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ABSTRACT

Cervical cancer is the fourth most common cancer in women worldwide, and the main cause is Human
Papillomavirus infection. Human Papillomavirus vaccines have had dramatic impacts on the prevalence
of targeted Human Papillomavirus types (6,11,16 and 18), genital warts and precancerous cervical le-
sions. The World Health Organization and Centers for Disease Control and Prevention have confirmed
the safety of Human Papillomavirus vaccines after >250 million doses were administered worldwide.
World Health Organization approved the two-dose-schedule of Human Papillomavirus vaccines in fe-
males younger than 15 years of age, with 26 month intervals. Extension of vaccination to men could fur-
ther reduce the population prevalence of Human Papillomavirus and provide direct protection of men
against genital warts and anal, penile and oropharyngeal cancers. Txhe nine-valent Human
Papillomavirus vaccine has demonstrated equivalent protection against the four types in the quadriva-
lent vaccine and high efficacy against the next five commonest causes of cervical cancer (Human
Papillomavirus types 31,33,45,52 and 58). The Advisory Committee on Immunization Practices recom-
mends the nine-valent vaccine and it has been approved by the FDA in 2014 for both genders between
11-12 years of age.
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Introduction In previous studies, deoxyribonucleic acid (DNA) of HPV
was detected in the vast majority of patients with cervical dys-
Cervical cancer is the fourth most common cancer in plasia and carcinoma. Currently, it is considered to be prereq-
women worldwide, and the main cause is Human uisite for the development of these cervical lesions, but needs
Papillomavirus (HPV) infection. The latest GLOBOCAN data a number of supplementary factors for the development inva-
reported an estimated 528.000 new cases and 266.000 deaths sive carcinoma. There are more than 100 types of HPV iden-
due to cervical cancer in 2012 (1). Besides, there were more tified to be able to infect epithelial cells, but specific types
than 600.000 new cases of HPV-related cancers, including have higher risk for oncogenic transformation. There are 15
anogenital and oral cancers in both genders. Current estimates high-risk anogenital types; HPV-16 is the most common type,
indicate that every year 1686 women are diagnosed with cer- and followed by HPV types 18, 45, 31, 33, 35, 52, and 58,
vical cancer and 663 die from the disease in Turkey (2). In whereas HPV types 51, 56, 39, 59, 68, 73, and 66 are much
2013 a multicentric retrospective analysis held on 6.388 pa- less common.

tients revealed that 25% of all women with normal and abnor-

mal cytology had HPV infection (3). It is currently believed that there is a step-by-step devel-

opment of cervical neoplasms; starting with a persistent HPV

infection due to a high-risk type, followed by high-grade dys-
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The discovery of the 15 HPV types which are the most
common cause of cervical cancer has risen the idea of whether
the development of cervical neoplasia can be prevented by
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a virus-like particle, of these types were introduced into the
vaccine in order to prevent cancers of the cervix, vulva, vagina,
anus, penis, and oropharynx (7). In addition to HPV-16 and
HPV-18, the quadrivalent vaccine also contains L1 proteins of
HPV-6 and HPV-11, which are the leading cause of genital
warts as well as recurrent respiratory papillomatosis (8).
Studies have shown >90% efficacy for both vaccines for the
prevention of cervical intraepithelial neoplasia (CIN), vulvar
intraepithelial neoplasia (VIN), and vaginal intraepithelial neo-
plasia (ValIN) that were developed due to targeted HPV types,
and for quadrivalent vaccine also for the prevention of genital
warts (9). The most outrageous finding is that the protection of
these vaccines has been observed to continue for at least 10
years based on antibody decay rates in modeling studies (10).

It should be kept in mind that these vaccines are only effi-
cient for the aim of prophylaxis, and therefore not effective in
the treatment of existing infections. For this reason, the target
population of the vaccines are preadolescent girls that have
never had a sexual intercourse. The safety profile in this pop-
ulation was evaluated after approximately 250 million doses
of HPV vaccines were administered by the year 2015 world-
wide, and no significant side effect was observed (11,12).

Efficacy and Safety

The efficacy of vaccines can be specified by their effec-
tiveness on decreasing the rates of HPV infection and related
diseases.

Markowitz et al. reported that HPV prevalence was re-
duced to 5.1% in females between 14 and 19 years from a rate
of 11.5% with the administration of HPV vaccines (13). The
vaccine coverage rate in this study was 32%. Similarly, The
National Surveys of Sexual Attitudes and Lifestyles from the
United Kingdom, in which the coverage rate was 61.5%, re-
vealed the prevalence of HPV-16 and HPV-18 was reduced to
5.8% in women between 18-20 years from a rate of 11.3%
(14). A number of other studies also showed the effectiveness
of HPV vaccines on decreasing the rate of HPV infections and
genital warts. A systemic review of these studies reported that
HPV infections and anogenital warts were significantly re-
duced with the use of HPV vaccine, and also stated that the
coverage of the vaccine was >50% (15).

An Australian study was the first to report the early results
of the effect of a population-based HPV vaccine program on
the development of premalignant lesions (16).

In this study, the rates of CIN 2-3 lesions were significantly
reduced in females under 18 years of age with the introduction
of HPV vaccines. There are four phase III trials in which the
clinical efficacy of the HPV vaccine was studied; PATRICIA
and Costa Rica trials for the bivalent, and FUTURE I and 1II tri-
als for the quadrivalent vaccine (17-19). The efficacy of both
vaccines was found 96-100% in terms of preventing HPV 16
and 18-related CIN, carcinoma in situ and cervical cancer.
Antibody titers for both vaccines were measured significantly
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higher than those achieved with natural HPV infection. The du-
ration of these high titers was 5 years in the studies of the
quadrivalent vaccine and 8.4 years in the studies of the bivalent
vaccine with seropositivity rates of 98.8% and 100%, respec-
tively. This duration of preventing HPV infection and related
disease may be longer when the final results of these studies are
reported. However, current data reveals high rates of immuno-
genicity and adequate duration of protection without any need
for a booster dose. The 7-year follow-up of the VIVIANE
study revealed that HPV 16-18 vaccine is still successful in
protecting women older than 25 years against infections, cyto-
logical abnormalities, and lesions associated with HPV 16-18
as well as HPV 31 and HPV 45 (20).

The WHO and CDC have confirmed the safety of HPV vac-
cines after >250 million doses were administered worldwide;
however, they have also recommended a much longer duration
for detecting whether there would be any adverse events.
Although no adverse events were encountered in pregnant
women that were inadvertently vaccinated, administration of
HPV vaccines in pregnant women is not recommended (21).

Alternative Strategies for Dosing

The primary dose schedule was held as three doses; at
months 0, 1 or 2 (for quadrivalent and bivalent, respectively),
and 6, and both are currently administered in 3 doses for an op-
timized immune response. Both HPV vaccines contain virus-
like particles which are highly immunogenic. No cut-off value
for antibody levels was detected for protection against HPV in-
fection. However, higher titers of antibodies were observed in
adolescents than needed which are probably the main reason
for higher rates of protection in adult women. With the aim of
reducing the cost of vaccination, studies comparing 3-dose
schedules to two-dose schedules (in months 0 and 6) were held
for both bivalent and quadrivalent vaccines. A number of trials
showed equivalent immunogenicity in two-dose schedules in
young adolescents compared to three-dose schedules in adult
women measured by antibody titers (22,23).

However, memory responses of T and B-cells were found
lower with the two-dose schedule for the quadrivalent vaccine
compared to three-dose schedule (24). Besides, although there
are no data about the statistical significance, the antibody titers
against HPV-18 and HPV-16 were lower after 24 months and
36 months, respectively, in adolescents that underwent two-
dose schedule compared to the ones that received three doses
of vaccination.

The Costa Rica trial was the first to show that two doses,
or even one dose, of the bivalent HPV vaccine was successful
in the protection against HPV infection (25,26). However, the
long-term protection of the HPV vaccine was maintained in all
women even they are not seropositive, probably with a similar
reason to what is accepted for hepatitis B vaccine (27,28).

In 2014, based on these findings, World Health
Organization (WHO) approved the two-dose schedule of HPV
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vaccines in females younger than 15 years of age, with >6
month-intervals (29). Since the approval of the WHO
Switzerland, Quebec and British Columbia of Canada, the
United Kingdom, France, Spain, The Netherlands, South
Africa, and Chile have adopted the two-dose schedule.
However, while administering the two-dose schedules it is im-
portant to consider the relative cost-effectiveness of them, and
risk management strategies should be kept under considera-
tion for situations where they do not provide protection for an
adequate time (30).

Vaccination of Males

The first identified HPV-related malignancy is cervical
cancer; however, it has been clearly shown that HPV infection
can also lead to anogenital, penile and oral cancers as well as
anogenital warts in men. One of the main concerns about men
is that by the disease load they carry, they can transmit the
virus to women by sexual intercourse and thus, they are the in-
direct cause of the development of cervical cancer in women
(31). Anal cancer has a higher risk of development particularly
in men that have anal sexual intercourse with men (32).
Development of genital warts and recurrent respiratory papil-
lomatosis can also be observed in men. In order to prevent the
fore-mentioned diseases, the concept of vaccination in men
has arisen. But the main benefit from the vaccination of men
would be for the sake of women, because herd protection sig-
nificantly decreases the rate of the development of HPV in-
fection in women.

Giuliano et al. included 4,065 healthy males between 16-
26 years of age from 18 countries into a randomized, placebo-
controlled, double-blinded trial in which they evaluated the ef-
ficacy of quadrivalent HPV vaccine on external genital lesions
in men. No males had a history of anogenital warts, penile, pe-
rianal or perineal intraepithelial neoplasia or cancer. The effi-
cacy of the vaccine was found 92.4% and 79% in 3,463 het-
erosexual males and in 602 males who had sex with males
(MSM), respectively. When the MSM subgroup was evaluated
for the primary end point of HPV-6, 11, 16 or 18-related anal
intraepithelial neoplasia (AIN) grade 1 (including condy-
loma), 2 or 3, or anal cancer; the efficacy of the quadrivalent
vaccine was found 77.5%, and a median 85% (range: 76.2%-
100%) reduction was observed in the detection of HPV DNA
at any time in the post-vaccine follow-up (33,34).

Male vaccination has been found cost-effective in a num-
ber of studies, particularly when the achieved coverage of fe-
male vaccination remains under 50%. Nevertheless, spending
financial resources on female coverage is more rational in
order to achieve an actual cost-effective status. (35)

Routine HPV vaccination for males has been recom-
mended since 2011 in the United States; however, as it is not
fully funded by the government and is mainly school-based, it
did not achieve a coverage as high as in females (35% in
males vs. 57% in females) (36).
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Another country that recommends HPV vaccination in
both genders is Australia. The coverage of male vaccination
was no higher than 2% in 2006; however, it reached a rate of
54% in 2015 after a government funding was accepted for the
program. There is an ongoing trial of HPV vaccination pro-
grams for both genders in Alberta and Prince Edward Island of
Canada. Besides, an HPV vaccination program for men who
have sex with men has been recently planned to be held in the
United Kingdom.

Nine-valent HPV vaccine

As already mentioned, quadrivalent and bivalent vaccines
have protection against specific HPV types that are responsi-
ble for the development of approximately 70% of all cervical
cancers. Besides these, they also provide cross-protection for
a number of other oncogenic types. However, studies on the
efficacy and duration of cross-protection have not reported re-
liable data. With an aim of protection against a higher number
of HPV types, the nine-valent vaccine which additionally in-
cludes L1 proteins of five other oncogenic HPV types, i.e. 31,
33, 45, 52, and 58, have been introduced with an expectation
of protection against approximately 90% of all cervical can-
cers (Table 1).

Joura et al. randomized more than 14,000 females between
16 and 26 years to quadrivalent and nine-valent vaccines in a
phase III trial in which the primary endpoints were rates of
HPV infection and intraepithelial neoplasia (37).

Both vaccines were administered as three doses at months
0, 2 and 6. The overall efficacy of the nine-valent vaccine was
found 96.7%, which was higher than the one achieved with the
quadrivalent vaccine. The nine-valent vaccine also offered a
satisfactory high rate of protection against CIN2 and CIN3,
VIN2 and VIN3, and VaIN2 and VaIN3. Moreover, rate of sys-
temic adverse events such as fever and nausea were similar
with both vaccines. The only difference was the rate of pain at
the injection site which was significantly higher in the nine-
valent vaccine arm. It was also reported that antibody titers
against HPV-6, 11, 16, and 18 did not decrease in the nine-va-
lent vaccine compared to quadrivalent vaccine.

The Advisory Committee on Immunization Practices
(ACIP) recommends the 9-valent vaccine and it has been ap-
proved by the FDA in 2014 for both genders between 11-12
years of age (38).

In individuals that were not vaccinated between this target
age, catch-up vaccination is recommended until the age of 26
for both genders.

It is not currently recommended to administer an addi-
tional nine-valent HPV vaccine after a previous three-dose
schedule of the quadrivalent or the bivalent HPV vaccine.
However, it is considered safe to administer any kind of HPV
vaccine in individuals of both genders that do not know the
type of their previous HPV vaccine in an incomplete schedule
they previously had.
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Table 1: Characteristics of bivalent, quadrivalent, and nine-valent HPV vaccines (39)
Bivalent Quadrivalent 9-valent
HPV types included |16 and 18 6, 11, 16, and 18 6, 11, 16, 18, 31, 33, 45, 52, and 58
Prevented Diseases | HPV-16 and -18- HPV- 6, -11, -16, and -18- HPV-6, -11, -16, -18, -31, -33,-45,
related related -52, and -58- related
Cervical cancer Cervical cancer Cervical cancer
CIN1-3 Vulvar cancer Vulvar cancer
AIS Vaginal cancer, Vaginal cancer
CIN1-3 CIN 1-3
AIS AIS
VIN 2-3 VIN 2-3
ValN 2-3 ValN 2-3
PIN 1-3 PIN 1-3
Penile cancer Penile cancer
Anogenital warts Anogenital warts
AIN AIN
Anal cancer Anal cancer
Efficacy 98.1 % for diseases | Approximately 100% for diseases related | >99% for diseases related to HPV-6,-11,-
related to to HPV-6, -11, -16, and -18; 90.4% for|16,and-18;96.7% for disease related to
HPV 16 and -18 male external genital diseases HPV-31, -33, -45, -52, and -58

HPV: Human Papilloma Virus, CIN: Cervical intraepithelial neoplasia, AlS: Adenocarcinoma in situ, VIN: Vulvar intraepithelial neoplasia, ValN:
Vaginal intraepithelial neoplasia, PIN: Penile intraepithelial neoplasia, AIN: Anal intraepithelial neoplasia

Conclusion

The relation between HPV and development of cancer was
and has been studied in various molecular and genetic trials as
well as it has been shown in epidemiological data and clinical
observations. In regard to the younger population it affects
and years of life it causes to be lost, the main prophylaxis for
cervical cancer is the prophylaxis of HPV. Further studies will
enlighten the medical world about the efficacy of HPV vac-
cines in other HPV-related diseases in males and females.
There is a tremendous hope for the development of new dose
schedules and new vaccines which will be more efficacious in
preventing various HPV-related cancers.
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