Chapter 2
Human Papillomaviruses

Lynette J. Menezes, Jamie P. Morano, and Leela Mundra

Core Message HPV-associated anogenital and oropharyngeal cancers place an
enormous burden on the health of populations globally. The natural progression of
HPYV infection is potentiated by HIV coinfection. Further investigation into site-
specific HPV acquisition is vital given the increasing trend in anal and oropharyngeal
cancers and the need to inform prevention and treatment. HPV vaccination for both
females and males is a promising strategy to prevent HPV infection and potential
oncologic sequelae.

1 Introduction

Human papillomavirus (HPV) is a major cause of infection related malignancies at
multiple anatomic entry sites in both men and women globally. As the most com-
mon sexually transmitted infection among men and women worldwide, it is esti-
mated that between 50 and 80 % of men and women will acquire an HPV infection
in their lifetime [1]. HPV was first discovered to be an infectious etiological agent
of cervical cancer by Harald zur Hausen in the late 1970s, when his laboratory iso-
lated HPV-16 and 18 from cervical cancer biopsies [2]. Overall 4.8 % of all incident
cancers globally can be attributable to HPV infection [3] although the fraction
attributable to HPV varies by anatomic site. HPV infection has been implicated in
nearly 100 % of invasive cervical cancers, 88 % of anal cancers, 70 % of oropharyn-
geal and vaginal cancers, 43 % of vulvar cancers, and 50 % of penile cancers [3, 4].
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Currently, there are more than 100 fully sequenced HPV genomes that infect the
skin and mucosal squamous epithelia. Of these, nearly half have been identified in
the anogenital tract [5]. A substantial portion of previous research on HPV has been
devoted to understanding the epidemiology of HPV infection, carcinogenesis,
screening, and immunization in prevention of cervical cancer. As HPV-associated
cervical, anal, and oropharyngeal cancers place an enormous burden on the health
of populations globally, more attention has been turned to HPV screening and vac-
cination. This chapter describes HPV viral structure, molecular biology, and
immune response. Additionally, it examines the epidemiology, natural history, and
risk factors associated with HPV infection of the cervix, anal canal, and oropharynx
including the effects of human immunodeficiency virus (HIV) infection with
chronic immunosuppression. Lastly, it discusses treatment modalities and preven-
tion strategies, specifically screening and immunization.

2 Virus Structure and Molecular Biology

HPV is a small, circular, double-stranded non-enveloped DNA virus approximately
55 nm in diameter [6, 7]. Its DNA genome is approximately 8 kb [8] and contains
six nonstructural proteins (E1, E2, E4-E7) that are involved in DNA replication
and cell immortalization [1] The virus has two structural proteins, L1 and L2,
which are produced late in the infectious cycle; [9]L1 is the major component on
the exterior surface of the virion, and L2 is the minor structural protein that typi-
cally interacts with L1 and the viral genomic DNA. L1 protein spontaneously self-
assembles into capsomeres and virus-like particles (VLPs) when expressed in
eukaryotic organisms; thus it is responsible for the initial interaction of the HPV
capsid with the host. L2 proteins interact with E2 proteins produced earlier in the
viral replication cycle and facilitate transportation of L1 to the nucleus and encap-
sulation of viral DNA [10-12].

There are more than 100 HPV genotypes that infect the human epidermal or
mucosal epithelial cells with varying clinical manifestations and oncogenic poten-
tial ranging from benign cutaneous lesions to advanced squamous cell carcinomas
of the anogenital and oropharyngeal areas depending on anatomic sites of exposure.
These HPV genotypes are divided into low-risk and high-risk categories based on
their ability to integrate into host DNA and therefore the potential to produce lesions
[13, 14]. Low-risk HPV genotypes such as HPV-6 and 11 do not integrate into the
host DNA and are associated with benign warts called condyloma acuminatum,
usually found on the oral or genital regions. Other HPV genotypes such as HPV-1,
2, 3, and 10 cause cutaneous lesions, such as common digital warts and flat warts
[15]. High-risk genotypes, such as HPV-16, 18, 31, 33, 45, and 56 are commonly
found integrated into host DNA and are associated with anogenital lesions that may
progress to carcinoma [14]. Currently, there are 13 HPV types, HPV-16, 18, 31, 33,
35, 39, 45, 51, 52, 56, 58, 59, and 68 that are designated as carcinogenic [16].
HPV-16 and 18 are the most carcinogenic types, and account for approximately
92 % of anal cancers, 90 % of oropharyngeal cancers, 80 % of vulvovaginal cancers,
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70 % of cervical cancers, and 63 % of penile cancers [17]. The attributable fraction
of HPV-16 is far greater than HPV-18 at all neoplastic transformation sites [17]. The
complex interactions between the HPV genotype, viral genetic variables, host
immune response, the phenotype of the infected epithelial cell, and environmental
and lifestyle choices impact clinical and microscopic presentation [12, 18].

3 Transmission and Immune Response

HPV is highly transmissible through cutaneous and mucosal contact and has a broad
incubation period from weeks to years, depending on the amount (dose) of virus
transmitted. The infectious period commences when the virus reaches the basal
layer of the epithelium, binds, and enters human cells [14, 19]. (Fig. 2.1) [14]. The
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Fig. 2.1 Human papillomavirus (HPV) induced progression to invasive cervical cancer (ICC).
HPV gains entry into the basal cells through microabrasions in the cervical epithelium. Following
infection, the early HPV genes E1, E2, E4, ES, E6, and E7 are expressed and the viral DNA repli-
cates from episomal DNA. The viral genome undergoes further replication in the upper mid and
superficial layers of epithelium where the late genes L1 and L2, and E4 are expressed. L1 and L2
encapsulate the viral genomes to generate progeny virions. If untreated, the shed virus can initiate
a new infection. Viral replication continues in low grade intraepithelial lesions. Some high-risk
HPV infections progress from low grade to high-grade cervical intraepithelial neoplasias, and if
untreated, some of these lesions progress to invasive cancer. This progression occurs when the
HPV genome integrates into the host chromosomes (shown above with red nuclei), accompanied
by a loss or disruption of E2, and the subsequent upregulation of E6 and E7 oncogene expression.
Reproduced with permission from Woodman et al. [14]
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HPV cycle is influenced by the maturity of the infected keratinocyte, as the
production of virions is limited to the mature suprabasal epithelial cells [8, 12].
Active replication commences when the basal cells penetrate to the suprabasal com-
partment and initiates the terminal differentiation program. HPV will replicate and
be released into the environment for a variable amount of time, causing viral DNA
to be detected [1, 14, 19].

The HPV structural and nonstructural viral regulatory proteins are a result of
viral gene expression. The E4 protein is expressed in terminally differentiated kera-
tinocytes in the squamous epithelium, while E1 and E2 are associated with the regu-
lation of viral DNA replication, and early transcription. HPV proteins E6 and E7
that induce proliferation, immortalization, and malignant transformation of cells are
critical to viral replication [1, 20]. Their interactions with the proteins pRB and p53
result in multiple mutations that are thought to be the mechanisms of oncogenesis
[1]. Such continued activity of E6 and E7 increase genomic instability and result in
the accumulation of oncogenic mutations, loss of cell-growth control, and eventu-
ally cancer formation. The viral genome eventually integrates into the host genome,
providing constant level of E6 and E7 protein activity due to stabilization of the
mRNA, further developing the tumor [7, 14, 19, 21, 22].

In a normal host, a cell mediated immune (CMI) response will often clear the
virus [22, 23]. Most HPV infections are transient and asymptomatic, over 50% of
new infections are cleared in 6—18 months, while 80-90 % can be cleared within
2-5 years through the immune system or other mechanisms [1, 24]. However, in
approximately 10-20 % of individuals, and more commonly in those with immune
compromise, a failure to develop an effective CMI results in chronic and persistent
HPV replication in the host nucleus of a differentiating skin or mucosal epithelial
cell. For these individuals unable to clear the virus, HPV infection is likely to prog-
ress to clinically or histologically significant lesions [25].

When infection involves oncogenic HPV genotypes, a human host is at greater
risk of developing high-grade precancerous lesions that may advance to invasive
carcinoma. Such lesions can be understood to be along a histologic continuum of:
(1) low grade lesions, where HPV continues to replicate in an episomal state, (2)
high grade lesions resulting from viral integration into the host genome, and (3)
invasion that can represent oncological transformation [14, 26]. For example,
women with a history of genital warts are shown to have an increased risk of pro-
gression to stages of cervical intraepithelial neoplasia (CIN1, CIN2, CIN3) and
cancer [27].

4 Epidemiology of Invasive Cervical Cancer

Invasive cervical cancer (ICC) is the fourth leading cause of cancer in women glob-
ally representing 528,000 cases and 266,000 deaths in 2012 [28]. Age-standardized
ICC incidence is estimated at 14 per 100,000 women worldwide with incidence
rates greater than 30 per 100,000 women in Melanesia and sub-Saharan Africa [28].
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Fig. 2.2 Age-standardized incidence of cervical cancer worldwide in 2012. Reproduced with per-
mission from GLOBOCAN 2012 [28]

In 2012, 86 % of ICC cases and 88 % of ICC deaths occurred in less developed
countries (Fig. 2.2) [28]. In a recent meta-analysis of 194 studies with greater than
one million cytologically normal women, HPV prevalence varied from 16 % in
Latin America to greater than 30 % among women from Eastern Africa and the
Caribbean [29]. HPV-16 was the predominant genotype (3.2 %) followed by HPV-18
(1.4 %), HPV-52 (0.9 %), HPV-31 (0.8 %), and HPV-58 (0.7 %) [29]. Another meta-
analysis that included studies comprised of women with normal and abnormal
cytology found that HPV prevalence increased with severity of cervical abnormali-
ties [30]. HPV prevalence rose from 76 % in women with CIN1 to 90 % in women
with CIN3 [30]. HPV-16 was the most common genotype (63 %) in ICC cases fol-
lowed by HPV-18 (16 %) and HPV-45 (5 %) [30].

4.1 Natural History of Cervical HPV Infection

HPYV prevalence varies with age globally. In Europe and North America, the highest
HPYV prevalence was among women younger than 25 years old, followed by a grad-
ual decline over time with a lower HPV prevalence in women older than 45 years.
HPV prevalence was more constant in women from Asia and Africa, whereas
among women from Latin America and the Caribbean, HPV prevalence declined
followed by a second prevalence peak during middle age [29].

Although studies in several developed countries show that HPV prevalence can
reach 40-80 % in young women 18-25 years old [31-33], many prospective studies
have demonstrated that nearly 90 % of women clear these asymptomatic infections
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Fig. 2.3 Clearance, persistence, and progression of human papillomavirus (HPV) infections
among 599 women, 18 years and older, from Guancaste, Colombia over 7 years of follow-up from
1993 to 2001. Adapted from Rodriguez et al. [36]

within 2 years [34-36]. Of women with prevalent infections, an estimated 4—-10 %
have persistent infections that may lead to neoplastic disease [31]. In a subset of 599
women from Guanacaste, Costa Rica, with 800 oncogenic HPV infections and a
mean 6.7 years of follow-up, 7 % (58) of HPV infections were persistent with pro-
gression to CIN2+ (Fig. 2.3) [36]. The cumulative risk for CIN2+ was 21 % for
women with infections that persisted beyond 12 months [36]. Women with persis-
tent infections were older (mean 43 years) compared with those who cleared (mean
23 years). Those with persistent infections also had multiple prevalent infections at
baseline. Not all women with persistent HPV infections developed neoplastic dis-
ease, but these numbers were small [36].

Despite the extensive research on the natural history of HPV and neoplastic dis-
ease of the cervix, there are no well-developed, sensitive tools to detect the exact
time at which a high-risk HPV infection transforms into a CIN3+ lesion [24].
Moscicki et al. note that the time to development of a CIN3 lesion is shorter than the
decades needed for a CIN3 lesion to progress to complete invasion. In a few aggres-
sive cases, however, CIN3 may progress to early invasive disease. While persistence
of HPV infection is critical to the development of neoplastic disease, detection of
HPV genotype—including some genetic variants within a genotype—is a better
predictor of neoplasia for those with persistent infections [37]. Higher viral loads of
oncogenic HPV types are predictive of more severe cytologic abnormalities [24, 38].
Currently, severe neoplastic disease as determined by CIN3 or CIN3+ is the best
available clinical surrogate marker of cancer risk, since sometimes CIN2 lesions
may result from non-oncogenic HPV types and are often not clearly distinguishable
from CIN1 or CIN3 [24].
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4.2 Risk Factors for Cervical HPV Infection, Persistence,
and Progression to Invasive Cancer

Numerous studies have investigated factors that increase risk of HPV acquisition,
persistence, and progression to invasive cervical disease. Younger age at first sexual
intercourse is linked to increased HPV acquisition [39]. The high prevalence of
infections among adolescents and young adults may be due to immature cervical
epithelium (a combination of columnar, squamous, and metaplastic epithelium) as
compared to adult women with more impervious squamous cervical epithelium
[24, 40, 41]. Of note, most infections are transient in younger populations, and stud-
ies have shown that prevalent HPV infections are more likely to persist in women
older than 40 years [34]. Rodriguez et al. [34] found that new infections in older
women were not associated with CIN2 or severe cervical disease, but instead, preva-
lent infections were highly correlated with progression to CIN2 or more severe
disease, suggesting that persistent infections that were acquired at a young age were
more likely to invade [24]. The number of sexual partners, both recent and lifetime,
as well as male partner sexual behavior have a strong influence on acquisition of all
types of cervical HPV [33, 42—44]. In one study, the risk of HPV detection increased
sevenfold among women reporting >8 sex partners in their lifetime and increased
nearly fivefold among women reporting a new sex partner in 90 days before study
enrollment [33, 43]. Likewise, HPV infection increased tenfold among young
women whose male partner reported >6 lifetime partners [45].

Several studies have also documented the association of cigarette smoking with
persistence and development of cervical neoplasia [46—49]. Among women 18-35
years old, the duration of HPV infection was longer at 10.7 months for smokers
versus 8.5 months for nonsmokers. A dose response relationship was evident,
wherein women who had smoked for greater than 6 years were 60 % less likely to
clear an HPV infection [46]. Similarly, women who were former or current smokers
were two to four times more likely to develop CIN3 or cancer compared to non-
smokers [47-49]. Long-term oral contraceptive (OC) use has been associated with
an elevated risk for persistent HPV infection and progression to invasive cancer
[48, 50]. Individual data from 35 studies of women with and without cervical cancer
globally showed that the relative risk for cervical cancer increased with current use
of oral contraceptives. However, this risk decreased on stopping OC use, and by 10
or more years, risk was similar to that of never-users [50].

5 Epidemiology of Anal Cancer

Anal cancers are rare with an age-standardized incidence of less than 2 cases per
100,000 men and women per year, worldwide [51]. They are mostly squamous cell
carcinomas arising from the transition zone of the anal mucosa. Almost 90 % of
anal cancer cases can be attributed to HPV infection, and HPV-16 is the predominant
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genotype (up to 83 %) detected in HPV-positive anal tumors [5]. Globally, in 2002,
there were an estimated 99,000 incident cases of anal cancer with slightly more
cancers among women (60 %) than men (40 %) [52]. In the USA, there were an
estimated 7210 cases of anal cancer and 950 deaths in 2014 [53]. National US data
from 2000 to 2010 indicate a rising trend of 2.2 % new cases annually among both
men and women [53], with a greater increase among men having sex with men
(MSM) and HIV-infected individuals [54]. It has been suggested that the increasing
trend in anal cancers is possibly a reflection of the changing sexual practices among
men and women and likely potentiated by HIV infection [24]. (Please see section on
HPV/HIV coinfection and associated chronic immunosuppression).

Data on anal HPV prevalence among healthy adult HIV-uninfected women and
men are limited with most studies reporting anal HPV prevalence in HIV-infected
women and men. One of the few studies conducted by Hernandez et al. in Hawaii
reported an anal HPV point prevalence of 27 % among 1378 healthy adult women
[55]. Other studies of HIV-uninfected women have reported a wide range of anal
HPV prevalence from 13 to 56 % [56]. Most of the studies that estimated a high
prevalence were among high-risk HIV-uninfected women reporting a history of
injection drug use, sexually transmitted infections, and multiple sex partners
[56, 57]. Among healthy adult men having sex with women (MSW), findings from
two studies, one conducted in the southwest US and the second (HPV in Men
(HIM)) study among 1305 heterosexual men from Brazil, Mexico, and the USA
revealed that HPV infection in the anal canal was common and anal HPV preva-
lence ranged from 13 to 24.6 % [56, 58].

5.1 HPYV Genotype Distribution

Although most studies have found a similar range of HPV genotypes between the
anal canal and cervix, there is relative variation in the frequency of their detection
[55, 57]. In the Hawaiian study, among women with concurrent HPV infection,
HPV genotypes were slightly more diverse in the anal canal (34 types) than cervix
(32 types), but more oncogenic types were detected in the cervix. In contrast,
women with only anal and no cervical HPV infection had an almost equal distribu-
tion of non-oncogenic (48 %) and oncogenic HPV infections (52 %) with HPV-84
being the most frequently detected genotype followed by 62, 16, 51, and 53. Among
women with only cervical HPV infection and no anal HPV infection, HPV-16 was
most frequently detected, followed by HPV types 53, 58, 52, and 62. Concurrent
anal and cervical HPV infection was observed most commonly in younger women
averaging 29 years old [55].

Similar to women, heterosexual men harbored a wide range of HPV types in the
anal canal, with up to 34 different genotypes in the HIM study, and HPV 16, 6, and
61 being the most common [58].
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5.2 Natural History of Anal HPV Infection
in Women and Men

Prospective data assessing the natural history of anal HPV infection among women
and men show differences in viral persistence. In the Hawaiian cohort, among
women followed for a median 15 months, 50 % had an incident anal HPV infection,
the majority of which were transient [59]. Of the incident anal HPV infections that
cleared, 87 % had cleared within 1 year. Oncogenic anal HPV infections cleared
more quickly (median duration 150 days) than oncogenic cervical HPV infections
(median duration 8 months) in the same cohort of women [59]. A more recent study
of 75 younger women (mean 23.5 years) with a mean follow-up of 7 years found
that >80 % of non-HPV-16 high- and low-risk anal HPV infections cleared within 3
years and nearly 24 % of HPV-16 infections persisted beyond 3 years [60]. Among
heterosexual men in the HIM study, incident anal infections are much lower at 8.5
per 1000 person months than women in the Hawaii cohort. Most HPV infections
including all HPV-16 infections cleared within 6 months with persistent HPV types
detected in 4.2 % of men [61].

Conversely, men who have sex with men (MSM) regardless of HIV status have a
much higher incidence and persistence of anal HPV infections. In a one-year pro-
spective study of 94 young MSM (mean age 21 years), incident anal HPV infections
were high at 38.5 infections per 1000 person months [62]. Nearly 42 % had persis-
tent any type HPV infection, and 19 % had detectable HPV-16 and/or 18. Of those
who had prevalent infections at baseline, 81 % cleared one or more types within 6
months. Lifetime number of male receptive anal sex partners was associated with
prevalent, incident, and persistent anal HPV infection [62]. Among slightly older
HIV-infected MSM (median age 43 years) in Montreal, Canada, the incidence of
anal HPV-16 was 10.8 per 1000 person-months, and the cumulative incidence of
HPV-16 over 36 months was 33.2 %. Chronic anal HPV-16 infections were the
slowest to clear with a mean duration of 36 months [63].

5.3 Risk Factors for Anal HPV Infection

Substantive evidence in developed countries supports the link between sexual
behavior and anal cancers. Early studies on anal cancers in both men and women
found a robust association between a history of sexually transmitted infections and
incidence of anal cancer [64, 65] Lifetime number of sex partners (>10), anal inter-
course (receptive being higher risk than insertive), and having a partner with a sexu-
ally transmitted infection have also been strongly associated with prevalent anal
HPYV infection and cancer incidence, in addition to other risk factors such as HPV-
related cervical neoplasia in women and cigarette smoking [62, 65-68]. Among
MSW, data from recent studies indicate that genital HPV infection is a risk factor
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for prevalent anal HPV infection. Heterosexual men with genital HPV infection
were two to four times more likely to have anal HPV infection [69, 70]. These
findings may help explain HPV infection in the anal canal in the absence of recep-
tive anal intercourse in men [56]. Of note, several studies have reported prevalent
anal HPV infection in the absence of receptive anal intercourse in both men and
women. It has been suggested that in women, a possible transmission route is auto-
inoculation, wherein the cervix acts as a reservoir for the transmission of HPV
through cervico-vaginal fluid to the anus [57]. In addition, hand carriage, the use of
objects, and other non-penetrative sexual behaviors may also act as potential modes
of transmission [56].

6 Epidemiology of Oropharyngeal Cancer

Cancers of the head and neck, specifically oral cavity and oropharyngeal cancers
(OPC) that include the tongue base, oropharynx, and tonsils, account for an esti-
mated 400,000 cases and 223,000 deaths in 2008 [71]. HPV has been clearly shown
as the causative agent of oropharyngeal squamous cell carcinomas [72] and up to
70 % of OPC are attributed to HPV infection, mostly HPV-16 [4]. In contrast, HPV
prevalence is low in the oral cavity, suggesting other etiologic causes [4]. Kreimer
et al. suggest that HPV infects the oropharynx because the tonsilar tissue area may
resemble the squamous—columnar junction of the cervix with its large, exposed
layer of basal epithelial cells [73].

From 1988 to 2004, there was a 225 % increased incidence in HPV-associated
OPC in the USA [4]. Similarly, Chaturvedi et al report that from 1983 to 2002, the
incidence of OPC increased significantly compared with oral cavity cancers among
individuals less than 60 years of age in developed countries most likely due to
changes in sexual behavior patterns and thus greater exposure to HPV [74]. OPC
incidence was 2—17 times higher in males than in females [74].

Oropharyngeal HPV acquisition and clearance data are limited but initial studies
demonstrate that males might be at higher risk than females. Among 5579 male and
female participants (14—69 years old) of the US National Health and Nutrition
Examination Survey (NHANES) 2009-2010, oral HPV prevalence was signifi-
cantly higher at 10.1 % in males compared to 3.6 % in females, with an overall
population prevalence of 6.9 % and an HPV-16 prevalence of 1 %. Age-specific
prevalence showed a bimodal pattern with peak HPV prevalence at 30-34 years and
60-64 years of age [75]. The only prospective study (the HIM Study) showed that
for healthy heterosexual men, oral HPV infections are infrequent and transient.
Over 1 year, 4.4 % of men acquired a new oral HPV infection, 1.7 % acquired a new
oncogenic HPV infection, and 0.6 % acquired a new HPV-16 infection. Oral HPV
infections cleared quickly with a median duration of 6.9 months for all HPV,
6.3 months for oncogenic HPV, and 7.3 months for HPV-16, specifically [76].
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Risk factors for oral HPV infection include increased lifetime number of vaginal
and/or sex partners, oral-anal sexual contact (“rimming”), current tobacco smok-
ing, and immunosuppression as measured by a low CD4 count among HIV patients
[72, 75-78].

7 Coinfection with HIV and Associated Immunosuppression

HIV-infected men and women are at elevated risk for HPV-associated malignancies
at multiple anatomic sites. HIV-infected women share a disproportionate burden of
ICC risk with a 2- to 25-fold increase in incident invasive cervical cancers [79].
Furthermore, HIV-infected individuals have a greater than 25-fold increased risk for
anal cancer [54] and a 1.3- to 3-fold increased risk for oropharyngeal cancer than
HIV-negative individuals [80].

7.1 Cervical Cancer in HIV-Infected Women

HIV-infected women are two to five times more likely to have a cervical HPV infec-
tion, experience increased incidence and persistence of HPV, and experience a rapid
progression to cervical lesions compared to HIV-negative women. Further, data also
indicate that women with HIV have a higher incidence of cervical lesions, recurrent
disease, and progression to invasion at a younger age [81-88]. In the USA, the
Centers for Disease Control and Prevention (CDC) have designated invasive cervi-
cal cancer as an AIDS defining illness [89]. Thus, cervical cancer screening guide-
lines for HIV infected men and women suggest more frequent screening than within
the general population

Cervical HPV prevalence remains markedly higher in HIV-infected women even
in the absence of any cervical disease. For example, in a meta-analysis by Clifford
et al. that included 20 studies of 5578 HIV-infected women across 5 continents, any
type HPV prevalence was 36.3 % in women without cervical abnormalities and
12 % harbored multiple HPV types [90]. HPV-16 was the most common subtype
(4.5 %) followed by HPV-58, 18, 52, 31, and 33. HIV-infected women with cervical
abnormalities had a twofold to threefold higher HPV prevalence of any type ranging
from 69.4 % in ASCUS/LSIL to 84.1 % in HSIL. HPV-16 was the most common
type with a prevalence that was almost threefold higher in women with HSIL
(31.9 %) in comparison to women with ASCUS/LSIL (12.0 %). Compared to the
general female population with HSIL, HIV-infected women with HSIL were more
likely to harbor multiple HPV types (41.9 %), exhibit a higher prevalence of HPV
types 11, 18, 33, 51, 52, 53, 58, and 61 but a lower prevalence of HPV-16 [90]. In a
more recent multicenter study of frozen tissue biopsies from women with cervical
carcinoma in Kenya and South Africa, DeVuyst et al. reported a higher HPV-18
prevalence in HIV-positive compared to HIV-negative cases, but the combined
prevalence of HPV-16 and/or 18 was similar [91].
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7.2 Anal Cancer in HIV-Infected Individuals

HIV-infected men who have sex with men (MSM) have the highest anal cancer
incidence rates (131/100,000 person-years) in comparison to HIV-infected men
who have sex with women (MSW) (46/100,000 person-years), HIV-infected women
(30/100,000 person-years) and HIV-uninfected men (2/100,000 person-years) and
women (no cases) (Fig. 2.4) [54]. The growing research on HPV infection in HIV-
infected MSM supports the high anal cancer incidence estimates. Data from a meta-
analysis of 53 studies indicate that the pooled prevalence of anal HPV infection (any
type and oncogenic type) was significantly higher in HIV-infected MSM (92 % and
74 %) compared with HIV-uninfected MSM (64 % and 37 %) [92]. A few research
studies with HIV-infected MSW:s also, report a comparatively lower anal HPV prev-
alence ranging from 46 to 68 % [93, 94]. Similar to HIV-infected MSM, studies of
HIV-infected women in the developed world report an equally high anal HPV prev-
alence ranging from 79 to 90 % compared with cervical HPV prevalence (53-83 %)
in the same population [57, 95]. However, Gongalves et al. found a similar HPV
prevalence across the cervix (61.6 %) and anus (63.7 %) in 138 HIV-infected women
from Brazil [96]. Despite the high prevalence of anal HPV, anal cancer incidence is
still far lower than ICC incidence suggesting that the natural history of anal HPV
infection varies from the cervix and that the process and pathways of carcinogenesis
to invasion might be different for the cervix versus the anal canal.

In HIV-infected women and men, HPV-16 is among the most common genotypes
to be detected [57, 95-97]. Other HPV types frequently detected in women are 18,
35,45, 51,52,53,58, 61, and 70 [57, 95, 96]. Two studies that investigated concur-
rent anal and cervical infection in HIV-infected women found a high concordance
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Fig. 2.4 Anal cancer incidence rate (unadjusted) per 100,000 years among HIV-infected and HIV-
uninfected individuals. Adapted from Silverberg et al. [54] Note: No cases among HIV-uninfected
women. HIV—human immunodeficiency virus; MSW —men who have sex with women; MSM —
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of HPV genotypes across the cervix and anal canal (63 % and 68.6 %) [95, 96],
whereas Palefsky et al. found diverse genotypes between the cervix and anus [57].
In the Hawaii cohort of healthy women, concordance of at least one HPV type
across the cervix and anus was 86 % [55]. Among MSM, Machalek et al. reported
a pooled anal HPV-16 prevalence of 35.4 % for HIV-infected MSM and 12.5 % for
HIV-uninfected MSM [92]. Using PCR testing, Palefsky et al. detected 29 diverse
anal HPV types from both HIV-infected and un-infected MSM. Some of the HPV
types that were isolated are less frequently detected in the cervix [98].

Although there are limited long-term studies of anal disease, anal cytological
abnormalities in both HIV-infected women and men are common. Among 99
women followed prospectively for a minimum of 2 visits and a maximum of 3 vis-
its, the prevalence of anal cytological abnormality was 33 %. HPV was isolated
from 67 % of the 33 women. Anal cytological abnormalities consisted of only LSIL
and ASCUS. However, of 36 women that underwent high-resolution anoscopy
(HRA), 12 were diagnosed with AIN2-3. Incidence of anal abnormalities was 13.1
cases per 100 person-years of follow-up [68]. Similarly, in a study of HIV-infected
MSM and MSW, the prevalence of anal cytological abnormalities in MSM was
twice (40 %) that of MSW (20 %) [99]. Correspondingly, in a study of 450 HIV-
infected MSM in the Spanish AIDS network cohort, slightly more than half (54.7 %)
were diagnosed with anal cytological abnormalities that did not include
ASCUS. Multiple oncogenic HPV >5 types was the only risk factor associated with
prevalent anal abnormalities [100]. In Machalek et al.’s meta-analysis, histological
high grade AIN pooled prevalence was higher at 29.5 % in HIV-infected MSM
versus 21.5 % in HIV-uninfected MSM and anal cancer incidence was eightfold
higher among HIV-infected at 45.9 per 100,000 men in comparison to 5.1 per
100,000 in HIV-uninfected men [92].

7.3 Oropharyngeal Cancer in HIV-Infected Individuals

HIV-infection and its associated immunosuppression is clearly one of the risk
factors for acquiring an oral HPV infection. Similar to HIV-negative individuals,
the natural history of HPV infection in HIV-positive individuals also varies by ana-
tomic site and is influenced by immunosuppression. Data from one study indicated
that oral HPV prevalence was significantly higher among HIV-infected women
(33 %) than HIV-uninfected women (15 %). However, cervical HPV prevalence
was much higher at the same time point in both groups (73 % and 51 %) respec-
tively [78]. Additionally, oral HPV incidence rate in HIV-infected women (3.3 per
100 person months) was twice that of HIV-uninfected women (1.7 per 100 person
months). More than half of infections in all women persisted to 6 months [78].
Similarly, another study of HIV-infected men and women found that prevalence
(28 % vs 84 %), incidence (31 vs 145 per 1000 person months) and persistence
(29 % vs 54 %) were significantly lower for oral HPV infections than anal HPV
infections [97].
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7.4 Antiretroviral Therapy and HPV Infection

Antiretroviral therapy (ART) has had a dramatic impact on morbidity and mortality
due to HIV globally. A similar effect has not yet been evident in HI V-infected indi-
viduals coinfected with HPV, though theoretically HIV virological suppression and
elevated CD4 counts would contribute to a better immune response to increase
HPV clearance and decrease acquisition of new infections. Reviews indicate that
cervical and anal cancers are not currently declining despite the introduction of
ART, but there is insufficient data on the influence of ART on HPV infection and
cancer among HIV-infected individuals in the developing world [101-103].
Inconsistent results have been published regarding the effect of ART on the inci-
dence, prevalence, and progression of cervical and anal HPV infections and dis-
ease. Some studies show regression of cervical lesions and neoplasias associated
with receipt of antiretroviral therapy [104—106], other studies show no such effect
[103, 107-109]. Additionally, incidence of anal cancers [110, 111] and oral warts
[112] are on the rise among both HIV-positive men and women on ART. Franceschi
and Jaffe note that ART-induced immune reconstitution has a modest effect on
HPYV infection and that the incidence of cervical cancers has not declined in devel-
oped nations [113].

The reasons for the limited impact of ART on HPV-related carcinogenesis in
HIV-infected individuals are unclear. Palefsky suggests that HIV patients might
suffer enough genetic destruction in the epithelium allowing cells to proliferate
despite restoration of HPV specific immunity with ART [114]. However, given
the relatively recent history of successfully, virologically suppressed HIV and
widely available ART, more studies are needed to examine the relationship
between immune reconstitution and HPV progression, especially with the con-
founding factors of ongoing, high-risk behaviors often concurrent in HIV infec-
tion. The introduction of the HPV vaccine among HIV infected individuals is
also expected to decrease oncologic transformation among this population, with
studies forthcoming.

8 Prevention of HPV-Related Malignancies

Currently, the two main strategies for prevention of invasive cervical cancer are
cervical screening followed by treatment of abnormalities and HPV vaccination.
The adoption of cervical screening using Papanicolaou (Pap) testing for the early
detection of cervical abnormalities has dramatically decreased the progression to
invasive cervical carcinoma worldwide [115]. The two main modalities for cervical
screening include: (1) cytology using the conventional Papanicolaou (Pap) test
or the newer liquid-based, thin layer cytology which has largely become the
standard of care in developed countries, and (2) high-risk HPV nucleic acid testing.
In resource-limited settings, particularly in rural areas, the lack of adequate
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infrastructure for Pap cytology testing including trained cytopathologists has created
a need for alternative visual inspective techniques with acetic acid (VIA) and
Lugol’s iodine (VILI) that allow same day screen-and-treat approaches [116, 117].
However, due to the subjective nature, quality control issues, and low specificity,
solely using visual inspective techniques should be reserved for resource-limited
settings [118—121].

8.1 Cervical Screening
8.1.1 Pap Cytology Screening

The Pap test, first introduced in 1928 by Dr. Georgios Papanikolaou, utilizes
inspection of a smeared cell sample directly onto a glass microscope slide for
inspection by a trained cytopathologist. Newer liquid-based cytology (Thin Prep®
or Sure Path®) utilizes submerged cervical cell samples within a preservative liquid
that is later inspected on a glass microscope slide. The liquid medium removes
contaminants, can be performed during menses, and allows the cervical cells to be
spread more evenly on the slide. This liquid-cell medium is clinically preferred as
it can further undergo HPV nucleic acid testing for high-risk HPV genotypes
[115, 122, 123].

8.1.2 Screening Using HPV Nucleic Acid Testing

Although Pap cytology has historically been the gold standard for ICC screening,
recent evidence indicates that HPV nucleic acid testing is a superior and more cost-
effective screening strategy to prevent ICC among women older than 30 years of
age, particularly in low and middle-income countries that lack a well-developed
infrastructure including well-trained cytopathologists [124—128]. In the USA and
other developed countries, HPV nucleic acid testing is recommended in combina-
tion with cytology screening and is an invaluable component of cancer screening,
management, and treatment. Currently, the FDA has approved four HPV tests: to be
used in conjunction with Pap cytology: Hybrid Capture 2%, Cervista®, Cobas, and
Aptima® [129]. Aptima® is the only test that detects HPV mRNA, whereas the other
three tests detect HPV DNA. These commercially available tests are available from
qualitative to semiquantitative platforms and are of two types: (1) tests that detect
any of the 12—14 high-risk genotypes and (2) tests that detect HPV-16 or 18 geno-
types (Cobas, Cervista™ HR, and most recently Aptima 16,18/45) [130-132]. The
Qiagen developed careHPV™ test is a new rapid clinically validated HPV test that
can detect any of 14 high-risk genotypes, is able to provide results in a few hours,
and is designed specifically for screening women in low-resource settings [124,
133]. It has recently been approved by the China FDA to be used for cervical
screening of Chinese women [134].
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All of these HPV screening tests are able to detect a small number of HPV geno-
types, mainly combined high-risk types or HPV-16/18. For HPV genotyping, other
validated molecular assays using type-specific PCR primers that are able to detect a
large number of genotypes are mainly used in research facilities [133]. Cuzick et al.
note that newer technologies with improved specificity are required to screen high-
risk HPV positive women if HPV testing must become an alternate primary modal-
ity for screening women [133]. Some potential new approaches could be HPV
typing, methylation of host and viral genes, detection of HPV E6 and E7 proteins,
and cytologic methods such as p16™%4 staining [133].

8.1.3 Cervical Screening Guidelines

Cervical screening guidelines in developed countries differ from developing nations.
In the USA, the US Preventive Services Task Force, the American Society for
Colposcopy and Cervical Pathology, the American Cancer Society and the American
College of Obstetricians and Gynecologists have set the standard for screening guide-
lines for US women [115, 135]. For women in resource-limited settings, the World
Health Organization (WHO) has set the standard and recently updated their guidelines
significantly to included specific guidelines for HIV-infected women [136]. (Table 2.1).

In the USA, HIV-negative women between the ages of 30-65 years with a cervix
should receive cytology screening every 3 years, or if receiving HPV DNA testing
then screening may be extended to 5 years [115]. Women are screened more
frequently if HPV positive or abnormal pathology is detected [115, 137]. Women
21-29 years old should receive screening with cytology alone every 3 years if
screening results are normal. Screening is not recommended for HIV-negative
women under the age of 21. HPV vaccination regardless of HIV status does not
change current screening recommendations. For women above the age of 65 who
have undergone hysterectomy and/or have no prior history of high-grade cervical
lesions may defer HPV screening [115]. (Table 2.1)

As noted earlier, HIV-positive women are at significantly higher risk of progres-
sion to cervical carcinoma and should undergo a cervical Pap test at baseline, month
6 and month 12 of first HIV diagnosis; if normal, yearly screens are recommended
thereafter regardless of age or modality of HIV acquisition. Immediate referral to
colposcopy is recommended for lesions greater than ASCUS [138, 123, 139]. HIV-
positive women and high-risk HIV negative women in developing countries should
be screened more frequently within 3 years of each negative screening [136].

8.2 Prevention of HPV-Related Anal
and Oropharyngeal Cancers

Given the elevated incidence of anal cancers in HIV-positive MSM anal cytology
screening is recommended in this population. with frequency of screening currently
at the discretion of the health care provider based pathology results [54, 140].
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Table 2.1 Summary of cervical cancer screening guidelines for women by the US Preventive
Services Task Force (USPSTF) [135], American Society for Colposcopy and Cervical Pathology

(ASCCP) [115], and World Health Organization (WHO) [136]

Population
Age <21 years

Age 21-29
years

Age 30-65
years

Age >65 years

After

hysterectomy

HPV
vaccinated

USPSTF
No screening

Cytology screening
(Pap smear) alone
every 3 years. No
HPV screening
alone or with
cytology.

Cytology screening
(Pap smear) alone
every 3 years
Cytology and HPV
contesting every 5
years (if women
prefer to increase
screening interval)

No screening, if
adequate prior
negative screening
and not high-risk
for cervical cancer

No screening for
women without
cervix and no
history of > CIN2
or cervical cancer

ASCCP
No screening

Cytology screening every 3
years

Cytology and HPV
co-testing every 5 years
(preferred)

Cytology screening alone
every 3 years (acceptable)

No screening, if previous

history of negative screening

Women with prior history
of > CIN2 must continue

routine screening 3-5 years
as in women 30-65 years for

at least 20 years
No screening for women

without cervix and previous
negative screening for CIN2

Same as age-specific
recommendations for
unvaccinated women

WHO*

No screening for
women <30 years
unless HIV+ or living
in high HIV
prevalence area

No screening for
women <30 years
unless HIV+ or living
in high HIV
prevalence area

Prioritize women
3049 years®
Screening interval with
HPV testing should be
minimum 5 years (not
less)

Screening interval with
VIA/cytology should
be 3-5 years

VIA visual inspection with acetic acid, CIN2 cervical intraepithelial neoplasia grade 2, /CC inva-
sive cervical cancer, HPV human papillomavirus
*WHO guidelines for resource-limited settings with no organized screening efforts

Although formal recommendations as to frequency of screening have not been
codified, annual anal screening and referral to high resolution anoscopy (HRA)
among HIV-positive MSM and transgendered individuals is now the standard of
care in HIV specialty clinics in the USA [141]. Some US facilities are also offering
similar annual screening services to all HIV-infected women and men [142]. Unlike
in cervical screening, HPV testing has not been validated as a screening tool for anal



32 L.J. Menezes et al.

precancerous lesions because of the high-prevalence of HPV in the anal canal of
high-risk individuals even in the absence of anal abnormalities.

Prevention of oropharyngeal cancer is challenging because of the lack of visibil-
ity of precancerous lesions. Although high-risk individuals can be screened for oro-
pharyngeal lesions to detect invasive cancer by visual inspection and cytology, the
low sensitivity and specificity of cytology screening studies does not currently jus-
tify widespread screening [143, 144]. Oropharyngeal cytology screening is not cur-
rently recommended [4, 145].

8.3 Treatment of HPV-Related Disease

Depending on the HPV subtype and location of infection, manifestations can range
from simple, isolated lesions to more extensive, clustered lesions necessitating exci-
sion. For uncomplicated, external cutaneous HPV condyloma with very mild dys-
plasia, recommendations are podophyllotoxin (antimitotic agent), imiquimod cream
(topical cytokine inducer), or sinecatechins (green tea catechins). For more exten-
sive lesions, cryotherapy using liquid nitrogen, cauterization using trichloroacetic
acid or bichloroacetic acid, or traditional surgical excision such as curettage or elec-
trocautery are recommended. For the latest recommendations, dosages, and dura-
tion of therapy please refer to the US Centers for Disease Control and Prevention’s
“Guidelines for the prevention and treatment of opportunistic infections in HIV-
Infected Adults and Adolescents.” [146]

For more dysplastic lesions such as cervical intraepithelial neoplasia (CIN), anal
intraepithelial neoplasia (AIN), vulvar intraepithelial neoplasia (VIN) and vaginal
intraepithelial neoplasia (VAIN), more extensive excision and repeated evaluation is
recommended based on the pathological spectrum of atypical cells of uncertain sig-
nificance (ASC-US), low grade squamous intraepithelial lesion (LSIL), high grade
squamous intraepithelial lesion (HSIL), carcinoma in situ, and invasive, squamous
cell carcinoma. LSIL includes mild dysplasia (CIN1, AIN1, VAIN1); HSIL includes
moderate dysplasia (CIN2, AIN2, VAIN2), severe dysplasia CIN3, AIN3, VAIN3),
carcinoma in situ (CIS) [147].

Treatment recommendations depend on pathological grade and patient profile
and can include colposcopy (visualization of abnormal cells in the cervical squa-
mocolumnar junction), high resolution anoscopy (HRA), loop electrosurgical exci-
sion (LEEP), endocervical curettage (ECC), chemoradiation, or hysterectomy
[115,123,138]

8.4 HPYV Vaccination

A most exciting development for reducing infection-related malignancy are the
HPV vaccines (bivalent, quadrivalent and nonavalent), which are estimated to pre-
vent up to 70 % of all cervical and anal cancer cases associated with HPV-16/18
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infections and >95 % of genital warts (quadrivalent vaccine) in both women and
men globally [31, 148]. A series of clinical trials have shown that both vaccines are
highly efficacious in reducing both incident and persistent cervical and vulvovagi-
nal infections and abnormal lesions in women [149, 150], whereas the quadrivalent
vaccine has also demonstrated efficacy against persistent genital and anal infection
as well as anal lesions in men [148, 151]. The vaccine contains noninfectious and
non-oncogenic recombinant L1 proteins that form virus-like proteins (VLPs). These
VLPs induce both a humoral response and cell-mediated immune response that is
more profound and sustained than natural infection [1, 152].

In 2006, the US Food and Drug Administration (FDA) approved the first quadri-
valent (qHPV) vaccine (Gardasil®) that is now recommended for both females and
males aged 9 through 26 years to protect against infection from HPV genotypes 6,
11, 16, and 18 [152—-155]. Cervarix®) also known as the bivalent HPV vaccine was
approved in 2009 by the FDA for the prevention of precancerous lesions and cervi-
cal cancer due to HPV types 16 and 18 and is recommended only for females 9 to
26 years old [152, 155]. Both vaccines are administered in three separate shots over
6 months as to ensure high immunogenicity with serum antibodies peaking at
2 years and sustained levels at 5 years [152, 156, 157]. Several clinical trials and
other follow-up studies have corroborated that the two vaccines are safe and
well-tolerated with limited adverse events, sustained protection of up to 8.4 years
and high levels of immunogenicity [31]. Both vaccines have also shown some mea-
sure of cross protection against a few HPV types not in the vaccine—HPV 31 for
both vaccines and HPV 33 and 45 for Cervarix® [31]. The nonavalent HPV vaccine
(Gardasil®9) includes protection against HPV-31, 33, 45, 52 and 58 in addition to
the quadrivalent vaccine HPV genotypes of 6, 11, 16 and 18. The Gardasil®9 was
recently approved for use in both females and males aged 9-26 years [158]. Recent
clinical trial data showed that the nonavalent vaccine was 96 % efficacious against
HPV-31, 33, 45, 56, 58 related persistent infection at 6 months, as well as 96.7 %
efficacious against related high-grade cervical/vulvar/vaginal disease [159].

8.4.1 Impact of HPV Vaccine and Barriers to Implementation

Given that HPV associated anogenital cancers are slow growing, assessing the true
impact on incidence of cancers would require future studies. However, a number of
recent studies have documented a decreasing cervical HPV prevalence and incidence
of cervical abnormalities. In the USA among females 14—-19 years old, the preva-
lence of vaccine HPV types 6, 11, 16, and 18 had decreased from 11.5 to 5.1 % in the
post-vaccine era (2007-2010) [160]. Data from Australia and the USA demonstrate
a reduction in genital warts in both women and men having sex with women
[161-163]. Two other studies among 18-31-year-olds in the USA and <18-year-olds
in Australia have documented a decline in the incidence of high grade cervical
lesions [164, 165]. A more recent study in Costa Rica demonstrated a vaccine
efficacy of 93 % against oral HPV [166] suggesting that the vaccine may have a
protective effect against infection at multiple anatomic sites in men and women.
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Serrano et al., estimate that the nonavalent vaccine has the potential to prevent up to
90 % of cervical cancers worldwide [167].

There are several challenges for the HPV vaccine to be effective worldwide. The
low coverage of HPV vaccinations in the USA as compared to other developed
countries is a major challenge. Current data on immunization rates among teens
13-17 year old indicate that slightly more than half (53.8 %) of girls have received
one dose of the HPV vaccine and only a third have completed the full three doses
[168]. The coverage for males was only 21 % for one dose of the HPV vaccine
[167]. For developing countries where the vaccine has the potential to have the
maximum impact because of the large burden of ICC, the vaccine is cost prohibi-
tive. In addition, the lack of awareness about the vaccine and its efficacy, concerns
about safety, lack of physician recommendations combined with cultural beliefs
that adolescents are not sexually active as well as concerns of safety and fear of
promiscuity have become major barriers to vaccine uptake in the USA and world-
wide [169, 170, 171].

9 Conclusion

In summary, HPV-associated cancers are a significant global health burden.
Persistent HPV infection with HPV-16 and/or other carcinogenic types has been
firmly established as a precursor of cervical disease. Thus, understanding the natu-
ral history of cervical HPV infection has been essential to the development of
screening and treatment guidelines for the prevention and treatment of cervical can-
cer. Unlike in cervical cancer, there are relatively few studies that have assessed the
natural history of anal and oropharyngeal cancer among women and men. The ris-
ing trend in these cancers suggests a critical need for such studies to inform the
development of screening and treatment. The vast majority of invasive cervical can-
cers are among women in developing countries where HIV is also a tremendous
burden. While the differences in ICC incidence indicate the lack of widespread
availability of preventative services or issues with access when available, HIV must
be considered when women present with ICC in these resource-limited settings.
Additionally, HIV is a crucial cofactor in the rising incidence of anal cancers among
the MSM population as well as in heterosexual men and women. Reducing the high
incidence and prevalence of HPV-associated cancers worldwide will require several
approaches including prevention of HPV infection, newer screening technologies
that can detect precancerous lesions early, and new therapeutics. Meanwhile, HPV
vaccination seems to be the most promising in terms of preventing incident HPV
infection and its sequelae of HPV-related disease.
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