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Background: Breast carcinoma (BC) is a cancer with a high morbidity rate, but the mechanisms by which
it develops are never clear. There has been speculation regarding the potential relationships between breast
cancer and local HPV infections for some time, and although much clinical research supports this hypothesis,
some research results disprove the association. Therefore, the association is still inconclusive.

Methods: We performed the data collection by searching the database PubMed, Embase, Cochrane Library
and Web of science. In addition, 22 sites were added manually. After carefully selection, the pooled odds rate
of 37 included case control studies was calculated. Subgroup analysis, publication bias and trim & fill analysis
were conducted to make the result more reliable.

Results: The analysis of 37 case control studies containing 3,607 BC cases and 1,728 controls showed
obviously increase of BC risk with human papillomavirus (HPV) positive [summary odds ratio (SOR) =6.22,
95% confidence interval 4.25 to 9.12; P=0.0002]. Subgroup analysis proved three high risk HPV types
(HPV16, 18 and 33) were positively correlated to BC.

Conclusions: This systemic review and meta-analysis provide the evidence for HPV infection as a
potential risk factor in BC, while the mechanism of this hypothesis still needs further evaluation.
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Introduction decades, due to the raising public awareness of the disease

. . and the wide application of screening mammogram, more
Breast carcinoma (BC) is not only the most common pP & grattl,

invasive malignant neoplasm in women but also the second patients are diagnosed in relatively early stage than before.

main cause of cancer death in women (1). According to the Also, new treatment approaches such as targeted therapy

statistics of Global Cancer Statistics 2018, it is estimated
that about 2,088,849 patients were newly diagnosed with
breast cancer and 626,679 patients died from breast cancer
in 2018. Among neoplastic diseases, the mortality rate of
BC ranked 2nd after the lung cancer worldwide (2). Since
cancer cells can develop in the ducts, lobules or tissues in
between, it has multiple histological types. In the last few
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and endocrine therapy have greatly increased the overall
survival rate associated with the disease and the quality of
patients’ life. It is assumed that one in eight women in the
world will develop cancer of the mammary glands (3), in
which only 5-10% of all these cases are caused by genetic
disorders. The remaining 90-95% of cases are connected to
environmental factors and lifestyle choices (4). Therefore,
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more investigations were carried out in order to figure out
different risk factors associated with BC.

The human papillomavirus (HPV) is a non-enveloped
DNA virus which belongs to the papillomaviridae family
with over 150 types. It is the most common sexually
transmitted infection agent in the United States. Most
women will get at least one type of HPV at some point in
life, since the incidence percentage is as high as 80% (5).
Boshart et al. was the first to theorize that HPV was one
of the potential causes of cervical cancer (6). Following
further investigation of HPV, scientists discovered that
HPV infections cause a significant proportion of cancers
worldwide, with high-risk HPV types such as HPV16 and
HPV18, being associated with squamous cell carcinomas of
the anogenital and oropharyngeal tract. Furthermore, some
low-risk HPV types have been observed to cause genital
warts and recurrent respiratory papilloma.

The association of HPV infection and BC was put
forward by Band et 4/ in 1990. Band et 4l. reported that
HPV could immortalize normal human mammary epithelial
cells, and reduce their requirement on growth factors (7).
Since 1992, an increasing number of researches has been
carried out trying to investigate the relationship between
HPYV infection and BC. However, the conclusions of these
studies were controversial. Some scientists could not find
HPV DNA in breast cancer tissues as is reported by Doosti
et al. (8), Bakhtiyrizadeh er 4/. (9) and Gannon er 4/. (10),
while some were able to find a high prevalence rate of
HPV in breast cancer tissues such as Cavalcante et al. (11).
Although almost 30 years has passed since the proposition
of this theory, the definite conclusion remains unknown.

The main purpose of this study is to collect the
information of original studies worldwide concerning the
relationship of HPV infections to BC. In order to draw
a scientific conclusion, we limited the study type as case-
control studies which are considered to be more convictive
than cross-sectional study. Through the assistance of a
systematic literature search method, we carefully analyzed
37 related case-control studies.

Methods
Register

We successfully registered a systematic review entitled
“Human papillomavirus infection in breast cancer patients: a
meta-analysis of case-control studies” on PROSPERO. The
registration number is: CRD42019121723. We have been
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updating our information during the systematic review
writing procedure.

Search strategy and study selection

We followed the Meta-analysis of Observational Studies
in Epidemiology (MOOSE) (12) for performing and
reporting the present meta-analysis. The MOOSE checklist
is exhibited in Table S1. Two authors (C Ren and K Zeng)
independently performed the literature search procedure
and study selection. Two authors reached consensus on
all items. Relevant articles on the association between BC
and HPV infection were identified through an extensive
search of the Cochrane Library, Embase, PubMed, Web
of Science and clinicaltrials.gov. In PubMed, the search
was performed by using the keywords: “Breast cancer” and
“Papillomavirus”. We defined the following medical subject
headings (MeSH) terms: “papillomaviridae” and “breast
neoplasms”. We combined the Mesh terms and entry words
when completing the searching process. The literature
search contains all literature until March 2019, with no
publication starting-date limitation. These search queries
yielded 12 citations in The Cochrane Library, 955 citations
in Embase, 308 citations in PubMed and 1149 citations in
Web of science.

Studies about the relationship between BC and HPV
infection were reviewed and evaluated critically for
predefined eligibility criteria. Figure I summarized the
flow of information retrieval process and the inclusion and
exclusion criteria. The searching strategy in PubMed is
exhibited in the supplementary I.

Data extraction

Data extraction was performed by two authors (C Ren and
K Zeng) independently. We collected the information of
authors, year of publication, area, histologic type of control,
tissue type and HPV infection related data. For those
articles without a description of the entire clinical data,
we made additional efforts to obtain the original data by
contacting the authors.

Statistical analyses

Revman 5.3 and Stata 14.0 were utilized to analysis the
retrieved data. OR and 95% CI were calculated for each
article. Five subgroup analysis—the histologic type of
control group, tissue type and three subtypes of HPV were
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2,424 of records identified through database searching
Cochrane 12, Embase 955, PubMed 308,
Web of Science 1,149, ClinicalTrials.gov 0

22 of records identified through published
meta-analysis

.

—

1,712 of records after duplicates removed >

1,566 of records were excluded because of
unrelated hypotheses

Y

146 of records screened

88 of records were excluded because of non
human studies and mechanism experiment

Y

Y

58 of full-text articles assessed for eligibility > 20 of full-text articles excluded:

Y

15 of them were excluded for case only study;
5 of them were excluded because of null
results in both groups;

(meta-analysis)

38 of studies included in quantitative synthesis

1 record was removed for the same specimen
resource as another.

Figure 1 Flow diagram of systemic review procedure.

performed. The presence of heterogeneity in meta-analysis
was evaluated using the I-squared value (%). A P value
of less than 5% was considered statistically significant. In
order to estimate publication bias, Egger’s linear regression
and Egger’s linear regression were applied. In addition, trim
and fill method was applied to test if the pooled results were
affected by publication bias.

Results
Literature search

Figure 1 elucidates the process of the literature search. A
total of 2,424 records were identified through database
searching and 22 records were manually added by going
through the reference list of published meta-analysis (13,14).
We removed duplicates and 1,566 records by browsing titles
and abstracts. Fifty-eight full-text articles were obtained for
eligibility. Sixteen records were removed because of case-
only study design, and 5 were excluded because of null
results in both groups, while 1 record was removed for the
same specimen resource as another.

A total of 37 original studies containing 5,335 detected
specimens were finally included to carry out the analysis.
All the included articles were carefully assessed through
reading full text. The included original studies are listed in
the Tuble 1.

© Gland Surgery. All rights reserved.

Characteristics of eligible studies

The 37 included studies range from 1999-2019 covering 17
countries worldwide. Over 50% of the research were carried
out in Asian countries. Among them, 11 articles were
published before 2010, 15 were published between 2010 and
2015, and 11 were published after 2015. All of the included
research are case-control studies. Most studies used non-
malignant breast lesions as a control, while 9 studies used
normal breast tissue as controls which are showed in 7able 1.
Furthermore, we collected the statistics of HPV subtypes
detection (high risk HPV subtypes HPV16, HPV18 and
HPV33) in order to carry out subgroup analysis figuring out
carcinogenic subtype. The specimen types used for HPV
detection are as follows: 11 studies used fresh frozen tissue,
2 studies used fresh tissue, 1 study used liquid cytology
specimens, and the rest used paraffin-embedded tissue.

Methodological quality of included studies

All of the 37 studies have undergone methodological
quality assessment according to Newcastle-Ottawa Quality
Assessment Scale designed for case control studies. The
results of quality assessment are listed in 7able 2. The
assessment results showed that 16 original studies got 6
stars which were considered to be relatively high quality and
the other 21 got 5 stars which indicated some risk of bias.
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HPV infection and the risk of BC

The results of the pooled analysis for included studies
are shown in the forest plot (Figure 2). In all studies,
1,097 tissues in BC group were found HPV positive, while
132 tissues in control group were found HPV positive.
Since the I-square is 52%, we applied the random effect
model. The summary odds ratio (SOR) was 6.22 (95%
confidence interval 4.25 to 9.12; P=0.0002, Figure 2) which
provided evidence for the theory that HPV infection
increased the risk of BC.

Subgroup analysis

A subgroup analysis was carried to find out the cause of
heterogeneity. For histologic type of control, 37 studies
were divided into normal breast tissue subgroup and benign
breast lesion subgroup in terms of type of control group.
The SOR was 8.78 (95% confidence interval 5.54 to 13.92;
P<0.00001; I’=10%, Figure 3) in normal breast tissue
subgroup and the SOR was 4.91 (95% confidence interval
3.08 to 7.82; P<0.00001; I’=50%, Figure 3) in the benign
breast lesion subgroup. This subgroup analysis evidently
declined the heterogeneity.

For tissue type, the original studies were divided into
paraffin-embedded tissue subgroup and fresh frozen tissue
subgroup. In this way, SOR was 7.43 (95% confidence
interval 4.56 to 12.09; P<0.00001; I’=49%, Figure 4) in
paraffin-embedded tissue subgroup and SOR was 6.32 (95%
confidence interval 2.93 to 13.64; P<0.00001; I’=51%,
Figure 4) in fresh frozen tissue subgroup.

In addition, subgroup analysis of association between
HPV types and BC was conducted. In HPV16 subgroup,
SOR was 6.33 (95% confidence interval 3.47 to 11.52;
P<0.00001; I’=10%, Figure 5). In HPV18 subgroup,
SOR was 3.49 (95% confidence interval 2.24 to 5.41;
P<0.00001; I’=0%, Figure 5). In HPV33 subgroup, SOR
was 3.20 (95% confidence interval 1.64 to 2.26; P=0.0007,
I'=0%, Figure 5).

Publication bias and trim & fill analysis

We also examined the influence of publication bias through
picturing a funnel graph, conducting Egger’s linear
regression test and Begg’s rank correlation test (Figure 6).
There was no publication bias found for Begg’s rank
correlation test (Pr>1z1=0.628). However, the P value of
Egger’s linear regression test was 0.003. Egger’s linear
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regression test proved the existence of publication bias and
that is the reason why trim & fill analysis was performed.
The application of the trim and fill method did not change
the risk estimate (SOR 1.478, 95% confidence interval 1.110
to 1.847). These data favor our previous theory that HPV
infection is related to BC.

Discussion

The results of this meta-analysis support the hypothesis
put forward by Band et 4/., which means the HPV
infection could be a potential risk factor for BC, with
SOR of original case control studies as high as 6.22. The
SOR of this meta-analysis is higher than that in previous
meta-analysis of Bae (13) which further indicates the
potential association between HPV infection and BC.
The transmission path of HPV could be through blood,
body contact and lymphatic fluid. The virus finally
arriving the breast tissue may participate in the growth
and development of tumor. Although the mechanisms
involving in this biological behavior are still under
discussion, we should never neglect the impact of warts
infection in breast malignant neoplasm.

Considering the data in the sub group about histological
type of control group, we found that an interesting fact
that the SOR of normal breast tissue subgroup is lower
than that in benign breast lesion subgroup. Despite the
I-square value in either subgroup is under 50% which
indicated heterogeneity is acceptable, the I-square value
between subgroups is obvious. This discovery described the
importance of control selection. Although benign breast
tissues are more easily to be obtained, there are still some
difference between normal breast tissue and benign breast
lesion. We cannot figure the underlying reason up till now,
but we boldly came up with a hypothesis that maybe in
normal breast tissue the consistence infection of HPV is
more dangerous than benign breast tissues. Still, whether
benign breast lesion is a kind of precancerosis remains
unsettled but this article indicates the scientists to avoid
considering benign breast lesions as a control in future.

Regarding to the detection approaches, we noticed that
more case control studies use paraffin-embedded tissue
for HPV PCR detection, only 11 studies used fresh frozen
tissue. Li ez al. (49) have reported that HPV detection rates
were slightly higher when HPV DNA was extracted from
paraffin-embedded tissue than from fresh frozen tissue,
which hints that biopsy taken or slide preparation may affect
the detection results. However, in our subgroup analysis,
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breast cancer li breast | Odds Ratio Odds Ratio
_StudyorSubgroup __ Events Total Events Total Weight M-H. Random.95% Cl M-H, Random, 95% CI
Afsaneh Sigaroodi 2012 15 79 1 51 2.3% 11.72[1.50, 91.74]
Amal EIAmrani 2018 57 76 1 12 2.2% 33.00 [3.99, 272.72]
Andrea P.S. Damin 2004 25 101 0 41 1.4% 27.67 [1.64, 466.13] >
B Heng 2009 8 26 3 17 3.3% 2.07 [0.46, 9.29] -1
Choi, Yoon-La 2007 8 123 0 31 1.4% 4.64 [0.26, 82.53]
Chun-ling FAN 2008 23 56 1 16 2.2% 10.45 [1.29, 84.78]
de Leon, D. C. 2009 15 51 0 43 1.4% 36.95 [2.14, 638.90] >
Depu Wang 2016 52 146 3 83  4.1% 14.75 [4.44, 49.04] -
Frega, A 2012 9 31 0 12 1.4% 10.56 [0.57, 197.02]
Gumus, M 2006 37 50 16 50 5.1% 6.05 [2.54, 14.40] -
Jie Li 2015 3 187 0 92 1.3% 3.51[0.18, 68.66]
Jose” Roosevelt Cavalcante 2018 45 103 7 95 5.1% 9.75[4.12, 23.11] -
Junping Peng 2014 2 100 0 50 1.3% 2.56[0.12, 54.41]
Leila Manzouri 2014 10 55 7 51  4.5% 1.40 [0.49, 4.00] -1
Liang Hong 2014 23 45 1 20 2.2% 19.86 [2.45, 161.26] -
Ling Fu 2015 25 169 1 83 24% 14.24 [1.89, 107.00] -
Mahin Ahangar-Oskouee 2014 22 65 0 65 1.4% 67.76 [4.00, 1146.52] -
Marla Ladera 2017 14 22 1 22 21% 36.75 [4.13, 327.09] -
Masoud Doosti 2016 20 87 0 84 1.4% 51.33 [3.05, 864.19] >
Mendizabal-Ruiz, A. P. 2009 3 67 0 40 13% 4.40[0.22, 87.33]
Nadia Aziz Salman 2017 35 72 1 36 5.1% 2.15[0.92, 5.01] —
Nan Zhang 2016 34 325 4 100 4.5% 2.80[0.97, 8.11] =
Niloofar Khodabandehlou 2019 35 72 5 31 4.5% 4.92[1.70, 14.24] -
Orla M. Gannon 2015 13 78 1 10  22% 1.80[0.21, 15.45] I
Peng Chang 2012 0 48 3 30 1.3% 0.08 [0.00, 1.63]
Qian He 2009 24 40 1 20 2.2% 28.50 [3.46, 234.61]
Reza Malekpour Afshar 2018 8 98 0 98 1.4% 18.50 [1.05, 325.16]
S.H.M. Ali 2014 60 129 0 20 1.4% 35.69 [2.11, 602.68] >
Saimul Islam 2017 203 313 2 21 34% 17.53 [4.01, 76.66] =
Silvia Delgado-Garcia 2017 130 251 49 186  6.3% 3.00[1.99, 4.52] -
Smaroula N. Divani 2012 6 35 0 35 1.4% 15.64 [0.85, 289.36]
Tsai, Ju-Hsin 2007 8 62 2 32 3.1% 2.22[0.44, 11.14] -1
Weili Liang 2013 48 224 6 37 4.9% 1.41[0.56, 3.57] B
Wendy K. Glenn 2012 10 27 3 18 3.4% 2.94[0.68, 12.73] ]
X MOU 2011 4 62 0 46 1.4% 7.15[0.38, 136.27]
Yu,Y 1999 18 52 1 20 2.2% 10.06 [1.24, 81.36]
Zhanping REN 2003 45 80 2 30 33% 18.00 [4.01, 80.75] =
Total (95% CI) 3607 1728 100.0% 6.22 [4.25, 9.12] >
Total events 1097 132 ) ) ) )
ity = . Chi? = = = 2= + t + }
Heterogeneity: Tau? = 0.56; Chi? = 74.78, df = 36 (P = 0.0002); I* = 52% 0.005 o1 1 10 200

Test for overall effect: Z = 9.37 (P < 0.00001)

Figure 2 Forest plot of 37 included original studies.

we did not get the similar conclusion, we speculate this
result may due to the heterogeneity of fresh frozen tissue
subgroup (I'=51%). Besides the development of detection
method may be an important influence factor of the studies.
Before 2000, only type-specific PCR primers were used in
the detection of HPV in breast tissues. Afterwards, broad
spectrum PCR primers and the combined usage of type
specific and broad-spectrum primers were used (49). The
progress of technique made the detection result more stable
and reliable.

HPV has over 150 subtypes. The high-risk HPV
types have higher oncogenicity and cause many kinds of
tumors such as cervical cancer (50) and oropharyngeal
carcinoma (51). In this article, we carried out a subgroup
analysis on three high-risk HPV types (HPV 16, 18 and 33).
It turned out the three high-risk HPV were all related to
BC with P value <0.05. This result is in accordance with the
research of most original studies and many researches on
other carcinomas.

© Gland Surgery. All rights reserved.
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In the process of quality assessment, we found that
although we included 37 original case control studies and
performed a relative large-scale meta-analysis, the quality
of included studies was generally low. Only 16 studies
got 6 stars in terms of NOS scale. That means there is a
possibility of confounding factors influencing the results
to this meta-analysis, while these confounding factors
could have been associated with the mechanism of HPV
oncogenicity in BC, such as age, family history, menarche
age, TNM stages estrogen and progesterone receptors and/
or HER2 oncogene expression, etc.

As to the potential mechanism, association between
HPV and BC has not been confirmed yet. We have to
admit that the appearance of HPV is not sufficient to prove
virus’ etiological role in BC development. However, the
HPV infection is expected to be an early event, followed
by cumulative changes over the years, similar to cervical
carcinogenesis (52). Lots of theories were proposed.
Khodabandehlou ez 4l. reported that the presence of the
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breast cancer i breast I Odds Ratio Odds Ratio
r re Ve 1l Events Total Weight M-H, Random, 95% Cl -H ndom, 95% CI
1.2.1 normal breast tissue
Zhanping REN 2003 45 80 2 30 3.4% 18.00 [4.01, 80.75]
Gumus, M 2006 37 50 16 50 5.2% 6.05 [2.54, 14.40] -
Jose” Roosevelt Cavalcante 2018 45 103 7 95  52% 9.75 [4.12, 23.11] >
Liang Hong 2014 23 45 1 20 2.3% 19.86 [2.45, 161.26] D
Niloofar Khodabandehlou 2019 35 72 5 31 4.6% 4.92[1.70, 14.24] I — R
Qian He 2009 24 40 1 20 2.2% 28.50 [3.46, 234.61] >
S.H.M. Ali 2014 60 129 0 20 1.5% 35.69 [2.11, 602.68] -
Saimul Islam 2017 203 313 2 21 3.4% 17.53 [4.01, 76.66] -1 -
Wendy K. Glenn 2012 10 27 3 18 3.5% 2.94[0.68, 12.73] - =
Subtotal (95% CI) 859 305 31.1% 8.78 [5.54, 13.92] -
Total events 482 37
Heterogeneity: Tau? = 0.05; Chi* = 8.86, df = 8 (P = 0.35); I*= 10%
Test for overall effect: Z = 9.24 (P < 0.00001)
1.2.2 benign breast lesion
Afsaneh Sigaroodi 2012 15 79 1 51 2.3% 11.72[1.50, 91.74]
Amal EIAmrani 2018 57 76 1 12 2.2% 33.00 [3.99, 272.72] e
B Heng 2009 8 26 3 17 3.4% 2.07 [0.46, 9.29] ]
Choi, Yoon-La 2007 8 123 0 31 1.4% 4.64[0.26, 82.53]
Chun-ling FAN 2008 23 56 1 16 2.3% 10.45[1.29, 84.78]
de Leon, D. C. 2009 15 51 0 43 1.4% 36.95 [2.14, 638.90] >
Depu Wang 2016 52 146 3 83 4.1% 14.75 [4.44, 49.04] -
Ethel-Michele de Villiers 2005 8 62 2 44 3.11[0.63, 15.43] >
Frega, A 2012 9 31 0 12 1.4% 10.56 [0.57, 197.02]
Jie Li 2015 3 187 0 92 1.3% 3.51[0.18, 68.66]
Junping Peng 2014 2 100 0 50 1.3% 2.56 [0.12, 54.41] S B a—
Leila Manzouri 2014 10 55 7 51 4.6% 1.40 [0.49, 4.00] >
Ling Fu 2015 25 169 1 83 24%  14.24[1.89, 107.00] - & *
Mahin Ahangar-Oskouee 2014 22 65 0 65 1.5% 67.76 [4.00, 1146.52] _
Marla Ladera 2017 14 22 1 22 21% 36.75[4.13, 327.09] >
Masoud Doosti 2016 20 87 0 84 1.5% 51.33 [3.05, 864.19]
Mendizabal-Ruiz, A. P. 2009 3 67 0 40 1.3% 4.40[0.22, 87.33] T =
Nadia Aziz Salman 2017 35 72 1 36 5.2% 2.15[0.92, 5.01]
Nan Zhang 2016 34 325 4 100 4.6% 2.80[0.97, 8.11]
Orla M. Gannon 2015 13 78 1 10 2.2% 1.80 [0.21, 15.45] ¢
Peng Chang 2012 0 48 3 30 1.3% 0.08 [0.00, 1.63] >
Reza Malekpour Afshar 2018 8 98 0 98 1.4% 18.50 [1.05, 325.16] -
Silvia Delgado-Garcia 2017 130 251 49 186 6.5% 3.00[1.99, 4.52] >
Smaroula N. Divani 2012 6 35 0 35  14% 15.64 [0.85, 289.36] -1
Tsai, Ju-Hsin 2007 8 62 2 32 3.1% 2.22[0.44, 11.14] -1
Weili Liang 2013 48 224 6 37 5.0% 1.41[0.56, 3.57] >
X MOU 2011 4 62 0 46  1.4% 7.15[0.38, 136.27]
Yu,Y 1999 18 52 1 20 2.3% 10.06 [1.24, 81.36] -
Subtotal (95% CI) 2647 1382 68.9% 4.91[3.08, 7.82]
Total events 590 95
Heterogeneity: Tau? = 0.56; Chi = 52.05, df = 26 (P = 0.002); I> = 50%
Test for overall effect: Z = 6.70 (P < 0.00001)
>
Total (95% Cl) 3506 1687 100.0% 6.08 [4.14, 8.92]
Total events 1072 132 0.01 01 10 100

Heterogeneity: Tau? = 0.55; Chi? = 72.82, df = 35 (P = 0.0002); I> = 52%
Test for overall effect: Z = 9.23 (P < 0.00001)
Test for subaroun differences: Chi? = 3.02. df = 1 (P = 0.08). I* = 66.9%

Figure 3 Subgroup analysis-histology type of control.

HPV was associated with increased inflammatory cytokines
(IL-1, IL-6, IL-17, TGF-B, TNF-a, and NF-kB) and
tumor progression (15). Wang et 4l. revealed that HPV16
E7 may promote the proliferation of breast cancer cells by
upregulating COX-2 (53). Besides, Yan er al. discovered
the knockdown of HPV18 E6 and E7 could suppress the
proliferation, metastasis, and cell cycle progression in
HPV positive breast cancer cell line (54). What’s more,
Michael B. Burns’ team had revealed that the mutation
and deletions of DNA cytosine deaminase APOBEC3B
(A3B) which functions by inhibiting retrovirus replication
would elevate the risk of BC (55). After that, in 2014 Vieira
and Ohba team reported the presence of HPV could alter
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the expression of APOBEC3B (A3B) (56,57). So, it is
reasonable to suppose HPV involves in the early stage of
BC by affecting APOBEC3B (A3B).

Comparing with previous systemic reviews on the similar
topic, this article limited the study type as case control
study instead of case only studies. Although the results of
previous systemic reviews are mostly positive, due to the
improvement of study design and more original researches
included the conclusion in this article should be more
exact and convincing. Besides, multiple subgroup analysis
provide evidence for further mechanism exploration. As the
debate that had been discussed by Lawson ez 4/. in 2016,
the low HPV viral load is the reason why some original
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breast cancer I breast | Odds Ratio Odds Ratio
Events Total Weight M-H. Random, 95% Cl M-H. Random, 95% CI
1.4.1 PET
Afsaneh Sigaroodi 2012 15 79 1 51 2.6% 11.72[1.50, 91.74]
Andrea P.S. Damin 2004 25 101 0 41 1.6% 27.67 [1.64, 466.13] >
B Heng 2009 8 26 3 17 3.8% 2.07 [0.46, 9.29] -
Choi, Yoon-La 2007 8 123 0 31 1.5% 4.64 [0.26, 82.53]
Chun-ling FAN 2008 23 52 1 16 2.5% 11.90 [1.46, 96.85]
de Ledn, D. C. 2009 15 51 0 43 1.6% 36.95 [2.14, 638.90] >
Depu Wang 2016 52 146 3 83 4.6% 14.75 [4.44, 49.04] -
Frega, A 2012 9 31 0 12 1.5% 10.56 [0.57, 197.02] >
Jie Li 2015 3 187 0 92 1.5% 3.51[0.18, 68.66]
Jose” Roosevelt Cavalcante 2018 45 103 7 95 58% 9.75 [4.12, 23.11] S
Leila Manzouri 2014 10 55 7 51 5.2% 1.40 [0.49, 4.00] - 1
Liang Hong 2014 23 45 1 20 25%  19.86[2.45, 161.26] >
Ling Fu 2015 25 169 1 83 2.6% 14.24 [1.89, 107.00] >
Mahin Ahangar-Oskouee 2014 22 65 0 65 1.6%  67.76 [4.00, 1146.52] .
Masoud Doosti 2016 20 87 0 84 1.6% 51.33 [3.05, 864.19] >
Mendizabal-Ruiz, A. P. 2009 3 67 0 40 1.5% 4.40[0.22, 87.33]
Nan Zhang 2016 34 325 4 100 5.1% 2.80[0.97, 8.11] -
Reza Malekpour Afshar 2018 8 98 0 98 1.6% 18.50 [1.05, 325.16] >
S.H.M. Ali 2014 60 129 0 20 1.6% 35.69 [2.11, 602.68] >
Silvia Delgado-Garcia 2017 130 251 49 186 7.4% 3.00[1.99, 4.52] -
Wendy K. Glenn 2012 10 27 3 18 3.9% 2.94[0.68, 12.73] -1 -
Yu,Y 1999 18 52 1 20 2.5% 10.06 [1.24, 81.36]
Zhanping REN 2003 45 80 2 30 3.8% 18.00 [4.01, 80.75] -
Subtotal (95% CI) 2349 1296 67.7% 7.43 [4.56, 12.09] -
Total events 611 83
Heterogeneity: Tau? = 0.53; Chi? = 43.29, df = 22 (P = 0.004); I> = 49%
Test for overall effect: Z = 8.07 (P < 0.00001)
1.4.2 FFT
Amal ElAmrani 2018 57 76 1 12 2.5% 33.00[3.99, 272.72] ——— ¥
Gumus, M 2006 37 50 16 50 5.8% 6.05 [2.54, 14.40] - =
Junping Peng 2014 2 100 0 50 1.4% 2.56 [0.12, 54.41]
Marla Ladera 2017 14 22 1 22 24%  36.75[4.13, 327.09] e —
Niloofar Khodabandehlou 2019 35 72 5 31 5.1% 4.92[1.70, 14.24] -
Orla M. Gannon 2015 13 78 1 10 2.4% 1.80[0.21, 15.45]
Peng Chang 2012 0 48 3 30 14% 0.08[0.00, 1.63] *
Qian He 2009 24 40 1 20 2.5% 28.50 [3.46, 234.61] e —
Saimul Islam 2017 203 313 2 21 3.8% 17.53 [4.01, 76.66] s
Tsai, Ju-Hsin 2007 8 62 2 32 3.5% 2.22[0.44, 11.14] - R
X MOU 2011 4 62 0 46 1.5% 7.15[0.38, 136.27] 4
Subtotal (95% CI) 923 324 32.3% 6.32[2.93, 13.64] E—g
Total events 397 32
Heterogeneity: Tau? = 0.75; Chi2 = 20.24, df = 10 (P = 0.03); I = 51%
Test for overall effect: Z = 4.69 (P < 0.00001)
Total (95% Cl) 3272 1620 100.0% 7.06 [4.74, 10.51] -
Total events 1008 115
Heterogeneity: Tau? = 0.52; Chiz = 63.39, df = 33 (P = 0.001); I* = 48% ‘0_0 . 0’ p 3 1=0 p 00‘

Test for overall effect: Z = 9.60 (P < 0.00001)
Test for subaroup differences: Chi? = 0.12. df = 1 (P = 0.73). = 0%

Figure 4 Subgroup analysis-tissue type.

researches obtained negative results (58). However, with the
development of technique, the SOR did not become higher
in most original studies within recent 5 years. We suspected

that some certain kinds of BC are HPV-related while others
are not.

Limitations of the review

Our meta-analysis has certain limitations. For instance,
most of included studies were conducted in Asian countries.
As is reported by Li er al. (49), although 32.42% of BC
cases were HPV-associated in Asians, only 12.91% were
in Europeans. Also, the histology types were obliged to
be analyzed by subgroup. However, due to the lack of
specified data of clinical trials, we cannot perform them
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in this article. Thus, these limitations are likely to bring
about bias. Besides the affection of area and pathological
features, the approach of HPV affection should be advanced
by identifying integrated virus DNA and free virus DNA,
which is expected to provide more evidence for HPV
oncogenicity mechanism in BC.

Conclusions

Through carefully data collection and analysis, we drew a
conclusion that the infection of HPV can really increase
the risk of BC, especially for some high-risk types, such as
HPV16, 18 and 33. The underlying molecular mechanism
has not been settled yet. This calls for the scientists’
attention and further exploration in the following research.
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A HPV 16
breast cancer  non-malignant breast lesions 0Odds Ratio Odds Ratio
_StudyorSubgroup ~ Events Total  Events  Total Weight M-H.Random.95%Cl M-H. Random. 95% CI
Afsaneh Sigaroodi 2012 4 79 0 51 3.9% 6.14[0.32, 116.49] »
Andrea P.S. Damin 2004 14 101 0 41 41%  13.75[0.80, 236.19] »
B Heng 2009 1 26 0 17 32% 2.06 (0.08, 53.52]
Chun-ling FAN 2008 23 52 1 16 71% 11.90[1.46, 96.85]
de Leon, D. C. 2009 10 51 0 43 41%  22.01[1.25,387.74] »
Depu Wang 2016 23 146 0 83 42%  31.78[1.90, 530.40) >
JieLi2015 3 187 0 92 38% 3.51[0.18, 68.66]
Leila Manzouri 2014 2 55 0 51 36% 4.81[0.23, 102.69] 4
Mahin Ahangar-Oskouee 2014 1 65 0 65 3.3% 3.05[0.12,76.17]
Masoud Doosti 2016 4 87 0 84 3.9% 9.11[0.48, 171.83) »
Nadia Aziz Salman 2017 7 74 4 36 15.5% 0.84 [0.23, 3.06] S
Niloofar Khodabandehlou 2019 13 72 2 31 11.8% 3.19[0.68, 15.11] - -
Peng Chang 2012 0 48 0 30 Not estimable
Qian He 2009 24 40 1 20 74%  28.50[3.46,234.61) —_—
Reza Malekpour Afshar 2018 5 98 0 98 40%  11.59[0.63, 212.48] ’
S.HM. Ali 2014 3 129 0 20 42%  14.23[0.84, 241.86] >
Smaroula N. Divani 2012 5 35 0 35 39%  12.80[0.68, 241.03] >
Zhanping REN 2003 38 80 2 30 125% 12.67 [2.83, 56.78] - -
Total (95% Cl) 1425 843 100.0% 6.33 [3.47,11.52] -
Total events 210 10 )

Heterogeneity: Tau? = 0.16; Chi*= 17.87, df = 16 (P = 0.33); *= 10%

Test for overall effect: Z = 6.03 (P < 0.00001) ot 9 L 10 %
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B HPv1is
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Afsaneh Sigaroodi 2012 4 79 0 51 22% 6.14[0.32, 116.49] *
Andrea P.S. Damin 2004 10 101 0 41 24% 9.52 [0.55, 166.42] "
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Depu Wang 2016 18 146 2 83 88% 5.70[1.29, 25.20] —
Gumus, M 2006 20 50 9 50 23.1% 3.04[1.21,7.60] I
Jie Li 2015 2 187 0 92 21% 2.49[0.12, 52.47]
Jose” Roosevelt Cavalcante 2018 2 103 2 95  4.9% 0.92[0.13, 6.67]
Junping Peng 2014 2 100 0 50 21% 2.56 [0.12, 54.41]
Leila Manzouri 2014 1 55 0 51 1.9% 2.83[0.11,71.18]
Masoud Doosti 2016 3 87 0 84 22% 7.00[0.36, 137.61]
Nadia Aziz Salman 2017 8 74 3 36 10.0% 1.33[0.33, 5.36] —_ =
Niloofar Khodabandehlou 2019 16 72 3 31 11.2% 2.67[0.72,9.92] -
Peng Chang 2012 0 48 0 30 Not estimable
Reza Malekpour Afshar 2018 5 98 0 98 23%  11.59[0.63,212.48] »
S.H.M. Ali 2014 35 129 0 20 24% 15.40 [0.91, 261.47] v
Smaroula N. Divani 2012 1 35 0 35 1.9% 3.09[0.12, 78.41]
Zhanping REN 2003 43 80 3 30 120% 10.46 [2.93, 37.29] - -
Total (95% CI) 1521 937 100.0% 3.49 [2.24, 5.41] -
Total events 180 25
Heterogeneity: Tau? = 0.00; Chi? = 11.13, df = 16 (P = 0.80); I* = 0% 00 i o 7 4 1=0 ¥ 00*

Test for overall effect: Z = 5.56 (P < 0.00001) Favours [non-malignant breast lesions] ~Favours [breast cancer]

C HPV33
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Jose” Roosevelt Cavalcante 2018 2 103 1 B 7% 1.92[0.17,21.53]
Leila Manzouri 2014 1 55 1 9% 58% 1.74[0.11,28.40]
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Yu,Y 1999 18 52 1 20 103%  10.06[1.24, 81.36) ¥
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Figure 5 Forest plot of three high risk HPV types: (A) HPV16, (B) HPV18, (C) HPV33.
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Supplementary

Supplementary | Search strategy in Pubmed database

(((“Papillomaviridae”[Mesh]) OR (((((((((((“Human Papilloma Virus”[Title/Abstract]) OR “Human Papilloma Viruses”[Title/
Abstract]) OR “Papilloma Virus, Human”[Title/Abstract]) OR “Papilloma Viruses, Human”[Title/Abstract]) OR “Virus,
Human Papilloma”[Title/Abstract]) OR “Viruses, Human Papilloma”[Title/Abstract]) OR “HPV, Human Papillomavirus
Viruses”[Title/Abstract]) OR “Human Papillomavirus Viruses”[Title/Abstract]) OR “Human Papillomavirus Virus”[Title/
Abstract]) OR “Papillomavirus Virus, Human”[Title/Abstract]) OR “Papillomavirus Viruses, Human”[Title/Abstract]) OR
“Virus, Human Papillomavirus”[Title/Abstract]) OR “Viruses, Human Papillomavirus”[Title/Abstract]))) AND ((“Breast
Neoplasms”[Mesh]) OR (((CCCCCCCCCCCCCCCCee(((((“Breast Neoplasm”[Title/Abstract]) OR “Neoplasm, Breast”[Title/
Abstract]) OR “Breast Tumors”[Title/Abstract]) OR “Breast Tumor”[Title/Abstract]) OR “Tumor, Breast”[Title/
Abstract]) OR “Tumors, Breast”[Title/Abstract]) OR “Neoplasms, Breast”[Title/Abstract]) OR “Breast Cancer”[Title/
Abstract]) OR “Cancer, Breast”[Title/Abstract]) OR “Mammary Cancer”[Title/Abstract]) OR “Cancer, Mammary”[Title/
Abstract]) OR “Cancers, Mammary”[Title/Abstract]) OR “Mammary Cancers”[Title/Abstract]) OR “Malignant Neoplasm
of Breast”[Title/Abstract]) OR “Breast Malignant Neoplasm”[Title/Abstract]) OR “Breast Malignant Neoplasms”[Title/
Abstract]) OR “Malignant Tumor of Breast”[Title/Abstract]) OR “Breast Malignant Tumor”[Title/Abstract]) OR “Breast
Malignant Tumors”[Title/Abstract]) OR “Cancer of Breast”[Title/Abstract]) OR “Cancer of the Breast”[Title/Abstract]) OR
“Mammary Carcinoma, Human”[Title/Abstract]) OR “Carcinoma, Human Mammary”[Title/Abstract]) OR “Carcinomas,
Human Mammary”[Title/Abstract]) OR “Human Mammary Carcinomas”[Title/Abstract]) OR “Mammary Carcinomas,
Human”[Title/Abstract]) OR “Human Mammary Carcinoma”[Title/Abstract]) OR “Mammary Neoplasms, Human”[Title/
Abstract]) OR “Human Mammary Neoplasm”[Title/Abstract]) OR “Human Mammary Neoplasms”[Title/Abstract]) OR
“Neoplasm, Human Mammary”[Title/Abstract]) OR “Neoplasms, Human Mammary”[Title/Abstract]) OR “Mammary
Neoplasm, Human”[Title/Abstract]) OR “Breast Carcinoma”[Title/Abstract]) OR “Breast Carcinomas”[Title/Abstract]) OR
“Carcinoma, Breast”[Title/Abstract]) OR “Carcinomas, Breast”[Title/Abstract])) Sort by: Best Match

Table S1 MOOSE checklist for meta-analyses of observational studies

Item No Recommendation Reported on page No

Reporting of background should include

1 Problem definition 2,3-4
2 Hypothesis statement 2,3-4
3 Description of study outcome(s) 2
4 Type of exposure or intervention used 2
5 Type of study designs used 2
6 Study population 2

Reporting of search strategy should include

7 Qualifications of searchers (e.g., librarians and investigators) N/A
8 Search strategy, including time period included in the synthesis and key words 4
9 Effort to include all available studies, including contact with authors 4
10 Databases and registries searched 4
11 Search software used, name and version, including special features used (eg, explosion) N/A
12 Use of hand searching (e.g., reference lists of obtained articles) 4
13 List of citations located and those excluded, including justification Figure 1
14 Method of addressing articles published in languages other than English N/A
15 Method of handling abstracts and unpublished studies 5
16 Description of any contact with authors 5
Reporting of methods should include
17 Description of relevance or appropriateness of studies assembled for assessing the hypothesis 4
to be tested
18 Rationale for the selection and coding of data (e.g., sound clinical principles or convenience) 4-5
19 Documentation of how data were classified and coded (e.g., multiple raters, blinding and 4-5
interrater reliability)
20 Assessment of confounding (e.g., comparability of cases and controls in studies where Table 2
appropriate)
21 Assessment of study quality, including blinding of quality assessors, stratification or regression Table 2
on possible predictors of study results
22 Assessment of heterogeneity Figure1
23 Description of statistical methods (e.g., complete description of fixed or random effects models, 5
justification of whether the chosen models account for predictors of study results, dose-response
models, or cumulative meta-analysis) in sufficient detail to be replicated
24 Provision of appropriate tables and graphics Figures 2-6
Reporting of results should include
25 Graphic summarizing individual study estimates and overall estimate Figure 1
26 Table giving descriptive information for each study included Table 1
27 Results of sensitivity testing (e.g., subgroup analysis) 6
28 Indication of statistical uncertainty of findings 6-7
Reporting of discussion should include
29 Quantitative assessment of bias (e.g., publication bias) 6-7
30 Justification for exclusion (e.g., exclusion of non-English language citations) 4
31 Assessment of quality of included studies 8
Reporting of conclusions should include
32 Consideration of alternative explanations for observed results 9
33 Generalization of the conclusions (i.e., appropriate for the data presented and within the domain 9
of the literature review)
34 Guidelines for future research 9
35 Disclosure of funding source 9

From: Stroup DF, Berlin JA, Morton SC, et al. for the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) Group.
Meta-analysis of Observational Studies in Epidemiology. A Proposal for Reporting. JAMA. 2000;283(15):2008-2012. doi: 10.1001/
jama.283.15.2008. Transcribed from the original paper within the NEUROSURGERY® Editorial Office, Atlanta, GA, United Sates. August

2012.



