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Background: Breast-conserving surgery followed by radiotherapy is recommended in most women with 
early-stage unilateral breast cancer. However, its role in contralateral breast cancer (CBC) patients remains 
unclear. This retrospective study aimed to evaluate the breast cancer-specific survival (BCSS) outcomes after 
breast-conserving surgery plus radiotherapy compared with mastectomy in women with early-stage (T1–
2N0–1M0) CBC.
Methods: Data were extracted from the Surveillance, Epidemiology, and End Results database. BCSS 
was analyzed using the log-rank method, competing risks regression model, and propensity score matching 
method.
Results: A total of 9,336 early-stage CBC patients were included. After multivariable adjustment, no 
significant difference in BCSS was found between early-stage CBC patients undergoing breast-conserving 
surgery plus radiotherapy and those undergoing mastectomy [hazard ratio (HR) 1.11, 95% confidence 
interval (CI): 0.90–1.37, P=0.329]. BCSS was similar in both treatment groups and in the subgroups stratified 
by age at first primary breast cancer or CBC diagnosis (≤50, 51–60, and >60 years), time interval between 
cancers (<0.25, 0.25–4, 5–9, and ≤10 years), stage of first primary breast cancer, T classification of CBC, 
histology and hormone receptors status of both cancers (all P>0.05). Among patients with N1 disease at CBC 
diagnosis, breast-conserving surgery plus radiotherapy was associated with a boundary significantly improved 
BCSS (HR 1.45, 95% CI: 1.00–2.12, P=0.050). Among patients who underwent breast-conserving surgery 
for first primary cancer, bilateral mastectomy for contralateral cancer did not improve BCSS compared with 
breast-conserving surgery plus radiotherapy (P>0.05). There was no significant difference in BCSS between 
breast-conserving surgery plus radiotherapy and mastectomy plus radiotherapy (P>0.05). Stable results were 
obtained after propensity score matching.
Conclusions: Breast-conserving surgery plus radiotherapy did not significantly influence BCSS outcomes 
of patients with early-stage CBC. Bilateral mastectomy and mastectomy plus radiotherapy did not confer 
a survival advantage over breast-conserving surgery plus radiotherapy in these patients. Future prospective 
studies are necessary to expand on these results.
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Introduction

A growing number of women are living with a history 
of breast cancer due to increased incidence and reduced 
mortality. For example, in the United States, the breast 
cancer-associated death rate has dropped by 40% since 
1989 (1) and it is estimated that more than 3.8 million 
women have a history of invasive breast cancer (2). 
Approximately 0.5% of these breast cancer survivors will 
develop contralateral breast cancer (CBC) every year (3). 
With the growing number of breast cancer survivors, the 
number of women with CBC is dramatically increasing, 
from 2.6% in 1975 to 7.5% in 2014 among all breast 
cancers in the United States (4). Thus, CBC has become 
an increasingly important public health problem.

Breas t-conserv ing  surgery  (BCS)  fo l lowed by 
radiotherapy is associated with fewer post-surgical 
complications and better cosmetic effects as compared 
with mastectomy. It has been recommended in most 
women with early-stage unilateral breast cancer (UBC) 
since 1990 (5). This recommendation was based on 
findings from several randomized controlled trials, 
showing similar survival outcomes between early-stage 
UBC patients treated with BCS plus radiotherapy and 
those treated with mastectomy (6-9). However, the role 
of BCS in treating CBC patients remains unclear. As a 
clinical trial in this context is not feasible, population-
based observational studies may provide relevant 
insights. This retrospective study used data from the 
Surveillance, Epidemiology, and End Results (SEER) 
database to evaluate the breast cancer-specific survival 
(BCSS) outcomes after BCS plus radiotherapy compared 
with mastectomy in women with early-stage CBC. In 
this study, early-stage CBC is defined as T1–2N0–1M0 
(tumor size ≤5 cm and 0–3 ipsilateral axillary lymph 
nodes metastases), who could be offered either BCS 
or mastectomy. We present the following article in 
accordance with the STROBE reporting checklist 
(available at https://dx.doi.org/10.21037/gs-21-413).

Methods

Database

This retrospective study was based on 18 SEER cancer 
registries (released in April 2019, based on the November 
2018 submission) and used the SEER*Stat software (http://
www.seer.cancer.gov/seerstat; version 8.3.6). The current 
SEER database includes approximately 30% of the United 
States population; hence, it is considered nationally 
representative. As the SEER data are de-identified and 
publicly available, this study was exempted from the 
informed consent or institutional review board approval 
requirements. The study was conducted in accordance with 
the Declaration of Helsinki (as revised in 2013).

Study population

Patients with multiple primary breast cancer whose first 
primary breast cancer (FPBC) diagnosed between 1998 and 
2010 were eligible for this study if they met the following 
criteria: (I) T1–2N0–1M0 CBC with non-metastatic FPBC; 
(II) treated with BCS or mastectomy either at the time of 
FPBC or CBC diagnosis; (III) aged 18–80 years either at 
the time of FPBC or CBC diagnosis.

Patients were excluded if they had other malignancies, 
ipsilateral secondary breast cancer or unknown cancer 
laterality, lacked histologic diagnostic confirmation or had 
missing information on tumor-node-metastasis (TNM) 
staging of FPBC or CBC. We excluded women with stage 
IV FPBC to minimize the misclassification of metastatic 
disease as primary disease. Patients undergoing bilateral 
mastectomy for FPBC were also excluded because in this 
case contralateral primary disease and recurrence disease 
were difficult to distinguish. As radiotherapy is a standard 
post-BCS component, patients undergoing BCS for CBC 
with none/unknown radiotherapy were also excluded. A 
total of 9,336 early-stage (T1–2N0–1M0) CBC patients 
were included in our study (the flow diagram of the 
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Figure 1 Flow diagram of the inclusion and exclusion criteria. SEER, Surveillance, Epidemiology, and End Results; FPBC, first primary 
breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving surgery; RT, radiotherapy.

• Female with multiple breast cancer
• FPBC diagnosed between 1998–2010
• aged ≥18 years at FPBC diagnosis

(n=33,658)

Excluded if (n=11,151)
√ Other primary tumor (n=3,293)
√ Ipsilateral second breast cancer or unknown laterality 

(n=7,858)

Excluded if FPBC (n=5,355)
√ Lack of positive histology (n=186)
√ Diagnosed with stage 0, IV or unknown (n=2,206)
√ Undergoing local tumor destruction, no surgery, unknown 

surgery or unknown surgery type, bilateral mastectomy, 
unspecified mastectomy (n=2,963)

Excluded if CBC (n=7,816)
√ Diagnosed aged >80 years (n=2,896)
√ Lack of positive histology (n=79)
√ Diagnosed with Tis, T0, T3, T4, N2, N3, M1 or unknown stage 

(n=2,941)
√ Undergoing local tumor destruction, no surgery, unknown 

surgery or unknown surgery type (n=180)
√ With none/unknown post-operation radiation after BCS 

(n=1,720)

Bilateral breast cancer
(n=22,507)

Non-metastatic FPBC undergoing BCS or 
unilateral mastectomy

(n=17,152)

T1-2N0-1M0 CBC undergoing BCS plus 
RT or mastectomy

(n=9,336)

BCS + RT
(n=3,393)

Mastectomy
(n=5,943)

inclusion and exclusion criteria is presented in Figure 1). 

Variables of interest

Treatment-related characteristics accounted for included 
type of surgery and information of radiation. Surgery for 
CBC was categorized as BCS [RX Summ-Surg Prim Site 
(1998+) codes 21–24] with radiotherapy or mastectomy 

[unilateral mastectomy codes: 41, 43–46, 51, 53–56, 61, 
64–67, and 71; bilateral mastectomy codes: 42, 47–49, 52, 
57–59, 62, 63, 68, 69, 72–75; mastectomy (unilateral or 
bilateral is not otherwise specified) code: 30, 40, 50, 60,  
70, 80] with or without radiotherapy.

Patient demographic characteristics included race 
(White, Black, others, and unknown), normalized cost-of-
living index of state of residence (≤1,000 and >1,000), age at 
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FPBC or CBC diagnosis (≤50, 51–60, and >60 years), and 
the time interval between cancers (<0.25, 0.25–4, 5–9, and 
≥10 years). Tumor characteristics included breast-adjusted 
6th edition American Joint Committee on Cancer (AJCC 
6th) stage of FPBC [stage I (T1N0M0), stage II (T4N0M0, 
T2–3N0M1, T1–2N1M0), and stage III (T3–4N1M0, 
T1–4N2–3M0)], AJCC 6th T classification of CBC [T1 
(tumor size ≤2 cm) and T2 (tumor size >2 cm but ≤5 cm)], 
AJCC 6th N classification of CBC [N0 (no lymph node 
metastasis) and N1 (1–3 lymph node metastases)], and 
grade [Grade I (well differentiated), Grade II (moderately 
differentiated), Grade III (poorly differentiated) or Grade 
IV (undifferentiated), and unknown], histology [infiltrating 
ductal carcinoma (IDC), infiltrating lobular carcinoma (ILC) 
ILC mixed with other types, and others], estrogen receptor 
(ER) status (positive, negative or borderline, and unknown) 
and progesterone receptor (PR) status (positive, negative or 
borderline, and unknown) of both cancers.

Statistical analysis 

BCSS was assessed. It was defined as the time from CBC 
diagnosis until death due to breast cancer or last follow-up. 
The follow-up cut-off date was 31 December, 2017.

Baseline characteristics were compared between the 
treatment groups using Fisher’s exact probability test for 
nominal categorical variables and the rank-sum test for 
ordinal categorical variables or continuous variables. BCSS 
rates were calculated using the log-rank test. Univariable 
and multivariable analyses were performed to identify 
factors associated with BCSS. Considering potential 
competing risks (death due to non-breast cancer causes), 
hazard ratios (HRs) for BCSS were assessed using Fine and 
Gray’s competing risks regression model (10). Subgroup 
analyses were used to validate the independent association. 
Among patients who underwent BCS for FPBC, we 
separately compared survival outcomes in three groups 
according to surgery types for CBC: BCS plus radiotherapy, 
unilateral mastectomy, and bilateral mastectomy (patients 
were excluded if the type of mastectomy was not specified). 
As information regarding radiotherapy in the current 
SEER database is classified as “yes” or “none/unknown”, 
mastectomy with radiotherapy and mastectomy without 
radiotherapy are not directly comparable (11). Thus, to 
further investigate whether mastectomy plus radiotherapy 
could confer a survival benefit over BCS plus radiotherapy 
in early-stage CBC patients, BCSS was separately 
estimated and compared between BCS plus radiotherapy 

and mastectomy plus radiotherapy. Given that women 
undergoing mastectomy might represent higher-risk 
populations, we performed propensity score (PS) matching 
at a 1:1 or 1:4 ratio with a caliper of 0.2 to reduce the 
associated imbalance.  

All statistical analyses were performed using SAS 
version 9.4 (SAS Institute Inc) and R version 4.0.2 (The 
R Foundation for Statistical Computing). Statistical 
significance was set at P values <0.05.

Results

A total of 9,336 early-stage (T1–2N0–1M0) CBC patients 
were included in this study and divided into the BCS plus 
radiotherapy (n=3,393) and mastectomy (with or without 
radiotherapy; n=5,943) groups (Table 1). The median follow-
up time was 81 months (range, 0–227 months). 

Baseline characteristics between BCS plus radiotherapy and 
mastectomy in early-stage CBC patients

The baseline characteristics of all patients are presented 
in Table 1. Women aged ≤50 years at CBC diagnosis 
(21.78% vs. 33.55%) were less likely to undergo BCS plus 
radiotherapy compared with mastectomy. The median 
age at CBC diagnosis in patients undergoing BCS plus 
radiotherapy and mastectomy was 64 (IQR, 56–72) and 
60 (IQR, 51–69) years, respectively. A higher proportion 
of patients undergoing mastectomy had synchronous 
contralateral breast cancer (SCBC, time interval between 
FPBC and CBC <0.25 years) compared with those 
undergoing BCS plus radiotherapy (29.68% vs. 37.59%). 
Patients in the BCS plus radiotherapy group were more 
likely to have stage I FPBC (63.93% vs. 44.09%), T1 
(86.91% vs. 76.56%) or N0 (N0, 87.18% vs. 79.12%) CBC 
compared with those in the mastectomy group. Patients 
with grade III/IV tumor (FPBC: Grade III/IV, 34.34% vs. 
26.47%. CBC: Grade III/IV, 28.47% vs. 23.19%), negative/
borderline hormone receptor (FPBC: ER negative/
borderline, 21.96% vs. 17.45%; PR negative/borderline, 
29.80% vs. 26.05%. CBC: ER negative/borderline, 20.33% 
vs. 15.27%; PR negative/borderline, 32.91% vs. 28.06%), 
ILC or mixed ILC histology (FPBC: ILC, 9.19% vs. 6.81; 
mixed ILC, 12.89% vs. 9.52%. CBC: ILC, 11.48% vs. 
9.02%; mixed ILC, 12.33% vs. 10.79%), either in FPBC 
or CBC, were more likely to undergo mastectomy rather 
than BCS plus radiotherapy. In the BCS plus radiotherapy 
group, the majority (91.10%) underwent BCS for FPBC; 
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Table 1 Baseline characteristics between BCS plus RT and mastectomy in early-stage CBC patients

Characteristic BCS + RT (n=3,393), n (%) Mastectomy (n=5,943), n (%) Total (n=9,336), n (%) P value

Demographic-associated characteristic

Race 0.008

White 2,795 (82.38) 4,810 (80.94) 7,605 (81.46)

Black 332 (9.78) 567 (9.24) 899 (9.63)

Others 264 (7.78) 549 (9.24) 813 (8.71)

Unknown 2 (0.06) 17 (0.28) 19 (0.2)

CoL index of state of residence 0.300

≤1,000 1,294 (38.14) 2,332 (39.24) 3,626 (38.84)

>1,000 2,099 (61.86) 3,611 (60.76) 5,710 (61.16)

Age at FPBC diagnosis(years) <0.000

≤50 739 (21.78) 1,994 (33.55) 2,733 (29.27)

51–60 1,105 (32.57) 1,743 (29.33) 2,848 (30.51)

>60 1,549 (45.65) 2,206 (37.12) 3,755 (40.22)

Age at CBC diagnosis (years) <0.000

≤50 413 (12.17) 1,378 (23.19) 1,791 (19.18)

51–60 837 (24.67) 1,618 (27.23) 2,455 (26.30)

>60 2,143 (63.16) 2,947 (49.59) 5,090 (54.52)

Time interval (years) <0.000

<0.25 1,007 (29.68) 2,234 (37.59) 3,241 (34.72)

0.25–4 985 (29.03) 2,637 (28.25) 2,637 (28.25)

5–9 913 (26.91) 2,300 (24.64) 2,300 (24.64)

≥10 488 (14.38) 1,158 (12.40) 1,158 (12.40)

FPBC-associated characteristic

Grade of FPBC <0.000

I 909 (26.79) 1,178 (19.82) 2,087 (22.35)

II 1,432 (42.20) 2,371 (39.90) 3,803 (40.73)

III/IV 898 (26.47) 2,041 (34.34) 2,939 (31.48)

Unknown 154 (4.54) 353 (5.94) 507 (5.43)

Histology of FPBC <0.000

IDC 2,479 (73.06) 4,006 (67.41) 6,485 (69.46)

ILC 231 (6.81) 546 (9.19) 777 (8.32)

Mixed ILC 323 (9.52 766 (12.89) 1,089 (11.66)

Others 360 (10.61) 625 (10.52) 985 (10.55)

Stage of FPBC <0.000

Stage I 2,169 (63.93) 2,620 (44.09) 4,789 (51.30)

Stage II 1,025 (30.21) 2,451 (41.24) 3,476 (37.23)

Stage III 199 (5.87) 872 (14.67) 1,071 (11.47)

Table 1 (continued)
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Table 1 (continued)

Characteristic BCS + RT (n=3,393), n (%) Mastectomy (n=5,943), n (%) Total (n=9,336), n (%) P value

ER status of FPBC <0.000

Positive 2,541 (74.89) 4,155 (69.91) 6,696 (71.72)

Negative or Borderline 592 (17.45) 1,305 (21.96) 1,897 (20.32)

Unknown 260 (7.66) 483 (8.13) 743 (7.96)

PR status of FPBC <0.000

Positive 2,210 (65.13) 5,811 (62.24) 5,811 (62.24)

Negative or Borderline 884 (26.05) 1,771 (29.80) 2,655 (28.44)

Unknown 299 (8.81) 571 (9.32) 870 (9.32)

Surgery type for FPBC <0.000

BCS 3,091 (91.10) 1,676 (28.20) 4,767 (51.06)

Mastectomy 302 (8.90) 4,267 (71.80) 4,569 (48.94)

CBC-associated characteristic

Grade of CBC <0.000

I 1,044 (30.77) 1,481 (24.92) 2,525 (27.05)

II 1,407 (41.47) 2,403 (40.43) 3,810 (40.81)

III/IV 787 (23.19) 1,692 (28.47) 2,479 (26.55)

Unknown 155 (4.57) 367 (6.18) 522 (5.59)

Histology of CBC <0.001

IDC 2,475 (72.94) 4,075 (68.57) 6,550 (70.16)

ILC 306 (9.02) 682 (11.48) 988 (10.58)

Mixed ILC 366 (10.79) 733 (12.33) 1,099 (11.77)

Others 246 (7.25) 453 (7.62) 699 (7.49)

T classification of CBC <0.000

T1 2,949 (86.91) 4,550 (76.56) 7,660 (82.05)

T2 444 (13.09) 1,393 (23.44) 1,676 (17.95)

N classification of CBC <0.000

N0 2,958 (87.18) 4,702 (79.12) 7,660 (82.05)

N1 435 (12.82) 1,241 (20.88) 1,676 (17.95)

ER status of CBC <0.000

Positive 2,714 (79.99) 4,239 (71.33) 6,953 (74.48)

Negative or borderline 518 (15.27) 1,208 (20.33) 1,726 (18.49)

Unknown 161 (4.75) 496 (8.35) 657 (7.04)

PR status of CBC <0.000

Positive 2,259 (66.58) 3,428 (57.68) 5,687 (60.91)

Negative or borderline 952 (28.06) 1,956 (32.91) 2,908 (31.15)

Unknown 182 (5.36) 559 (9.41) 741 (7.94)

Data are shown as number (percentage). FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving 
surgery; RT, radiotherapy; CoL, cost-of-living; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; 
PR, progesterone receptor.
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Figure 2 Kaplan-Meier curves of BCSS as compared between BCS plus RT and mastectomy treatments in early-stage CBC patients. BCSS, 
breast cancer-specific survival; CBC, contralateral breast cancer; BCS, breast-conserving therapy; RT, radiotherapy; HR, hazard ratio; CI, 
confidence interval. 

in the mastectomy group, most patients (71.80%) received 
mastectomy for FPBC; more patients went from BCS for 
FPBC to mastectomy for CBC than patients went from 
mastectomy for FPBC to BCS for CBC (28.20% vs. 8.90%).

BCSS of patients with early-stage CBC 

The 10-year BCSS rate among CBC patients was 
87.81% and 83.00% in the BCS plus radiotherapy and 
the mastectomy groups, respectively. Log-rank tests 
indicated that early-stage CBC patients undergoing BCS 
plus radiotherapy had better BCSS compared with those 
undergoing mastectomy (log-rank P<0.000) (Figure 2). 

In univariable analyses (Table S1), race, age at CBC 
diagnosis, time interval between two cancers, grade of 
FPBC, histology of FPBC, stage of FPBC, ER status of 
FPBC, PR status of FPBC, surgery type for FPBC, grade 
of CBC, T classification of CBC, N classification, ER 
status of CBC, and PR status of CBC were significantly 
associated with BCSS (all P<0.05). BCS plus radiotherapy 
was significantly associated with better BCSS as compared 
with mastectomy [HR 1.59, 95% confidence interval (CI): 
1.39–1.82, P<0.000].

In the multivariable models (Table 2), race and cost-

of-living index of state of residence did not impact BCSS 
(P>0.05). Aged >60 years at CBC diagnosis was associated 
with poorer BCSS compared with aged ≤50 years (HR 1.24, 
95% CI: 1.02–1.50, P=0.027). The time interval between 
FPBC and CBC was an independent predictor of BCSS. 
Compared with the time interval of <0.25 years, worse 
BCSS was associated with the time interval of 0.25–4 years 
(HR 1.41, 95% CI: 1.18–1.70, P<0.001), similar BCSS was 
associated with that of 5–9 years (P>0.05), and better BCSS 
was associated with that of ≥10 years (HR 0.57, 95% CI: 
0.38–0.87, P=0.009). Characteristics of FPBC that were 
associated with BCSS included tumor grade (Grade II vs. 
Grade I: HR 1.35, 95% CI: 1.07–1.70, P=0.012; Grade III/
IV vs. Grade I: HR 1.39, 95% CI: 1.06–1.80, P=0.015) and 
stage (stage II vs. stage I: HR 2.05, 95% CI: 1.71–2.46, 
P<0.000; stage III vs. stage I: HR 5.21, 95% CI: 4.20–6.48, 
P<0.000). Histology, ER status, PR status, and surgery 
type of FPBC were not significantly associated with BCSS 
(P>0.05). Characteristics of CBC that were associated with 
BCSS included tumor grade (Grade II vs. Grade I: HR 1.54, 
95% CI: 1.24–1.89, P<0.000; Grade III/IV vs. Grade I: HR 
1.58, 95% CI 1.24–2.03, 95% CI: 1.34–1.88, P<0.001), 
T classification (T2 vs. T1: HR 1.59, 95% CI: 1.34–1.88, 
P<0.000), N classification (N1 vs. N0: HR 1.78, 95% CI: 

https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
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Table 2 Multivariable analysis for BCSS in early-stage CBC 
patients

Characteristic
BCSS

HR (95% CI) P value

Demographic-associated characteristic

Race

White Reference

Black 1.04 (0.82–1.33) 0.718

Others 0.90 (0.68–1.19) 0.467

CoL index of state of residence

≤1,000 Reference

>1,000 1.01 (0.87–1.17) 0.919

Age at CBC diagnosis (years)

≤50 Reference

51–60 1.07 (0.87–1.31) 0.548

>60 1.24 (1.02–1.50) 0.027

Time interval (years)

<0.25 Reference

0.25–4 1.41 (1.18–1.70) <0.001

5–9 0.96 (0.76–1.21) 0.737

≥10 0.57 (0.38–0.87) 0.009

FPBC-associated characteristic

Grade of FPBC

I Reference

II 1.35 (1.07–1.70) 0.012

III/IV 1.39 (1.06–1.80) 0.015

Histology of FPBC

IDC Reference

ILC 1.21 (0.91–1.60) 0.189

Mixed ILC 1.02 (0.80–1.30) 0.870

Others 1.17 (0.91–1.50) 0.226

Stage of FPBC

Stage I Reference

Stage II 2.05 (1.71–2.46) <0.000

Stage III 5.21 (4.20–6.48) <0.000

ER status of FPBC

Positive Reference

Negative/Borderline 1.05 (0.80–1.37) 0.736

Table 2 (continued)

Table 2 (continued)

Characteristic
BCSS

HR (95% CI) P value

PR status of FPBC

Positive Reference

Negative/Borderline 0.96 (0.76–1.21) 0.751

Surgery type for FPBC

BCS Reference

Mastectomy 0.85 (0.70–1.04) 0.123

CBC-associated characteristic

Grade of CBC

I Reference

II 1.53 (1.24–1.89) <0.000

III/IV 1.58 (1.24–2.03) <0.001

Histology of CBC

IDC Reference

ILC 0.96 (0.73–1.27) 0.797

Mixed ILC 0.95 (0.75–1.20) 0.660

Others 1.10 (0.82–1.49) 0.525

T classification of CBC

T1 Reference

T2 1.58 (1.34–1.88) <0.000

N classification of CBC

N0 Reference

N1 1.78 (1.52–2.10) <0.000

ER status of CBC

Positive Reference

Negative/Borderline 1.15 (0.89–1.48) 0.286

PR status of CBC

Positive Reference

Negative/Borderline 1.28 (1.04–1.57) 0.022

Surgery type for CBC

BCS+RT Reference

Mastectomy 1.11 (0.90–1.37) 0.329

BCSS, breast cancer-specific survival; HR, hazard ratio; CI, 
confidence interval; FPBC, first primary breast cancer; CBC, 
contralateral breast cancer; CoL, cost-of-living; IDC, infiltrating 
ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen 
receptor; PR, progesterone receptor; BCS, breast-conserving 
surgery; RT, radiotherapy.
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1.52–2.10, P<0.000), and PR status (negative/borderline vs. 
positive: HR 1.28, 95% CI: 1.04–1.57, P=0.022). Histology 
and ER status of CBC had no impact on BCSS (P>0.05). 
Notably, women undergoing BCS plus radiotherapy for 
CBC had similar BCSS (HR 1.11, 95% CI: 0.90–1.37, 
P=0.329) as compared with those undergoing mastectomy.

After 1:1 PS matching, 1,449 CBC patients who 
underwent BCS plus radiotherapy were matched with 1,449 
patients who underwent mastectomy (Table S2). Overall 
imbalance between the two surgical treatment groups 
improved substantially with standardized mean differences 
less than 0.1 for all variables (Table S2 and Figure S1). 
Similar to the result from the pre-matched cohort, no 
difference was found between the treatment groups after 
multivariable adjustment in the post-matched cohort (HR 
1.02, 95% CI: 0.81–1.30, P=0.846) (result not shown in 
table and figure).

Subgroup analysis 

First, we performed subgroup analysis with patients 
stratified by age at FPBC and CBC diagnosis, the time 
interval between cancers, stage of FPBC, T and N 
classification of CBC, histology and hormone receptors 
status of both cancers (Figure 3). 

There were no significant differences between BCS 
plus radiotherapy and mastectomy in any of the subgroups 
defined by age at FPBC diagnosis (≤50, 51–60, >60 years) 
(all P>0.05) or by age at CBC diagnosis (≤50, 51–60,  
>60 years) (all P>0.05) (Figure 3). BCSS was similar in both 
treatment groups among patients with SCBC (P>0.05). 
Similar SCBC-associated findings were observed in patients 
with metachronous contralateral breast cancer (MCBC) 
at time intervals of 0.25–4 years, 4–9 years, and ≥10 years 
(all P>0.05). In the subgroups stratified by FPBC stage 
(stage I, stage II, and stage III) or CBC T classification (T1 
or T2), BCSS was not affected by surgery type used for 
CBC (P>0.05). Among patients with N0 disease at CBC 
diagnosis, no significant difference in BCSS was found 
in both treatment groups (P>0.05); in the N1 subgroup, 
BCS plus radiotherapy was associated with a boundary 
significantly improved BCSS compared with mastectomy 
(HR 1.45, 95% CI: 1.00–2.12, P=0.050). Furthermore, 
BCSS was similar in both treatment groups even when 
divided into subgroups stratified by histology (IDC, ILC, 
mixed ILC, and others) of the two cancers, and ER or PR 
status (positive, negative or borderline) of the two cancers 
(all P>0.05).

Next, we performed subgroup analysis stratified by 
surgery types for FPBC (Figure 4). 

Among patients who underwent mastectomy for FPBC, 
there was no significant difference in BCSS between 
BCS plus radiotherapy and mastectomy for CBC after 
multivariable adjustment (P>0.05) (Figure 4).

Among patients who underwent BCS for FPBC, we 
separately compared BCSS outcomes in three groups 
according to surgery types for CBC: BCS plus radiotherapy 
(n=3,091), unilateral mastectomy (n=1,676), and bilateral 
mastectomy (n=728) (Table 3). Patients undergoing 
mastectomy but the type was not specified (n=170) were 
excluded. We noticed that the characteristics such as cost-of-
living index of state of residence, time interval, FPBC grade, 
FPBC histology, FPBC stage, and CBC grade were balanced 
(all P>0.05) between the unilateral and bilateral mastectomy 
groups. White (84.07% vs. 76.86%) and younger patients 
(≤60 years at CBC diagnosis, 60.44% vs. 42.16%) were more 
likely to undergo bilateral mastectomy rather than unilateral 
mastectomy. And patients with negative or borderline 
hormone receptor (FPBC: ER negative/borderline, 32.28% 
vs. 25.58%; PR negative/ borderline, 39.29% vs. 32.39%. 
CBC: ER negative/borderline, 31.87% vs. 25.84%; PR 
negative/borderline, 43.68% vs. 39.72%), either in FPBC or 
CBC, were more likely to receive bilateral mastectomy than 
unilateral mastectomy. However, patients in the unilateral 
mastectomy group were more likely to have T2 (29.05% vs. 
24.04%) or N1 (24.94% vs. 19.01%) CBC compared with 
those in the bilateral mastectomy group. After multivariable 
adjustment (Figure 4), neither unilateral mastectomy nor 
bilateral mastectomy improved BCSS as compared with BCS 
plus radiotherapy among patients who had BCS for FPBC 
(both P>0.05).

BCS plus radiotherapy and mastectomy plus radiotherapy 
for early-stage CBC patients 

In the mastectomy group, 520 (8.75%) patients were 
recorded to receive radiotherapy (Table 4). These patients 
were much more likely to be aged ≤50 years at CBC 
diagnosis (30.19% vs. 12.17%), and have stage II/III FPBC 
(stage II, 43.85% vs. 30.21%; stage III, 25.19% vs. 5.87) and 
T2 (42.17% vs. 13.09%) or N1 (54.81% vs. 12.82%) CBC 
compared with those underwent BCS plus radiotherapy. 
After multivariable adjustment (Figure 5), no significant 
difference was found in BCSS between the BCS plus 
radiotherapy and mastectomy plus radiotherapy groups (HR 
1.16, 95% CI: 0.80–1.69, P=0.429). We further stratified 

https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
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Figure 3 Multivariable analysis for BCSS stratified by age at FPBC and CBC diagnosis, the time interval between cancers, stage of FPBC, 
T and N classification of CBC, histology and hormone receptors status of both cancers. BCSS, breast cancer-specific survival; HR, hazard 
ratio; CI, confidence interval; FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving surgery; RT, 
radiotherapy; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor.

these patients according to the N classification of CBC. 
BCSS was comparable between BCS plus radiotherapy and 
mastectomy with radiotherapy either in the N0 subgroup 
(HR 0.90, 95% CI: 0.54–1.49, P=0.689) or N1 subgroup 
(HR 1.65, 95% CI: 0.97–2.81, P=0.060).

After 1:4 PS matching, 890 patients remained eligible 
for further multivariable analysis, including 712 and 178 
patients in the BCS plus radiotherapy and mastectomy 
plus radiotherapy groups, respectively (Table S3). Apart 
from PR status of CBC, overall imbalance between the 
two surgical treatment groups improved substantially with 
standardized mean differences less than 0.1 (Table S3 and 

Figure S2). Likewise, stable results were obtained from the 
post-matched cohort (Figure S3). No significant differences 
were found in BCSS between BCS plus radiotherapy 
and mastectomy plus radiotherapy in the matched whole 
cohorts and the subgroups stratified by N classification (N0 
and N1) of CBC (all P>0.05). 

Discussion

Whether BCS plus radiotherapy is appropriate for patients 
with CBC remains unclear. As CBC tends to be a new 
primary breast cancer (12), it is generally suggested that 

https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf
https://cdn.amegroups.cn/static/public/GS-21-413-supplementary.pdf


2988 Qian et al. BCS plus radiotherapy vs. mastectomy in CBC

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(10):2978-2996 | https://dx.doi.org/10.21037/gs-21-413

Figure 4 Multivariable analysis for BCSS stratified by surgery type for FPBC. Adjusted for age at CBC diagnosis, time interval, stage of 
FPBC, T and N classification of CBC, histology and hormone receptors status of both cancers. BCSS, breast cancer-specific survival; HR, 
hazard ratio; CI, confidence interval; FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving therapy; 
RT, radiotherapy.

the treatment strategy for CBC resembles therapy for 
UBC. However, limited data are available to support this 
contention. Only a few retrospective studies have reported 
on this (13-18). Gollamudi et al. (14) found no significant 
differences in survival outcomes, cosmetic outcomes, or 
complication rates between CBC patients and UBC patients 
receiving BCS. The result was consistent with those of 
Fung et al. (13) and Lee et al. (15). Furthermore, de la 
Rochefordiere et al. (18) found that survival did not differ 
significantly when comparing SCBC patients undergoing 
bilateral BCS with those undergoing bilateral or unilateral 
mastectomy. Nevertheless, these single-center studies 
were all conducted on a small number of samples (17– 
60 patients). 

One of the strengths of this study was the large numbers 
of early-stage CBC patients, obtained from a representative 
populat ion-wide database  that  included deta i led 
demographic and clinical characteristics. In this study, 
we found that BCSS was comparable between early-stage 
CBC patients undergoing BCS plus radiotherapy and those 
undergoing mastectomy. The results may help patients and 
doctors in decision-making regarding surgery for CBC.

Enhanced surveillance after the FPBC diagnosis often 
results in early detection of CBC. However, despite being 
eligible for BCS, most CBC patients are more likely to 
choose mastectomy over BCS (4,19). Anxiety associated 
with the second breast cancer may motivate patients to 

pursue a more aggressive treatment strategy. Consistent 
with Adkisson et al. (20), we found the majority of patients 
who underwent mastectomy for FPBC would continue 
choosing mastectomy at CBC diagnosis. The decision 
may result from the consideration of body symmetry. It is 
also not surprising to note that bilateral mastectomy was 
performed in a subset of CBC patients who had undergone 
BCS for FPBC, since bilateral mastectomy has been used 
increasingly in UBC patients in the past two decades 
despite no survival benefit (21,22). However, even with 
reconstruction, patients undergoing bilateral mastectomy 
were less satisfied with their body image than those 
undergoing BCS (23). Moreover, the long-term quality of 
life remained lower among patients who underwent bilateral 
mastectomy compared with patients who had one breast 
conserved, including poorer sexual health and greater body 
image distress (23,24).

In our study, patients who underwent mastectomy for 
FPBC had no difference in BCSS whether they again chose 
mastectomy or chose to conserve the newly involved breast 
at CBC diagnosis. Similarly, for patients treated with BCS 
for FPBC, neither unilateral mastectomy nor bilateral 
mastectomy for CBC brought better survival benefits 
over bilateral BCS. In this case, conserving one breast or 
both breasts may be beneficial in improving the long-term 
quality of life of CBC patients.

CBC is one of the clinical characters associated with an 
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Table 3 Baseline characteristics of BCS plus RT, unilateral mastectomy, and bilateral mastectomy groups in early-stage CBC patients who 
underwent BCS for FPBC

Characteristic BCS + RT (n=3,091)
Unilateral 

mastectomy (n=778)
Bilateral mastectomy 

(n=728)
Total (n=4,597) P value† P value‡

Demographic-associated characteristic

Race <0.001 <0.001

White 2,567 (83.05) 598 (76.86) 612 (84.07) 3,777 (82.16)

Black 291 (9.41) 104 (13.37) 79 (10.85) 474 (10.31)

Others 231 (7.47) 76 (9.77) 36 (4.95) 343 (7.46)

Unknown 2 (0.06) 0 (0.00) 2 (0.07) 3 (0.07)

CoL index of state of residence

≤1,000 1,195 (38.66) 308 (39.59) 258 (34.04) 1,761 (38.31) 0.198 0.097

>1,000 1,896 (61.34) 470 (60.41) 470 (64.56) 2,836 (61.69)

Age at CBC diagnosis (years) <0.000 <0.000

≤50 375 (12.13) 141 (18.12) 199 (27.34) 715 (15.55)

51–60 766 (24.78) 187 (24.04) 241 (33.10) 1,194 (25.97)

>60 1,950 (63.09) 450 (57.84) 288 (39.56) 2,688 (58.47)

Time interval (years) <0.000 0.137

<0.25 954 (30.86) 55 (7.07) 11 (1.51) 1,020 (22.19)

0.25–4 893 (28.89) 297 (38.17) 293 (40.25) 1,483 (32.26)

5–9 814 (26.33) 276 (35.48) 296 (40.66) 1,386 (30.15)

≥10 430 (13.91) 150 (19.28) 128 (17.58) 708 (15.40)

FPBC-associated characteristic

Grade of FPBC <0.000 0.056

I 854 (27.63) 167 (21.47) 142 (19.50) 1,163 (25.30)

II 1,320 (42.70) 298 (38.30) 243 (33.38) 1,861 (40.48)

III/IV 776 (25.11) 262 (33.68) 309 (44.45) 1,347 (29.30)

Unknown 141 (4.56) 51 (6.56) 34 (4.67) 226 (4.92)

Histology of FPBC 0.299 0.277

IDC 2,272 (73.50) 563 (72.37) 549 (75.41) 3,384 (73.61)

ILC 203 (6.57) 44 (5.66) 36 (4.95) 283 (6.16)

Mixed ILC 286 (9.25) 82 (10.54) 57 (7.83) 425 (9.25)

Others 330 (10.68) 89 (11.44) 86 (11.81) 505 (10.99)

Stage of FPBC <0.000 0.061

Stage I 2,062 (66.71) 472 (60.67) 405 (55.63) 2,939 (63.93)

Stage II 899 (29.08) 261 (33.55) 279 (38.32) 1,439 (31.30)

Stage III 130 (4.21) 45 (5.78) 44 (6.04) 219 (4.76)

Table 3 (continued)
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Table 3 (continued)

Characteristic BCS + RT (n=3,091)
Unilateral 

mastectomy (n=778)
Bilateral mastectomy 

(n=728)
Total (n=4,597) P value† P value‡

ER status of FPBC <0.000 0.002

Positive 2,349 (75.99) 505 (64.91) 449 (61.68) 3,303 (71.85)

Negative/borderline 507 (16.40) 199 (25.58) 235 (32.28) 941 (20.47)

Unknown 235 (7.60) 74 (9.51) 44 (6.04) 353 (7.68)

PR status of FPBC <0.000 0.005

Positive 2,040 (66.00) 440 (56.56) 386 (53.02) 2,866 (62.35)

Negative/borderline 779 (25.20) 252 (32.39) 286 (39.29) 1,317 (28.65)

Unknown 272 (8.80) 86 (11.05) 56 (7.69) 414 (9.01)

CBC-associated characteristic

Grade of CBC <0.000 0.819

I 944 (30.54) 143 (18.38) 136 (18.68) 1,223 (26.60)

II 1,280 (41.41) 312 (40.10) 272 (37.36) 1,864 (40.55)

III/IV 726 (23.49) 280 (35.99) 298 (40.93) 1,304 (28.37)

Unknown 141 (4.56) 43 (5.53) 22 (3.02) 206 (4.48)

Histology of CBC 0.056 0.011

IDC 2,261 (73.15) 552 (70.95) 562 (77.20) 3,375 (73.42)

ILC 275 (8.90) 73 (9.38) 62 (8.52) 410 (8.92)

Mixed ILC 335 (10.84) 103 (13.24) 60 (8.24) 498 (10.83)

Others 220 (7.12) 50 (6.43) 44 (6.04) 314 (6.83)

T classification of CBC <0.000 0.031

T1 2,687 (86.93) 552 (70.95) 553 (75.96) 3,792 (82.49)

T2 404 (13.07) 226 (29.05) 175 (24.04) 805 (17.51)

N classification of CBC <0.000 0.013

N0 2,693 (87.12) 584 (75.06) 586 (80.49) 3,863 (84.03)

N1 398 (12.88) 194 (24.94) 142 (19.51) 734 (15.97)

ER status of CBC <0.000 <0.001

Positive 2,480 (80.23) 519 (66.71) 472 (64.84) 3,471 (75.51)

Negative/borderline 465 (15.04) 201 (25.84) 232 (31.87) 898 (19.53)

Unknown 146 (4.72) 58 (7.46) 24 (3.30) 228 (4.96)

PR status of CBC <0.000 <0.001

Positive 2,070 (66.97) 404 (51.93) 382 (52.47) 2,856 (62.13)

Negative/borderline 858 (27.76) 309 (39.72) 318 (43.68) 1,485 (32.30)

Unknown 163 (5.27) 65 (8.35) 28 (3.85) 256 (5.57)

Data are shown as number (percentage). †, P value between the three surgery types. ‡, P value between unilateral mastectomy and bilateral 
mastectomy. FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving surgery; RT, radiotherapy; CoL, 
cost-of-living; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; PR, progesterone receptor. 
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Table 4 Baseline characteristics between BCS plus RT and mastectomy plus RT in early-stage CBC patients

Characteristic BCS + RT (n=3,393) Mastectomy + RT (n=520) Total (n=3,913) P value

Demographic-associated characteristic

Race 0.016

White 2,795 (82.38) 413 (79.42) 3,208 (81.98)

Black 332 (9.78) 69 (13.27) 401 (10.25)

Others 264 (7.78) 36 (6.92) 300 (7.67)

Unknown 2 (0.06) 2 (0.39) 3,208 (81.98)

CoL index of state of residence

≤1,000 1,294 (38.14) 209 (40.19) 1,503 (38.41) 0.384

>1,000 2,099 (61.86) 311 (59.81) 2,410 (61.59)

Age at CBC diagnosis (years) <0.000

≤50 413 (12.17) 157 (30.19) 570 (14.57)

51–60 837 (24.67) 154 (29.62) 991 (25.33)

>60 2,143 (63.16) 209 (40.19) 2,352 (60.11)

Time interval (years) <0.000

<0.25 1,007 (29.68) 230 (44.23) 1,237 (31.61)

0.25–4 985 (29.03) 119 (22.88) 1,104 (28.21)

5–9 913 (26.91) 111 (21.35) 1,024 (26.17)

≥10 488 (14.38) 60 (11.54) 548 (14.00)

FPBC-associated characteristic

Grade of FPBC <0.000

I 909 (26.79) 85 (16.35) 994 (25.40)

II 1,432 (42.20) 214 (41.15) 1,646 (42.06)

III/IV 898 (26.47) 200 (38.46) 1,098 (28.06)

Unknown 154 (4.54) 21 (4.04) 175 (4.47)

Histology of FPBC <0.001

IDC 2,479 (73.06) 358 (68.85) 2,837 (72.50)

ILC 231 (6.81) 50 (9.62) 281 (7.18)

Mixed ILC 323 (9.52) 71 (13.65) 394 (10.07)

Others 360 (10.61) 41 (7.88) 401 (10.25)

Stage of FPBC <0.000

Stage I 2,169 (63.93) 161 (30.96) 2,330 (59.55)

Stage II 1,025 (30.21) 228 (43.85) 1,253 (32.02)

Stage III 199 (5.87) 131 (25.19) 330 (8.43)

ER status of FPBC 0.163

Positive 2,541 (74.89) 380 (73.08) 2,921 (74.65)

Negative/borderline 592 (17.45) 107 (20.58) 699 (17.86)

Unknown 260 (7.66) 33 (6.35) 293 (7.49)

Table 4 (continued)
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Table 4 (continued)

Characteristic BCS + RT (n=3,393) Mastectomy + RT (n=520) Total (n=3,913) P value

PR status of FPBC 0.080

Positive 2,210 (65.13) 327 (62.88) 2,537 (64.84)

Negative/borderline 884 (26.05) 157 (30.19) 1,041 (26.60)

Unknown 299 (8.81) 36 (6.92) 335 (8.56)

Surgery type for FPBC <0.000

BCS 3,091 (91.10) 161 (30.96) 3,252 (83.11)

Mastectomy 302 (8.90) 359 (69.04) 661 (16.89)

CBC-associated characteristic

Grade of CBC <0.000

I 1,044 (30.77) 90 (17.31) 1,134 (28.98)

II 1,407 (41.47) 212 (40.77) 1,619 (41.37)

III/IV 787 (23.19) 187 (35.96) 974 (24.89)

Unknown 155 (4.57) 31 (5.96) 186 (4.75)

Histology of CBC <0.001

IDC 2,475 (72.94) 340 (65.38) 2,815 (71.94)

ILC 306 (9.02) 76 (14.62) 382 (9.76)

Mixed ILC 366 (10.79) 71 (13.65) 437 (11.17)

Others 246 (7.25) 33 (6.35) 279 (7.13)

T classification of CBC <0.000

T1 2,949 (86.91) 301 (57.88) 3,250 (83.06)

T2 444 (13.09) 219 (42.12) 663 (16.94)

N classification of CBC <0.000

N0 2,958 (87.18) 235 (45.19) 3,193 (81.60)

N1 435 (12.82) 285 (54.81) 720 (18.40)

ER status of CBC <0.000

Positive 2,714 (79.99) 373 (71.73) 3,087 (78.89)

Negative/borderline 518 (15.27) 111 (21.35) 629 (16.07)

Unknown 161 (4.75) 36 (6.92) 197 (5.03)

PR status of CBC <0.000

Positive 2,259 (66.58) 298 (57.31) 2,557 (65.35)

Negative/borderline 952 (28.06) 184 (35.38) 1,136 (29.03)

Unknown 182 (5.36) 38 (7.31) 220 (5.62)

Data are shown as number (percentage). FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving 
surgery; RT, radiotherapy; CoL, cost-of-living; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; 
PR, progesterone receptor.
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Figure 5 Multivariable analysis for BCSS as compared between BCS plus RT and mastectomy plus RT in early-stage CBC patients. 
Adjusted, if not be stratified, for age at CBC diagnosis, time interval, stage of FPBC, T and N classification of CBC, histology and hormone 
receptors status of both cancers, and surgery type for FPBC. BCSS, breast cancer-specific survival; HR, hazard ratio; CI, confidence interval; 
FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving therapy; RT, radiotherapy.

increased probability of BRCA1/2 mutation (25,26). The 
National Comprehensive Cancer Network guidelines state 
that such genetic predisposition might be a contraindication 
for BCS due to relatively high local recurrence rates (27). 
However, accumulated evidence has demonstrated that 
BCS plus radiotherapy did not impair the overall survival 
and metastasis-free survival of UBC patients with BRCA1/2 
mutation (28-34); among these patients, the local recurrence 
post-BCS mainly occurred in the contralateral breast 
and the risk of ipsilateral breast recurrence did not differ 
from non-carriers (28,30,32,34). This may be due to more 
radiosensitivity for BRCA1/2 mutation carriers, which has 
been supported by animal models (35) and clinical studies 
(36,37). Fourque et al. (36) found that a higher complete 
or major response rate could be achieved in BRCA1/2 
mutation carriers versus non-carriers after preoperative 
radiotherapy. A phase II non-randomized study (37) with 
a median 58-month follow-up was conducted to evaluate 
prophylactic contralateral breast irradiation for preventing 
CBC among UBC patients with BRCA1/2 mutation; 
prophylactic irradiation yielded an 80% reduction of CBC 
and delayed the onset time (32 vs. 92 months). Moreover, no 
evidence showed that radiation exposure increased toxicity 
or other primary cancer events in BRCA1/2 mutation 
carriers (30,34,37). 

Based on the above results, under the premise that cancer 
on the first involved breast had been given standardized 
treatment, the risk of local recurrence post-BCS among 
CBC patients with BRCA1/2 mutation would not be likely 
to be much higher compared with non-carriers. BCS plus 
radiotherapy may remain an adequate option for early-stage 
CBC patients with BRCA1/2 mutation. In our study, BCS 

plus radiotherapy did not impair BCSS outcomes of young 
CBC patients, among whom there was a higher proportion 
of BRCA1/2 mutation carriers (38). Of course, since 
genetic factors and information about local recurrence are 
not available from the SEER database, future prospective 
studies with long-term follow-up are needed.

Based on the time interval between FPBC and CBC 
diagnosis, CBC can be divided into SCBC and MCBC. 
In our study, we used 3 months (0.25 years) as the cut-off 
date to define SCBC and MCBC because the incidence 
of CBC peaks within 2 months of FPBC diagnosis (39). 
The prognosis comparison between SCBC and MCBC is 
different with the time interval. Consistent with previous 
studies (40-42), our study showed that a short time interval 
is a strong predictor of poor prognosis for MCBC and the 
survival of patients with MCBC improved with a prolonged 
time interval. Previously proposed biological properties of 
bilateral breast cancer may explain the differences in survival 
seen over time. SCBC can be regarded as a multifocal 
malignant disease (39), and late MCBC might be analogous 
to sporadic UBC, while early MCBC may indicate a therapy-
resistant phenotype (40,42). It is worth noting that in our 
early-stage CBC cohort, positive-ER status, either in FPBC 
or CBC, was not associated with a survival benefit, which 
also indicated a therapy-resistant phenotype, especially 
endocrine therapy resistance, in CBC patients.

Our present study showed that early-stage CBC patients 
undergoing BCS plus radiotherapy had similar BCSS 
outcomes compared with those undergoing mastectomy 
across subgroups with different time intervals (<0.25, 
0.25–4, 5–9, ≥10 years). The prognosis of these different 
subgroups of CBC patients may be determined by different 
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biological behaviors and cannot be improved by expanding 
the extent of surgery.

For UBC patients, post-operation radiotherapy is a 
standard component of BCS but not that of mastectomy. 
Among UBC patients with small tumor size and negative 
lymph node status (T1–2N0M0), post-mastectomy 
radiotherapy is considered unnecessary (27). However, for 
T1–2N1M0 UBC patients, the role of post-mastectomy 
radiotherapy remains controversial. The Early Breast 
Cancer Trialists Collaborative Group (43) concluded that 
post-mastectomy radiotherapy reduced 20-year breast 
cancer-associated mortality by 20% in UBC patients with 
1–3 positive nodes (N1). However, modern enhanced 
chemotherapy and endocrine therapy have improved the local 
and distant control; hence, the need for post-mastectomy 
radiotherapy may be potentially obviated in these UBC 
patients (44,45). Lan et al. directly compared survival 
outcomes between BCS plus radiotherapy and mastectomy 
plus radiotherapy in 196 pairs of UBC patients with T1-
2N1M0 UBC using the PS matching method, showing 
BCS plus radiotherapy was associated with better distant 
metastasis-free survival, disease-free survival, and BCSS (46). 

Little is known about the impact of post-mastectomy 
radiotherapy on CBC. As radiotherapy-related information 
tends to be underreported in the SEER database (11), 
outcomes associated with mastectomy with and without 
radiotherapy are not directly comparable; thus, we 
separately compared survival outcomes between BCS plus 
radiotherapy and mastectomy plus radiotherapy in our 
early-stage CBC cohort. Results showed mastectomy plus 
radiotherapy did not confer a BCSS advantage over BCS 
plus radiotherapy in early-stage CBC patients regardless of 
lymph node status.

This study has some other limitations. The data on 
chemotherapy were also underreported, and the data on 
endocrine or target therapy were not available in the SEER 
database; however, the indications for these therapies 
are unrelated to the surgery type, and it is impossible for 
women receiving mastectomy to comply less with the 
recommended treatment than those receiving BCS. SEER 
does not report other detailed pathologic information, 
such as lymphovascular invasion, extracapsular invasion, 
or the presence of multifocal tumors that may have biased 
the results; however, these factors would not be expected 
to have a large impact, as Hwang et al. (47) and Agarwal  
et al. (48) have suggested. Patients’ comorbidities are also 
not available in the SEER database, which may affect 
patients’ choice and overall survival; thus, we used Fine 

and Gray’s competing risks regression model to assess 
BCSS after eliminating death due to non-breast cancer 
causes, thus evaluating real treatment effects more reliably. 
Finally, we cannot obtain information about locoregional 
recurrence, thus precluding any meaningful discussions 
about the impact of BCS plus radiotherapy and mastectomy 
on disease-free survival in the study groups. 

In conclus ion,  BCS plus  radiotherapy did not 
significantly influence BCSS outcome in patients with 
early-stage CBC. The use of bilateral mastectomy and 
mastectomy plus radiotherapy did not confer a survival 
advantage over BCS plus radiotherapy in these patients. 
Future prospective studies are necessary to expand on these 
results.
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Table S1 Univariable analysis for BCSS in early-stage CBC patients

Characteristic
BCSS

HR (95% CI) P value

Demographic-associated characteristic

Race

White Reference

Black 1.62 (1.35–1.95) <0.000

Others 0.87 (0.69–1.11) 0.261

CoL index of state of residence

≤1,000

>1,000 1.06 (0.94–1.20) 0.347

Age at CBC diagnosis (years)

≤50 Reference

51–60 0.80 (0.67–1.95) 0.010

>60 0.80 (0.68–0.92) 0.003

Interval time (months)

0–2 Reference

3–59 1.40 (1.22–1.60) <0.001

60–119 1.03 (0.86–1.22) 0.760

≥120 0.55 (0.37–0.80) 0.002

FPBC-associated characteristic

Grade of FPBC

I Reference

II 1.88 (1.54–2.30) <0.000

III/IV 2.98 (2.44–3.64) <0.000

Histology of FPBC

IDC Reference

ILC 1.33 (1.10–1.61) 0.004

Mixed ILC 0.90 (0.74–1.09) 0.291

Others 0.95 (0.78–1.17) 0.657

Stage of FPBC

Stage I Reference

Stage II 2.28 (1.97–2.65) <0.000

Stage III 5.92 (5.04–6.96) <0.000

ER status of FPBC

Positive Reference

Negative/borderline 1.59 (1.38–1.83) <0.000

Table S1 (continued)

Table S1 (continued)

Characteristic
BCSS

HR (95% CI) P value

PR status of FPBC

Positive Reference

Negative/borderline 1.49 (1.31–1.70) <0.000

Surgery type for FPBC

BCS Reference

Mastectomy 1.41 (1.24–1.59) <0.000

CBC-associated characteristic

Grade of CBC

I Reference

II 1.54 (1.24–1.89) <0.000

III/IV 1.58 (1.24–2.03) <0.000

Histology of CBC

IDC Reference

ILC 1.04 (0.86–1.27) 0.659

Mixed ILC 0.89 (0.74–1.08) 0.231

Others 0.97 (0.77–1.22) 0.797

T classification of CBC

T1 Reference

T2 2.40 (2.11–2.73) <0.000

N classification of CBC

N0 Reference

N1 2.35 (2.06–2.67) <0.000

ER status of CBC

Positive Reference

Negative/Borderline 1.82 (1.58–2.11) <0.000

PR status of CBC

Positive Reference

Negative/borderline 1.76 (1.54–2.00) <0.000

Surgery type for FPBC

BCS+RT Reference

Mastectomy 1.58 (1.38–1.81) <0.000

BCSS, breast cancer-specific survival; HR, hazard ratio; CI, 
confidence interval; FPBC, first primary breast cancer; CBC, 
contralateral breast cancer; BCS, breast-conserving surgery; 
RT, radiotherapy; CoL, cost-of-living; IDC, infiltrating ductal 
carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen 
receptor; PR, progesterone receptor.

Supplementary
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Table S2 Baseline characteristics between BCS plus RT and mastectomy in early-stage CBC patients after PS matching

Characteristic BCS + RT (n=1,449) Mastectomy (n=1,449) Total (n=2,898) SMD

Demographic-associated characteristic

Race 0.023

White 1,166 (80.47) 1,154 (79.64) 2,320 (80.06)

Black 158 (10.90) 161 (11.11) 319 (11.01)

Others 125 (8.63) 134 (9.25) 259 (8.94)

CoL index of state of residence 0.023

≤1,000 555 (38.30) 539 (37.20) 1,094 (37.75)

>1,000 894 (61.70) 910 (62.80) 1,804 (62.25)

Age at CBC diagnosis (years) 0.039

≤50 291 (20.08) 281 (19.39) 572 (19.74)

51–60 432 (29.81) 408 (28.16) 840 (28.99)

>60 726 (50.10) 760 (52.45) 1486 (51.28)

Interval time (years) 0.099

<0.25 223 (15.39) 180 (12.42) 403 (13.91)

0.25–4 515 (35.54) 501 (34.58) 1,016 (35.06)

5–9 485 (33.47) 509 (35.13) 994 (34.30)

≥10 226 (15.60) 259 (17.87) 485 (16.74)

FPBC-associated characteristic

Grade of FPBC 0.038

I 359 (24.78) 341 (23.53) 700 (24.15)

II 583 (40.23) 577 (39.82) 1,160 (40.03)

III/IV 507 (34.99) 531 (36.65) 1,038 (35.82)

Histology of FPBC 0.045

IDC 1,062 (73.29) 1,100 (75.91) 2,162 (74.60)

ILC 83 (5.73) 73 (5.04) 156 (5.38)

Mixed ILC 162 (11.18) 135 (9.32) 297 (10.25)

Others 142 (9.80) 141 (9.73) 283 (9.77)

Stage of FPBC 0.001

Stage I 826 (57.00) 825 (56.94) 1,651 (56.97)

Stage II 517 (35.68) 518 (35.75) 1,035 (35.71)

Stage III 106 (7.32) 106 (7.32) 212 (7.32)

ER status of FPBC 0.056

Positive 1,086 (74.95) 1,050 (72.46) 2136 (73.71)

Negative/borderline 363 (25.05) 399 (27.54) 762 (26.29)

Table S2 (continued)
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Table S2 (continued)

Characteristic BCS + RT (n=1,449) Mastectomy (n=1,449) Total (n=2,898) SMD

PR status of FPBC 0.056

Positive 958 (66.11) 914 (63.08) 1,872 (64.60)

Negative/borderline 475 (32.78) 510 (35.20) 985 (33.99)

Unknown 16 (1.10) 25 (1.73) 41 (1.41)

Surgery type for FPBC 0.011

BCT 1,204 (83.09) 1,198 (82.68) 2,402 (82.88)

Mastectomy 245 (16.91) 251 (17.32) 496 (17.12)

CBC-associated characteristic

Grade of CBC

I 322 (22.22) 339 (23.40) 661 (22.81) 0.012

II 622 (42.93) 601 (41.48) 1223 (42.20)

III/IV 505 (34.85) 509 (35.13) 1014 (34.99)

Histology of CBC 0.027

IDC 1,093 (75.43) 1,082 (74.67) 2,175 (75.05)

ILC 129 (8.90) 126 (8.70) 255 (8.80)

Mixed ILC 156 (10.77) 161 (11.11) 317 (10.94)

Others 71 (4.90) 80 (5.52) 151 (5.21)

T classification of CBC 0.002

T1 1,135 (78.33) 1,134 (78.26) 2,269 (78.30)

T2 314 (21.67) 315 (21.74) 629 (21.70)

N classification of CBC 0.007

N0 1,156 (79.78) 1,160 (80.06) 2,316 (79.92)

N1 293 (20.22) 289 (19.94) 582 (20.08)

ER status of CBC 0.003

Positive 1,089 (75.16) 1,091 (75.29) 2,180 (75.22)

Negative/borderline 360 (24.84) 358 (24.71) 718 (24.78)

PR status of CBC 0.066

Positive 908 (62.66) 858 (59.21) 1,766 (60.94)

Negative/borderline 533 (36.78) 577 (39.82) 1,110 (38.30)

Unknown 8 (0.55) 14 (0.97) 22 (0.76)

PS, propensity score; SMD, standardized mean difference; FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, 
breast-conserving surgery; RT, radiotherapy; CoL, cost-of-living; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, 
estrogen receptor; PR, progesterone receptor.
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Figure S1 Absolute standardized mean differences for baseline covariates between BCS plus RT and mastectomy in the unmatched and the 
matched sample. FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving surgery; RT, radiotherapy; 
CoL, cost-of-living; ER, estrogen receptor; PR, progesterone receptor.
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Table S3 Baseline characteristics between BCS plus RT and mastectomy plus RT in early-stage CBC patients after PS matching

Characteristic BCS + RT (n=712) Mastectomy + RT (n=178) Total (n=890) SMD

Demographic-associated characteristic

Race 0.028

White 574 (80.62) 140 (78.65) 714 (80.22)

Black 84 (11.80) 25 (14.04) 109 (12.25)

Others 54 (7.58) 13 (7.30) 67 (7.53)

CoL index of state of residence 0.049

≤1,000 277 (38.90) 65 (36.52) 342 (38.43)

>1,000 435 (61.10) 113 (63.48) 548 (61.57)

Age at CBC diagnosis (years) 0.048

≤50 133 (18.68) 31 (17.42) 164 (18.43)

51–60 228 (32.02) 55 (30.90) 283 (31.80)

>60 351 (49.30) 92 (51.69) 443 (49.78)

Interval time (years) 0.083

<0.25 236 (33.15) 49 (27.53) 285 (32.02)

0.25–4 165 (23.17) 50 (28.09) 215 (24.16)

5–9 209 (29.35) 49 (27.53) 258 (28.99)

≥10 102 (14.33) 30 (16.85) 132 (14.83)

FPBC-associated characteristic

Grade of FPBC 0.013

I 167 (23.46) 45 (25.28) 212 (23.82)

II 295 (41.43) 69 (38.76) 364 (40.90)

III/IV 250 (35.11) 64 (35.96) 314 (35.28)

Histology of FPBC 0.016

IDC 533 (74.86) 135 (75.84) 668 (75.06)

ILC 43 (6.04) 11 (6.18) 54 (6.07)

Mixed ILC 84 (11.80) 18 (10.11) 102 (11.46)

Others 52 (7.30) 14 (7.87) 66 (7.42)

Stage of FPBC 0.092

Stage I 318 (44.66) 85 (47.75) 403 (45.28)

Stage II 295 (41.43) 74 (41.57) 369 (41.46)

Stage III 99 (13.90) 19 (10.67) 118 (13.26)

ER status of FPBC 0.029

Positive 537 (75.42) 132 (74.16) 669 (75.17)

Negative/borderline 175 (24.58) 46 (25.84) 221 (24.83)

Table S3 (continued)
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Table S3 (continued)

Characteristic BCS + RT (n=712) Mastectomy + RT (n=178) Total (n=890) SMD

PR status of FPBC 0.005

Positive 461 (64.75) 116 (65.17) 577 (64.83)

Negative/borderline 245 (34.41) 61 (34.27) 306 (34.38)

Unknown 6 (0.84) 1 (0.56) 7 (0.79)

Surgery type for FPBC 0.018

BCT 482 (67.70) 119 (66.85) 601 (67.53)

Mastectomy 230 (32.30) 59 (33.15) 289 (32.47)

CBC-associated characteristic

Grade of CBC 0.011

I 158 (22.19) 42 (23.60) 200 (22.47)

II 302 (42.42) 72 (40.45) 374 (42.02)

III/IV 252 (35.39) 64 (35.96) 316 (35.51)

Histology of CBC 0.033

IDC 519 (72.89) 129 (72.47) 648 (72.81)

ILC 67 (9.41) 20 (11.24) 87 (9.78)

Mixed ILC 80 (11.24) 21 (11.80) 101 (11.35)

Others 46 (6.46) 8 (4.49) 54 (6.07)

T classification of CBC 0.003

T1 493 (69.24) 123 (69.10) 616 (69.21)

T2 219 (30.76) 55 (30.90) 274 (30.79)

N classification of CBC 0.083

N0 445 (62.50) 104 (58.43) 549 (61.69)

N1 267 (37.50) 74 (41.57) 341 (38.31)

ER status of CBC 0.075

Positive 547 (76.83) 131 (73.60) 678 (76.18)

Negative/borderline 165 (23.17) 47 (26.40) 212 (23.82)

PR status of CBC 0.157

Positive 463 (65.03) 103 (57.87) 566 (63.60)

Negative/borderline 244 (34.27) 75 (42.13) 319 (35.84)

Unknown 5 (0.70) 0 (0.00) 5 (0.56)

PS, propensity score; SMD, standardized mean difference; BCS, breast-conserving surgery; RT, radiotherapy; FPBC, first primary breast 
cancer; CBC, contralateral breast cancer; CoL, cost-of-living; IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, 
estrogen receptor; PR, progesterone receptor.



© Gland Surgery. All rights reserved. https://dx.doi.org/10.21037/gs-21-413

Figure S3 Multivariable analysis for BCSS as compared between BCS plus RT and mastectomy plus RT in early-stage CBC patients after 
PS matching. Adjusted, if not be stratified, for age at CBC diagnosis, time interval, stage of FPBC, T and N classification of CBC, histology 
and hormone receptors status of both cancers, and surgery type for FPBC. BCSS, breast cancer-specific survival; HR, hazard ratio; CI, 
confidence interval; FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving therapy; RT, radiotherapy.

Figure S2 Absolute standardized mean differences for baseline covariates between BCS plus RT and mastectomy plus RT in the unmatched 
and the matched sample. FPBC, first primary breast cancer; CBC, contralateral breast cancer; BCS, breast-conserving surgery; RT, 
radiotherapy; CoL, cost-of-living; ER, estrogen receptor; PR, progesterone receptor.
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