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Abstract. In 2007, the International Agency for Research
against Cancer (IARC) recognized human papillomavirus
(HPV), especially HPV16, besides smoking and alcohol,
as a risk factor for oropharyngeal squamous cell carcinoma
(OPSCC), where tonsillar and base of tongue cancer dominate.
Moreover, during the past decade, in many Western countries,
a sharp rise in the incidence of OPSCC, more specifically of
HPV-positive OPSCC has been observed. Notably, patients
with HPV-positive OPSCC, where the majority are men,
particularly never-smokers have a better clinical outcome
than patients with HPV-negative OPSCC and other head
neck cancer (roughly 80 vs. 40% disease-free survival with
conventional radiotherapy and surgery). This suggests that
many patients with HPV-positive OPSCC may not require
the more aggressive intensified chemo-radiotherapy given to
head neck cancer patients today, and could with somewhat
tapered treatment maintain excellent survival, avoiding some
of the severe side effects along with intensified treatment.
However, before de-intensified treatment is administered
additional biomarkers are necessary in combination with
HPV-positive status in order to predict and select patients
that will respond favorably to therapy. In conclusion, note-
worthy issues within this field with an increasing cohort
of patients with HPV-positive OPSCC are better-tailored
therapy and prevention. Patients with HPV-positive OPSCC,
with biomarkers for good response to therapy e.g., low MHC
class I, or CD44 expression or high numbers of CD8* tumor
infiltrating lymphocytes, could be included in randomized
trials with less severe therapy. Furthermore, possibilities to
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screen for HPV-positive OPSCC and to vaccinate boys against
HPV infection should be further investigated.

Contents

Introduction

Human papillomavirus (HPV)

Oropharyngeal squamous cell carcinoma (OPSCC)
OPSCC and HPV

An HPV induced epidemic of OPSCC

HPV and OPSCC and treatment

Studies on HPV and other markers in HPV-positive
OPSCC in response to treatment

8. Prevention of HPV-positive OPSCC

NN kE L=

1. Introduction

A correlation between human papillomavirus (HPV), besides
smoking and alcohol, in the development of oropharyngeal
squamous cell carcinoma (OPSCC) was found and in 2007, this
association was recognized by the International Agency for
Research against Cancer (IARC)(1-4). Furthermore, in many
Western countries a rise in the number of OPSCC cases has
been observed, now attributed to an increase of HPV-positive
OPSCC cases (5-17). Of note, HPV-positive OPSCC has in
general a better clinical outcome than HPV-negative OPSCC
and other head neck squamous cell carcinoma (HNSCC) (80
vs. 40% 5-year disease specific survival with conventional
radiotherapy) (1-3,15-19). In parallel, due to this development
because of its poor prognosis, HNSCC treatment has become
more aggressive with more intensified chemo-radiotherapy
administrations, leading to many additional acute and chronic
adverse side effects. This intensified therapy may not be
necessary for a large majority of patients with HPV-positive
OPSCC that earlier did well already with more conven-
tional therapy (1-3,15,16,20). However, not all patients with
HPV-positive OPSCC survive, so before tapering therapy it
is important to combine positive HPV-status with additional
biomarkers in the tumors to identify patients with a very good
probability to respond favorably to therapy. Furthermore, it



1800

would be of benefit to find predictive markers for risk of, or
early OPSCC stages, as is done for cervical cancer, as well as
introduce HPV-vaccination of boys in order to decrease the
effects of the upcoming increase of HPV-positive OPSCC.
This review gives an introduction to the field and the impor-
tant issues of tailored therapy, prediction and prevention.
It has special focus on the possibility to select patients with
the potential to better respond to therapy and includes some
aspects on early prediction of OPSCC, and prevention.

2. Human papillomavirus (HPV)

There are over 150 fully sequenced HPV types, with very
many isolated from skin, but also a considerable number in
mucous tissues (21,22). The cutaneous types can potentially
cause skin warts, but their association to skin cancer is
unclear, except for epidermodyplasia vercucciformis patients
that are sensitive to infections with e.g., HPV5 and 8 resulting
in verruca-like papillomatous lesions and multiple skin tumors
(21,22). The mucosal types are separated into high-risk (HR)
types associated with different cancers, e.g., cervical, vulvar,
vaginal penile, anal and OPSCC; and into low-risk (LR) types
that are seldom observed in cancer, but often found in benign
genital lesions and respiratory papillomas (21,22).

All HPVs are small double stranded circular DNA viruses
with genomes of almost 8 kb. The genome arbitrarily divided
into a non-coding, an early and a late region is contained
within a 52-55 nm virion encoding for the non-structural ‘early
proteins’ E1-E2, E4-E7, and the two structural viral capsid
‘late proteins’ L1 and L2 (Fig. 1) (21). E1-E2 and E4-E7 are
essential for gene regulation, replication and pathogenesis (21).
In HR types the oncogenes E6 and E7, with high affinity to
p53 and pRb, respectively, are important for immortalization
and transformation (21). More specifically, E6 binds to p53
and causes its degradation, while E7 binds Rb and inhibits its
function with deregulation of cell cycle control, also leading
to overexpression of the cyclin-dependent kinase inhibitor
pl6™#2 the latter sometimes used as a surrogate marker for
presence of HPV in OPSCC (16,21,23). The L1 major capsid
protein contributes to the bulk of the viral capsid (80-90%) and
self-assembles into virus-like particles (VLPs) under certain
conditions. VLPs from HPVs and (other viruses) lack viral
DNA, and are useful as vaccines and vectors (24-27). Current
HPYV vaccines consist of VLPs from different HPV types and
both contain HPV16 and 18 VLPs (24,25).

3. Oropharyngeal squamous cell carcinoma (OPSCC)

OPSCC comprises tonsil and the base of tongue cancer
(together accounting for 80% of the OPSCC cases) as well as
cancer of the walls of the pharynx and the soft palate (20).
Patients with OPSCC, similar to those with other head neck
squamous cell carcinoma (HNSCC) seek medical care when
they have symptoms and by then the tumors are relatively
large. In earlier studies, clinical outcome for OPSCC, similar
to HNSCC at large, was poor with an overall 5-year survival
of approximately 25-40% with conventional radiotherapy
and surgery, and it was difficult to predict clinical outcome
despite similar stage and histology and treatment (1-3,20).
Today, due to the poor prognosis of HNSCC, including that
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of OPSCC, its curative treatment is more aggressive, with
chemo-radiotherapy in addition to surgery when necessary,
and in some cases epithelial growth receptor (EGFR) blockers
and there has been some improvement of survival (16,20). As
always, the aim is to eliminate the malignancy, with as little
functional and cosmetic impairment as possible (20). When
curative therapy is impossible palliative therapy is adminis-
tered to lessen discomfort.

4. OPSCC and HPV

In 2000, HPV-positive OPSCC, with >90% of the cases being
HPV16-positive was shown to have a better clinical outcome
compared to HPV-negative OPSCC and other HNSCC (80 vs.
40% S5-year survival) (1-4). Furthermore, HPV-positive and
HPV-negative OPSCC were suggested to likely be different
entities (1-4,15). Most HPV-positive OPSCC, either with
episomal/and or integrated HPV genomes, exhibited E6 and
E7 mRNA expression; with p53 expression more often, being
normal and with 16™“ overexpressed in most cases, in contrast
to that observed in HPV-negative OPSCC (1,18,21,22,28-30).
In addition, HPV-positive OPSCC was generally less differen-
tiated; more frequently aneuploid compared to HPV-negative
OPSCC; and chromosome 3q often amplified similar to
cervical cancer (31,32). Above all, independent of tumor stage,
age, gender, differentiation, or DNA ploidy, HPV was a favor-
able prognostic factor (1-3,31). Moreover, being a never-smoker
indicated an even better clinical outcome in patients with
HPV-positive OPSCC (18,33). In 2007, the IARC recognized
HPV, specially HPV16 as a risk factor for OPSCC (4).

The definition of HPV-positive status in OPSCC is not
completely convergent. Mostly, formalin-fixed paraffin-
embedded (FFPE) tumor biopsies are used to define HPV status
and 16" overexpression assayed by immunohistochemistry
(IHC) is used as a surrogate marker by some for HPV (23).
In situ hybridization, Southern blots or PCR with general or
specific HPV primers for detection of HPV DNA/RNA in
addition to primers for cellular genes to assay for DNA ampli-
fiability are also used (34-36). Today many methods including
the Hybrid Capture 2; The Roche linear array HPV genotyping
test and a PCR bead based multiplex method are available
for HPV-typing (37-39). However, most scientists agree that
analysis of E6 and E7 mRNA by RT-PCR should be used as
a gold standard, since it is more indicative of functional HPV
expression (18). Still, it has been reported that the combined
presence of HPV DNA tested by PCR and overexpression of
pl6 by IHC is nearly as specific and sensitive as employing a
gold standard (40). Notably, HPV prevalence in OPSCC varies
due to methodology used, and due to time-period of analysis,
the material, and geographic location (1-3,6,9,12,14-16). In
addition, HPV DNA is more often found and of better predic-
tive value in cancer of the tonsil and base of tongue (the tonsil
and base of tongue accounting for Waldeyers ring of lymphatic
tissue) compared to cancer at other oropharyngeal sites outside
the Waldeyers ring (41).

5. An HPV induced epidemic of OPSCC

In 2006, a 2.8-fold rise in the incidence of tonsillar cancer
was revealed between 1970-2002 in Stockholm, Sweden
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E1 It forms a heterodimer complex with E2
and controls viral replication

E2 It regulates early gene promoter and
together with E1 viral DNA replication

E4 It may mediate the viral particle realease
by destabilizing cytokeratin network

ES It stimulates mitogenic signals of growth
factors

E6 It inactivates many cellular proteins and
is one of the major viral oncoproteins

E? It inactivates many cellular proteins and
is one of the major viral oncoproteins

L1 It is the major capsid protein and is the
component of the HPY prophylactic
vaccine

L2 It is the minor capsid protein

Figure 1. HPV genome and viral proteins, from Tommassino (21) with permission of the publisher.

and in parallel, a 2.9 increase in the percentage (23-68%)
of HPV-positive tonsillar cancer was found (6). In 2007, an
emerging epidemic of HPV associated OPSCC was suggested
also in the US (9). This was followed by reports in 2009 and
2010 from Sweden showing a 7-fold increase in HPV-positive
tonsillar cancer between 1970-2007 and a decrease of
HPV-negative cancer most likely due to less smoking (Fig. 2),
and a similar increase in the incidence of HPV-positive
base of tongue cancer between 1998-2006 (11,13). In 2011,
an analogous development with an increase in incidence of
HPV-positive OPSCC and a decline in HPV-negative OPSCC
was also reported in the US (17). Furthermore, during much
of the same period accumulating reports from many Western
countries conveyed both a general increase of OPSCC as well
as an increase in the proportion of HPV-positive OPSCC (6-17).
The main explanation for this development was attributed to
changes in sexual habits with a significant correlation between
HPV-positive OPSCC, early sex debut as well as number of
oral or vaginal partners (42). Nonetheless, oral- to-oral contact
(open-mouth kissing) and oral HPV-transmission at birth could
also account for oral HPV infection (43,44). To conclude, in
many Western countries there is a presently ongoing epidemic
of HPV-associated OPSCC.

6. HPV and OPSCC and treatment

New therapeutic and preventive strategies are required since
HPV-positive OPSCC today comprises a larger proportion of
all HNSCC (16). As stated above, due to its poor prognosis
treatment of HNSCC now includes chemo-radiotherapy,
surgery and also EGFR inhibitors with more side effects
and increasing expenses for society and this is probably not
required for 80% of patients with HPV-positive OPSCC where
conventional radiotherapy may be sufficient (16). Nevertheless,
to taper therapy, maintaining excellent survival and improved
quality of life, as well as decreased costs for society, better
approaches to select patients that respond well to therapy are
necessary. In some cases, less intensified radiotherapy has
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Figure 2. The estimated age standardized incidence rate with 95% CI of
HPV-positive and HPV-negative tonsillar cancer SCC cases per 100,000
person-years in the County of Stockholm, between 1970-2006, from Nésman
et al, 2009 (11), with permission from the publisher.

been offered to patients whose tumors have been sensitive
to chemotherapy, but the patients have not felt confident to
comply to this treatment without having reassurance that this
will not affect survival. Therefore it is important to have more
objective biomarkers that together with positive HPV status
can predict response to therapy.

7. Studies on HPV and other markers in HPV-positive
OPSCC in response to treatment

Numerous studies have focused on following OPSCC response
to treatment based on HPV DNA or RNA status, pl6 expres-
sion, p53 expression, age gender and smoking as well as the
now more recent studies on other biomarkers (1-3,16,18,33). As
mentioned above, both the presence of HPV DNA/RNA and
pl6 overexpression are excellent prognostic markers especially
combined together or with being a never smoker (18,33). In fact,
with each package year of smoking, the prognosis deteriorates
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Figure 3. Kaplan-Meier curves for disease-free survival (DFS), disease-specific survival (DSS) and overall survival (OS) in patients with HPV-positive
oropharyngeal squamous cell carcinoma (OSCC) with known MHC class I expression, where HCA-2 and HC-10 are two antibodies against HLA class I (the
human MHC class I). (A) DFS stratified for HCA-2 intensity; (B) DSS stratified for HCA-2 intensity; (C) OS stratified for HCA-2 intensity; (D) DFS stratified
for HC-10 intensity; (E) DSS stratified for HC-10 intensity; and (F) OS stratified for HC-10 intensity. HPVy,* OSCC with absent HLA class I intensity had a
significant better clinical outcome than tumors with strong HLA class I intensity, while weak intensity staining presented an intermediate survival (HCA-2:
DFS p<0.001; DSS p=0.060; OS p=0.022; HC-10: DFS p=0.003; DSS p=0.021; and OS p=0.009, with the log-rank test). Notably, the difference observed in
the HCA-2 DSS analysis did not reach significance, although the trend was similar. From Nésman et al (46), with permission from the publisher.

(33). However, several markers have also been analyzed in
parallel to HPV status and have also shown a very good credi-
bility (45-50). It has been shown that absent/low expression of
MHC class I, CD44 or CD98 intensity staining is of very high
prognostic value for patients with HPV-positive OPSCC and e.g.,
for absent MHC class I staining indicates a 95-100% probability

of a 3-year disease-free and overall survival (Fig. 3) (45-49).
Furthermore, having high CD8* tumor infiltrating lymphocyte
(TIL) counts was also of high prognostic value for patients with
HPV-positive OPSCC (50,51). MHC class II, Cox-2 expression,
or high numbers of CD4* TILs did not influence prognosis for
patients with HPV-positive OPSCC (46,47,51).
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The fact that low MHC class I expression in HPV-positive
OPSCC was a favorable prognostic factor is to some extent
surprising, since downregulation of MHC abrogates the
immune response (45,46). Moreover, there was no increase in
the number of NK-cells in the tumors (46). However, the low
MHC class I expression could be due to high functional HPV
activity since both E5 and E7 contribute to downregulation
of MHC class I expression and that treatment to some extent
increases MHC class I expression enhancing the immune
response against these tumors (45,46). Of note, in this respect
in experimental models, HPV-positive tumors were curable
after cisplatin or radiation therapy only in immunocompetent
and not in immunoincompetent mice thus suggesting that a
functional immune response was necessary for final elimina-
tion of the tumors (52). It is noteworthy that for HPV-negative
OPSCC high MHC class I expression was a favorable prog-
nostic factor as was low CD44 intensity expression and high
number of CD8" TILs (45,46,48). The data suggest that some
prognostic markers could be specific for only HPV-positive
OPSCC, or HPV-negative OPSCC, while others could be of
more general use.

To obtain more molecular and immunological knowledge
would be valuable. In addition, so far none of the markers
above select all patients with HPV-positive OPSCC with a
favorable clinical outcome. It is therefore important to identify
additional biomarkers that can increase our probability to
select as many patients as possible for randomized clinical
trials with lesser therapy.

Some studies have focused on the role of miRNAs in
HPV-associated cancers and have found that the miRNA
profiles in HPV-positive OPSCC are more similar to those in
HPV-positive cervical cancer as compared to those obtained
in HPV-negative OPSCC (53). However, so far no miRNAs
have been linked to clinical outcome.

In summary, some information is available with regard to
markers e.g., overexpression of 16™* low MHC class I, CD44
and CD98 expression, having high CD8* TIL counts, and
being a never-smoker to guide treatment strategy for patients
with HPV-positive OPSCC (18,33,45-51). In addition, prospec-
tive randomized studies including patients with HPV-positive
OPSCC and the above markers, using different therapies could
be of benefit for the patients and to progress towards better-
tailored treatment. Nevertheless, there is still an urgent need to
identify additional markers, since the ones above do not iden-
tify all the patients with a high probability of a good response
to therapy.

8. Prevention of HPV-positive OPSCC

HPV16 is detected in 80-90% of all HPV-positive OPSCC
indicating that the present HPV vaccines should be able
to eventually counteract the ongoing epidemic increase of
HPV-positive OPSCC, but this could take time (1-4). Oral HPV
prevalence has been stated to be approximately 3-9%, and
transmitted by oral-genital or oral-oral contact, or by maternal
transmission (43,54-58). Nonetheless, due to the vast produc-
tion of saliva, oral HPV prevalence is relatively problematic to
screen compared to cervical HPV prevalence and may there-
fore yield false negative results more often. However, based
on unpublished data we suggest that a very high oral HPV
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signal may indicate the presence of an HPV-positive OPSCC.
Serology has also been attempted to predict HPV-associated
disease (59). Other studies have focused on cytology, but so
far this has not been very useful (60). Should screening for
HPV-positive OPSCC become necessary, most likely high
HPV signals in mouthwashes could still be the best type of
approach.

Finally, since HPV-positive OPSCC is still increasing in
many Western countries, and the HPV vaccine has the poten-
tial to prevent also oral HPV infection (61), it would be of
importance to vaccinate both girls and boys.
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