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ABSTRACT
Cervical cancer causes significant morbidity and mortality worldwide. Most cervical cancers are associated
with oncogenic human papillomavirus (HPV), and vaccination with any of 3 available HPV vaccines is
anticipated to greatly reduce the burden of cervical cancer. This review provides an overview of the
burden of HPV, the efficacy and clinical effectiveness of the bivalent (HPV 16, 18), quadrivalent (HPV 6, 11,
16, 18) and 9vHPV (HPV 6, 11, 16, 1831, 33, 45, 52, 58) vaccines in order to assess the anticipated impact on
cervical cancer. All three vaccines show high efficacy in prevention of vaccine-specific HPV-type infection
and associated high-grade cervical dysplasia in HPV-na€ıve women. Early clinical effectiveness data for the
bivalent and quadrivalent vaccine demonstrate reduced rates of HPV 16 and 18 prevalence in vaccinated
cohorts; data evaluating cervical dysplasia and cervical procedures as outcomes will shed further light on
the clinical effectiveness of both vaccines. The bivalent vaccine has demonstrated cross-protection to non-
vaccine HPV types, including the types in the 9vHPV vaccine. No clinical effectiveness data is yet available
for the 9vHPV vaccine. While HPV vaccination has great promise to reduce cervical cancer morbidity and
mortality, estimated benefits are largely theoretical at present. Large population-based clinical
effectiveness studies will provide long-term immunogenicity and effectiveness, as well as assessment of
cervical cancer as an endpoint, particularly as young vaccinated women enter the appropriate age range
to initiate screening for cervical cancer. Strengthening screening and treatment programs will likely have
the greatest impact in the short-term on cervical cancer morbidity and mortality
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Introduction

Cervical cancer is the fourth leading cause of cancer deaths in
women worldwide. In 2012, there were 527,600 cases of newly
diagnosed cervical cancer and 265,700 deaths from cervical can-
cer.1 Underlying these statistics are wide disparities in cervical
cancer incidence and mortality by geographic region. For
instance, in sub-Saharan Africa, there were 34.8 new cases and
22.5 deaths per 100,000 women, whereas in Western Asia there
were only 4.4 new cases and 1.9 deaths per 100,000 women in
2012.2 While North America is the region with the third lowest
cervical cancer rate, in 2015 nearly 13,000 women in the United
States will still be newly diagnosed with cervical cancer and
approximately 4,100 will die from the disease.3 Cervical cancer
has a bimodal age distribution with the majority of cases occur-
ring among women in their 30s and 40s4 the age at which women
are often raising families and ensuring the financial viability of
their families and communities. In addition to the risk of death,
cervical cancer is associated with significant morbidity, including
bleeding, pain and kidney failure, which are difficult to treat,
especially in communities with poor access to health care.

The presence of human papillomavirus (HPV) in cervical
cancer specimens was established in the 1980s.5 HPV is a small,
non-enveloped, double stranded DNA virus belonging to the
family Papovaviridae. More than 120 HPV types have been
identified, and they infect mucosal, genital and cutaneous sites.

Approximately 40 types have been found in the genital tract,
and 15 of those are classified as high-risk or intermediate-risk
types which are potentially oncogenic.6 While 90% of HPV
infections are cleared or become dormant within 1–2 y of infec-
tion, the persistence of detectable high-risk HPV infection
increase the risk of progression to cervical cancer,7,8,9 and over
time it has become clear that the majority of cervical cancers
are associated with high-risk HPV infection.10

Cervical cancer screening has consistently been associated
with a reduction in cervical cancer incidence and mortality,
regardless of the precise screening modality.11,12 Developed
countries have achieved such reduced incidence and mortality
from cervical cancer over the past 40 y largely as a result of the
implementation of cytologic screening with the Papanicolaou
(Pap) smear.13-15 Over the past several years, national and
international recommendations for screening have developed
to include HPV testing, where available.16 Despite marked
advances in knowledge about cervical cancer and effective
screening, cervical cancer screening programs have variable
efficacy depending on available resources, implementation
strategies, quality of laboratory and pathology testing and com-
munity awareness.17-19 Effective Pap smear and HPV screening
programs require materials, logistics and specialists that are
prohibitively complex and expensive for many low- and mid-
dle-income countries.20 Even in developed countries with
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advanced infrastructure and long-standing cervical cancer
screening programs, screening is not perfect and cervical cancer
screening falls short of national targets which limits the impact
on the incidence and mortality from the disease.21

Given the role of HPV infection to the development of cervi-
cal cancer, a unique opportunity exists to shift from secondary
to primary prevention of cervical cancer. Two vaccines, a quad-
rivalent and a bivalent vaccine, both targeting the two HPV
types associated with the highest proportion of cervical cancers
have been on the market for several years. The quadrivalent
vaccine also provides protection against the 2 HPV types most
associated with anogenital warts. A new 9vHPV vaccine has
recently been approved which protects against an additional 5
oncogenic HPV types. In this review we will provide an over-
view of the burden of HPV, the efficacy and clinical effective-
ness of the bivalent and quadrivalent vaccines, as well as the
data available to date about the efficacy of the 9vHPV vaccine
in order to assess the anticipated impact on morbidity and
mortality from cervical cancer.

Link between HPV infection and cervical cancer

While there are many types of HPV, those linked to cancer
include HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59,
68, 73, and 82.22 The oncogenicity of HPV is mediated by E6
and E7 open-reading frames, which encode proteins that
induce accelerated and disordered cellular proliferation. Such
proliferation leads to cervical dysplasia or precancerous lesions,
ranging from cervical intraepithelial neoplasia (CIN) 1 through
3, to cancer. CIN1 is a low-grade cervical dysplasia, and 70–
90% of CIN1 lesions spontaneously regress. CIN2 and CIN3
are considered high-grade dysplasia, though they differ in that
CIN2 is a heterogeneous entity with less common progression
onto cancer. Approximately 40% of CIN2 lesions regress in the
first year of infection and up to 68% of untreated CIN2 lesions
spontaneously regress within 3 y in women under the age of
25.23,24 Approximately 2% of CIN2 lesions progress to CIN3
within a year, while 15–22% of untreated CIN2 lesions progress
to CIN3 or worse over 3 y6 0.2–4% of CIN3 lesions progress to
cervical cancer within a year and 14–50% of all CIN3 lesions
progress to squamous cell carcinoma in-situ, the immediate
precursor to squamous cell carcinoma, or squamous cell carci-
noma itself.25 Adenocarcinoma of the cervix is distinct from
squamous cell carcinoma as it arises from the glandular epithe-
lium of the endocervical canal and its immediate precursor is
adenocarcinoma in situ (AIS). Though rapidly progressive cer-
vical cancers do rarely develop in young women, time from
HPV infection to cervical cancer development is typically 20 y26

HPV prevalence in the general population and in
invasive cervical cancer

HPV infection is common, though its prevalence and type dis-
tribution in women with normal cytology worldwide is hetero-
geneous.27 A large, international meta-analysis found that
10.4% of women with normal cytology have co-existing detect-
able HPV DNA. Women younger than 25 y of age and women
in less developed countries have higher point prevalence, rang-
ing from 15–45%.28,29 Yet single site studies have found

particular populations have higher risk for infection. In a study
of teenagers in Kampala, Uganda, the prevalence of HPV infec-
tion was found to be significantly higher at 74.6%, with 51.4%
being high-risk types. Eight.6% of the study population was
HIV positive, and among the HIV positive population, the
prevalence of HPV infection was 87.8%, and 64.6% were
infected with multiple HPV types.30

Point prevalence data does not fully reflect the lifetime risk
of HPV infection because up to 85% of HPV infections are
detectable for only 16 months after the time of infection,31 and
lifetime incidence rates of HPV are estimated to be high.
Among one college-aged female cohort followed over 3 years,
initial prevalence of HPV was 26% yet an additional 43% of the
women developed HPV over the course of the study period.32

Early age of sexual debut and multiple sexual partners place
women at higher risk of HPV infection. The most common
HPV types in women with normal cytology were HPV 16, 18,
31, 52, and 58, all high-risk types.28

With the development of highly sensitive HPV DNA testing,
studies have confirmed that most cervical cancer specimens
have detectable HPV DNA, and greater than 90% contain
DNA for HPV 16, 18, 31, 33, 39, 45, 52, or 58.33 Importantly,
women who develop cervical cancer, have often had the same
type of high-risk HPV detected in cervical specimens 3 to 5 y
prior to their cancer incidence.

Regional differences in the HPV-specific prevalence in
squamous cell carcinoma have been noted. In a meta-analy-
sis of 85 studies, which included 10,058 women with cervi-
cal cancer, HPV 16 prevalence predominated in squamous
cell carcinoma, ranging from 46% in Asia to 63% in North
America. HPV 18 was the second most prevalent type,
found in 10–14% of squamous cell carcinoma specimens.
While squamous cell carcinoma histology predominates, the
proportion of adenocarcinoma among all invasive cervical
cancers is significant, ranging from 4% in Africa to 32% in
North America. HPV 18 is the predominant HPV type
found in adenocarcinoma, ranging from 37–41%, followed
by HPV 16, found in 26–36%, and HPV 45 found in 5–7%
of specimens.35 In a follow-up meta-analysis that included
133 studies and 14,595 women, HPV 16 and 18 combined
were found to contribute to 74–77% of squamous cell carci-
noma in Europe and North America, and 65–70% of squa-
mous cell carcinoma in Africa, Asia and South/Central
America.36 Both studies demonstrated that after HPV 16
and 18, subtypes 31, 33, 35, 45, 52 and 58 were the next
most frequently found HPV types found in invasive cervical
cancer on all continents, though their individual relative
contribution varies from 2–8%, with a relatively higher
prevalence of subtypes 52 and 58 in Asia and subtype 45 in
Africa. Other HPV types, including 39, 51, 56, 59, 66, 68,
70, 73 and 82 were found to be present in <2 % of invasive
cervical cancer cases.

While data from meta-analyses are limited by their reliance
on the HPV DNA testing methods of each individual study,
multiple studies collecting samples from large cohorts have
confirmed the presence of the same HPV types in invasive cer-
vical cancer specimens. An international case-controlled study
which included 1918 women with cervical cancer, tested cervi-
cal cancer cells directly for HPV types and found the most
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prevalent types in descending order of frequency to be HPV 16,
18, 45, 31, 33, 52, 58, and 35.22 Similarly, an international study
conducted in 38 countries which tested for HPV in invasive
cervical cancer paraffin block specimens from 10,575 women
found HPV DNA in 8977 (85%) of the samples. HPV 16 or 18
was detected in 71% and types 31, 33, 35, 45, 52, or 58 were
detected in an additional 20% of the HPV positive samples.
Four.4% of the invasive cervical cancer specimens were adeno-
carcinoma, and 94% of these were positive for HPV 16, 18 or
45.37

Bivalent and quadrivalent vaccines

Two vaccines targeting HPV have been publically available for
several years. Both vaccines against HPV are composed of cap-
sid antigen L1 virus-like particles that resemble native virions
and induce immunogenicity, but are non-infectious.38 A quad-
rivalent vaccine (Gardasil; Merck & Co, Inc., Whitehouse Sta-
tion, New Jersey) that targets HPV 6, 11, 16, and 18 was
approved by the Food and Drug Administration (FDA) in June
2006 for prevention of cervical cancer and genital warts (caused
primarily by HPV types 6 and 11) in females aged 9 to 26 y of
age.39 A bivalent vaccine (Cervarix; GlaxoSmithKline, Rixen-
sart, Belgium) that targets HPV 16 and 18 was approved by the
FDA in October 2009 for the prevention of cervical cancer in
females aged 9 to 26 y of age.40 The protocol for both vaccines
is a 2 or 3-shot series administered over a period of 6 months.41

Since availability of the vaccine in 2006, HPV vaccination
has been introduced in an increasing number of national vacci-
nation programs. The United States, Canada, Australia and the
United Kingdom were the first to introduce HPV vaccination,
and were quickly followed by other European, and high-income
countries. Middle-income and some low-income countries have
introduced the vaccine in the past 5 y In 2012, GAVI negotiated
rates of $5 per dose for eligible countries, which has opened the
door to more low-income countries to pilot vaccination cam-
paigns. By 2014, 57 countries had included HPV vaccination in
their national health programs.42 Mechanisms for vaccination
have included school-based and primary care programs with
variable success and uptake rates.43,44,45

Bivalent vaccine efficacy, immunogenicity
and cross-protection

The clinical efficacy of the bivalent vaccine on prevention of
cervical cancer precursors was evaluated in the PATRICIA trial
(Papilloma trial against cancer in young adults), which was
funded by GlaxoSmithKline, the maker of the vaccine. In this
phase III, multi-national prospective, double-blind, placebo
controlled trial of more than 18,000 women aged 15 to 25 years,
the vaccine was found to have 92.9% efficacy in preventing
HPV16 and 18 associated CIN2 or worse (CIN2C) lesions in
women who were HPV-na€ıve at the start of the study. Among
those with a history of HPV infection, the vaccine had 52.8%

Table 1. Comparison of efficacy and effectiveness of HPV vaccines.

HPV Vaccine type Bivalent Quadrivalent Nonavalent

HPV types included 16, 18 6, 11, 16, 18 6, 11, 16, 18
31, 33, 45, 52, 58

Efficacy in HPV-na€ıve women� Prevention of vaccine-specific
HPV type infection

94.3%C (HPV16/18) at 3.6y
87.9% (HPV16/18) at 4y

97% 2C

(HPV16) at 3.7y
100% (HPV18) at 3.7y

96%2CC

(HPV16/18) at 4.5y

Prevention of CIN2C associated with
vaccine-specific HPV types

92.9% at 3.6y 100%
(CIN2) at 3.7y

97% (CIN3) at 3.7y

96.3% at 4.5y

Prevention of CIN2C associated
with any HPV type

61.9% at 3.6y No data NS

Efficacy in all women
(including HPV-exposed)

Prevention of vaccine-specific
HPV type infection

76.4% at 4y 42%
(HPV16) at 3.7y

79% (HPV18) at 3.7y

80.2% at 4.5y

Prevention of CIN2C associated
with vaccine-specific HPV types

52.8% (CIN2C) at 3.6y
33.6% (CIN3C) at 3.6y

57%
(CIN2) at 3.7y

45% (CIN3) at 3.7y

NSD from quadrivalent

Prevention of CIN2C associated
with any HPV type

30.4% (CIN2C) at 3.6y
33.4% (CIN3C) at 3.6y

17%
(CIN2C) at 3.7y

NSD from quadrivalent

Cross-protection Efficacy in preventing CIN2 lesions
associated with HPV
types 31, 33, 45, 52, 58

31.5% at 3.6y
(all women) 51.3% at 4y

(HPV-na€ıve, and only 31,33,45)

NS$ N/A

Immunogenicity Vaccine-specific HPV types 100% at 3.6y 99% at 4.5y 100%
(HPV16) at 3y

76% (HPV18) at 3y

NSD from
quadrivalent at 7m

HPV 16/18 change in prevalence
pre- and post-vaccination

19.1%! 6.5% in 16–18 y/o 11.5%! 5.1% in 14–19 y/o N/A

Commonly reported adverse events Injection site reaction
Fatigue Headache

Myalgia

Injection site reaction Syncope
Dizziness Nausea
Headache Fever

Injection site reaction
Headache Fever

DizzinessNausea Fatigue

�HPV-na€ıve in the bivalent vaccine efficacy trial included women who were na€ıve to 14 high-risk HPV types, including 16 and 18, at start of study in this analysis. HPV-
na€ıve in the quadrivalent vaccine efficacy trial included women who were na€ıve to HPV 16/18 at start of study in this analysis. HPV-na€ıve in the nonavalent vaccine effi-
cacy trial included women who were na€ıve to HPV 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59.

CFollow-up data at median 3.6 y is from industry-funded efficacy study designed for FDA approval.
2CFollow-up data at median 3.7 y is from industry-funded efficacy study designed for FDA approval.
2CCFollow-up data up to maximum of 54 months is from industry-funded study designed to show non-inferiority to quadrivalent vaccine for FDA approval.
$When lesions co-infected with HPV 16 and 18 are excluded.
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efficacy in preventing HPV16 and 18-associated CIN2 lesions
and 33.6% efficacy in preventing HPV 16 and 18-associated
CIN3 lesions.46 An independent research group in Costa Rica
found slightly lower efficacy against HPV 16 and 18 incident
infection at 4-year follow-up of 87.9% in HPV-na€ıve women
and 76.4% in all women regardless of initial HPV infection
status.47

At 6.4-year follow-up of a subgroup of 776 HPV-na€ıve
women, the bivalent vaccine demonstrated 95.3% efficacy for
prevention of incident infection with HPV 16 and 18, 100%
efficacy for prevention of incident HPV 16 and 18 associated
CIN2C lesion, and 71.9% efficacy for prevention of any
CIN2C lesion.48 At 9.4-year follow-up of a subgroup of the
same cohort, the vaccine had 100% efficacy for prevention of
incident HPV 16 and 18 but showed no statistically significant
prevention of HPV 16- and 18-associated high-grade cervical
dysplasia nor high-grade cervical dysplasia associated with any
oncogenic HPV infection. The lack of significance in dysplasia
may be due to a small number of events (0 in the vaccine group
and 3 in the placebo group related to HPV 16 and 18, and 5 in
the vaccine group versus 10 in the placebo group related to any
oncogenic HPV type).49

The immunogenicity of vaccinated women against HPV 16
and 18 in the PATRICIA trial was 100% at 36 months.46 At
4.5 year follow-up, antibody titers in 99% of immunized indi-
viduals were 17-fold and 14-fold higher for HPV 16 and 18,
respectively, than in individuals with natural immunity.50 A
subset of this population was followed, and at 6.4 and 9.4 years,
antibody titers remained 12-fold and 10-fold higher, respec-
tively, for both HPV types relative to natural immunity.48,49

The next leading oncogenic types associated with invasive
cervical cancer following HPV 16 and 18 are HPV types 31, 33,
45, 52, and 58. The bivalent vaccine has demonstrated cross-
protection against these non-vaccine HPV oncogenic types,
with 31.5% efficacy in preventing associated CIN2 lesions.46 In
the Costa Rica study, cross protection at 4-year follow-up was
demonstrated against HPV 31, 33 and 45 infection, with effi-
cacy of 51.3% in HPV-na€ıve women and 45.2% in all women
regardless of initial HPV infection status.47 At 9.4-year follow-
up, the bivalent vaccine continued to demonstrate efficacy
against incident HPV 45 but not against other non-vaccine
HPV types.49

Quadrivalent vaccine efficacy, immunogenicity and
cross-protection

The clinical efficacy of the quadrivalent vaccine on cervical can-
cer precursors was evaluated in the Future II trial (Females
United to Unilaterally Reduce Endo/Ectocervical Disease),
which was funded by Merck, the maker of the vaccine. In this
phase III, multinational, prospective, double-blind, placebo-
controlled trial of more than 12,000 women aged 15 to 26 y of
age, the vaccine had 98% efficacy in preventing the primary
composite outcome (CIN2, CIN3, AIS, and HPV 16 and 18
infection) in women who were HPV 16 and 18 na€ıve. Among
all women, including those with a history of HPV infection, the
vaccine had an efficacy of 42% and 79% against incident infec-
tion with HPV 16 and 18, respectively. In this same population,
the vaccine had efficacy of 57% and 45% in preventing HPV16

and 18 associated CIN2 and CIN3, respectively. The efficacy in
CIN2C associated with any HPV type was low at 17%.51

In the FUTURE I trial, which was a similarly designed,
smaller study also funded by Merck, the vaccine had 100% effi-
cacy in protecting against development of CIN2 and CIN3
lesions in women who were HPV-na€ıve. Among all women,
including those with history of HPV infection, there was no sta-
tistically significant effect on the incidence of CIN2 or CIN3
lesions.52

The measured immunogenic response in vaccinated individ-
uals to the 4 HPV types in the vaccine were generally high at
greater than 96%.52,53 At 36-month follow-up, 100% of vacci-
nated individuals reached 17-fold higher immunogenicity for
HPV 16 relative to individuals with natural infection, while
only 76% of those vaccinated reached immunogenicity for
HPV 18 equivalent to individuals with natural infection. Higher
antibody titers were achieved in vaccinated individuals with
prevalent HPV infection, which may suggest that the vaccine
serves as a “booster” in this population.54

The quadrivalent vaccine has demonstrated relatively lim-
ited cross-protection to the leading non-vaccine oncogenic
HPV types. In the FUTUREs trials, the vaccine had efficacy of
32.5% in preventing CIN2, CIN3 and AIS related to HPV types
31, 33, 45, 52, and 58, however, this cross protection was not
statistically significant in sexually active women.55,56 An inde-
pendent meta-analysis clarified that cross-protection of the
quadrivalent vaccine was limited to HPV 31, however, this pro-
tection is not significant when lesions co-infected with HPV 16
or 18 are excluded.57 While studies of the bivalent vaccine have
shown that cross-protective efficacy tends to wane with time,
longer-term data is not available for the quadrivalent vaccine.

Limitations of efficacy studies

While both the bivalent and quadrivalent vaccines show greater
than 90% efficacy against new vaccine-type specific HPV infec-
tions in HPV-na€ıve individuals over the course of 3–4 y efficacy
trials, it is too soon to know how this data correlates to the
impact vaccination will have on cervical cancer morbidity and
mortality. There is generally a long timeframe of progression
from HPV infection to cervical cancer, and thus numerous
intermediary indicators have been used to evaluate both vac-
cines, including anogenital warts (for the quadrivalent vaccine),
any cervical dysplasia, high-grade cervical dysplasia (CIN2C)
and HPV DNA detection. Because low-grade cervical dysplasia
often spontaneously regresses, high-grade cervical dysplasia
and persistent HPV DNA positivity are better indicators of
likelihood of progression to cervical cancer, but how accurate
these proxies are is unknown.58 Now that the HPV vaccine is
recommended, there is unlikely to be any longer term prospec-
tive follow-up data comparing vaccinated to unvaccinated
women.

There is little data regarding the impact of the bivalent and
quadrivalent vaccines on colposcopy referrals, and diagnostic
and treatment procedures for cervical abnormalities. Data
from the industry-funded bivalent vaccine study demonstrated
marked reductions in colposcopy referral and need for exci-
sional procedures, however, this was not replicated in an inde-
pendent trial with 4-year follow-up.46,59 Data projected from
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the industry-funded quadrivalent vaccine study predicts a sig-
nificant reduction in definitive cervical therapy, however, con-
crete evidence is lacking.60

The correlation of the serologically measured immune
response to protection against HPV is unclear, particularly
because natural infection does not always induce a serologically
detectable immune response.61 Both the bivalent and quadriva-
lent vaccines have demonstrated relatively favorable immuno-
genic responses, with 9.4 y and 3 y of follow-up data for the
bivalent and quadrivalent vaccine, respectively, though it is dif-
ficult to compare the immunogenicity studies of the bivalent
and quadrivalent vaccine because they use different assays and
measurements of efficacy endpoints.62 Furthermore, there is
uncertainty as to whether the addition of subtypes to the vac-
cine creates immune interference with lower long-term type-
specific immunity. If vaccine immunogenicity wanes with time,
the impact on cervical cancer may be less than projected by the
data currently available.

Similarly, data on the cross-protection of non-vaccine HPV
types are encouraging, particularly for the bivalent vaccine.
However, there is evidence that the immunogenic response
against non-vaccine types wanes with time, and thus the impact
on development of lesions associated with non-vaccine types
later in life is unknown.57

Perhaps the most important factor highlighted by efficacy
studies is the need to time vaccination prior to sexual debut to
achieve maximal impact; a large discrepancy has been demon-
strated in vaccine efficacy among HPV-na€ıve vs. exposed
individuals.

Bivalent and quadrivalent vaccine clinical
effectiveness

While vaccine clinical effectiveness studies do not resolve the
limitations of proxy indicators of cervical cancer and uncer-
tainty regarding the validity of extrapolation of short-term
immunogenicity and cross protection data, they do account for
external factors that impact the implementation of HPV vacci-
nation in real clinical settings. National vaccination guidelines,
compliance with vaccine schedules, and vaccine uptake rates
have major impacts on clinical effectiveness of HPV vaccina-
tion and the resultant anticipated impact of HPV vaccination
on cervical cancer morbidity and mortality.

Australia rolled out a national vaccination campaign with
the quadrivalent vaccine from 2007–2009 for women aged 12–
26 y of age. Vaccine coverage rates in school-based programs
were between 71–79%. A population level evaluation of trends
in cervical screening abnormalities before and after implemen-
tation was performed from a national database that included
over 2 million screened women. The vaccination campaign cor-
related to a significantly reduced incidence of CIN2C in
women younger than 18 y of age (¡0.38% p D 0.003).63 Inter-
estingly, the same study showed that the campaign also corre-
lated to significantly higher rates of high-grade abnormalities
in all women older than 20 years, specifically including the 21–
25 age group, which was eligible for vaccination. Of note, self-
reported vaccination coverage in the 18–28 y old age group was
lower than school-based programs, with only 56% of women
reporting receipt of all 3 doses. These results perhaps again

emphasize the relevance of timing the vaccine during school
age years to reach girls before the onset of sexual debut.

Another Australian study of women aged 18 to 24 y of age
attending family planning clinics in 3 major urban centers
showed a significant decline in HPV prevalence (any type) on
specimens collected by clinicians from 59.9% to 48.0%. The
prevalence of HPV 16 and 18 specifically declined dramatically
from 28.7% to 6.7%, correlating to a vaccine effectiveness of
73% for HPV 16 and 18. There was no significant decline in
HPV types 31, 33, 35, or 45.64 A follow-up study with a larger
group from the same cohort validated vaccination history and
found a statistically significant vaccine effectiveness of 86% for
HPV types 16 and 18 and 58% for 31, 33, 45 when comparing
fully vaccinated to unvaccinated women.65 Additionally, of vac-
cinated women, 48% reported sexual debut prior to vaccination
and 18% reported sexual debut during the year of vaccination,
which may lend support to the utility of catch-up vaccination
programs.

The United States recommended vaccination of women
aged 9 to 26 y of age with the quadrivalent vaccine in June 2006
and added the option of the bivalent vaccine in October 2009.
An evaluation of HPV prevalence in patient self-swab speci-
mens from the pre-vaccine era (2003–2006) to the post-vaccine
era (2007–2010) showed that overall HPV prevalence in 14 to
19 y old females declined from 32.9% to 26.1% and HPV 16
and 18 prevalence specifically declined from 11.5% to 5.1%.66

This effect was statistically significant despite a reported uptake
rate of 62.4% for all 3 doses in this age group (though provider
confirmed uptake rates for all 3 doses are much lower at <
40%67,68). Vaccination uptake rates in women aged 20 to 24
were self-reported as 53% and rates of HPV 16 and 18 infection
did not significantly change in this group from the pre- to post-
vaccine eras.

Denmark initiated vaccination with the quadrivalent vaccine
from 2006 to 2012. Danish national vaccination and cervical
abnormality databases were linked to evaluate individual out-
comes in 399,244 women, including 247,313 vaccinated women
during the rollout period. A significant reduction in CIN3
lesions of 75% was seen in women in the 1993–1994 birth
cohorts.69 A smaller and non-statistically significant reduction
in CIN3 was seen in older birth cohorts, likely related to preva-
lent HPV infection. Women in the younger birth cohorts have
not reached the age for initiation of screening at the time of
this study. These findings correlate to the findings of the Aus-
tralian study showing the most significant impact of the vaccine
on women less than 18 y of age.

The trend in reduction in HPV infection and high-grade
cervical dysplasia seen in younger cohorts was corroborated by
a meta-analysis of ecological studies evaluating clinical effec-
tiveness defined by a reduction in HPV infection and CIN2/
CIN3 lesions. In women younger than 20 y of age, HPV 16 and
18 prevalence decreased by 64%, with a significant inverse cor-
relation between vaccination coverage and disease detection.
HPV 31, 33, and 45 decreased significantly by 28%, but when
HPV 31, 33, and 45 were grouped with HPV 52 and 58, no sig-
nificant decrease in prevalence was seen. Though not signifi-
cant, there was a trend of reduced HPV 16 and 18 prevalence
among 20 to 24 y olds (31%).70 The meta-analysis only identi-
fied 2 studies with CIN2 and CIN3 as endpoints, one being the
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Australian ecological study cited above showing reduction in
high-grade lesions in women under 18 y of age, while the other
was conducted in the United States where screening has not
been initiated in the cohort under 21 y of age. Still the latter did
not find statistically significant reductions in the incidence of
high-grade cervical dysplasia in women 20 y of age or older,
which is consistent with the findings of the Australian study.71

Effectiveness studies of the bivalent vaccine alone have been
limited, as it entered the market after the quadrivalent vaccine,
and was largely incorporated into vaccination programs already
utilizing the quadrivalent vaccine. However, the United King-
dom introduced HPV vaccination exclusively with the bivalent
vaccine in 2008. Vaccination was targeted to 12 y old girls
through school-based programs and catch-up vaccination was
administered to 13–17 y olds, with coverage of 80% and 56%,
respectively. HPV 16 and 18 prevalence declined among 16–
18 y olds from 19.1% to 6.5% from 2008 to 2011. There was no
significant reduction in other high-risk HPV type prevalence,
specifically types 31, 33, and 45, to which the bivalent vaccine
had suggested cross-protection in efficacy studies.72

There are limitations to these evaluations. The primary limi-
tation is that the age groups in which the vaccine is expected to
be most effective have not yet reached the ages with highest
HPV infection rates and prevalence of high-grade cervical
lesions. Additionally, cervical cancer screening protocols have
shifted to initiate screening at later ages and to occur less fre-
quently, which may affect detection of HPV prevalence and
high-grade lesions. Finally, longer-term data are needed to see
if these early encouraging results hold true as young vaccinated
women approach the age of peak cervical dysplasia and cancer
incidence.

9vHPV vaccine outcomes to date

The 9vHPV HPV vaccine (Gardasil9; Merck Sharp & Dohme
Corp., Whitehouse Station, New Jersey), which targets HPV
types 6, 11, 16, 18, 31, 33, 45, 52, and 58 was approved by the
FDA in December 2014 for use in females aged 9 to 26 y old
and males aged 9 to 15 y old.73

The 9vHPV vaccine was evaluated in an international, ran-
domized, double-blind, phase 2b-3 study funded by Merck.
Fourteen,215 women aged 16 to 26 y were randomized to
receive either the 9vHPV or the quadrivalent vaccine 3-dose
series. The trial was designed to assess non-inferiority to the
quadrivalent vaccine; no placebo was utilized given pre-existing
data on the efficacy of the quadrivalent vaccine. In the HPV-
na€ıve population, the 9vHPV vaccine had 96% efficacy in pre-
venting high-grade cervical disease (CIN2, CIN3, adenocarci-
noma-In Situ, and cervical cancer) associated with HPV-types
31, 33, 45, 52, 58 (0.1 versus 1.5 cases per 1000 person years in
the 9vHPV vs. quadrivalent vaccine cohorts), as well as 96%
efficacy in preventing persistent infections related to the same
HPV-types (2.1 versus 52.4 cases per 1000 person years in the
9vHPV vs. quadrivalent vaccine cohorts). However, in analysis
of all women regardless of prior HPV infection, there was no
difference in cervical, vaginal or vulvar disease between the
9vHPV and quadrivalent vaccine recipients (14.0 cases per
1000 person years in both cohorts).74

Because the 9vHPV vaccine is newly available on the mar-
ket, there is no clinical effectiveness data yet to assess its impact
in general practice. Theoretically, based on the prevalence data
of HPV types in invasive cervical cancer, the quadrivalent and
bivalent vaccine could potentially prevent approximately 70%
of invasive cervical cancer while the 9vHPV could prevent an
additional 20% of invasive cervical cancer.75,76 This projection
depends on perfect administration of the vaccine in all females
prior to sexual debut, perfect long-term immunogenicity and
no evolution of HPV-type prevalence in cervical cancer.

Modeling has been used to estimate the impact of the biva-
lent, quadrivalent and 9vHPV vaccines. The bivalent and quad-
rivalent vaccines are estimated to reduce CIN2 and CIN3 by
62.1% and 58.6%, respectively, and to reduce squamous cell
carcinoma by 70.5% and 64.8% (due to cross-protection of
bivalent vaccine). The 9vHPV vaccine is estimated to further
reduce the cumulative number of cases of high-grade cervical
dysplasia (CIN2 and CIN3) by 9.3 and 12.5% and squamous
cell carcinoma by 4.8 and 6.6%, over the quadrivalent and biva-
lent vaccines, respectively. For this model to hold true, the vac-
cine type efficacy of the 9vHPV vaccine must be greater than
80–85%, assumes vaccination prior to acquisition of HPV and
life-long protection against the HPV types in the respective vac-
cines.77 Time is needed to prove whether these assumptions are
true and to assess the true clinical effectiveness over time of all
of the available vaccines.

Safety

The bivalent, quadrivalent and 9vHPV vaccines are generally
well tolerated with mild and self-limited injection site reaction
being the most common adverse event. Other frequently
reported events do not appear to be more common in vaccine
versus control recipients, nor in HPV vaccine recipients vs.
recipients of other types of vaccines. Additionally, no increased
risk of new-onset autoimmune disease, venous thromboembo-
lism, and syncope has been seen. No death related to HPV vac-
cination has occurred.78–88 Though no HPV vaccine is
recommended in pregnancy, no increased risk of adverse preg-
nancy outcomes, including spontaneous abortion, late fetal
death and congenital anomalies, have been seen in pregnant
women who inadvertently receive the bivalent or quadrivalent
vaccine.89 There is on-going monitoring of reports of neuro-
logic symptoms developing after vaccination, including pos-
tural orthostatic tachycardia syndrome and complex regional
pain syndrome.90–95

Projected impact of hpv vaccines on cervical cancer
morbidity and mortality

Based on the data we have to date, a few things about HPV vac-
cination are clear. Regardless of the type of vaccine utilized,
vaccination should be targeted to individuals prior to exposure
to HPV infection. Catch-up vaccination in older age groups
may also have a long-term benefit,65,96 though there is no defin-
itive clinical effectiveness data to support this, nor the preferen-
tial use of the 9vHPV vaccine in this cohort. No studies to date
have information on cancer incidence, and thus the impact on
cervical cancer morbidity and mortality is theoretical and based
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on best estimates. Time and future clinical effectiveness studies
are needed, particularly as young vaccinated women enter the
appropriate age range to initiate screening. Large population-
based studies are needed to assess cervical cancer incidence as
an endpoint, with ongoing prevention and screening programs
in place.

The greatest impact of HPV vaccines on cervical cancer
morbidity and mortality will likely be seen with increased
implementation in low- and middle-income countries, which
carry 85% of the cervical cancer burden. While there is no
effectiveness data regarding HPV vaccination yet available
from low- and middle-income countries, because of the dispro-
portionately high rates of cervical cancer in these countries,
modeling has suggested that HPV vaccination would be cost-
effective.97 On-going research is needed in coordination with
implementation of vaccination programs given the greater bur-
den of cervical cancers related to HPV types other than HPV
16 and 18 as well as higher prevalence of immune compromis-
ing factors.98

The HPV vaccine will likely have a relatively lesser
impact on cervical cancer morbidity and mortality in high-
income countries because of the lower overall burden of
cervical cancer and the existence of effective screening and
treatment programs. Still, disparities do exist in access to
and compliance with screening protocols in high-income
countries, and the vaccine will ideally mitigate this effect
over the long-term by reducing the number and regularity
of visits needed to prevent cervical cancer. The greatest
effect of the vaccine that we are likely to see in high-income
countries is a reduction in invasive cervical procedures,
though long-term clinical effectiveness data is needed to
evaluate this hypothesis.

Many uncertainties remain. More time is needed to assess
clinical effectiveness of all 3 vaccines, even in HPV-na€ıve vacci-
nated individuals, where imperfect adherence to dosing sched-
ules and lack of data on long-term immunogenicity poses an
unclear risk for future HPV infection and progression to cervi-
cal cancer. The real impact of the 9vHPV vaccine is theoretical
at this point and long-term immunogenicity and effectiveness,
particularly given the greater number of HPV types covered in
the vaccine, needs to be proven.

Given the higher prevalence of non-HPV 16 and 18 related
invasive cervical cancer in low- and middle-income countries,
the 9vHPV vaccine is arguably needed the most in these set-
tings, however, the cost of the vaccine has the potential to be
disproportionately prohibitive in low- and middle-income
countries. While GAVI has negotiated rates for the bivalent
and quadrivalent vaccines, it is not clear that the same rate will
be available for the 9vHPV vaccine.99

In October 2009, the FDA approved vaccination of males
aged 9–26 for prevention of genital warts.100 Increasing uptake
of vaccination in males will ultimately reduce HPV transmis-
sion and contribute to herd immunity, particularly when there
is only low to moderate uptake of vaccination in females.101

Improved herd immunity will likely contribute to reduced mor-
bidity and mortality from cervical cancer in the long-term.102

The impact and cost-effectiveness of male vaccination needs
ongoing assessment so that national vaccination strategies can
be adapted according to the data.

National strategies, public acceptance and uptake of the
HPV vaccines still pose a challenge. Denmark provided the vac-
cine free of charge to girls aged 12–15 as part of the national
vaccination campaign and achieved greater than 85% vaccina-
tion coverage, whereas, vaccine coverage rates were only 20%
among women aged 16–19 who had to pay for the vaccine.69

Australia reported 3-dose coverage rates in school based pro-
grams of 79% for first year high school students and 71% for
final year high school students, while a phone survey of Austra-
lian women aged 18–28 showed only 56% 3-dose coverage
rates.63 Similarly, Scotland achieved greater than 85% coverage
of girls aged 12–17 in school-based programs, however, vaccine
coverage was only 30% for 15–17 y olds not in school.103 The
United States has had less success, with only 39% of 13–17 y
olds completing the 3-dose vaccine series.66 Low- and middle-
income countries with roll-out through pre-existing school and
health center based vaccination programs have achieved high
rates of vaccine coverage.104,105 Rwanda has achieved the high-
est coverage rates of any country for a targeted age group with
93% coverage of girls in the sixth grade through school- and
community-based programs, and a nationwide public sensitiza-
tion campaign.46

Importantly, cervical cancer screening and treatment pro-
grams continue to be important, even among vaccinated indi-
viduals and cannot suffer at the cost of implementation of
primary prevention programs.18 Cervical cancers caused by
HPV types not covered by available vaccines will continue to
develop and prevalent HPV infection in vaccinated individuals
may still lead to cervical cancer.

Conclusion

Although primary prevention of cervical cancer with HPV vac-
cination is exciting in theory, actual effects on cervical cancer
incidence, morbidity and mortality remain to be seen. Second-
ary prevention with known effective screening approaches, and
treatment of precancerous changes or early cancers will likely
have the greatest short-term impact on cervical cancer out-
comes worldwide. Simultaneous targeted patient education and
creative vaccination implementation strategies should be prior-
itized to maximize vaccination rates.

Through combined efforts to improve screening and man-
agement of adult women, and vaccination of their children, the
morbidity and mortality from cervical cancer should improve
worldwide.
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