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Abstract

Infection with human papillomavirus (HPV) is the
major cause of pre-invasive and invasive lesions of the
urogenital tract, resulting in morbidity and mortality
worldwide. HPV-related infection is responsible for
most cases of cervical cancer, a leading cause of cancer
death in women worldwide. Developed countries have
screening programs in place to detect precancerous
lesions at early stages; in resource-limited settings
however, HPV related diseases are often identified in
advanced stages. This is due to limitations in the avai-
lability and roll out of effective screening programs.
The relatively recent availability of the HPV vaccine has
provided a new public health opportunity to decrease
the incidence of HPV-related disease. The high mortality
rates seen in developing countries could be reduced
through effective implementation of HPV vaccination
programs. Large trials have proven the efficacy of
bivalent, quadrivalent vaccine and most recently 9-valent
vaccine. Uptake in vaccination remains low due to
multiple barriers including lack of education, lack of
access, and costs. New strategies are being assessed
to increase access, increase knowledge and reduce
costs that may result in feasible vaccination programs
worldwide. The goal of this article is to review the
effectiveness and safety of the current HPV vaccines
available, vaccine delivery strategies, cost effectiveness,
and efforts to improve the acceptability. A literature
search was conducted through PubMed using the
terms “HPV vaccination, and safety, and males, and
acceptability and strategies, and cost effectiveness,”
focusing on articles published between 2006 and 2015.
The most relevant and larger scale trials were evaluated
for discussion.
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cancer; Cancer prevention; Public health
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Core tip: Human papilloma virus (HPV) represents the
major cause of pre-invasive and invasive lesions of the
urogenital tract. This article will review the efficacy,
safety and approval of the currently available vaccines
against HPV including the bivalent, quadrivalent and
nine-valent vaccines. Indications for use in men, immu-
nocompromised individuals and older cohorts will also
be discussed. Additionally a summary of worldwide
vaccination practices, cost effectiveness, vaccination and
methods to improve vaccination uptake and acceptance
will be reviewed.
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INTRODUCTION

Worldwide, cervical cancer is the fourth most frequent
cancer in women affecting almost 500000 women each
year and is the most common cause of cancer death
among women in developing countries'!. About 70%
of the global burden falls in areas with low resources
including sub-Saharan African countries'. Infection by
certain types of human papillomavirus (HPV) is required
for almost all cases of cervical cancer. HPV is the most
commonly sexually transmitted infection not only in the
United States but worldwide™?,

In the United States, 79 million people are currently
infected with HPV and 14 million people are newly
infected each year. Additionally, 26000 of all new oral
and urogenital related cancers are attributed to HPV
annually, of which approximately 17000 are in women
and approximately 9000 are in men™. More than 4000
women die of cervical cancer each year in the United
States, and as many as 93% of these cancers could be
prevented by screening and HPV vaccination™,

Infection with HPV is implicated in the development
of not only cervical cancer, but also many other cancers
including anal, vaginal, vulvar, penile, oropharyngeal
carcinomas and oral cancers. HPVs are a family of
deoxyribonucleic acid (DNA) viruses that infect skin or
mucosal cells. There are over 100 types of HPV and >
40 types infect the anogenital tract. At least 13 types
are considered oncogenic (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 68)™,

Universal access to HPV vaccination, screening and
treatment services are crucial in reducing the overall
burden of HPV related diseases. The incidence and
mortality from cervical cancer has not decreased as
significantly in developing countries as it has in the
United States following the introduction of the Papani-
colaou smear'”. There are many obstacles to screening,
generally attributed to a lack of infrastructure and
resources, as a result of technical, medical and financial

Raishidenge ~ WJOG | www.wjgnet.com

constraints'”. Lack of awareness and education among

women and health care providers have also been
reported to play a role™. Therefore a critical public health
need is being addressed with the introduction of HPV
vaccines as a major strategy for the prevention of not
only cervical cancer but all HPV-related diseases.

The objective of this article is to review updated
information regarding HPV vaccine approval, availability
and safety, review the major trials of bivalent, quadri-
valent and 9-valent vaccines, discuss implementation
concerns including vaccine delivery strategies, cost-
effectiveness of HPV vaccination and efforts to improve
vaccine acceptability worldwide.

DISCUSSION

Vaccine development and rationale
Given the endemic nature of HPV infection, attempts
have been made at the prevention of HPV-related
sequelae such as high-grade cervical lesions and
deaths due to cervical cancer with the introduction of
HPV vaccines. The lifetime risk of genital infection with
an oncogenic strain of HPV is thought to be greater
than 80%, however in immunocompetent individuals
90% of infections become undetectable without
intervention™. The risk of developing squamous cell
carcinoma of the cervix is approximately 400 times
higher following infection with HPV-16 and 250 times
higher following infection with HPV-18 as compared
to those not infected. HPV types 16, 18, 31, 33, 45,
52, and 58 account for approximately 90% of all HPV
positive squamous cell carcinomas™. Wagner et a/®!
reviewed publications investigating the genotype-
specific prevalence of HPV-related cervical, vulvar and
vaginal disease in women worldwide. Based on the
results of these studies, HPV genotypes 16, 18, 31,
33, 45, 52, 58 are responsible for 90% of all cervical
cancers providing rationale for the utilization of the
9-valent L1 VLP vaccine (9vHPV) vaccine. However, a
lack of data regarding genotype-specific prevalence
exists in several regions of the world with the highest
age-standardized incidences rates of cervical cancer®. A
study by Clifford et al”’ examined the global prevalence
of HPV types in cytologically nhormal women. Their
findings demonstrate heterogeneity in the distribution
of HPV types globally. Although HPV 16 prevalence is
higher in sub-Saharan Africa than Europe, these women
are less likely to be infected with HPV 16 than European
women™, Additionally, HPV 35, 45, 52, 56, and 58
(other high-risk types) and low-risk types were more
prevalent in women with HPV infection in sub-Saharan
Africal”’. While this study is limited in representation of
sub-Saharan countries (n = 1), it addresses the need
for prevalence-specific screening and vaccination with
vaccine choice (quadrivalent, bivalent, or 9-valent)
tailored to regional HPV prevalence.

Much like vaccination for other communicable
diseases, administration of HPV vaccines in HPV-naive
individuals attempts to provide herd-immunity for
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Table 1 Phase III efficacy in women

Future I Future II Patricia CVvVT Broad spectrum HPV
vaccine study

Vaccine Gardasil® Gardasil® Cervarix® Cervarix® Gardasil9®
Funding Merck and Co., Inc. Merck and Co., Inc. GlaxoSmithKline National Cancer Inst. Merck and Co., Inc.
Number enrolled 6463 12167 18729 7466 14215
Number of countries 16 13 14 1 14
Duration of trial 4yr 4yr 4yr 4yr 4yr
Age (yr) 16-24 15-26 15-25 18-25
Lifetime sexual partners <4 <4 <6 No restriction <4

Exclusions Pregnancy, history of ~ Pregnancy, history

abnormal Pap smear or  of abnormal Pap

genital warts smear

HPV 16 or 18
associated CIN2/3

Incidence of vaccine-
type HPV associated
CIN1-3, AIS or cancer,
combined incidence
of vaccine-type HPV
associated anogenital
warts, VIN/VaIN1-3 or
cancer

Primary endpoint

Mean follow-up time 3yr

99.5% seroconversion

3yr
Immunogenicity 99% seroconversion
to vaccine-associated

HPV types

after 3 doses

Pregnancy, breastfeeding, Pregnancy, Prior abnormal Pap

history of colposcopy, smear, > 4 lifetime

autoimmune disease/

breastfeeding, history
of immunosuppression, sexual partners, no prior
immunodeficiency, HPV  hysterectomy, hepatitis

16/18-associated CIN2+ at

abnormal finding on

A vaccination cervical biopsy

enrollment
Incidence of HPV 16 or 18 HPV 16 or 18 persistent ~ High-grade cervical,
CIN2 or greater infection (12 mos.) or vulvar, and vaginal
HPV 16 or 18 associated disease
CIN2+
14.8 mo

99.5% seroconversion rates Non-inferior to

in women aged 15-25 yr quadrivalent vaccine

CVT: Costa Rica HPV Vaccine Trials; HPV: Human papillomavirus; VIN/VaIN: Vulvar/vaginal intraepithelial neoplasia.

future generations and thus lower the burden of HPV-
related disease. The median time from HPV infection
to seroconversion is approximately 8-12 mo, however
because HPV infection is restricted to the intraepithelial
layer of the mucosa it does not induce a strong immune
response!’., Failure to develop a sufficient cell-mediated
immune response leads to persistent infection and
increased risk of progression to CIN 2 to 3™. The most
type-specific HPV antibodies are directed against the
L1 HPV viral protein providing a target for vaccine
development.

Vaccine efficacy and safety
To date, two vaccines (bivalent and quadrivalent)
against HPV have been approved for use in over 100
countries for the prevention of HPV-related disease.
Both vaccines are composed of non-infectious virus-
like particles (VLPs) The quadrivalent vaccine (Gar-
dasil®) targets HPV 6, 11, 16, 18, aimed at prevention
of the two most oncogenic HPV types (types 16 and
18) which cause > 70% of cervical cancer worldwide,
and types 6 and 11 which are responsible for appro-
ximately 90% of genital warts™. The bivalent vaccine
(Cervarix®) contains purified viral proteins of HPV types
16 and 18, targeting only the oncogenic subtypes!'..
In the United States, the quadrivalent vaccine is
administered on a 3-dose schedule (0, 2, and 6 mo),
however in other countries, it is approved for a 2-dose
schedule for girls and boys aged 9-13 years. The
bivalent vaccine is given on a 2-dose schedule for boys
and girls aged 9-14 years. Those > 15 years should

Raishidenge ~ WJOG | www.wjgnet.com

receive a 3-dose schedule™.

Efficacy: Four Phase III efficacy trials were performed
for the quadrivalent and bivalent HPV vaccines. These
studies were designhed to demonstrate efficacy in
preventing incident vaccine-related HPV infection and
preneoplastic lesions caused by incident persistent
infections related to the subtypes of HPV in vaccines.
The FUTURE I and FUTURE 1I trials evaluated Gardasil®
while the PATRICIA and Costa Rica HPV Vaccine Trials
(CVT) evaluated Cervarix®. All of the trials were large,
blinded, and randomized controlled trials of young
women (mean age 20). With the exception of the CVT,
all studies were company-sponsored and multicenter
involving multiple trial sites globally'.,

The FUTURE 1T and PATRICIA trials used a precancer
primary endpoint of cervical intraepithelial neoplasia
(CIN) 2/3, adenocarcinoma in situ, or cervical cancer
associated with HPV 16/18. FUTURE I had an additional
endpoint of HPV6/11/16/18-associated CIN1+ and
external genital lesions including vulvar/vaginal intrae-
pithelial neoplasia (VIN/VaIN). Among the trials, the
median age at enrollment ranged from 15-26 years.
Clinical trial details are described in Table 1 with an
overall vaccine efficacy of > 99% between 14 mo and 3
years of follow up®®** (Table 1).

Many genotypes exist of both oncogenic (high risk)
and genital wart causing (low risk) HPV. Partial cross-
protection against non-vaccine oncogenic HPV types
has been reported, however the clinical relevance is
undetermined. While HPV types 16 and 18 are respon-
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sible for 70% of global cervical cancer, oncogenic HPV
types 31, 33, 45, 52, and 58 cause approximately
20% additional cervical cancer cases. A 9vHPV vaccine
containing HPV types 6, 11, 16, 18, 31, 33, 45, 52, 58
has the potential to prevent up to 90% of all cervical
cancers globally!*,

The Broad Spectrum HPV Vaccine Study conducted
a large Phase II/III clinical trial to assess efficacy,
immunogenicity, and safety of the 9vHPV vaccine. The
endpoints of this trial were to prove non-inferiority of
anti-HPV 6/11/16/18 antibody response, and superior
efficacy in HPV 31/33/45/52/58-related clinical
outcomes for the 9vHPV vaccine as compared to the
quadrivalent vaccine. In addition, a non-inferiority
assessment was conducted assessing the percent risk
reduction for 9vHPV vs quadrivalent vaccine™®.

Results showed that 9vHPV vaccine was efficacious
in preventing high-grade cervical, vulvar and vaginal
disease related to the 5 new HPV subtypes. Additionally
the 9vHPV vaccine generated a non-inferior antibody
response to HPV 6/11/16/18 as compared to the qua-
drivalent vaccine!**!, The United States FDA licensed
the 9vHPV vaccine for use in 2014 under the name
Gardasil®9™*,

Studies have been evaluated to determine potential
benefit of 9vHPV vaccine in the United States and
abroad. A population-based evaluation of the subtypes
of HPV in women with CIN2+ was performed in the
United States. Approximately 50% of lesions were
attributable to HPV 16/18, while 25% of lesions were
attributable to HPV 31/33/45/52/58. Older women
and racial/ethnic minorities with CIN2* diagnosed were
more likely to have subtypes other than HPV 16/18™
and would potentially benefit from the extended
coverage. Serrano et al''”’ conducted a study evaluating
the potential impact of the 9vHPV vaccine on cervical
cancer prevention in 4 countries (Brazil, Mexico, India
and China). Based on the proportion of invasive cervical
cancers attributable to HPV types 31/33/45/52/58, they
estimated an increase in prevention of invasive cervical
cancer by 12%-19% across the 4 countries™”. This
represents a potential target for significant decrease
in HPV-related cancers worldwide if adopted into use
globally.

Safety: Multiple studies!®?” have established the
safety of the 2 major HPV vaccines currently approved.
A large post-licensure trial was performed evaluating
the safety of the quadrivalent vaccine among females
aged 9-26 years which revealed no significant increased
risk of Guillan-Barré Syndrome, stroke, venous throm-
boembolism, appendicitis, seizures, syncope, allergic
reaction or anaphylaxis'*®. A study evaluating post
vaccination risk intervals in females revealed same-day
syncope and skin infections at the site of vaccination
as the only risks associated with recent vaccination?.
A study performed in Australia of > 380000 doses of
quadrivalent HPV vaccine given in school-aged girls
identified 35 possible hypersensitivity reactions to the
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vaccine. Further evaluation of these 35 individuals
revealed only 3 cases of true hypersensitivity reactions
and most individuals tolerated subsequent doses of
vaccine®”,

Vaccine approval

In the United States, Gardasil® is approved for females
only between ages 9-26 while Cervarix® carries FDA
approval for women ages 9-25. In countries such as
Canada and Australia, the HPV vaccines are currently
licensed for use in women up to age 45%!. In Australia,
the quadrivalent vaccine was added to the National
Immunisation Program in 2007 and the bivalent vaccine
added in 2008, The VIVIANE study, a Phase 3 multi-
national, double-blind, randomized controlled trial is
currently underway to evaluate the efficacy, safety and
immunogenicity of the Cervarix® vaccine in women older
than 25 years. Enrollment was stratified by age into
3 groups. The primary endpoint was vaccine efficacy
against 6-mo persistent infection or CIN1+ associated
with HPV 16/18. Interim analysis found significant
vaccine efficacy against the primary combined endpoint
overall and specifically in the 26-35 and 36-45 year
age groups®®, A study conducted in Germany and
Poland assessed the immunogenicity of Cervarix® in
women aged 15-55. Schwarz et al** evaluated immune
responses in serum and cervicovaginal secretions 6
years after the first dose of vaccine in women ages
15-25, 26-45, and 46-55 years who received 3 doses
of vaccine. After 6 years all women across all age
groups were seropositive for HPV 16 and > 97% were
seropositive for HPV 18 indicating a sustained immune
response regardless of age at administration®.

Interim data from the VIVIANE study establishes
safety and efficacy in preventing primary acquisition of
target HPV at any age®"!, while Schwarz et a/* demon-
strate equivalent immunogenicity in all age groups;
however issues addressing cost-effectiveness still
need to be addressed in order to best use resources to
achieve the maximum benefit to the population. The
optimal target range for intervention likely still remains
in women ages 9-26, however future studies using
9vHPV vaccine may prove cost effective in preventing
invasive cervical cancer in the older populations with the
addition of HPV types 31/33/45/52/58.

HPV vaccination of males: HPV infection is most well
known for causing cervical cancer in women; however
it is also responsible for other cancers, some of which
are in men. In 2002, while nearly 100% of the 492800
cervical cancers were attributable to HPV, 90% of anal
cancers, 40% of penile cancers, 12% oropharyngeal
cancers and 3% of the mouth cancers worldwide were
attributable to HPV infection™. HPV infection with non-
oncogenic strains 6 and 11 can also cause genital warts
which affect both men and women. Thus, men can also
benefit from vaccination with the HPV vaccine, both to
decrease their rates of cancer and genital warts, and to
decrease their transmission of the virus to their male
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and female partners.

Efficacy of the quadrivalent vaccine in males was
established in a study by Giuliano et a*>\. A randomized,
placebo-controlled, double-blind multi-center trial was
conducted in 4055 males aged 16-26 years with the
primary efficacy objective of demonstrating reduction of
the incidence of external genital lesions related to HPV 6,
11, 16, or 18. An observed efficacy of 65.5% was noted
in the intention-to-treat population while an efficacy
of 90.4% was noted in the per-protocol group against
lesions related to HPV 6, 11, 16, or 18, Studies have
also been conducted to measure the immune response
to the vaccine in boys. A non-inferiority immunogenicity
study was performed to establish the efficacy of the
quadrivalent HPV vaccine in adolescent boys and girls
from age 10-15. The resulting immune response in boys
was found to be similar to their female counterparts®®®.
These studies ultimately led to FDA approval for use
of HPV vaccine in males ages 9-26 in 2010. Safety
data in males has been similar to that documented
in the female cohort. The most common side effects
associated with vaccination include headache, pain at
injection site, itching, redness, swelling and bruising™.

A study by Bogaards et al*” in the Netherlands
recently looked at the benefit of including boys 12 years
of age in the HPV vaccination program. The authors
found that in order to prevent one additional case of
anal, penile or oropharyngeal cancer among men, 795
boys would need to be vaccinated®”. Alternatively, if
vaccine coverage among girls increased from 60% to
90%, the burden of HPV related cancer in men would
be reduced by 66%. This data suggests that even
if vaccination increased dramatically just for girls, it
would not influence the burden of anal cancer that is
found primarily in men having sex with men. Therefore
vaccination of boys may provide additional benefit
although the cost effectiveness of this strategy comes
into question”.

In the United States, the HPV vaccine is recom-
mended for routine vaccination at age 11 or 12 for both
boys and girls. “"Catch up vaccination” is also recom-
mended for females aged 13 through 26 and males
aged 11 through 21 who have not been previously
vaccinated, for men who have sex with men and men
who are immune-compromised through age 26™%,

Despite these recommendations, vaccination rates
remain low among adolescent boys. In 2013, HPV
vaccination among adolescent boys was 34.6% and in
men who have sex with men aged 18-26, vaccination
was significantly lower™, In a study of 428 gay and
bisexual men aged 18-26, Reiter et a/*” found that only
13% of the study population had received any doses
of vaccine. Another study by Meites et a*" evaluated
data from the 2011 National HIV behavioral surveillance
system of 3221 men who have sex with men aged
18-26 and found that only 4.9% reported receiving 1 or
more HPV vaccine doses. Rates of HPV vaccination also
vary widely by state and region in the United States. For
men, the rate of vaccine initiation and completion was
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8.5% and 2.2% in the Northeast, 6.7% and 1.6% in
the West and 4.9% and 1.4% in the South. For women,
the rate was 58.7% and 45.6% in the Northeast,
39.0% and 24.8% in the West and 30.4% and 17.7%
in the South®®”.

HPV vaccination in the immunocompromised:
Given the high rates of HPV infection and HPV asso-
ciated cancers in HIV positive and other immuno-
compromised populations, HPV vaccination should be
considered in these groups®®®. Several different bacterial
and viral vaccines are recommended for use in solid
organ transplant patients, including pneumococcal,
influenza, hepatitis A virus, hepatitis B virus, diphtheria,
and tetanus vaccines. These patients have diminished,
but often effective, immune responses, with no major
consequences™>*Y. Given that HPV VLPs represent highly
immunogenic proteins as seen by the degree of humoral
response in immunocompetent women, the HPV vaccine
causes adequate response in even immunocompromised
individuals®®. The benefit of vaccination preventing
reactivation of HPV remains unknown.

Individuals with HIV are known to be at significant
risk for persistent HPV infection and the sequelae
associated with persistent infection, including neoplasia
and malignancy™®. Vaccine safety and immunogenicity
in at-risk populations has been studied among men,
women, and children with HIVE>>?, A randomized dlinical
trial found the vaccine to be safe and immunogenic in
126 HIV-infected children aged 7-12 years. By 18 mo
94%-99% had antibody to HPV 6, 11 and 16 while 76%
had antibody to HPV 18", Weinberg et al*® examined
immunogenicity of 3 vs 4 doses of the quadrivalent
vaccine in children aged 7-12 years with HIV. Following
three doses the immune response to HPV 6, 11, and 16
were sufficient, however seropositivity remained lower for
HPV 18. In the cohort receiving a fourth dose of vaccine,
seropositivity of HPV 18 increased to levels equivalent to
HPV 6, 11, and 16”%. Another study of 109 HIV-infected
males also found the vaccine to be immunogenic and
well tolerated. Responses appeared to be higher for
males on antiretroviral therapy as compared to those
not receiving treatment™.. In a study by Kahn et al*®,
the quadrivalent HPV vaccine was shown to be safe and
immunogenic in HIV positive women aged 16-23 who
were previously HPV seronegative!®.

In the United States, vaccination is currently
recommended by the Advisory Committee on Immuni-
zation Practices through age 26 years for immuno-
compromised persons who have not been vaccinated
previously or who have not completed the 3-dose
series®".

HPYV vaccination programs and cost effectiveness

In 2014, the World Health Organization (WHO) released
updated recommendations for HPV vaccination in
countries where preventing cervical cancer is a public
health priority and where it is both feasible and
financially sustainable to introduce the vaccine. The

February 10, 2016 | Volume 5 | Issuel |



Chapman-Davis E et a/. Update on human papillomavirus vaccination

WHO recommended that in these countries, girls aged
9-13 be the primary target group for vaccination, prior
to becoming sexually active*”!. As of June 2015, 82
countries worldwide had introduced vaccination pro-
grams. Most of the vaccination programs are directed
at pre-teen and teenage children, and some specifying
vaccination for females only. There are multiple coun-
tries identified by the WHO statistics that have HPV
vaccination programs (Table 2). These include 12
African countries, 2 Eastern Mediterranean countries,
31 European countries, 3 South-East Asian countries,
and 15 Western Pacific countries. Additionally, 7 more
countries have plans to introduce vaccination programs
in the coming years™".

The WHO recommends evaluating cost effectiveness
of HPV vaccination prior to implementation in countries.
Studies have suggested that the most important
determinant of cost effectiveness of HPV vaccination is
the vaccine price, cost effectiveness threshold utilized,
and whether or not screening is assumed to be in
place™. In settings with established cervical cancer
screening programs, under certain assumptions, stu-
dies have shown that HPV vaccination can reduce inci-
dence and mortality of cervical cancer and incidence
of abnormal pap tests and precancerous lesions that
typically require costly follow up™**%. These models
assume that early vaccination will lead to starting
screening at later ages, and at reduced frequency, ulti-
mately saving money in the long term.

Unfortunately in low and middle-income countries
these studies have been more limited due to many
different issues these countries face. There has been
conflicting data within the same countries in terms of
evidence of cost effectiveness'*. This may be due to
varied models used and assumptions made. In a review
evaluating cost effectiveness of HPV vaccination in
low and middle-income countries, introduction of HPV
vaccines was found to be cost effective in 22 studies for
girls aged 12 and younger*?. Almost all these studies
assumed three-dose vaccine coverage of > 70%, life
long protection and did not assess delivery and program
costs. Pooled results across all these studies suggest
that even in countries where screening may be limited
or non-existent, vaccination may be even more cost
effective as long as the price for the vaccine is low!*?.
Reasons for these conclusions include the competitive
prices given for vaccines relative to the income level of
the country, donor funding availability and high cervical
cancer burden found in these countries with limited
treatment options. Savings resulting from improved
screening and HPV vaccination ultimately will depend on
the actual costs in a given country.

HPV vaccine acceptability

Although the FDA has approved the HPV vaccine in the
United States since 2006, vaccination rates have varied
across countries and populations within countries™®.
Both developing and developed countries such as the
United States (34% full coverage) and France (28.5%
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full coverage) have shown poor complete uptake
rates'*?, Reasons for this include lack of knowledge
and education in both adolescents and parents, cost
associated with vaccine, lack of access to primary care
or providers that offer vaccination and lack of provider
recommendation™*®*® (Table 3).

Despite the relatively low vaccine coverage in the
United States, a study did show that the prevalence
of HPV subtypes 6, 11, 16, and 18 in cervicovaginal
specimens in females aged 14-19 decreased from
11.5% in the pre-vaccine era to 5.1% in the vaccine
era. Whereas in other age groups, the prevalence did
not differ significantly between the two time periods™*.
In the United States, HPV awareness and knowledge are
increasing compared to previous national surveys of HPV
knowledge, with 68% of the adult population reporting
knowledge of both HPV and the HPV vaccine™®, However,
this number is not consistent across populations and
states. Globally, similar problems exist**®*%, In the
Uyghur population of China, younger women and
those with a lower educational level were less likely to
understand the correlation between HPV and cervical
cancer™*”,

Multiple studies have addressed the barriers to HPV
vaccination especially as it relates to education. Barriers
identified include lack of access to schooling, as well as
cultural and linguistic differences®!. Many of the adult
population site obstacles to vaccination due to limited
education, resulting in poor parental knowledge, holding
jobs with difficult work hours, and childcare difficulties®™>.
Many studies have focused on educating both patients
and parents to increase awareness and vaccine acce-
ptance; however the best method of delivery of these
materials remains to be seen. Tools used in the past
include educational sessions and focus groups, the
media, videos, school-wide vaccination programs, and
flyers®>>” (Table 3).

School-based education has been attempted as a
method to optimize uptake of the HPV vaccine. In a
Korean study, fifth-grade girls and boys underwent
a 2-h education session regarding the connection
between HPV and cancer, as well as the effectiveness
of the HPV vaccine. Awareness that "HPV vaccine can
prevent cervical cancer” was significantly related to
intention to obtain the HPV vaccine among both boys
and girls™.

A lower HPV vaccination rate has been seen among
minority populations in the United States. Studies have
shown poor vaccination rates among Black, Latina, and
Asian girls in comparison to Caucasian girls™*. Efforts
have been focused on addressing individual populations
to help increase acceptability. An educational video
addressing HPV and vaccination was utilized as an
intervention to a primarily underserved, lower income
Black and Hispanic population of women. Acceptance of
individual vaccination, mandatory HPV vaccination and
support for school vaccination all increased significantly
after the video based on survey responses™,

In a study performed in Canada, parents were
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Table 2 Worldwide vaccination protocols

Country Vaccine in schedule Year of introduction Target population Schedule
(as of December in entire country
31, 2014)
Africa Botswana No 2015 Girls 9-13 yr 3 doses
Lesotho Yes 2012 9-14 yr 3 doses
Malawi No 2015 Girls 9-13 yr 3 doses
Rwanda Yes 2011 3 doses
Seychelles Yes 2014 Girls 10-12 yr
South Africa Yes 2014 9yr 2 doses
Americas Argentina Yes 2011 11yr 3 doses
Barbados Yes 2014 11yr 2 doses
Brazil Yes 2014 9-14 yr 2 doses
Canada Yes 2009 3 doses
Colombia Yes 2012 9-17 yr 3 doses
Ecuador Yes 2014 9yr 2 doses
Guyana Yes Not available Special groups 3 doses
Mexico Yes 2012 10 yr 2 doses
Panama Yes 2008 10 yr 3 doses
Paraguay Yes 2013 10 yr 3 doses
Peru Yes 2011 10 yr 3 doses
Suriname Yes 2013 9yr
Trinidad and Tobago Yes 2013 Females 11-45 yr, males 11-26 yr 3 doses
United States Yes 2006 11-26 females, 11-21 males (26 if high risk) 3 doses
Uruguay Yes 2013 12yr 3 doses
Eastern Mediterranean Bahrain No
Libya Yes 2013 15yr 3 doses
Europe Andorra Yes 2014 12yr
Austria Yes 2008 9yr 3 doses
Belgium Yes 2011 12 yr (13-14 in Wallonia) 3 doses
Czech Republic (the) Yes 2012 13 yr
Denmark Yes 2007 12 yr 3 doses
Finland Yes 2013 11-12 yr
France Yes 2006 Girls 11-14 yr 3 doses
Germany Yes 2007 Girls 12-17 yr 3 doses
Greece Yes 2009 11-18 yr 3 doses
Hungary Yes 2014 12yr
Iceland Yes 2011 12 yr 3 doses
Ireland Yes 2010 Girls 12-13 yr 3 doses
Israel Yes 2010 13 yr (or women 9-45 yr) 3 doses
Ttaly Yes 2009 Girls 12 yr 3 doses
Latvia Yes 2010 12 yr 3 doses
Luxembourg Yes 2008 12-18 yr
Malta Yes 2013 12yr 3 doses
Monaco Yes 2006 14 yr 3 doses
Netherlands (the) Yes 2010 12 yr 2 doses
Norway Yes 2009 Girls 12 yr 3 doses
Portugal Yes 2008 10-13 yr 3 doses
San Marino Yes 2008 11yr
Slovenia Yes 2009 11-12 yr 2 doses
Spain Yes 2007 12yr 3 doses
Sweden Yes 2010 Girls 10-12 yr 3 doses
Switzerland Yes 2006 Girls 11-14 yr 3 doses
The former Yugoslav Republic of Yes 2009 12yr 3 doses
Macedonia
United Kingdom Yes 2008 12-13 yr 2 doses
Uzbekistan No 2015
South-East Asia Bhutan Yes 2009 Girls 12 yr 3 doses
Western Pacific Australia Yes 2007 10-15 yr
Brunei Darussalam Yes 2012 13 yr 3 doses
Cook Islands Yes 2011 9yr
Fiji Yes 2013 13 yr
Japan Yes 2011 13 yr 3 doses
Malaysia Yes 2010 Girls 13 yr 3 doses
Marshall Islands (the) Yes 2009 11-12 yr
Micronesia (Federated States of) Yes 2010 9yr 3 doses
New Zealand Yes 2009 12 yr (and other eligible individuals) 3 doses
Palau Yes 2008 9-26 yr 3 doses
Philippines (the) 2 doses
Singapore Yes 2010 Girls 9-26 yr 3 doses
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Table 3 Possible interventions to increase human papillomavirus vaccine uptake

Ref. Year Country Objectives n Outcome Target population Educational
tools
Chapman et al™ 2010  United States Evaluation of a video-based 256 Vaccine acceptability Women aged 18-60 8 min video
educational tool to increase increased following
HPV vaccine acceptability intervention
Kennedy et al®™ 2011  United States Improvement of HPV vaccine 411  Increase in likelihood of ~Parents of girls 11-18 yr ~ Educational
educational materials and vaccination of children of age flyer
determination of efficacy and favorable view of
HPV vaccine
Kobetz et al®™ 2011 Haiti Assessment of women's Need for culturally and Haitian immigrant Focus groups
knowledge and beliefs linguistically appropriate ~ women in Miami, FL
regarding cervical cancer and educational initiatives
HPV
Kester et al"™" 2014  United States  Evaluation of the effects of 131 Higher vaccination intent 18-26 yr old females and 5-10 min edu-
a brief education session on among intervention males cation session
HPV awareness group
Kim®™” 2015  South Korea  Assessment of knowledge 117 HPV education at Fifth-grade girlsand 2 h education
of HPV relation to cancer in elementary school would boys session
children be helpful
Nodulman et al®” 2015  United States  Evaluation of feasibility of 117 Low acceptance of Middle school stake- ~ Middle school
increased immunization rates middle school holders, nurses, parents, vaccination
through middle school vac- vaccination by ado- adolescents, program
cination programs lescents, parents and administrators
stakeholders

HPV: Human papillomavirus.

Table 4 Evaluation of barriers to human papillomavirus vaccination

Ref. Year  Country Target population Obijectives n Identified barriers to
vaccination
Mortensen'*®! 2010 Denmark Women aged 16-26 Evaluation of reasons for acceptance or 794 Cost, lack of information
rejection of HPV vaccine following general about the benefits of
vaccine availability vaccination, and lack of
knowledge about HPV
Ogilvie et al™ 2010 Canada Parents with daughters Determination of parental factors associated 2025 Lack of knowledge regarding
in 6" grade with receipt of the HPV vaccine in a publicly the HPV vaccine

funded school-based HPV vaccine program
Kobetz et al® 2011 United Haitian immigrant Assessment of women's knowledge and Lack of education
States women in Miami, FL.  beliefs regarding cervical cancer and HPV

Jeudin et al™ 2014 United Black and Latina Identification of barriers to uptake of HPV Lack of access to primary
States populations vaccination among low-income and minority care, lack of provider
girls recommendation, lack of
parental knowledge
Kim™! 2015 South Fifth-grade girls and Assessment of children’s knowledge 117 Lack of HPV knowledge, lack
Korea boys regarding HPV and association with cancer of HPV education in schools
Abudukadeer et al™” 2015 China Women in Xinjiang ~ Assessment of knowledge and perception of 5000  Lack of knowledge about
province cervical cancer cervical cancer
Blake et al™! 2015 United National Cancer ~ Assessment of population knowledge regard- 3185 Lack of HPV awareness and
States  Institute’s 2013 Health ~ ing HPV and the HPV vaccine as well as knowledge
Information National socioeconomic disparities
Trends Survey Data
Nodulman et al®™” 2015 United Middle school Increase of immunization rates through 117 Lack of knowledge about
States stakeholders, nurses, middle school vaccination programs HPV vaccine

parents, adolescents,
administrators

HPV: Human papillomavirus.

interviewed to assess which factors were the most HPV vaccine program, to remove the barriers of access
important barriers to vaccinating their children. The and cost. Despite this, the main reasons for not vacci-
study was performed in a publicly funded, school-based nating female children were concerns about vaccine
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safety, preference to wait until the daughter is older;, and
not having enough information to make an informed
decision™®, Based on this study it is apparent that even
when financial and health care barriers are removed,
parental acceptance of vaccination remains critical in
improving vaccine uptake (Table 4).

It has been shown that countries using school-
based vaccination programs have the most success in
uptake. Countries such as Australia, United Kingdom,
and Portugal have achieved coverage rates as high as
80%"%. Denmark has reached one of the highest vacci-
nation rates (> 80%) through aggressive administration
by general practitioners®?. In Rwanda, government-
mandated HPV vaccine coverage achieved over 90%
coverage among teenage girls®®. Programs that have
achieved mass vaccination coverage rates have been
able to show reduction in HPV viral prevalence in the
form of high grade precancerous lesions and overall
disease burden.

Vaccination strategies: Overall strategies to achieve
mass vaccination continue to point towards a compre-
hensive approach. Continuing to raise awareness
about cervical cancer and its relationship to HPV while
addressing misconceptions and safety concerns to a
wide range of audiences through education and health
communication programs remains essential. All strategies
should to be country-specific and take into account not
only women, but communities, health professionals and
delivery methods that provide the highest likelihood
of exposure to the general public. In many developing
countries, older children and adolescents are rarely
routinely vaccinated or routinely evaluated by primary
health care providers. New systems will need to be
created including a focus on school-based immunization
programs, and creating partnership programs focusing
on adolescent health and sexual reproductive health
programs.

CONCLUSION

Development of HPV vaccines has created opportunities
to reduce cervical cancer rates and morbidity associated
with other HPV related diseases. These vaccines have
been found helpful in both countries with effective
screening programs and those without. Financing for
HPV vaccination programs will require involvement of
global partners in both the private and public sector.
Ongoing research regarding long term safety and
efficacy of HPV vaccines will need to be evaluated in a
variety of populations including those areas with high
HIV prevalence. More information is needed regarding
the duration of vaccine protection, long-term efficacy in
males, potential need for boosters, and efficacy of two
dose regimens in older girls that may reduce the overall
costs of the vaccine. If uptake in vaccination increases
worldwide, it may lead to increased possibilities of
developing prevention and screening programs due to a
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subsequent decline in disease incidence.

REFERENCES

1 Human papillomavirus vaccines: WHO position paper, October
2014. Wkly Epidemiol Rec 2014; 89: 465-491 [PMID: 25346960]

2 Dunne EF, Markowitz LE, Saraiya M, Stokley S, Middleman A,
Unger ER, Williams A, Iskander J. CDC grand rounds: Reducing
the burden of HPV-associated cancer and disease. MMWR Morb
Mortal Wkly Rep 2014; 63: 69-72 [PMID: 24476977]

3 Benard VB, Thomas CC, King J, Massetti GM, Doria-Rose VP,
Saraiya M. Vital signs: cervical cancer incidence, mortality, and
screening - United States, 2007-2012. MMWR Morb Mortal Wkly
Rep 2014; 63: 1004-1009 [PMID: 25375072]

4 Safaeian M, Solomon D, Castle PE. Cervical cancer prevention-
-cervical screening: science in evolution. Obstet Gynecol Clin
North Am 2007; 34: 739-760, ix [PMID: 18061867 DOI: 10.1016/
j-0g¢.2007.09.004]

5 Trimble CL, Frazer IH. Development of therapeutic HPV vaccines.
Lancet Oncol 2009; 10: 975-980 [PMID: 19796749 DOI: 10.1016/
S1470-2045(09)70227-X]

6 Wagner M, Bennetts L, Patel H, Welner S, de Sanjose S, Weiss
TW. Global availability of data on HPV genotype-distribution
in cervical, vulvar and vaginal disease and genotype-specific
prevalence and incidence of HPV infection in females. Infect Agent
Cancer 2015; 10: 13 [PMID: 25987893 DOI: 10.1186/s13027-015-
0008-y]

7 Clifford GM, Gallus S, Herrero R, Muifioz N, Snijders PJ,
Vaccarella S, Anh PT, Ferreccio C, Hieu NT, Matos E, Molano
M, Rajkumar R, Ronco G, de Sanjosé S, Shin HR, Sukvirach S,
Thomas JO, Tunsakul S, Meijer CJ, Franceschi S. Worldwide
distribution of human papillomavirus types in cytologically normal
women in the International Agency for Research on Cancer HPV
prevalence surveys: a pooled analysis. Lancet 2005; 366: 991-998
[PMID: 16168781 DOI: 10.1016/S0140-6736(05)]

8 Garland SM, Steben M, Sings HL, James M, Lu S, Railkar R, Barr
E, Haupt RM, Joura EA. Natural history of genital warts: analysis
of the placebo arm of 2 randomized phase III trials of a quadrivalent
human papillomavirus (types 6, 11, 16, and 18) vaccine. J Infect Dis
2009; 199: 805-814 [PMID: 19199546 DOI: 10.10086/597071]

9 Schiller JT, Castellsagué X, Garland SM. A review of clinical
trials of human papillomavirus prophylactic vaccines. Vaccine
2012; 30 Suppl 5: F123-F138 [PMID: 23199956 DOI: 10.1016/
j-vaccine.2012.04.108]
Garland SM, Hernandez-Avila M, Wheeler CM, Perez G, Harper
DM, Leodolter S, Tang GW, Ferris DG, Steben M, Bryan J, Taddeo
FJ, Railkar R, Esser MT, Sings HL, Nelson M, Boslego J, Sattler
C, Barr E, Koutsky LA. Quadrivalent vaccine against human
papillomavirus to prevent anogenital diseases. N Engl J Med 2007,
356: 1928-1943 [PMID: 17494926 DOI: 10.1056/NEJMo0a061760]
11  FUTURE II Study Group. Quadrivalent vaccine against human
papillomavirus to prevent high-grade cervical lesions. N Engl J
Med 2007; 356: 1915-1927 [PMID: 17494925 DOI: 10.1056/
NEJMoa061741]
Paavonen J, Jenkins D, Bosch FX, Naud P, Salmerén J, Wheeler
CM, Chow SN, Apter DL, Kitchener HC, Castellsague X, de
Carvalho NS, Skinner SR, Harper DM, Hedrick JA, Jaisamrarn U,
Limson GA, Dionne M, Quint W, Spiessens B, Peeters P, Struyf
F, Wieting SL, Lehtinen MO, Dubin G. Efficacy of a prophylactic
adjuvanted bivalent L1 virus-like-particle vaccine against infection
with human papillomavirus types 16 and 18 in young women: an
interim analysis of a phase III double-blind, randomised controlled
trial. Lancet 2007; 369: 2161-2170 [PMID: 17602732 DOI:
10.1016/S0140-6736(07)60946-5]

Herrero R, Hildesheim A, Rodriguez AC, Wacholder S, Bratti C,

Solomon D, Gonzélez P, Porras C, Jiménez S, Guillen D, Morales

J, Alfaro M, Cyr J, Morrisey K, Estrada Y, Cortés B, Morera LA,

Freer E, Schussler J, Schiller J, Lowy D, Schiffman M. Rationale

and design of a community-based double-blind randomized clinical

10

12

13

February 10, 2016 | Volume 5 | Issuel |



14

16

17

18

19

20

21

22

23

24

JRaishideng®

Chapman-Davis E et a/. Update on human papillomavirus vaccination

trial of an HPV 16 and 18 vaccine in Guanacaste, Costa Rica.
Vaccine 2008; 26: 4795-4808 [PMID: 18640170 DOI: 10.1016/
j-vaccine.2008.07.002]

Luxembourg A, Bautista O, Moeller E, Ritter M, Chen J. Design
of a large outcome trial for a multivalent human papillomavirus L1
virus-like particle vaccine. Contemp Clin Trials 2015; 42: 18-25
[PMID: 25749310 DOI: 10.1016/j.cct.2015.02.00]

Joura EA, Giuliano AR, Iversen OE, Bouchard C, Mao C,
Mehlsen J, Moreira ED, Ngan Y, Petersen LK, Lazcano-Ponce E,
Pitisuttithum P, Restrepo JA, Stuart G, Woelber L, Yang YC, Cuzick
J, Garland SM, Huh W, Kjaer SK, Bautista OM, Chan IS, Chen
J, Gesser R, Moeller E, Ritter M, Vuocolo S, Luxembourg A. A
9-valent HPV vaccine against infection and intraepithelial neoplasia
in women. N Engl J Med 2015; 372: 711-723 [PMID: 25693011
DOI: 10.1056/NEJMoal405044]

Hariri S, Unger ER, Schafer S, Niccolai LM, Park IU, Bloch KC,
Bennett NM, Steinau M, Johnson ML, Markowitz LE. HPV type
attribution in high-grade cervical lesions: assessing the potential
benefits of vaccines in a population-based evaluation in the United
States. Cancer Epidemiol Biomarkers Prev 2015; 24: 393-399
[PMID: 25416715 DOI: 10.1158/1055-9965.EPI-14-0649]

Serrano B, Alemany L, Ruiz PA, Tous S, Lima MA, Bruni L, Jain A,
Clifford GM, Qiao YL, Weiss T, Bosch FX, de Sanjosé S. Potential
impact of a 9-valent HPV vaccine in HPV-related cervical disease
in 4 emerging countries (Brazil, Mexico, India and China). Cancer
Epidemiol 2014; 38: 748-756 [PMID: 25305098 DOI: 10.1016/
j-canep.2014.09.003]

Gee J, Naleway A, Shui I, Baggs J, Yin R, Li R, Kulldorff M, Lewis
E, Fireman B, Daley MF, Klein NP, Weintraub ES. Monitoring the
safety of quadrivalent human papillomavirus vaccine: findings from
the Vaccine Safety Datalink. Vaccine 2011; 29: 8279-8284 [PMID:
21907257 DOI: 10.1016/j.vaccine.2011.08.106]

Klein NP, Hansen J, Chao C, Velicer C, Emery M, Slezak J,
Lewis N, Deosaransingh K, Sy L, Ackerson B, Cheetham TC,
Liaw KL, Takhar H, Jacobsen SJ. Safety of quadrivalent human
papillomavirus vaccine administered routinely to females. Arch
Pediatr Adolesc Med 2012; 166: 1140-1148 [PMID: 23027469
DOI: 10.1001/archpediatrics.2012.1451]

Kang LW, Crawford N, Tang ML, Buttery J, Royle J, Gold M,
Ziegler C, Quinn P, Elia S, Choo S. Hypersensitivity reactions
to human papillomavirus vaccine in Australian schoolgirls:
retrospective cohort study. BMJ 2008; 337: a2642 [PMID:
19050332 DOI: 10.1136/bmj.a2642]

Skinner SR, Szarewski A, Romanowski B, Garland SM, Lazcano-
Ponce E, Salmerdén J, Del Rosario-Raymundo MR, Verheijen
RH, Quek SC, da Silva DP, Kitchener H, Fong KL, Bouchard C,
Money DM, Ilancheran A, Cruickshank ME, Levin MJ, Chatterjee
A, Stapleton JT, Martens M, Quint W, David MP, Meric D, Hardt
K, Descamps D, Geeraerts B, Struyf F, Dubin G. Efficacy, safety,
and immunogenicity of the human papillomavirus 16/18 AS04-
adjuvanted vaccine in women older than 25 years: 4-year interim
follow-up of the phase 3, double-blind, randomised controlled
VIVIANE study. Lancet 2014; 384: 2213-2227 [PMID: 25189358
DOI: 10.1016/S0140-6736(14)60920-X]

National Centre for Immunisation Research & Surveillance. Human
papillomavirus (HPV) vaccines for Australians: information for
immunization providers. [Update 2015 Mar]. Available from: URL:
http://www.ncirs.edu.au/immunisation/fact-sheets/hpv-human-
papillomavirus-fact-sheet.pdf

Schwarz T, Spaczynski M, Kaufmann A, Wysocki J, Gataj A,
Schulze K, Suryakiran P, Thomas F, Descamps D. Persistence of
immune responses to the HPV-16/18 AS04-adjuvanted vaccine
in women aged 15-55 years and first-time modelling of antibody
responses in mature women: results from an open-label 6-year
follow-up study. BJOG 2015; 122: 107-118 [PMID: 25208608 DOTI:
10.1111/1471-0528.13070]

Cutts FT, Franceschi S, Goldie S, Castellsague X, de Sanjose S,
Garnett G, Edmunds WJ, Claeys P, Goldenthal KL, Harper DM,
Markowitz L. Human papillomavirus and HPV vaccines: a review.
Bull World Health Organ 2007; 85: 719-726 [PMID: 18026629]

WJOG | www.wjgnet.com

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

Giuliano AR, Palefsky JM, Goldstone S, Moreira ED, Penny ME,
Aranda C, Vardas E, Moi H, Jessen H, Hillman R, Chang YH, Ferris
D, Rouleau D, Bryan J, Marshall JB, Vuocolo S, Barr E, Radley D,
Haupt RM, Guris D. Efficacy of quadrivalent HPV vaccine against
HPV Infection and disease in males. N Engl J Med 2011; 364:
401-411 [PMID: 21288094 DOI: 10.1056/NEJM0a0909537]
Block SL, Nolan T, Sattler C, Barr E, Giacoletti K, Marchant C,
Castellsague X, Reisinger K. Comaprison of the immunogenicity and
reactogenicity of a prophylactic quadrivalent human papillomavirus
(types 6, 11, 16, and 18) L1 virus-like particle vaccine in male and
female adolescents and young adult women. Pediatrics 2006; 118:
2135-2145

Bogaards JA, Wallinga J, Brakenhoff RH, Meijer CJ, Berkhof
J. Direct benefit of vaccinating boys along with girls against
oncogenic human papillomavirus: bayesian evidence synthesis.
BMJ 2015; 350: h2016 [PMID: 25985328 DOI: 10.1136/bmj.
h2016]

Petrosky E, Bocchini JA, Hariri S, Chesson H, Curtis CR, Saraiya
M, Unger ER, Markowitz LE. Use of 9-valent human papillomavirus
(HPV) vaccine: updated HPV vaccination recommendations of the
advisory committee on immunization practices. MMWR Morb Mortal
Wily Rep 2015; 64: 300-304 [PMID: 25811679]

Stokley S, Jeyarajah J, Yankey D, Cano M, Gee J, Roark J, Curtis
RC, Markowitz L. Human papillomavirus vaccination coverage
among adolescents, 2007-2013, and postlicensure vaccine safety
monitoring, 2006-2014--United States. MMWR Morb Mortal Wkly
Rep 2014; 63: 620-624 [PMID: 25055185]

Reiter PL, McRee AL, Katz ML, Paskett ED. Human Papillo-
mavirus Vaccination Among Young Adult Gay and Bisexual Men in
the United States. Am J Public Health 2015; 105: 96-102 [PMID:
25393178]

Meites E, Markowitz LE, Paz-Bailey G, Oster AM. HPV
vaccine coverage among men who have sex with men - National
HIV Behavioral Surveillance System, United States, 2011.
Vaccine 2014; 32: 6356-6359 [PMID: 25258097 DOI: 10.1016/
j-vaccine.2014.09.033]

Rahman M, Islam M, Berenson AB. Differences in HPV
Immunization Levels Among Young Adults in Various Regions of
the United States. J Community Health 2015; 40: 404-408 [PMID:
25669443 DOI: 10.1007/s10900-015-9995-2]

Palefsky JM, Gillison ML, Strickler HD. Chapter 16: HPV
vaccines in immunocompromised women and men. Vaccine 2006;
24 Suppl 3: S3/140-S3/146 [PMID: 16950001]

Markowitz LE, Dunne EF, Saraiya M, Chesson HW, Curtis CR,
Gee J, Bocchini JA, Unger ER. Human papillomavirus vaccination:
recommendations of the Advisory Committee on Immunization
Practices (ACIP). MMWR Recomm Rep 2014; 63: 1-30 [PMID:
25167164]

Kahn JA, Xu J, Kapogiannis BG, Rudy B, Gonin R, Liu N, Wilson
CM, Worrell C, Squires KE. Immunogenicity and safety of the
human papillomavirus 6, 11, 16, 18 vaccine in HIV-infected young
women. Clin Infect Dis 2013; 57: 735-744 [PMID: 23667266 DOI:
10.1093/cid/cit319]

Denny LA, Franceschi S, de Sanjosé¢ S, Heard I, Moscicki AB,
Palefsky J. Human papillomavirus, human immunodeficiency virus
and immunosuppression. Vaccine 2012; 30 Suppl 5: F168-F174
[PMID: 23199960 DOI: 10.1016/j.vaccine.2012.06.045]

Levin MJ, Moscicki AB, Song LY, Fenton T, Meyer WA, Read JS,
Handelsman EL, Nowak B, Sattler CA, Saah A, Radley DR, Esser
MT, Weinberg A. Safety and immunogenicity of a quadrivalent human
papillomavirus (types 6, 11, 16, and 18) vaccine in HIV-infected
children 7 to 12 years old. J Acquir Immune Defic Syndr 2010; 55:
197-204 [PMID: 20574412 DOI: 10.1097/QAI1.0b013e3181de8d26]
Weinberg A, Song LY, Saah A, Brown M, Moscicki AB, Meyer
WA, Bryan J, Levin MJ. Humoral, mucosal, and cell-mediated
immunity against vaccine and nonvaccine genotypes after
administration of quadrivalent human papillomavirus vaccine to
HIV-infected children. J Infect Dis 2012; 206: 1309-1318 [PMID:
22859825 DOI: 10.1093/infdis/jis489]

Wilkin T, Lee JY, Lensing SY, Stier EA, Goldstone SE, Berry JM,

February 10, 2016 | Volume 5 | Issuel |



40

41

4

43

44

45

46

47

48

49

JRaishideng®

Chapman-Davis E et a/. Update on human papillomavirus vaccination

Jay N, Aboulafia D, Cohn DL, Einstein MH, Saah A, Mitsuyasu RT,
Palefsky JM. Safety and immunogenicity of the quadrivalent human
papillomavirus vaccine in HIV-1-infected men. J Infect Dis 2010;
202: 1246-1253 [PMID: 20812850 DOI: 10.1086/656320]

Human papillomavirus vaccines: WHO position paper, October
2014-Recommendations. Vaccine 2015; 33: 4383-4384 [PMID:
25510390 DOI: 10.1016/j.vaccine.2014.12.002]

World Health Organization. Immunizations, Vaccines and
Biologicals: Data, statistics and graphics. [Update 2015 May
28]. Available from: URL: http://www.who.int/immunization/
monitoring_surveillance/data/en/

Fesenfeld M, Hutubessy R, Jit M. Cost-effectiveness of human
papillomavirus vaccination in low and middle income countries: a
systematic review. Vaccine 2013; 31: 3786-3804 [PMID: 23830973
DOI: 10.1016/j.vaccine.2013.06.060]

Brisson M, Van de Velde N, Boily MC. Economic evaluation of
human papillomavirus vaccination in developed countries. Public
Health Genomics 2009; 12: 343-351 [PMID: 19684446 DOI:
10.1159/000214924]

Kim JJ, Brisson M, Edmunds WJ, Goldie SJ. Modeling cervical
cancer prevention in developed countries. Vaccine 2008; 26 Suppl 10:
K76-K86 [PMID: 18847560 DOI: 10.1016/j.vaccine.2008.06.009]
Hopkins TG, Wood N. Female human papillomavirus (HPV)
vaccination: global uptake and the impact of attitudes. Vaccine
2013; 31: 1673-1679 [PMID: 23375978 DOI: 10.1016/j.vacc-
ine.2013.01.028]

Mortensen GL. Drivers and barriers to acceptance of human-
papillomavirus vaccination among young women: a qualitative
and quantitative study. BMC Public Health 2010; 10: 68 [PMID:
20152055 DOI: 10.1186/1471-2458-10-68]

Abudukadeer A, Azam S, Mutailipu AZ, Qun L, Guilin G, Mijiti
S. Knowledge and attitude of Uyghur women in Xinjiang province
of China related to the prevention and early detection of cervical
cancer. World J Surg Oncol 2015; 13: 110 [PMID: 25885660 DOI:
10.1186/512957-015-0531-8]

Blake KD, Ottenbacher AJ, Finney Rutten LJ, Grady MA, Kobrin
SC, Jacobson RM, Hesse BW. Predictors of human papillomavirus
awareness and knowledge in 2013: gaps and opportunities for
targeted communication strategies. Am J Prev Med 2015; 48:
402-410 [PMID: 25700651 DOI: 10.1016/j.amepre.2014.10.024]
Markowitz LE, Hariri S, Lin C, Dunne EF, Steinau M, McQuillan
G, Unger ER. Reduction in human papillomavirus (HPV) prevalence
among young women following HPV vaccine introduction in the
United States, National Health and Nutrition Examination Surveys,
2003-2010. J Infect Dis 2013; 208: 385-393 [PMID: 23785124
DOI: 10.1093/infdis/jit192]

WJOG | www.wjgnet.com

15

50

51

52

53

54

55

56

57

58

59

Kim HW. Awareness of human papillomavirus and factors
associated with intention to obtain HPV vaccination among Korean
youth: quasi experimental study. BMC Int Health Hum Rights 2015;
15: 4 [PMID: 25889565 DOI: 10.1186/512914-015-0042-2]

Kobetz E, Menard J, Hazan G, Koru-Sengul T, Joseph T, Nissan J,
Barton B, Blanco J, Kornfeld J. Perceptions of HPV and cervical
cancer among Haitian immigrant women: implications for vaccine
acceptability. Educ Health (Abingdon) 2011; 24: 479 [PMID:
22267344]

Fu LY, Bonhomme LA, Cooper SC, Joseph JG, Zimet GD.
Educational interventions to increase HPV vaccination acceptance: a
systematic review. Vaccine 2014; 32: 1901-1920 [PMID: 24530401
DOI: 10.1016/j.vaccine.2014.01.091]

Jeudin P, Liveright E, Del Carmen MG, Perkins RB. Race, ethnicity,
and income factors impacting human papillomavirus vaccination
rates. Clin Ther 2014; 36: 24-37 [PMID: 24417783 DOI: 10.1016/
j-clinthera.2013.11.001]

Chapman E, Venkat P, Ko E, Orezzoli JP, Del Carmen M, Garner
EI Use of multimedia as an educational tool to improve human
papillomavirus vaccine acceptability--a pilot study. Gynecol
Oncol 2010; 118: 103-107 [PMID: 20457469 DOI: 10.1016/
j-ygyno.2010.04.010]

Kennedy A, Sapsis KF, Stokley S, Curtis CR, Gust D. Parental
attitudes toward human papillomavirus vaccination: evaluation of
an educational intervention, 2008. J Health Commun 2011; 16:
300-313 [PMID: 21161814 DOI: 10.1080/10810730.2010.532296]
Kester LM, Shedd-Steele RB, Dotson-Roberts CA, Smith J, Zimet
GD. The effects of a brief educational intervention on human
papillomavirus knowledge and intention to initiate HPV vaccination
in 18-26 year old young adults. Gynecol Oncol 2014; 132 Suppl 1:
S9-S12 [PMID: 24384459 DOI: 10.1016/j.ygyno.2013.12.033]
Nodulman JA, Starling R, Kong AS, Buller DB, Wheeler CM,
Woodall WG. Investigating stakeholder attitudes and opinions
on school-based human papillomavirus vaccination programs. J
Sch Health 2015; 85: 289-298 [PMID: 25846308 DOI: 10.1111/
josh.12253]

Ogilvie G, Anderson M, Marra F, McNeil S, Pielak K, Dawar M,
Mclvor M, Ehlen T, Dobson S, Money D, Patrick DM, Naus M.
A population-based evaluation of a publicly funded, school-based
HPV vaccine program in British Columbia, Canada: parental factors
associated with HPV vaccine receipt. PLoS Med 2010; 7: €1000270
[PMID: 20454567 DOI: 10.1371/journal.pmed.1000270]
Binagwaho A, Wagner CM, Gatera M, Karema C, Nutt CT, Ngabo F.
Achieving high coverage in Rwanda’s national human papillomavirus
vaccination programme. Bull World Health Organ 2012; 90: 623-628
[PMID: 22893746 DOI: 10.2471/BLT.11.097253]

P- Reviewer: Sisti G, Wang Y  S- Editor: Ji FF  L- Editor: A
E- Editor: Wu HL

February 10, 2016 | Volume 5 | Issuel |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.



	5
	封底

