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. The association between benign
breast diseases (BBD) and breast cancer
has been the concern of researchers.
BBD has been reported to increase the
risk of breast cancer, but the risk level is
still under discussion.

. Few meta-analyses have been
conducted to determine the risk level of
breast cancer.

. It is shown that the risk of
developing breast cancer related to
proliferative disease with atypia versus
non-proliferative disease has increased
to 3.49, and the risk of developing breast
cancer related to proliferative disease
without atypia versus non-proliferative
disease has increased to 1.58

. Better strategies for screening
recommendations are suggested
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Abstract

Background: Researchers suggest that benign breast disease
(BBD) is a key risk factor for breast cancer. The present study
aimed to determinate the risk level of breast cancer in terms of
various BBD subgroups.

Methods: A meta-analysis was performed to determinate the
risk of breast cancer associated with BBD. Observational studies
(traditional case-control studies, nested case-control studies, and
cohort studies) published from January 2000 to June 2015 were
assessed to evaluate the risk of developing breast cancer related
to BBD. Various databases such as Medline (PubMed), Web of
Science (ISI), Scopus, and Google Scholar were searched. The
additional search included the Journal of Breast Cancer Research
and Treatment and the Journal of Cancer Research.

Results: Twenty studies out of 21 were used to estimate the
risk of developing breast cancer related to proliferative disease
without atypia versus non-proliferative disease and the reported
risk ranged from 1.04 to 1.83. The reported risk of developing
breast cancer related to proliferative disease with atypia versus
non-proliferative disease in 21 studies ranged from 1.59 to 4.74.
Based on 20 studies, the pooled risk estimates for developing
breast cancer related to proliferative disease without atypia
versus non-proliferative disease was 1.58 (95% CI: 1.51-1.66).
Based on 21 studies, the pooled risk estimates for developing
breast cancer related to proliferative disease with atypia versus
non-proliferative disease was 3.49 (95% CI: 3.23-3.77).
Conclusion: The overall result of this review showed an elevated
risk for breast cancer related to BBD subtypes. We propose better
strategies for screening recommendations for such women.
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Introduction

Benign breast disease (BBD) includes a wide spectrum of
histological changes,’? and it is a common disease in women
worldwide.** The incidence of BBD varies according to different
diagnostic methods and pathological criteria. The incidence
of confirmed BBD by biopsy is almost 10-20%, while it is
approximately 50% by autopsy.®

There is insufficient information about the role of some
breast cancer risk factors such as BBD, the age at time of BBD
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diagnosis, status of menopause, personal or
family history of breast cancer; duration from
BBD diagnosis,” reproductive history, lifestyle,
genetics; environmental factors,® multiple BBD,°
radial scar,'® BBD biopsy,"" breast density,' etc.

Researchers suggest that BBD is a key risk
factor for breast cancer.™ The relationship between
BBD and breast cancer has been a controversial
topic for a long time. The first report on BBD
progressing to breast cancer was published in
the 1960’s."* Over the last decades, the majority
of research studies have demonstrated a strong
relationship between BBD and breast cancer.'
It is shown that women with a diagnosis of BBD
have a two-fold greater breast cancer risk than
those without a BBD.? The other topic that
researchers would like to explore is whether the
risk level of breast cancer differs with respect to
various BBD subgroups.'® In previous studies, the
risk level of proliferative lesions was estimated to
be 3 to 5 times greater than that of non-proliferative
lesions or no BBD.2'5'” While recent studies have
confirmed these results; however, the risk level of
each BBD subtype remains unclear.'®

Increasing the awareness of women with
BBD regarding the disease’s main risk factors for
breast cancer could be their strongest incentive
to alter their health behavior and to prevent the
consequences of breast cancer." In this regard,
an accurate risk estimate would help decision-
makers to design appropriate programs and
interventions to improve the health of women at
the risk of breast cancer.'®?° Hence, the present
systematic review and meta-analysis aimed to
assay the risk level of BBD subtypes leading to
breast cancer.

Materials and Methods

Protocol and Registration

PROSPERO registration was utilized under the
confirmation number 4201603524 3. The protocol
of this meta-analysis has already been published
in the Iranian Journal of Medical Sciences. The
PRISMA checklist was used for reporting the
present systematic review and meta-analysis.

Eligibility Criteria

Observational studies, including traditional
case-control  studies, nested case-control
studies, and cohort studies were assessed to
evaluate the risk of developing BBD related
breast cancer. All of the included studies were
published from January 2000 to June 2015. The
inclusion criteria were articles in the English
language, BBD classifications based on the
pathologic criteria of Page et al. and Dupond
etal., and containing the non-proliferative
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disease, proliferative disease without atypia, and
proliferative disease with atypia.' The extracted
risk estimates from the studies were risk ratio,
odds ratio, standardized incidence ratios; rate
ratio, hazard ratio, and incidence rate ratio.

Information Sources and Search

In the present study, various databases such
as Medline (PubMed), Web of Science (ISI),
Scopus, and Google Scholar were searched.
The additional search included the Journal of
Breast Cancer Research and Treatment and the
Journal of Cancer Research. The end-date for
the search was June 2015.

The search of PubMed database was
performed using the following query string syntax.
(“2000/01/01”[Date-Publication]:"2015/06/21"[Date-
Publication])’Breast cancer’[tiab] AND (“benign
breast disease’tiab] OR  “non-proliferative
breast disease” OR “Mammary Dysplasia’[tiab]
OR “Mastopathy’[tiab] OR “Breast Fibrocystic
Changes’[tiab] OR “Microglandular Adenos*”[tiab]
OR “Chronic Cystic Mastitis”[tiab]). Atotal of 521
items was detected by the above-mentioned query
from which 21 primary articles were identified. The
search of the Web of Science (ISl) database was
performed using the following query string syntax.
“Breast cancer” AND “benign breast disease” OR
“non-proliferative breast disease” OR “Mammary
Dysplasia” OR “Mastopathy” OR “Breast Fibrocystic
Changes” OR “Microglandular Adenos” OR
“Chronic Cystic Mastitis”. A total of 273 items was
detected by the above-mentioned query from which
11 primary articles were identified. The search of
the Scopus database was performed using the
following query string syntax. “Breast cancer” AND
“benign breast disease” OR “non-proliferative
breast disease” OR “Mammary Dysplasia” OR
“Mastopathy” OR “Breast Fibrocystic Changes”
OR “Microglandular Adenos®” OR “Chronic Cystic
Mastitis” (FROM2000-21 JUN 2015). A total of 868
items was detected by the above-mentioned query
from which 15 primary articles were identified.
The search of the Google Scholar database was
performed using the query string syntax: “Breast
cancer’+’benign breast disease” “Mastopathy”.
Atotal of 362 items was detected by the above-
mentioned query from which 6 primary articles were
identified. The Journal of Breast Cancer Research
and Treatment and the Journal of Cancer Research
were also searched using the query string syntax:
“Breast cancer” AND “benign breast disease” OR
“non-proliferative breast disease”. The search
yielded 262 and 97 search items, respectively,
from which no items were considered suitable for
inclusion in our meta-analysis.

Eventually, after reviewing all primary articles
and eliminating duplicated studies, 21 articles were
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used in the meta-analysis. Among them, 20 articles
reported the risk estimate (95% Cl) for proliferative
disease without atypia versus non-proliferative
disease.!?8912:1521-36 A|| articles reported the risk
estimate (95% CI) for proliferative disease with
atypia versus non-proliferative disease.?

Study Selection

Eligibility assessment was conducted by two
independent reviewers that evaluated the titles,
abstracts, inclusion and exclusion criteria, and
full-text. Possible disagreements were resolved
in a panel discussion; otherwise, the issue
was referred to a third reviewer. For quality
assessment, a modified version of the quality
assessment checklist for observational studies
(STROBE) was used (appendix I).

Data Collection Process

A dedicated data extraction form was
developed that included the general information
of the studies (e.g. article code, article title,
reference number, reviewer initials, publication
details, first author, journal title and year, volume,
firstpage), study eligibility (e.g. country name, total
study period, participants, study setting, inclusion
criteria, exclusion criteria, total population at the
start of the study, age of the study population,
type of outcome measures), methods (e.g. aim of
the study, study design (traditional case-control,
nested case-control, cohort), ethical approval),
risk of bias assessment, and results (risk
estimates) including relative risks (e.g. odds ratio,
risk ratio, rate ratio, hazard ratio) (appendix Il).

Synthesis of Results

The data were processed using the STATA
software version 12.0. Arandom effect model
was performed to check the heterogeneity of the
studies and the analyses were performed by the
“metan” command. After checking for crude and
adjusted risk estimates in the primary studies,
less than 10% difference was found between
them which indicated no confounding effect.
Therefore, it was decided to use the crude risk
estimates of BBD for developing breast cancer
since all primary studies had reported exposure
and outcome in 2x2 tables. Crude OR was
used to synchronize the result of the studies. To
examine heterogeneity across studies, Q statistic
test (I-square) was used. The publication bias
was examined using funnel plot, Begg’s test,
and Egger’s test. The “trim and fill” method was
used to confirm the Egger’s test result.

Additional Analyses

Subgroup analysis was used to control the
effect of potential risk modifiers. The quality
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(low/high) and  population-based/hospital-
based categories were considered as the main
subgroups for additional analysis.

Study Selection

An initial search of the databases yielded
2,383 potential literature, among which 96 related
articles were identified in the systematic search.
Based on the exclusion criteria, 21 studies were
included in the quantitative synthesis of the
meta-analysis (figure 1).

Study Characteristics

All observational studies with a cohort design
(n=10), nested case-control design (n=10), and
traditional case-control design (n=1) which were
published from 2000 to 2015 and evaluated
breast cancer risk for proliferative disease
without atypia (PDWA) and proliferative disease
with atypia (PDA) versus non-proliferative
disease (NPD) were included. All data usages
were reported from 1946 to 2011.

Risk of Bias Within Studies

For the quality assessment, a modified
version of the quality assessment checklist for
observational studies (STROBE) was used
(appendix 1l). The checklist of each study
was entered by two independent reviewers.
To determine the eligibility of the articles, the
sum score of quality items was used. The
score ranged from 13 to 19. The meantSD of
the quality score for the primary studies was
15.66+1.85. Of the 21 studies, 11 (52.38%) were
of a low-quality (£15) and 10 (47.62%) were of a
high-quality (>15).

Results of Individual Studies

Twenty studies out of 21 were used to estimate
the risk of developing breast cancer related to
PDWA versus NPD. The reported risk was from
1.04 to 1.83 (figure 2). Risk estimation for PDWA
versus NPD disease in high-quality studies
ranged from 1.04 to 1.75 and in low-quality
studies ranged from 1.21 to 1.83 (figure 3). Risk
estimation for PDWA versus NPD disease in
population-based studies ranged from 1.35 to
1.81 and in hospital-based studies ranged from
1.04 to 1.83 (figure 4). Risk estimation for PDWA
versus NPD disease in cohort studies ranged
from 1.21 to 1.83 and in case-control studies
ranged from 1.04 to 1.75 (figure 5). The reported
risks of developing breast cancer related to PDA
versus NPD in 21 studies ranged from 1.59 to
4.74 (figure 6). Risk estimation for PDA versus
NPD disease in high-quality studies ranged from
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Articles identified from the systematic search
(n=96)

A4

Articles after title/abstract screening and
removing duplicates (n=38)

. . . o Articles excluded with reasons
Articles identified by citation search (n=15)

and reference review (n=2)

Abstract only (n=15)

A4

Articles for fulltext assessment (n=25)

Full-text articles excluded
with reasons (n=4)

Unclear pathologic categories
of BBD (n=1)

A\ 4

A 4

No stratified of BBD (n=3)

Included for final review (n=21)

A 4

Included for analysis (n=21)

Figure 1: Flow diagram of the systematic search and selection process of articles for BBD as a risk factor of breast cancer.
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Figure 2: The forest plot of pooled risk estimates of developing
breast cancer in patients with proliferative disease without

atypia versus non-proliferative disease. Based on 20 studies,
the pooled risk estimates of developing breast cancer related
to PDWA versus NPD was 1.58 (95% CI: 1.51-1.66).

Figure 3: The forest plot of pooled risk estimates off
developing breast cancer in patients with proliferative,
disease without atypia versus proliferative disease byj
quality. Risk estimation for PDWA versus NPD disease in
high-quality studies ranged from 1.04 to 1.75, and in low-|

2.14 to 4.56 and in low-quality studies ranged
from 1.59 to 4.74 (figure 7). Risk estimation
for PDA versus NPD disease in population-
based studies ranged from 1.59 to 4.51 and in
hospital-based studies ranged from 3.18 to 4.74
(figure 8). Risk estimation for PDA versus NPD
disease in cohort studies ranged from 1.59 to
4.74 and in case-control studies ranged from
2.14 10 4.56. (figure 9).
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quality studies ranged from 1.21 to 1.83.

Synthesis of Results

Based on the 20 studies, the pooled risk
estimates of developing breast cancer related to
PDWA versus NPD was 1.58 (95% CI: 1.51-1.66)
(figure 2). No significant heterogeneity was seen
in the studies that used risk estimates related to
PDWA versus NPD (12=0.0%; df=19, P=0.789).
Based on the 20 studies, the pooled risk
estimates of developing breast cancer related to
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Figure 4: The forest plot of pooled risk estimates of developing
breast cancer in patients with proliferative disease without]

atypia versus non-proliferative disease by study setting off
studies. Risk estimation for PDWA versus NPD disease in
population-based studies ranged from 1.35 to 1.81, and in|
hospital-based studies ranged from 1.04 to 1.83.
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Figure 5: The forest plot of pooled risk estimates off
developing breast cancer in patients with proliferativel

disease without atypia versus non-proliferative disease b
study design. Risk estimation for PDWA versus NPD disease]
in cohort studies ranged from 1.21 to 1.83, and in case-
control studies ranged from 1.04 to 1.75.

PDA versus NPD was 3.49 (95% ClI: 3.23-3.77)
(figure 6). No significant heterogeneity was seen
in the studies that used risk estimates related to
PDA versus NPD (12=4.1%; df=20, P=0.406).

Risk of Bias Across Studies

To estimate the risk of developing breast cancer
related to proliferative disease without atypia versus
non-proliferative disease, the publication bias was
assessed by the funnel plot (figure 10a), Egger’s
test, and Begg’s test (figure 10b) plots. Egger’s
test showed a low publication bias (P=0.049).
Therefore, the “trim and fill” method was used to
confirm the Egger’s test result. Based on the result
of the trim test, the publication bias from all studies
was omitted in the present analysis (figure 10c).
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Figure 6: The forest plot of pooled risk estimates off
developing breast cancer in patients with the proliferative,

disease with atypia versus non-proliferative disease. The|
pooled risk estimates of developing breast cancer related to
PDA versus NPD was 3.49 (95% CI: 3.23-3.77), based on
21 studies.
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Figure 7: The forest plot of pooled risk estimates off
developing breast cancer in patients with the proliferative]

disease with atypia versus proliferative disease by quality.
Risk estimation for PDA versus NPD disease in high-quality,
studies ranged from 2.14 to 4.56, and in low-quality studies
ranged from 1.59 to 4.74.

To estimate the risk of developing breast
cancer related to proliferative disease with
atypia versus non-proliferative disease, the
publication bias was assessed by the funnel plot
(figure 10d), Egger’s test (P=0.445), and Begg’s
test (figure 10e) plots. Overall, no significant
publication bias was observed.

Additional Analysis

The present meta-analysis involved two
types of subgroup analysis in BBD subtypes risk
estimation. The pooled risk estimate of developing
breast cancer related to proliferative disease
without atypia versus non-proliferative disease in
high-quality studies (n=9) was 1.51 (95% ClI: 1.40-
1.63), in low-quality studies (n=11): 1.64 (95% ClI:
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Figure 8: The forest plot of pooled risk estimates off
developing breast cancer in patients with the proliferative]

disease with atypia versus proliferative disease by setting.
Risk estimation for PDA versus NPD disease in population-
based studies ranged from 1.59 to 4.51, and in hospital-
based studies ranged from 3.18 to 4.74.
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Figure 9: The forest plot of pooled risk estimates off
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disease with atypia versus proliferative disease by stud
design. Risk estimation for PDA versus NPD disease in
cohort studies ranged from 1.59 to 4.74, and in case-control
studies ranged from 2.14 to 4.56.

1.53-1.75), in population-based studies (n=6):
1.59 (95% CI: 1.47-1.72), and in hospital-based
studies (n=14): 1.57 (95% CI: 1.48-1.68).

The pooled risk estimate of developing breast
cancer related to proliferative disease with atypia
versus non-proliferative disease in high-quality
studies (n=10) was 3.26 (95% CI: 2.90-3.66),
in low-quality studies (n=11): 3.69 (95% CI:
3.33-4.09), in population-based studies (n=6):
3.03 (95% CI: 2.66-3.44), and in hospital-based
studies (n=15): 3.74 (95% CI 3.40-4.12).

The present meta-analysis was performed on a
large number of primary studies from different
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countries across the world. Only two meta-
analyses that evaluated the risk of developing
breast cancer in women with BBD were
found.®3® The date for data collection in these
reports was 2011. Only one systematic review
on proliferative epithelial disease and the risk of
developing breast cancer was found, where the
data were collected in October 2013.36

From the primary articles, all data that
evaluated the risk of developing breast cancer
associated with BBD subtypes and published
during 2000-2015 were collected. In line with the
previous two meta-analyses, it was found that
the risk level for breast cancer in women with
a history of biopsy-proven proliferative disease
with atypia was higher than those without atypia.
The highest increase in the relative risk was 4.74
and the final result showed that having a history
of proliferative disease with atypia increases
the risk of developing breast cancer by up to
3.5 times. Additionally, women with proliferative
disease without atypia had an increased risk than
those with the non-proliferative disease. There
was no heterogeneity among the studies, thus it
was not used in the present meta-analysis.

Considering the inclusion of many studies
and the fact that breast cancer involves multi-risk
factors, various multivariate statistical models
can be used to adjust these factors. In regard
to uniformity, the difference between crude
risk measures and every adjusted measure in
primary studies was checked. Less than 10%
difference was found between them. Therefore,
2x2 tables from the primary studies were used
to calculate the crude risks. Then, the meta-
analysis was performed based on the crude
odds ratios. This uniformity will improve the
knowledge of clinicians, educate patients, and
guide screening recommendations.®

The main strength of the present study is
the risk level estimation of progressing breast
cancer associated with BBD subtypes based on
the quality of primary studies. In this review, the
results of subgroup analysis showed that high-
quality studies reported lower risk estimates.
Experience shows that large studies with exact
methodologies and high-quality provide a better
estimation of the true risk estimate.

The main limitation of the present study is
related to various pathological classifications
in previous studies (i.e. three main histological
categories were used). Other meta-analyses
also noted such limitation.® Another limitation
was related to the primary studies that did not
report the risk level of breast cancer associated
with non-proliferative disease versus no BBD.
Thus, we could not estimate the risk level of
breast cancer related to this type of BBD.
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Figure 10: a) The funnel plot for publication bias of the risk estimate of developing breast cancer in patients with proliferative
disease without atypia versus non-proliferative disease. No significant publication bias was seen according to the funnel plot. b)
The Begg plot for the publication bias of risk estimate of developing breast cancer in patients with proliferative disease without
atypia versus non-proliferative disease. The Egger’s test showed a low publication bias (P=0.049). c) The “trim and fill” plot fo
the publication bias of risk estimate of developing breast cancer in patients with proliferative disease without atypia versus non-
proliferative disease. According to the trim test result, publication bias was rejected and none of the studies were added to the

present study. d) The funnel for publication bias of the risk estimate of developing breast cancer in patients with the proliferative
disease with atypia versus non-proliferative disease. No significant publication bias was seen according to the funnel plot. €) The
Begg plot for the publication bias of risk estimate of developing breast cancer in patients with the proliferative disease with atypial
versus non-proliferative disease. No significant publication bias was seen according to the Begg plot.
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