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ARTICULO DE REVISION
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Abstract

Objective. To review evidence on the efficacy of HPV
vaccines in the prevention of non-cancer lesions (anogenital
warts [AGW], recurrent laryngeal papillomatosis and oral
papillomatosis). Materials and methods. We conducted
a systematic review of randomized trials. We performed
random effect models and effects were reported as relative
risks (RR) and their confidence intervals (95%Cl) following
both intention to treat (ITT) and per protocol (PP) analyses.
Results. We included six studies (n=27 078). One study was
rated as high risk of bias. One study could not be included in
the meta-analysis because it provided combined results.We
found that quadrivalent vaccine reduced the risk of AGW by
62% (RR:0.38,95%Cl:0.32-0.45,12:0%) in the ITT analysis and
by 95% (RR:0.05,95%Cl:0.01-0.25,12:66%) in the PP analysis.
Subgroup analyses of studies in women or with low-risk of
bias provided similar results. Conclusion. HPV quadrivalent
vaccine is efficacious in preventing AGW in men and women.

Keywords: Papillomavirus vaccines; Condyloma acuminata;
papillomatosis; meta-analysis
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Resumen

Objetivo. Revisar la evidencia sobre la eficacia de las va-
cunas contra el virus del papiloma humano en la prevencion
de lesiones no oncoldgicas (verrugas anogenitales [VAG],
papilomatosis recurrente respiratoria y papilomatosis oral).
Material y métodos. Realizamos una revision sistema-
tica de ensayos clinicos aleatorizados. Empleamos modelos
de efectos aleatorios, calculando riesgos relativos (RR) y
sus intervalos de confianza al 95% (IC95%), utilizando el
andlisis por intencion a tratar (ITT) y por protocolo (PP).
Resultados. Seleccionamos seis estudios (n=27 078). Un
estudio tuvo alto riesgo de sesgo y otro no fue incluido en el
metanalisis. La vacuna cuadrivalente reduce el riesgo deVAG
en 62% (RR:0,38;1C95%:0,32-0,45;12:0%) en el analisis ITT y
en 95% (RR:0,05;1C95%:0,01-0,25; 12:66%) en el anlisis PP.
Los analisis de subgrupos (mujeres y estudios con bajo riesgo
de sesgo) proporcionaron resultados similares. Conclusion.
La vacuna cuadrivalente es eficaz en la prevencion de VAG
en hombres y mujeres.

Palabras clave: vacunas contra apillomavirus; condiloma acu-
minado; papilomatosis; metanalisis
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uman papillomavirus (HPV) represents one of

the most frequent sexually transmitted infections.
There are more than 150 HPV genotypes, which have
been grouped according to their oncogenic capacity into
high risk and low risk subtypes.!

Anogenital and respiratory papillomatosis are
clinical manifestations of HPV infection caused by low
oncogenic risk genotypes. Anogenital warts (AGW) are
not only a problem associated with physical discomfort
and pain but also with emotional stress,? whose effects
may become greater than the physical discomfort.?
These effects include impairments in their sex life, a fear
of developing cancer, and worsening of their emotional
relationship with their partner.* Thus, the quality of life
of those infected with HPV papillomatosis is greatly af-
fected. Furthermore, from the public health standpoint,
the estimated cost of treatment of new or recurrent cases
of AGW in the United Kingdom is 22.4 million sterling
pounds per year.®

High incidence of AGW has been reported, ranging
from 58 to 319 cases per 100 000 persons/ year; with most
cases occurring among young women (below 25 years).*®
These rates may be underestimated because many pa-
tients do not seek medical care and go undiagnosed. Re-
current respiratory papillomatosis is less frequent, with
an incidence of 0.35-0.38 per 100 000 persons/ years.®

There are several interventions for the prevention
of HPV infection, though none is totally effective. The
use of barrier methods, such as condoms, does not
eliminate the possibility of HPV infection as there can
be injuries in the unprotected epithelium during sex.
Vaccination against HPV could be a useful strategy in
the prevention of non-oncological diseases.”'* It has
been proposed that HPV vaccination could reduce
cases of recurrent respiratory papillomatosis, both by
decreasing maternal infection during pregnancy and
by the passage of vaccine-induced HPV antibodies from
the vaccinated mother to the fetus,’> nevertheless this is
still controversial due to lack of evidence.

At the moment of the systematic search there were
two vaccines available for HPV: a bivalent vaccine
which protects against HPV 16 and 18, and a quadri-
valent vaccine further including genotypes 6 and 11.
Currently there is a nonavalente vaccine, which also
protects against HPV 31/33/45/52/58.101617 The HPV
vaccine has been proven safe'®? and is recommended
by the US Center for Disease Control and Prevention
(CDC), World Health Organization (WHO) and Global
Alliance for Vaccines and Immunization (GAVI) among
others, for both oncological and non-oncological lesions
prevention.?® HPV vaccine has been integrated into
national immunization programs of various countries
for the prevention of cervical disease.?*?
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Our aim was to summarize the available evidence
on the efficacy of HPV vaccines in preventing non-
oncological lesions: AGW, recurrent laryngeal papil-
lomatosis and oral papillomatosis.

Materials and methods

We carried out a systematic review of randomized
clinical trials (RCTs) following a protocol available upon
request to the authors. We followed Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
(PRISMA) recommendations for the preparation of
this report.?

Systematic search

We conducted a systematic search in seven online data-
bases, without language restrictions: Medline (PubMed),
Embase, Cochrane Library, Scopus, LILACS, SGELO and
Web of Knowledge, from its inception until August 2013.
We also reviewed abstracts presented at conferences
from 2007 to August 2013 (American Society of Clinical
Oncology [ASCO], European Society of Medical On-
cology [ESMO], Infectious Disease Society of America
[IDSA], European Society of Clinical Microbiology and
Infectious Diseases [ESCMID]) and records of RCTs from
the National Institutes of Health (www.clinicaltrials.
gov) and Europe (www.clinicaltrialsregister.eu). We
finally reviewed the list of references of selected studies
to include others which may have been missed in our
initial search. We ran the search strategy again in July
2015 and did not found any new articles that met the
inclusion criteria.

We developed three search strategies, one for each
outcome (oral and respiratory papillomatosis, and AGW),
which included both descriptors (MeSH) and free terms,
related to HPV vaccination (human papillomavirus vac-
cine, bivalent human papillomavirus vaccine, quadriva-
lent papillomavirus vaccine) and outcome (condyloma,
AGW, laryngeal papillomatosis, recurrent respiratory
papillomatosis, and oral papillomatosis). We included
only RCT studies. The search strategies for each database
are available in Dataverse (https:/ /dataverse harvard.
edu/dataset.xhtml?persistentld=d0i:10.7910/ DVN//
HCMDY], MD5: 6£c48d4df57678d60bd{71{8{598a739).7
Summaries of conferences and references of selected
articles were reviewed manually to find abstracts that
met the selection criteria.

Selection of studies

We included RCTs which assessed the efficacy of HPV
vaccines in preventing non-cancerous lesions. Among
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the components of the research question (population,
intervention, control, outcome)?® we considered both
male and female participants. Age or other demographic
characteristic were not considered as limits. The inter-
vention arm consisted of HPV vaccine (bivalent or quad-
rivalent) at any dose and schedule, whereas comparison
group consisted was placebo or another vaccine. We
also considered three possible outcomes: AGW, recur-
rent laryngeal papillomatosis and oral papillomatosis.
In vitro studies, animal models and therapeutic studies
were excluded.

We combined all three search results through the
software EndNote basic (Thomson Reuters [Scientific]
Inc., New York, NY, USA) eliminating repeated publica-
tions. After reading titles and abstracts, two authors inde-
pendently selected articles that met the inclusion criteria.
Cases of disagreement were resolved by consensus, and
if necessary with the help of a third author. The same
authors independently selected studies to be included
in the quality assessment, after reading full text. Again,
cases of discrepancies were resolved by consensus, and
if necessary with the help of a third author.

Risk of bias assessment

We carried out a risk of bias assessment using tools
proposed by Cochrane for RCTs.*® This tool assesses
the risk of bias for each study based on seven domains:
generation of the randomization sequence, allocation
concealment, blinding of participants and study per-
sonnel, blinding of persons responsible for measuring
outcomes, incomplete information on outcomes, selec-
tive reporting and other potential biases. Two authors
independently assessed the risk of bias; discrepancies
were resolved with the help of a third author when
consensus could not be achieved.

Data extraction

Two authors independently performed data extraction.
We included information on RCTs phase, number of
centers, and number of countries included. Period of en-
rollment, follow-up time, percentage loss per group and
source of funding were also collected. Among the criteria
for selection of participants, we collected information on
gender, age, number of sexual partners, and exclusion
criteria. Regarding the intervention and comparison, we
collected information on its components, adjuvants, and
the administration schedule. Finally, information on the
primary and secondary outcomes of each study and the
populations for efficacy analysis were collected both for
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intention to treat (ITT) and per protocol (PP) analyses.
Cases of disagreement were resolved by consensus and
with the help of a third author when necessary.

Data analysis

Where studies were sufficiently similar in relation to the
population and the intervention as well as follow-up
times, the management of the participants and the mea-
surement of outcomes, we carried out a meta-analysis
to assess the clinical efficacy of HPV vaccines in the
prevention of non-oncological lesions. Outcomes were
measured dichotomously (presence or absence of non-
oncological lesions) in each group. We used random
effects model, with inverse variance method. We calcu-
lated the relative risk (RR) and their respective intervals
95% confidence, both for ITT and PP analyses. We also
carried out subgroup analysis according to gender, and
risk of bias assessment.

Sources of heterogeneity were considered and de-
scribed in this review. We calculated the Cochrane Q test
and Higgins I? statistic with a 95% confidence interval
for assessment of the degree of heterogeneity between
studies.?® We used STATA version 12.0 (StataCorp LP,
College Station, Texas, USA) for analysis.

Assessment of publication bias

We evaluated the presence of publication bias using the
funnel plot graph and Egger’s test.”?

Results

We identified 1599 references, of which 448 were re-
peated. After reading titles and abstracts we excluded
1131 articles, mostly because they were not related to
HPV vaccines, were not RCTs or did not study the out-
comes of interest. We excluded 14 studies after reading
full text reports because they were pooled analyses of
RCTs, interim analyses, did not evaluated the outcome
of interest, did not have results, were narrative reviews
or comments on RCTs (figure 1). Finally, we included
the remaining six studies that evaluated the efficacy of
HPV vaccine and our outcomes of interest.!%%34 In the
case of Females United to Unilaterally Reduce Endo/
Ectocervical Disease (FUTURE II) study we included
two reports of pooled analysis (with FUTURE I study)
as data was not provided individually for AGW."% All
selected studies corresponded only to the quadrivalent
vaccine. No studies reported on the efficacy of HPV vac-
cines on respiratory or oral papillomatosis.
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(n=5)

Included for quantitative synthesis

Records identified by database Additional records identified
.S searching (n=1 581) through other sources (n=18)
=]
<
o
2 . .
§ Records after duplicates removed
(n=1 151)
. .
= Included for title and abstract Excluded
g review (n=1 151) (n=1131)
4
Excluded
(n=14)

o v Reasons:
R . .
= Included for full text review * Combination of RCTs (n=4)
5o (n=20) * Interin analysis (n=3)
(I » Comments of RCTs (n=1)

* No outcome of interest (n=3)

* RCT without results (n=2)

* Narrative review (n=1)

Excluded
v =

. (n=1)
-“g’ Included for qualitative synthesis Reason:
g (n=6) * Did not provide separate
— results for non-oncological

lesions

FiGURE |. FLOWCHART OF SELECTED STUDIES. LiMA, PErU, 2014

Characteristics of included studies

A total of 27 079 participants were enrolled. All stud-
ies were double-blind, phase II or III, multicenter and
conducted in adults (table I). Five studies included
women!?3031334 and one study included men.* Par-
ticipants had no current or prior history of anogenital
lesions, and in the case of women, they had no current
or previous history of cervical lesions, were not pregnant
and should use birth control methods during the study.
Follow-up times varied between 26 and 60 months.
All studies used a quadrivalent vaccine composition
of 20/40/40/20ug + 225mg of amorphous aluminum
hydroxyphosphate sulfate (AAHS) in the intervention
group and 225mg AAHS in the placebo group. Villa and

salud piiblica de méxico [ vol. 59, no. 1, enero-febrero de 2017

colleagues also considered two different compositions
of the vaccine (40/40/40/40 and 80/80/40/80mg) and
a different doses of placebo (450mg AAHS) in the first
stage of the study.

Most studies had follow-up periods between 26 and
36 months, except for one study that had a follow-up
period of 60 months. However, only 56.3% of women
were enrolled in the extended follow-up phase (37-60
months), and groups were not comparable in percent-
age and reasons of loss of follow-up during this second
phase of the study.®

Per-protocol analysis included population who
were seronegative and had negative results in HPV-
DNA test for the genotypes included in the vaccine at
enrollment, received three doses of either vaccine or
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placebo, and had no protocol violations. In this analysis,
case count began a month after receiving the last dose
(7" month). On the other hand, ITT analysis included
participants who received at least one dose of either
vaccine or placebo, regardless of their infection status at
enrollment, case counting began after day one. Villa and
colleagues conducted a modified ITT (MITT) analysis
in women not infected by HPV strains included in the
vaccine on enrollment and who received at least one
dose of vaccine or placebo.®

Most studies reported outcomes separately us-
ing both ITT and PP analysis, except for the study by
Yoshikawa and colleagues where the authors reported
a combined outcome for persistent infection or disease
caused by HPV, and only for a PP analysis.** We were
unable to reach the authors for the separate data and
therefore, this study could not be included in the meta-
analysis.

HPYV vaccines efficacy in AGW
Intention to treat analysis

We found some sources of heterogeneity between stud-
ies due to population characteristics, for example age
at enrollment, genre, and number of previous sexual
partners, as well as sample sizes which varied from 552
to 12 167. Other sources of heterogeneity were percent-
age of loss to follow-up, which was high and different
between groups in a study, and time between visits
which varied between 6 and 12 months. All studies had
similar protocols in the composition and administration
of the vaccine, as well as in assessing outcomes; thus,
we consider that differences in subject’s characteristics
were a probable cause of heterogeneity. Consequently,
we used a random effects model and carried-out sub-
analysis in studies that only included women. Incidence
of AGW in the intervention group was lower compared
with the placebo group (1.28 vs 3.40%). Quadrivalent
vaccine reduced the risk of AGW associated to HPV
6/11/16/18 by 62% (RR: 0.38, 95%CI: 0.32-0.45, I*: 0%)
as shownin figure 2. No differences were observed when
we included only studies conducted in women (RR 0.39,
95%CI: 0.32 t0 0.47, 1> = 0%) or low risk of bias (RR: 0.38,
95%CI 0.32 -0.45, I = 0%).

Per protocol analysis

Quadrivalent HPV vaccine reduced the relative risk of
AGW associated to HPV 6/11/16/18 in 95% (RR: 0.05,
95%ClI: 0.01-0.25, I*: 66%) as shown in figure 3. No dif-
ferences were observed when we only included studies
conducted in women (RR: 0.03; 95%CI: 0.01-0.18; I? =

salud piiblica de méxico [ vol. 59, no. 1, enero-febrero de 2017

43%) or with low risk of bias (RR: 0.04; 95%CI: 0.01-
0.27; 12 =75%)

Publication bias

No publication bias was observed in the analysis, with
an Egger coefficient of 0.082 (95%CI: -1.348 to 1.185;
p=0.808).

Assessment of risk of bias

Only one study® was rated as high risk of bias (table II).
Randomization of patients and appropriate concealment
of randomization were carried out in all studies as well
as blinding of both participants and staff conducting
evaluations. Villa and colleagues had unequal losses
among research groups during their follow-up (3.5% in
the vaccine group and 9.5% in the placebo group), which
was considered as high risk of bias. In the domain of se-
lective reporting, Yoshikawa and colleagues received an
undetermined risk qualification because, although the
analysis was performed as specified in the methods sec-
tion, it was incomplete, presenting only the PP analysis,
and as a compound result.*® Finally, five studies were
funded by Merck or the National Institutes of Health,
and in one study funding source was not mentioned. In
all studies the authors reported receiving funding from
a pharmaceutical company.

Discussion

In this systematic review we found that the quadrivalent
HPV vaccine is effective in preventing AGW, both in
healthy men and women, between ages 15 to 45, with
no history of anogenital lesions and no more than five
sexual partners. This result was expected as adequate
immunogenicity of the quadrivalent vaccine against
virus strains 6 and 11 has been previously reported;*-%
this strains are responsible for 90% of AGW.%8

Our findings are consistent with those reported
previously in two systematic reviews and an observa-
tional study.!**#° Rambout and colleagues found a risk
reduction of external genital lesions by 70% in the MITT
analysis and by 87% in the PP analysis. However, the
authors defined external genital lesions as AGW, vulvar
intraepithelial neoplasia, and vaginal intraepithelial
neoplasia while we performed an individual analysis
for AGW. Also, this review only included two studies
while we considered five studies in the meta-analysis."
Schiller and colleagues did not carry out a meta-analysis
and only reported a pooled analysis from the FUTURE
I and II studies, with a risk reduction of 79.5% in the
ITT analysis.* A systematic review of vaccine impact
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A
Study Events, Events, %
ID RR (95% Cl) Treatment Control Weight
i
Villa 2006 n 0.11(0.01,2.02) 0/265 41261 037
'
Muiioz 2010 == 0.38 (0.31,0.47) 134/8689 351/8702 81.03
Giulano 2011 —*i— 0.33(0.21,0.53) 242032 7212033 1497
'
Castellsagué 201 | 1 0.58 (0.23, 1.48) 7911 12/1908 3.63
Overall (|-squared= 0.0%, p= 0.609) <> 0.38 (0.32,0.45) 165/12897 439/12904 100.00
i
NOTE: Weights are from random effects analysis H
T T
100592 | 169
B
Study Events, Events, %
ID RR (95% Cl) Treatment Control Weight
B
Villa 2006 - 0.11(0.01,2.02) 0/265 41261 043
i
Muiioz 2010 = 0.38 (0.31,0.47) 134/8689 351/8702 95.30
'
Castellsagué 201 | —:—0—— 0.58 (0.23, 1.48) 7911 12/1908 427
'
Overall (I-squared= 0.0%, p= 0.477) @ 0.39 (0.32,0.47) 141/10865 367/10871 100.00
'
NOTE: Weights are from random effects analysis ,
T T
.00592 169
C
Study Events, Events, %
ID RR (95% Cl) Treatment  Control Weight
i
Murioz 2010 —_—— 0.38(0.31,0.47)  134/8689 351/8702 8133
i
Giulano 2011 H— 0.33(0.21,053)  24/2032 72/2033 15.03
i
Castellsagué 201 | : 0.58(0.23,1.48)  7/1911 12/1908 3.64
Overall (I-squared= 0.0%, p= 0.569) @ 0.38(0.32,045)  165/12632  435/12643  100.00
NOTE: Weights are from random effects analysis
T T
211 | 4.74

FIGURE 2. FOREST PLOT OF THE EFFICACY OF HPV QUADRIVALENT VACCINE IN THE PREVENTION OF ANOGENITAL
WARTS IN THE INTENTION TO TREAT ANALYSIS IN (A) ALL sTUDIES, (B) sTuDIES IN WOMEN, AND (C) sTUDIES
WITH LOW RISK OF BIAS. LiMA, Peru, 2014
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A
Study Events, Events, %
ID RR (95% Cl) Treatment Control Weight
i
Villa 2006 . 0.14(0.01,2.73)  0/235 3233 17.18
'
Dillner 2010 %.— ! 0.01 (0.00,0.04)  2/7665 190/7669 3141
Giulano 2011 —_—_— 0.11(0.03,0.35)  3/1397 28/1408 3357
Castellsagué 201 | . 0.07 (0.00, 1.16)  0/1615 71607 17.84
Overall (I-squared= 65.7%, p= 0.033) Q 0.05(0.01,0.25)  5/10912  228/10917  100.00
i
NOTE: Weights are from random effects analysis |
T T
.00262 262
B
Study Events, Events, %
ID RR (95% Cl) Treatment Control Weight
i
'
Villa 2006 L 0.14(0.01,2.73)  0/235 3/233 24.05
'
Dillner 2010 %._E_ 0.01 (0.00,0.04)  2/7665  190/7669  50.81
'
'
Castellsagué 201 | : 0.07 (0.00,1.16) ~ 0/1615  7/1607 25.14
'
Overall (I-squared= 43.0%, p= 0.173) <> 0.03 (0.01,0.18) ~ 2/9515  200/9509  100.00
'
i
NOTE: Weights are from random effects analysis '
'
T T
.00262 262
C
Study Events,  Events, %
ID RR (95% Cl) Treatment Control Weight
Dillner 2010 0.01(0.00,0.04)  2/7665  190/7669  37.53
Giulano 2011 0.11(0.03,0.35)  3/1397  28/1408 39.71

’T

Castellsagué 201 | 007 (0.00,1.16)  0/l615  7/1607 2275

Overall (I-squared= 74.6%, p= 0.020) <> 004 (001,027)  5/10677 225/10684 100.00

|
'
NOTE: Weights are from random effects analysis |
'

T T
.00262 | 282

FIGURE 3. FOREST PLOT OF THE EFFICACY OF HPV QUADRIVALENT VACCINE IN THE PREVENTION OF ANOGENITAL
WARTS IN THE PER PROTOCOL ANALYSIS IN (A) ALL STUDIES, (B) STUDIES IN WOMEN, AND (C) STUDIES WITH
LOW RIsK OF BIAs. LiMA, Peru, 2014
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Table Il
QUALITY ASSESSMENT OF INCLUDED STUDIES

Sequence generation
Allocation concealment
Blinding of participants and
personnel
Incomplete outcome data
Other sources of bias

Villa et al (2007)

Garland et al (2007)

Future 1l (2007)

Giuliano et al (2011)

. . . ‘ . Selective outcome reporting

Castellsague et al (2011)

. . . . . . Blinding of outcome assessors

Yoshikawa et al (2013)

in general populations showed a reduction on the inci-
dence of AGW after vaccination.®’ Also, an observational
study after the introduction of the HPV vaccine in the
Australian national immunization program also showed
a decrease in unvaccinated heterosexual males due to
herd immunity.4!

We acknowledge some limitations in this systematic
review. We were unable to evaluate the efficacy of HPV
vaccines in respiratory and oral papillomatosis as there
were no available data. Although one study was rated as
high risk of bias, the results were not affected when only
studies with low risk of bias were included. Because of
the possibility of publication bias in systematic reviews,
we also included online records of RCTs, collections of
abstracts presented at oncology and infectious diseases
scientific conferences and references of selected articles,
without language restrictions. Moreover, the Egger test
for publication bias was not significant. Therefore we
consider that publication bias did not markedly affect
our study. However, we should keep in mind that only
four articles were included in the meta-analysis and that
the Egger test power is low to detect publication bias in
this situation. Finally, since the inclusion of HPV vaccine
on national immunizations programs, there are many
observational studies on its effectiveness in preventing
HPV associated diseases that could increase knowledge
about its application in populations different from those
included in RCTs such as adolescents. Unlike cervical
cancer, AGW occurs earlier during HPV infection and
can be assessed directly, which makes it an important
endpoint for the evaluation of HPV vaccines efficacy.
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To the best of our knowledge, no previous meta-
analysis has assessed the efficacy of HPV vaccines in
AGW. We also believe that we are the first study to
carried-out a combined analysis in men and women
and not only women, as well to carried-out an analysis
taking into consideration the risk of bias. Therefore,
we believe our results could be of great utility to help
decision makers on the inclusion of HPV vaccines to
national immunizations programs. Our results could
also be used as efficacy parameters in health economic
studies instead of the data from a single clinical trial.

At the time we designed the present review, the
Peruvian national immunization scheme included
HPV vaccine for 10 years old girls.** However, it did
not specify which of the two currently available vac-
cines should be employed. This review was part of
a series of studies, including cost-effectiveness and
budget impact studies, to help decision makers design
and implement a national HPV vaccination program
as well as to choose which vaccine to include. After
consideration of available evidence, the Ministry of
Health decided to include the quadrivalent vaccine
on national immunization program.

Based on our review of the literature, we conclude
that quadrivalent vaccine is efficacious in preventing
AGW. Despite great breakthroughs on HPV vaccines,
there is still much to investigate. We lack information
on long term vaccine efficacy, as we only have data up
to eight years.” Finally, HPV vaccine efficacy on recur-
rent laryngeal papillomatosis and oral papillomatosis
associated with HPV have not been evaluated despite
their important burden disease.*
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