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Abstract

Context: Cervical and genital infections are responsible for the more common sexually transmitted cancers among women aged
14 - 55 years. There are more than 100 HPV types which cause 60% - 70% (high risk types: 16, 18) and 90% (low risk types: 6, 11) cervical
cancers. This study aimed to evaluate the efficacy of L1 protein vaccines against cervical and vaginal cancer.
Evidence Acquisition: Different databases (including Scopus, Google scholar, PubMed, Cochrane, and Science Direct) were
searched using relevant keywords such as Gardasil, Cervarix, and cervical cancer. After restricting the search strategy and excluding
duplicates, the remained articles were screened by investigating their titles, abstracts, and full texts. Cochrane Q-test and I-squared
index were used to detect the heterogeneity among the results, and fixed effect model was applied to estimate the pooled risk ratio.
Results: By combining the results of 10 primary articles, the efficacy of monovalent (HPV16), bivalent (HPV 16, 18), and quadrivalent
(HPV16,11,6,8) vaccines was estimated between 86% and 100%.
Conclusions: The results of this meta-analysis showed that Gardasil and Cervarix vaccines are highly effective against cervical can-
cer. According to the point that approximately 50% of cervical cancers and human carcinogenicity are related to HPV-16 infection,
the bivalent HPV vaccine might have protective effects against HPV-16 CIN2-3 lesion and cervical cancer.
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1. Introduction

Cervical and genital infections are responsible for
the more common sexually transmitted cancers among
women aged 14 - 55 (1). It is estimated that 530,000 people
are infected and 275,000 die annually due to cervical can-
cer (2, 3).

More than 100 HPV types have been identified, and
high-risk types (16,18) are responsible for approximately
60% - 70% of all cervical cancers. It also contains low-risk
types (6,11) which are responsible for 90% of genital warts
worldwide (4-10). Some of the HPV types are associated
with cutaneous warts, and some of them are detected in
the skin lesions (10). The other types are related to ma-
lignant lesions such as external genital warts, intraepithe-
lial neoplasia of penis (PIN), anus (AIN), vulva (VIN), vagina
(VAIN), cervix (CIN) and also cervical cancer (11-14). Two
prophylactic vaccines, Gardasil and Cervarix, are available
since 2006 with approximately 100% efficacy to prevent
mortalities (15). A bivalent vaccine (Cervarix) targets two

types of HPV (16,18), while quadrivalent vaccine (Gardasil)
acts against these types as well as two other HPV types
(6,11) that cause cutaneous genital warts (16, 17). The evi-
dence shows that there is a relationship between persis-
tent HPV infection and development of cervical intraep-
ithelial neoplasia (CIN) and cervical cancer (18-21). Thus,
vaccination with quadrivalent HPV vaccine among naive
women not exposed to HPV16/18 can prevent CIN1, CIN2,
and CIN3 grades of cancer related to HPV16/18 among fe-
males aged 16 - 26 (22, 23).

HPV16 is the most oncogenic type associated with ap-
proximately half of all cervical cancers worldwide. Prophy-
lactic HPV16 vaccines as a highly effective tool can be used
to prevent cervical cancer. Persistent HPV infections are
necessary for cervical lesions CIN 2- 3. Some studies show
that prophylactic HPV16 L1 virus-like particle (VLP) vaccina-
tion inhibited persistent HPV16 infections when followed
averagely for 1.5 years (24, 25).

The purpose of this study was to evaluate the efficacy
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of L1 protein vaccines against cervical and vaginal cancer.

2. Data Source and Search Strategy

In this study that was conducted in October 2016
in Mazandaran University of Medical Sciences, all rele-
vant English-written literatures from 1990 to 2015 were
investigated. The electronic medical databases used for
the search were PubMed, Google scholar, Scopus, Sci-
ence Direct, and Cochrane. In these databases, we used
the key words corresponding MeSH term including “Pa-
pillomavirus”, “Gardasil”, “Cervarix”, “Randomized”, “Ran-
domised”, “Controlled”, and “Trial” by applying the follow-
ing strategy: (Papillomavirus OR HPV) AND Vaccine AND
(randomized or controlled or randomised) AND trial. We
only selected randomized clinical trials (RCTs) about HPV
vaccines (Gardasil, Cervarix) efficacy in preventing cervical
and vaginal infections among women.

3. Study Draft

In this Meta analysis, all full texts and abstracts were
collected via accurate and advanced searches. 1) Duplicate
articles were removed; 2) studies were considered and ir-
relevant articles were excluded; 3) the results of the se-
lected studies were analyzed to omit repeated articles.

4. Inclusion Criteria

In this study, all clinical trials investigating the efficacy
of the L1 protein vaccines against cervical and vaginal can-
cer among healthy seronegative HPV DNA with a history of
three doses vaccination were selected for meta-analysis. All
achieved articles required to have quality scores.

Exclusion criteria: 1) studies that did not report spe-
cific sample size, 2) abstracts and studies presented in con-
gresses without full texts, 3) non-RCTs and studies that did
not achieve enough quality scores, 4) and duplicated stud-
ies were excluded from this study.

5. Data Extraction

Two different researchers independently evaluated all
of the studies derived from the above databases and re-
stricted them to per-protocol groups; then compared their
results. In this study, the required data such as authors’
names, publication year, country of origin, sample size of
intervention and control groups, HPV types, type of pro-
tein used, and the effect estimates with corresponding 95%
confidence intervals (CIs) were extracted from all docu-
ments.

6. Quality Assessment

The quality of selected studies was evaluated by two re-
viewers (T.M, MM) using Jadad Score. This checklist consists
of a 5-point scale to assess different aspects of methodol-
ogy and quality of randomized trials. Studies with a total
score of 3 or more were considered as qualified (26, 27). The
final decision was made by a third reviewer.

Statistical analysis: All data analyses were performed
by Stata V.11 software (StataCorp, College Station, TX,
USA). A contingency table was designed for each clini-
cal trial containing intervention/placebo groups’ informa-
tion. Weighting and combining the primary results were
performed using inverse variance method. Cochrane (Q)
test and I squared indicators were applied to detect the de-
gree of heterogeneity among the results. Since this het-
erogeneity was not statistically significant, we used fixed
model for combining the results. Total estimate of rela-
tive risk (95% confidence interval) for HPV infection preva-
lence was illustrated in forest plots (the size of each box in-
dicated the study weight and crossed lines indicated 95%
confidence intervals). Using Egger test at the significance
level of 0.1, the probable publication bias was evaluated.
In some of the primary studies, no outcome had been ob-
served in the intervention groups; then, we had to add 0.5
to each cell in the contingency tables to estimate continu-
ity correction.

7. Results

During the first stage of our search, we identified 10444
papers indexed in PubMed (168), Google Scholar (7820),
and Science Direct (2456). We could not access the other
databases due to the limited accessibility in Iran. Of them,
7069 articles were excluded after setting some limitations
in search strategy. Moreover, 2793 duplicated and 512 ir-
relevant papers were removed. Screening by full text re-
view and quality assessment omitted another 60 papers.
Finally, 10 articles having all inclusion criteria were consid-
ered for final meta-analysis. All these studies had been con-
ducted to evaluate the vaccine efficacy against some geno-
types (HPV 6 in four studies, HPV11 in four studies, HPV16 in
10 studies, and HPV8 in seven studies) (Figure 1).

Results of the primary studies showed that Gardasil
and Cervarix vaccines have considerable efficacy for pre-
vention of cervical and vaginal cancers among women, so
that the efficacy of quadrivalent vaccine against HPV6 in-
fection was reported from 73.1% to 100%. Also, the efficacy
of this vaccine against HPV11 was reported as 100%. Accord-
ing to these results, the efficacy of monovalent (HPV16), bi-
valent (HPV 16, 18) and quadrivalent (HPV16,11,6,8) vaccines
has been reported between 86% and 100%.
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10444 Citation identified through electronic 

database search 

(PubMed:168; Google scholar7629;
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3375 Articles relevant to the topic  

582 Articles screened by 

title and abstract  

70 Retrieved full text  

10 Full text articles 

included in meta-analysis 

1 Study included in the 

meta-analysis for 

HPV6

4 Studies included in 

the meta-analysis for 

HPV11

10 Studies included in 

the meta-analysis for 

HPV16

7 Studies included in 

the meta-analysis for 

HPV18

60 Articles excluded after 

screening

512 Non relevant articles 

excluded

2793 Duplicate Articles 

removed  

7069 Citation excluded 

after limiting search 

Figure 1. Flowchart of Selection of Studies for Inclusion in Meta-Analysis

Based on the heterogeneity indices for HPV16 vaccine (I-
squared = 0, Q = 10.6, P = 0.6), there was a low heterogene-
ity among the results. Therefore, we applied fixed effects
model to combine the point estimates. The total relative
risk for HPV16 vaccine to reduce cervical cancer risk was es-
timated as 0.06 (95% CI: 0.04 - 0.09). Therefore, the total ef-
ficacy of this vaccine was 94% (91 - 96) (Figure 2). Moreover,
the Egger test results showed no evidence of publication
bias (β = -1.1, P = 0.062).

Based on the heterogeneity indices for HPV11 vaccine
(I-Squared = 0%, Q = 1.1, P value = 0.894) and the low ob-
served heterogeneity, the total relative risk for cancer de-
velopment by this vaccine using fixed effects model was es-
timated as 0.19(95% CI: 0.05 - 0.7). This means that the ef-
ficacy of vaccine against cervical cancer was 81% (30 - 95)
(Figure 3). However, Egger test showed a significant publi-

cation bias (β = 4.3, P = 0.01).

Due to the low heterogeneity indices for HPV18 vaccine
efficacy (I-Squared = 0%, Q = 1.8, P value = 0.987), fixed effects
model estimated the pooled RR for HPV infection as 0.13
(95% CI: 0.07 - 0.26). Therefore, as illustrated in Figure 4, the
HPV18 vaccine efficacy against cervical cancer was 87% (74 -
93). No publication bias was observed (β = -0.3, P = 0.541).

In contrast to the other vaccines, we observed a great
heterogeneity between the results of primary studies re-
garding HPV6 vaccine (I-Squared = 75.6%, Q = 16.4, P value =
0.002). Therefore, random effects model was applied that
estimated the pooled RR for this vaccine as 0.02 (95% CI:
0.002 - 0.18). Thus, the HPV6 vaccine efficacy against cervi-
cal cancer was estimated as 98% (81.8 - 99.8) (Figure 5). No
evidence of publication bias was observed using Egger test
(β = -5.4, P = 0.114).
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Figure 2. Forest Plot of the Pooled RR for HPV16 Vaccination Against HPV Infection

8. Discussion

The results of this study show that Prophylactic biva-
lent human papillomavirus (types 16, 18) and quadriva-
lent human papillomavirus (types 16, 18, 6, 11) vaccines
are highly effective (100%) in preventing persistent HPV
infection. This study emphasizes that the HPV type 16
(HPV16) L1 virus-like particle vaccines are not only effec-
tive against persistent HPV16 infection, but also protect
against HPV16-related CIN2-3 and cervical cancer. it is es-
timated that approximately 50% of cervical cancers and
human carcinogenicity are related to HPV-16 infection (28-
30), thus, vaccination of young women with HPV-16 L1 pro-
vides strong protection and decreased HPV-16 infections
associated with cervical intraepithelial neoplasia (CIN) 2/3
. Some studies confirmed that HPV-16 VLP vaccines are
highly protective against multiple HPV types and reduce
the incidence of cervical cancer. Women who have been
vaccinated with one HPV type may protect against other
HPV types (28).

Papillomavirus-like particle (L1 VLPs)-based subunit

vaccines generate high serum titers of neutralizing an-
tibodies that are primarily type-specific and provide
near complete protection and limited cross-reactivity
with other highly phylogenetically-related types associ-
ated with cervical cancer (31-33). L1 VLP vaccination even
without an adjuvant induces high protection (34-37). In
contrast to L1 VLP, the minor capsid protein (L2 VLPs) in-
duces neutralizing antibodies and protects animals from
papillomavirus; however, it is weakly immunogenic com-
pared to L1 VLP and the duration of immunosuppression
is not clear (38-40).

Gardasil and Cervarix are effective vaccines against dif-
ferent types of HPV infection (6, 11, 16, 18). These are clas-
sified as high-risk types for developing cervical cancer and
genital warts. The results of a meta-analysis showed that
prevalence of HPV16 and HPV18 among patients with cervi-
cal cancer was 44.8% and 14%, respectively (41). Moreover, in
a study conducted in Japan, 67.1% cases with cervical can-
cer were attributed to HPV type 16 and HPV type 18 (42).
Frequencies of these genotypes among patients in North
America and Europe were reported as 76.4% and 73.8%, re-
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Figure 3. Forest Plot of the Pooled RR for HPV11 Vaccination Against HPV Infection
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Figure 4. Forest Plot of the Pooled RR for HPV18 Vaccination Against HPV Infection
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Figure 5. Forest Plot of the Pooled RR for HPV6 Vaccination Against HPV Infection

spectively (41).

Studies conducted among vaccinated and HPV nega-
tive women showed that prevalence of HPV (6, 11,16,18)
among women who received at least one dose of the
vaccine decreased to 89% during 35 months, indicating
the protective effect of vaccination. Quadrivalent vac-
cine could produce a strong immune response after seven
months in vaccinated subjects. In addition, after 36
months, more than 94% of them showed high antibody
titration against HPV (6, 11, 16) while 76% had serologic
response against HPV18 (43). Another study carried out
among 552 women vaccinated between ages 16 - 23 re-
ported that quadrivalent vaccine can lead to the increased
immune memory. It was also shown that seven days and 30
days after three vaccination doses, HPV antibody consider-
ably increased, so that the antibody titration was more in
these women than women at the beginning of vaccination
(44). Villa et al. found that the efficacy of HPV vaccination
increased from 89% to 95% within three years (43, 45).

In order to prevent vaginal HPV infection, HPV vacci-
nation should be performed before the first sexual con-
tact among young women. Studies conducted during a
24-month period showed that prevalence of HPV infection
among women without history of sexual contact was 15.3%
(46). Therefore, it seems that the risk of HPV infection is
high during sexual contact that necessitates vaccination in
this period. Cervarix with adjuvant AS04 is a strong pro-
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tector against HPV16 and HPV18 during 4 - 5 years. In addi-
tion, Gardacil with aluminum as adjuvant showed a good
protection during five years especially against HPV16 (47).
Some studies revealed that vaccination among girls aged
10 - 15 can develop higher immune response than vaccina-
tion among 16 - 23 year-old women. Therefore, vaccination
before sexual contact can develop long-term efficacy. More-
over, vaccination among multi-partner women can play an
important role in the prevention of HPV infection (48).

Results of a study showed that deletion of human pa-
pillomavirus types 6 and 11 within vaccine can prevent de-
veloping genital warts and CIN staging and reduce costs
and psychological problems associated with this disease
(49). In developed countries without cancer screening pro-
grams, HPV vaccination is very crucial in reducing cervi-
cal cancer. Such effect depends on the vaccine efficacy, age,
and protection period. Moreover, this vaccination can be
more effective among 10 - 13 year-old HPV negative girls (50-
52).

This study showed that quadrivalent vaccine against
HPV (6, 11, 16, 18) can prevent developing infection as well
as relevant diseases. There were some limitations in sev-
eral primary studies such as small sample sizes and long
follow-up periods. Therefore, our results might be prone
to bias (Table 1).

9. Conclusion

In conclusion, since the efficacy of HPV vaccines
against dysplasia is independent from race or geographi-
cal area and considering the increasing prevalence of cer-
vical cancer in different communities, it seems that vacci-
nation before sexual contact can play a significant role in
prevention of the disease. Although screening programs
can be helpful in disease control, it cannot be an alterna-
tive for vaccination.
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