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ABSTRACT

The incidences of human papillomavirus (HPV)-related anal
cancer and its precursor lesion, anal intraepithelial neoplasia,
are rising in the U.S. and globally. Five-year survival rates with
current modalities of treatment for anal cancer are generally
favorable for localized and regional disease. For metastatic
disease, the relative survival rate is poor. Major contributing
factors for the increase in anal cancer incidence include in-
creasing receptive anal intercourse (hetero- and homosexual),
increasing HPV infections, and longer life expectancy of treated
people who are seropositive for human immunodeficiency

virus. Because treatment outcomes with systemic therapy in
patients with advanced disease are so poor, preventionmay be
the best approach for reducing disease burden.The association
ofamajorcausativeagentwithanalcancerprovidesanexcellent
opportunity for prevention and treatment. The advent of the
HPV vaccine for anal cancer prevention and treatment is a
significant milestone and has the potential to greatly impact
these cancers. The data regarding potential use of the HPV
vaccine in anal cancer prevention and treatment are reviewed.
The Oncologist 2016;21:453–460

ImplicationsforPractice:Theincidencesofhumanpapillomavirus (HPV)-relatedanalcanceranditsprecursor lesion,anal intraepithelial
neoplasia,areontherise intheU.S.andglobally.Basedonrecentstudies,theHPVvaccine isapprovedforpreventionoftheinfectionand
development of HPV-related anal cancer. In addition, several small studies have shown that the vaccine may be useful as adjuvant
therapy foranal cancer.There is aneed forpublic health strategies aimedateducationofbothpatients andpractitioners to improve the
use of the vaccine for prevention of HPV-related anal cancer.The development of a therapeutic vaccine is a work in progress.

INTRODUCTION

Overthe lastthreedecades,therehasbeenevidenceimplicating
human papillomavirus (HPV) in anal cancer and the various
grades of anal intraepithelial neoplasia (AIN) (the precursor
lesions toanal cancer) asopposed to thepreviouslyheld view
that itwasdue toperianal inflammation [1]. In2007,HPVwas
classified as a biologic carcinogen [2] and theU.S. Centers for
Disease Control and Prevention (CDC) currently reports that
91% of anal cancers in the U.S. are attributable to this virus
[3]. Depending on the stage at presentation, treatment
options include surgical resection, combined chemoradia-
tion, or radiation alone. According to the National Cancer
Institute Surveillance Epidemiology and End Results (SEER)
programdatabase, the 5-year survival rates for patients with
localizedand regionaldiseaseare79.7%and58.1%, respectively.

For patients with distant disease, the relative survival rate is
only 32.0% [4]. Male sex, tumor size (T stage), and nodal
involvement (N stage) are predictors of higher relapse rates
(both local and distant), higher colostomy rates, and, in
general, poorer survival following chemoradiation treatment
[5]. As systemic treatment outcomes for metastatic disease
remain disappointing, prevention of anal cancer holds the
best potential for disease burden reduction [6].

Given HPVs role in cervical, anal, and cancers of other
anatomic sites, the advent of the preventive HPV vaccines is a
significant public health milestone. This review discusses the
role of theHPVvaccines in thepreventionof precancerous and
cancerous anal lesions and also discusses future therapeutic
approaches to HPV-related anal lesions.
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Epidemiology and Risk Factors for Anal Cancer
Anal carcinoma isa raremalignancywithglobal age-standardized
incidencesrangingfrom0.2per100,000amongwomeninOsaka,
Japan, to 1.4 per 100,000 amongwhite non-Hispanicmen in San
Francisco, California. The female-to-male ratios vary geograph-
ically, but generally there is a slight female preponderance [7].

The incidence of anal cancer, however, has been increasing
over the last three decades in several developed countries
around the world, including the U.S. [8]. Although anal cancer
currently makes up only 2.5% of all gastrointestinal malignan-
cies in theU.S., thereare,onaverage,7,210newcases reported
annually [9]. Approximately 95% of these are diagnosed in
patients 35 years old or younger [10]. According to the SEER
database, rates fornewcasesofanal cancerhavebeenrisingan
averageof2.2%peryearover thepastdecade,withdeath rates
resulting from the disease rising on the average by 1.7% over
the same time period. Additionally, the incidence has in-
creased 3 times in men (from 1.0 to 3.0 per 100,000 person-
years) and 1.7 times in women (from 1.4 to 2.4 per 100,000
person-years) when data from 1973 through 1996 was
comparedwith 1997–2009. In terms of racial variation, anal
cancer rates were higher among white women, whereas in
blacks, rates were higher in men [4].

The incidenceof anal cancer is disproportionatelyhigher in
certain high-risk populations, especially men who have sex
with men (MSM) and patients seropositive for HIV. An
incidence of 37 cases of anal cancer per 100,000 was re-
ported before the HIV epidemic [11], two times more than
the incidence in HIV-negative MSM [12]. These rates are
comparable to rates of cervical cancer before the introduc-
tion of Papanicolaou smear screening around theworld [13].
Unlike other HIV/AIDS-associated malignancies, like non-
Hodgkin’s lymphomaandKaposi’s sarcoma,which havebeen
on the decline in this era of antiretroviral therapy (ART), the
incidence of anal cancer has remained stable or increased
[14, 15]. Rates of 174 cases per 100,000 person-years among
peoplepositiveforHIVhaverecentlybeenreportedinananalysis
fromKaiserPermanente inCalifornia [16],withevenhigher rates
in HIV-positive individuals with lower CD41 counts [17]. Other
high-risk groups compared with the general population include
women who are positive for HIV, womenwith cervical or vulvar
cancer [18, 19], and people in chronic immunosuppressive
states not due to HIV [20]. The estimated national expenditures
for HPV-associated malignancies range from $160 million to
$1.6 billion; the average is $418 million per year [21].

Risk Factors
Currently known risk factors for the development of HPV-
associatedAINandanalcancer includewomenwithHPV-related
vulvar and/orcervical disease [18, 19], high-risk sexual practices
including receptive anal intercourse, anal HPV infection, HIV
infection, cigarette smoking [22–24], and chronic immunosup-
pressive states such as those of organ transplant recipients on
immunosuppression [20]. In this review, sexual practices, HIV
infection, and anal HPV infection are discussed in detail.

Sexual Practices
Earlier studies lookingat the increased incidenceofanal cancer
inMSM suggested a correlation between anal intercourse and
anal cancer [11, 22], with subsequent studies confirming this

association, which exposes the anal mucosa to HPV infection
[23,24].The long-heldperceptionthat receptiveanal intercourse
is limited to homosexual practices is rapidly becoming obsolete
as increasing global rates of heterosexual anal intercourse have
been reported [25, 26]. In terms of absolute numbers,women in
theU.S.aremorelikely toengageinunprotectedanal intercourse
than homosexual men [27]. In a population-based case-control
study inDenmarkandSweden,Frischetal. reportedan increased
riskof anal cancer inwomenwith first receptive anal intercourse
before the age of 30 and/or who have had 2 or more anal
intercourse partners [28]. However, the majority of men and
women in the study with anal cancer reported that they did not
practice anal intercourse [28]. The implication is that either
modes of anal transmission for HPVother than anal intercourse
exist, or thereneedstobea critical lookat the role stigmatization
plays in participant responses regarding anal intercourse.
Regardless, it is evident that heterosexual anal intercourse can
no longer be ignored when it comes to HPV and anal cancer.

HIV
TheroleofHIV inthedevelopmentofHPV-associatedpreinvasive
and invasive anal lesions, whether direct or interdependent, is
not clearlyunderstood. It is apparent that thehigher incidenceof
AIN in people seropositive for HIV cannot be explained by sexual
practices alone [29, 30]. Several studies, including the large
multicohort study in the North American AIDS Cohort Collabo-
ration on Research and Design, showed a higher incidence of
preinvasive and invasive anal lesions in heterosexual men and
women seropositive for HIV as well asMSM seropositive for HIV
when compared with HIV seronegative individuals [31]. Persis-
tent infection with one or more subtypes of HPV increases the
chances of developing high-grade AIN (HG-AIN) in men
seropositive for HIV [32], with a relatively faster rate of
progression from low-grade AIN to HG-AIN over a 2-year
period compared with men who were seronegative for HIV.
Therateofprogressionwas further increased inHIVseropositive
menwith CD4 counts of less than 200 (relative risk, 3.1) [33]. As
such, the development of HPV-related neoplastic lesions is
probablya functionof increasedviralpersistence fromrepeated
exposure and/or immunosuppression.

Anal HPV Infection
According to a global systematic literature review conductedby
Hoots et al., the prevalence of invasive anal carcinoma was
highest in Europe (80%), followed by North America (77%), and
lowest inAsia (57%)[34]. ItalsoestimatedtheprevalenceofHPV
in all causes of invasive anal carcinomawas 71% and squamous
cell carcinoma of the anus was 78%. Among those positive for
HPV,85%werepositiveforHPV-16,7%werepositive forHPV-18,
and the remainder was accounted for by other HPV subtypes
such as HPV-33, -31, and -45 [34]. The CDC reports that the
oncogenic variants HPV-16 and -18 (also high-risk types) are
associated with 91% of anal squamous cell carcinomas [3].

HPV Virology and Immunology
HPV is a capsid-enclosed, double-stranded DNA virus with a
genome that encodes for eight genes identified as E or L (early
or late) depending on the timing of their expression during
epithelial differentiation. Early proteins include E1–E7; L1 and
L2arethe lateproteins [35]andarepresentonthecapsidshell.E6
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andE7arethemainHPVoncoproteins[36].E6preventsapoptosis
bybindingtohostp53,andE7causescellcyclearrestbybindingto
host retinoblastoma protein [35]. Independently, both E6 and E7
canprevent ordefer senescence, butwhen they areexpressed at
the same time, they can lead to cell immortalization [37]. E6 and
E7 oncoproteins are imperative, but insufficient, for malignant
transformation on their own. In most cases, after HPV trans-
mission, infection is cleared in 1–2 years. In a few cases, there is
persistent infection,premalignantchanges,andthenmalignancy,
all of which may take place over as few as 1–5 years [35].

Acell-mediatedimmune(CMI)responseusually followsHPV
infectionwith resultant lesion regression and future protection
against infection with the same type of HPV [38]. The type of
T cells involved in lesion regression is currentlyunknown [39], as
are the mechanisms behind persistent infection or reinfection
with the sameHPV type. It is currently considered that CMI is of
limited value in protection from HPV [40].

Despite being inconsistently generated following natural
HPV infection, humoral immunity depends on the recognition
of distinct conformational epitopes and, even with activation,
antibody peak levels are relatively low. The possible factors
involved in this phenomenon include the intraepithelial
replication of HPV, absence of viremia needed to invoke high-
level antibody production and local antigen-presenting cells,
as well as paucity of macrophages to generate a more rugged
response [38]. Demonstration in animal models that minimal
levels of neutralizing antibody against HPV are protective for
longperiodsisthedrivingfocusofthedevelopmentofaprophylactic
and potentially therapeutic vaccine that will be dependent on the
more efficient antibody-mediated immunity [38].

Pathogenesis of HPV-Related Anal Cancer
AIN or anal squamous intraepithelial lesions usually precede anal
cancer. AIN can be classified as low grade (AIN grade 1) or high
grade (AIN grade 2 or 3). AINmay followone of two paths: Itmay
regressonitsown,orbecomeahigh-gradelesion[41].Progression
to high-grade lesions is facilitated by the risk factors already
discussed andmay ultimately lead to anal cancer in 9% to 13% of
patients—rates comparable to cervical intraepithelial neoplasia
(CIN). Regression of high-grade anal lesions is very rare [42].

The squamocolumnar junction of the anal canal transition
zonewhere the columnar epitheliumof the rectum transitions
to squamous epithelium of the anus is the vulnerable region
within the anal canal where the histologic manifestations of
HPV are most evident [43].

Anal-canal HPV infection can be latent (normal tissue
appearance detected through HPV DNA testing), subclinical
(abnormal tissues detected with cytology or high-resolution
anoscopy), or clinically overt (changes such as condylomata or
anal cancer) [44].

The HPV Vaccine and AIN/Anal Cancer
Currently, there are two licensed prophylactic HPV vaccines:
the bivalent vaccine against HPV-16 and -18 (Cervarix;
GlaxoSmithKline Biologicals, Rixensart, Belgium, https://
www.gsksource.com) and the quadrivalent vaccine (qHPV)
against HPV types 6, 11, 16, and 18 (Gardasil; Merck and Co.,
Kenilworth, NJ, http://www.merck.com). The vaccines are
made up of DNA-free, virus-like particles, both produced by
expression of the major structural L1 gene of the HPV types

[45–47]. When initially licensed, the quadrivalent vaccine was
approved for a 3-dose schedule based on a 99% seroconversion
rate, with participants aged 9–13 years having the highest
response [48]. The high cost of the vaccine sparked interest in
considering a two-dose schedule. This was supported by a post-
trial analysis of participants who received fewer than three
doses[49].Dobsonetal.wentontoconductarandomizedclinical
trial comparingHPVtitersbetweena2-doseand3-doseschedule
ingirls aged9–13years [48].They found the2-dose schedulewas
noninferior for HPV-16/18 titers 1 month after the last dose.
However, after 24months, the noninferiority to HPV-18was lost
and,after36months, itwas lost forHPV-16[48].Theresultsofthis
study played a role in the recent switch to the2-dose schedule in
the European Union, Switzerland, The Netherlands, and Mexico
forgirls aged9–14years [50].However, the studycreated several
questions of immunity, especially in girls aged 11–12 years and
the need to study efficacy in girls older than 13 years [51]. In the
U.S., a 2-dose schedule could be problematic because the
uptake rates are higher in girls older than 13 years [51].

In December 2010, the advisory committee on immuniza-
tion practices (ACIP) recommended the routine use of the
quadrivalent vaccine for prevention of AIN inwomen andmen
[52]. Emerging studies appear to show that vaccinationmaybe
the most realistic long-term approach to prevention [53] and
possibly treatment of AIN and anal cancer [54].

Whereas the efficacy of the vaccine in prevention of anogenital
precursor malignant lesions has been adequately proven in
trials [45, 46], there is a paucityofdata lookingdirectly at efficacyof
the vaccine against anal HPV infection and anal cancer.

Efficacy of Preventive Role of HPV Vaccines in
HPV-Related AIN/Anal Cancer
Unlike CIN/cervical cancer, there are currently no standardized
practices for routine screening and treatment for AIN/anal
cancer. The lack of screening makes the need for a preventive
vaccine evenmore imperative. Given that persistent infection
with high-risk HPV types is associated with increased risk of
developing dysplasia or cancer, prevention is especially impor-
tant inpatientswhoareseropositive forHIV,whoareparticularly
susceptible topersistent HPV infection [55, 56]. Several studies
have evaluated the potential role the HPV vaccine can play
in preventing HPV-related anal cancer (Table 1).

Given that persistent infection with high-risk HPV
types is associated with increased risk of developing
dysplasiaorcancer, prevention is especially important
in patients who are seropositive for HIV, who are
particularly susceptible to persistent HPV infection.

In a substudy of a phase III, efficacy, multicenter, double-
blind study, Palefskyetal. [53] showed that theuseof theqHPV
vaccine decreased the rate of AIN/HG-AIN among 602 MSM
aged 16–26 years, of whom 299were vaccinated. Participants
whowere seronegative forHPV, completed all 3 vaccine doses,
andwere followedfor2.2yearswereanalyzed inaper-protocol
group. This group had a vaccine efficacy rate of 77.5% against
AIN associated with HPV-6, -11, -16, or -18, whereas efficacy
against HPV of any type was 54.9% [53]. The risk of persistent
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anal infectionwith covered typeswas reducedby94.9%. In the
intention-to-treat group (only 1dose requiredwith follow-up),
the efficacy was 50.3% against AIN fromHPV-6, -11, -16, or -18
[53].Theauthors concluded thatdespite thenarrowage range,
limited sexual activity, and short follow-up, the qHPV showed
efficacy against HPV-6, -11, -16, or -18 AIN or HG-AIN [53].
Although it was recognized that targeted vaccination programs
toward a specific group based on sexual practices (i.e., MSM)
have the potential to fail, they concluded that early vaccination
of this group will likely yield significant reductions in vaccine-
coveredHPVneoplasia [53]. In addition, basedon the biological
similaritybetweenanal cancer inheterosexualmenandwomen
[34], they projected similar per-protocol group results.

In the Costa Rica vaccine trial, a randomized double-blind
controlled trial, Kreimeret al. [57] evaluated theefficacyof the
bivalent vaccine against cervical and anal HPV-16/18 infection
as well as premalignant lesions. Anal swab samples were
obtained from consenting women at the year 4 exit visit and
the HPV DNA status was assessed. A substantial vaccination
efficiencyof 62.0%against anal HPV-16/18DNAwasobserved,
but was still less than the 76.4% vaccination efficiency for the
cervix. For the restricted cohort of women whowere negative
for either cervical HPV-16/18 DNA and/or antibodies at the
time theyentered the study, protection for the cervix and anus
was similar (87.9% and 83.6%, respectively). In the full cohort,
vaccination efficiency was noted to be higher in women
who reportedanal intercourse (73.9%) comparedwithwomen
who had no reports of anal intercourse (55.3%). The authors
concluded that the bivalent vaccine protects young women,
especially those who are HPV näıve and who practiced anal
intercourse,againstanalHPV infection[57].Thebiggest limitation
was the absence of anal HPV DNA samples at enrollment.

Wilkin et al. conducted amulticenter clinical trial to assess
the safety and immunogenicity of qHPV vaccine in men

infected with HIV [58]. The overall outcome was that the qHPV
appeared to be safe and highly immunogenic in this group.The
implication is that a significant proportion of men will likely
benefit fromqHPVdespitebeingolder than thecurrentage limit
for which the vaccine is approved, and having significant prior
anal HPV exposure may not be an exclusion criterion [58].

In a nonconcurrent cohort study involving 202 patients
withahistoryofHG-AIN, Swedishetal. evaluated theprevention
of recurrent HG-AIN with qHPV inMSMand concluded that the
vaccinemaybe an effective post-treatment adjuvant tool [59]. A
3-dose series of qHPV was offered off-label to all patients who
wereMSM,negative forHIV, and18years orolderwith abiopsy-
proven and treated HG-AIN at each clinical visit. Twelve
vaccinated patients (13.6%) and 35 (30.7%) unvaccinated
patients developed recurrence of HG-AIN during the 340.4
person-years follow-up. Analysis by multivariable hazard ratio
(HR) showed the qHPV was associated with decreased risk of
HG-AIN recurrence (HR: 0.50; p 5 .04). The vaccine was again
associatedwithadecreased riskofHG-AIN recurrenceat2 years
after study entry in patients infected with oncogenic HPV (HR:
0.47; p5 .05) [59]. This study was unique in several aspects. It
looked at HG-AIN in olderMSMwhowere negative for HIV and
showedanassociationbetween theqHPVanddecreased riskof
disease recurrence that appears to persist for at least 2 years.

There is a need to conduct randomized control trials to
answer two other major questions: Is the vaccine beneficial in
olderpatientswhopractice receptiveanal intercourse?Should
it be used as adjuvant therapy in HG-AIN, given the high
recurrence rate after treatment with surgery, topical, and
pharmacologic therapy [60–62]?

Prospects of Therapeutic Vaccines
Currently, the treatment recommendation for HPV-related
squamous cell carcinomaof the anus involves screening at-risk

Table 1. Clinical trials evaluating preventive role of HPV vaccine in HPV-related anal intraepithelial neoplasia and anal cancer

First author,
year Trial type Subjects, No. Population Primary endpoint Results Conclusion

Palefsky,
2011 [53]

Substudy of a
larger
double-blind
study

602 Men who
have sex
with men

Safety and efficacy of
qHPV vaccine

Reduced the risk of
persistent anal
infection by 59.4%
(intention-to treat)
and 94.9%
(preprotocol)
populations

Safe and reduced the
rates of AIN

Kreimer,
2011 [57]

Nested analysis
of a larger trial

4,210 Women Efficacy of HPV16 and
HPV18 vaccine against
anal infection

Full cohort had 62%
efficacy and 83.6%
efficacy in the
restricted cohort for
anal infections

Strong protection
against anal HPV
infection,particularly in
näıve women

Wilkin,
2010 [58]

Single-arm,open
label

112 Men
positive for
HIV infection

Safety and
immunogenic of qHPV
vaccine inmenpositive
for HIV infection

No grade 3 or greater
adverse events;
seroconversion
observed for all 4 types
(95%–100%)

Safe and highly
immunogenic in HIV1
men

Swedish,
2012 [59]

Nonconcurrent
cohort study

202 Men with
treated
HG-AIN

Effectiveness of qHPV
vaccine at preventing
recurrence of HG-AIN

Reduced the risk of
recurrent HG-AIN (HR,
0.50); reduced
recurrent HG-AIN in
patients with
oncogenic HPV

Significantly reduced
HG-AIN recurrence and
may be an effective
post-treatment
adjuvant therapy

Abbreviations: AIN, anal intraepithelial neoplasia; HG-AIN, high-grade anal neoplasia; HPV, human papillomavirus; qHPV, quadrivalent human
papillomavirus.
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patients and observing precancerous lesions with the in-
tention of early detection and eradication. Treatment options
include laser ablation, surgical resection, or chemoradiation
therapy. Successful eradicationhasbeendifficult andrecurrence
is high, particularly among patients seropositive forHIV [63, 64].
Current cancer treatment consensus is that a multimodality
treatment approach that combines immunotherapy with
radiation and chemotherapy is clearly needed to have the best
effect on tumor cell reduction and eradication [65].

While the full extent and potential of prophylactic vaccina-
tion isawork inprogress, there isa rapidlyevolving interest in the
prospectof therapeutic vaccinations.Theseare likely tobebased
on the platform of immunotherapy targeting E6 and E7
oncoproteins including T-helper 1 and CD81 T cells specific to
the virus [66]. The oncogenic pathophysiology of HPV-related
anal squamouscellcarcinomamakesthisapproachareasonable
one.Severalearly trialshaveshownimmensepromise,butthere
have been inconsistent clinical responses [67, 68] (Table 2).

In a nonrandomized, phase II, prime-boost vaccine trial
using heterologous HPV vaccines to determine their clinical
effectiveness in the management of noncervical anogenital
intraepithelial neoplasia (AGIN), Fiander et al. selected 29
womenwithbiopsy-provenAGIN3andvaccinated themwith3
doses of a recombinant fusion protein made up of HPV-16 E6/
E7/L2 (TA-CIN) followed by a dose of recombinant vaccinia
virus encoding HPV-16 and -18 E6/E7 (TA-HPV) [54]. Clinical
responses (defined as total disappearance of the lesion with
no evidence on histological examination of biopsy, or partial
disappearance if the lesion’s area was reduced by at least 50%)
were evaluated by pre- and postvaccination symptoms, photo-
graphs, andbiopsies. Fivewomen (17%) showedclinical response:

1completeand4partial responses,with15women(62%)showing
improvement in symptoms [54], with no benefits observed by
Baldwin et al. [69] when compared with unboosted strategies.

The novel therapeutic HPV-16 E6E7 ISCOMATRIX vaccine
for HPV-related AIN was evaluated for safety, tolerability, and
immunogenicity in MSM with HIV who had moderate im-
munosuppression and harbored high-risk HPV types, abnormal
analcytology,AIN1,orHG-AINbyAndersonetal. inarandomized,
multicenter, blinded, placebo-controlled, dose-escalating study
[70].They found the therapeutic vaccine to be safe and tolerable
with an ability to induce a strong and durable antibody response
andmoderate interferon-g levels.The studywas not designed to
evaluate clearance of infection or tomeasure changes in disease
severity, because no biopsies were taken. Hence, inferences
cannot be made on clinical response. Garcia-Hernandez et al.
conducted a phase II clinical trial using a vaccinia virus MVA E2
recombinant vaccine that showed successful regression of high-
grade cervical lesions in female patients [71]. Hopefully, further
studies can be done and replicated for AIN/HG-AIN.

Kenter et al., observed encouraging clinical responses
when they studied the immunogenicity and efficacy of the
synthetic long-peptide HPV vaccine against oncoproteins E6
and E7 in women with HPV-16-positive high-grade vulvar
intraepithelial neoplasia (a condition whose pathogenesis is
comparable toAIN) [72].This success is thedriving forcebehind
a future designated phase III trial for the vaccine, as well as a
combined phase I/II study designed to evaluate the safety and
efficacy of this vaccine in MSM who are positive for HIV and
have HPV-16 positive AIN /HG-AIN that has not responded to
previous treatment [72].

Table 2. Summary of clinical trials evaluating therapeutic use of HPV vaccine for HPV-related carcinoma

First author, year Trial type Subjects, No. Population
Primary
endpoint Results Conclusion

Baldwin, 2003 [69] Nonrandomized,
nonplacebo

12 Women
with high
grade VIN,
VAIN, or
AIN

Safety,
immunogenicity,
and efficacy of
TA-HPV

42% of patients showed at
least 50% size reduction;
83% showed improvement
with an average of 40% size
decrease

May have an
effectonHPV1
VIN and VAIN

Anderson,2009[70] Randomized,
placebo-controlled

35 Men
positive for
HIV
infection

Safety,
tolerability, and
immunogenicity
of HPV16 E6E7
vaccine

Vaccine was safe and
tolerable; 96% of recipients
had at least a fourfold
increase in HPV16
antibodies

Vaccine well
tolerated, with
a strong and
durable
antibody
response

Garcı́a-Hernández,
2006 [71]

Phase II
placebo-controlled

54 Women
with CIN
grade 3 or 2

Use of MVA E2
recombinant
vaccine virus to
treat high-grade
cervical lesions

All patients developed
cytotoxic response against
papillomavirus-transformed
cells; 55% of the treated
patients showed no lesion

Effective
immune
response and
regression of
high-grade
lesions

Kenter, 2009 [72] Phase II
placebo-controlled

19 Women
with
HPV-161
grade 3 VIN

Clinical
effectiveness of
prime-boostHPV
vaccine regimen

79% of the patients had
complete immuneresponse;
clinical responses in 17% of
women with 1 (3%)
complete response

No significant
advantage in
the
prime-boost
approach

Fiander, 2006 [54] Phase II
placebo-controlled

29 Women
with VIN
and VAIN
grade 3

Immunogenicity
and efficacy of a
synthetic HPV16
long-peptide
vaccine

79% clinical response, with
complete response in 47%at
12 months

Clinical
response can
be achieved by
vaccination

Abbreviations: AIN, anal intraepithelial neoplasia; CIN, cervical intraepithelial neoplasia; HPV, humanpapillomavirus; TA-HPV, recombinant vaccinia virus
encoding human papillomavirus 16 and 18 E6/E7; VAIN, vaginal intraepithelial neoplasia; VIN, vulvar intraepithelial neoplasia.
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DISCUSSION

Several encouraging conclusions and inferences can be made
from these studies. Persistent infection with HPV is known to
increase the chancesofdevelopingAIN/HG-AIN [32].TheqHPV is
effectiveinreducingpersistentanal infectionwithHPV-6, -11,-16,
or -18 [53], and this is supported by findings in the Costa Rica
vaccine trials, albeit with some limitations of the latter [57]. The
studybyPalefskyetal.alsoshowedthatthevaccinedecreasesthe
incidenceofAIN/HG-AIN inMSMwhoareeligible for thevaccine
[53], and this finding was instrumental in the ACIP recommen-
dation of the vaccine for this purpose [52]. With the increasing
rates of heterosexual anal intercourse [25–27] and increased risk
ofanalcancerwithreceptiveanal intercourse[28],thebenefitsof
the vaccine observed by Palefsky et al. in MSM [53] can be
extrapolated to heterosexuals if at-risk individuals are identified.

Individuals older than 26 yearsmay benefit from the qHPV
vaccine. The significant number of older participants who
were seronegative and anal-canal HPV-DNAnegative and yet
showed a high immunogenic response and safety profile in
the trial conducted by Wilkin et al. [58] supports this
contention. The trial by Swedish et al. [59], which enrolled
older HIV-negativeMSM, can also be cited in a call for further
studies to demonstrate benefits in older individuals.

There is a possible role of the qHPVas an adjuvant to improve
treatment outcomes for individuals with HG-AIN, as shown by
Swedishetal. inasmall studywithoff-labeluseof thevaccine [59].
Randomizedtrialsarerequiredtoconfirmthisandalsodetermine,
if possible, predictors for responders and nonresponders.

The unique opportunity provided by the presence of a
pathogen directly related to AIN/HG-AIN and HPV-related anal
squamous cell carcinoma is being exploited in several trials that
continue to show promise but inconsistent clinical results
[67,68].TheresultsobtainedbyBaldwinetal. [68]andsuccessfully
reproduced by Fiander et al. [54] using the recombinant fusion
protein of HPV-16 E6/E7/L2, as well as those reported for the
vaccinia virus MVA E2 vaccine by Garcia-Hernandez et al. [71]
shouldbeevaluatedonalargerscalebecausethiscanbeextended
toHPV-relatedAIN/analcancer.TheresultsofacombinedphaseI/
II study using the synthetic long-peptide HPV vaccine specifically
for AIN/HG-AIN will be of therapeutic interest [73].

CONCLUSION
The incidences of AIN and anal cancer are on the rise in theU.S.
andglobally [4,8,9,74].Althoughithasa femalepreponderance
[7], the incidence is rapidly increasing in men [4]. Compared
with the general population, the rate is disproportionately
higher in certain high-risk groups, namely, MSM [11, 12];
people seropositive for HIV, especially in the era of ART
[14–17]; women with cervical or vulvar cancer [18, 19]; and
people with chronic immunosuppressive states other than
HIV [20]. The perception that receptive anal intercourse is
limited to MSM is obsolete because data are emerging of
increasing heterosexual receptive anal intercourse globally
[25–28], and this is very significant from the public health
perspective.The association of HPV with 91% of cases of anal
cancer [3] provides an excellent opportunity for prevention
and treatment strategies.

The best approach for addressing the rising rate of anal
cancer [4, 8–10]will be the institutionofprimary and secondary

prevention strategies. Primary preventive strategies should
begin with improvement in the vaccination coverage rates,
which are, at best, average for the current targeted population
[75]. Currently, the ACIP and CDC recommend vaccination of
male and female young people between the ages of 9 and 26
years [52]. National statistics on U.S. vaccine rates among girls
aged 13–17 years in 2013 showeda rate ofonly 37.6% [75].The
rates amongU.S. boys in the same age group are even lower at
13.6% [76]. In comparison, other developed countries such as
Australia and the U.K. have much higher rates among girls.
Australia boasts a 73.1% rate among girls turning 15 [77],
whereas the U.K. has the highest rate among girls between the
ages of 12 and 13 receiving the bivalent vaccine: 86% [78].
Australia has adopted vaccine programs for boys and currently
hasa rateof60%inboysturning15[77].Currently,theU.K.does
not provide the vaccine to boys under the National Health
Service. In developing countries, programs are being created
to improve HPV vaccine uptake. Through low-cost vaccine
programs, countries in Sub-Saharan Africa have seen success
in providing coverage. For example, Rwanda was able to
achieve a 93% coverage rate among sixth-grade girls. South
Africa recently introduced a vaccination program in 2014,
and several other countries are conducting school-based
pilot programs [79]. In Latin America, Mexico introduced a
vaccination program in 2008 for girls aged 11–13 yearswith a
67% coverage rate in 2010 [80]. Brazil introduced a
vaccination program in 2014 for girls aged 9–13 years and
surpassed the target of 80% coverage [81].

In developing countries, programs are being created
to improve HPV vaccine uptake. Through low-cost
vaccine programs, countries in Sub-Saharan Africa
have seensuccess inproviding coverage. Forexample,
Rwanda was able to achieve a 93% coverage rate
amongsixth-gradegirls.SouthAfricarecently introduced
a vaccination program in 2014, and several other
countries are conducting school-based pilot programs.

Table 3. Summary of vaccination programs and uptake rates

in select countries

Country
Vaccine
offered

School-based
program

Female
vaccine-uptake
ratesa, %

U.S. Both
licensedb

State specificc 37.6

Australia Quadrivalent Yes 73.1

U.K. Quadrivalent Yes 86

Rwanda Quadrivalent Yes 93

Brazil Quadrivalent Yes 80

Mexico Quadrivalent Yes 90
aUptake rate demographics: U.S., girls aged 13–17 years; Australia, girls
turning 15 years old; U.K., girls aged 12–13 years (data from bivalent
rates); Rwanda, sixth-grade girls; Brazil, girls aged 9–13 years; Mexico,
girls aged 11–13 years.
bBivalent HPV vaccine (Cervarix; GlaxoSmithKline Biologicals, Rixensart,
Belgium, https://www.gsksource.com) and quadrivalent vaccine Gardasil
(Merck and Co., Kenilworth, NJ, http://www.merck.com) are licensed.
cCurrently only three states have implemented HPV vaccine programs.
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Thesuccess rates in thesecountriesarefromimplementation
of school-based programs and national health coverage of the
vaccine (Table 3). Currently, in the U.S., many states have school
vaccinationrequirementsforhepatitisBvirusandvaricella,which
have translated to high uptake rates [76]. However, only three
states have implemented HPV vaccination requirements, which
may be due to the political social controversy surrounding the
HPV vaccine [76].

Education of policy makers, health care professionals, and
targeted populations should be pursued diligently to improve
vaccinationcoverage in theU.S.Researchshouldbeconducted
to evaluate the benefits of vaccination for older individuals,
especially if they are identified as being at risk.The value of the
vaccine in decreasing persistent anal HPV infection [53] should
be evaluated further.

Secondary preventive strategies should be aimed at
screening and treating individuals for AIN/HG-AIN. This calls
for standardized screening recommendation for high-risk
groups, taking into consideration changing sexual practices
and other risk factors. To do this, the question of which

determinant predicts AIN/ HG-AIN progression to anal cancer
and whether HG-AIN treatment reduces the incidence of anal
cancer should be answered through focused studies of
biomarkers and inclinical trials [82].The search fora therapeutic
HPV vaccine is underway and improvements in our knowledge
of viral tumorigenesis and immunology will hasten discovery.
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