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Abstract

Background: The incidence of bilateral breast cancer (BBC) is increasing nowadays
comprising 2%-11% of all breast cancer (BC). According to the interval time between
the first and second cancer, BBC could be divided into synchronous (SBBC) and me-
tachronous (MBBC). However, this interval time is quite different across studies. It
remains controversial whether the survival of BBC, SBBC, and MBBC is similar or
worse compared to that of unilateral breast cancer (UBC), and whether the survival
of SBBC is similar or worse compared to MBBC. To better understand the survival
of UBC, BBC, SBBC, and MBBC and how the interval time would influence the
prognosis of SBBC and MBBC, we performed this meta-analysis on studies from
recent 10 years (2008-2018).

Methods: Databases of PubMed, Embase, and Web of Science were searched for
relevant studies within recent 10 years. Hazard ratio (HR) was adopted to evaluate
the difference of overall survival (OS) of UBC, BBC, SBBC, and MBBC. HR of
OS comparisons were performed between BBC vs UBC, SBBC vs UBC, MBBC vs
UBC, and SBBC vs MBBC with 3, 6, 12 months as the interval time, respectively.
Results: There were 15 studies of 72 302 UBC and 2912 BBC included in the meta-
analysis. The summary HR of OS comparison between BBC vs UBC was 1.68 (95%
CI: 1.28-2.20), SBBC vs UBC was 2.01 (95% CI: 1.14-3.55), MBBC vs UBC was
3.22 (95% CI: 0.75-13.78). When 3, 6, 12 months were used as the interval time, the
summary HR of the OS comparison between of SBBC vs MBBC were 0.64 (95%
CI: 0.44-0.94), 1.17 (95% CI: 0.84-1.63) and 1.45 (95% CI: 1.10-1.92), respectively.
Conclusion: BBC and SBBC showed worse prognosis in terms of OS compared
to UBC while MBBC manifested similar or non-superior survival as UBC. The OS
comparison between SBBC and MBBC changed with different interval time used.
The longer the interval time used, the worse the survival of SBBC. SBBC with
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interval of 3-12 months between the two cancers had the worst prognosis. When
6 months was used to differentiate SBBC from MBBC, these two clinical entities
showed similar OS.
KEYWORDS
bilateral breast cancer, metachronous, survival, synchronous, unilateral
1 | INTRODUCTION 2 | MATERIALS AND METHODS
Breast cancer (BC) is the most commonly diagnosed fe- 2.1 | Data sources and search strategy

male malignancy worldwide.! The increasing breast can-
cer incidence rates, improved treatment and growing life
expectancy have resulted in the increasing incidence of
developing bilateral breast cancer (BBC).? Bilateral breast
cancer (BBC) comprised of about 2%-11% all BC.>* The
cumulative incidence rate of developing contralateral BC at
10 years was about 3.4% for unilateral breast cancer (UBC)
patients,5 and 13%-40% for women with a BRCA muta-
tion.® Whether the development of BBC compromised the
prognosis remained controversial. Studies reported that the
prognosis of BBC patients was similar or worse than UBC
counterparts.7'15

According to the interval time between the diagnosis of
first and second tumor, BBC can be divided into synchronous
(SBBC) and metachronous (MBBC). However, this interval
time was quite different among studies and SBBC had been
variedly defined as two tumors diagnosed with an interval of
1 rnonth,16 2 rnonths,l7 3 months,7’8’12’l4’18 6 months'*?? or
1 year.13 2325 There were conflicting results among prospec-
tive studies’®'*!® and retrospective studies'®* concerning
survival comparison between SBBC vs UBC. Meanwhile,
data regarding prognosis of MBBC vs UBC was very sparse.
It was unclear how interval time would influence the prog-
nosis of SBBC vs MBBC, although there was evidence that
survival of BBC patients differs according to the interval
time.>*2°

Clinical practice of breast cancer diagnosis and treatment
had been largely improved within the recent 10 years. To bet-
ter understand the prognostic outcome of BBC, there were
three questions to be answered: (1) Whether BBC, SBBC and
MBBC would show worse survival than UBC (BBC vs UBC,
SBBC vs UBC and MBBC vs UBC)? (2) Whether SBBC
would manifest worse prognosis than MBBC, and whether
the result of this comparison would be different when the
interval time changes (SBBC vs MBBC)? (3) Which group
of BBC patients suffered from the worst prognosis? Which
interval time would be the most reasonable for clinical prac-
tice? To address these questions, we performed this meta-
analysis with available studies only from the recent 10 years
(2008-2018).

The following databases had been searched for relevant stud-
ies: PubMed, Embase (OVID) and Web of Science (from
2008 to December 2018). The following medical subject
headings and keywords were used for the search: “Breast
Neoplasm,” “Breast cancer,” “Bilateral.” The language of
literature was restricted to English. Reference lists of all the
relevant articles were manually screened by two independent
reviewers to ensure the sensitivity of literature search.

2.2 | Selection criteria and
quality assessment

We have used the following inclusion criteria: Articles
should be clinical trials, cohort study or case-control study
with full text about the BBC with prognostic data in a spe-
cific population, region or country. The following informa-
tion was extracted: study type, study location, sample size,
age, mean follow-up duration, hazard ratio (HR) of overall
survival (OS) with corresponding 95% confidence interval
(CI). HR of disease free survival (DFS) was not compared
due to insufficient data. We used the Newcastle-Ottawa qual-
ity assessment scale (NOS) to assess the quality of identified
studies. Only studies with NOS >5 which were regarded as
high-quality were included. Disparity was resolved by con-
sensus discussion between the two reviewers or by consulta-
tion with the third reviewer.

2.3 | Data extraction

Data had been collected using a predesigned data extraction
form by two reviewers. Survival data including HR with con-
fidence interval (CI) and P-value was extracted from the ta-
bles or texts of included studies.

2.4 | Statistical analysis

In this meta-analysis, hazard ratio (HR) was adopted to
evaluate the survival difference between BBC and UBC, as
well as between SBBC and MBBC. We used time-to-event-
analyses to obtain HRs and associated statistics by carefully
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Publications identified through literature search (n = 954)
PubMed (n = 240)
Embase (n = 365)
Web of Science (n = 349)

FIGURE 1
eligible studies for the meta-analysis

Flowchart of selecting

| —

Duplicate publications excluded (n = 679)

Publications for screening (n = 275)

| —

Publications excluded according to
titles and abstracts (n = 211)

Publications for eligibility (n = 64)

9 no full text

7 not in English

49 publications excluded

19 irrelevant to the objective
11 no prognostic data

3 sample size less than 20

15 studies included in systematic review and meta-analysis

manipulating published data when in the absence of indi-
vidual patient data.”” We used fixed effects model to gener-
ate the effects for studies without significant heterogeneity
(SBBC vs MBBC) whereas random effects model among
studies with heterogeneity (BBC vs UBC, SBBC vs UBC and
MBBC vs UBC).

I? statistic and the Q statistic had been calculated to eval-
uate the heterogeneity across studies. Cochran's Q test with
P < 0.05 or I>>50% indicated that included studies had sig-
nificant heterogeneity. Symmetry of funnel plot was used to
assess the publication bias. All analyses were conducted using
the Review Manager (RevMan) (Version 5.3. Copenhagen:
The Nordic Cochrane Centre, the Cochrane Collaboration,
2014). A value of P < 0.05 was considered statistically sig-
nificant. All statistical tests were two-sided.

3 | RESULTS

31 |

The process and results of studies’ selection were shown in
Figure 1. There were totally 954 articles identified, including
240 articles from the PubMed, 365 articles the Embase, and
349 articles from the Web of Science. 275 studies remained

Characteristics of the included studies

after exclusion of duplicates. We obtained 64 potentially rel-
evant studies by sifting through the titles and abstracts. Another
49 studies were excluded for detailed reasons after full-text re-
viewing (Figure 1). Consequently, 15 studies were included and
the characteristics of these studies were summarized in Table 1.

Among the 15 included studies, five studies were from
Europe,&g’m’lg’19 two from North America,“’28 five from
Asi21,10’14’15 2224 ne from Africa,23 and two from Australia.”'?
The sample size of included studies ranged from 110 to
34 557 and totally 75 214 participants were enrolled, includ-
ing 72 302 UBC and 2912 BBC (1842 SBBC, 946 MBBC
and 124 BBC with unknown interval). The follow-up time
varied from 2.9 to 20 years, with median follow-up time of
5.8 years (Table 1). There were nine retrospective studies
with 13 586 UBC and 1336 BBC cases (median follow-up
time 4.08 years) as well as five prospective studies and one
case-control study with 58 716 UBC and 1576 BBC cases
(median follow-up time 9.17 years) (Table 1).

3.2 | The comparison of HR of OS between
BBC vs UBC

There were 10 studies enrolled in the comparison of HR of
OS between BBC and UBC, including 2066 BBC cases and
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72 302 UBC (Figure 2). The follow-up time ranged from 3.3
to 20 years, with median follow-up time 6.6 years. The sum-
mary HR of BBC vs UBC was 1.68 (95% CI = 1.28-2.20)
with heterogeneity (*="73%, P =0.0001). So we use random
effects model in the analysis. BBC might have worse OS than
UBC (Figure 2A).

Sensitivity analysis indicated that the different fol-
low-up time might be the potential causes of heteroge-
neity. Thus we divided these studies into three groups by
the follow-up time. In the four studies in which patients
were followed <5 years,lz'15 the summary HR was 1.46
(95% CI = 1.23-1.74) without heterogeneity (I =63%,
P = 0.05). There were both three studies which followed
the cases for 5-10 years7’10’18 and >10 years.g’g’11 The
summary HR of these two group of studies were 2.85
(95% CI = 2.08-3.90) and 1.22 (95% CI = 1.00-1.50) re-
spectively, and there was no heterogeneity in both groups
(1> =57%, P = 0.10 and 1> =0%, P = 0.62). These results
were all analyzed with fixed effects models respectively
and consistent with the results from 10 studies with ran-
dom effects models that BBC showed worse OS than UBC
(Figure 2B).

Hazard Ratio
SE Weight 1V, Random, 95% CI

Hazard ratio

Study or subgroup log[Hazard ratio] 1V, Random, 95% CI

Beckmann, KR. et al/2011 L1119 0.2618 10.6%  3.04(1.82, 5.08] =
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Kheirelseid, EA. et al/2011 02624 014 146%  130(0.99, 1.71] [~
Kuo, WH. et al /2009 11848 02193 12.0%  3.27[2.13,5.03) -
Nichol, AM. et al /2011 13635 1.6636  0.7% 3.91(0.15,101.91] —_—t
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Schmid, SM. et al/2011 -0.0704 05422  4.7%  0.93(0.32,2.70) .
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FIGURE 2 Hazard ratio (HR) of overall survival (OS)
comparison of bilateral breast cancer (BBC) vs unilateral breast cancer
(UBC): forest plot (A) and funnel plot (B)
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3.3 | The comparison of HR of OS between
SBBC vs UBC and MBBC vs UBC

Seven studies were included in the comparison of HR of OS
between SBBC and UBC, including 1195 SBBC and 62 101
UBC (Figure 3A,C). The follow-up time ranged from 4.6 to
10.2 years (median 6.6 years). The summary HR of SBBC vs
UBC was 2.01 (95% CI = 1.14-3.55). There was heterogene-
ity (I2 = 86%, P < 0.00001) so random effects model was
used. SBBC manifested worse OS than UBC.

Four studies were summarized in the analysis of HR of OS
between MBBC and UBC, including 449 MBBC and 11 947
UBC (Figure 3B,D). The follow-up time ranged from 4.6 to
9.2 years (median 5.8 years). The summary HR of MBBC vs
UBC was 3.22 (95% CI = 0.75-13.78). There was heteroge-
neity (I2 = 95%, P < 0.00001) so random effects model was
used. MBBC showed similar or no better OS as UBC.

3.4 | The comparison of HR of OS between
SBBC vs MBBC

Nine studies were included in the analyses the HR of OS be-
tween 747 SBBC vs 664 MBBC, with 4.58 years as median
follow-up time (2.92-20 years) (Figure 4). These studies were
divided into three groups based on the interval time to differ-
entiate SBBC from MBBC (3, 6 and 12 months). The study
from O'Brien et al*® used both 3 and 6 months as interval
cut-off (SBBC < 3 months while MBBC > 6 months, Table
1), hence it was included in the meta-analysis of both groups
(Figure 4A,B). Three studies”'*?® used 3 months as the in-
terval, the summary HR of SBBC vs MBBC was 0.64 (95%
CI = 0.44-0.94) without heterogeneity (I2 = 58%, P = 0.09)
(Table 2, Figure 4A,D). Four studies'??*® adopted 6-month
as the interval time, and the summary HR was 1.17 (95%
CI = 0.84-1.63) without heterogeneity (? = 56%, P = 0.10)
(Table 2, Figure 4B,E). Twelve months was chosen as inter-
val in the other four studies,g’13 23.24 and the summary HR was
1.45 (95% CI = 1.10-1.92) without heterogeneity 1 = 0%,
P = 0.51) (Table 2, Figure 4C,F). The HR of OS would
change with the interval used. The longer the interval time
used, the worse the survival of SBBC. When the interval was
set to 6 months, SBBC and MBBC showed similar OS (Table
2).

4 | DISCUSSION

Owing to the growing awareness, prolonged lifetime and the
modern screening methods, the incidence of BBC had been
rising.2’20 Evidence also suggested that incidence of SBBC
had increased with age and by 40% during the 1970s.> The
annual risk of contralateral MBBC was ~0.5%, and would in-
crease to 3% in BRCA1 or BRCA2 mutation carriers, making
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FIGURE 3 Hazard ratio (HR) of overall survival (OS) comparison of synchronous bilateral breast cancer (SBBC) vs unilateral breast cancer
(UBC) forest plot (A); metachronous bilateral breast cancer (MBBC) vs UBC forest plot (B); SBBC vs UBC funnel plot (C) and MBBC vs UBC

funnel plot (D)

10-year risk up to 13%-40%. Risk factors for contralateral
BC included young age at first diagnosis of breast cancer and
a family history of breast cancer.%**" However, the major-
ity of BBC could not be explained by BRCA carriership.zo’3 !
Interestingly, the risk of third primary cancers of non-breast
origin among women with previous BBC history would also
increase, indicating that BBC might be genetically suscep-
tible to develop cancer.*? Tumor profile of SBBC included
correlations with agez’l 133 and lobular histology.3’7’l6’18 BBC
demonstrated extensive inter-tumoral and intra-tumoral
heterogeneity with pathogenic germline mutations includ-
ing BRCA1 and TP53** and a distinct miRNA profile with
higher level of miR-21, miR-10b, and miR-31.*> A small
subset of contralateral BC was clonally related to metastatic
dissemination from the index tumor regardless of whether the

two tumors occurring as SBBC or MBBC.* Thus a propor-
tion of contralateral BC might actually be metastases instead
of a new primary cancer, which asked for precise molecular
differential diagnosis and individualized therapy for BBC
patients.

There were controversies about whether adjuvant therapy
for BBC should base on the higher risk tumor or the index
tumor.* Adjuvant chemotherapy might paradoxically both
reduce the risk and worsen the prognosis of MBBC.? Indeed,
patients with BBC patients had a lower pathological com-
plete remission (pCR) rate after receiving neoadjuvant che-
motherapy and a lower DFS than UBC patients. The lower
PCR rate after neoadjuvant chemotherapy in BBC might be
due to the higher percentage of lobular carcinomas with more
luminal histology compared to UBC.”
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FIGURE 4 Hazard ratio (HR) of overall survival (OS) comparison of SBBC vs MBBC when 3, 6 and 12 months were used as interval time
respectively: 3-month interval time forest plot (A); 6-month interval time forest plot (B); 12-month interval time forest plot (C); 3-month interval
time funnel plot (D); 6-month interval time funnel plot (E) and 12-month interval time funnel plot (F)

The result of our study was consistent with evidence that  In this study, sensitivity analysis suggested that the follow-up
the prognosis of UBC was non-inferior to thatof BBC and that ~ time might cause the heterogeneity among studies compar-
SBBC was an independent negative prognostic factor.” 12 ing BBC vs UBC. When we divided the 10 included studies
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into 3 groups according to the follow-up time (<5, 5-10
and > 10 years), all groups showed that BBC had a worse
OS than UBC without any heterogeneity (Figure 2). With
prolonged follow-up time, some UBC might turn into BBC,
however, BBC indicated worse prognosis compared to UBC
regardless of the follow-up time (Figure 2).

Most controversies existed in the comparison of survival
between MBBC vs UBC and between SBBC vs MBBC.
When ethnicity was taken into account, Asian women with
SBBC tended to have an even lower 5-year OS compared to
those with MBBC, despite having seemingly biologically
favorable ER/PR positive and Her2 negative tumors, which
suggest that there may be more underlying their tumor bi-
ology and genetics.38 Studies also suggested that the second
tumor developed after more than 5 years among MBBC gave
rise to the improved survival* whereas women with a BBC
diagnosed more than 10 years after the first cancer had a
prognosis similar to that of UBC.? These results coincided
with our findings that MBBC showed a prognosis similar or
non-superior to that of UBC (HR = 3.22, 95%CI: 0.75-13.78,
Figure 3B). Furthermore, with the multiple comparison per-
formed with 3, 6, 12 months as interval time respectively,
the dynamic trend of SBBC vs MBBC implied that the
SBBC with 3-12 months interval between two tumors had
the worst survival (Table 2 and Figure 4). This subgroup of
BBC patients often suffered from a secondary contralateral
BC resistant to systemic adjuvant therapy such as chemo-,
targeted or endocrine therapy, which was usually adminis-
tered during 3-12 months after the diagnosis and surgery of
the first tumor. Therefore, the survival difference between
BBC and UBC was primarily due to the poorer prognosis
of SBBC, and the worst survival of all BBC belonged to the
subgroup of SBBC with 3-12 months interval which devel-
oped under systemic adjuvant treatment. When this interval
was set to 6 months, some of these BBCs with compromised
prognosis were regarded as SBBC (within 3-6 months inter-
val) while the other BBCs with unfavorable survival taken as
MBBC (within 6-12 months interval), which made the dif-
ference between SBBC vs MBBC insignificant (Table 2 and
Figure 4). Taken together, the results implied that the sur-
vival ordered from poor to favorable might be like: SBBC
with 3-12 months’ interval <SBBC<BBC<MBBC with
12 month's interval = UBC.

The strength of this meta-analysis included: Firstly,
only studies published within recent 10 years were in-
cluded to ensure the patients received up-to-date BC treat-
ment. In view of the period of the included studies (Table
1), only three studies dated back to early 19805,8‘24’28 when
chemotherapy, radiation therapy and endocrine therapy had
already been integrated into the comprehensive treatment
of BC. Secondly, multiple comparisons were performed
among all subgroups of BBC within the same study in-
cluding BBC vs UBC, SBBC vs UBC, MBBC vs UBC and

TABLE 2 Hazard ratios of OS comparison of SBBC vs MBBC
by different intervals

HR and 95% CI of OS
of SBBC vs MBBC

Number of included

Interval time study [reference]

3 mo 371428 0.64 (0.44-0.94)
6 mo 3192228 1.17 (0.84-1.63)
12 mo 4:13.23.24 1.45 (1.10-1.92)

SBBC vs MBBC, which made the information complete.
Thirdly, the comparison between SBBC vs MBBC were
performed with several interval times, showing a dynamic
trend of how the HR would change with the interval time.
Last but not the least, the study population in this meta-
analysis was quite diversified in races and ethnicities in-
cluding studies from five continents to ensure the result
could be extrapolated to different ethnicities.

There were certain limitations of this study. Firstly, the
included 2912 BBC and 72 302 UBC came from only 15
studies and there was considerable heterogeneity among
them. And bias might be brought into analysis when pro-
spective and retrospective studies were compared at the
same time. The difference in follow-up time between UBC
and MBBC was unavoidable yet consequential, thus the
retrospective studies might have flaws whereas the pro-
spective and case-control studies might be more balanced.
Secondly, due to limited information on prognosis, only the
OS was taken as survival endpoint, and there was little in-
formation on BC specific survival or disease-free survival
in this meta-analysis. Thirdly, in the comparison of SBBC
vs UBC and MBBC vs UBC, some SBBC in study A might
be judged as MBBC according to the interval criteria in
study B and C. However, this happened only to limited
cases and would not change the results and conclusion.
Fourthly, there was no information in terms of how the age,
histology and genetic alterations might influence the sur-
vival of BBC. Treatment such as ipsilateral and contralat-
eral re-radiation, different chemotherapy regimen, changes
in use of anti-Her?2 targeted agents and compliance of en-
docrine therapies as well as the molecular subtypes might
also play their roles as confounders of survival.

S | CONCLUSION

BBC and SBBC both showed worse prognosis than UBC
whereas MBBC presented non-superior survival compared
to UBC. As for SBBC and MBBC, various interval times
indicated different prognosis profile. SBBC with interval of
3-12 months indicated poor response and even resistance to
adjuvant therapy, thus possessed the worst prognosis. When
this interval was set to 6 months, SBBC and MBBC mani-
fested similar survival.
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