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Abstract

Human papillomavirus—positive oropharyngeal squamous cell carcinoma (HPV-OPSCC) has one
of the most rapidly increasing incidences of any cancer in high-income countries. The most

recent (8th) edition of the Union for International Cancer Control/American Joint Committee

on Cancer staging system separates HPV-OPSCC from its HPV-negative counterpart to account
for the improved prognosis seen in the former. Indeed, owing to its improved prognosis and
greater prevalence in younger individuals, numerous ongoing trials are examining the potential for
treatment deintensification as a means to improve quality of life while maintaining acceptable
survival outcomes. Owing to the distinct biology of HPV-OPSCCs, targeted therapies and
immunotherapies have become an area of particular interest. Importantly, OPSCC is often detected
at an advanced stage, highlighting the need for diagnostic biomarkers to aid in earlier detection.

In this review, we highlight important advances in the epidemiology, pathology, diagnosis, and
clinical management of HPV-OPSCC and underscore the need for a progressive understanding of
the molecular basis of this disease toward early detection and precision care.
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1. INTRODUCTION

Approximately 15,000 cases of human papillomavirus—positive (HPV+) oropharynx cancer
(OPC) are diagnosed annually in the United States and have superior cure rates to tobacco-
and alcohol-associated OPC (1, 2). HPV* OPC commonly presents with a small primary
tumor and cervical lymphadenopathy amenable to surgical treatment (3, 4). Transoral
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robotic surgery or transoral laser microsurgery may address this malignancy in a minimally
invasive manner (5) and, when combined with risk-adjusted postoperative radiation therapy,
may achieve comparable cure rates. Retrospective reports suggest improved functional
results with primary transoral surgery (TOS) (6, 7), yet its role in multidisciplinary
management and treatment deintensification remains uncertain.

Treatment either with surgery and adjuvant therapy (8) or with definitive chemoradiotherapy
(CRT) achieves high rates of cure for HPV* OPC (1).However, as patients are likely

to live longer and experience the associated long-term toxicity of definitive CRT (9),

there is interest in radiation and/or chemotherapy deintensification for those patients with
excellent prognosis. Both surgical and nonsurgical deintensification strategies are actively
being pursued in numerous clinical trials (10, 11). TOS with de-escalated postoperative
management is one potential deintensification strategy (6, 12). Retrospective studies of TOS
compared with definitive CRT suggest high oncologic efficacy and improved functional
results in patients undergoing surgery, with decreased gastrostomy tube dependency (6, 7,
13).

2. THE HUMAN TONSIL

2.1. Anatomy and Microanatomy

The oral cavity and oropharynx form one continuous chamber lined by an uninterrupted
stratified squamous epithelium, and those carcinomas arising from this epithelial lining have
long been regarded as a monotonous tumor type. Accordingly, the historical convention has
been to consolidate these sites together under the term oral and their neoplastic derivatives
as oral cancer. This persistent disregard for the anatomical, histological, ultrastructural, and
immunological variances, however, has masked important differences in incidence trends
and clinical outcomes that only become evident once the oral cavity and oropharynx are
partitioned. For example, recent analyses of cancer registry data show dramatic increases

in the incidence of oropharyngeal carcinomas during the past 15-20 years as the incidence
of oral cavity carcinomas has remained constant or declined (14). As for clinical research,
meaningful comparison of treatment responses for patients enrolled in therapeutic trials
can now be made only when careful attention is given to tumor site. To remedy this
long-standing limitation, recent updates in the staging and classification of head and neck
tumors now appropriately divide squamous cell carcinomas of the oral vault into tumors

of the oral cavity and oropharynx (15). The most notable discriminating feature between
these sites is the presence of tonsillar tissue (i.e., lingual and palatine tonsils) in the
oropharynx and its absence in the oral cavity. Differences in the epidemiology, pathology,
and clinical behavior of squamous cell carcinomas are dramatically influenced by whether
they arise from the tonsillar or nontonsillar bearing regions of the oral vault, reflecting

the finding that squamous cell carcinoma caused by HPV consistently takes origin from

the tonsillar tissue of the oropharynx, while squamous cell carcinomas unassociated with
HPV consistently arise from the surface epithelium lining nontonsillar sites. Even within the
region of the oropharynx, the distribution of HPV-related cancers is not uniform. Precision
mapping of HPV-driven tumorigenesis in the oropharynx suggests that this conventional
way of partitioning the oropharynx and oral cavity, however, may be too inexact. When
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oropharyngeal squamous cell carcinomas (OPSCCs) are further stratified on the basis of

the presence or absence of tonsillar tissue, only 3% of OPSCCs arising from nontonsillar
sites were found to harbor high-risk HPV compared with 92% of OPSCCs arising from the
lingual and palatine tonsils (16). This observation prompts consideration of further anatomic
subtyping of the oropharynx and oral cavity on the basis of the presence or absence of
tonsillar tissue.

The tonsil is a nonencapsulated structure that forms Waldeyer’s ring—a circular sheath of
lymphoepithelial tissue that guards the opening of the upper aerodigestive tract and serves as
a first line of defense against airborne and ingested antigens. The tonsils of the oropharynx
include the palatine tonsils that are situated laterally in the oropharynx within the triangular
tonsillar fossa and the lingual tonsil that resides on the dorsum of the posterior tongue
between the sulcus terminalis and the vallecula. Ectopic tonsillar tissue has been described
in other head and neck sites (e.g., floor of mouth, ventral tongue, larynx, hypopharynx)
representing potential nonoropharyngeal sites for HPV-targeted carcinogenesis (17). The
surface area for antigen processing is expanded more than 700-fold by the presence of
numerous branching crypts that extend through the full thickness of the palatine and lingual
tonsils (Figure 1) (18). These tonsillar crypts are lined by a highly specialized epithelium
known as the reticulated (net-like) epithelium that is uniquely structured to facilitate
transport of foreign antigens from the external environment of the oropharynx to the tonsillar
lymphoid tissue (Figure 1). The basal cell layer is incomplete and its supporting basement
membrane is disrupted and porous, thus allowing for the direct passage of lymphocytes and
antigen-presenting cells. The intermediate layer is permeated by lymphocytes and antigen-
presenting cells, and the superficial layer is thin and fragile. Complete desquamation of the
superficial cells exposes the internal environment of the tonsil to external pathogens (Figure
2).

The reticular epithelium may be well suited for its role in mucosal immune protection, but
those same structural features render it vulnerable to attack by HPV. In the cervix, HPV
infection requires disruption (e.g., mechanical abrasion) of the epithelium with subsequent
deposition of the virus onto an exposed basement membrane (19). In the reticulated
epithelium of the tonsil, epithelial disruption and unrest leave the basal cell layer and

the basement membrane exposed to viral deposition without the need for mucosal trauma
(Figure 2). The subsequent steps culminating in malignant transformation of the HPV-
infected basal cells are not well understood, but the microanatomy of the crypt epithelium
may contribute to certain clinical characteristics of HPV-related tonsillar cancer such as the
propensity of even small carcinomas to present as advanced regional metastases (20, 21).
Origin from the deeply penetrant crypts conceals the presence of premalignant lesions, and
discontinuity of the basement membrane may facilitate early invasion and metastasis of
occult cancers.

2.2. Role of Immune Evasion in HPV Persistence and Malignant Transformation of the
Tonsillar Epithelium

An understanding of the HPV replication cycle is paramount to understanding how the virus
evades the immune system to establish chronic infection. HPV infects cells in the basal

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

Page 4

layers of squamous epithelia, where its early gene products are kept at low copy numbers.
The viral DNA is then replicated such that the viral copy number is approximately 50-100
per host cell (22). The viral DNA is then kept as an intracellular episome, during which
the oncoproteins E6 and E7 are kept at low expression levels (22). Once the infected host
cell begins to differentiate into a keratinocyte, there is substantial viral (23) replication
and upregulation of viral genes, including E6 and E7. This process can be amplified if

the episomal viral DNA is integrated into the host genome, interrupting the E2 gene,
which normally represses the expression of E6 and E7 (24). The virus then expresses its
capsid proteins, L1 and L2, and viral assembly occurs just prior to shedding of the mature
keratinocyte from the epithelium.

Several aspects of this life cycle allow human papillomaviruses to escape detection by

the immune system. First, the virus is maintained at low copy numbers in the basal layer
where immune surveillance occurs. Expression of viral DNA at high copy number, or of the
highly immunogenic capsid proteins, does not occur until the virus reaches the superficial,
differentiated layers of the epithelium where immune cells are scarce (24, 25). Second, the
virus is shed along with desquamated keratinocytes. Without induction of host cell lysis
and an associated inflammatory response, there is no stimulation of the adaptive immune
response (22-24, 26, 27). The absence of any blood-borne phase in HPV infection further
limits exposure of the virus to immune cells (22, 24), as does its limited access to lymphatics
and lymph nodes (23). In essence, HPV has evolved to become virtually invisible to host
immune cells (23, 26).

The resident monocytes of the reticulated epithelium may foster a permissive
microenvironment that facilitates HPV infection and persistence (28). As one example,
the immune checkpoint ligand localized expression of the immune checkpoint ligand
programmed death ligand 1 is strongly expressed within the crypts (29, 30). Immune
checkpoint pathways are further discussed below.

3. HPV AS AN ETIOLOGIC AGENT IN OPSCC

The detection of HPV in head and neck squamous cell carcinoma (HNSCC) dates back to
the mid-1980s (31), but its role in the initiation and maintenance of malignancy was not
decisively established until 2000 when evidence began to mount confirming its nature as a
causal agent (32, 33). The biologic plausibility of HPV as a carcinogen of human epithelia
is deeply rooted in an extensive experience with cervical cancers where substantial evidence
has led to the conclusion that HPV is an important etiologic agent. Like cervical cancer,
epidemiologic studies have observed a consistent association between HPV exposure risk
and HPV-HNSCC (2, 34). Studies documenting HPV integration into the host genome,
expression of viral MRNA transcripts, translation of viral oncoproteins, and disruption of
key tumor suppressor pathways support the biologic activity of HPV and dismiss the notion
of passenger HPV that is coincidental to tumor development (32). Indeed, the consistent
presence of HPV across all stages of clinical progression underscores its obligatory role

in both the initiation and maintenance of the malignant phenotype (35). Disruption of the
p53 and retinoblastoma (Rb) pathways by the viral oncoproteins E6 and E7 precludes

the need for various genetic alterations induced by chronic cigarette exposure, thus giving
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HPV-OPSCC a molecular-genetic profile that is quite distinct from smoking-related cancers
(36, 37). The presence of HPV in OPSCC also marks a clinically distinct form of

HNSCC characterized by improved clinical outcomes relative to its HPV-negative (HPV™)
counterpart (1, 38). In effect, HPV is an important causative agent in a subset of HNSCCs,
and its recognition amounts to nothing less than the identification of a pathologically,
genetically, and clinically distinct tumor entity.

HPV is a small, nonenveloped, double-stranded DNA virus that infects squamous epithelia
(25). Its genome includes early genes E1 and E2, which are replication factors; E5, E6, and
E7, which are oncoproteins that disrupt cell cycle regulation in the host cells; and E4, an
additional gene expressed early in the HPV life cycle whose function is not well understood.
The late genes L1 and L2 encode the viral capsid proteins (25, 39). The oncoproteins

E6 and E7 contribute to oncogenesis in part via functional inactivation of the cell cycle
regulators p53 and Rb, respectively. The majority of HPV* OPSCC (HPV-OPSCC) involves
the high-risk subtype HPV alpha type 16 (HPV 16); E6 and E7 of high-risk, oncogenic
subtypes tend to bind p53 and Rb with greater affinity than E6/E7 of low-risk subtypes (40).
As discussed below, the expression of these genes at different points in the viral life cycle
constitutes one mechanism by which HPV is able to evade the immune system of the host.

Of the more than 200 known genotypes of HPV, HPV 16 dominates the oncologic
landscape (41). HPV 16 is the dominant HPV genotype detected in OPSCC, but it is

not the only genotype detected (42). In one large clinical experience of 637 OPSCCs,

HPV 16 was identified in 88% of theHPV* cancers, followed by types 35 (5%), 33 (4%),

18 (1%), and others (2%) (43). Importantly, this distribution does not mirror the HPV
distribution reported in other sites such as the cervix (44). The differential pattern of

HPV genotype distribution likely reflects complex interactions between viral exposures,
modes of transmission, tissue susceptibilities, and other factors that remain to be delineated.
Accordingly, genotype-specific strategies for the diagnosis, treatment (e.g., HPV therapeutic
vaccines), and surveillance of HPV-OPSCC should be customized according to site-specific
distribution rather than inappropriately modeled from the cervical cancer experience.
Virtually everything known about the clinical behavior of HPV-OPCC is dominated by
HPV 16-related cases and assumes clinical equivalency across the different HPV genotypes.
Results from the few studies that have addressed the survival impact of specific HPV
genotypes have been mixed, with some suggesting that non-16 variants may be associated
with worse outcomes (45, 46) and others showing similar survival outcomes (42, 47).

4. EPIDEMIOLOGY OF OPSCC

OPSCC comprises cancers of the tonsils, base of tongue, soft palate, and uvula. Like other
HNSCCs, OPSCC has historically been linked to alcohol and tobacco consumption. A
reduction in the prevalence of smoking in most high-income countries over the past 20
years has led to a decline in the incidence of HNSCC; however, carcinogenic HPV infection
has emerged as an important risk factor that has driven an increase in the incidence of
OPSCC over the same period. More specifically, HPV now accounts for 71% and 51.8% of
all OPSCCs in the United States and the United Kingdom, respectively (48-51). Of these,
85-96% are caused by HPV 16 infections and are therefore expected to be preventable by
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prophylactic HPV vaccination, which is known to be effective in preventing HPV-associated
cervical neoplasia and is now being administered to both boys and girls in several countries
(51, 52).

Among all cancers, OPSCC has one of the most rapidly rising incidences in high-income
countries (2, 53). An increasing incidence of this disease has been observed in the United
Kingdom, in the United States, across Europe, in New Zealand, and in parts of Asia (2,

38, 54-62). In both the United Kingdom and the United States, the incidence of OPSCC
cancer in men has surpassed that of cervical cancer in women (53). Globally, the percentage
of OPSCCs that are HPV* was reported in 2021 to be 33%; however, prevalence varies
considerably depending on the geographical region, with estimates ranging from 0% in
southern India to 85% in Lebanon (63). HPV-OPSCC is more prevalent than HPV~ OPSCC
among those who do not consume tobacco or alcohol (53); however, a substantial history
of tobacco and alcohol use remains prominent in patients with the former and is associated
with worse outcomes (64, 65). Furthermore, sexual behavior is an established risk factor
for HPV-OPSCC, with a strong association observed between number of lifetime oral sex
partners and incidence of the disease (49, 66). This association might partially reflect an
observed gender disparity, given that men are more likely than women to report increased
numbers of sexual partners (67). Risk of oral HPV infection is associated with an increased
number of recent (within the past 3 months) oral and vaginal sex partners (67).

The incidence of both HPV* and HPV~ OPSCC has increased over the past two decades,
although evidence suggests that the former is increasing more rapidly. In Denmark, a
threefold increase in HPV-OPSCC was observed between 2000 and 2017, compared with a
twofold increase in HPVV™ OPSCC (57). Likewise, in Taiwan, HPV-HNSCC is rising more
rapidly than HPV™ HNSCC, particularly those cancers arising in the tonsils (55). In Italy,
the incidence of HPV-OPSCCs (as a percentage of all OPSCCs) increased from 16.7% in
2000-2006 to 46.1% in 2013-2018 (58). Lower- to middle-income countries in southern
Asia and sub-Saharan Africa bear the vast majority of the global burden of HPV-associated
cervical cancer, although epidemiological reports that focus on HPV-OPSCC are scarce
and, as a result, whether similar rising trends are absent or are simply thus far undetected

in these regions remains unclear (68). From the few reports available, the prevalence of
HPV-OPSCCs in sub-Saharan Africa is low, with very few cases reported to date despite
high rates of HPV-associated cervical cancer (69-72). In an investigation of HPV-OPSCC in
Mozambique, the authors proposed that the low prevalence of HPV-OPSCC in their cohort
(14.5%) might reflect the limited practice of oral sex in the region. This observation has
been reiterated by other investigators, who observed low rates of oral HPV infection among
HIV-infected individuals in northwest Cameroon and attribute this, at least in part, to limited
oral sexual behaviors relative to higher-income countries (70).

Historically, most HPV-OPSCCs occur in men, which might reflect differences in both
susceptibility and infection transmissibility through sexual activities, although this has yet to
be fully elucidated (51, 73-75). However, an increase in incidence has been observed among
White women in the United States (74). In a recent meta-analysis including data from 12
studies, the authors observed a similar prevalence of HPV-driven OPSCCs in both males and
females, despite most of the assessed patients with OPSCC being male (76).
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The prevalence of HPV-OPSCC was previously reported to decrease with increasing age;
however, the burden of disease has begun to shift toward older men as a result of a birth
cohort effect (51, 75). In one study, the median age at diagnosis increased from 53 to 58
years of age between 1998 and 2013 (77), while another study reported a similar increase,
from 52 to 59 years of age between 2002 and 2017 (78). A rapidly increasing incidence in
White men =65 years of age has also been observed, and nearly 10% of cases have been
reported in those =70 years of age (74, 78). Nevertheless, increased rates of HPV-OPSCC
continue to be evident in both younger and older adults and, although the burden is shifting
toward older adults, most cases remain in those <65 years of age (73, 79, 80).

In the United States, a higher prevalence of HPV-OPSCC has been observed in White
individuals than in those of other ethnicities (81, 82). In an analysis of the Surveillance,
Epidemiology and End Results database, a significant increase in rates of oropharyngeal
cancer in men of White or Hispanic ethnicity, and in men of other ethnicities, was observed,
albeit with a decrease in Black men (74). However, another report describes a significantly
more rapid increase in the prevalence of HPV-OPSCC in Black and Hispanic American
individuals compared with White American individuals (2, 74). These results might reflect
a greater decrease in HPV™ cancers in Black men compared with White and Hispanic men,
resulting in the observed relative increase in HPV* cancer; however, this suggestion has yet
to be confirmed. In parallel with the increased incidence in White men in the United States,
higher socioeconomic status is also associated with an increased incidence of HPV-OPSCC
(82).

Importantly, most studies of the epidemiology of HPV-OPSCC have been conducted in the
United States and are therefore not necessarily generalizable to other parts of the world,
where differences in culture and behavior might influence the various lifestyle factors that
have a role in the etiology of HPV-OPSCC. Further studies in geographically diverse,

and particularly non-Western, regions are needed to inform region-specific guidelines,
particularly with regard to clinical management and targeted public health measures.

4.1. Histopathology of HPV-OPSCC

Histopathologic evaluation of HNSCC is necessary to establish accurate diagnosis and may
show varying features and characteristics between HPV* and HPV~ HNSCC.

4.1.1. HPV-OPSCC, typical form.—HPV-OPSCC preferentially targets the highly
specialized reticular epithelium lining the tonsillar crypts. Involvement of the tonsillar
surface, when it occurs, is generally a secondary phenomenon reflecting colonization of
the surface epithelium as the carcinomas spill over from the tonsillar crypts. The transition
between HPV-HNSCCs and the adjacent surface epithelium tends to be abrupt without
transitional zones of epithelial precursor lesions (i.e., squamous dysplasia). Indeed, the
histologic progression through the sequential stages of dysplasia culminating in carcinoma
in situ and invasive growth that characterize non-HPV-HNSCCs is not generally evident for
HPV-OPSCCs. The inability to histologically characterize the early stages of HPV-induced
tumorigenesis continues to deter efforts to diagnose precancerous lesions and assess cancer
risk.
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As these carcinomas infiltrate, they tend to invade as sheets, lobules, or ribbons of

cells. Central necrosis within expanding tumor lobules, sometimes giving rise to cystic
degeneration, is a frequent finding. Invasive growth often does not elicit a strong
desmoplastic stromal reaction. Instead, the tumor nests are often surrounded by a zone

of lymphoid cells that permeate the tumor nests as tumor-infiltrating lymphocytes. In the
typical tumor, the tumor cells display a high nuclear-to-cytoplasmic ratio, oval to spindled
nuclei, and syncytial cytoplasm (indistinct cell borders) without intercellular bridges and
usually lack significant cytoplasmic keratinization (66). These cellular features may impart a
distinct basaloid appearance. Occasionally, tumors exhibit partial or full keratinization such
that the distinction between HPV-dependent and HPV-independent OPSCC should not be
based on keratinization alone. Even though the tumor cells closely resemble the reticulated
epithelium from which they arise, they are often erroneously regarded by pathologists as
poorly differentiated or even undifferentiated carcinomas on the basis of their basaloid
appearance and the absence of keratin production. To circumvent this common problem,
histologic grading is no longer advocated for HPC-OPSCC (49).

In lymph node metastases, the presence of cystic degeneration is a common finding in
HPV-OPSCCs, and its presence should warrant strong consideration of a metastasis from
the tonsil. These squamous lined cysts of the lateral neck are sometimes clinically and
histologically mistaken for branchial cleft cysts (67).Fine-needle aspiration (FNA) of the
cyst contents gives rise to highly degenerated specimens consisting of macrophages and
necrotic debris. A definite cytopathologic diagnosis may not be possible if the aspirate does
not incorporate the cyst lining.

4.1.2. HPV-OPSCC, variant forms.—Subsets of HPV-HNSCC deviate from the
morphologic prototype, and these are set apart as morphologic variants of HPV-related
HNSCC. To date, these variants include papillary squamous cell carcinoma (68),
adenosquamous (69) [including a ciliated form (27)], basaloid (28), lymphoepithelial-like
(29), sarcomatoid (83), and high-grade neuroendocrine (73-75). With the notable exceptions
of HPV-related small cell carcinoma and large cell neuroendocrine carcinoma (see below),
morphologic variance does not seem to influence clinical behavior. A few of these variants
warrant further comment due to their propensity to be confused with other subtypes of
HNSCC.

4.1.2.1. Basaloid variant.: In the basaloid variant of HPV-OPSCC, a lobular arrangement
of compact tumor cells with a high nuclear-to-cytoplasmic ratio in the absence of
keratinization conveys a distinctly basaloid appearance. When the basaloid morphology

is highly developed, HPV-related squamous cell carcinoma may be histologically
indistinguishable from the basaloid variant of non-HPV-related squamous cell carcinoma
—a variant of HNSCC that is set apart by its striking basaloid morphology and its
aggressive clinical behavior. Morphologic similarities aside, HPV-OPSCCs do not share

the same aggressive clinical behavior that characterizes the basaloid variant of squamous cell
carcinoma (71, 76). In a squamous cell carcinoma with highly developed basaloid features,
the presence of HPV is significantly associated with improved overall survival (OS).

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

Page 9

4.1.2.2. Lymphoepithelial variant.: Some HPV-related squamous cell carcinomas
demonstrate lymphoepithelial features including tumor cells with syncytial cytoplasm,
vesicular nuclei, and large central nucleoli dispersed in an inflammatory background as cell
clusters or single cells (72, 77). When these lymphoepithelial features are highly developed,
an HPV-HNSCC may be mistaken for an Epstein-Barr virus (EBV)-induced undifferentiated
carcinoma of the nasopharynx. On the basis of this morphologic overlap, one cannot assume
an EBV-driven process by phenotype alone. Failure to recognize that the lymphoepithelial
phenotype is not restricted to nasopharyngeal carcinomas may be particularly problematic
when these features are encountered in cervical lymph node metastases. Assumptions

about nasopharyngeal origin based solely on the morphologic findings run the risk of
inappropriately diverting treatment away from the oropharynx and toward the nasopharynx.
Accordingly, testing for both HPV and EBV is advisable when lymphoepithelial carcinomas
are encountered as lymph node metastases in patients with occult primary tumors.

4.1.2.3. HPV-related high-grade neuroendocrine.: Several reports have underscored the
presence of HPV-related carcinomas of the head and neck characterized by well-developed
features of small cell carcinoma (33) or large cell neuroendocrine carcinoma (74). The
small cell variant is composed of small anaplastic cells with hyperchromatic nuclei and
scant cytoplasm. Large cell neuroendocrine carcinomas are composed of medium to large
polygonal cells with abundant cytoplasm, coarse to vesicular chromatin, prominent nucleoli,
and nuclear palisading around the periphery of the tumor nests. Both forms of high-grade
neuroendocrine carcinoma demonstrate immunohistochemical evidence of neuroendocrine
differentiation. Importantly, HPV does not appear to convey a favorable prognosis when

its presence is detected in this small cell variant. HPV-related high-grade neuroendocrine
carcinomas of the oropharynx appear to share the same aggressive clinical features of their
counterparts in the lung where a high-grade neuroendocrine phenotype is associated with
early distant spread and poor OS (75, 78). Consequently, HPV-related carcinomas of the
oropharynx showing a high-grade neuroendocrine phenotype should be regarded as a poorly/
undifferentiated form of HPV-related oropharyngeal carcinoma where tumor morphology
supersedes HPV positivity as a prognostic indicator. Recently, HPV-associated small cell
carcinoma of the head and neck has been strongly associated with the HPV 18 genotype
(64).

4.2. HPV Detection

Since HPV prevalence varies between subsites of cancers of the head and neck and across
different regions of the world, reliable and appropriate detection methods are crucial to
effectively determine etiology of HNSCC.

4.2.1. When to test for HPV.—Routine testing of head and neck squamous cell
carcinoma is informed by the site of tumor origin. For those carcinomas arising in the
oropharynx, HPV detection is well established as a powerful biomarker indicating a
more favorable clinical outcome such that routine HPV assessment has become standard
pathology practice for the evaluation of all OPSCCs. Indeed, the College of American
Pathologists, the American Joint Committee on Cancer, and the National Comprehensive
Cancer Network have all recommended routine HPV testing as part of the standard
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pathologic evaluation of OPSCCs for the purpose of diagnosis and molecular tumor staging
(1, 64). The finding of HPV in up to 20% of sinonasal carcinomas may support increased
testing at this site as part of an investigational process, but expanding the scope of routine
diagnostic HPV testing to nonoropharyngeal sites is not warranted until studies establish a
clear relationship between HPV infection and a distinct clinical behavior including treatment
responses. At sites that are not preferentially targeted by HPV such as the oral cavity, larynx,
and hypopharynx, the likelihood that a positive HPV test (e.g., p16 immunohistochemical
staining) truly reflects the presence of transcriptionally active and clinically relevant HPV
infection may be unacceptably low (i.e., poor positive predictive value). Furthermore, a

true positive test does not provide compelling evidence of a distinctly unique form of
HNSCC that differs from its HPV~ counterparts when dealing with a nonoropharyngeal

site. For patients with HPV* HNSCCs arising in nonoropharyngeal sites, risk factor profiles
and clinical outcomes more closely resemble smoking-related HPV™ carcinomas than HPV-
OPSCCs (81, 82, 84).

In malignant transformation of the tonsillar epithelium, HPV does not act through a hit-and-
run mechanism where its role is transient and limited to the initiation of tumorigenesis.
Instead, the presence of HPV persists, and it is just as readily detected in metastatic implants
as in the corresponding primary cancers. Consequently, a lymph node metastasis is quite
suitable as a substrate for HPV testing, obviating the need for additional tissue acquisition

in those patients with small or even occult primary cancers. For those patients who present
with neck metastases in the absence of an obvious primary tumor, HPV testing of a lymph
node metastasis is also an effective strategy for localizing the site of origin. In these patients,
the detection of HPV in a lymph node metastasis is a reliable predictor of oropharyngeal
origin (85, 86). Similarly, for the squamous cell carcinoma in the lung of a patient with a
prior HPV-OPSCC, HPV detection provides compelling evidence that the tumor in the lung
represents a metastasis rather than a new primary lung cancer (87, 88).

4.2.2. Methods of HPV detection.—Methods of HPV testing across laboratories vary
considerably, reflecting the biases and tendencies of individual investigators and the cost-to-
benefit ratio of each technique. Detection strategies vary not just in design but also in their
detection targets. These targets have included HPV DNA, HPV RNA, viral oncoproteins,
cellular proteins, and HPV-specific serum antibodies. For widespread implementation in the
clinical arena, detection methods must be accurate, technically feasible, and cost effective.

4.2.2.1. pl6 immunohistochemistry.: The cellular protein p16 is markedly overexpressed
in tumor cells with transcriptionally active high-risk HPV. The viral E7 oncoprotein
destabilizes pRb, functionally removing suppression of p16 expression and allowing tumor
cells with high p16 levels to bypass pRb-dependent cell cycle arrest (89). The result is
marked overexpression of p16, making it an excellent surrogate marker of viral infection in
the correct context (Figure 3). Immunostaining for p16 protein has recently been regarded
as a practical alternative or complementary procedure for HPV testing of oropharyngeal
cancers on the basis of a high correlation between HPV detection and p16 overexpression

in numerous studies. Aside from its high correlation with other detection assays, abundant
literature has also established p16 immunohistochemistry (IHC) as an independent predictor
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of improved patient prognosis in OPSCC. On the basis of its role as a powerful independent
predictor of improved patient prognosis, as well as its widespread availability, ease and
reproducibility of interpretation, and excellent performance on small specimens, p16 IHC
staining is currently advocated by the College of American Pathologists as the method of
choice for determining HPV status of OPSCCs, at least for biopsy and resection specimens.

The mechanistic link between HPV DNA integration and p16 expression, however, is
neither direct nor exclusive. The Rb gene may be inactivated by mechanisms other than

E7 oncoprotein expression yet still result in high levels of p16 expression. To be truly
useful as a surrogate marker of HPV infection, the interpretation of p16 IHC must be
informed by various histological, anatomical, and clinical considerations (90). First, p16
IHC may substitute for HPV testing when strong staining is present in the nucleus and
cytoplasm of the tumor cells throughout all or most (>70%) of the tumor. Focal or weak
staining should be supported by other forms of HPV testing. Second, while the sensitivity
and specificity of p16 staining as a marker of HPV infection is sufficiently high to serve

as a reliable test for squamous cell carcinomas of oropharyngeal origin, these values are
either unknown or unacceptably low for HNSCCs arising in nonoropharyngeal sites. Third,
interpretation of p16 staining must be informed by the morphologic features of the tumor as
outlined above. In those oropharyngeal carcinomas that demonstrate the typical morphology
of HPV-related HNSCC, p16 IHC staining may substitute for HPV detection. Additional
HPV testing should be performed in p16-negative oropharyngeal carcinomas that exhibit
classic HPV-related histomorphology and in p16-positive oropharyngeal carcinomas that
do not exhibit classic HPV morphology. Fourth, p16 IHC is currently used primarily as a
prognostic indicator for patients with oropharyngeal carcinoma, and any expanded clinical
role for HPV detection may necessitate more stringent detection methods.

4.2.2.2. PCR-based methods.: Polymerase chain reaction (PCR) amplification of HPV
DNA is a target-amplification technique that is capable of amplifying trace DNA sequences
in a biological sample that contains heterogeneous cell types. The primer sets can be
designed to target highly conserved consensus sequences shared by multiple HPV types,
allowing for the simultaneous identification of a wide range of HPV types, or they can
target type-specific viral DNA sequences, permitting HPV genotyping. Those who advocate
PCR-based methods of HPV detection point to its incomparable sensitivity: These methods
can detect HPV well below one viral copy genome per cell. The value of detecting

HPV at very low levels, however, is offset by other factors that confound the biological

and clinical relevance of viral detection. First, clinical samples are very prone to cross
contamination by other specimens. To minimize this adverse effect, surgical pathology
facilities for processing oropharyngeal and gynecologic specimens should be physically
separate, and diagnostic laboratories must use meticulous PCR precautions. Second, PCR-
based methods do not permit the distinction between HPV that is acting as a driver of
malignant transformation and a transcriptionally silent virus that is playing no role in

the process of tumorigenesis (i.e., passenger virus). The problem is highlighted in those
studies that have shown significant discordance between HPVVDNA detection and the actual
presence of E6/E7 mRNA viral transcripts that define clinically relevant HPV infections
(91). The ability to distinguish HPV infections that are clinically relevant from those that are
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not may be supported by a real-time PCR approach that can better measure viral load. Using
this more quantitative approach, studies indicate that those tumors with a high viral load are
much more likely to express E6/E7 mRNA and correlate with improved clinical outcomes
(92).

4.2.2.3. RNA in situ hybridization.: The ultimate goal of any developing technology
for HPV detection in clinical samples is to approach the gold standard for sensitivity and
specificity while maximizing efficiency, simplicity, reproducibility, and transferability to
the routine diagnostic laboratory. Although the most direct and compelling evidence of
HPV-related tumorigenesis is the documentation of transcriptionally active HPV in tumor
cells, the detection of E6/E7 transcripts is technically challenging. The recent development
of RNA in situ hybridization (ISH) probes complementary to E6/E7 mRNA now permits
direct visualization of viral transcripts in routinely processed tissues. Testing for HPV E6/E7
transcripts by RNA ISH is an ideal platform for HPV detection in clinical samples. First,

it confirms the presence of integrated and transcriptionally active virus by permitting the
visualization of viral transcripts directly in tissue sections. Second, it is technically feasible
and easily transferrable into the diagnostic pathology laboratory. Indeed, the imminent
availability of the HPV RNA ISH probes method to a widely available automated staining
platform promises to enhance standardization across diagnostic laboratories, decrease
turnaround time for large case volumes, and improve reproducibility among clinical trials.
Third, the transcription of viral MRNA provides a natural target amplification step that
may dramatically improve viral detection in clinical samples and clarify the status of those
perplexing tumors that are p16 positive by IHC but HPV™ by DNA ISH (33). Fourth, it

is prognostically useful: The presence of E6/E7 mRNA transcripts is tightly coupled to

the expression of other powerful prognostic markers (e.g., p16 expression) and strongly
correlates with patient outcomes (93).

4.2.2.4. Single-versus multimodality HPV analysis.: The power of p16 IHC staining
lies in its high sensitivity for detecting all high-risk types of HPV, but it suffers from
suboptimal specificity. Use of p16 staining as a stand-alone test for HPV detection is
associated with a small false-positive rate where p16 expression is driven by some nonviral
mechanism. These p16-positive/HPV~ oropharyngeal carcinomas have been associated with
less favorable survival than p16-positive/HPV* cancers, suggesting that selection of patients
for de-escalation clinical trials may benefit from supplementary detection assays rather than
p16 staining alone (94).

Multimodality detection strategies look to utilize the strengths of individual assays in
combination to optimize the overall reliability of HPV detection. Current multimodality
strategies utilize a stepwise approach that begins with p16 IHC staining. Those OPSCCs
that are p16 positive are then analyzed with more rigorous HPV-specific detection assays
such as HPV RNA ISH and/or a PCR-based assay. Although the multimodality approach
may provide the most accurate analysis of HPV status, it does represent a deviation from

a growing trend in HPV testing that highly values rapid turnaround, simplicity, and cost
restraint. More painstaking HPV detection algorithms may be most appropriate when there
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is no allowance for error in determining true HPV status, such as selection of patients for
de-escalation therapy or therapeutic HPV vaccine trials.

4.2.3. Future directions in HPV testing.—Analysis of HPV tissue sections using
surrogate biomarkers (such as p16 using IHC), versus HPV DNA or RNA detection,

has various sensitivity and specificity characteristics and needs to be validated in clinical
settings. Circulating tumor DNA for HPV detection is also becoming more widespread.

4.2.31. Liquid phase assaysfor HPV detection in cytological samples (wet

biopsy).: To date, the College of American Pathologists has not stipulated any one specific
detection assay for determining HPV status in cytological specimens (95). The few studies
that have addressed HPV testing of cytological samples have primarily tried to adapt tissue-
targeted approaches (e.g., p16 IHC and HPV ISH) to archived cytological specimens (96,
97). In most instances, HPV testing of cytological specimens is restricted to a small subset
of cases where ample cellular material is available for the construction of cell blocks. Even
in these cases, p16 IHC analysis is often unreliable, such that broad-based application awaits
the development of strategies that can be applied to aspirated cells without the need for high
cellularity and specimen processing (98).0ne very promising approach that does not require
the processing of cytological specimens as tissue blocks involves the use of liquid phase
assays that are already in widespread use for routine assessment of cervical cancer risk.
Direct transfer of cytological samples into the liquid media minimizes specimen preparation
and eliminates the need for specimen processing as cell blocks. The Hybrid Capture 2 (HC2)
HPV DNA test is an in vitro nucleic acid hybridization assay with signal-amplification using
microplate chemiluminescence for the detection of 18 oncogenic types of HPV DNA in
cervical specimens. This assay was found to correctly classify all cytological preparations
when HPV status of the cytological specimens (brushings and FNAS) was compared with
status of the paired surgical resection specimens (99). Similarly, the Cervista® HPV test—a
liquid phase assay that is clinically validated for HPV detection in cervical cytological
specimens—is highly reliable in determining HPV status of cytological specimens (100).

Its analytical sensitivity is comparable to that of HC2, but the addition of a housekeeping
gene as an internal control to ensure sufficient cellularity diminishes the likelihood of false-
negative results. In effect, HPV detection and genotyping can be achieved in cytological
specimens without the need for tissue acquisition or complex specimen processing. Indeed,
accurate HPV analysis can even be determined from the supernatant portion of an FNA—a
rich source of DNA that is generally discarded as waste (101).

4.2.3.2. Circulating HPV DNA (wet biopsy).: Cancers that are etiologically related to
HPV infection present a unique opportunity for quantifying circulating amounts of HPV
DNA sequences that originate in tumor tissue. Recently, a test has been developed and
validated to measure circulating tumor HPV DNA in the blood using a PCR-based approach
(102-104). The rate of HPV DNA clearance in the blood following chemoradiation appears
to correlate with treatment sensitivity (102). Although this state-of-the-art assay has been
used primarily to monitor response to therapy, it also holds promise as a tool for early
detection and posttreatment surveillance for patients with HPV-OPSCC.
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5. PROGNOSIS FOR PATIENTS WITH OPSCC

Converging clinical, molecular, and epidemiologic evidence now confirms that HPV

status is the single most important determinant of prognosis in OPSCC. HPV is an
epitheliotropic, double-stranded DNA virus with >100 characterized genotypes; HPV 16,
with its predilection for oropharyngeal mucosa, is the most common genotype isolated from
the oropharynx (Figure 4). HPV initiation underlies the epidemiologic observation that both
incidence and survival of OPSCCs are increasing, in contrast to cancers associated with
tobacco and alcohol whose incidence is decreasing with survival essentially stable (5).

The improved prognosis associated with HPV in oropharyngeal HNSCC is related to
substantially different responsiveness to treatment. The carcinogenic process in HPV-related
malignancies is primarily attributed to the viral oncoproteins E6 and E7, which bind and
inactivate tumor suppressors p53 and pRb, respectively. Deficiency of p53 and Rb results

in loss of cell cycle checkpoints and appropriate apoptosis. HPV-infected cells demonstrate
unbridled progression through the cell cycle, a proproliferative state that benefits the HPV
life cycle in early infection. HPV-related oropharyngeal malignancies more frequently
appear in young, male patients with a good performance status and are associated with an
early T stage, yet advanced nodal stage, often with cystic nodes (Figure 5). When compared
with tumors in patients with HPV~ disease, HPV* tumors are consistently associated with a
50% reduction in risk of death (6).This is exhibited in multiple secondary analyses of recent
institutional as well as cooperative group prospective studies that examined radiation therapy
(RT) alone or in combination with various chemotherapy regimens.

In the first prospective trial designed to investigate HPV-related cancers, Eastern
Cooperative Oncology Group (ECOG) investigators (in the ECOG 2399 trial) utilized an
induction regimen of paclitaxel and carboplatin and reported a higher response rate in
those that were HPV*. Additionally, after a median follow-up of 40 months, progression-
free survival (PFS) and OS was superior in HPV* patients when compared with those

that were HPV™. This significant response to induction therapy led to the first national
cooperative group trial testing a deintensification strategy. In this recently completed trial
(ECOG 1308), patients with resectable HPV* oropharyngeal cancers were treated with three
cycles of induction chemotherapy including cisplatin, paclitaxel, and cetuximab. Complete
clinical response at the primary site was used as a dynamic response biomarker; complete
responders were treated with a radiation dose reduced by 20% (54.0 Gy versus 69.3 Gy).
For those receiving reduced-dose RT, PFS at 23 months was 84%, primary site local control
was 94%, nodal control was 95%, and distant control was 92%. The Danish Head and
Neck Cancer Group (DAHANCA) reported improved outcomes in those with HPV-related
oropharyngeal malignancies. In the DAHANCA 5 trial, patients in which samples were
analyzed for p16, an HPV surrogate, demonstrated improved local-regional control as

well as disease-free survival after adjustment for tumor and nodal stage. Additionally, an
unplanned subset analysis of the Radiation Therapy Oncology Group (RTOG) 0129 trial
identified an association between tumor HPV status and survival among patients with stage
111 and IV HNSCC. Here, 64% of enrolled patients were HPV* and were found to have
improved 3-year survival (82.%) compared with the survival of those with HPV™ tumors
(57.%) (9). Using a recursive-partitioning analysis, a significantly increased risk of death
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between HPV status and pack-years of smoking identified patients at low, intermediate,
and high risk of death (9).With improved patient risk stratification, future trials will aim
at maintaining excellent survival in the HPV*, nonsmoking cohort, while reducing late
toxicities associated with current CRT regimens. In contrast, high-risk cohorts will be the
focus of intensification strategies, as both local and distant relapse continue to affect a
significant portion of patients (see Table 1).

6. CONCLUSIONS

Oropharyngeal squamous cell carcinoma related to latent infection with HPV is increasingly
common. The presence of this virus results in a more robust immune response compared
with that seen in HPV™ tumors. However, the virus has evolved ways to subvert innate

and adaptive immunity to persist and induce malignancy. Better understanding of these
mechanisms of immune evasion has resulted in the development of new, investigational
immunotherapies that will ultimately enhance the efficacy of existing therapies for
oropharyngeal squamous cell carcinoma.

LITERATURE CITED

1. Ang KK, Harris J, Wheeler R, Weber R, Rosenthal DI, et al. 2010. Human papillomavirus and
survival of patients with oropharyngeal cancer. N. Engl. J. Med 363:24-35 [PubMed: 20530316]
2. D’Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, et al. 2007. Case-control study of human
papillomavirus and oropharyngeal cancer. N. Engl. J. Med 356:1944-56 [PubMed: 17494927]
3. Holsinger FC, Ferris RL. 2015. Transoral endoscopic head and neck surgery and its role within the
multidisciplinary treatment paradigm of oropharynx cancer: robotics, lasers, and clinical trials. J.
Clin. Oncol 33:3285-92 [PubMed: 26351337]
4. O’Sullivan B,Huang SH,Su J,Garden AS,Sturgis EM, et al. . 2016. Development and validation
of a staging system for HPV-related oropharyngeal cancer by the International Collaboration on
Oropharyngeal Cancer Network for Staging (ICON-S): a multicentre cohort study. Lancet Oncol.
17:440-51 [PubMed: 26936027]
5. Francissen CM, van la Parra RF, Mulder AH, Bosch AM, de Roos WK. 2013. Evaluation of the
benefit of routine intraoperative frozen section analysis of sentinel lymph nodes in breast cancer.
ISRN Oncol. 2013:843793 [PubMed: 24167745]
6. Weinstein GS, O’Malley BW Jr., Magnuson JS, Carroll WR, Olsen KD, et al. 2012. Transoral
robotic surgery: a multicenter study to assess feasibility, safety, and surgical margins. Laryngoscope
122:1701-7 [PubMed: 22752997]
7. Albergotti WG, Jordan J, Anthony K, Abberbock S, Wasserman-Wincko T, et al. 2017. A
prospective evaluation of short-term dysphagia after transoral robotic surgery for squamous cell
carcinoma of the oropharynx. Cancer 123:3132-40 [PubMed: 28467606]
8. Haughey BH, Hinni ML, Salassa JR, Hayden RE, Grant DG, et al. 2011. Transoral laser
microsurgery as primary treatment for advanced-stage oropharyngeal cancer: a United States
multicenter study. Head Neck 33:1683-94 [PubMed: 21284056]
9. Langendijk JA, Doornaert P, Verdonck-de Leeuw IM, Leemans CR, Aaronson NK, Slotman BJ.
2008. Impact of late treatment-related toxicity on quality of life among patients with head and neck
cancer treated with radiotherapy. J. Clin. Oncol 26:3770-76 [PubMed: 18669465]
10. Quon H, Forastiere AA. 2013. Controversies in treatment deintensification of human
papillomavirus-associated oropharyngeal carcinomas: should we, how should we, and for whom ?
J. Clin. Oncol 31:520-22 [PubMed: 23295808]

11. Yom SS, Torres-Saavedra P, Caudell JJ, Waldron JN, Gillison ML, et al. 2019. NRG-HNO002: a
randomized phase 11 trial for patients with p16-positive, non-smoking-associated, locoregionally
advanced oropharyngeal cancer. Int. J. Radiat. Oncol. Biol. Phys 105(3):684-85

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Page 16

Cramer JD, Hicks KE, Rademaker AW, Patel UA, Samant S. 2018. Validation of the eighth
edition American Joint Committee on Cancer staging system for human papillomavirus-associated
oropharyngeal cancer. Head Neck 40:457-66 [PubMed: 28990257]

Sharma A, Patel S, Baik FM, Mathison G, Pierce BH, et al. 2016. Survival and gastrostomy
prevalence in patients with oropharyngeal cancer treated with transoral robotic surgery versus
chemoradiotherapy. JAMA Otolaryngol. Head Neck Surg 142:691-97 [PubMed: 27347780]
Chaturvedi AK. 2012. Epidemiology and clinical aspects of HPV in head and neck cancers. Head
Neck Pathol. 6(Suppl. 1):S16-24 [PubMed: 22782220]

Westra WH, Lewis JS Jr. 2017. Update from the 4th edition of the World Health Organization
Classification of Head and Neck Tumours: oropharynx. Head Neck Pathol. 11:41-47 [PubMed:
28247229]

Gelwan E, Malm 1J, Khararjian A, Fakhry C, Bishop JA, Westra WH. 2017. Nonuniform
distribution of high-risk human papillomavirus in squamous cell carcinomas of the oropharynx:
rethinking the anatomic boundaries of oral and oropharyngeal carcinoma from an oncologic HPV
perspective. Am. J. Surg. Pathol 41:1722-28 [PubMed: 28877058]

Kimura M, Nagao T, Saito T, Warnakulasuriya S, Ohto H, et al. . 2015. Ectopic oral tonsillar
tissue: a caseseries with bilateral and solitary presentations and a review of the literature. Case
Rep.Dent 2015:518917 [PubMed: 25664186]

Abbey K, Kawabata I. 1988. Computerized three-dimensional reconstruction of the crypt system of
the palatine tonsil. Acta Otolaryngol. Suppl 454:39-42 [PubMed: 3223266]

Roberts JN, Buck CB, Thompson CD, Kines R, Bernardo M, et al. 2007. Genital transmission of
HPV in a mouse model is potentiated by nonoxynol-9 and inhibited by carrageenan. Nat. Med
13:857-61 [PubMed: 17603495]

McQuone SJ, Eisele DW, Lee DJ, Westra WH, Koch WM. 1998. Occult tonsillar carcinoma in the
unknown primary. Laryngoscope 108:1605-10 [PubMed: 9818813]

Sood AJ, Mcllwain W, O’Connell B, Nguyen S, Houlton JJ, Day T. 2014. The association between
T-stage and clinical nodal metastasis in HPV-positive oropharyngeal cancer. Am. J. Otolaryngol
35:463-68 [PubMed: 24780201]

Stanley MA, Pett MR, Coleman N. 2007. HPV: from infection to cancer. Biochem. Soc. Trans 35:
1456-60 [PubMed: 18031245]

Stanley M 2008. Immunobiology of HPV and HPV vaccines. Gynecol. Oncol 109:515-21
[PubMed: 18474288]

Kanodia S, Fahey LM, Kast WM. 2007. Mechanisms used by human papillomaviruses to escape
the host immune response. Curr. Cancer Drug Targets 7:79-89 [PubMed: 17305480]

Bodily J, Laimins LA. 2011. Persistence of human papillomavirus infection: keys to malignant
progression. Trends Microbiol. 19:33-39 [PubMed: 21050765]

O’Brien PM, Saveria Campo M. 2002. Evasion of host immunity directed by papillomavirus-
encoded proteins. Virus Res. 88:103-17 [PubMed: 12297330]

Vu HL, Sikora AG, Fu S, Kao J. 2010. HPV-induced oropharyngeal cancer, immune response and
response to therapy. Cancer Lett. 288:149-55 [PubMed: 19628331]

Mattox AK, Roelands J, Saal TM, Cheng Y, Rinchai D, et al. . 2021. Myeloid cells are enriched

in tonsillar crypts, providing insight into the viral tropism of human papillomavirus. Am. J. Pathol
191:1774-86 [PubMed: 34303699]

Lyford-Pike S, Peng S, Young GD, Taube JM, Westra WH, et al. 2013. Evidence for a role of

the PD-1:PD-L1 pathway in immune resistance of HPV-associated head and neck squamous cell
carcinoma. Cancer Res. 73:1733-41 [PubMed: 23288508]

Pai SI. 2013. Adaptive immune resistance in HPV-associated head and neck squamous cell
carcinoma. Oncoimmunology 2:624065 [PubMed: 23762795]

Syrjanen K, Syrjanen S, Lamberg M, Pyrhonen S, Nuutinen J. 1983. Morphological and
immunohistochemical evidence suggesting human papillomavirus (HPV) involvement in oral
squamous cell carcinogenesis. Int. J. Oral Surg 12:418-24 [PubMed: 6325356]

Gillison ML, Koch WM, Capone RB, Spafford M, Westra WH, et al. 2000. Evidence for a causal
association between human papillomavirus and a subset of head and neck cancers. J. Natl. Cancer
Inst 92:709-20 [PubMed: 10793107]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Page 17

Gillison ML, Shah KV. 2001. Human papillomavirus-associated head and neck squamous cell
carcinoma: mounting evidence for an etiologic role for human papillomavirus in a subset of head
and neck cancers. Curr. Opin. Oncol 13:183-88 [PubMed: 11307062]

Gillison ML, D’Souza G, Westra W, Sugar E, Xiao W, et al. 2008. Distinct risk factor profiles for
human papillomavirus type 16-positive and human papillomavirus type 16-negative head and neck
cancers. J. Natl. Cancer Inst 100:407-20 [PubMed: 18334711]

Mehrad M, Zhao H, Gao G, Wang X, Lewis JS Jr. 2014. Transcriptionally-active human
papillomavirus is consistently retained in the distant metastases of primary oropharyngeal
carcinomas. Head Neck Pathol. 8:157-63 [PubMed: 24271958]

Parfenov M, Pedamallu CS, Gehlenborg N, Freeman SS, Danilova L, et al. 2014. Characterization
of HPV and host genome interactions in primary head and neck cancers. PNAS 111:15544-49
[PubMed: 25313082]

Powell SF, Vu L, Spanos WC, Pyeon D. 2021. The key differences between human papillomavirus-
positive and-negative head and neck cancers: biological and clinical implications. Cancers 13:5206
[PubMed: 34680354]

Fakhry C, Westra WH, Li S, Cmelak A, Ridge JA, et al. 2008. Improved survival of patients with
human papillomavirus-positive head and neck squamous cell carcinoma in a prospective clinical
trial. J. Natl. Cancer Inst 100:261-69 [PubMed: 18270337]

Zhou Q, Zhu K, Cheng H. 2011. Ubiquitination in host immune response to human papillomavirus
infection. Arch. Dermatol. Res 303:217-30 [PubMed: 21400034]

Allen CT, Lewis JS Jr., EI-Mofty SK, Haughey BH, Nussenbaum B. 2010. Human papillomavirus
and oropharynx cancer: biology, detection and clinical implications. Laryngoscope 120:1756-72
[PubMed: 20669304]

Egawa N, Egawa K, Griffin H, Doorbar J. 2015. Human papillomaviruses; epithelial tropisms, and
the development of neoplasia. Viruses 7:3863-90 [PubMed: 26193301]

Varier |, Keeley BR, Krupar R, Patsias A, Dong J, et al. 2016. Clinical characteristics and
outcomes of oropharyngeal carcinoma related to high-risk non-human papillomavirus16 viral
subtypes. Head Neck 38:1330-37 [PubMed: 27080140]

Mashiana SS, Navale P, Khandakar B, Sobotka S, Posner MR, et al. 2021. Human papillomavirus
genotype distribution in head and neck cancer: informing developing strategies for cancer
prevention, diagnosis, treatment and surveillance. Oral Oncol. 113:105109 [PubMed: 33232848]
LeConte BA, Szaniszlo P, Fennewald SM, Lou DI, Qiu S, et al. 2018. Differences in the viral
genome between HPV-positive cervical and oropharyngeal cancer. PLOS ONE 13:€0203403
Bratman SV, Bruce JP, O’Sullivan B, Pugh TJ, Xu W, et al. 2016. Human papillomavirus genotype
association with survival in head and neck squamous cell carcinoma. JAMA Oncol. 2:823-26
[PubMed: 27010835]

Chatfield-Reed K, Gui S, O’Neill WQ, Teknos TN, Pan Q. 2020. HPV33+ HNSCC is

associated with poor prognosis and has unique genomic and immunologic landscapes. Oral Oncol.
100:104488 [PubMed: 31835137]

Garset-Zamani M, Carlander AF, Jakobsen KK, Friborg J, Kiss K, et al. . 2022. Impact of specific
high-risk human papillomavirus genotypes on survival in oropharyngeal cancer. Int. J. Cancer
150:1174-83 [PubMed: 34894151]

Siegel R, Naishadham D, Jemal A. 2013. Cancer statistics, 2013. CA Cancer J. Clin 63:11-30
[PubMed: 23335087]

Pignon JP, le Maitre A, Maillard E, Bourhis J, et al. 2009. Meta-analysis of chemotherapy in

head and neck cancer (MACH-NC): an update on 93 randomised trials and 17,346 patients.
Radiother.Oncol 92:4-14 [PubMed: 19446902]

Sturgis EM, Ang KK. 2011. The epidemic of HPV-associated oropharyngeal cancer is here: Is it
time to change our treatment paradigms? J. Natl. Compr. Cancer Netw 9:665-73

Chaturvedi AK, Engels EA, Pfeiffer RM, Hernandez BY, Xiao W, et al. 2011. Human
papillomavirus and rising oropharyngeal cancer incidence in the United States. J. Clin. Oncol
29:4294-301 [PubMed: 21969503]

Vidal L, Gillison ML. 2008. Human papillomavirus in HNSCC: recognition of a distinct disease
type. Hematol. Oncol. Clin. North Am 22:1125-42 [PubMed: 19010263]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Page 18

Gillison ML. 2009. Oropharyngeal cancer: a potential consequence of concomitant HPV and HIV
infection. Curr. Opin. Oncol 21:439-44 [PubMed: 19587593]

Rischin D, Young RJ, Fisher R, Fox SB, Le QT, et al. 2010. Prognostic significance of p16'NK4A
and human papillomavirus in patients with oropharyngeal cancer treated on TROG 02.02 phase 111
trial. J. Clin. Oncol 28:4142-48 [PubMed: 20697079]

Lassen P, Eriksen JG, Krogdahl A, Therkildsen MH, Ulhoi BP, et al. 2011. The influence of
HPV-associated p16-expression on accelerated fractionated radiotherapy in head and neck cancer:
evaluation of the randomised DAHANCA 6&7 trial. Radiother. Oncol 100:49-55 [PubMed:
21429609]

Ribeiro KB, Levi JE, Pawlita M, Koifman S, Matos E, et al. . 2011. Low human papillomavirus
prevalence in head and neck cancer: results from two large case-control studies in high-incidence
regions. Int. J. Epidemiol 40:489-502 [PubMed: 21224273]

Schrank TP, Han Y, Weiss H, Resto VA. 2011. Case-matching analysis of head and neck squamous
cell carcinoma in racial and ethnic minorities in the United States—possible role for human
papillomavirus in survival disparities. Head Neck 33:45-53 [PubMed: 20848419]

Ragin CC, Taioli E. 2007. Survival of squamous cell carcinoma of the head and neck in relation to
human papillomavirus infection: review and meta-analysis. Int. J. Cancer 121:1813-20 [PubMed:
17546592]

Lassen P, Eriksen JG, Hamilton-Dutoit S, Tramm T, Alsner J, Overgaard J. 2009. Effect of
HPV-associated plG'NK4A expression on response to radiotherapy and survival in squamous cell
carcinoma of the head and neck. J. Clin. Oncol 27:1992-98 [PubMed: 19289615]

Lavaf A, Genden EM, Cesaretti JA, Packer S, Kao J. 2008. Adjuvant radiotherapy improves overall
survival for patients with lymph node-positive head and neck squamous cell carcinoma. Cancer
112:535-43 [PubMed: 18076014]

Bernier J, Domenge C, Ozsahin M, Matuszewska K, Lefebvre JL, et al. 2004. Postoperative
irradiation with or without concomitant chemotherapy for locally advanced head and neck cancer.
N. Engl. J. Med 350:1945-52 [PubMed: 15128894]

Cooper JS, Zhang Q, Pajak TF, Forastiere AA, Jacobs J, et al. 2012. Long-term follow-up

of the RTOG 9501/intergroup phase Il trial: postoperative concurrent radiation therapy and
chemotherapy in high-risk squamous cell carcinoma of the head and neck. Int. J. Radiat. Oncol.
Biol. Phys 84:1198-205 [PubMed: 22749632]

Cooper JS, Pajak TF, Forastiere AA, Jacobs J, Campbell BH, et al. 2004. Postoperative concurrent
radiotherapy and chemotherapy for high-risk squamous-cell carcinoma of the head and neck. N.
Engl. J. Med 350:1937-44 [PubMed: 15128893]

Bernier J, Cooper JS, Pajak TF, van Glabbeke M, Bourhis J, et al. 2005. Defining risk levels

in locally advanced head and neck cancers: a comparative analysis of concurrent postoperative
radiation plus chemotherapy trials of the EORTC (#22931) and RTOG (#9501). Head Neck
27:843-50 [PubMed: 16161069]

Bourhis J, Overgaard J, Audry H, Ang KK, Saunders M, et al. 2006. Hyperfractionated or
accelerated radiotherapy in head and neck cancer: a meta-analysis. Lancet 368:843-54 [PubMed:
16950362]

Fu KK, Pajak TF, Trotti A, Jones CU, Spencer SA, et al. 2000. A Radiation Therapy Oncology
Group (RTOG) phase Il randomized study to compare hyperfractionation and two variants of
accelerated fractionation to standard fractionation radiotherapy for head and neck squamous cell
carcinomas: first report of RTOG 9003. Int. J. Radiat. Oncol. Biol. Phys 48:7-16 [PubMed:
10924966]

Overgaard J, Hansen HS, Specht L, Overgaard M, Grau C, et al. 2003. Five compared with six
fractions per week of conventional radiotherapy of squamous-cell carcinoma of head and neck:
DAHANCA 6 and 7 randomised controlled trial. Lancet 362:933-40 [PubMed: 14511925]

Beadle BM, Liao KP, Elting LS, Buchholz TA, Ang KK, et al. 2014. Improved survival using
intensity-modulated radiation therapy in head and neck cancers: a SEER-Medicare analysis.
Cancer 120:702-10 [PubMed: 24421077]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

Page 19

Bentzen SM, Constine LS, Deasy JO, Eisbruch A, Jackson A, et al. 2010. Quantitative Analyses
of Normal Tissue Effects in the Clinic (QUANTEC): an introduction to the scientific issues. Int. J.
Radiat. Oncol. Biol. Phys 76:53-9 [PubMed: 20171515]

Rancati T, Schwarz M, Allen AM, Feng F, Popovtzer A, et al. 2010. Radiation dose-volume effects
in the larynx and pharynx. Int. J. Radiat. Oncol. Biol. Phys 76:564-69 [PubMed: 20171520]

Kam MK, Leung SF, Zee B, Chau RM, Suen JJ, et al. 2007. Prospective randomized study

of intensity-modulated radiotherapy on salivary gland function in early-stage nasopharyngeal
carcinoma patients. Clin. Oncol 25:4873-79

Nutting CM, Morden JP, Harrington KJ, Urbano TG, Bhide SA, et al. 2011. Parotid-sparing
intensity modulated versus conventional radiotherapy in head and neck cancer (PARSPORT): a
phase 3 multicentre randomised controlled trial. Lancet Oncol. 12:127-36 [PubMed: 21236730]

Adelstein DJ, Li Y, Adams GL, Wagner H Jr., Kish JA, et al. 2003. An intergroup phase 111
comparison of standard radiation therapy and two schedules of concurrent chemoradiotherapy in
patients with unresectable squamous cell head and neck cancer. J. Clin. Oncol 21:92-98 [PubMed:
12506176]

Argiris A, Karamouzis MV, Raben D, Ferris RL. 2008. Head and neck cancer. Lancet 371:1695—
709 [PubMed: 18486742]

Vermorken JB, Kapteijn TS, Hart AA, Pinedo HM. 1983. Ototoxicity of cis-
diamminedichloroplatinum (I1): influence of dose, schedule and mode of administration. Eur. J.
Cancer Clin. Oncol 19:53-58 [PubMed: 6682776]

Chan AT, Leung SF, Ngan RK, Teo PM, Lau WH, et al. 2005. Over all survival after

concurrent cisplatin-radiotherapy compared with radiotherapy alone in locoregionally advanced
nasopharyngeal carcinoma. Natl. Cancer Inst 97:536-39

Chiu TJ, Chen CH, Chien CY, Li SH, Tsai HT, Chen YJ. 2011. High ERCC1 expression

predicts cisplatin-based chemotherapy resistance and poor outcome in unresectable squamous cell
carcinoma of head and neck in a betel-chewing area. J. Transl. Med 9:31 [PubMed: 21426588]
Jeremic B, Milicic B, Dagovic A, Vaskovic Z, Tadic L. 2004. Radiation therapy with or

without concurrent low-dose daily chemotherapy in locally advanced, nonmetastatic squamous
cell carcinoma of the head and neck. J. Clin. Oncol 22:3540-48 [PubMed: 15337803]

Quon H, Leong T, Haselow R, Leipzig B, Cooper J, Forastiere A. 2011. Phase 11 study of radiation
therapy with or without cis-platinum in patients with unresectable squamous or undifferentiated
carcinoma of the head and neck: an intergroup trial of the Eastern Cooperative Oncology Group
(E2382). Int. J. Radiat. Oncol. Biol. Phys 81:719-25 [PubMed: 20888709]

Ang KK, Trotti A, Brown BW, Garden AS, Foote RL, et al. 2001. Randomized trial addressing
risk features and time factors of surgery plus radiotherapy in advanced head-and-neck cancer. Int.
J. Radiat. Oncol. Biol. Phys 51:571-78 [PubMed: 11597795]

Rubin Grandis J,Melhem MF,Gooding WE,Day R,Holst VA et al. . 1998. Levels of TGF-a and
EGFR protein in head and neck squamous cell carcinoma and patient survival. J. Natl. Cancer Inst
90:824-32 [PubMed: 9625170]

Bonner JA, Harari PM, Giralt J, Azarnia N, Shin DM, et al. 2006. Radiotherapy plus cetuximab for
squamous-cell carcinoma of the head and neck. N. Engl. J. Med 354:567—-78 [PubMed: 16467544]
Calais G, Alfonsi M, Bardet E, Sire C, Germain T, et al. 1999. Randomized trial of radiation
therapy versus concomitant chemotherapy and radiation therapy for advanced-stage oropharynx
carcinoma. Natl. Cancer Inst 91:2081-86

Bonner JA, Harari PM, Giralt J, Cohen RB, Jones CU, et al. 2010. Radiotherapy plus cetuximab
for locoregionally advanced head and neck cancer: 5-year survival data from a phase 3
randomised trial, and relation between cetuximab-induced rash and survival. Lancet Oncol. 11:21—
28 [PubMed: 19897418]

Vermorken JB, Remenar E, van Herpen C, Gorlia T, Mesia R, et al. 2007. Cisplatin, fluorouracil,
and docetaxel in unresectable head and neck cancer. N. Engl. J. Med 357:1695-704 [PubMed:
17960012]

Posner MR, Hershock DM, Blajman CR, Mickiewicz E, Winquist E, et al. 2007. Cisplatin and
fluorouracil alone or with docetaxel in head and neck cancer. N. Engl. J. Med 357:1705-15
[PubMed: 17960013]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ferris and Westra

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

99.

Page 20

Loo SW, Geropantas K, Roques TW. 2013. DeCIDE and PARADIGM: nails in the coffin of
induction chemotherapy in head and neck squamous cell carcinoma? Clin. Transl. Oncol 15:248—
51 [PubMed: 23180348]

Haddad R, O’Neill A, Rabinowits G, Tishler R, Khuri F, et al. 2013. Induction chemotherapy
followed by concurrent chemoradiotherapy (sequential chemoradiotherapy) versus concurrent
chemoradiotherapy alone in locally advanced head and neck cancer (PARADIGM): a randomised
phase 3 trial. Lancet Oncol 14:257-64 [PubMed: 23414589]

Chung CH,Gillison ML. 2009. Human papillomavirus in head and neck cancer: its role in
pathogenesis and clinical implications. Clin. Cancer Res 15:6758-62 [PubMed: 19861444]
El-Naggar AK, Westra WH. 2012. p16 expression as a surrogate marker for HPV-related
oropharyngeal carcinoma: a guide for interpretative relevance and consistency. Head Neck 34:459—
61 [PubMed: 22180304]

Smeets SJ, Hesselink AT, Speel EJ, Haesevoets A, Snijders PJ, et al. 2007. A novel algorithm for
reliable detection of human papillomavirus in paraffin embedded head and neck cancer specimen.
Int. J. Cancer 121:2465-72 [PubMed: 17680565]

Cohen MA, Basha SR, Reichenbach DK, Robertson E, Sewell DA. 2008. Increased viral

load correlates with improved survival in HPV-16-associated tonsil carcinoma patients. Acta
Otolaryngol. 128:583-89 [PubMed: 18421616]

Ukpo OC, Flanagan JJ, Ma XJ, Luo Y, Thorstad WL, Lewis JS Jr. 2011. High-risk human
papillomavirus E6/E7 mRNA detection by a novel in situ hybridization assay strongly correlates
with p16 expression and patient outcomes in oropharyngeal squamous cell carcinoma. Am. J.
Surg. Pathol 35:1343-50 [PubMed: 21836494]

Rietbergen MM, Brakenhoff RH, Bloemena E, Witte BI, Snijders PJ, et al. 2013. Human
papillomavirus detection and comorbidity: critical issues in selection of patients with
oropharyngeal cancer for treatment de-escalation trials. Ann. Oncol 24:2740-45 [PubMed:
23946330]

Lewis JS Jr., Beadle B, Bishop JA, Chernock RD, Colasacco C, et al. 2018. Human papillomavirus
testing in head and neck carcinomas: guideline from the College of American Pathologists. Arch.
Pathol. Lab. Med 142:559-97 [PubMed: 29251996]

Begum S, Gillison ML, Nicol TL, Westra WH. 2007. Detection of human papillomavirus-16

in fine-needle aspirates to determine tumor origin in patients with metastatic squamous cell
carcinoma of the head and neck. Clin. Cancer Res 13:1186-91 [PubMed: 17317828]

Zhang MQ, EI-Mofty SK, Davila RM. 2008. Detection of human papillomavirus-related squamous
cell carcinoma cytologically and by in situ hybridization in fine-needle aspiration biopsies of
cervical metastasis: a tool for identifying the site of an occult head and neck primary. Cancer
114:118-23 [PubMed: 18300234]

El-Salem F, Mansour M, Gitman M, Miles BA, Posner MR, et al. 2019. Real-time PCR HPV
genotyping in fine needle aspirations of metastatic head and neck squamous cell carcinoma:
exposing the limitations of conventional p16 immunostaining. Oral Oncol. 90:74-79 [PubMed:
30846180]

Bishop JA, Maleki Z, Valsamakis A, Ogawa T, Chang X, et al. 2012. Application of the hybrid
capture 2 assay to squamous cell carcinomas of the head and neck: a convenient liquid-phase
approach for the reliable determination of human papillomavirus status. Cancer Cytopathol.
120:18-25 [PubMed: 21751428]

100. Cohen N, Gupta M, Doerwald-Munoz L, Jang D, Young JE, et al. 2017. Developing a

new diagnostic algorithm for human papilloma virus associated oropharyngeal carcinoma: an
investigation of HPV DNA assays. J. Otolaryngol. Head Neck Surg 46:11 [PubMed: 28193254]

101. Hao Y, Mehrotra M, Lam H, Si Q, Salem F, et al. 2021. Liquid phase human papillomavirus

genotype analysis of aspirated metastatic head and neck squamous cell carcinoma: Fine needle
aspiration supernatant is a rich source of tumor DNA that can increase the diagnostic yield.
Diagn. Cytopathol 49:25-30 [PubMed: 32889776]

102. Chera BS, Kumar S, Beaty BT, Marron D, Jefferys S, et al. 2019. Rapid clearance profile

of plasma circulating tumor HPV type 16 DNA during chemoradiotherapy correlates with
disease control in HPV-associated oropharyngeal cancer. Clin. Cancer Res 25:4682-90 [PubMed:
31088830]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Ferris and Westra

103.

104.

105.

106.

Page 21

Ulz P, Heitzer E, Geigl JB, Speicher MR. 2017. Patient monitoring through liquid biopsies using
circulating tumor DNA. Int. J. Cancer 141:887-96 [PubMed: 28470712]

Liauw SL, Son CH, Shergill A, Shogan BD. 2021. Circulating tumor-tissue modified HPV
DNA analysis for molecular disease monitoring after chemoradiation for anal squamous cell
carcinoma: a case report. J. Gastrointest. Oncol 12:3155-62 [PubMed: 35070439]

Pai SI, Westra WH. 2009. Molecular pathology of head and neck cancer: implications for
diagnosis, prognosis, and treatment. Annu. Rev. Pathol. Mech. Dis 4:49-70

Bishop JA, Ma XJ, Wang H, Luo Y, lllei PB, et al. 2012. Detection of transcriptionally active
high-risk HPV in patients with head and neck squamous cell carcinoma as visualized by a
novel E6/E7 mRNA in situ hybridization method. Am. J. Surg. Pathol 36(12):1874-82 [PubMed:
23060353]

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ferris and Westra Page 22

Figure 1.
Drawing of tonsil illustrating numerous branching crypts (original drawing by Max Brddel;

provided with permission by the Department of Art as Applied to Medicine at The Johns
Hopkins Hospital). Inset shows the histologic features of the reticulated epithelium lining
the crypts where the basaloid squamous cells are obscured by infiltrating lymphocytes.
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Figure 2.
Schematic rendition of the tonsillar crypt epithelium highlighting a disrupted basement

membrane, a porous epithelial-subepithelial interface, and a thin and disrupted epithelium
permitting exposure of the basement membrane to viral particles. Drawing by T. Phelps;
reproduced from Reference 105. Abbreviation: HPV, human papillomavirus.
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Figure 3.
Various strategies for human papillomavirus (HPV) detection now allow for microscopic

visualization of progressive steps in the cellular biology of HPV tumorigenesis from (&)

the cellular insertion of HPV DNA (DNA in situ hybridization) to () the transcription of
viral mMRNA (high-risk HPV E6/E7 mRNA in situ hybridization) to (¢) the disruption of the
normal cellular machinery giving rise to high levels of expression of the cellular protein p16
(p16 immunohistochemistry). All of these steps culminate in (d) the prototypic microscopic
appearance of HPV-related oropharyngeal squamous cell carcinoma (routine hematoxylin-
eosin histology). Hybridization signals are readily apparent at higher magnification (5,
inset). Figure adapted with permission from Reference 106; copyright 2012 Wolters Kluwer
Health, Inc.
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Figure 4.
Human papillomavirus (HPV)-associated oropharyngeal squamous cell carcinomas typically

arise from the tonsillar crypts and grow beneath the surface epithelium as expanding lobules,
often with central necrosis (&). The lobules are composed of nonkeratinized basaloid cells
that are surrounded and infiltrated by lymphocytes (&, inset). (6) In the reticulated crypt
epithelium, p16 staining is useful in highlighting the distribution of tumor cells in the
tonsils.

Annu Rev Pathol. Author manuscript; available in PMC 2024 July 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Ferris and Westra Page 26

Ryl

P

Figureb.
Morphologic variant forms of human papillomavirus (HPV)-associated oropharyngeal

carcinoma include those that take on highly developed basaloid (&), lymphoepithelial (4),
and ciliated (¢) features. The presence of a high-grade neuroendocrine component (4) is a
finding that signals aggressive tumor behavior.
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Table 1

Risk stratification in HPVV-OPSCC

Risk level

Pathologic features

Low risk

Negative margins (>3 mm), NO-N1,no ENE

Intermediate risk

Close margins (< 3 mm), 2—4 positive nodes, < 1 mm ENE, PNI/LVI

High risk

Positive margin, > 1 mm ENE, = 5 positive nodes

Abbreviations: ENE, extranodal extension; HPV, human papillomavirus; LVI, lymphovascular invasion; N, node (value indicates degree of nodal

spread); OPSCC, oropharyngeal squamous cell carcinoma; PNI, perineural invasion.
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