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ABSTRACT

Human papillomavirus (HPV) infection is linked with several cancers such as cancer cervix, vagina, vulva, head and neck, anal, :
and penile carcinomas. Although there is a proven association of HPV with these cancers, questions regarding HPV testing, :
vaccination,and treatment of HPV-related cancers continue to remain unanswered.The present article provides an overview

of the HPV-associated cancers.
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INTRODUCTION

Among all human cancers, |5% are caused by viral infections.
Human papillomavirus (HPV) accounts for approximately
600,000 cases of cancers of the cervix, oropharyngeal
cancers, anal cancers, vulvovaginal and penile cancers, as
well as a genital wart and recurrent papillomatosis of the
lungs worldwide.l'l HPV has an exclusively intra-epithelial
infectious cycle and infects both the cutaneous and mucosal
squamous epithelium. HPV type 16 and 18 are the most
common oncogenic viruses among the HPVs that cause
cancer.

Uterine cervical cancer, the third most common cancer in
women worldwide and the second most common cancer
in Indian women, is caused by infection with one of these
oncogenic types. In general, HPV has been associated with
more than 90% of anal and cervical cancers, about 70% of
vaginal and vulvar cancers, 70% of oropharyngeal cancers and
more than 60% of penile cancers."
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The HPVs belongs to the family Papillomaviridae that consists  :
of small, nonenveloped deoxyribonucleic acid (DNA) viruses. :
The genome of HPV consists of double-stranded cDNA
and encodes DNA sequences for six early (EI, E2, E4, E5, E6,
and E7) and two late proteins (LI and L2).*1The El and E2 :
proteins are the early viral proteins required for replication
and translation of virus, E2 also regulates the expression
of E6 and E7, E4, and ES5 helps in viral assembly and growth
stimulation, whereas late proteins LI and L2 forms minor
and major capsid proteins.B! There are more than 100 types
of HPV and based on their sequence they can be divided
into alpha, beta, gamma, delta and mu. Papillomavirus that
infects cervix and oropharngeal mainly belongs to the genus
alphavirus. Further, these viruses can be classified into high
risk and low-risk HPV types depending on their oncogenic
potential. HPV 16 is considered to have the highest ability
to cause cancer.!

BiorLoGcy oF HUMAN PArIiLLOMA
VIRUS ASSOCIATED CANCERS

E6 and E7 gene product of HPV contributes to the
pathogenesis of cancer.'! The HPV virus integrates with
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the DNA within the host cell nucleus and thereby dysregulates
the expression of the oncoproteins E6 and E7.5°! Degradation
of p53 is induced by E6 protein, leading to loss of p53 activity.
Its degradation is accomplished through the formation of a
complex among p53, E6, and E6AP. In the physiological state,
p53 functions to arrest the cells in the G| phase of the cell
cycle and induces apoptosis to allow repair of host DNA.
Further, the E7 binds to cyclin-dependent kinase inhibitor,
which results in the loss of control over cell cycle.l!

PATHOGENESIS

The HPV infects squamous epithelial cells, which have the
capacity to proliferate, and get access to basal cell during
trauma or abrasion. In the basal cells, HPV infection induces
the expression of viral genes that helps in the viral replication.
The interaction of HPV with the host cells occurs via surface
receptors such as heparin sulfate proteoglycans and alpha 6
integrins. The early proteins El and E2 are required for the
initiation of replication.The protein E2, being the transcriptional
repressor of E6 and E7, controls the expression of E6 and E7.
The mode of replication is the rolling circle mechanism during
which the virus gets integrated into the human genome. The
integration disturbs the E2 gene thereby resulting in a higher
expression of E6 and E7 oncoproteins and leading to cell
transformation. After the viral replication, the L1 and L2 gene
products form the virus capsid and the mature virus is produced.
Finally, the virus is released with the help of E4 protein.”!

MODE OF INFECTION

Although HPV is most commonly sexually transmitted,
nonsexual transmission and occasionally transmission even
through fomites has been known to occur.® The risk factors
that can contribute to HPV acquisition can be early onset
of sexual activity, multiple sexual partners, and use of oral
contraceptives. In addition, low socioeconomic status and
smoking habit of individuals have reported to increase the
risk of acquiring the infection. However, in most of the cases,
the infection is subclinical and is cleared by the immune
system. The persistence of infection has been linked with
oncogenesis.”’!

MOLECULAR DIAGNOSTICS

The diagnostic modalities for HPV detection are based on
target, signal, and probe amplification.

Target amplification

This technique is based on the duplication of the DNA
fragments from a targeted gene sequence. The important
one’s include.
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Polymerase chain reaction

The most important method in this regard is the polymerase
chain reaction that uses the primer which is targeted to the viral
capsid L1 gene.The commonly used || consequences primers are
PGMY09/1 1, GP5+/6+ and SPF10.This can be followed by type
specific polymerase chain reaction (PCR) for the amplification of
the single genotype of HPV by targeting the type specific DNA
sequence. Different types of HPV can be identified.

Amplicor human papilloma virus

This is based on PCR and can identify |3 high-risk HPV (hrHPV)
types.This system is based on amplification of DNA, followed
by hybridization of nucleic acid.

Linear array human papilloma virus genotyping test

This is a qualitative test for the detection of 37 high and low
HPV genotypes. It has the additional capability to detect multiple
infections which can occur in 35% of patient samples.['”

Papillo check

This test is certified in the European Union as an in vitro
diagnostic test for the qualitative identification of 24 HPV
types. It can detect a total of 18 high-risk and 6 low-risk HPV
types with a sensitivity of 98%.

Real time pa[ymemse chain reaction

This technique helps to quantify the viral load of HPV. An
association has been found between HPV 16 viral load and
cervix dysplasia.l'l On the other hand, few studies have shown
that low initial viral load implicates worst prognosis in patients
with uterine cervical cancer treated with radiotherapy.!'”

APTIMA human papilloma virus assays

This test can be considered as the next generation in
cervical cancer screening. It minimizes false positives and
helps clinicians to guide the patients for colposcopy. In the
negative for intraepithelial lesions or malignancy and clinical
evaluation of APTIMA HPV RNA trials, this assay showed
24% less false positive results as compared to hybrid capture.
This test is performed from thin prep liquid cytology samples
routinely used for pap testing. Unlike other Food and Drug
Administration (FDA) approved DNA-based test this detects
mRNA overexpressed from E6é and E7 viral oncogenes that
are entangled to carcinogenesis. In a cohort of 5006 women
from Paris, France; the sensitivity and specificity reported with
APTIMA HPV assay in the cohort with CIN Ill, was 95.7%
and 90.3%, compared to 73.3% and 90.8% with liquid based
cytology and 95.3% and 84.9% with hybrid capture 2 (HC2).['3]

Signal amplification techniques

This technique uses DNA technology or hybrid capture to
increase the DNA signal to detectable levels. These include.
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Hybrid capture
This test is based on hybridization in a solution of long
synthetic RNA probes.['!

Care human papilloma virus
This test takes 2' h this short time test enables the patients
to be followed up at the same visit.

Cervista

This is the first FDA-approved genotyping test that can
detect |14 high-risk HPV types.These techniques involve signal
amplification technique using two simultaneous isothermal
reactions.l' This offers an advantage over hybrid capture
because it determines the presence of sufficient DNA for
reliable results.!']

The two assays widely used for detecting genital types are
PCR and HC2 assay.l'! However, developing countries face
several challenges in widespread adoption of these tests for
screening purposes.

HumMAN PArILLOMA VIRUS AND
CANCER CERVIX

HPV DNA plays a central role in the etiology of cervical cancer.
In one of the Indian population based studies the hrHPV types
were found in 87.8% of squamous cell carcinomas (SCC) using
PCR-based line blot assay and HPV typing was as follows, HPV
16 (66.7%), HPV 18 (19.4%), HPV 33 (5.6%), HPV 35 (5.6%),
HPV 45 (4.6%),HPV 52 (2.8%), HPV 58 (2.8%), HPV 59 (2.8%)
and HPV 73 (2.8%).'"'8 Although, hrHPV infection may result
in CINI,in the majority of instances spontaneous regression of
the same is also known to occur. However, in those with HPV
16 or 18 infection, with a high viral load, the CIN may persist
for a longer time and eventually progress to CIN2/3.I'24 |n
this regard, HPV 16 viral loads have been reported to be a
stronger predictor for the persistence of lesions than the
load of HPV-18, 31 and 33.1] Severity of cervical neoplasia
can be measured by HPV 16 loads.?? Studies have shown that
HPV-16 load increased with the increased lesion grade.??
Viral load per unit amount of genomic DNA is a potential
HPV-related biomarker, which could predict those at risk of
cervical cancer development.?”l Quantitative real time assays
utilized to estimate HPV loads have been shown to be specific
and reproducible.3']

The prognostic value of HPV genotypes has also been studied
in patients with cervical cancer treated with radiotherapy.
Wang et al. evaluated the significance of the HPV genotypes
in 327 patients with cervical cancer treated with radiotherapy
alone or concurrent chemo-radiation. Of the 22 genotypes
detected in 98.8% patients, the most common genotypes

were HPV 16, 58, 18, and 33.A significant improvement was
reported in the chemoradiotherapy arm of patients with HPV
I8 and HPV 58 positive tumors.*? In another study by Kahla
et al.,, the presence of HPV 16 and intactness of E2 gene was
evaluated as a predictor of radiation response. PCR, using
specific primers for the LI region assessed the presence of
HPV 16 and E2 disruption was detected by amplifying the
entire E2 gene.An increased tendency of HPV 16 E2 negative
tumors was observed in advanced stage disease as compared
to HPV 16 L1 (75% and 20% respectively). Intact HPV 16 E2
was observed more frequently in untreated patients compared
to those who received radiotherapy. The E2 disruption was
reported in 75% patients receiving radiotherapy dose of 50 Gy,
thus implying that viral DNA status could be of benefit as a
marker for optimization of radiation treatment.¥

HuMAN PAPiILLOMA VIRUS AND
INCIDENCE TRENDS FOR HEAD AND
NECK CANCER

Oralinfection with HPV is recognized as an independent cause of
oropharyngeal cancer. Although a low prevalence (4.5%) of
oral HPV has been demonstrated in the general population,
studies have shown that 95% of HPV-associated head and neck
cancers are HPV 16 related.?* HPV-associated oropharyngeal
cancers typically develop near the base of the tongue and in
the tonsils. Sixty-three percent of oropharyngeal cancers each
year are associated with HPV infection.’* A higher incidence
of HPV-associated oropharynegeal cancers has been related
to an increased number of sexual partners and younger
adults.A 4-fold higher incidence has been observed in men as
compared to women, and the association of sexual practices
with HPV-associated oropharyngeal cancers suggest that
sexual partners of cervical cancer patients may be at a higher
risk of developing HPV-associated oropharyngeal cancers.[?¢37]

HPV data have been retrospectively analyzed in a large
randomized trial by Hong et al.*® who examined |98 patients
with locally advanced oropharyngeal SCC. Forty-two percent
of cancers were HPV-positive. Among the patients treated
by surgery with adjuvant radiotherapy (n = 110), definitive
radiotherapy-alone (n = 24) and definitive radiotherapy with
chemotherapy (n = 47) groups, patients with HPV-positive
cancers had a better outcome when treated with radical
radiotherapy + chemotherapy or surgery and adjuvant
radiation. The likelihood of loco-regional recurrence, an
event or mortality from any cause was only one-third or less
as compared to the HPV-negative patients.

Sathish et al. have shown that as compared to those
with environmentally related cancers, patients with HPV
oropharangeal cancer present with a better performance
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status, are healthier and have a higher likelihood of a
complete response to treatment.’®! Thus, HPV-associated
cancers have a favorable outcome with radiotherapy and
treatment may be optimized depending on the HPV status
so as to achieve the best possible treatment outcome and
circumvent treatment-related toxicity and morbidity. Hence,
less intensive treatment regimens could be used to achieve
a similar treatment efficacy along with decreased toxicity
and an improved quality of life. Several ongoing clinical trials
are currently under investigation to evaluate the possibility
of de-escalation of radiotherapy doses in the treatment of
HPV-associated oropharyngeal cancers. %

ANAL, PENILE, AND VULVO VAGINAL
CANCERS

The association of HPV is well-documented in the development
of anal cancers. However, an increase in the incidence of this
relatively uncommon cancer has been reported over the
last few decades. An increased risk of anal cancers has been
reported in homosexual men and Human immunodeficiency
virus (HIV) positive groups.Though there is emerging evidence
that anal intra epithelial neoplasia (AIN) is a precursor of anal
cancer and unlike cervical cancer, the evidence is mainly from
small studies with a follow-up duration of only 5-10 years.
Larger studies are required to evaluate the progression of
AIN to anal cancers and to study its impact on treatment
outcome.*!!

Similar to other HPV-related cancers, an increase in the
incidence of vulvar cancers has been also been reported mainly
in younger women and mechanisms similar to those of cervical
cancer development have been documented. A systematic
review has reported a progression rate of 3.3% from vulval
intra-epithelial neoplasia to SCC of the vulva.l* The role of
HPV-related vaccine seems encouraging and the Females united
to unilaterally reduce endo/ectocervical disease | (FUTURE)
study has demonstrated a significant reduction of HPV-related
anogenital diseases in young women.*]

HuMAN PAPILLOMA VIRUS INFECTION
IN HUuMAN IMMUNODEFICIENCY VIRUS
PosiTtiveE HosT

An increased incidence of ano-genital HPV infection and
HPV-associated precancerous lesions has been documented
in sero-positive HIV patients compared to the common
populace.*] Both HPV-related cervical and anal cancers
have been associated in individuals with HIV-seropositivity.
Multiple mechanisms could be responsible for this. First, the
HIV-mediated immune attenuation may alter the immune
response to HPV. In that situation, tumor response to
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anti-retroviral treatment would be expected. However, since
studies have shown a lack of response to the same, this implies
that there might more explanations. HIV might up-regulate
HPV gene expression,and HPV and HIV infection might both
disrupt tight junctions of mucosal epithelium and facilitate
infection with the viruses. Second, HPV clearance has been
implicated in HIV acquisition, thereby suggesting an incursion
of HPV clearance associated immune cells. Thus, HPV might
not only cause cancers resulting in an increased morbidity and
mortality through cause of squamous cell cancers but may also
increase the risk of HIV infection. If that is so, logically, HPV
vaccination could be used in the risk reduction of both HIV
and HPV-associated cancers.!*+#!

HumAN PAarPiLLOMA VIRUS RELATED
CANCER PREVENTION

Two vaccines against HPV prevent the infection by inducing
the production of neutralizing antibodies. These are the
quadrivalent vaccine Gardasil, marketed by Merck, which
protects against initial infection with HPV types 6, 1 |, 16 and 18.
Another bivalent vaccine is Cervarix by GlaxoSmithKline that
is, protective against HPV 16 and 18.14!

So far; HPV vaccines have been used mainly in the prevention
of cervical cancer.The vaccines provide little benefit to women
already infected with HPV types 16 and 18, which includes most
sexually active females. Hence, the ideal time for vaccination
should be before the first exposure to HPV infection. Hence,
the current recommendations are that this vaccine should
be given to | 1-12-year-old girls and to those who have not
completed or started the series between |3 and 26 years of
age.[*! Both vaccines are given over 6 months in three shots.
They are approved for use in both males and females in the
USA and UK.The vaccine is however not effective if infections
or lesions in cervix have already been reportedly caused by
HPV[I7,46]

FUTURE | and FUTURE Il studies have evaluated the
quadrivalent vaccinel*! Papilloma trial against cancer in young
adults study and the Costa Rica HPV vaccine trial have
evaluated the bivalent vaccine.l®*1 HPV |6 and 18 have
been found to be efficacious against infection and cervical
lesions associated with HPV 16 and HPV 18 up to 8.4 years
and up to 5 years with the bivalent vaccine, and quadrivalent
vaccine, respectively.’ Cervical screening should be sought
by women, even if she has received the vaccine. Furthermore,
the recommendations for screening continue to remain
the same even for females who have received the HPV vaccine.
Since these vaccines have proven efficacy only against the
common genotypes 16 and 18, its efficacy against the other
genotypes like HPV 33 and other less common oncogenic
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subtypes remains questionable. Thus, other preventive and
cost-effective strategies continue to play an important role,
especially in the context of developing countries.B']

The two HPV vaccines, i.e. Gardasil and Cervarix approved
for the use in cervical cancer prevention by the FDA have
been also been approved for other indications. Gardasil
is now approved for prevention of genital warts and the
HPV-associated precancerous lesions in the anogenital region
besides prevention of vulvar, vaginal,and anal cancers. Cervarix
is approved for prevention of precancerous cervical lesions
caused by HPV infection besides cervical cancer prevention.
These vaccines have not been approved as yet in the prevention
of penile or oropharyngeal cancer.

Therapeutic vaccines are also being developed to treat already
established infections. These are being targeted to E6 and
E7oncoproteins that are expressed throughout the life cycle
of the virus.4

CONCLUSION

HPV-related cancers constitute a distinct entity compared to their
non-HPV related counterparts and are usually associated with
a favorable prognosis. Effective preventive measures could help
reduce the burden of these cancers,which have shown an increase
in the incidence over the last few decades. The knowledge
regarding the same is largely based on Western literature and
experience from developing countries is sparse.Large multicenter
trials are required in order to study the biological behavior and
formulate treatment strategies in the management of the same.
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