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Simple Summary: Breast cancer (BrCa) is a heterogeneous disease with multiple intrinsic tumor
subtypes evidenced by the joint expression of molecular tumor markers. Data from epidemiologic
studies provide evidence supporting differential effects of oral contraceptives on risk of developing
the distinct subtypes of breast cancer; while some studies suggest increased risk, others show its
lack. Toward this objective, we conducted meta-analysis of case-control trials devoted to this topic.
The results of our study suggest that the oral contraceptive use has different effects on the risk of
developing the various molecular breast cancer subtypes.

Abstract: We conducted a systematic review and meta-analysis to investigate the effect of oral
contraceptives (OCs) on risk of breast cancer (BrCa) by status of estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (HER2). We searched the MEDLINE
(PubMed), Embase and the Cochrane Library database and bibliographies of pertinent articles
published up to 2020. Therein, we identified nineteen eligible case-control studies which provided
data by breast cancer subtypes: ER-positive (ER+), ER-negative (ER—), HER2-positive (HER2+) and
Triplet-negative (TN). Summary risk estimates (pooled OR [pOR]) and 95% confidence intervals
(CIs) were calculated using fixed/random effects models. The summary meta-analysis showed that
over-use of OCs led to significant increased risk of TNBrCa (OR =1.37, 95% CI; 1.13 to 1.67, p = 0.002),
as well as of ER—BrCa (OR = 1.20, 95% CI: 1.03 to 1.40, p = 0.019). There was also a significant
reduction in the risk of ER+BrCa (OR = 0.92, 95% CI: 0.86 to 0.99, p = 0.026,) and a slight reduction in
the risk of HER2+BrCa (OR = 0.95, 95% CI; 0.79 to 1.14, p = 0.561) after taking OCs. Meta-analysis
indicated that OC use has different impacts on risk of breast cancer subtypes defined by receptor
status. The identified differences between individual subtypes of breast cancer may reflect different
mechanisms of carcinogenesis.

Keywords: oral contraceptives; breast cancer; molecular subtypes status; risk factors; estrogen
receptor; progesterone receptor; human epidermal growth factor receptor 2
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1. Introduction

Breast cancer (BrCa) is the most commonly diagnosed malignant neoplasm in women,
most often originating in the epithelial tissue of the mammary gland. In 2020, 2,261,419 new
cases were estimated, accounting for 11.7% of all cancer cases, and causing 684,996 deaths
worldwide. BrCa death rates were significantly higher in developed countries compared to
developing countries (15.0 vs. 12.8 per 100,000) [1,2]. Most cases of BrCa are sporadic, but
an estimated 5-10% have a genetic predisposition related to, among other things, a family
history of cancer in first-degree relatives or carrying genetic mutations [3,4].

BrCa is a heterogeneous disease with multiple intrinsic tumor subtypes evidenced by
the joint expression of molecular tumor markers such as estrogen receptor (ER), proges-
terone receptor (PgR), human epidermal growth factor 2 (HER2, ERBB2) and a proliferation
index (Ki67), based on their presence or absence; together with tumor size, tumor grade and
nodal status [5]. Subtypes differ in their genomic and immunohistochemical signatures,
distinct racial/ethnic-specific incidence patterns and varying degrees of aggressiveness,
and this is associated with worse treatment responses and prognosis [6].

The most common group of BrCa is ER-positive (ER+). This includes the two sub-
groups, luminal A and luminal B, occurring in about 60% of all cancers [7,8]. The luminal A
(ER+/PgR+/HER2— with low Ki67) subtype comprises about 40% of all cases, and is char-
acterized by slow growth, low aggressiveness, low relapses, high survival rate, and the best
prognosis and response to hormone therapy [9]. In turn, the luminal B (ER+/PgR+/HER2+
or HER2— with high Ki67) subtype is responsible for 10-20% of all cancer cases, has
higher relapse rate, histological grade, proliferative index, and the lower relapse survival
rate [10-12].

The distinct group of BrCa is of the ER-negative (ER—) subtype. Its characteristic
morphological features are: infiltrative margin, high grade, lymphoid stroma, central fi-
brosis/necrosis, and comedo-type necrosis. It is worth pointing out that the most invasive
cancers (20-25%) are of the ER—/PgR— subgroup associated with a lower endocrine ther-
apy sensitivity score [13], and some cancers show a higher BRCA 1 germline mutation [14].

There are more and more reports showing the existence of a unique BrCa subtype with
an ER—/PgR+ phenotype (about 3%), with different molecular and clinical characteristics.
This subtype is characterized by a low result of hormone sensitivity and a tendency of
early relapse and worse overall survival [15-17]. However, many researchers question
the existence of this subtype, arguing that it is not reproducible, biologically unlikely,
or is a technical artifact dependent on an immunohistochemical procedure leading to
misclassification [18-21].

HER2-positive BrCa, defined as ER—/PgR—/HER2+, accounts for 10% to 34% of all
invasive breast cancers. It stands out because of its tendency to grow and spread more
aggressively. It is associated with shorter disease-free status and overall survival [22-24].
Triple-negative breast cancer (TNBrCa) (ER—/PgR— /HER2—) preferentially affects young
women and accounts for 12-17% of all breast cancers. This is one of the more aggressive
cancers, and is characterized by high mortality and risk of metastasis [25,26].

Although differences in the etiology of the respective breast cancer subtypes are not
fully understood, there are many risk factors, among others: reproductive, genetic, lifestyle,
BrCa in family history, carrier of the mutation, age of menarche, parity, age at first birth,
breastfeeding, or exogenous hormone use [27-29]. In addition, the role of estrogens in the
etiology of BrCa is significant by stimulating growth and proliferation of ductal epithelial
cells in the breast; thus, the status of the estrogen receptor in breast carcinomas provides
one of the earliest research objects [30,31].

The relationship between oral contraceptive (OC) taking and the risk of breast cancer
has also been extensively researched. Findings suggest that OC use is associated with a
moderately increased breast cancer risk in the general population [32-35].

Data from epidemiologic studies provide evidence supporting differential effects of
oral contraceptives on risk of developing the distinct subtypes of breast cancer; while some
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studies suggest increased risk, others show its lack. Toward this objective, we conducted
meta-analysis of case-control trials devoted to this topic.

2. Materials and Methods
2.1. Search Strategy and Selection Criteria

This systematic review with meta-analysis was designed according to PRISMA (Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines [36,37] to
determine if use of oral contraception, as compared to placebo, affects the risk of the breast
cancer subtypes (Supplementary File S1—PRISMA 2020 Checklist). The bibliographic
databases MEDLINE (PubMed), Embase and the Cochrane Library were searched for the
identification of case-control studies that were conducted up to June 2020. The following
search terms were used for all databases in various combinations: “oral contraceptives” or
“birth control pill” AND “subtype breast cancer risk” or “ER+ subtype” or “ER— subtype”
or “"HER?2 positive” or “TNBrCa”. References of found articles, previous review articles
and meta-analysis, and other relevant publications related to the topic of the work were
also searched in order to identify further pertinent studies. Articles were initially evaluated
according to title and/or abstract. Next, the decision was made to include or exclude after
independent and double analysis, and full tests of selected studies. Relevant research data
was extracted from the full-text works selected for inclusion.

We included publications written in English, based on case-control studies (population-
and hospital-design), providing information about the association between oral contra-
ceptive use and breast cancer by ER, PR or HER? status, and the data contained therein
were sufficient to calculate the odds ratio (OR) and the 95% confidence interval (CI). The
exclusion criteria were as follows: insufficient data for calculating desired parameters, the
results were reported as graphics; duplicate reports; and reviews or case only studies.

2.2. Data Extraction

The following data were extracted for each study: (i) clinical and methodological study
characteristics such as last name of first author, publication year, country in origin, years
of data collection, number of participants in case and control subgroups; (ii) information
on use of OC in individual subgroups: whenever/never, duration, age at first use, and
years since last use prior to diagnosis; (iii) in the original studies, different definitions and
combinations of subgroup used; in our analysis, we grouped subtypes into the following
four categories: ER-positive (regardless of their PR/HER?2 status), ER-negative (regardless
of their PR status), HER2-positive (absence of ER/PR), and Triplet-negative (absence of
ER/PR/HER2).

2.3. Assessment of Study Quality

The Newcastle-Ottawa Scale (NOS) score was employed to evaluate methodological
quality of included studies. With this tool, each study was assessed in three separate
categories: selection of cases and controls, comparability of cases and controls on the basis
of the design or analysis, and ascertainment of exposure. A maximum score was 9, of which
0-3, 4-6, and 7-9 scores were considered as low, fair, and high quality [38].

2.4. Statistical Analysis

The distribution of cases and controls at risk, ORs and 95% CI were separately iden-
tified by receptor status and for oral contraceptive use (ever or never) and by age of first
use of OCs, duration of OC use, and years since last use of OCs prior to diagnosis, when
data were available. We calculated the summary risk estimates and 95% Cls and plotted
forest plots using random-effects models (DerSimonian—-Laird method) for the association
between ever oral contraceptives use and breast cancer by receptor status. The results
indicated that the taking of OCs may have a high probability of increase in risk if OR was
above 1, compared with non-use of OCs [39].
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Heterogeneity among articles was estimated by engaging the 12 statistic and p values
associated with Q statistics. I? statistic indicates the percentage of total variability explained
by heterogeneity, and values of <25%, 25%-75%’, and >75% are arbitrarily considered as
indicative of low, moderate, and high heterogeneity, respectively [40].

To explain the possible presence of publication bias, Begg’s test (a rank correlation
method based on Kendall’s tau) and Egger’s test (a linear regression method) were ap-
plied [41,42]. We also checked for funnel plot symmetry. Here, in the absence of bias, the
plots will resemble a symmetrical funnel, as the results of minor studies will scatter at the
left side of the plot and the spread will narrow among the major studies on the right side
of the plot [43]. In order to explain the possible influence of covariates such as age at first
OC use (<25 years/>25 years), duration of OC taking (>5 years/<5 years), and years since
last OC use prior to diagnosis (<5/> 5) on risk of individual of breast cancer subtypes, we
performed a meta-regression [44]. Meta-analysis of summary statistics from individual
studies was performed through Statistica 13.3 software (StatSoft Poland, Krakéw, Poland),

using the Medical Package program.

3. Results

Searches of electronic databases allowed the identification of four hundred and forty-
three (443) citations. Subsequently, three hundred forty-six (346) items were excluded
on the basis of title and/or abstracts. In turn, ninety-seven (97) articles with potentially
significant case-control works were identified and submitted for full-text assessment. Of
these, seventy-eight (78) papers contained duplicate publications, or included insufficient
data for calculating the desired parameters, or for other reasons, did not meet all the
inclusion criteria. Finally, nineteen articles were included in the systematic review and
meta-analysis. A detailed review of selection procedure is shown in Figure 1.

443 records identified through
the electronic databases Embase
PubMED/MEDLINE and the Cochrane
Library by using keywords
and relevant bibliographies

Identification

346 articles excluded on basis
of title and abstract

Screening

97 potentially relevant publications

retrieved for full-text detailed review

78 articles were excluded due to
data inconsistent with the work
assumptions: data on total breast
cancer have been reported; BRCA
mutation carriers; lack of an

appropriate concurrent control

Eligibility

group; women with breast cancer
as the control group; not female
breast cancer; investigating
mortality or prognosis of breast
cancer; included insufficient data

19 case-control studies by breast
cancer subtype qualified for systematic
review and meta-analysis.

Included

Studies with usable information, by
outcome of individual subgroups:
ER-positive = 17, ER-negative = 11,

HER2- positive = 8, Triple-negative = 10

Figure 1. Flowchart of the selection procedure for studies included in the current review and meta-

analysis.
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The quality of the analyzed studies as assessed on the basis of the Newcastle-Ottawa
Scale (NOS) ranged between 4-8, and the average score was 6.74 for included studies.
Furthermore, 12 (63.16%) were considered high quality studies (NOS > 7 points).

Thirteen (13) case-control studies were conducted in North, three (3) in Asia, and one
each in Australia, and Europe, while one pooled study was conducted in the United States,
Canada, Australia and Korea. The studies involved a total of 246,152 persons, including
31,250 cases of breast cancer and 214,902 people as control. Six studies exclusively included
premenopausal women [45-50].

The present meta-analysis was conducted on the basis of data from nineteen case-
control studies assessing the effect of oral contraceptives on the risk of individual molecular
subtypes of BrCa. Characteristics of selected works are shown in Table 1.

Table 1. Characteristics of selected cases-control studies assessing effects of oral contraceptive use on
risk of molecular breast cancer subtypes.

Authors [Ref.] Age . o
Year Country Study Year Range Breast Cancer Subtype; N (n%) NOS Score
Gamfg‘g;‘ [45] USA 1990-1992 20-44 HER2+: 159 (69.8); CRL: 462 (63.6) 4
Althuis [46] g - ER+: 769 (83.2); ER—: 510 (78.2);
2003 USA 1990-1992 20-54 CRL: 1557 (80.0) >
McCredie [47] . . ER+: 357 (92.7); ER—: 261 (93.5);
2003 Australia 1992-1999 <40 CRL: 564 (91.0) 6
Cotterchio [51] ~ g ER+: 1749 (44.0); ER—: 678 (57.4);
003 Canada 1995-1998 25-74 CRL: 3346 (49.1) 6
Sweeney [52] . g ER+: 1164 (62.0); ER—: 339 (71.1);
007 USA 1999-2004 <35-65+ CRL: 2513 (59.8) 7
Dey [53] . g . ER+: 323 (1.9); ER—: 575 (3.0);
5009 India 2002-2005 <35-50+ CRL: 1208 (3.5) 6
Dolle [48] ER+: 532 (74.1); ER—: 364 (83.8);
5009 USA 1983-1992 21-45 HER?2+: 289 (74.7); TN: 187 (88.2); 8
CRL; 1569 (74.1)
Ma [54] - ~ ER+: 765 (77.0); HER2+: 97 (80.4);
2010 USA 1994-1998 35-64 TN: 335 (82.4); CRL: 2015 (79.7) 7
Gaudet [55] g - ER+: 525 (54.3); HER2+: 115 (60.0);
2011 USA 1980-1982 20-56 TN: 246 (65.9); CRL: 3422 (60.2) 7
Bao [56] 1996~ ER+: 1719 (19.4); ER—: 960 (18.3);
2011 China 199%02202_ 20-70 CRL: 3461 (20.0) 8
Phipps [57] ER+: 2610 (40.5); TN: 307 (44.3);
2011 USA 1993-1998 50-79 CRL: 150,478 (41.6) 7
Islam [58] - g ER+: 545 (3.9); HER2+: 91 (3.3);
2012 Japan 2003-2005 20-79 TN: 67 (3.0); CRL: 1386 (4.5) 5
Li [49] B ER+: 767 (88.1); HER2+: 60 (81.7);
2013 USA 2004-2010 20-44 TN: 181 (91.7); CRL: 937 (89.1) 8
ER+: 730 (87.4), ER—: 246 (89.4);
Bea;)glr 4[50] USA 2004-2010 20-44 HER2+: 56 (80.4); TN: 171 (91.2); 8
CRL: 882 (88.3)
Work [59] . A ER+: 2827 (72.7); ER—: 1085 (77.2);
2014 Multicenter 1995-2004 18-69 CRL: 2979 (78.3) 6
Bethea [60] . g ER+: 1852 (53.5); ER—: 1044 (58.9);
2015 usa 1993-2001 20-74 TN: 495 (60.0); CRL: 10,047 (53.9) 7
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Table 1. Cont.

Authors [Ref.] Age . o

Year Country Study Year Range Breast Cancer Subtype; N (n%) NOS Score
Ellingjord-Dale

. g ER+ 3904 (52.7); HER2+: 210 (45.2);

2[8}]7 Norway 2006-2014 50-69 TN: 365 (54.8); CRL: 21,651 (50.5) 8

Chollet-Hinton
ER+: 162 (81.5); ER—: 169 (84.6);
[62] USA 1996-2001 22-59 CRL: 1344 (86.8) 8
2017
J 0};)11[86 °l USA 1995-2002 35-79 TN: 558 (75.1); CRL: 5081 (59.2) 7

Abbreviations: CRL, control; ER—, estrogen receptor negative (regardless of their PR status); Er+, estrogen
receptor positive (regardless of their PR/HER?2 status); HER2+, human epidermal growth receptor 2-positive
(ER—/PR—/HER2+); N, number of participants; n, percentage of ever OC use; TN, triple-negative breast cancer
(ER—/PR—/HER2-). 2 USA, Canada, Australia, Korea.

3.1. Effects of Oral Contraceptive Use on ER-Positive Breast Cancer

Seventeen trials [46—63] contributed to the meta-analysis on the effects of oral con-
traceptives use on the acquisition risk of ER-positive breast cancer (ER+BrCa). Here, the
data were pooled from studies comprising a total of 227,126 women, including 21,115
and 206,126 participants in the intervention and control arms, respectively. These studies
included four that reported a non-significant increase in the risk of ER+BrCa [46,47,52,61];
in the remaining studies, a risk reduction was noted, including three wherein the changes
were statistically significant [51,55,59]. The summary meta-analysis showed that ever-use
of OC significantly decreased ER+BrCa risk, compared with never-use: OR = 0.92, 95%
CI: 0.86 to 0.99, p = 0.026, I? = 66.59% (Figure 2). No significant publication bias was found
after Begg’s (p = 0.529) and Egger’s (p = 0.384) test assessments (Table 2).

Use of oral contraceptives

First author Casessz:wrols Casels\/ec‘::trols OR (95% CI) p-value (95% m(?::::‘a: :\terval) Welglol/:
Althuis 640/1105 129 /452 1.14(0.95,1.38) 0.1594 i 6.35
Bao 331/694 1372/2767 0.96 (0.83,1.11) 0.6020 Hﬁ 7.67
Beaber 638/779 92/103 0.92 (0.68,1.24) 0.5710 H—{ 3.73
Bethea 990/5 415 862 /4632 0.98 (0.89,1.09) 0.7265 }‘H 9.31
Chollet-Hinton 132/1167 30/177 0.67 (0.44,1.02) 0.0633 f 4 221
Cotterchio 770/1 644 979 /1702 0.81(0.72,0.91) 0.0005 }‘1 8.72
Dey 6/42 317 /1166 0.53(0.22,1.25) 0.1445 |—4—71 0.63
Dolle 394/1162 138 /407 1.00 (0.80, 1.25)  0.9999 HH 5.30
Ellingjord-Dale 1848 /8954 1887/9349 1.02(0.95,1.10) 0.5349 KH 10.25
Gaudet 251/1851 274 /1571 0.78 (0.65,0.93) 0.0073 |—H 643
Islam 21/62 524/1324  0.86(0.52,142) 05457 f—4+— 1.67
Li 676 /835 91/102 091 (0.67,1.23) 0.5261 ] 372
Ma 589 /1605 176 /410 0.85(0.70, 1.04) 0.1250 W 5.95
McCredie 331/513 26/51 1.27(0.77,2.07) 0.3481 ——4— 1.74
Phipps 1048/62617  1562/87861  0.94(0.87,1.02) 0.1369 U] 9.99
Sweeney 722 /1502 442/1011 1.10(0.95,1.27) 0.1927 4 7.78
Work 2055/2333 772/ 646 0.74 (0.65, 0.83)  0.0000 m 8.58

Summary estimate 11442 /92280 9673/113731 0.92 (0.86,0.99) 0.0256 100.00

|

Test for heterogeneity: Q =47.88, p =0.0000; T>=0.014 I° = 66.59%

CITTTTTTTT T T T
0.2 05 1.0 15 20 25

Figure 2. Forest plot and summary odds ratios on the association between risk of ER+BrCa and
ever-use of oral contraceptives. Note: black diamonds represent the effect sizes; the horizontal lines
denote the 95% confidence interval.
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Table 2. Pooled estimates of effect taking of oral contraceptives on subgroups breast cancer risk.

Subgroup n OR 95% CI p 2 (%) Begg'’s Test Egger’s Test
Outcomes Tau-b z p B0 95% CI t P
ER-positive breast cancer ?
Oral contraceptives (OC) use [46-62]
Ever 17 0.92 0.86 to 0.99 0.0256 66.59 —0.1167 —0.6303 0.5285 —0.7253 —2.4507 to 1.0000 —0.8960 0.3844
Never 17 Referent
Age at first use of the OCs [54,57,61]
<25 years 3 0.93 0.72 to 1.19 0.5492 90.67 Inaccessible —6.1506 —46.7092 to 34.4081 —1.9269 0.3048
>25 years 3 0.98 0.92 to 1.04 0.4697 0.00 —1.0000 —1.5667 0.1172 —0.7344 —0.8569 to —0.6119 —76.1858 0.0084
Duration of OCs use [46,48,49,51,52,54,57,59-61]
>5 years 10 0.91 0.82 to 1.02 0.1241 82.41 0.3333 1.0513 0.2931 —1.7854 —6.5313 to 2.9604 —0.8675 0.4109
<5 years 10 0.93 0.87 to 1.00 0.0421 53.09 —0.0222 —0.0894 0.9287 —0.0002 —3.1391 to 3.1387 —0.0001 0.9999
25 'ﬁiﬁ/ <3 10 0.99 0.91 to 1.08 0.7908 66.08 —0.4222 ~1.6994 0.0892 ~1.7506 —5.9584 to 2.4571 —0.9594 0.3654
Years since last use of OCs prior to diagnosis [46,48,52,54,60]
<5 years 5 0.94 0.77 to 1.15 0.5553 66.34 —0.6667 —1.3587 0.1742 —1.4620 —12.1450 to 9.2210 —0.4355 0.6926
>5 years 5 1.05 0.95 to 1.17 0.3463 49.58 —0.6667 —1.3587 0.1742 0.8787 —6.8687 to 8.6262 0.3610 0.7420
Menopausal status [53,55,56,58,59,61]
Premenopausal 6 1.07 0.85t0 1.34 0.5745 93.14 Inaccessible —5.0171 —18.9882 to 8.9539 —0.9970 0.3752
Postmenopausal 6 Referent
ER-negative breast cancer
Oral contraceptives use [46-48,50-53,56,59,60,62]
Ever 11 1.20 1.03 to 1.40 0.0192 75.49 0.0222 0.0894 0.9287 0.1413 —3.2420 to 3.5247 0.0945 0.9268
Never 11 Referent
Duration of OCs use [48,51,52,56,59,60]
>5 years 6 1.19 0.81to 1.76 0.3733 94.39 Inaccessible 9.7359 —9.3757 to 28.8474 1.4144 0.2302
<5 years 6 1.14 0.93 to 1.40 0.2013 79.46 1.0000 2.0381 0.0415 3.4389 —7.6070 to 14.4847 0.8644 0.4361
25 years/<5 6 1.14 1.01. to 1.27 0.0306 36.52 1.0000 2.8180 0.0048 4.2529 3.1479 to 5.3579 10.6860 0.0004

years
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Table 2. Cont.

Subgroup n OR 95% CI p 2 (%) Begg’s Test Egger’s Test
Outcomes Tau-b z p BO 95% CI t p
Years since last use of OCs prior to diagnosis [46,48,52,60]
<5 years 4 1.77 1.35 t0 2.32 0.0000 68.44 1.0000 1.5667 0.1172 5.9849 2.0922 to 9.8775 6.6153 0.0221
>5 years 4 1.41 1.19to 1.68 0.0001 56.77 1.0000 1.5667 0.1172 3.9843 1.6504 to 6.3183 7.3452 0.0180
Menopausal status [53,56,59]
Premenopausal 3 1.05 0.62to 1.78 0.8499 96.82% Inaccessible —29.2517  —188.8490 to 130.3457 —2.3288 0.2582
Postmenopausal 3 Referent
HER2-positive breast cancer
Oral contraceptives use [45,48-50,54,55,58,61]
Ever 8 0.95 0.79 to 1.14 0.5613 26.62 —0.4286 —1.4846 0.1376 —1.3610 —3.9893 to 1.2674 —1.2670 0.2521
Never 8 Referent
Duration of OCs use [45,48,49,54,61]
>5 years 5 1.09 0.88 to 1.35 0.4465 19.01 —0.4000 —0.9798 0.3272 —2.9894 —7.1907 to 1.2120 —2.2644 0.1085
<5 years 5 0.88 0.62 to 1.25 0.4801 58.34 0.3333 0.6794 0.4969 0.5092 —7.6563 to 8.6748 0.1985 0.8554
=5 g‘é{;g/ <5 5 1.14 0.84 to 1.54 0.4123 54.09 —0.6667 —1.3587 0.1742 —~1.5138 —9.8813 to 6.8537 —0.5758 0.6051
Years since last use of OCs prior to diagnosis [45,48,54]
<5 years 3 1.09 0.82to 1.46 0.5547 0.00 0.3333 0.5222 0.6015 0.9390 —10.4572 to 12.3352 1.0469 0.4854
>5 years 3 1.12 0.90 to 1.40 0.2950 0.00 0.3333 0.5222 0.6015 0.6853 —33.1526 to 34.5232 0.2573 0.8396
Menopausal status [55,58,61]
Premenopausal 3 0.79 0.58 to 1.06 0.1158 23.05 —0.3333 —0.5222 0.6015 —2.8198 —102.7123 to 97.0727 —0.3587 0.7808
Postmenopausal 3 Referent
Triple-negative breast cancer
Oral contraceptives use [48-50,54,55,57,58,60,61,63]
Ever 10 1.37 1.13 to 1.67 0.0016 75.03 0.1667 0.6255 0.5316 0.1783 —3.5017 to 3.8582 0.1117 0.9138
Never 10 Referent
Age at first use of the OC [8,11,17]
<25 years 3 1.27 1.08 to 1.50 0.0046 0.00 1.0000 1.5667 0.1172 5.1438 —24.2714 to 34.5591 2.2219 0.2692
>25 years 3 1.03 0.86 to 1.23 0.7578 0.00 —0.3333 —0.5222 0.6015 0.1671 —39.6385 to 39.9728 0.0534 0.9661

Duration of OCs used [7,8,11,13,16,17]
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Table 2. Cont.

Subgroup n OR 95% CI p 2 (%) Begg’s Test Egger’s Test
Outcomes Tau-b z p BO 95% CI t p
>5 years 6 1.46 1.17t0 1.83 0.0010 65.07 0.4000 0.9798 0.3272 3.6774 —0.9376 to 8.2924 2.2124 0.0914
<5 years 6 1.16 0.95 to 1.40 0.1458 51.10 0.4667 1.3151 0.1885 2.7372 —2.2003 to 7.6747 1.5392 0.1986
25 g}‘:f;/ <5 6 1.26 112 to 1.42 0.0002 0.00 0.0667 0.1879 0.8510 0.1013 —8.0863 to 8.2888 0.0343 0.9743
Years since last use of OCs prior to diagnosis [7,8,16]
<5 years 3 1.60 1.01 to 2.53 0.0433 71.09 Inaccessible 3.3617 —51.9058 to 58.6292 0.7729 0.5811
>5 years 3 1.41 0.93 to 2.15 0.1068 82.15 Inaccessible 5.3614 —22.5766 to 33.2994 2.4384 0.2478
Menopausal status [55,58,61,63]
Premenopausal 4 0.90 0.67 to 1.21 0.4892 70.15 Inaccessible —2.9070 —11.4077 to 5.5937 —1.4714 0.2790
Postmenopausal 4 Referent

Abbreviations: CI, confidence interval; ER, estrogen receptor; HER2, human epidermal growth factor 2; 12, coefficient of inconsistency; n, number of studies; OR, odds ratio; p, probability value. ® regardless of their PR/HER2
status; ® regardless of their PR status.
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Analysis based on data from three studies [54,57,61] did not reveal the significant
effect of age at first use of OCs on ER+BrCa risks for <25 years (OR = 0.93, 95% CI: 0.72 to
1.19, p = 0.550, 2= 90.67%); or for > 25 years (OR = 0.98, 95% CI: 0.92 to 1.04, p = 0.470,
12 = 0.00%). The Begg’s test indicated no evidence of publication bias for age > 25 years
(p = 0.117); the result for age < 25 years was inaccessible, whereas the Egger’s test reported
lack of publication bias for age < 25 years (p = 0.305); however, the result of the test was
significant (p = 0.008) for age > 25 years [Table 2]. Multivariable meta-regression with
covariate of age of participants showed that this covariate had no significant influence:
 =0.03, 95% CI: —0.21 to 0.28, p = 0.798.

In turn, a review of ten studies [46,48,49,51,52,54,57,59-61] revealed that OC use longer
than five years leads to non-significant decrease in ER+BrCa risk (OR = 0.91, 95% CI: 0.82
to 1.02, p = 0.124, I? = 82.41%); and use of OC for less than five years lowered the risk
of cancer. This last result was statistically significant: OR = 0.93, 95% CI: 0.87 to 1.00,
p = 0.042, I2 = 53.09%. A comparison of OC use for more than five years and less than five
years showed that the risk of developing ER+BrCa was similar: OR = 0.99, 95% CI: 0.91
to 1.08, p = 0.791. No evidence of publication bias was recorded for the duration of OC
use, according to Begg’s and Egger’s tests (Table 2). Meta-regression with the covariates of
duration of OC use demonstrated lack of influence on ER+Ca subtype risk: # = 0.02, 95%
CL: —0.12 t0 0.15, p = 0.815.

We also assessed the relationship between ER+BrCa risk and years since last OCs use
prior to diagnosis, based on five studies [46,48,52,54,60]. These revealed that the last use of
OC in the period less than five years before diagnosis was associated with a non-significant
reduction in subtype risk: OR = 0.94, 95% CI: 0.77 to 1.15, p = 0.555, I? = 66.34%. In turn,
the last use of OC > 5 years before diagnosis resulted in a marginal increase in cancer risk:
OR = 1.05,95% CI: 0.95 to 1.17, p = 0.346, 1> = 49.58%. The Begg’s and Egger’s tests showed
no publication bias for the last OCs use prior to diagnosis of this breast cancer, p = 0.693 and
p = 0.798, respectively (Table 2). Moreover, multivariable meta-regression with covariate
of years since last OCs use prior to diagnosis showed no significant influence on risk of
ER+BrCa subtype: = 0.03, 95% CI: —0.21 to 0.28, p = 0.798.

Finally, we examined whether the risk of developing ER+BrCa differs between pre-
menopausal and postmenopausal women. It turned out that the risk was increased in
premenopausal women, but the results were not statistically significant: OR = 1.07, 95%
CI: 0.85 to 1.34, p = 0.575. No significant publication bias was detected by the Egger’s test
(p =0.3752).

3.2. Effects of Oral Contraceptive Use on ER-Negative Breast Cancer

The relationship between the use of oral contraceptives and the risk of ER-negative
breast cancer (ER—BrCa) subtype was assessed on the basis of 11 studies [46-48,50-53,56,
59,60,62]. These studies involved 35,632 women participants (cases group—6162, control
group—29,470). Increased risk of cancer was observed in seven studies [46-48,50-52,60],
including four wherein the increase in risk was statistically significant [48,51,52,60]; in
four studies, the risk reduction was insignificant [53,56,59,62]. Compared to non-users of
OC, the summary meta-analysis showed that ever-use of OC brought about a significant
increase of ER—BrCa risk: OR = 1.20, 95% CI: 1.03 to 1.40, p = 0.019, 12 = 75.49% (Figure 3).
The results of Begg’s (p = 0.929) and Egger’s (p = 0.927) tests indicate the lack of evidence of
publication bias (Table 2).
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Use of oral contraceptives

) I | Odds ratio )

First author Ever Never (95% confidence intterval) Weight

Cases/Controls Cases/Controls OR (95% CI)  p-value %
Althuis 339/1105 111/452 1.25(0.98,1.59) 0.0699 4’—| 10.98
Bao 176 / 694 784 /2767 0.90 (0.75,1.08) 0.2361 |-’-| 11.65
Beaber 220/779 26 /103 1.12(0.71,1.76)  0.6291 |—-’—| 6.21
Bethea 615/5415 429 /4632 1.23 (1.08,1.40) 0.0020 |-‘—| 12%73
Chollet-Hinton 143 /1167 26/177 0.83(0.53,1.30) 0.4264 }—‘——1 6.35
Cotterchio 389/1644 280/1702 1.44 (1.22,1.70) 0.0000 }—‘-—1 11.98
Dey 17 /42 558 /1166 0.85(0.48,1.50) 0.5663 |—’——| 4.70
Dolle 305/1162 59 /407 1.81 (1.34,2.45) 0.0001 }—’—| 9.06
McCredie 244/513 17/51 1.43(0.81,2.52) 0.2213 { 4 { 4.73
Sweeney 241/1502 98/1011 1.66 (1.29,2.12) 0.0001 }—H 10.22
Work 838/2333 247 ] 646 0.94 (0.80, 1.11) 0.4612 W—| 12.00
Summary estimate 3 527 /16 356 2635/13114 1.20 (1.03,1.40) 0.0192 }-’—1 100.00
Test for heterogeneity: Q = 40.8053, p = 0.0000; T2 = 0.0430; 1> =75.49% T : | |

02 05 1.0 15 20 256

Figure 3. Forest plot and summary odds ratios on the association between risk of ER—BrCa and
ever-use of oral contraceptives. Note: black diamonds represent the effect sizes; the horizontal lines
denote the 95% confidence interval.

Beyond the aforementioned, six studies [48,51,52,56,59,60] rated the effect of duration
of OC taking of OC on ER—BrCa subtype risk. OC use for a period > 5 years showed
a non-significant increase in risk: OR =1.19, 95% CI: 0.81 to 1.76, p = 0.373, 12 = 94.39%.
In addition, OC self-administration for <5 years induced a non-significant risk of this
cancer subtype developing: OR = 1.14, 95% CI: 0.93 to 1.40, p = 0.201, I? = 79.46. On the
other hand, the comparison of these two groups showed a significantly higher risk of
ER—BrCa in the case of OC use for more than five years: OR = 1.14, 95% CI: 1.01 to 1.27,
p = 0.031. Results of Begg’s test were inaccessible for variable > 5 years, while that for
the covariate < 5 years suggested the possibility of a publication bias (p = 0.041). In turn,
Egger’s test did not indicate publication bias for both covariates, >5 years (p = 0.230) and
<5 years (p = 0.436). When comparing these groups, both the Begg’s (p = 0.005) and Egger’s
tests (p = 0.000) showed the possibility of a publication bias; however, all publications in the
funnel plot were placed inside the funnel (Table 2). Moreover, the results of multivariable
meta-regression for the covariates of the duration of OC use demonstrated that they did
not have a significant effect on this subtype: 3 = —0.17, 95% CI: —0.46 to 0.11, z = —1.17,
p=0.241.

The meta-analysis of the risk of ER—BrCa subtype depending on the period of dis-
continuation taking of OC before diagnosis was based on four studies [46,48,52,60]. It
showed a statistically significant increase for variable < 5 years (OR = 1.77, 95% CI: 1.35 to
2.32, p =0.000, 12 = 68.44%); and for the variable > 5 years (OR = 1.41, 95% CI: 1.19 to 1.68,
p = 0.000, I> = 56.77%). Beeg’s test indicated no evidence of publication bias for variables of
cessation of OC use <5 years, (p = 0.117) and >5 years (p = 0.117) before diagnosis. Data
from Egger’s test indicate publication bias for both covariates: < 5 years (p = 0.022) and
> 5 years, p = 0.018 (Table 2). Multivariable meta-regression demonstrated a non-significant
effect for both covariates: 3 = 0.76 (95% CI: 0.25 to 1.26), z = 2.96, p = 0.0031; 3 = —0.20 (95%
CI: —0.51 t0 0.11), z = —1.28, p = 0.2022.
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In addition, the risk of developing ER—BrCa has been shown to be similar in pre-
menopausal and postmenopausal women: OR = 1.05, 95% CI: 0.62 to 1.79, p = 0.850. No
significant publication bias was detected by the Egger’s test (p = 0.258).

3.3. Effects of Oral Contraceptive Use on HER2-Positive Breast Cancer

Analysis of relationship between OCs use and risk of HER2-positive BrCa (HER2+ BrCa)
subtype included eight trials, and was based on data from 12,704 participants (cases: 1063,
control: 11,641) [45,48-50,54,55,58,61]. A statistically insignificant increase of cancer risk
was reported in four studies [45,48,54,55], while in four trials, an insignificant risk reduction
was seen [49,50,58,61]. The summary meta-analysis revealed that ever-use OC slightly
decreased HER2+BrCa risk: OR = 0.95, 95% CI; 0.79 to 1.14, p = 0.561, 2 = 26.62% (Figure 4).
Both tests, Begg’s and Egger’s, indicated no publication bias: p = 0.138 and p = 0.252,
respectively (Table 2).

Assessment of dependencies between risk of HER2+BrCa subtype and duration of
OCs use was done on data from five studies [45,48,49,54,61]. Taking OC for over five years
was associated with a slightly increased risk of cancer: OR = 1.09, 95% CI: 0.88 to 1.35,
p=0.447,12 = 19.01%. Results of the Egger’s and Begg’s tests did not reveal publication
bias: p = 0.327 and p = 0.109, respectively. Moreover, the use of OC for less than five
years was associated with a clear, albeit non-significant, reduction in the risk of HER+BrCa:
OR =0.88, 95% CI: 0.62 to 1.25, p = 0.480, I? = 58.34%. Both tests were insignificant for
publication bias: Begg’s test: p = 0.497, and Egger’s test: p = 0.855. Additionally, the risk of
developing HER2+BrCa was slightly increased when using OC for more than five years,
but the results were not statistically significant: OR = 1.14, 95% CI: 0.84 to 1.54, p = 0.412.
No evidence of publication bias was recorded for the duration of OC use, according to
Begg’s (p = 0.174) and Egger’s tests (p = 0.605) (Table 2). Multivariable meta-regression
with covariates of duration of OC use demonstrated the absence of influence on risk of
HER+BrCa subtype: 3 = —0.19, 95% CI: —0.59 to 0.21, z = —0.94, p = 0.349.

Use of oral contraceptives

First author Ever Never | Odds ratio Weight

Cases/Controls Cases/Controls OR (95% CI) p-value (95% confidence interval) %
Beaber 45/779 11/103 0.54 (0.27,1.08) 0.0811 |—‘—-| 6.21
Dolle 216/1162 73 /407 1.04 (0.78,1.38)  0.8081 H—| 22.30
Ellingjord-Dale 89 /467 115/501 0.83 (0.61,1.13) 0.2305 }—’——I 21.01
Gammon 111/294 48/168 1.32(0.90,1.95) 0.1592 |——‘—| 15.44
Gaudet 64 /1851 51./11571 1.07 (0.73,1.55) 0.7411 I—H 16.24
Islam 3/62 80/1324 0.80(0.25,2.61) 07122 | 4 { 232
Li 49 /835 11/102 0.54 (0.27,1.08) 0.0819 44— 6.29
Ma 78 /1605 19/410 1.05 (0.63,1.75)  0.8559 T 10.20
Summary estimate 655 /7 055 408 / 4586 0.95(0.79,1.14) 0.5613 100.00
Test for heterogeneity: Q =9.5390, p = 0.2162; T = 0:0179; > =26.62% S | | |

02 05 1.0 1.5 20 25

Figure 4. Forest plot and summary odds ratios on the association between risk of HER2+BrCa and
ever-use of oral contraceptives. Note: black diamonds represent the effect sizes; the horizontal lines
denote the 95% confidence interval.

Three studies evaluated dependence between period of last use of OC prior to diag-
nosis and occurrence of HER+BrCa subtype [45,48,54]. The period of less than five years
was associated with a slightly higher, statistically insignificant risk of this subtype of breast
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cancer: OR =1.09, 95% CI: 0.82 to 1.46, p = 0.555, I? = 0.00%. In turn, discontinuation of OC
intake > 5 years before diagnosis indicated a higher, but non-significant HER+BrCa subtype
risk: OR = 1.12, 95% CI: 0.90 to 1.40, p = 0.295, I? = 0.00%. Results of Begg’s test and Egger’s
test showed a lack of evidence of publication bias for the variable < 5 years: p = 0.602, and
p = 0.485, respectively; the results for the variable > 5 years also demonstrated absence
of evidence of publication bias: p = 0.602 and p = 0.840, respectively. (Table 2). The result
of multivariable meta-regression for period of last use OC prior to diagnosis did not con-
firm the impact of these covariates on the BrCa subtype: 3 = 0.03 (95% CI: —0.33 to 0.39),
z=—0.16, p = 0.8705.

Moreover, the risk of breast cancer was slightly lower, although not statistically signifi-
cant, in premenopausal women: OR = 0.79, 95% CI: 0.58 to 1.06, p = 0.116. No significant
publication bias was detected by the Begg’s (p = 0.602) and Egger’s tests (p = 0.781).

3.4. Effects of Oral Contraceptive Use on Triplet-Negative Breast Cancer

We assessed the changes in the risk of triplet-negative breast cancer (TNBrCa) after the use
of oral contraceptives based on data from ten case-control studies involving 180,419 women
(including 2899 in case groups and 177,520 in control groups) [48-50,54,55,57,58,60,61,63].
Increased risk of TNBrCa development was reported in nine trials [48-50,54,55,57,60,61,63],
including three studies that revealed statistical significance [48,55,63]. One study [58] reported
a non-significant reduction in TNBrCa risk. Meta-analysis showed significant increase of
TNBrCa risk in OC ever-use participants, compared with never-use: pooled OR = 1.37, 95% CI;
1.13 to 1.67, p = 0.002, I? = 75.03% (Figure 5). Begg’s and Egger’s test did not reveal evidence
of publication bias: p = 0.532 and p = 0.914 (Table 2).

The relationship between the age of initiation oral contraception and the risk of devel-
oping a TNBrCa was investigated based on three studies [54,57,61]. Age less than 25 years
was associated with a significantly increased risk of this cancer subtype: OR = 1.27, 95%
CI: 1.08 to 1.50, p = 0.005, I> = 0.00%. Begg’s test (p = 0.117) and Egger’s test (p = 0.269)
indicated no evidence of publication bias. In turn, starting of OC use at age > 25 years was
associated with slight increase in risk: OR = 1.03, 95% CI: 0.86 to 1.23, p = 0.758, 12 = 0.00%.
Begg'’s and Egger’s tests demonstrated the lack of publication bias: p = 0.602 and p = 0.966,
respectively (Table 2). Multivariable meta-regression for age at start of contraceptive pill
self-administration did not confirm the impact of these covariates on BrCa subtype: 3 = 0.03
(95% CI: —0.33 t0 0.39), z = —0.16, p = 0.871.

Analysis of the impact of the duration of OC intake on TNBrCa risk was based on
six studies [48,49,54,57,60,61]. OC use > 5 years resulted in a significant increase in risk of
developing this subtype cancer: OR = 1.46,95% CI: 1.17 to 1.83, p = 0.001, I? = 65.07%. Begg’s
(p =0.327) and Egger’s tests (p = 0.091) showed no evidence of publication bias. In contrast,
taking OC < 5 years also led to an increased, albeit insignificant, risk of TNBrCa: OR = 1.16,
95% CI: 0.95 to 1.40, p = 0.146, I> = 51.10%. Begg’s and Egger’s tests also demonstrated
no evidence of publication bias: p = 0.189 and p = 0.199, respectively. Additionally, the
comparison of these two groups showed that the use of OC for more than five years
significantly increased risk of TNBrCa subtype: OR = 1.27, 95% CI: 1.12 to 1.42, p = 0.000.
No significant publication bias was detected by the Begg’s (p = 0.851) and the Egger’s tests
(p = 0.974),(Table 2). Multivariable meta-regression for the duration of OC indicated that the
impact of the covariates was non-significant: 3 = —0.22 (95% CI: —0.52 to 0.08), z = —1.45,
p=0.1471.
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Use of oral contraceptives

First author ' Ever Never ! Odds ratio Weight

Cases/Controls Cases/Controls OR (95% CI) p-value (95% confidence interval) %
Beaber 156 /779 15/103 1.38(0.78,2.43) 0.2720 l——‘—{ 6.74
Bethea 282/5415 213 /4632 1.13 (0.94, 1,36) 0.1807 F‘—{ 13.74
Dolle 165/1162 22 /407 2.63 (1.66,4.16) 0.0000 }-—‘— 8.40
Ellingjord-Dale 187 /843 165/ 860 1.14 (0.90, 1.43) 0.2731 |—-’—| 12.82
Gaudet 149/1851 97 /1.571 1.30 (1.00, 1.70)  0.0493 —H 12.14
Islam 2/62 65/1324 0.66 (0.16,2.75) 0.5649 | ¢ {  1.67
John 419/3 008 139/2073 2.08 (1.70, 2,54) 0.0000 }—H 13.42
Li 166 /835 15/102 1.35(0.77,2.38) 0.2974 I——Q—{ 6.76
Ma 276 /1605 59 /410 1.19 (0.88,1.62) 0.2466 I——H 11.39
Phipps 136 /62 617 171 /87 861 1.12(0.89,1.40) 0.3401 }—’—{ 12.92
Summary estimate  1938/78 177 961 /99 343 1.37 (1.13,1.67) 0.0016 }—‘—{ 100.00
Test for heterogeneity: Q = 36.0487, p = 0.0000; T = 0.0639; I’ = 75.03% R—— —
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Figure 5. Forest plot and summary odds ratios on the association between risk of TNBrCa and
ever-use of oral contraceptives. Note: black diamonds represent the effect sizes; the horizontal lines
denote the 95% confidence interval.

Based on the results of three studies, we performed an analysis of the influence of years
from the last use of OC before diagnosis on the risk of TNBrCa [48,54,60]. The results of the
meta-analysis showed a statistically significant increase in risk (OR = 1.60, 0.95 CI: 1.01 to
2.53, p = 0.043, I? = 71.09%) for last use < 5 years. The results of Begg’s test were inaccessible,
while Egger’s test revealed no evidence of publication bias (p = 0.581). An increase in the
risk of the cancer subtype was also observed, but was statistically insignificant regarding
last OC use > 5 years before diagnosis (OR = 1.41,95% CI: 0.93 to 2.15, p = 0.107, I = 82.15%).
Herein, the results of the Begg'’s test were unavailable, while the Egger’s test indicated
no evidence of publication bias (p = 0.248) (Table 2). Multivariable meta-regression did
not record the significant influence of covariates of period from the last use of OC before
diagnosis on TNBrCa risk: 3 = —0.12, 95% CI: —0.74 to 0.50, z = —0.39, p = 0.696.

In addition, the risk of breast cancer was slightly lower, although not statistically
sig-nificant, in premenopausal women: OR = 0.90, 95% CI: 0.67 to 1.21, p = 0.489. No
significant publication bias was detected by the Egger’s test (p = 0.279).

4. Discussion

Consistent with our results, the summary meta-analysis showed that ever-use of
OC significantly increased the risk of TNBrCa, as well as of ER—BrCa. There was also a
significant reduction in the risk of ER+BrCa and a slight reduction in the risk of HER2+BrCa
after OC taking. This may indicate a protective OC effect in some molecular subtypes
of BrCa. Furthermore, the initiation of OC use under the age of 25 years was associated
with a significantly increased risk of TNBrCa and a non-significant reduction in the risk
of ER+BrCa. In turn, the starting of OC use at the age of over 25 years resulted in a slight
increase in the risk of TNBrCa and a slight reduction in the risk of ER+BrCa.

Duration of OC use longer than five years was found to lead to a significant increase in
risk of TNBrCa, and to an insignificant increase in risk of ER—BrCa and a slightly increased
risk of HER2+ OC. In contrast, taking OC for less than five years led to an increased,
albeit insignificant, risk of TNBrCa, as well as risks of ER—BrCa. Our work demonstrated
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that a shorter period of OC use was associated with a statistically significant reduction in
the risk of ER+BrCa, and also with a clear, albeit non-significant, reduction in the risk of
HER2+BrCa.

The results of our study showed that the last use of OC in the period less than five
years before diagnosis was associated with a statistically significant increase in risk of
both TNBrCa and ER—BrCa, and with a slightly higher, statistically insignificant risk of
HER2+BrCa. Moreover, we noted a non-significant reduction in risk of ER+BrCa. In
turn, discontinuation of OC more than five years before diagnosis was associated with a
statistically significant increase in ER—BrCa risk, and with a higher but non-significant
risk of both TNBrCa and HER+BrCa, and a marginal increase in ER+BrCa. The only meta-
analysis related to the above issue looked at the effect of oral hormonal contraception on
the risk of TNBrCa. In this, Li et al. [64] showed that in women who took OC, there was a
statistically significant increase in the incidence of TNBrCa: OR = 1.21, 95% CI: 1.01 to 1.41,
p =0.04.

In the previous article, we compiled, also using meta-analyzes, data from 79 case-
control studies from 1960-2010. According to the results of the statistical analysis, there
was an increased risk of BrCa with the use of OC before the first full-term pregnancy
(OR =1.14, 95% CI: 1.01 to 1.28, p = 0.036); as well as with the use of OC for more than five
years (OR = 1.09, 95% CI: 1.01 to 1.18, p = 0.020). On the other hand, the use of OC before
the age of 25 reduced the risk of BrCa: OR = 0.91, 95% CI: 0.83 to 1.00, p = 0.052 [34]. Our
second meta-analysis included 42 studies published between 2009 and 2020. It turned out
that the use of OC statistically significantly increased the risk of BrCa: OR = 1.15, 95% CI:
1.01 to 1.31, p = 0.036 [35].

The exact causes of the increased risk of ER-negative breast cancer with estrogen use
have not yet been identified. The fact that estrogen promotes tumorogenesis of this subtype
provides evidence that the presently observed effects occur via the influence of estrogens
on the physiology of the tissues of the tumor-bearing host, rather than on the tumor cells
themselves. One of the mechanisms by which the use of OC affects BrCa in women is the
growth and angiogenesis of the tumor in the mammary gland caused by estrogen and
ER positivity. A recent publication of Gupta et al. has proposed a second mechanism
whereby estrogen promotes the growth of ER-negative breast cancer by systematically
enhancing angiogenesis and stromal cell recruitment [65]. In the case of ER—BrCa and
ER+BrCa, tumor growth may be favored by a mechanism that plays a major role in BrCa
carcinogenesis and indicates that estrogen systematically increases vascular density and
stromal cell recruitment [65]. The present observations indicate that estrogen increases
the systemic capacity for angiogenesis, stromalization, and bone marrow cell recruitment,
and that this mechanism is in part responsible for promoting tumorigenesis, including the
growth of ER-negative tumors.

Great caution should be exercised in drawing final conclusions from our meta-analysis,
as there were various limitations in conducting it. The value of the results may have
been influenced by limiting the search results to works in English only. As a result of
such a limitation, it was not possible to reach all the research related to the topic of our
work. Secondly, retrospectively, self-reporting of use of oral contraceptives poses a risk of
providing inaccurate data, and therefore the possibility of mistakes made in the recruitment
to the control groups. Thirdly, there exists a possibility of errors occurring when cases are
similar to the controls selected for the research, depending on the use of the OC. Fourthly,
there is no available information on the type of oral contraceptive used, and also a possible
source of bias is that the definition of “ever” for OC use is not unified, meaning that women
are exposed to OC at various periods limited to the start and end of self-administration
of pills. This may lead to misclassifications regarding the peak incidence of most cancers
in old age with a long interval from last or first OC use, or the use of various hormone
preparations in a woman'’s life.

Additionally, a sensitivity analysis was performed to assess whether excluding any
of the studies would significantly affect the meta-analysis result. The exclusion of any



Cancers 2022, 14, 574 16 of 19

study did not affect the results of the meta-analysis of HER2 positive and triple negative
breast cancer subtypes. However, in the case of the ER-positive breast cancer subtype,
the exclusion of the Cotterchio [51], Gaudet [55] or Work [59] trials changed the result
of the meta-analysis to statistically insignificant. In addition, when analyzing the ER-
negative breast cancer subtype, the sensitivity analysis showed that excluding Bethea [60],
Cotterchio [51], Dolle [48] or Sweeney [52] would change the meta-analysis result to
statistically insignificant. Despite this, the authors did not decide to exclude the above
studies, as in more than half of the cases this would increase the value of the standard error.

5. Conclusions

The results of our study suggest that the use of oral contraceptives has different effects
on the risk of developing the various molecular breast cancer subtypes; however, given
that associations between them are still poorly understood, further research is required.
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