treatment was seen (Figures 3C,
D). This was also the case for anti-E7 IgA antibodies, but it did
not reach significance.

Patients With High Levels of Anti-E2 IgG
Have a Better Overall Survival

Using ELISA and follow-up data from 77 patients, we performed
Kaplan-Meier survival analysis. When the cohort was divided
into E2 IgG high vs E2 IgG low, according to the median AU
values, patients with high E2 IgG antibody levels showed a
significantly longer survival than those with low levels
(p=0.0321). Exclusion of HPV"® qPCR cases did not change
the survival analysis, on the contrary, it increased the significance
slightly to p=0.0311 (Figure 3E). A similar trend was shown for
E7 1gG, but we did not detect a link between IgA antibody levels
and outcome (Figure 3E).

High HPV16 DNA Levels and RNA
Expression for E7 Are Correlated With
Antibody Level

AU values were plotted against the amount of E2 and E7 DNA
and RNA after classifying them into a low value (40-AACt <30)
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or high value (40-AACt >30) group (DNA: Figure 4A, RNA:
Figure 4B). The cut-off was based on the rounded average
40-AACt values of 30.42 on DNA level. Detection of more E2
DNA or transcripts did not relate to higher serum levels of anti-
E2 IgG or IgA antibody. However, E7 DNA and RNA transcripts
were associated with a higher AU value for anti-E7 IgG and IgA,
although the effect was not statistically significant, most likely
due to low case numbers. Grouping the ELISA results showed
that high amounts of DNA were significantly correlated with
high AU values (p=0.035).
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FIGURE 2 | Bar graphs showing the gPCR and RNA-sequencing data of four selected patients (15, 16, 23, 27). (A) Bar graph displaying 40-AACT values of DNA for all
HPV16 genes of those patients. The HPV16"™ (false p16 positive case 27) is marked with a grey dot. (B) Bar graph showing the corresponding 40-AACT values of RNA
for the respective patients (C) Bar graph showing the log2(n+1) normalized counts for the HPV16 genome using RNA-sequencing data of respective patients.

TIL Status Has an Influence on Antibody
Levels Against HPV16 E2 and E7
The TIL status of patients was determined using IHC staining
specific for CD8" cells and categorized into high, moderate and
low as previously published (13). In the HPV16P** qPCR cohort
(n=24) 15 patients had a high TIL count for CD8. The rest
showed a moderate or low TIL count (Figures 4C, D).

AU were plotted in the three TIL categories according to the
number of CD8" cells (Figure 4C). Due to the small numbers in
the low expression group we combined all ELISA data (E2 IgG,
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FIGURE 3 | ELISA results reported in arbitrary units (AU) from samples taken at baseline before treatment. (A) Bar graph showing AU values for the tumor site base
of tongue (BOT) and tonsil for the antibody classes IgG and IgA. (B) Bar graph displaying AU values depending on the tumor size [small tumor size (T1) and
advanced tumor status (T4)]. (C) Graph showing ELISA AU values of pre- and post-treatment samples for IgG. The top two figures show the paired E2 IgG data
grouped by time in months when the second sample was taken after completion of treatment, less than 6 months (<6 months) and more than 6 months (>6
months). The bottom graphs display all pre-treatment and post-treatment samples and are plotted separated by their second sample date. Significance levels are
shown for E2 IgG and E7 IgG (p<0.05). (D) Graphs showing the ELISA results for IgA with a statistically significant increase in the group with sample <6 months after
treatment end (E2: p=0.0232, E7: p=0.0384). (ns, not significant; *: p<0.05, **: p<0.01). (E) Kaplan-Meier graph of overall survival of 74 patients (=3 gPCR HPV16
negative excluded) grouping in IgG E2 low (n=33) and IgG E2 high (n=41) using median antibody values. The IgG E2 high group shows a significant better overall
survival than the low AU value group (OS after 5 years: 95% vs 74%, p=0.0.311). E7 IgG shows a not statistically significant difference of the overall survival.
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TIL"S" HNSCC show significantly higher AU values than the low. (**: p<0.01). (D) Table showing the case numbers and their TIL status for CD103 and CD8.
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E2 IgA, E7 IgG, and E7 IgA) and compared the overall
seropositivity with the TIL status. Significant more circulating
antibodies in TIL"€" tumors were found (p=0.0097).

DISCUSSION

Several diagnostic approaches for HPV16 detection are
described. The assessments include HPV-PCR, HPV-in situ
hybridization (ISH) and the hybrid-capture HPV DNA Test
which can be used to detect a whole group of high-risk and low-
risk HPV types (39). Hitherto, only few methods for the
detection of HPV16 in FFPE material have been published
(40). Systematic assessment of the HPV16 genome, quantifying
all genes separately, had not yet been undertaken. The primer
pairs we used in the qPCR assay for HPV16 detection were
rigorously tested to be specific for each HPV16 gene, without
cross reactivities to other high-risk HPV types, or other human
viruses. The assay specificity was also supported by using the
viGen bioinformatic pipeline (31) to detect HPV16 genes,
mapping the RNA-sequencing data onto HPV16 genome.
This separate analysis using different starting material
revealed the same findings and confirms the validity of our
qPCR assay.

Evaluation of all HPV16 genes in OPSCC with qPCR revealed
highly correlated amounts of HPV16 gene DNA with the lowest
values for E5 and E7. Intriguingly, we could detect all HPV16
genes in most cases. E5 expression displayed the lowest
correlation with other HPV16 genes and was absent in case 24.
E5 is composed of 83 amino acids, making it the smallest of all
HPV16 genes. E5 has been shown to be necessary for early cancer
development and can be lost during the course of cancer
development (41). Our case is likely an example of this
process. We identified 3 HPV"® cases in our cohort (n=27),
which expressed high levels of p16 protein. This is approximately
11% and is in the lower range of published percentages of 15%-
20% for p16" but HPV-ISH"*® HNSCC (7).

The 40-AACT values for DNA differ from those identified for
RNA expression, reflecting variable transcriptional activity
between cases. The late genes L1 and L2 are both transcribed
from the late promotor and are only expressed in the surface of
the stratified squamous epithelium, while in the basal cells only
early genes are transcribed (42). The assembly and dissemination
of HPV16 from the superficial epithelial cells happens after late
antigen expression. However, in the case of tumor formation,
viral assembly is not critical once transformation has occurred
and hence, the late genes are likely redundant. Intriguingly, the
late antigens are still transcribed into RNA in 58% of cases for L1,
53% for L2 and 37% expressed both. This finding underpins
the possibility of complete viral reassembly in more than one
third of cases, supporting the risk of viral transmission between
partners after the cancer has been established (43). If true, this
has important social implications for the patient and their
partner(s). This question should be evaluated formally in
prospective work to assess whether a prophylactic vaccine may
be indicated for partners and patients.

We describe two cases where E7 DNA is detected, but not
transcribed. Both oncogenes E5 and E6 however are transcribed
in those cases. It is not clear if E7 was expressed during cancer
initiation, and then lost during cancer growth, or if there is an
immunological mechanism (one case was TIL™®", the other
TIL'°"). In contrast to published data, we could detect E2 RNA
at the same time as RNA for E6 and E7 (9) suggesting that E2
does not necessarily exert inhibitory transcriptional control over
E6/E7 expression (8).

It has been reported that patients with HPV16P°* OPSCC show
increased levels of E6 and E7 antibodies in the blood, independent
of the viral load (16). However, we find a correlation between E7
DNA and RNA expression and higher serum levels of IgG and IgA
antibodies against E7, but not E2: thus, individual genes of HPV16
appear to be differentially expressed, transcribed and could be
differentially immunogenic. Therefore, a detailed analysis on a
gene by gene basis is important for being able to interpret
immunological data.

E2 has previously been reported to be associated with a
greater cytotoxic T lymphocyte response compared to E7 (44).
We did not directly assess T cell reactivity in our cases; the
humoral responses we observe however raise the possibility that
T helper cells are less activated in response to E2 than E7, and
therefore lead to less B cell activation and antibody production.
The relationship between HPV16 gene expression and
antigenicity requires further investigation. This would also
have important implications for vaccine development.

The presence of viral antigen leads to the activation of
immune responses aimed at clearing the infection. This
clearance requires both T and B cell activation. T cells
activated against HPV antigens are able to recognize the
intracellular virus through presentation of viral peptides in
MHC molecules, and this has been shown by the presence of
virus-specific T cells in HPVP®® HNSCC (45). These T helper
cells activate B cells to produce specific antibodies which can
then be detected in the serum of patients e.g. by ELISA. ELISA is
a rapid and inexpensive assay which can give additional
information about the patients’ prognosis beforehand and
could be a useful additional diagnostic tool.

Antibodies directed against HPV early antigens have been
proposed as a prognostic biomarker before and after removal of
the tumor (46). If treatment is successful it would remove the
source of HPV antigen, limiting B cell responses. Therefore,
following effective CRT or complete surgical resection of all
disease, a significant decrease or loss of antibodies over time is
expected. Continued detection of antibodies may indicate either
residual tumor (post-CRT) or distant metastasis (post-complete
surgical resection). 15%-20% of HPVP®® patients die from
residual or recurrent disease within 2-years and a simple blood
based biomarker would be clinically relevant (47). While pre-
and post-surgery levels of E6 antibody have been described as a
prognostic indicator of recurrence (48), pre and post-treatment
levels of antibody to E7 appear to serve as a biomarker. In our
study, the pre- and post-treatment antigen levels were different
in the two groups sampled at different times (<6/>6 months).
However, we could not assess the relevance of antibodies as a
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biomarker of recurrence in our cohort as no recurrences
occurred during the period of sample collection.

We saw stable antibody levels for E2 IgG before treatment and in
serum samples taken in the first 6 months after treatment, while
there was a slight increase in anti-E7 IgG; after that timepoint
antibody levels decreased. This finding is consistent with the
published data by Fakhry et al. (48). For IgA, in the first 6
months after surgery, we saw increasing antibody levels in the
blood, but again after 6 months, these levels decreased. Therefore,
even after the tumor is completely removed, antibodies persist in the
blood. As the half-life of immunoglobulins is much less than 6
months, these findings must mean that HPV16-reactive B cells/
Plasma cells may persist in lymphatic structures, for example the
bone marrow. Nonetheless, these B cells must be relatively short
lived as, following tumor removal, we find that after 6 months
antibody levels decline. As expected, the kinetics for E6 and E7
DNA are different and decrease rapidly after treatment in oral rinse
samples in contrast to the antibody responses (49), demonstrating
that both tests offer different biological insights in to the success
of treatment.

Consistent with published data (17, 50) we confirmed better
survival for OPSCC patients with IgG responses to the E2 gene it
is thought that the antigenic determinant is located at the N
terminal region of E2 (18). A fascinating new observation from
our study is that the presence of IgA antibodies does not appear
to link to survival benefit. This is intriguing, as IgA responses
have been accused of dismantling adaptive T cell responses in
human liver cancer (51). Formal study of the biological function
of IgA™ B cells and plasma cells is needed to understand the
underpinning biology. Consistent with the published data, there
was no significant survival benefit seen for E7 antibody
seropositivity, although a trend emerged after longer follow-up.

Generally, patients with HPVP®® OPSCC have a better
outcome than HPV"*® patients, but those HPVP** with low TIL
status have the same poor outcome as HPV"®® OPSCC (13).
Patients with immune-cold tumors (TIL'®") had less antibody
production, while immune-hot tumors (TILhigh) were associated
with greater antibody production. Our data is consistent with the
observation that B cells and T cells are abundant in the same
cancers (52), the antibody levels demonstrate the functional link
between these cell populations, most likely anatomically located
together in tertiary lymphatic structures in the cancer
microenvironment. Importantly, the circulating antibody levels
may be a potential biomarker to stratify patients in clinical trials
evaluating immunotherapies.

Caveats for generalizing our data include the small size of our
qPCR cohort, as some samples were too low-quality for further
analysis. This might also be a limitation in using FFPE material:
RNA is less stable than DNA and consistent with this is that
technical failures occurred in the older FFPE blocks.

In our serum sample cohort, the selection criteria were
based on p16, as the commonly available surrogate marker for
HPV-driven disease. This may have biased case choice and going
forward, we would use the qPCR for DNA in combination
with pl6 THC as the more robust tool for identifying
HPV16P** tumors.

The ELISA assay had initially been planned to include antibodies
against E2, E6 and E7. However, we did not successfully express E6
protein. Nevertheless, including E6 and E5 in future research could
unfold additional insights in antibody responses to those oncogenic
HPV16 antigens. ELISA findings have to be confirmed
prospectively in a larger HPVP®® OPSCC cohort with
standardized and consecutive serum sample collection. This
would validate our results and improve the understanding of
HPV16 expression at genomic and transcriptomic levels, as well
as antibody responses and their clinical impact.
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Objectives: To analyze the significance of the number of positive lymph nodes in oral
squamous cell carcinoma (SCC) stratified by p16.

Methods: A total of 674 patients were retrospectively enrolled and divided into 4
groups based on their number of positive lymph nodes (0 vs. 1-2 vs. 3-4 vs. >5).
The Kaplan-Meier method was used to calculate the disease-free survival (DFS) and
disease-specific survival (DSS) rates. Cox model was used to evaluate the independent
risk factor.

Results: p16 showed positivity in 85 patients with a rate of 12.6%. In patients with p16
negativity, the 5-year DFS rates were 52%, 39%, and 21% in patients with 0, 1-2, and 3-4
positive lymph nodes, respectively, in patients with >5 positive lymph nodes, all patients
developed recurrence within 2 years after operation, the difference was significant; the
5-year DSS rates were 60, 38, and 18% in patients with 0, 1-2, and 3—-4 positive lymph
nodes, respectively, in patients with >5 positive lymph nodes, all patients died within
4-years after operation. The difference was significant. In p16 positivity patients, the
3-year DFS rates were 41% and 17% in patients with 0-2 and >3 positive lymph nodes,
respectively, the difference was significant; the 3-year DSS rates were 84 and 46% in
patients with 0-2 and >3 positive lymph nodes, the difference was significant.

Conclusions: The number of positive lymph nodes is significantly associated with the
survival in oral SCC, its survival effect is not affected by p16 status.

Keywords: oral squamous cell carcinoma, AJCC classification, number of positive lymph nodes, survival analysis,
pi16

INTRODUCTION

Oral squamous cell carcinoma (SCC) is the most common malignancy in the head and neck, and the
mainstay of treatment is curative surgery followed by adjuvant treatment (1). Although there has
been great progress in medical science, the prognosis of oral SCC has not apparently improved with
a 5-year overall survival rate of about 40% (2-4). The most important prognostic factor is cervical
nodal metastasis, the survival would decrease by half even if there is only one positive lymph
node (5). Much effort has been made to formulate a reliable neck lymph node classification for
better guiding treatment and predicting prognosis. The newest version of AJCC classification takes
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the size, number, extracapsular spread (ECS), and laterality of
positive nodes into consideration during the cervical nodal status
definition (6). However, a number of researchers have noted that
this classification fails to detect the survival difference between
N1 and N2a disease (7), and also between N2b and N2c disease
(8). Thus, a proposed nodal system based on the number of
positive lymph nodes is suggested, and it is verified to be superior
to the 8th AJCC classification (9-11).

HPV-induced cancer is attracting more and more attention,
and it contributes to at least 70% of the newly diagnosed
oropharynx SCC. p16 over-expression is significantly associated
with HPV infection (12), and it usually carries a favorable
prognosis in oropharynx SCC. However, the reported rates of
HPV infection and pl6 over-expression as well as its impact
on prognosis in oral SCC varies greatly (13). Therefore, in the
current study, we aimed to analyze the significance of the number
of positive lymph nodes in oral SCC stratified by p16.

PATIENTS AND METHODS

Ethical Consideration

Henan Cancer Hospital institutional research committee
approved our study, and all participants signed an informed
consent agreement. All methods were performed in accordance
with the relevant guidelines and regulations. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional
and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable
ethical standards.

Patient Selection

Medical records of patients undergoing surgical treatment for
primary oral SCC between January 2013 and December 2019
were retrospectively enrolled, included patients needed to meet
the following criteria: there was no history of other cancer; there
was enough tissue available for HPV analysis; the patient received
neck dissection; the number of lymph nodes examined was not
<10. Demography and pathologic information, and TNM stage
based on the 8th AJCC classification as well as follow-up data was
extracted and analyzed.

Important Variable Definition

Drinkers were defined as those who consumed at least one
alcoholic drink per day for at least 1 year, and smokers were
defined as those who smoked on a daily basis or had quit smoking
for <5 years (3), perineural invasion (PNI) was considered to be
present if tumor cells were identified within the perineural space
and/or nerve bundle; lymphovascular infiltration was positive if
tumor cells were noted within the lymphovascular channels (14).
The pathologic depth of invasion (DOI) was measured from the
level of the adjacent normal mucosa to the deepest point of tumor
infiltration, regardless of the presence or absence of ulceration
(6). Extracapsular spread (ECS) was positive if there were tumor
cells out of the capsular of the positive lymph node (15).

TABLE 1 | Demography and pathologic data in the 674 patients with oral
squamous cell carcinoma.

Variables N (%)
Age

<40 78 (11.6%)
>40 596 (88.4%)
Gender

Male 517 (76.7%)
Female 157 (23.3%)
Smoker 519 (77.0%)
Drinker 387 (57.4%)
Primary site

Tongue 248 (36.8%)
Buccal 177 (26.3%)
Gingiva 132 (19.6%)
The floor of the mouth 117 (17.4%)
Pathologic tumor stage

T14T2 385 (57.1%)
T3+T3 289 (42.9%)
Tumor differentiation

Well 266 (39.5%)
Moderate 300 (44.5%)
Poor 108 (16.0%)
Perineural invasion 273 (40.5%)
Lymphovascular invasion 234 (34.7%)
Positive margin 35 (56.2%)
Pathologic neck lymph node stage

NO 385 (567.1%)
N1 103 (15.3%)
N2 107 (15.9%)
N3 79 (11.7%)

Immunohistochemical (IHC) Analysis

From July 2013, routine immunohistochemical analysis of p16
was performed for every oral SCC patient. Level of positivity of
pl6 over expression was consistent with previous studies well
(16): 0-+, defined as <25% tumor staining; ++, defined as 25—
50% tumor staining; + 4 +, defined as 50-75% tumor staining;
and + + ++: defined as more than 75% tumor staining. Tumors
with level + + + and + + ++ classified as positive p16.

HPV Assessment

From July 2013, HPV detection was selectively performed for
oral SCC patients in our cancer center by fresh tumor tissue.
DNA was extracted using TIANcombi DNA Lyse&Det PCR Kit
(TTANGEN Cooperation, Beijing, China), and then submitted
to real-time PCR with the INNO-LIPA HPV Genotyping Extra
System® kit (Innogenetics), it could detect 7 low-risk HPV types
(6, 11, 40, 43, 44, 54, 70), 3 indeterminate-risk types (69, 71, 74),
and 18 high risk HPV types (16, 18, 26, 31, 33, 35, 39, 45, 51,
52, 53, 56, 58, 59, 66, 68, 73, 82). For paraffin-embedded tissue,
at least five 10-um thick slices were used for DNA extraction by
TIANcombi DNA Lyse&Det PCR Kit (TTANGEN Cooperation,
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TABLE 2 | Comparison of clinical and pathologic variables among patients with different numbers of positive lymph nodes.

Variables Number of positive lymph nodes p

0 (n = 385) 1-2 (n = 180) 3-4(n=72) >5(n =37)
Age
<40 38 (9.9%) 22 (12.2%) 13 (18.1%) 5(13.5%)
>40 347 (90.1%) 158 (87.8%) 59 (81.9%) 32 (86.5%) 0.235
Sex
Male 279 (72.5%) 144 (80.0%) 61 (84.7%) 33 (89.2%)
Female 106 (27.5%) 36 (20.0%) 11 (15.3%) 4 (10.8%) 0.013
Smoker 277 (71.9%) 143 (79.4%) 62 (86.1%) 37 (100%) <0.001
Drinker 225 (58.4%) 100 (55.6%) 42 (58.3%) 20 (54.1%) 0.893
Primary site
Tongue 114 (29.6%) 76 (42.2%) 35(48.6%) 23 (62.2%)
Buccal 122 (31.7%) 42 (23.3%) 11 (15.3%) 2 (5.4%)
Gingiva 90 (23.4%) 30 (16.7%) 10 (13.9%) 2 (5.4%)
The floor of the mouth 59 (15.3%) 32 (17.8%) 16 (22.2%) 10 (27.0%) <0.001
Pathologic tumor stage
T1+T2 253 (65.7%) 102 (56.7%) 25 (34.7%) 5(13.5%)
T3+T4 132 (34.3%) 78 (43.3%) 47 (65.3%) 32 (86.5%) <0.001
Tumor differentiation
Well 197 (561.2%) 50 (27.8%) 15 (20.8%) 4(10.8%)
Moderate + poor 188 (48.8%) 130 (72.2%) 57 (79.2%) 33 (89.2%) <0.001
Perineural invasion 116 (30.1%) 85 (47.2%) 42 (568.3%) 30 (81.1%) <0.001
Lymphovascular invasion 101 (26.2%) 61 (33.9%) 45 (62.5%) 27 (73.0%) <0.001
Positive margin 8 (2.1%) 13 (7.2%) 8 (11.1%) 6 (16.2%) <0.001
Extracapsular spread - 26 (14.4%) 26 (36.1%) 27 (73.0%) <0.001
Neck lymph node stage
N1 - 103 (57.2%) 0 0
N2 - 59 (32.8%) 36 (50.0%) 12 (32.4%)
N3 - 18 (10.0%) 36 (50.0%) 25 (67.6%) <0.001
HPV positivity 37 (9.6%) 20 (11.1%) 8(11.1%) 4(10.8%) 0.946
p16 positivity 41 (10.6%) 22 (12.2%) 12 (16.7%) 10 (27.0%) 0.024

Beijing, China) according to the instruction, the following
procedures were similar with above-mentioned description.

Treatment Proposal

In our cancer center, preoperative systemic examinations of
ultrasound, CT/MRI and/or PET-CT was performed for every
patient. Complete resection of primary tumor was achieved with
at least 1 cm margin, a free flap or pedicled flap was used to close
the defect if necessary. For a ¢NO neck, a dissection of level 1
to 3/4 was performed, for a ¢tN+ neck, a modified radical or
radical neck dissection of level 1 to 5 was performed. Adjuvant
treatment was suggested if there was presence of T3/4 disease,
pathologic cervical disease, PNI, LVI, positive margin, and ECS.
After discharging, the patient was followed every 3 months for
the first 2 years, every 6 months for the third to fifth year, and
then once per year. If there was suspicion of disease recurrence,
active inference was taken.

Statistic Analysis
The cut-off value of positive lymph nodes was defined according
to previous studies (8, 10, 17), the patients were divided into four

groups based on the four knots (0 vs. 1-2 vs. 3-4 vs. >5). The
difference among the four groups was compared using the Chi-
square test. However, owing to the small sample size of patients
with p16 positivity, these patients were divided into two groups
(0-2 vs. >3), and also because of their limited follow-up time,
prognostic difference of the two groups was compared using
the 3-year survival rate. The study endpoints were disease-free
survival (DFS) and the disease specific survival (DSS), and they
were calculated by the Kaplan-Meier method. The survival time
of DFS was calculated from the date of surgery to the date of first
locoregional recurrence or distant metastasis or the last follow-
up. The survival time of DSS was calculated from the date of
surgery to the date of cancer-caused death or the last follow-
up. The factors which were significant in univariate analysis were
then analyzed in the Cox proportional hazards model to find out
the independent factor. The Harrell’s C-concordance index was
used to compare the model fitness between number of positive
lymph nodes model and the 8th AJCC classification, where the
higher the value, the better the discrimination among subgroups
(18). All statistical analyses were performed using SPSS 20.0, a
value of p < 0.05 was considered to be significant.
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RESULTS
Demography and Pathologic Data

A total of 674 patients were enrolled for analysis, there were
517 (76.7%) male and 157 (23.3%) female, the mean age was
57.5 years with a range from 32 years to 78 years. Smoker and
drinker were noted in 519 (77.0%) patients and 387 (57.4%)
patients, respectively.

Primary sites were characterized as tongue in 248 (36.8%)
patients, buccal in 177 (26.3%) patients, gingiva in 132 (19.6%)
patients, and the floor of the mouth in 117 (17.4%) patients.
Pathologic tumor stages were distributed as T1 in 118 (17.5%)
patients, T2 in 267 (39.6%) patients, T3 in 189 (28.0%) patients,
and T4 in 100 (14.8%) patients. The mean pathologic DOI was
9.8 mm with a range from 1.4 to 24.5 mm. Tumor differentiation
was distributed as well in 266 (39.5%) patients, moderate in 300
(44.5%) patients, and poor in 108 (16.0%) patients. PNI and LVI
was presented in 273 (40.5%) patients and 234 (34.7%) patients,
respectively. Positive margin occurred in 35 (5.2%) patients.

The mean number of lymph nodes examined was 21.5 with
a range from 12 to 47. Positive cervical disease occurred in 289
(42.9%) patients, and pathologic neck lymph node stages were
distributed as NO in 385 (57.1%) patients, N1 in 103 (15.3%)
patients, N2 in 107 (15.9%) patients, and N3 in 79 (11.7%)
patients. In the 289 patients with cervical nodal metastasis,
130 (45.0%) patients had one positive lymph node, 50 (17.3%)
patients had two positive lymph nodes, 40 (13.8%) patients had
three positive lymph nodes, 32 (11.1%) patients had four positive
lymph nodes, 20 (6.9%) patients had five positive lymph nodes,

and 17 (5.9%) patients had more than 5 positive lymph nodes.
ECS occurred in 79 (11.7%) patients (Table 1).

HPV and p16 Test

HPV show positivity in 69 patients with a rate of 10.2%, in whom
30 (43.5%) patients had a tumor arising from the tongue, 15
(21.7%) cases from the buccal, 10 (14.5%) cases from the gingiva,
and 14 (20.2%) cases from the floor of the mouth. 7 (10.1%) of
the 69 patients also showed p16 positivity.

p16 showed positivity in 85 patients with a rate of 12.6%, in
whom 50 (61.0%) patients had a tumor arising from the tongue,
8 (9.4%) cases from the buccal, 7 (8.2%) cases from the gingiva,
and 20 (23.5%) cases from the floor of the mouth. 8 (9.4%) of the
85 patients also showed HPV positivity.

Comparison Among the Four Groups

The four groups had similar distribution regarding age (p =
0.235), drinker status (p = 0.893), and HPV positivity (p =
0.946). There was significant difference of distribution of gender
(p = 0.013), smoker status (p < 0.001), primary site (p < 0.001),
pathologic tumor stage (p < 0.001), tumor differentiation (p <
0.001), PNI (p < 0.001), LVI (p < 0.001), ECS (p < 0.001),
positive margin (p < 0.001), neck lymph node stage (p < 0.001),
and pl6 positivity(p = 0.024) (Table 2). Patients with greater
number of positive lymph nodes tended to be a smoking man
with SCC arising from the tongue or the floor of the mouth.
Adverse pathologic characteristics including high tumor stage,
presence of PNI, LVI, and ECS, and cervical nodal disease were
more frequent in patients having more than 5 positive lymph
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TABLE 3 | Univariate and Cox model analyses of the disease-free survival in the
674 patients.

Variables Univariate Cox model

P P HR [95% CI]
Age (<40 vs. >40) 0.156
Sex (Male vs. female) 0.342
Smoker <0.001  <0.001 1.461[1.197-1.998]
Drinker 0.471
Primary site
Tongue + The mouth floor vs. others ~ <0.001  <0.001 2.476 [1.227-3.471]
Pathologic tumor stage
T3+T4 vs. T1+T2 <0.001  <0.001 3.446 [1.385-6.331]
Tumor differentiation
Moderate + poor vs. well <0.001  <0.001 1.998 [1.264-3.558]
Perineural invasion <0.001 <0.001 2.363[1.277-4.338]
Lymphovascular invasion <0.001 <0.001 2.255 [1.304-4.264]
Neck lymph node stage <0.001
NO
N1 <0.001 1.685[1.125-2.138]
N2 <0.001 2.453 [1.773-3.467]
N3 <0.001 3.007 [2.162-6.487]
Number of lymph node examined
<22vs. >22 0.267
HPV positivity 0.993
p16 positivity <0.001  <0.001 1.565 [1.183-2.021]
Positive margin <0.001  <0.001 1.996 [1.317-2.778]
Number of positive lymph nodes <0.001
0
1-2 <0.001 1.981 [1.241-2.525]
3-4 <0.001 3.126 [2.612-4.178]
>5 <0.001 5.453 [4.431-8.465]

nodes. Additionally, p16 positivity was associated with greater
number of positive lymph nodes.

During our follow-up, with a mean time of 40.0 months,
a total of 463 patients received adjuvant treatment, of which
286 patients received radiotherapy, 177 patients received
chemoradiotherapy. Recurrence occurred in 340 patients: 252
patients had locoregional recurrence, and 88 patients had
concurrent locoregional recurrence and distant metastasis.
Hundred patients received salvage surgical treatment, and the
rest received palliative chemotherapy. Two hundred and sixty
seven patients died of the disease. The overall 5-year DFS and
DSS rates were 41 and 41%, respectively.

In patients with no positive lymph nodes, the 5-year DFS
rate was 49%, in patients with 1-2 positive lymph nodes,
the 5-year DFS rate was 39%, in patients with 3-4 positive
lymph nodes, the 5-year DFS rate was 23%, in patients with
>5 positive lymph nodes, all patients developed recurrence
within 2 years after operation. The difference was significant
(Figure1, p < 0.001). In further Cox model analysis, the
factors of smoker, the number of positive lymph nodes,
primary site, pathologic tumor stage, tumor differentiation,

PNI, LVI, neck lymph node stage, and pl6 were significantly
associated with the DFS (Table 3). The Harrell’s C-concordance
index for number of positive lymph nodes system and
the 8th AJCC neck lymph node classification was 0.7312
and 0.7299.

In patients with no positive lymph nodes, the 5-year
DSS rate was 57%, in patients with 1-2 positive lymph
nodes, the 5-year DSS rate was 39%, in patients with 3-
4 positive lymph nodes, the 5-year DSS rate was 17%, in
patients with >5 positive lymph nodes, all patients died of
the disease within 4 years after operation. The difference
was significant (Figure2, p < 0.001). In further Cox model
analysis, the factors of smoker status, the number of positive
lymph nodes, primary site, pathologic tumor stage, tumor
differentiation, PNI, LVI, neck lymph node stage, and p16 were
significantly associated with the DSS (Table 4). The Harrell’s C-
concordance index for number of positive lymph nodes system
and the 8th AJCC neck lymph node classification was 0.7200
and 0.7186.

In further sub-group analysis of patients with p16 negativity,
in patients with no positive lymph nodes, the 5-year DFS
rate was 52%, in patients with 1-2 positive lymph nodes,
the 5-year DFS rate was 39%, in patients with 3-4 positive
lymph nodes, the 5-year DFS rate was 21%, in patients with
>5 positive lymph nodes, all patients developed recurrence
within 2 years after operation. The difference was significant
(Figure 3, p < 0.001). In patients with no positive lymph nodes,
the 5-year DSS rate was 60%, in patients with 1-2 positive
lymph nodes, the 5-year DSS rate was 38%, in patients with
3-4 positive lymph nodes, the 5-year DSS rate was 18%, in
patients with >5 positive lymph nodes, all patients died within
4 years after operation. The difference was significant (Figure 4,
p < 0.001).

In further sub-group analysis of patients with p16 positivity,
its sample size was relatively small, therefore, we divided them
into two groups based on the number of positive lymph
nodes (0-2 vs. >3). In patients with 0-2 positive lymph
nodes, the 3-year DFS rate was 41%, in patients with >3
positive lymph nodes, the 3-year DFS rate was 17%, the
difference was significant (Figure5, p < 0.001). In patients
with 0-2 positive lymph nodes, the 3-year DSS rate was
84%, in patients with >3 positive lymph nodes, the 3-year
DSS rate was 46%, the difference was significant (Figure 6,
p < 0.001).

DISCUSSION

The most important finding in the current study was that we
confirmed the prognostic significance of the number of positive
lymph nodes in oral SCC, and the effect was unaffected by p16
status. Additionally, the number of positive lymph nodes system
was superior to the 8th AJCC neck lymph node classification. It
provided a reliable method to instruct adjuvant treatment and a
better tool for doctor-to-patient communication.

Cervical node status was the most important prognostic
factor in oral SCC, the newest version of AJCC classification
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was made based on analyzing the pooled database from two
famous medical centers (6, 19), taking the size, number, ECS,
and laterality of positive lymph nodes into consideration,
although there was significant improvement in neck
staging (20), apparent deficiency could not be neglected.
It was previously believed that contralateral or bilateral
cervical disease was associated with aggressive biologic
behavior, but current evidence showed the uncommon
performance tended to be contributed by unpredictable
lymphatic drainage patterns rather than aggressive biology
(8,11, 21, 22).

Then some researchers introduced a revision version of neck
lymph node status based on positive lymph node number.
Roberts et al. (9) divided 12,437 patients with head and neck
SCC into 4 groups based on the number of positive lymph
nodes (0 vs. 1 vs. 2-5 vs. >5), and found patients with
>5 positive lymph nodes had the worst prognosis, and the
association remained independent in multivariate analysis with
a lower Akaike information criterion than that in AJCC N
stage. Ho et al. (23) identified 8,351 laryngohypopharyngeal
patients from the National Cancer Database, in whom 56.4%
had neck metastatic disease, in the survival analysis, the authors
reported as number of positive lymph nodes increased, mortality
risk escalated continuously without plateau, and the hazard
per node was the most pronounced up to 5 metastatic lymph
nodes, moreover, when accounting for positive lymph node
number, the factors of the size of positive lymph nodes and
contralaterality in standard nodal system had no prognostic

value. The same research team selected 14,554 oral SCC patients
from the National Cancer Database, and found in univariate
analysis the 5-year overall survival rates were 65.3, 49.9, 41.1,
29.7, 27.5, 18.5, and 9.7% for those with 0, 1, 2, 3, 4 to 6, 7 to
9, and 10 or more positive lymph nodes, respectively, and there
was still a strong relationship between the number of positive
lymph nodes and overall survival after adjusting for important
confounding factors (11). However, all those authors did not
evaluate the effect of positive lymph node number on the DSS
which was not affected by general body status. Additionally,
racial difference played a significant role on cancer survival.
Our study was the first to confirm the prognostic significance
of positive lymph node number in DSS in oral SCC patients
in China, and the model showed superiority to the AJCC N
stage with higher Harrell's C-concordance index. A similar
finding was also reported by Rajappa et al. (10) and Ebrahimi et
al. (8).

p16 was usually used as a surrogate marker of HPV infection
owing to the significant association between them in oropharynx
SCC, but it was not like that in oral SCC. Harris et al. (24) noted
44% of the 25 tongue SCC patients showed pl6 positivity, but
none had HPV16 positivity by PCR analysis. Similarly, Poling
et al. (25) found HPV positivity was only detected in 1 of the
9 cases with pl6 positivity from 78 tongue SCC patients. Our
finding would be consistent with these reports. The prognostic
role of pl6 in oral SCC was not frequently analyzed, and the
existing literature showed conflicted effect results. Almangush
et al. (26) previously performed a meta-analysis consisting of
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TABLE 4 | Univariate and Cox model analyses of the disease-specific survival in
the 674 patients.

Variables Univariate Cox model

P P HR[95% CI]
Age (<40 vs. >40) 0.231
Sex (Male vs. female) 0.156
Smoker <0.001  <0.001 1.336[1.075-1.748]
Drinker 0.374
Primary site
Tongue + The mouth floor vs. others  <0.001  <0.001 2.132 [1.426-3.164]
Pathologic tumor stage
T3+T4 vs. T1+T2 <0.001 <0.001 3.128[1.476-5.129]
Tumor differentiation
Moderate + poor vs. well <0.001  <0.001 2.006 [1.387-3.814]
Perineural invasion <0.001 <0.001 2.061 [1.337-3.994]
Lymphovascular invasion <0.001 <0.001 2.116 [1.452-3.860]
Neck lymph node stage <0.001
NO
N1 <0.001 1.456 [1.027-1.999]
N2 <0.001 2.375[1.564-3.555]
N3 <0.001 3.467 [2.622-5.932]
Number of lymph node examined
<22vs. >22 0.513
HPV positivity 0.673
p16 positivity 0.024  <0.001 1.321[1.048-1.733]
Positive margin <0.001  <0.001 3.776[1.671-5.997]
Number of positive lymph nodes <0.001
0
1-2 <0.001 1.862[1.122-2.442]
3-4 <0.001 3.189 [2.611-4.554]
>5 <0.001 6.316 [4.673-10.227]

174 studies and found there was no sufficient evidence to
support the prognostic role of pl6 in tongue SCC. Lai et al.
(27) enrolled 143 patients with oral or oropharynx SCC, and
determined the functional HPV presence by analyzing HPV
in situ hybridization and pl6é immunohistochemistry, in the
survival analysis, the authors reported there was no significant
difference of overall survival and DFS between patients with
or without p16 positivity. A similar finding was also reported
by Fakhry et al. (28). But Chung et al. (29) noted 62 (19.3%)
of the 322 non-oropharynx head and neck SCC showed pl6
positivity, and p16 over expression carried a protective effect on
progression-free survival and overall survival. On the contrary,
Larque et al. (30) and Dediol et al. (16) concluded p16 expression
was related to worse survival in oral SCC. Our finding would
also support this viewpoint. A possible explanation might be that
pl6 positivity meant higher number of positive lymph nodes
induced by aggressive tumor behavior. More importantly, we
were the first to evaluate the interaction effect of the number
of positive lymph nodes and p16 positivity and note that the
prognostic significance of the positive lymph node number

did not alter with pl6 status. The finding was novel, and
provided the first possibility and feasibility of the revision nodal
staging system based on the number of positive lymph nodes
without considering pl6 status. In a previous study by Divi
et al. (31), the authors also reported the prognostic effect of
the number of lymph nodes examined was not associated with
p16 positivity.

Another attractive variable was the lymph node yield (LNY),
which was the number of lymph nodes retrieved after neck
dissection. Lemieux et al. (32) selected 4,341 patients with pNO
oral SCC, and found the mean LNY increased with tumor stage
from T1 to T3, the cut-off of 22 nodes removed indicated a
significant predictor of overall survival, and each additional
lymph node excised was related to improved survival, and the
effect maintained until 43 nodes removed. Pou et al. (33) reported
that in 118 patients with ¢cNO head and neck SCC, metastatic
disease was present in 23.73% of cases. Positive lymph node was
the most likely to be detected in patients with LNY >35, and
the rate was comparable in patients with LNY 26 to 35. And
in patients with <18 lymph nodes, the detected rate was the
lowest, then the authors concluded that the minimum for LNY
was 18 for an adequate level I-III neck dissection. Kuo et al. (34)
used the SEER database and found there was significant survival
benefit related to >16 lymph nodes removed compared with
lower LNY in 3097 cNO patients, and there was survival benefit
related to >26 lymph nodes removed compared with lower LNY
in 1,268 cN+ patients. Similar findings were also reported by
Divi et al. (35) and El Asmar et al. (36), but we failed to note
the prognostic significance of LNY if ctNO and cN+ patients were
analyzed together. There were some aspects must be considered
when comprehending this finding: LNY was mainly based on
the surgeon’s ability of dissecting lymph nodes, the pathologists
ability of identifying the lymph nodes, and the level dissected.
Treatment in academic medical center was also responsible for
LNY (36). The relationship between survival and LNY was an
association but not a causality, and this effect was easily affected
by the neck status.

The concept of lymph node ratio (LNR), which was defined as
the ratio of the number of positive lymph nodes to the number
of lymph nodes examined, became more and more attentive.
Hua et al. (17) enrolled 81 hypopharyngeal SCC patients, and
divided these patients into three groups based on the metastatic
nodes ratio (0 vs. <10% vs. >10%), and found patients with high
LNR had worse prognosis in both univariate and multivariate
analyses. Similar findings were also reported by Huang et al.
(37) and Ding et al. (38). However, LNR was very vulnerable
because of variable LNY. LNY was significantly different and
increased with the number of neck levels dissected, and even
in the same type neck dissection, LNY might not be the same
(39), then this would lead patients with the same number of
positive lymph nodes but different LNY to different neck stage.
The inferiority of LNR had been verified by Ho et al. (23) and
Roberts et al. (9).

Limitations in the current study must be acknowledged:
firstly, the retrospective design had inherent bias; secondly,
the sample size and follow-up time of patients with pl6
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positivity was limited, higher quality studies are needed to clarify
these questions.

In conclusion, the number of positive lymph nodes are
significantly associated with survival in oral SCC, and it shows
superiority to AJCC N stage in predicting the prognosis. Its
survival effect is not affected by p16 status.
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Juvenile-onset recurrent respiratory papillomatosis (JORRP) is a condition characterized
by the repeated growth of benign exophytic papilloma in the respiratory tract. The course
of the disease remains unpredictable: some children experience minor symptoms, while
others require multiple interventions due to florid growth. Our study aimed to identify
histologic severity risk factors in patients with JoORRP. Forty-eight children from two
French pediatric centers were included retrospectively. Criteria for a severe disease
were: annual rate of surgical endoscopy > 5, spread to the lung, carcinomatous
transformation or death. We conducted a multi-stage study with image analysis.
First, with Hematoxylin and eosin (HE) digital slides of papilloma, we searched for
morphological patterns associated with a severe JORRP using a deep-learning algorithm.
Then, immunohistochemistry with antibody against p53 and p63 was performed
on sections of FFPE samples of laryngeal papilloma obtained between 2008 and
2018. Immunostainings were quantified according to the staining intensity through two
automated workflows: one using machine learning, the other using deep learning.
Twenty-four patients had severe disease. For the HE analysis, no significative results
were obtained with cross-validation. For immunostaining with anti-p63 antibody, we
found similar results between the two image analysis methods. Using machine learning,
we found 23.98% of stained nuclei for medium intensity for mild JoRRP vs. 36.1% for
severe JORRP (p = 0.041); and for medium and strong intensity together, 24.14% for
mild JORRP vs. 36.9% for severe JORRP (p = 0.048). Using deep learning, we found
58.32% for mild JoRRP vs. 67.45% for severe JORRP (p = 0.045) for medium and
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strong intensity together. Regarding p53, we did not find any significant difference in
the number of nuclei stained between the two groups of patients. In conclusion, we
highlighted that immunochemistry with the anti-p63 antibody is a potential biomarker to
predict the severity of the JoORRP.

Keywords: juvenile onset recurrent respiratory papillomatosis, machine learning, deep learning, p53, p63, HPV,

immunohistochemistry

INTRODUCTION

Recurrent respiratory papillomatosis (RRP) is characterized by
the repeated growth of benign exophytic papilloma in the
respiratory tract (1, 2), primarily in the larynx (1). The age
distribution of RRP in Europe is trimodal with a peak in
children at a median age of 7 years and two other peaks
in adults at a median age of 35 and 64 years old (3).
This rare condition is referred to as Juvenile-onset Recurrent
Respiratory Papillomatosis (JoRRP) when it occurs in children.
Epidemiologic data vary depending on the country. In France,
there are no available data. In Denmark, between 1969 and 1984,
the incidence was 3.6 cases per year per 100,000 children (4).
In Canada, based on a national database, the incidence and
prevalence from 1994 to 2007 were respectively 0.24 per 100
000 children and 1.11 per children, median age at diagnosis was
4.4 years with a sex ratio close to 1:1 (5). In the United States,
data are similar (6), however incidence and prevalence seem
correlated to the socioeconomic status (7). JoRRP is caused by
an HPV infection, mostly by genotypes 6 and 11 (8). These
epidemiological data may change in countries with a strong HPV
vaccination policy: an Australian study shows a decrease in the
incidence of RRP in children under 14 years of age after the
introduction of the national HPV vaccination program in 2007.
The incidence decreased from 0.16 cases per 100,000 children in
2012 to 0.02 cases per 100,000 in 2016 (p = 0.034) (9). Three
modes of transmission are suggested: vertical transmission at
birth [HPV type concordance between mother and newborn
in different studies are however contradictory (10-12)], vertical
transmission in utero (13) and horizontal transmission via the
child’s environment (10). Whatever the transmission mode,
several studies have demonstrated that maternal condyloma at
the time of delivery was a major risk factor of developing JoRRP
(14, 15). While the prevalence of HPV 6 and 11 infection in
pregnant women is around 2%, the prevalence of JoRRP is
surprisingly low. Thus, HPV infection alone does not explain the
development of the disease and strong arguments suggest that
JoRRP is tied to immunity defects and genetic susceptibilities.
Patients with RRP are associated with HLA DRB1*0102/0301,
DQB1%0201/0202 (16, 17) and present a lack of KIR genes
3DS1 et 2DS1 (18). Moreover, their immune response presents
a Th2 polarization (19) which is not suitable for viral infection
control. The management of this disease is challenging because
its evolution remains unpredictable: some children experience
minor symptoms with spontaneous remission, while others
undergo multiple interventions due to florid growth. For the
most severe cases, JORRP may lead to airway compromise, and

malignant transformation to carcinoma can occur, although it
is extremely rare [most often over pulmonary spread (20, 21)].
The standard treatment of JoRRP is a surgical excision (SE)
with cold instruments or microdebriders. Multiple endolaryngeal
procedures can lead to glottis synechia and irreversible damage
to the vocal cords as well as impaired social life (22). To
improve the surgical outcome and extend symptom-free periods,
numerous adjuvant treatments have been tried: interferon o
(23), celecoxib (24), bevacizumab (25), cidofovir (26, 27), PD-
1/PD-L1 immunotherapy (28, 29), and the quadrivalent HPV
vaccine (30). At the time of writing, none of these treatments
have been recommended for routine use by the International
Pediatric Otolaryngology Group (31). The most promising
ones are the quadrivalent HPV vaccine, bevacizumab and PD-
1/PD-L1 immunotherapies which appear to decrease relapses
(28, 29, 32, 33).

In light of the multiplication of neo-adjuvant treatments and
the impossibility to predict the evolution of the disease, we
have sought to identify severity risk factors in order to improve
the handling of these children. Although many studies have
focused on clinical severity risk factors, the only one identified
to date is the early age of onset of the disease (34, 35). To our
knowledge only one article investigated in JoRRP histological
criteria related to disease severity (such as the presence of mitosis
above the basal cell layer) but without significant results (36).
Several studies have looked for histological criteria with the help
of immunohistochemistry. Ahn et al. (37) studied the density of
cells expressing CD8, CD4, FoxP3, PD-1, or PD-L1 in papilloma
samples in a cohort of 39 patients. Only CD8+ cells density was
inversely correlated with disease severity (p = 0.01). Another
study on papilloma samples involving 12 patients found a trend
between a greater number of cells marked by the anti-p53
antibody and greater disease activity (defined by more than 3 SE
per year); however this association was not statistically significant
(p = 0.1) (38). As a reminder, TP53 is a tumor suppressor
gene, so its loss of function leads to tumor development.
The p53 protein acts as a transcription factor regulating the
expression of a large number of genes involved in the cell
cycle, apoptosis, cell differentiation, DNA repair, cell metabolism,
migration and angiogenesis (39). p53 immunohistochemistry is
used as a prognostic factor (40, 41). It is also used to distinguish
dysplastic epithelium (overexpressing p53) from epithelium with
reactive changes (presenting a wild-type staining) (42). The
p63 protein is a transcription factor belonging to the same
family as the p53 protein. p63 protein appears to play an
important role in the development of squamous epithelium
(43). Given the scarcity of data in the literature on histological
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criteria associated with JoRRP severity, we decided to conduct
this multi-stage study assisted by computerized image analysis.
From Hematoxylin and eosin (HE) digital slides of papilloma,
we first focused on morphological patterns associated with
severe JoRRP. Finding morphological predictive patterns on
HE slides could help optimize patient management. To our
knowledge, no study has yet been able to find such criteria;
and no computerized analysis was performed to determine such
morphological criteria in this pathology. Thus, we extended our
queries about potential morphological discriminative patterns
using artificial intelligence. Indeed, artificial intelligence has an
increasing impact on digital pathology as a help for decision-
making that could usher in an acceleration of clinical workflows:
several models showed a capability to recapitulate patterns that
experts had already recognized (44). Some previous works even
succeeded in predicting gene mutation on HE slides using
deep-learning algorithms (45). In parallel, we explored p53
and p63 expressions with immunohistochemistry as potential
markers of JoRRP severity, and compared quantitative results
with two automated workflows: one based on machine learning,
a second one based on deep learning. Machine learning refers to
mathematical models that are designed to learn from experience,
in order to make predictions or decisions without being explicitly
programmed to do so. A machine-learning algorithm might
require extraction of intermediate handcrafted features, for
example typical cell size, or staining intensity histogram for a
given object. The algorithm would base its prediction on these
selected features. Deep learning is a subtype of machine learning
that goes even beyond: the model learns and builds by itself
relevant features to make a final prediction, making it more
generalizable and unbiased in the way features are extracted.
Our step toward a deep-learning-based approach was supported
by the overwhelming majority of state-of-the-art architectures
that now rely on deep learning in every computer vision task.
We relied on both approaches to strengthen our conclusion and
ensure a high confidence in our final quantitative results.

MATERIALS AND METHODS

Population

This retrospective study was approved by an ethical
committee (notice number: CPP2019-02’-019a/2019-00352-
55/19.02.05.67237) and by the “Commission Nationale
Informatique et Libertés” (application number: 919150). Patients
were selected from two pediatric University Hospital Centers
(CHU) treating JoRRP: Necker-Enfants Malades Hospital and
Robert Debré Hospital (both in Paris). Patients were selected by
querying each hospital database via the laboratory management
software Diamic for samples taken between 2008 and 2017 with
the following diagnoses: juvenile papillomatosis, viral papilloma,
squamous papilloma, and papillomatosis. The single most recent
sample per patient was selected, thus allowing for the best
possible slide quality to be obtained for immunohistochemistry.
The inclusion criteria were:

- A positive HPV “low risk” DNA in situ hybridization test or a
positive PCR targeting HPV 6 and/or 11.

- Recurrence after diagnosis.

Clinical data were collected retrospectively in March 2018,
and gathered the following information: gender, exact age at
diagnosis, dates of each SE performed in the two University
Hospitals, number of SE, number of Cidofovir injections
received, potential tracheostomy in relation to the disease,
presence of surgical sequelae (defined as the appearance of
synechia of the glottis or even stenosis), location of papilloma
lesions, presence of lung involvement (proven by at least one
chest CT scan), presence of a lesion at the last flexible endoscopy,
notion of carcinomatous transformation, potential death related
to the disease.

From the dates of the SE, an average interval in days between
each SE was calculated. The number of SE per year was calculated
by dividing the total number of SE by the number of years
between the first and last SE.

HPV Typing

When the HPV type was not already known, FFPE papilloma
samples from the patient were sent to the Georges Pompidou
European Hospital’s Virology Department, where PCR were
performed with the INNO-LiPA® kit from Innogenetics©,

targeting 28 HPV genotypes including 6 and 11.

Immunohistochemistry and Staining
Immunohistochemistry was performed on sections of FFPE
tissue samples of laryngeal papilloma with anti-p53 (Dako, DO-
7 clone, 1/50 dilution) and anti-p63 antibodies (Roche, 4A4
clone, 1/50 dilution) carried out on a Leica™ Bond III® automat
according to the protocols routinely used in the pathology
department of the Necker-Enfants Malades hospital.

For each patient, we also collected an HE slide of the same
laryngeal papilloma used for immunohistochemistry. Each HE
slide contained at least one and up to six levels.

Image Analysis

Each p53 and p63 immunohistochemistry was scanned with a
Vectra Polaris® slide scanner from Akoya Biosciences™ with a
magnification corresponding to a 10x objective. Each HE slide
was scanned with a NanoZoomer® from Hamamatsu® with a
magnification corresponding to a 40x objective.

Prediction of Disease Severity Using Solely

HE With a Deep Neural Network

We decided to apply a deep neural architecture to classify HE
slides into mild or severe JoRRP, and potentially unveil what
was learned by the model to highlight specific tissue regions that
activated the decision.

We designed a deep-learning architecture relying on
CHOWDER (46), an end-to-end framework that extended
WELDON (47) for Whole Slide Images (WSI) classification: the
goal of such network is to classify WSI into classes of interest
(mild and severe JoRRP). Due to the size of WSI (typically
100,000 x 100,000 pixels), it is not possible to pass an entire
digitized slide as is through a neural network due to memory
limitations. To overcome these, tissue regions are located with
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Otsu thresholding (48), and are then cut out into tiles (of size
224 x 224 pixels). A score is attributed to each of these tiles by a
convolutional neural network, then aggregated through a fully
connected network to make a final decision. The full architecture
is described in Figure 1. We also worked on unveiling which
specific tiles activated the final decision. For each evaluation
slide, we extracted the tiles to which the model was paying the
most attention and highlighted them via heatmaps, as shown in
Figure 2.

We validated our implementation by collecting 1,580 non-
Small Lung Carcinoma (NSLC) H&E slides, made publicly
available by The Cancer Genome Atlas (TCGA). The details of
the validation steps of our model and the heatmaps are described
in the Supplementary Data.

Using such a large cohort allowed us to validate our
implementation with an overall AUC of 0.966 to predict cancer
types, thus reaching high classification performance on a task
already managed by pathologists. However, our JoRRP cohort
was small by the standards of such WSI classification task in
machine-learning community (n = 48), so we tried different
approaches described below, to synthetically increase the dataset
size and to regularize the model. We used a four-fold cross-
validation procedure in all our experiments, to confirm that
our method could be generalized over an independent dataset,
and flag problems such as overfitting or selection bias. Thus,
for each experiment, the JoRRP cohort was splitted into four
subsets, and four models were trained: each one was trained
with three subsets and evaluated on the remaining one. The
performance is then reported as the average of the four models
performances. To address data scarcity, we tested different
ways to augment and regularize our training set: basic data
augmentation on tiles (flip, rotations), increasing training set size
by considering different neighboring slices as independent cases,
using bags dropout (49) by randomly sending a subset of the
input tiles in the network (90, 80, and 70% were tested out),
using a pretrained ResNet-50 feature extractor (on ImageNet and
on TCGA-lung). Additionally, we experimented with different
magnification levels for tiling (20X, 10X, and 5X), to ensure we
scanned all potentially relevant morphological structures.

Machine-Learning Approach for p53 and

p63 Immunohistochemistry

p53 and p63 quantitative analysis was performed with the
Inform® 2.3 software from Akoya Biosciences™, which enables
users to fine-tune built-in quantification algorithms. The
analysis is a two-stage procedure: nuclei segmentation and
nuclei phenotyping. Nuclei segmentation was performed by
the software based on the DAB algorithm provided by the
manufacturer. Then, for nuclei phenotyping, the model, which
was based on multinomial logistic regression, needed to be
trained to perform phenotyping. We thus selected 13 regions
of interest from virtual immunohistochemistry slides of p53 (9
ROI) and p63 (4 ROI) antibodies, and had them annotated by a
pathologist. Each region of interest came from a different patient,
to foster staining expression and morphological heterogeneity
within the training set. We gathered a training set of 500

annotated nuclei in these fields, with five labels as described
in Figure3 [weak (14), medium (24) and strong staining
(3+), unstained and irrelevant for non-nuclei objects]. We
manually labeled nuclei until the automatized recognition by
the Inform® software was concordant with visual count on the
training set. Once trained, we selected at least 8 regions per
p53 and p63 virtual slide to run a full quantitative analysis.
The size of a region of interest was 0.47 mm x 0.35 mm. Fields
of interest were selected to contain only the entire surface
of the papilloma epithelium with as little connective tissue as
possible. They were then analyzed by the Inform® software
trained algorithm and each region of interest analyzed was
visually verified. Viray et al. (50) found high accuracy between
the software results and manual analysis by pathologists, yet we
quantitatively assessed the algorithm performance by comparing
its predictions to a pathologist annotations. We randomly
selected six regions of interest from two different patients,
three ROI from p53 staining and three ROI from p63 staining,
containing approximately a total of 4,000 nuclei. Results show a
global positive predictive value of 0.83 and a global sensitivity
of 0.95. In details, positive predictive value/sensitivity results
per class are: unstained (0.92/0.95), weak staining (0.87/0.95),
medium staining (0.94/0.98), strong staining (0.97/0.87), and
irrelevant (0.80/0.90). At the end, data of each ROI were extracted
with R software.

Deep-Learning Approach for p53 and p63

Immunohistochemistry

For this approach, we selected a Faster R-CNN architecture
(51) to perform cell localization and classification. This is a
two-stage architecture that first tells the model where to look
(with the Region Proposal Network), and then classifies the
proposed objects among classes of interest. The model was
trained on 10 regions of interest of size 0.512mm x 0.512 mm,
coming from five different slides (three p63 and two p53 slides).
Each region was fully annotated by a pathologist with point
annotations for each nuclei. Five classes were predefined: stroma,
unstained (0), weakly stained (14), moderately stained (2+),
and strongly stained (3+). We chose to add a dedicated class
for stroma (although this is not taken into account in staining
level expression) to enforce the network to learn the distinction
between stroma cells and unmarked epithelial cells despite their
staining intensity similarities. By adding an extra class for stroma
cells, we regularized the network and fostered morphological
context learning to distinguish epithelium from stroma. The
model was trained during 10,000 iterations with a weighted cross-
entropy (weights equal to the inverse of the class frequency in
the training set), a learning rate of 10-3, and Adam optimizer
(52). As for the machine learning analysis, we randomly selected
6 regions of interest (size of 0.256 mm X 0.256 mm) from the
same two patients, containing approximately a total of 3,000
nuclei. We reported a global positive predictive value of 0.90
and a global sensitivity of 0.91. In details, positive predictive
value/sensitivity results per class are: unstained (0.98/0.83), weak
staining (0.84/0.88), medium staining (0.92/0.98), strong staining
(0.97/0.92), and stroma (0.84/0.91).
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FIGURE 1 | () WSl is thresholded with Otsu to separate foreground (tissue) from background. (i) Selected foreground is cut out into tiles of size 224 x 224 pixels. (iii)
Tiles are fed into a convolutional feature extractor—here ResNet-50, pretrained on ImageNet—leading to a 2,048 feature vector for each tile, after the 5th ResNet
block and mean pooling. (iv) A 1-by-1 convolution is applied to get a single value per feature vector. (v) Tiles scores are sorted: R maximal scores and R minimal
scores are selected to go through a final two-layer perceptron (200 and 100 hidden units) to make a final softmax prediction of the class: either “mild” or “severe.” We

Statistical Analysis

Statistical analyses were carried out using R software. For p53
and p63 immunohistochemistry, we calculated for each patient
a percentage of nuclei stained by level of intensity from raw
data, by dividing the number of nuclei in each category by
the total number of nuclei, on all regions of interest. For the
deep-learning approach, the nuclei in the stroma were not taken
into account. Qualitative variables were analyzed with a Chi2 or
Fisher test depending on sample size. Univariate analyses with
quantitative data were performed using a non-parametric Mann-
Whitney test. Finally, all tests were bilateral and a p < 0.05 was
considered significant.

Outcome

Patients were classified into two groups: severe and mild. Severity
was defined by at least one of the following criteria: a number
of SE per year >5, death related to disease, pulmonary location
of JoRRP proven at least by a chest CT scan, carcinomatous
transformation of an JoRRP localization. One of the aims of
this work was to identify histological criteria associated with
a severe JoRRP. As there are, to our knowledge, no existing
morphological JoRRP severity criteria, we tried a hypothesis-
agnostic approach by using a deep-learning algorithm to classify
patients in each of the two groups according to the HE alone.

If validated, such algorithm could be used to extract tissue areas
on which the algorithm particularly relied to make its decision,
thus potentially highlighting discriminating histological criteria.
Given the small size of our dataset, hence limiting the potential
of such algorithm, we also planned to stain slides with anti-p53
and anti-p63 antibodies. We compared the percentage of nuclei
stained by these two antibodies between the two groups.

RESULTS

Population

Forty-eight children were included, 22 boys and 26 girls. The
average age at diagnosis was 3.8 years with a median age of 2 (age
range: 0.5-13 years). Twenty-seven percent of patients had HPV
11 infection, 65% had HPV 6 infection, and 6% had co-infection
with HPV 6 and 11. It was not possible to perform HPV typing
in one patient due to sample depletion. All patients had glottic
involvement. 73% of patients had supraglottic tumors, 68.7% had
subglottic ones and 25% and 8% had respectively tracheal and
pulmonary involvement. Patients had a median rate of 4.8 SE
per year. Regarding adjuvant treatment, 73% of patients received
at least one injection of Cidofovir. Patients received an average
of 7.1 injections of Cidofovir with a median of 3.5 injections.
Six patients (12.5%) received Cidofovir during an SE prior to
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FIGURE 2 | Heatmap analysis process: (A) global view of an HE slide with its heatmap; the yellow zones represent the areas that have impacted the classifier
(hotspots). (B) View of two heatmap hotspots. (C) HE area corresponding to the two hotspots, allowing to see the presence of viral cytopathogenic effect (red circle

corresponding to the hotspots).

.y

N

o

the study specimen. The delay between the first and last SE was
on average 3.6 years and the median was 2 years. Moreover,
71% of patients had a lesion at the last check-up. Additionally,
a young patient in our cohort died at the age of 18 from the
malignant transformation of a pulmonary localization of her
JoRRP into bronchopulmonary squamous cell carcinoma. Her
JoRRP progressed for 17 years: 132 SE were performed, with
a mean interval between each endoscopy of 47 days. She also
received 67 injections of Cidofovir. According to our severity
criteria, 24 patients had a severe disease and 24 had a mild
disease. Characteristics of the two populations are summarized
in Table 1. The two populations were comparable: there were no
statistically significant differences in the gender of the patients,
the type of HPV, the age at diagnosis, the total number of SE,
the number of SE in the first year, the total number of injections
of Cidofovir, or post-surgical morbidity. Patients with severe
disease had a significantly shorter mean interval between each SE
compared with patients with mild disease (median 51 days vs. 213
days, p < 0.0001). Patients with severe JORRP had a shorter delay
between first and last SE (1.0 year vs. 2.7 years, p = 0.001); and
had significantly more tracheostomies than patients with mild
JoRRP (p = 0.048).

Prediction of Disease Severity Using Solely
HE With a Deep Neural Network

We tested different approaches (as described in our “Methods”
section) to face data scarcity, which is an obstacle for such
multiple instance learning tasks. Given the small evaluation
set size for a given training (corresponding to 11-12 slides),
running a cross-validation was compulsory to properly validate
a method. Here, we systematically carried out a four-fold
cross-validation. If one configuration sometimes gave good
results on specific sets (we reached 0.83 AUC on a set
with a single slice per patient, all tiles being used at each
training iteration), we never reached significant results on cross-
validation (mean AUC of 0.57 with a non-statistically significant
p-value). Beyond evaluation metrics, we strove to understand
whether the algorithm took into account histological criteria
visible to a pathologist. To find potential histological criteria
that would allow mild/severe stratification solely with HE slides,
we randomly compared five heatmaps of patients with severe
JoRRP with five heatmaps of patients with mild disease that
had been accurately classified by the model. For each heatmap,
we noted the different locations of the hotspots (in the three
thirds of the epithelium and in the conjunctivo-vascular axis).
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FIGURE 3 | Examples of the machine-learning and deep-learning phenotyping. (A) area of an ROI from a p53 slide. (B) Deep-learning approach, labeling of the
colors: pink, stroma; green, unstained; purple, low intensity staining; red, medium intensity staining. (C) Machine-learning approach, labeling of the colors: pink,
irrelevant; green, unstained; red, low intensity staining; blue, medium intensity staining.

We also collected the presence of visible histological signs in the
hotspot area (presence of lymphocytes, neutrophil polynuclear
cells, viral cytopathogenic effect, prominent nucleoli, nuclear
hyperchromatism, and mitosis). The results are summarized
in Supplementary Table 1. Briefly, according to the heatmaps
analyzed, there was an average of 11 hotspots per patient. There
is a slightly different distribution of hotspots depending on the
severity of the disease, with more hotspots in the basal third and
in the stroma for patients with severe disease and more hotspots
in the middle third for patients with mild disease. We found 19
out of 27 hotspots with histological criteria. Some features are
only found for patients with a mild JoRRP, such as a prominent
nucleoli and mitosis. Neutrophils are only found for patients with
a severe JoRRP.

Image Analysis of p53 and p63

Immunohistochemistry

Given the small size of our dataset limiting the outcome of a WSI
classification task, we also planned to stain slides with anti-p53
and anti-p63 antibodies. An example of the nuclei phenotyping
results with each approach is shown in Figure 3.

Machine-Learning Approach

Concerning the machine-learning approach, results are
summarized in Table2. Patients with severe disease had
statistically significant higher numbers of stained nuclei with
anti-p53 antibody for strong intensity compared with patients
with mild disease (0.14 vs. 0.08, p = 0.015). There was no
significant difference for the other intensity groups. With the p63
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TABLE 1 | Clinical characteristics of patients with mild and severe JORRP.

Mild disease: 24  Severe disease: P
(%) 24.(%)
Gender Boys 11 (46%) 11 (46%) 1
Girls 13 (64%) 13 (54%) 1
HPV type* HPV6 and 11 3 (12%) 0 (0%) 0.234
HPV11 4 (17%) 9 (38%) 0.194
HPV6 17 (71%) 14 (58%) 0.546
Tracheostomy 1 (4%) 7 (29%) 0.048
Sub-glottic involvement 14 (58%) 19 (79%) 0.119
Tracheal involvement 5 (21%) 7 (29%) 0.505
Postoperative morbidity 5(21%) 5 (21%) 1
Lesion at last check-up 15 (63%) 19 (79%) 0.204
Pulmonary involvement 0 4 (17%)
Death 0 1 (4%)
Malignant transformation 0 1 (4%)
Median age at diagnosis 3 2 0.180
(vear)
Median time between 1st 2.7 1 0.001
and last SE (years)
Median total number of SE 8 9.5 0.198
Median number of SE first 3.5 5 0.054
year after diagnosis
Median average interval 213 51 <0.0001
between each SE (days)
Median total number of 3 5 0.311

Cidofovir injections

"One patient could not have HPV typing due to sample depletion.
Bold value indiicate statistically significant (<0.05).

antibody, patients with severe disease had statistically significant
higher numbers of stained nuclei compared with patients with
mild disease for medium intensity (36.1 vs. 23.98%, p = 0.041)
and medium and strong intensity together (36.9 vs. 24.14%, p
—=0.048).

Deep-Learning Approach

Concerning the deep-learning approach, results are summarized
in Table 3. With the p63 antibody, patients with severe disease
had statistically significant higher numbers of stained nuclei
compared to patients with mild disease for the three intensities
together (87.55 vs. 84.64%, p = 0.023) and medium and strong
intensity together (67.45 vs. 58.32%, p = 0.045). There was no
significant difference between the two populations regarding the
number of nuclei stained by the p53 antibody.

DISCUSSION

Population

Juvenile recurrent respiratory papillomatosis is a rare disease and
studies often involve small cohorts, which severely limits their
scope. In order to improve the management of these patients,
it is necessary to carry out studies to find new severity risk
factors. To our knowledge, our cohort of JoRRP is the largest ever
studied in Europe. National databases in the U.S. and Canada

TABLE 2 | Comparison of the percentage of nuclei stained by antibody against
p53 and p63 between patients with mild and severe JORRP with the
machine-learning approach.

Staining intensity Mild Severe P
disease disease
(24) (24)
% of nuclei stained by ~ + 61.08 62.68 0.564
p53 antibody (median)
++ 3.2 4.67 0.073
+++ 0.08 0.14 0.015
All of the 3 65.38 69.46 0.266
++and ++ + 3.36 4.91 0.063
% of nuclei stained by + 55.7 49.56 0.108
p63 antibody (median)
++ 23.98 36.1 0.041
+++ 0.14 0.74 0.122
All of the 3 82.02 86.07 0.055
++and ++ + 2414 36.9 0.048

Bold value indicate statistically significant (<0.05).

TABLE 3 | Comparison of the percentage of nuclei stained by antibody against
p53 and p63 between patients with mild and severe JoRRP with the
deep-learning approach.

Staining intensity Mild Severe P
disease disease
(24) (24)
% of nuclei stained by + 49.51 47.97 0.951
p53 antibody (median)
++ 14.42 16.51 0.483
+++ 0.08 0.18 0.085
All of the 3 64.93 71.82 0.303
++and + + + 14.59 16.94 0.483
% of nuclei stained by + 25.4 19.8 0.303
P63 antibody (median)
++ 53.85 57.65 0.201
+++ 0.84 3.94 0.066
All of the 3 84.64 87.55 0.023
++and + + + 58.32 67.45 0.045

Bold value indicate statistically significant (<0.05).

have been established, covering 603 and 243 children with JoRRP
(5, 53); our population has characteristics comparable to these
two cohorts. We found a median rate of SE per year of 4.8
comparable to the U.S. cohort’s, which was of 4.3, higher than the
Canadian one of 1.5. Our median age at diagnosis was slightly
lower, 2 years old vs. 3 years old in the U.S. cohort and 4 years
old in the Canadian one. These data are also similar with a
more recent publication on an international cohort of juvenile
and adult RRP (35). Interestingly, the percentage of patients
treated with Cidofovir was much higher in our cohort than in
the Canadian cohort (respectively 73 vs. 4.7%). The differences
in terms of Cidofovir treatment could be explained by variability
in local practices. Regarding the distribution of HPV types, our
data are comparable to the literature. We found a low proportion
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of co-infection with HPV6 and 11 (6%) and a predominance
of HPV6 (65%), as described elsewhere (54, 55). One of the
main difficulties in our study was to define disease severity.
Currently, no consensual definition exists in the literature. Some
authors use composite scores incorporating criteria for disease
localization, such as the Derkay-Wiatrak score, and intervention-
related criteria, such as the number of SE per year (5, 35, 56).
Others use only intervention-related criteria. A total number of
SE greater than or equal to 10 or a number of SE/year > 3 or 4 is
frequently found as a criterion of severity (34). We were unable to
use Derkay-Wiatrak score as one of the two centers involved was
not used to performing it systematically. We chose the criteria
mainly representing the symptomatology of these two groups
of patients. Our cut-off value for the number of SE per year
seems relevant for our cohort, since patients classified as severe
presented more severe items of disease activity than patients
classified as mild. Thus, the median mean interval between each
endoscopy was 51 days for severe JoRRP and 213 days for mild
JoRRP (p < 0.001). Additionally, patients with severe disease had
statistically significantly more tracheostomies than those with
mild disease (p = 0.048). It should be noted that as 71% of
patients had a lesion at the last check-up it may be possible that
the number of SE/year would have changed until remission.

Prediction of Disease Severity Using Solely
HE With a Deep Neural Network

The principal aim of this study was to identify histological criteria
associated with disease severity. We first aimed to determine
whether we could predict JoRRP severity solely relying on HE
slides. The difficulty was twofold: the cohort was small for WSI
classification tasks with respect to machine learning community
standards, and this was a discovery task, meaning that there are
no known predictive morphological discriminative patterns that
distinguish severe from mild JoRRP for pathologists. Despite our
efforts to address data scarcity, we did not find a configuration
capable of performing well on all cross-validation sets. We
concluded that our dataset did not make it possible to extract
from HE slides the information relevant to predict JoORRP severity
with our multiple instance learning approach. It shows that such
architecture was not able to extract extra information as for
a pathologist, at least on such small dataset. We acknowledge
that it does not imply that no such morphological pattern in
HE could be useful to predict JoRRP severity; yet, we think
that highlighting what did not work is still an informative
milestone for the community to design future projects. A larger
transnational cohort would facilitate research and statistically
strengthen the approach, given the difficulty of such discovery
tasks. The classification model for JoRRP was not sufficiently
effective to allow complete heatmaps analysis. However, it is
very easy for a pathologist to analyze the areas used by the
algorithm to classify a case. This may prove to be time-saving
for the analysis of a cohort and helpful in identifying histological
items potentially associated with the severity of the disease.
Indeed, by simply exploring 5 cases, we found a slightly different
distribution of the hotspots on the slides between the two groups
and some differences in histological criteria found below the

hotspots between mild and severe JoRRP. Even though it was not
possible to draw conclusions from these data, this kind of analysis
with secondary morphological analysis of area of interest seems
promising for pathologists.

Image Analysis of p53 and p63

Immunohistochemistry

Considering the lack of significant results on HE, we also
explored p63 and p53 immunostainings. Based on Rabah et
al. (38) results, we set out to explore the expression of p53
in these tumors, and by extension, of p63. We decided to
compare percentages of stained nuclei rather than density of
labeled cells because machine-learning analysis tends to segment
large nuclei in half, artificially increasing the number of cells
in the ROL The contribution of automated image analysis in
this study considerably helped us save time and strengthened
the robustness of such quantitative task. For p53, we did not
find any difference in number of nuclei stained between the two
groups of patients, except for the machine-learning approach
concerning strong intensity. However, there is little difference
between the percentage of stained nuclei of the two groups
(0.08% for mild JoRRP vs. 0.14% for severe JoRRP) and it is
questionable whether this discrepancy with the deep-learning
approach is related to the fact that some stromal cells were taken
into account in the analysis with machine learning (as exposed
in Figure 3). The inability to detect these stromal areas in the
machine-learning analysis and to exclude them may induce a bias
in the counting of stained nuclei. This is why we opted for two
distinct approaches for image analysis, deep learning allowing a
finer analysis by taking into account the tumor cells exclusively,
not the stromal cells. Indeed, our analysis with Inform® software
did not allow distinction between these two types of cells.
Moreover, these results are consistent with other studies that
have looked at the expression of p53 in RRP. Stern et al. (57)
found an higher percentage of p53 positive cells in patient that
underwent malignant transformation than in tumors with benign
course (68.3 vs. 14.2%, p < 0.05), however only 4 had malignant
transformation over the 35 patients included and no correlation
with other aggressiveness disease criteria was found. Perdana et
al. (58) also reported no correlation between severity and the
expression of p53. With the p63 antibody, the stromal cells are
not stained but are counted as unstained cells by the algorithm.
We found similar results between the two image analysis methods
for anti-p63 antibody for medium and high intensities together,
with a greater number of nuclei stained with these intensities
in patients with severe disease. For each approach, we found
around 10% differences in labeled cells between severe JoRRP
and mild JoRRP (37 vs. 24% for machine learning and 67
vs. 58% for deep learning). These gross percentage differences
between machine-learning and deep-learning approaches could
be explained by the detection of stromal cells, which were
detected as unstained nuclei with machine-learning approach,
artificially biasing results. There may also have been a slight
variability in the pathologist’s annotation of the different classes
for each approach, since his eyes were the only judge of the
intensity of the staining. Nevertheless, the same pathologist
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made the annotations for both approaches, limiting variability.
On the other hand, the deep-learning approach seemed more
reliable since the model was trained to differentiate stromal from
epithelial cells based on morphological context regardless of
staining intensity. Obtention of similar results with the two image
analysis methods strengthened the reliability of these results.
Additionally, the positive predictive values and sensitivity of
both models are very good. The fact that patients with severe
disease had a higher percentage of cells labeled with p63 for
medium and high intensities than patients with mild disease is
a first step toward using p63 as a predictor of disease severity. A
possible confounding factor in our study is the blend of patients
treated or not treated with Cidofovir. Indeed, it is described in
the literature that in HPV-induced cancer cell lines, Cidofovir
causes an accumulation of p53 (59). However, these data concern
high-grade HPV, and the low-risk HPV proteins involved here
in JoRRP do not share the same properties. The E6 protein has a
lower affinity for p53, which does not induce p53 degradation but
retains an inhibitory activity to the p53 transcriptional activity
necessary for viral genome replication (60). It is thus difficult
to extrapolate the role of Cidofovir on the expression of p53
in JoRRP. We also analyzed our cohort in subgroups to take
into account Cidofovir treatment, results are summarized in
Supplementary Tables 2, 3. However, these results are difficult to
interpret given that the groups are very disproportionate in size,
as 73% of patients received at least one injection of Cidofovir.
Even if Cidofovir has an impact on p53 expression in JoRRP, in
our cohort the patient groups with a mild or a severe disease are
well balanced with 29 and 25% of untreated patients respectively
(7 patients out of 24 vs. 6 patients out of 24, p = 0.745). To
confirm our results, a national prospective cohort with a larger
number of patients will have to be set up with samples before and
after injection of Cidofovir to study the impact of the latter on the
expression of our markers.

CONCLUSION

In conclusion, we highlighted that patients with a severe JoRRP
presented a higher percentage of cells stained by the anti-
p63 antibody for medium and strong intensities compared to
patients with mild JoRRP. This was not found with the anti-
p53 antibody. Use of a biomarker to predict an aggressive
disease could allow to implement adjuvant treatment at the
early stage of the disease. It could also be an opportunity to
better inform patients and their parents of the potential course
of the disease. We also presented an innovative approach in
digital pathology, which consists in analyzing an area taken
into account by a deep-learning algorithm for its predictions
in an attempt to discover new histological criteria of severity
in this disease. These analyses were possible thanks to close

collaboration between pathologists and data scientists, and this
should inspire us in the future development of our profession as
pathologists. These data are a first step toward a better prediction
of severe cases and better management tailored to the severity
of JoRRP.
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Objective: Our goal was to analyze the demographic and pathologic characteristics as
well as prognosis in nonsmoking and nondrinking (NSND) oral squamous cell carcinoma
(SCC) patients compared with typical oral SCC patients.

Patients and Methods: A total of 353 patients were retrospectively enrolled and divided
into two groups: the NSND group and the current smoking/current drinking (CSCD)
group. Demographic, pathologic, and molecular data were compared between the two
groups. The main research endpoints were locoregional control (LRC) and disease-
specific survival (DSS).

Results: In the NSND group, 16.3%, 41.9%, and 53.5% of patients were aged no more
than 40 years, were female, and had an educational background of high school or above
compared to 3.7%, 6.0%, and 38.2% of patients in the CSCD group, respectively. A total
of 15.1% of the NSND patients had SCC of the lower gingiva and floor of the mouth, which
was lower than the 35.6% of patients in the CSCD group. CSCD patients were likely to
have an advanced disease stage (48.7% vs 32.5%, p=0.042) and poorly differentiated
cancer (26.6% vs 16.3%, p=0.042). The NSND patients had a mean Ki-67 index of
24.5%, which was lower than the mean of 35.7% in the CSCD patients. The two groups
had no HPV infection and similar p16 expression (4.7% vs 10.1%, p=0.132), but there
was higher expression of p53 (38.6% vs 17.4%, p<0.001) and p63 (59.9% vs 29.1%,
p<0.001) in the CSCD group. The 5-year LRC rates for NSND patients and CSCD patients
were 48% and 38%, respectively, and the difference was significant (p=0.048). The 5-year
DSS rates for NSND patients and CSCD patients were 56% and 39%, respectively, and
the difference was significant (p=0.047). Further, a Cox model confirmed the
independence of smoking and drinking status for affecting LRC and DSS.

Conclusion: NSND oral SCC patients are a different entity. HPV infection has a limited
role in carcinogenesis in NSND patients, and p16 expression is associated with worse
locoregional control.

Keywords: nonsmoking, nondrinking, HPV, head and neck squamous cell carcinoma, p16
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INTRODUCTION

Oral squamous cell carcinoma (SCC) is the most common
malignancy in cancers of the head and neck (1), and it
significantly threatens people’s lives and quality of life. The
latest epidemiologic data in 2011 showed that in China, the
age-standardized incidence and mortality rates of oral SCC were
2.22 per 100,000 and 0.9 per 100,000, respectively (2). Tobacco
smoking and alcohol consumption are considered to be the main
risk factors and are responsible for at least 80% of oral SCC
patients (3-5). There are 50 potential carcinogens including
polycyclic aromatic hydrocarbons and nitrosamines in tobacco,
and they can result in mutations of some important genes such as
the tumor suppressor gene p53 that disturb modulation of the
immune system and cell cycle regulation (6). The carcinogenic
mechanism of alcohol is complex and might be involved in the
genotoxic effects of acetaldehyde, genetic polymorphisms,
cytochrome P450 2E1-mediated generation of reactive oxygen
species, aberrant metabolism of folate and retinoids, and
increased estrogen (7).

Although there has been increased knowledge regarding giving
up smoking and drinking, the incidence of oral SCC has not
decreased significantly (8, 9), and even nonsmoking and
nondrinking (NSND) oral SCC patients are increasingly common.
A number of previous researchers have tried to determine the
difference regarding etiology, pathologic characteristics, and
molecular expression as well as prognosis between nonsmoking
patients and typical patients (10-14), but unfortunately, there is
great controversy. Some authors have depicted that there is no
significant survival difference between these two groups (10-12),
some have reported that nonsmoking patients have a better
prognosis (13), and some have described that there is worse
survival in young nonsmoking patients (14). The majority of
these studies did not limit their patients to NSND patients, and
this minor designation flaw may not completely eliminate their
potential confounding effects (1). On the other hand, literature on
the molecular expression of NSND patients remains scarce, even
though the reported rates of HPV16 infection, p16 expression, and
P53 expression vary greatly (15-19). Therefore, in the current study,
we aimed to analyze the demographic and pathologic characteristics
as well as prognosis in NSND oral SCC patients compared with
typical oral SCC patients.

PATIENTS AND METHODS

Ethnic Consideration

Our Hospital institutional research committee approved our
study, and all participants signed an informed consent
agreement. All methods were performed in accordance with
the relevant guidelines and regulations. All procedures
performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable
ethical standards.

Patient Selection

From January 2014 to December 2018, the medical records of
654 patients with surgically treated oral SCC were retrospectively
reviewed. Oral SCC referred to SCC arising from the tongue;
buccal, lower and upper gingiva, and the floor of the mouth. The
included patients met the following criteria: the disease was
primary; there was no history of other cancers; there was no
habit of betel-nut chewing; the patient was classified as a NSND
or a current smoker or current drinker (CSCD); and there was
enough paraffin-embedded tissue available for HPV detection.
Patients without sufficient demographic, pathologic, or follow-up
data were excluded from the analysis. Information regarding age,
sex, smoking, alcohol consumption, educational background,
family cancer history, pathologic TNM stage (8" AJCC
system), pathologic reports, treatment, and follow-up was
extracted and analyzed.

Important Variable Definition

A NSND patient was defined as a patient who had smoked no
more than 100 cigarettes and had simultaneously drank wine no
more than once every two weeks in their lifetime (20-22). A
CSCD patient was defined as a patient who had smoked at least
20 cigarettes per day for at least 10 years or had drank wine at
least once per day for at least 10 years (14, 15, 19). All
pathological sections were re-reviewed by at least two
pathologists in a double-blind manner. Perineural invasion
(PNI) was considered to be present if tumor cells were
identified within the perineural space and/or nerve bundle;
lymphovascular infiltration (LVI) was positive if tumor cells
were noted within the lymphovascular channels (3, 23). Similar
to our previous research (23), data on the family cancer history
were obtained at initial treatment. During the preparation of this
article, a questionnaire was sent to the patients or their family by
email, postal letter, or WeChat if the information was not
recorded clearly. The family members in the current study
only consisted of first-degree relatives, and the patients were
categorized as having a family cancer history if any of those
relatives had any cancer other than nonmelanoma skin cancer.
Otherwise, the patient was recorded as not having a family
cancer history (23). The pathologic depth of invasion (DOI)
was measured from the level of the adjacent normal mucosa to
the deepest point of tumor infiltration, regardless of the presence
or absence of ulceration (24).

Immunohistochemical (IHC) Analysis

From July 2013, routine immunohistochemical analysis of Ki-67,
p16, p53, and p63 was performed for every head and neck SCC
patient. The level of positivity of pl6 overexpression was
consistent with previous studies (17, 19): 0-+, defined as less
than 25% tumor staining; ++, defined as 25-50% tumor
stating; +++, defined as 50-75% tumor staining; and ++++:
defined as more than 75% tumor staining. Tumors with levels
of +++ and ++++ were classified as having p16 positivity. Similar
standards were used for p53 and p63. The Ki-67 score (0-100%)
was calculated by the ratio of the number of immunostained
nuclei to the total number of nuclei in tumor cells. The counting
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was performed in three randomly selected fields at x400
magnification. The cut-off value of the Ki-67 score in the
current study was defined as the median value (25, 26).

HPV Assessment

From July 2013, HPV detection was selectively performed in fresh
tumor tissue from oral SCC patients in our cancer center. DNA was
extracted using the TIANcombi DNA Lyse&Det PCR Kit
(TIANGEN Cooperation, Beijing, China) and was then subjected
to real-time PCR with the INNO-LIPA HPV Genotyping Extra
System® kit (Innogenetics), which can detect 7 low-risk HPV types
(6,11, 40, 43, 44, 54, 70), 3 indeterminate-risk types (69, 71, 74), and
18 high-risk HPV types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56,
58, 59, 66, 68, 73, 82). For paraffin-embedded tissue, at least five 10-
pm thick slices were used for DNA extraction with the TIANcombi
DNA Lyse&Det PCR Kit (TTANGEN Cooperation, Beijing, China)
according to the instructions. The following procedures were similar
to those described above.

Surgical Principle

In our cancer center, systemic ultrasound, CT, MRI and/or PET-
CT examinations were routinely performed for every patient. All
oral SCC operations were performed under general anesthesia.
The primary tumor was completely excised with at least a 1 cm
margin; if necessary, a pedicled flap or free flap was used to close
the defect. Neck dissection was usually performed except for
tumors with very small sizes in the upper gingiva; levels of I to III
were manipulated for a cNO neck, and levels of I to IV or V were
manipulated for a cN+ neck. Adjuvant treatment was suggested
if T3/4 disease, cervical nodal metastasis, PNI, LVI, or positive
margins were present.

Statistical Analysis

Student’s t test was used to compare the continuous variables
between the two groups, and the Chi-square test was used to
compare the categorical variables between the two groups. The
main study points were locoregional control (LRC) and disease-
specific survival (DSS). The survival time of LRC was calculated
from the date of surgery to the date of local, regional or locoregional
recurrence or to the last follow-up, and the survival time of DSS was
calculated from the date of surgery to the date of cancer-related
death or the last follow-up. The Kaplan-Meier method (log-rank
test) was used to calculate the LRC and DSS rates. The factors that
were significant in univariate analysis were then analyzed in the Cox
proportional risk regression model to determine the independent
prognostic factors. All reported p values were two-sided, and a value
of p<0.05 was considered significant. All statistical analyses were
performed with SPSS 20.0.

RESULTS

Demographic Characteristics

A total of 353 patients (301 males and 52 females) were enrolled
for analysis. The NSND group consisted of 86 patients with a
mean age of 50.6 (range: 30-68) years; 14 (16.3%) patients were

aged <40 years, and there were 50 (58.1%) males and 36 (41.9%)
females. Forty-six (53.5%) patients had an educational
background of high school or above. Six (7.0%) patients had a
family cancer history: esophageal cancer was noted in 4 (66.7%)
families, and lung cancer was noted in the remaining two families
(33.3%). The CSCD group consisted of 267 patients with a mean
age of 62.5 (range: 38-76) years; 10 (3.7%) patients were aged <40
years, and there were 251 (94.0%) males and 16 (6.0%) females. A
total of 102 (38.2%) patients had an educational background of
high school or above. Twenty-nine (10.9%) patients had a family
cancer history: esophageal cancer was noted in 13 (44.8%)
families, lung cancer was noted in 7 (24.1%) families, breast
cancer was noted in 4 (13.8%) families, liver cancer was noted in 3
(10.3%) families, and colorectal cancer was noted in 2 (6.9%)
families. Patients in the NSND group were more likely to be
female (p<0.001), have a younger age (p<0.001) and have a higher
educational background (p=0.012) than those in the CSCD
group. There were no apparent differences regarding family
cancer history between the two groups (p=0.294) (Table 1).

Operation and Pathologic Characteristics
In the NSND group, 15 (17.4%) patients underwent free flap
reconstruction: 10 with radial forearm flaps, 3 with anterolateral
flaps, and 2 with fibular flaps. Tongue SCC was present in 37
(43.0%) patients, buccal SCC was present in 20 (23.3%) patients,
and SCC of the upper and lower gingiva was present in 16
(18.6%) and 7 (8.1%) patients, respectively. SCC in the floor of
the mouth was present in 6 (7.0%) patients. The median DOI was
8.2 mm, with a range from 2.0 mm to 23.5 mm. The pathologic
tumor stages were distributed as T1 in 19 (22.1%) patients, T2 in
39 (45.3%) patients, T3 in 18 (20.9%) patients, and T4 in 10
(11.6%) patients. Tumor differentiations of well, moderate, and
poor were reported in 37 (43.0%), 35 (40.7%), and 14 (16.3%)
patients, respectively. PNI and LVI were reported in 13 (15.1%)
and 12 (14.0%) patients, respectively. Negative margins were
achieved in 80 (93.0%) patients. Neck dissection was performed
in 76 patients, and the pathologic neck lymph node stages were
distributed as NO in 45 (59.2%) patients, N1 in 20 (26.3%)
patients, and N2 in 11 (14.5%) patients.

In the CSCD group, 61 (22.8%) patients underwent free flap
reconstruction: 37 with radial forearm flaps, 9 with anterolateral
flaps, and 15 with fibular flaps. Twenty (7.5%) patients
underwent submental island flap reconstruction. Tongue SCC
was present in 89 (33.3%) patients, buccal SCC was present in 57
(21.3%) patients, and SCC of the upper and lower gingiva was
present in 26 (9.7%) and 53 (19.9%) patients, respectively. SCC
in the floor of the mouth was present in 42 (15.7%) patients. The
median DOI was 9.9 mm, with a range from 2.0 mm to 27.1 mm.
The pathologic tumor stages were distributed as T1 in 55 (20.6%)
patients, T2 in 82 (30.7%) patients, T3 in 80 (30.0%) patients,
and T4 in 50 (18.7%) patients. Tumor differentiations of well,
moderate, and poor were reported in 80 (30.0%), 116 (43.4%),
and 71 (26.6%) patients, respectively. PNI and LVI were reported
in 65 (24.3%) and 57 (21.3%) patients, respectively. Negative
margins were achieved in 240 (89.9%) patients. Neck dissection
was performed in 252 patients, and the pathologic neck lymph
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TABLE 1 | Comparison of demographic, pathologic, and molecular information between the non-smoker and non-drinker group (NSND) and the current-smoker/
current-drinker (CSCD) group.

Variables NSND group (n = 86) CSCD group (n = 267) p
Age

<40 14 (16.3%) 10 (3.7%)

40-60 52 (60.4%) 95 (35.5%)

>60 20 (23.3%) 165 (61.8%) <0.001
Sex

Male 50 (58.1%) 251 (94.0%)

Female 36 (41.9%) 16 (6.0%) <0.001
Education background

High school or above 46 (53.5%) 102 (38.2%)

Under high school 40 (46.5%) 165 (61.8%) 0.012
A family cancer history
Yes 6 (7.0%) 29 (10.9%)

No 80 (93.0%) 238 (89.1%) 0.294
Primary tumor site
Tongue 37 (43.0%) 89 (33.3%)

Buccal 20 (23.3%) 57 (21.3%)

Upper gingiva 16 (18.6%) 26 (9.7%)

Lower gingiva 7 (8.1%%) 53 (19.9%)

Floor of the mouth 6 (7.0%) 42 (15.7%) 0.005
Depth of invasion (mm) 8.2 (2.0-23.5) 9.9 (2.0-27.1) <0.001
Pathologic tumor stage
T 19 (22.1%) 55 (20.6%)

T2 39 (45.3%) 82 (30.7%)

T3 18 (20.9%) 80 (30.0%)

T4 10 (11.6%) 50 (18.7%) 0.042
Tumor differentiation
Well 37 (43.0%) 80 (30.0%)

Moderate 35 (40.7%) 116 (43.4%)

Poor 14 (16.3%) 71 (26.6%) 0.042
Perineural invasion
Positive 13 (15.1%) 65 (24.3%)

Negative 73 (84.9%) 202 (75.7%) 0.073
Lymphovascular invasion
Positive 12 (14.0%) 57 (21.3%)

Negative 74 (86.0%) 210 (78.7%) 0.133
Pathologic neck stage*

NO 45 (59.2%) 116 (46.0%)

N1 20 (26.3%) 86 (34.1%)

N2 11 (14.5%) 50 (19.8%) 0.130
Margin status
Positive 6 (7.0%) 27 (10.1%)

Negative 80 (93.0%) 240 (89.9%) 0.385
p16
Positive 4 (4.7%) 27 (10.1%)

Negative 82 (95.3%) 240 (89.9%) 0.132
p53
Positive 15 (17.4%) 103 (38.6%)

Negative 71 (82.6%) 164 (61.4%) <0.001
p63
Positive 25 (29.1%) 160 (569.9%)

Negative 61 (70.9%) 107 (40.1%) <0.001
Ki-67 24.5% (3.0%-78.5%) 35.7% (5.5%-93.0%) <0.001

*Only patients who underwent neck dissection were analyzed.

node stages were distributed as NO in 116 (46.0%) patients, N1 in  distribution of pathologic neck lymph node stage (p=0.130),
86 (34.1%) patients, and N2 in 50 (19.8%) patients. PNI (p=0.073), and LVI (p=0.133) (Table 1).

The two groups had significant differences regarding the
primary tumor site (p=0.005), pathologic DOI (p<0.001),  HPV Infection, p16, p53, p63, and Ki-67
pathologic tumor stage (p=0.042), and tumor differentiation  Inthe NSND group, no patients had HPV infection. Positivity of
(p=0.042). Additionally, the two groups had a similar P53, p63, and p16 was reported in 15 (17.4%), 25 (29.1%), and 4
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(4.7%) patients, respectively. The mean Ki-67 proliferation index
was 24.5% (range: 3.0%-78.5%).

In the CSCD group, no patients had HPV infection. Positivity
of p53, p63, and p16 was reported in 103 (38.6%), 160 (59.9%),
and 27 (10.1%) patients, respectively. The mean Ki-67
proliferation index was 35.7% (range: 5.5%-93.0%).

Compared to the CSCD patients, the NSND patients had a
significantly lower Ki-67 index (p<0.001). However, the CSCD
patients had higher expression of p53 (p<0.001) and p63
(p<0.001). The two groups had similar distributions of p16
expression (p=0.132).

Survival Analysis

During our follow-up with a median time of 34 months, in
the NSND group, 45 patients received adjuvant radiotherapy,
and 19 patients underwent adjuvant chemotherapy. A total of 37
patients suffered from disease recurrence: 34 cases locoregionally
and 3 cases distantly. Only 10 patients were successfully salvaged
by radical surgery. Nineteen patients died of the disease.

In the CSCD group, 162 patients received adjuvant radiotherapy,
and 81 patients underwent adjuvant chemotherapy. A total of 150
patients suffered from disease recurrence: 141 cases locoregionally
and 9 cases distantly. Only 40 patients were successfully salvaged by
radical surgery. A total of 100 patients died of the disease.

The 5-year LRC rates for NSND patients and CSCD patients
were 48% and 38%, respectively, and the difference was
significant (Figure 1, p=0.048). Further, the Cox model

confirmed the independence of smoking and drinking status
for affecting LRC (p=0.022, Table 2).

The median DSS time for NSND patients and CSCD
patients was 59.3 months and 54.0 months, respectively. The
5-year DSS rates for NSND patients and CSCD patients were
56% and 39%, respectively, and the difference was significant
(Figure 2, p=0.047). Further, the Cox model confirmed the
independence of smoking and drinking status for affecting DSS
(p=0.015, Table 3).

DISCUSSION

The most significant finding in the current study was that
compared to typical oral SCC patients, NSND patients had
significantly different epidemiological, pathologic, and
molecular features and better prognosis, suggesting that NSND
patients might be a different entity. This finding prompts more
personalized cancer treatment for traditional and NSND oral
SCC patients and more high-quality studies to clearly clarify the
etiology of NSND patients.

In the beginning of preparing this research, one of the most
important factors was to identify a clear definition of NSND and
CSCD patients, which would improve the reliability of this study.
Different definitions of never/current smokers and never/current
drinkers have been described by previous authors (1, 11-15, 17-
22), and it was noted that in most of those studies, an affirmative

Locoregional control survival
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-1CSCD

NSND-
- censored

CSCD-
censored
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I I
20

(p = 0.048).

40
Follow-up time (months)

l l
60 80

FIGURE 1 | Comparison of locoregional control survival between the non-smoker and non-drinker group and the current-smoker or current-drinker (CSCD) group
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TABLE 2 | Univariate analysis and Cox model analysis of risk factors for locoregional recurrence in oral squamous cell carcinoma.

Variables

Age (<40 vs >40)

Sex

Education background

Family cancer history

Tumor stage (T1+T2 vs T3+T4)
Tumor differentiation

Well

Moderate

Poor

Neck stage (NO vs N+)
Perineural invasion
Lymphovascular invasion
Margin status

Status of smoking and drinking
(NSND vs CSCD)

p16

p53

p63

Ki-67 (£32.5% vs >32.5%)
Adjuvant treatment

Univariate
P HR 95% ClI
0.036 2.465 0.337-7.543
0.224
0.463
0.044 0.576 0.257-0.832
<0.001 6.563 2.341-18.427
<0.001
2.867 1.632-6.778
4.876 2.559-16.142
<0.002 5.337 1.863-19.226
0.004 3.206 1.332-6.786
0.012 5.789 0.116-30.321
<0.001 5.216 1.632-18.331
0.048 2.442 1.278-6.442
0.036 2.335 1.327-7.002
0.543
0.478
<0.001 3.5647 1.542-8.673
0.669

Cox model

0.754

0.032
<0.001

0.006
<0.001
<0.001

0.003

0.554
<0.001

0.022
0.019

0.001

never drinker even had one drink once a week. Current evidence
distinctly proves that alcohol consumption apparently increases
the risk of oral SCC (27). More importantly, the association of
alcohol consumption with the relative risk for developing cancer
tends to be dose-dependent (14); therefore, we should make a

stricter standard for NSND patients, such as the definition used
in this research. On the other hand, a typical oral SCC patient is
usually associated with heavy tobacco and alcohol use for 10
years or more (28), and a similar viewpoint has also been
reported by Brennan et al. (6), Koch et al. (10), Farshadpour
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FIGURE 2 | Comparison of disease-specific survival between the non-smoker and non-drinker group and the current-smoker or current-drinker (CSCD) group (p = 0.047).
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TABLE 3 | Univariate analysis and Cox model analysis of risk factors for cancer-caused death in oral squamous cell carcinoma.

Variables Univariate
P
Age (<40 vs >40) 0.089
Sex 0.546
Education background 0.882
Family cancer history 0.034
Tumor stage (T1+T2 vs T3+T4) <0.001
Tumor differentiation <0.001
Well
Moderate
Poor
Neck stage (NO vs N+) <0.001
Perineural invasion 0.082
Lymphovascular invasion 0.031
Margin status <0.001
Status of smoking and drinking
(NSND vs CSCD) 0.047
p16 0.077
p53 0.431
p63 0.785
Ki-67 (£32.5% vs >32.5%) <0.001
Adjuvant treatment 0.338

Cox model
HR 95% CI p
0.694 0.221-0.829 0.016
7.322 2.005-21.563 <0.001
3.097 1.547-7.355 0.004
6.863 2.444-19.337 <0.001
5.442 1.476-13.356 <0.001
3.206 0.832-6.786 0.324
4.761 0.976-30.321 0.067
4.224 1.855-13.217 <0.001
2.665 1.443-7.614 0.015
2.632 0.775-9.435 0.101

et al. (11), and Harris et al. (12). Therefore, to clearly determine
the difference between NSND and CSCD groups and eliminate
the influence of confounding factors, we identified a stricter
standard for CSCD patients.

It was noted that there was a younger age in the NSND group,
and a similar finding was also described by previous authors (9-
11). However, literature regarding age distribution is scarce.
There were significantly more patients aged less than 40 years
in the NSND group. On the other hand, there was a male
predominance in both groups but a significantly higher
proportion of women in the NSND group in the current study;
a similar finding was also noted by Bachar et al. (14) and Durr
et al. (20). These two demographic findings might vaguely
suggest that there are unknown factors explaining the
occurrence of SCC in NSND patients; however, the influence
caused by environmental tobacco cannot be ignored. Tan et al.
(29) found that exposure to environmental tobacco in the home
was always reported by elderly women with head and neck SCC,
and men usually had a higher possibility of second-hand smoke
exposure owing to their occupational nature (19).

Tumor site specificity has been demonstrated by a number of
researchers (21, 30). Compared to CSCD patients, NSND
patients had a lower possibility of developing SCC of the floor
of the mouth and the lower gingiva but a higher possibility of
developing SCC in the upper gingiva. It has been proposed that
because of gravity dependence, pooling saliva containing alcohol/
tobacco-derived carcinogens leads to an increased prevalence of
cancer in the lower location of the oral cavity. A greater presence
of adverse pathologic characteristics, including PNI, LVI, poor
tumor differentiation, and advanced disease stage, has also been
reported by previous authors (13, 14, 22), and similar findings
were also noted by us. However, it is difficult to attribute this
phenomenon to internal differences between the two groups
because long-term alcohol and tobacco use can accelerate the

development of cancer and change the biological behavior of
disease (12).

The clarification of molecular expression variation was one of
our main goals, as it would provide the strongest evidence for
answering whether NSND patients are a different entity. Very few
authors have performed similar analyses (17-19). Considerable
attention has been given to the HPV virus owing to its possible
etiological mechanism in head and neck SCC occurrence (28).
Western researchers have even described HPV as being responsible
for at least 70% of newly diagnosed cases of oropharynx SCC (31),
but the role of HPV in inducing oral SCC remains unclear. Dediol
et al. (17) reported that 27% of their NSND patients were HPV
positive, but HPV detected by PCR did not distinguish whether
HPV had been activated, and this finding did not support the causal
relationship of HPV infection with tumorigenesis. Recent evidence
by de Abreu et al. (32) showed that the frequency of high-risk HPV
types in oral cavity SCC was very low and was less than 4%, and the
authors concluded that HPV was not involved in the genesis of oral
cavity SCC. Our study would also support this viewpoint, as no
HPV infection occurred in either groups.

Furthermore, p16 is usually evaluated together with HPV. For
oropharynx SCC, there is a reliable association between HPV
infection and pl6 overexpression, and pl6-IHC is usually
regarded as a surrogate marker of HPV infection. However, in
the current study, we noted that approximately 5% of the NSND
patients showed p16 positivity, although no HPV infection was
detected by PCR. In a previous report by Harris et al. (12), 40% of
young oral tongue SCC patients had p16 positivity, but no HPV
was found in any of the tumor samples. Similar findings were
also noted by Poling et al. (33): 9 of the 78 patients had p16
positivity, but only 1 patient had HPV E6/E7 mRNA transcripts.
Moreover, our two groups had similar distributions of pl6
expression. These findings suggest that pl6 is not suitable for
assessing the etiology associated with HPV infection in oral SCC.
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In addition, p53 and p63 have been widely analyzed in head
and neck SCC, but only a few authors have analyzed their
expression in NSND patients. Heaton et al. (18) reported that
a total of 16 tumors had strong p53 expression with a prevalence
of 31.4%, and a previous review depicted that the overall rate of
p53 positivity in head and neck SCC varied from 20% to 90%
(33), which was slightly higher than that (17.4%) in our NSND
patients but was consistent with that in our CSCD patients. The
variation was attributed to the fact that both tobacco and alcohol
could lead to mutations in the TP 53 gene. p63 was rarely
assessed in NSND patients, and we might be the first to report
that 29.1% of NSND patients show strong expression of p63.
Previous studies have shown that the expression of p63 in SCC
tissue is significantly higher than that in epithelial dysplasia and
normal tissues (34). Together with our findings, these results
suggest a role for p63 expression in carcinogenesis, and the effect
might be enhanced by tobacco and alcohol. Ki-67 is an indicator
of cancer cell proliferation, and a greater Ki-67 index might
indicate more aggressive and poorer disease survival (26). We
might be the first to report that the mean Ki-67 proliferation
index was 24.5% for NSND patients, which was significantly
lower than that in typical patients. This finding again provides
evidence that NSND patients might be a different entity.

Survival differences between NSND patients and CSCD patients
have been frequently compared, and conflicting results have been
reported. Bachar et al. (14) divided 291 patients into two groups
based on the status of tobacco smoking and alcohol abuse, and the
two groups had similar local and regional control rates as well as
overall survival rates. However, Durr et al. (20) described that
compared to former or current smoking patients, never smoking
patients tended to have decreased overall survival. In our opinion,
long-term exposure to tobacco and alcohol is linked to a higher risk
of peripheral vascular disease, chronic obstructive pulmonary
disease, and coronary artery disease. Therefore, the index of
overall survival might not be reliable enough for detecting the
survival difference between the two groups. Pytynia et al. (13) found
that after being matched to 50 ever smokers according to important
variables, never smokers had a greater DSS and recurrence-free
survival, and a further Cox model confirmed its independence. Our
previous study also suggested that smoking was associated with an
approximately 2-fold increase in the risk for recurrence and a 5-fold
increase in the risk for disease-related death (22). In the current
study, we noted that compared to CSCD patients, NSND patients
had significantly better LRC and DSS in both univariate and
multivariate analyses. A similar finding was also reported by
Farshadpour et al. (11). Thus, NSND oral SCC patients might be
a different entity.

It was interesting to find the negative prognostic significance
of p16 expression in oral SCC. As usual, pl6 expression was
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Human papillomavirus (HPV) is a double-stranded DNA (dsDNA) virus, and its high-risk
subtypes increase cancer risks. However, the mechanism of HPV infection and
pathogenesis still remain unclear. Therefore, understanding the molecular mechanisms
and the pathogenesis of HPV are crucial in the prevention of HPV-related cancers. In this
study, we analyzed cervix squamous cell carcinoma (CESC) and head and neck
carcinoma (HNSC) combined data to investigate various HPV-induced cancer common
features. We showed that epidermal growth factor receptor (EGFR) was downregulated in
HPV-positive (HPV+) cancer, and that HPV+ cancer patients exhibited better prognosis
than HPV-negative (HPV-) cancer patients. Our study also showed that TP53 mutation
rate is lower in HPV+ cancer than in HPV- cancer and that TP53 can be modulated by
HPV E7 protein. However, there was no significant difference in the expression of wildtype
TP53 in both groups. Subsequently, we constructed HPV-human interaction network and
found that EGFR is a critical factor. From the network, we also noticed that EGFR is
regulated by HPV E7 protein and hsa-miR-944. Moreover, while phosphorylated EGFR is
associated with a worse prognosis, EGFR total express level is not significantly correlated
with prognosis. This indicates that EGFR activation will induce a worse outcome in HPV+
cancer patients. Further enrichment analysis showed that EGFR downstream pathway
and cancer relative pathway are diversely activated in HPV+ cancer and HPV- cancer. In
summary, HPV E7 protein downregulates EGFR that downregulates phosphorylated
EGFR and inhibit EGFR-related pathways which in turn and consequently induce
better prognosis.

Keywords: EGFR, hNSC, head and neck squamous cell carcinoma, cesC, human papillomavirus, E7

1 INTRODUCTION

Tumor can be caused by several factors (1). A virus is a small pathogen that often causes
pathological changes or diseases in the target host (2). Some viral infections have been linked to
be essential factors that induce numerous forms of cancer such as liver cancer and nasopharyngeal
carcinoma (3). Virus lifecycle requires intracellular environment owing to its simple structure (4).
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It hijacks the cell's complex protein and nucleic acid synthesis
system for self-proliferation and also controls the functional
protein of cells to modulate the normal cell signaling pathway (5).

Human papillomavirus (HPV) is a nonenveloped double-
stranded DNA (dsDNA) tumor virus. Almost all cervical
squamous cell carcinoma and about 40% of head and neck
cancers are consequences of HPV infection (6, 7). HPV
preferably infect the mucosal layer, and no evidence shows that
HPYV has the ability to infect other cells except basal cells of the
epithelia. Basal cell is the high differential ability cell of the
epithelia. Hence, host cell development and differentiation ability
are probably required for HPV infection (8). The carcinogenesis
of squamous cell carcinoma is often accompanied by changes in
development-related functions (9). Therefore, epithelia
development-regulated protein may be the key target of HPV
infection and oncogenesis. HPV genome encodes seven early-
phase proteins (E1 to E7) and two late-phase proteins (L1 and
L2) for its proliferation. E6 and E7 proteins can modulate p53
and Rb through downregulation or inhibition, which is the basic
mechanism of HPV+ cancer genesis (7). Therefore, E6 and E7
can be regarded as the most essential HPV oncogenic proteins
(10). Due to its small genome and limited virus-encoded protein,
virus proteins require high efficiency and multifunctionality for
complicated manipulation. For example, evidences showed that
E6 and E7 proteins can interact with many human proteins and
participate in a lot of biological processes (11). Likewise, HPV
capsid protein L1 and L2 have been reported to interact with
human proteins (12).

Many studies have examined HPV infection features in
several types of cancers and HPV infection induced cancers
have also been sufficiently investigated. For example, over 90% of
the occurrence of cervix squamous cell carcinoma (CESC) is
attributed to HPV infection (13). Also, head and neck carcinoma
(HNSC) highly linked to HPV infection (14). Epidermal growth
factor receptor (EGFR) is a cancer-related gene and it also has
been reported to be a potential biomarker of HPV infection (15-
17). There are also studies that have demonstrated that some
subtypes of HNSC exhibit higher HPV infection rate than other
subtypes, and that HPV copy number is lower in HPV infected
subtypes (18). Furthermore, EGFR is associated with HPV-
related cancer prognosis. It was reported that EGFR and
pEGFR (phosphorylated epidermal growth factor receptor) are
potential biomarkers of prognosis for oropharyngeal cancer (19).
In cervical cancer, EGFR signaling can be affected by Hippo/YAP
pathway and eventually influence cancer progression (20). Some
reports suggested that EGFR expression can be regulated by
HPV ES5 protein (17), while contradicting reports showed that E5
protein does not regulate the expression of EGFR and cancer
prognosis (21). Other reports showed that EGFR can be possibly
regulated by miRNA. For example, in HPV-infected patients,
smoking-induced control of miR-133a-3p regulates the
expression of EGFR and human antigen R (HuR) (22). Hence,
EGFR expression in HPV-infected cancer may be regulated by
multiple factors such as existing complex mechanisms and HPV
viral protein. However, no study has completely established the
HPV protein is the key modulator of EGFR.

Since most of the previous studies focused on comparing
single cancer type or HPV+ groups with normal group, there are
limited studies that focused on multiple-cancer types or
compared HPV+ cancer with HPV- cancer. Therefore, it is
noteworthy to investigate EGFR regulating mechanisms in a
multiple-cancer type. Owing to existing EGFR-targeted drugs,
EGFR would be a potential target for HPV-induced cancer
prognosis improvement.

Our study analyzed CESC and HNSC combined data at
multiple levels including mRNA, miRNA, SNV, and protein
expression level. We also constructed a global network with HPV
proteins, HPV differentially expressed genes, and miRNAs in
HPV+ cancers versus HPV- cancers. Through the network, our
study showed that EGFR is regulated by HPV E7 protein and
downregulated by miR-944. Furthermore, our findings showed
that pEGFR and its up- and downstream protein activation are
negatively correlated with HPV+ cancer survival. These findings
are evidences that EGFR is regulated in a complex mechanism
and that E7 is the HPV protein that regulates EGFR expression in
HPV-induced cancer.

2 RESULTS

2.1 HPV-Positive Cancer Patients Are
Significantly Different From HPV-Negative
Cancer Patients in Gene Expression and
They Show Higher Survival Possibility

In order to understand the relationships between HPV regulation
and cancer, we selected the two most common HPV-related
cancers which are CESC and HNSC for combined analysis. For
RNA-Seq read counts matrix from ICGC database, principal
component analysis (PCA) showed sample distribution of HPV
+ and HPV- samples (Figure 1A). After removing the outlier at
the lower right area, PCA plot was redrawn as displayed in
Figure 1B, in which, HPV+ samples showed different
distribution patterns against HPV— samples. The different
distribution pattern shows that HPV+ cancer is distinct from
HPV- cancer in gene expression. Further differentially expressed
gene analysis was carried out by grouping samples by their HPV
infection status. Eight hundred thirty-four differentially expressed
genes (DEGs) were screened, and these genes basically
distinguished HPV+ from HPV- samples (Figure 1C). Survival
analysis based on clinical data from FireBrowse database showed
that HPV+ patients had better prognosis compared with HPV—
patients (Figure 1D). It implies that different survival rates are
attributed to DEGs to some degree.

The miRNA-Seq read counts data were also analyzed using
PCA and differential expression analysis. PCA distribution
showed no obvious difference between HPV+ and HPV-
samples (Figure 1E), which indicates that there is no clear
difference in miRNA expression level between HPV+ cancer
and HPV- cancer. Differentially express analysis further showed
that only five miRNAs were significantly differentially expressed.
They were hsa-miR-944, hsa-miR-196, hsa-miR-206, hsa-miR-
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10a, and hsa-miR-548k (Figures 1F-J). Further screening of the
target in intersection of differentially expressed miRNAs showed
only hsa-miR-944, hsa-miR-206, and hsa-miR-548k DEG
targets, which signifies that hsa-miR-196 and hsa-miR-10a
probably do not participate in DEG-related functions although
they were differentially expressed. Both hsa-miR-196 and hsa-
miR-10a were upregulated in HPV+ cancers. The differential
expression may be related to HPV proliferation. Small miRNA
expressing differences between HPV+ cancer and HPV— cancer
shows that only few miRNAs participate in HPV infection-
specific regulation and most of them are only cancer related or
are steadily expressed in both situations.

2.2 TP53 Mutation Proportion Is Lower in
HPV+ Cancer Than in HPV- Cancer

Single nucleotide variation (SNV) analysis was done for CESC
and HNSC combined data. Comparing HPV+ and HPV-

groups, the number of samples was almost the same
(Figure 2A). In determining the nucleotide variation type, we
showed that HPV+ sample variation types and rates differ from
that of HPV— samples. It showed that C>G mutation rates of
HPV+ samples are higher when compared with C>A mutation,
while they are almost the same in HPV— samples (Figures 2B, C).
At gene level for all samples, TP53 ranked at the 2nd place for
single nucleotide mutation for all the genes. Moreover, TP53
mutation takes up 37% samples of the total mutation and it got
the first place of all matched genes (Figure 2D). These results
suggest that TP53 mutation plays a critical role in CESC
and HNSC.

Furthermore, we selected top 30 genes with the highest
mutation frequency and used oncoplot to show their mutation
rates in each of the samples. The result showed that the number of
TP53 mutation is significantly higher in HPV— cancer than in
HPV+ cancer. Whereas most of the genes with high mutation
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FIGURE 2 | Single nucleotide variation (SNV) in HPV+ cancers and HPV- cancers. (A) Total numbers of HPV+ samples and HPV- samples in SNV data of TCGA
CESC and HNSC project. MUSE software processed SNV data was used in our study. (B) HPV+ samples single nucleotide mutation-type proportions. (C) HPV-
samples single nucleotide mutation-type proportions. (D) Top 10 highly mutation rates and mutated sample counts of mutated genes. (E) Oncoplot of the top 30
highly mutated genes; samples were grouped by HPV infection status.

rates showed no significant difference in both groups (Figure 2E).
This result suggests that TP53 mutation is an important
mechanism for the occurrence of HPV-. However, HPV+
cancer shows no relative involvement with TP53 mutation, and
cancer occurrence may be involved in other mechanisms.

2.3 HPV Protein Regulation of Human
Protein Is an Important Mechanism for

the Occurrence of HPV+ Cancer
With virus protein-human protein, mRNA-mRNA (differentially
expressed), and miRNA-mRNA interaction pairs, we constructed

a miRNA-mRNA-protein interaction network. The result showed
that a considerable number of human genes are regulated by HPV
proteins. Thus, the genes that are modulated by HPV viral protein
may possibly be the key factors that induce tumor occurrence
(Figure 3A). Overall, most of the genes directly regulated by HPV
are not differentially expressed gene. This suggests that HPV-
regulated genes have similar expression pattern in HPV— tumors.

We further extracted a subnetwork that contains only HPV
protein and its regulated genes to investigate the manipulation
details. From the subnetwork, four genes were differentially
expressed and are listed as follows, EGFR, SNF (SWI/SNF
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regulated subnetwork.

FIGURE 3 | Overview of interaction network. (A) Global network of miRNA-mRNA-protein interactions. HPV proteins are marked as red triangles; miRNAs are
represented as deep blue diamonds; differentially expressed genes (DEGs) are orange circle; nondifferentially expressed genes are in pink. Circles with light blue
border are HPV directly interacted human genes. (B) HPV proteins directly regulated subnetwork. Turquoise circles are HPV directly manipulated nondifferentially
expressed genes; red triangles are HPV proteins; orange circles are HPV directly manipulated DEGs. (C) Top 11 genes degree distributions of HPV proteins directly

E2 (gene: E2)
E7 (gane: E7)
HSPEOAB1

Gene name

related member), ubiquitin D (UBD), and vascular cell adhesion
molecule 1 (VCAM1) (Figure 3B). Further findings indicated that
the variation between HPV+ cancer and HPV— cancer can
possibly be attributed to the effect of HPV regulation of those
four genes. Through degree analysis of subnetwork, we showed
that degrees of tumor suppressor gene TP53 (regulated by HPV E7
protein) are the highest of all genes (Figure 3C). This result
indicates that the regulation of TP53 by HPV is a crucial
mechanism for HPV+ tumor to occur.

2.4 EGFR Is the Crucial Gene That
Regulate HPV+ Tumor Differentially
Expressed Genes

We used degree = 55 to screen hub nodes of miRNA-mRNA-
protein network, and 22 nodes were selected. Out of the 22 genes,
eight genes are DEGs. Whereas 15 genes are direct HPV-regulated
genes and nodes like TP53, BRCA1, EGFR, and CTNNBI are classic
tumor-related genes (Figure 4A). Remarkably, EGFR is the only
hub node that belongs to both DEGs and directly interacts with
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HPV (Figure 4B). We further extracted a subnetwork constructed
with EGFR and its first neighbor. The result showed that EGFR
interacts with a considerable amount of DEGs, and it is also
regulated by hsa-miR-944 and HPV protein E7 (Figure 4C). This
indicates that EGFR is an essential gene that regulates the
differentially expressed genes.

Furthermore, we predicted that EGFR is regulated by hsa-
miR-944 and that the upregulation of has-miR-944 caused the
downregulation of EGFR (Figures 1], 4B). In order to confirm
whether hsa-miR-944 combine stably with EGFR, Rlsearch2
software was used for RNA combined analysis. The result
shows that EGFR and hsa-miR-944 have low-energy binding
site at 3" end of hsa-miR-944 (Figure 4D). Our findings revealed
that EGFR is regulated by both E7 protein and hsa-miR-944.
This shows that E7 protein does not only induces carcinogenesis
in HPV+ tissues but also causes the difference in appearance in
HPV+ and HPV- tumor.

A module with EGFR was identified using module analysis of
global network. Since gene in the same module interacts closely,
there is a possibility that they can participate in the same

&

Alphapapillomavirus

positive
negative

log2(EGFR_FPKM+1)

)

P

ositive negative
Alphapapillomavirus

FIGURE 4 | Analysis of EGFR-related network. (A) Hub genes of global network, including 15 HPV manipulated genes; seven DEGs are not regulated by HPV and
one HPV regulated DEG. (B) EGFR express status in HPV+ and HPV- samples respectively according to RNA-Seq FPKM from ICGC PCAWG project CESC and
HNSC data. (C) Subnetwork of EGFR first neighbors. (D) EGFR RNA binding prediction site with hsa-miR-944 using Rlsearch2 software. (E) MCODE-calculated
EGFR containing network cluster. (F) EGFR containing cluster GO and KEGG enrichment analysis.

biological process. HPV protein E2, a key protein that plays a
pivotal role in HPV infection from the early stage to the late
stage, was also identified (Figure 4E). This finding suggests that
EGFR participates in all HPV infection stages and could
probably influence tumor development and prognosis.
Likewise, GO and KEGG enrichment analyses revealed that the
module genes are enriched with EGFR downstream pathways
and participates in several functions, including development
regulation, epithelial regulation, and mitogen-activated protein
kinase (MAPK) pathway (Figure 4F). This implies that EGFR
downstream pathways are regulated by E2, and it can influence
oncogenesis at late stage of infection.

2.5 Activation of EGFR-Related

Pathway Is an Important Factor

That Decreases Survival

In order to figure out how EGFR influence prognosis, we merged
reverse-phase protein array (RPPA) data of CESC and HNSC
and a total of 133 proteins were obtained. Student’s ¢-test was
used to test for the differences between HPV+ and HPV - groups.

5 AUCGGAUGA 3 hsa-miR-944 13.21
AR ERR

3 UGGCCUGCU s EGFR
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Interestingly, 123 proteins were differentially expressed and only
10 proteins were not significant. Yet, TP53 was not differentially
expressed at the protein level. Subsequently, COX proportional
hazard regression model was used to evaluate the correlation
between survival time and deferentially expressed proteins in
HPV+ tumor patients. The results suggest that the expressed
level of EGFR did not have any significant relationship with
prognosis. Notably, there was a negative correlation between all
tyrosine residue phosphorylated forms of EGFR and patients’
survival. Phosphorylation on site pY1068 and pY1173
representing EGFR was activated to form a dimer that binds
with its ligand thus, further activating downstream pathways like
PI3K/Akt, MAPK, and WNT pathway. We also highlighted that
amphiregulin (AR), an EGFR ligand, and some significant
proteins belong to PI3K/Akt or MAPK pathway. Those
downstream proteins also showed similar properties of
phosphorylated form of EGFR that are significantly negatively
correlated with survival (Figure 5).

2.6 EGFR Modulates Cancer Prognosis
Through the Regulation of Immune and
DNA Repair Pathway

In order to further find out the prognosis-related pathways, we
carried out KEGG enrichment analysis of HPV+ versus HPV-
DEGs and mRNA targets of differentially expressed miRNAs
(DEmiRs). The top enriched term list showed “human
papillomavirus infection,” demonstrating that HPV activates a
unique pathway different from HPV- cancer. For DEG
enrichment analysis, immune-related pathway (such as IL-17
signaling pathway and TNF signaling pathway), cancer-related
pathway, and DNA-related pathway were shown, and it could be
correlated with prognosis. Remarkably, EGFR-related pathways,
“PI3K/Akt pathway” and “ECM-receptor interaction,” were also
included in the top list (Figure 6A). For DEmiR target
enrichments, numerous cancer-related pathways were shown,
and EGFR-related pathway, “PI3K/Akt pathway”, was also
enriched (Figure 6B). These results suggest that HPV+ cancer
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shows different prognosis-related pathway activation compared
with HPV— cancer, even in cancer-related pathway. Gene Set
Enrichment Analysis (GSEA) further showed that immune-
related pathways and tumor-related pathways were inactivated
and DNA repair pathways were activated in HPV+ cancer
groups compared with HPV— groups. All these activated and
inactivated pathways can possibly enhance better prognosis of
HPV+ cancer (Figures 6C-K). Since EGFR is the hub gene of
DEG network, EGFR can possibly affect the prognosis of tumors
through the regulation of immune, tumor, and DNA
repair pathway.

3 DISCUSSION

HPV is a tissue-specific oncogenic virus that specifically infects
epithelium tissues. The mechanisms of HPV-induced squamous
cell carcinoma are probably not similar to the mechanisms of
HPV nonassociated squamous cell carcinoma. Since both
mechanisms cause tumorigenesis, it suggests that their gene
expression patterns are somewhat common. Based on this
hypothesis, our study compared HPV+ and HPV- tumors at
multiomics level in order to identify similar and different
underlining molecular mechanisms. Although HPV can infect
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various types of epidermal tissues, CESC and HNSC are the most
common types of HPV-induced squamous cell carcinoma.
Considering the representative data and limited data volume,
we combined both CESC and HNSC data into our study. Also,
since our study focuses on HPV-induced tumorigenesis rather
than ontogenesis, we merged the two cancer data for analysis
instead of separate analysis. All HNSC samples included in this
study were oropharynx carcinomas, which avoids the influence
of non-HPV-associated HNSCs on the final results.

Recent reports revealed that HPV+ patients show better
prognosis than HPV— patients in certain types of tumor (23).
In addition, our study is consistent with this result despite
merging data from two different types of cancer. It implies that
the better prognosis of HPV+ tumor is consistent across different
tumor types. This effect is probably related to the difference in
the expression pattern of prognosis-associated genes. Although,
different in mechanisms, both HPV— and HPV+ tumors express
similar pattern in tumor-associated genes. Virus infection
influence host gene expression pattern mainly through direct
regulation by virus-derived proteins, and this process rarely
induce gene mutations (24). The tumors that are not driven by
virus usually show mutations at oncogenes and/or tumor
suppressor genes. In the total of 84 HPV-regulated genes, only
four genes (EGFR, SNF, UBD, and VCAMI1) were differentially
expressed when compared with HPV— tumor. Among the four
genes, SNF and VCAM1 directly interact with EGFR through
string estimation; this suggests that HPV-regulated DEG tends to
interact, and that they participate in similar biological processes
that affect patient’s survival.

Our RNA-Seq PCA showed that HPV+ tumors are
distributed in different areas against HPV— tumor at the first
principal component. Although the dispersion within group is
not obvious, we believe that HPV infection status probably
influences gene expression more than the primary tumor site.
The 834 DEGs obtained from differentially expressed analysis
further confirm that gene expression patterns of HPV+ tumors
are different from HPV- tumors. Although the clustering
analysis showed that the clustering of samples was basically the
same as that of HPV infection, a small number of HPV+ and
HPV- clustered together. There are two possible reasons for this
phenomenon. First, the HPV expression level of the samples may
be very low, which may induce their gene expression patterns
closer to that of HPV— tumors. Second, these samples were
probably infected by low-risk HPV that rarely induce cancer,
which implies that their oncogenesis ability is relatively lower. In
spite of diversity in mRNA expression, miRNA expression
between HPV+ and HPV- shows little differences. However,
based on the enrichment analysis of DEmiRs target genes, we
showed that there are several differences in tumor-related
pathways of HPV+ and HPV- cancers. One possible reason
for this is that only a small percentage of miRNAs are
differentially expressed in HPV+ and HPV- tumors. In
addition, these differentially expressed miRNAs are highly
correlated with tumor-related biological processes.

Since certain mutations occur across different cancer types
(25), we therefore focus on differences in mutation types between

HPV+ and HPV- tumors. Our study showed that TP53
mutation rate in HPV+ tumor is dramatically lower than in
HPV - tumor. TP53 is an important tumor suppressor gene. The
mutation of tumor suppressor gene is considered more serious
than its dysfunction. HPV+ cancer patients showed better
outcome than HPV— cancer patients and that can probably be
attributed to low TP53 mutation rate (7, 26). We also showed
that genes that belong to the same family or participate in the
same pathway have higher mutation rate. For instance, mucin
glycoprotein-encoded genes MUC16, MUC17, and MUC4
ranked among the top 30 mutated genes. This suggests that
mucin glycoprotein mutation is a signature of HNSC and CESC
(27). Moreover, MUC4 mutation rate in HPV+ samples are
obviously higher compared with HPV— samples. We believe that
mucin glycoprotein subtype and their mutation rates could be a
latent biomarker for tumor classification.

Virus protein expression and regulation of biological function
are usually diverse in HPV infection stage. For HPV, functional
proteins like E1, E2, E5, E6, and E7 are highly expressed at early
infection stage. Using these early stage proteins, HPV can hijack
DNA and protein synthesis machinery of the cell for self-
proliferation. At the final stage, HPV capsid proteins, L1 and
L2, are expressed for virus assembly and escape from the cell
(28). Reports suggest that, E2, an early-stage protein, possibly
participates in the late stage of HPV replication by activating
DNA damage response (29). Our result shows that, EGFR is
regulated by HPV oncoprotein E7 and that it takes part in E2-
related regulation unit. This suggests that EGFR is involved in
E2-regulated DNA damage response (30). Also, DNA-related
functions of HPV+ cancers are significantly activated compared
with that of HPV— cancers. Beside HPV proteins, differentially
expressed miRNAs also participate in EGFR regulation.
Although differentially expressed miRNAs and their targets are
rare, it is not accidental that differentially expressed miRNA
targets EGFR (hypergeometric test p < 0.001).

Since EGFR is a potent oncogene, EGFR dysregulation will
cause several forms of cancer. High proportion of nonsmall-cell
lung carcinomas expresses EGFR and the EGFR mutant as its
signature (31). Likewise, EGFR has become a biomarker of
HNSC (15). In our study, EGFR shows different express
pattern for HPV+ and HPV- cancers. EGFR is a critical
receptor that transduces epithelium growth and developmental
signal into the cells. It plays an important role in epithelial stem
cell division and differentiation. HPV does not only infect the
basal cells of epithelium tissues but it also requires epithelial
development for its replication. Hence, regulation of basal cell
differentiation is a crucial control strategy for HPV replication.
On the other hand, HPV- cancers do not require epithelium
differentiation for its replication. Therefore, EGFR downregulation
is a possible potential strategy that targets HPV-specific lifecycle.
Tyrosine-phosphorylated EGFR is the activated form of EGFR.
Only the activated form of EGFR can serve as a receptor and
receive extracellular signals. Downregulation of the overall
expressed EGFR can possibly decrease the expression of
phosphorylated EGFR, thus inhibiting the downstream signaling
pathway of EGFR (32). It has been reported that continuous
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hyperfractionated accelerated radiotherapy is more effective for
HNSCs with high EGFR expression than HNSCs with low EGFR
expression (33). Considering that HPV+ cancer induces higher
EGEFR express level upon study provides us a potential specific
HPV+ cancer therapeutic method.

Although, there are limitations to this study. We only
considered the effect of HPV infection on tumors but ignored
the potential effect of different subtypes of HPV (HPV-16, HPV-
33, HPV-18) on gene expression. Whether EGFR expression
level is higher in some HPV subtypes or lower in other subtypes
during infection still need to be explored.

In summary, HPV+ cancer is significantly different from
HPV- cancer in many aspects like DNA mutation, mRNA and
protein expression. The initiation of cancer in HPV+ cells results
from the regulation of biological processes related to host
development by viral proteins. In contrasts, HPV— cancer is
activated by several categories of risk factors and is highly related
to TP53 mutation. Although distinct in mechanisms, both HPV+
and HPV- cancers are triggered by onco-related gene
dysregulation. This study showed that EGFR is possibly the
core molecule that affects immune and cancer-related
biological processes and it can eventually cause prognosis
differences between HPV+ and HPV - cancers.

4 MATERIALS AND METHODS

4.1 Data Source

CESC and HNSC RNA-Seq read counts data of the PCAWG
project were obtained from the ICGC database (https://icgc.org/).
In the PCAWG project, information on HPV infection in each of
the samples was from a study recently published by Zapatka et al.
(34). CaPSID, P-DIP, and SEPATH pipelines were used for
detection of HPV reads from PCAWG samples in the study by
Zapatka, and samples with HPV reads that were detected in at
least two pipelines were considered infected. After screening, 20
CESC samples (19 HPV+, one HPV-) and 41 HNSC samples (17
HPV+, 24 HPV-) were included in this study. Simple nucleotide
variation (SNV) data, including 305 CESC samples and 510
HNSC samples, are from Genomic Data Commons Data portal
(GDC, http://portal.gdc.cancer.gov/). The source of reverse-
phase protein array (RPPA) level 3 data and clinical data of
173 CESC samples and 212 HNSC samples were obtained from
the FireBrowse database (http://firebrowse.org/).

4.2 Principal Component Analysis

PCA was applied for data dimension reduction. Sample
distribution confidence intervals of each sample groups were
displayed. The samples located far away from confidence interval
ellipse were considered outliers and were deleted in the
subsequent exploration.

4.3 Differentially Expressed Analysis
Limma package of R was used for RNA-Seq data and miRNA-
Seq data differentially express analysis. DEGs and DEmiRs were

identified by p. adjust. <0.05 and [log2FC| >1.2. BH method was
applied for p-value adjustment. Student’s t-test was used to
analyze differentially expressed RPPA data. Proteins with
p-value <0.05 were regarded as differentially expressed
proteins (DEPs).

4.4 Survival Analysis

Clinical data from FireBrowse database were used for the
prediction in survival differences of the two groups. To
compare the data from the HPV+ tumor patients and HPV—
tumor patients, Kaplan-Meier method was used for survival rate
prediction and Kaplan-Meier plot (KM plot) was used to
determine the survival curve. COX proportional hazard
regression model was used to predict the correlation between
differentially expressed protein (from RPRA data) and HPV+
patients” survival time. p < 0.05 was considered to significantly
correlate with survival time, HR >1 was considered positive
correlation with survival time, and HR <1 was considered to
be negative correlation with survival time.

4.5 miRNA Target Prediction

TargetScan (http://www.targetscan.org/vert_72/) and miRDB
(http://mirdb.org/) database were used for differentially
expressed miRNA target prediction. Targets that appeared in
both databases were considered well predicted. RIsearch2
software was used for further verification of specific interesting
miRNA-mRNA interaction.

4.6 SNV Analysis

Single nucleotide variation (SNV) data of CESC and HNSC
project were downloaded from the TCGA GDC data portal.
The processed MAF data used in this study was downloaded
from MUSE software processed. Maftools R package was used for
MAF file data mining. Maftools was likewise used for statistical
analysis of gene mutation and data visualization.

4.7 HPV-miRNA-mRNA Network
Construction and Analysis

HPV-human protein interaction prediction data were
downloaded from P-HIPSTer (http://phipster.org/), a database
that predicts virus-human protein interactions based on
structural information. Differentially expressed mRNA
interactions were predicted by String database (https://string-
db.org/). MCODE plugin of Cytoscape (version 3.7.0) was used
for network module identification. The parameters for MCODE
were set as default. The degree of calculation was determined by
NetworkAnalyzer, and genes with degree higher than the
threshold were defined as hub genes.

4.8 Enrichment Analysis
KEGG pathway enrichment analysis was determined using R
package clusterProfiler. Hypergeometric test was used for terms
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significance testing. The p. adjust. <0.2 was set as the threshold of
significantly enriched terms. Webtools WEBGESTALT (http://
www.webgestalt.org/) was used for GSEA enrichment analysis
and result visualization (35).
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