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Introduction
Human papillomavirus  (HPV) is one 
of the most important risk factors of 
cervical cancer which is responsible for 
15,000 deaths per year in the world. 
This virus is also a risk factor for breast 
cancer[1,2] and cervical intraepithelial 
neoplasia  (CIN).[3] CIN is often removed 
by the immune system, however, in some 
cases, it will lead to cervical cancer.[4] CIN 
is categorized into CIN 1, CIN 2, and CIN 3. 
CIN 1 is the initial phase of cellular growth 
abnormality and is removed by immune 
system. CIN 3 progresses to cervical 
carcinoma, and CIN 2 is the intermediate 
situation of them. It is generally believed 
that chronic cervical infection with HPV 
which is transmitted due to sexual contact 
is the main cause of CIN.[5,6]

Cervical cancer is related to the HPV types. 
More than 200 HPV genotypes have been 
identified, forty of which are transmitted 
through sexual contact. Among them, types 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 
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Abstract
Human papillomavirus (HPV) can induce cervical intraepithelial neoplasia (CIN). Vaccination against 
HPV can play an important role in CIN prevention. This study aims to estimate the efficacy of L1 
protein vaccines (Cervarix and Gardasil) in CIN 1, 2, 3 risk reduction using meta‑analysis. Relevant 
articles were identified by two independent researchers searching international databanks. After 
application of inclusion/exclusion criteria and quality assessment, eligible articles were entered into 
the final meta‑analysis. Inverse variance method and fixed effect model were used to combine the 
results of the primary studies. The heterogeneity between the results was assessed using Cochrane 
and I2 indices. Of 11,530 evidence identified during the primary search, three papers were found 
eligible for meta‑analysis, including 7213 participants in the intervention groups and 7170 healthy 
controls. The efficacy  (95% confidence interval) of HPV 6, 11, 16, 18 monovalent and quadrivalent 
vaccines against CIN 1, CIN 2, and CIN 3 were estimated as of 95%  (88–98), 97%  (85–99), and 
95%  (78–99), respectively. This study showed that L1 protein vaccines Cervarix and Gardasil are 
highly protective vaccines playing an effective role in the prevention of HPV 6, 11, 16, 18 which are 
responsible for CIN 1, CIN 2, and CIN 3.
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59, 73 and 82 are high-risk types.[7,8] It has 
been shown that high‑risk types of HPV 
16, 18 are responsible for 70% of cervical 
cancers, anogenital warts, and CIN 1, 
2.[9] Several studies have investigated the 
association between HPV (6, 11, 16, and 18) 
and CIN 1, 2, 3.[2,10‑13] In 50%–60% of CIN 
cases, some evidence of HPV 16, 18 have 
been reported.[14] Moreover, 25% of CIN 
cases are associated with HPV 16 or HPV 
6, 11.[15,16]

HPV is controlled by Cervarix and Gardasil 
vaccines which are available from 2007.[17] 
Cervarix containing lipid A and aluminum 
hydroxide is a vaccine against HPV 
16 and HPV 18. Gardasil is combined with 
aluminum hydroxyl phosphate adjuvant, 
covering HPV 6, 11, 16, and 18. These 
vaccines induce the immune system 
against HPV 6, 11, 16, and 18 and some 
another types.[18‑20] It has been reported that 
vaccination program among women under 
18 reduces the incidence severe forms of 
CIN 2 leading to decrease in morbidity and 
mortality in the world.[21]
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Considering the increasing prevalence of cervical cancer 
and the important role of vaccination in prevention of 
cervical cancer, this study aims to estimate the efficacy of 
L1 protein vaccines  (Cervarix and Gardasil) against HPV 
6, 11, 16, and 18 in the prevention of CIN 1, 2, and 3 using 
meta‑analysis.

Procedure
Search strategy

To find evidence published until February 3, 2016, 
international databanks such as Cochrane, PubMed, Web 
of Science, Scopus, and Google Scholar were searched. 
Relevant keywords, including Cervarix, Gardasil, protein 
L1, CIN, clinical trial, efficacy, effectiveness, odds ratio, 
risk ratio, and HPV in combination with operators such as 
“OR” and “AND” were used for search strategy. We also 
reviewed all references to increase the search sensitivity. 
The search was conducted by two independent researchers 
during February 10–22, 2016, and any disagreement was 
managed by a third researcher.

Study selection

Full texts or abstracts of all evidence identified during 
the comprehensive search were extracted. First, duplicates 
were removed. Then, titles, abstracts, and full texts were 
investigated, respectively, to identify and exclude irrelevant 
articles. We also reviewed the results of the studies in detail 
to omit ‑ if any ‑ repeated evidence.

Inclusion criteria

Clinical trials investigating the efficacy of L1 protein 
vaccines Cervarix and Gardasil against CIN 1, 2, and 
3 among healthy HPV‑negative women with a history of 
three dose vaccination were selected for meta‑analysis.

Exclusion criteria

Studies did not report sample size, abstracts presented in 
congresses without full text, nonrandomized controlled 
trials, and studies did not achieve enough quality scores 
were excluded from the meta‑analysis.

Quality assessment

Two authors  (A.B and M.M) evaluated the quality of the 
included trials using the Jadad score. This checklist is a 
five‑point scale for assessing the quality of randomized 
trials. A  score of three points or more indicates high 
quality.[22,23] Quality assessment was performed by two 
independent reviewers. In the case of any disagreement, 
further investigation and final decision‑making would be 
carried out by a third researcher.

Data extraction

Required information extracted from studies were author’s 
name, date and country of publication, sample size of 
intervention and control groups, HPV types, type of protein 

used, vaccination dosage, number of sexual partners, age of 
vaccination, number of events in each group, and follow‑up 
time.

Statistical analysis

Data analysis was performed by Stata version  11 
package  (StataCorp, College Station, TX, USA). 
A  contingency table was designed for each primary study 
including intervention/control groups’ data. Point estimates 
were combined according to the inverse variance method. 
The heterogeneity between the results was checked using 
Cochrane  (Q) test and I2 index. Because of nonsignificant 
heterogeneity, fixed effect model was applied for combining 
the primary estimates. The pooled estimate of the risk 
ratios for reduction of cervical cancer risk with 95% 
confidence interval (CI) was illustrated by forest plots. This 
plot contained multiple boxes crossed by lines indicating 
study weight and 95% CIs, respectively. In addition, Egger 
test was used to investigate the publication bias. P  < 0.1 
was considered statistically significant.

Results
Of 11,530 articles identified during the primary search, 
1702 duplicates were removed and 9453 papers were 
excluded after limiting the search strategy. Reviewing titles 
and abstracts, 240 papers were identified irrelevant, and 
investigating the full texts of the rest papers, 132 irrelevant 
studies were detected. Finally, three papers were considered 
eligible for meta‑analysis [Figure 1].

Articles identified through electronic
database search (n = 11530)

After limited search and
Removed duplicates
articles (n = 11155)

Articles screened by title
and abstract (n = 375)

Excluded nonrelevant
articles (n = 240)

Retrieved full text
(n = 135)

Articles identified through
reference checking (n = 0)

Full-text articles assessed
for eligibility (n = 135)

Excluded full texts (n = 132)

Studies included in the meta-analysis (n = 3)

Figure 1: Flowchart of study selection
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These three studies were carried out in Brazil  (2007), 
Poland  (2009), and California, USA  (2006). All of them 
investigated the CIN 1, CIN 2, and CIN 3 as the outcome 
of interest. Totally, 14,383 participants were investigated 
aged between 16 and 26  years. The average number of 
sexual partners in these studies was  <5. Follow‑up times 
in Brazil, Poland, and California studies were 7, 36, and 
48 months, respectively. All participants had received three 
vaccine doses. Type of vaccines applied in the first two 
studies was quadrivalent  (HPV 6, 11, 16, 18 L1) and in 
the study carried out in the USA was monovalent (HPV 16 
L1). Table  1 shows the efficacy of vaccines according to 
the type of study and vaccine.

The heterogeneity indices showed low heterogeneity 
between the primary results regarding the efficacy of 
both vaccines against CIN 1  (I2  =  0; Q  =  0.32, P  =  0.8). 
Therefore, fixed effect model was applied for combining 
the results. The pooled risk ratio for developing CIN 1 in 
the intervention and control groups was estimated as of 
0.05  (95% CI: 00.02–0.12)  [Figure  2]. It means that the 
efficacy of Cervarix and Gardasil for reducing the risk of 
CIN 1 is 95% (95% CI: 88%–98%). Egger test showed no 
evidence of publication bias (β = −0.2; P = 0.9).

Heterogeneity indices for primary results for CIN 2 were 
not statistically significant  (I2  =  0, Q  =  0.64; P  =  0.7). 
Therefore, using fixed effect model, the pooled RR for CIN 
2 risk reduction by monovalent and quadrivalent vaccines 
was estimated as of 0.03  (95% CI: 0.01–0.15)  [Figure  3]. 
In other words, the efficacy of vaccine in reducing 
the risk of CIN 2 was 97%  (95% CI: 85%–99%). In 
addition, Egger test showed nonsignificant publication 
bias (β =42.9, P = 0.13).

There was no significant heterogeneity between the results 
of primary studies regarding the effect of monovalent 
and quadrivalent vaccines against HPV 6, 11, 16, 18, and 
CIN 3  (I2  =  0, Q  =  0.70; P  =  0.7). The pooled risk ratio 
for CIN 3 using Cervarix and Gardasil was estimated 
as of 0.05  (95% CI: 0.01–0.22)  [Figure  3] indicating 

a 95%  (95% CI: 87%–99%) efficacy. Moreover, the 
Egger test results showed no evidence of publication 
bias (β = 1.6; P = 0.6).

Conclusions
Our meta‑analysis showed that the efficacy of HPV L1 
protein vaccines  (Cervarix and Gardasil) in reducing the 
risk of CIN 1, CIN 2, and CIN 3 was more than 95%.

As reported in the literature, HPV 16 and HPV 18 are 
responsible for 86% of adenocarcinomas. Although HPV 
16/HPV 18‑associated CIN is not common, vaccination 
plays a very important role in the prevention of this 
malignancy. Therefore, vaccination program can reduce 
the prevalence of the adenocarcinoma.[24,25] The highest 
risk of HPV infection is occurred in the first 5–10  years 
after sexual contact.[26‑28] In most countries, the first sex 
experience begins during the age of 15–17  years. In the 
study carried out by Block et al., the efficacy of vaccination 
was estimated as of 98%–99%. The concentration of 
the antibody after vaccination was higher in girls aged 
10–15  years than those aged 16–23  years. Thus, the 
vaccination program before the first sexual contact is more 
effective in the prevention of cervical cancer.[29]

Gardasil quadrivalent vaccine has been approved by 
European countries and is being used in many populations 
in different ages. For example, in France, Australia, 
Luxembourg, and Sweden, people are vaccinated in ages 
14, 16–26, 13–16, and 10–11, respectively. It indicates 
that vaccination is an important factor in the prevention of 
genital disorders among HPV noninfected women and girls. 
Majewski showed that the quadrivalent vaccine caused 
approximately 100% decrease in the incidence of cervical 
cancer and genital diseases which are related to HPV  (6, 
11, 16, and 18). Investigations conducted in European 
countries showed that vaccination plays an important 
prophylactic role for CIN 1 and CIN 3 in women with four 
or less sexual partners. They also found that vaccination 
prevented the CIN 2 more than 56%.[30]

Table 1: Characteristics of primary studies according to cervical intraepithelial neoplasia type, vaccine type, and 
efficacy

Type 
of CIN

ID First 
author

Publication 
year

Country Interventional group Control group Protein used Capacity 
of vaccine

Percentage of 
efficacy (95% CI)Number of 

outcomes
Number 

of healthy
Number of 
outcomes

Number 
of healthy

CIN 1 1 Perez 2007 Brazil 2 2415 29 2348 6/11/16/18 4 73.3-99.2
2 Majewski 2009 Poland 3 4043 71 3972 16/18/6/11 L1 4 95.8 (87.2-99.2)
3 Mao 2006 California 0 755 14 736 HPV16 L1 1 100 (71-100)

CIN 2 1 Perez 2007 Brazil 0 2415 16 2361 6/11/16/18 L1 4 74.6-100.0
2 Majewski 2009 Poland 0 4043 38 4005 16/18/6/11 L1 4 100.0 (89.8-100.0)
3 Mao 2006 California 0 755 7 743 HPV16 L1 1 100 (33-100)

CIN 3 1 Perez 2007 Brazil 1 2414 13 2364 6/11/16/18 4 49.8-99.8
2 Majewski 2009 Poland 0 4043 26 4017 16/18/6/11 L1 4 100.0 (84.8-100.0)
3 Mao 2006 California 0 755 6 744 HPV16 L1 1 100 (18-100)

CIN=Cervical intraepithelial neoplasia, CI=Confidence interval, HPV=Human papillomavirus
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The HPV 16 L1 vaccine is not only involved in the 
prevention of HPV 16 infection but also plays an important 
role in CIN 2, 3 prevention. The protection period for 
this vaccine against HPV 16 is reported as of 3.5  years. 
According to the results of the previous studies, HPV11 
vaccine can induce a 100% protection against CIN 
2, 3 during 3.5 years among noninfected women receiving 
at least one dose vaccine. It can lead to a lower incidence 
of cervical cancer within the community.[31,32]

The results of a survey conducted among Danish women 
with normal cytology showed the incidence of HPV 6, 11, 
16, 18 as of 7.8%.[33] If all HPV types were considered, 
the incidence could be 14%. According to the results of 
the other studies, HPV types other than HPV 16 and HPV 
18 are responsible for 20% of cervical cancers. Also, 
vaccination is not covered all HPV types, and cytological 
screening of populations is recommended.[34]

Unfortunately, we used only three primary studies in our 
meta‑analysis. However, since these studies are clinical 
trials with limited ethical and methodological issues, 
performing meta‑analysis using low numbers of primary 
studies would be important. The strength of this study is the 
high agreement and low heterogeneity between the results. 
Therefore, the effect of the limited sample size on the total 
estimates is low. In case of adding more primary studies 
to the meta‑analysis, no considerable changes would be 
observed in the pooled estimates. Our primary studies did 
not report the time periods of vaccines efficacy. Due to this 
limitation, we could not estimate the immunization period.

Our study revealed that using quadrivalent and monovalent 
L1 protein Cervarix and Gardasil have high protective 
effects against HPV 6, 11, 16, and 18 infections which 
are main risk factors for CIN 1, 2, and 3. Therefore, 
implementation of regular vaccination programs against 
HPV  (6, 11, 16, and 18) can play a critical role in the 
prevention of CIN 1, 2, and 3. The current meta‑analysis 
provides appropriate evidence for policymaking about 
vaccination program planning.
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