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Effect of contralateral prophylactic mastectomy on overall survival in 
patients with hormone receptor negative breast cancer

Yong Cheng Su*

Results: The Overall Survival (OS) was significantly better for patients in 
the CPM group than the Non-CPM group, the pooled Hazard Ratio (HR) 
was 0.46 (95% CI: 0.14-0.78), multivariate Cox regression analysis after 
Propensity Score Matching (PSM) showed the same results, the CPM-group 
showed a significantly improved prognosis than the Non-CPM group, the 
pooled HR was 0.66 (95%CI:0.50-0.83), statistically significant.

Conclusion: Our study confirmed that CPM could improve the prognosis 
of patients with HR-negative breast cancer and significantly extend overall 
survival. Simultaneously, clinicians should fully consider the advantages and 
disadvantages of the operation before performing CPM on patients to avoid 
patients’ decision regret.
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Introduction: There has been little research on whether Contralateral 
Prophylactic Mastectomy (CPM) improves overall survival in patients 
with Hormone Receptor (HR) negative breast cancer. Our study aimed 
to determine whether CPM would bring survival benefits for the patients 
diagnosed with HR-negative breast cancer.

Methods: All data were derived from the SEER database (version 8.3.6.1). 
We used LASSO regression analysis and stepwise regression method to 
screen the variables related to prognosis. The survival curves of breast cancer 
patients were drawn by the Kaplan-Meier method, and we used the Log-rank 
test to calculate statistical differences in survival curves.

INTRODUCTION

Breast malignancy is the most prevalent cancer among women in the world 
today, and it is also cancer leading to the largest number of cancer-related 

mortality worldwide [1-3]. Based on reliable epidemiological evidence, more 
than 1 million new breast cancer cases were diagnosed in only 2012, and it 
was the second most popular cancer, following only lung carcinoma [4,5]. 
Recent data show that breast carcinoma has replaced lung cancer with the 
highest incidence of malignant tumors globally. In 2018, more than 2 million 
newly diagnosed breast malignancies in the US accounted for about one-
third of all new malignancies in American women, resulting in approximately 
40000 fatalities [6,7].

Studies have pointed out that for patients diagnosed with Unilateral Breast 
Cancer (UBC), the risk of Contralateral Breast Cancer (CBC) is estimated to 
be 3-4 times higher than the general population [8,9]. A retrospective study 
based on the SEER database showed that the 10-year and 20-year incidence 
of CBC was 6.1%, 12%, respectively, for patients with UBC [10]. Therefore, 
some physicians performed Contralateral Prophylactic Mastectomy (CPM) 
to reduce the incidence of CBC. Furthermore, the data showed that the 
use of CPM has increased over time [11,12]. Although doctors can prevent 
contralateral breast cancer by performing CPM, it is worth considering 
whether CPM will bring survival benefit for the patient; what’s worse, due 
to operative trauma and complications, the surgeon needs to carefully weigh 
the necessity for CPM. There has been little research on whether CPM 
improves overall survival in patients with HR-negative breast cancer. Our 
study aimed to determine whether CPM would bring survival benefit for the 
patients diagnosed with HR negative breast cancer.

MATERIALS AND METHODS 

Data collection

Patients diagnosed with HR-negative stage I-III postoperative breast cancer 
were included in our research. All data were derived from the SEER database 
(version 8.3.6.1), Collected the following data: age, sex, race, marital status, 
tumor size, tumor site, grade, TNM stage, Estrogen Receptor(ER) status, 
Progesterone Receptor (PR) status, HER2 status, molecular subtypes, surgery, 

chemotherapy record and radiotherapy record, and the primary endpoint 
was Overall Survival (OS).Continuous variable age was transformed into 
categorical variable using X-TILE software (version 3.6.1) [13,14].

Subjects 

Patients meeting the following criteria were included: patients who 
histologically confirmed invasive ductal carcinoma of the breast, HR(ER/
PR)-negative, stage I-III, no distant metastasis, undergone surgery, one 
primary carcinoma only, and complete survival data were available. 

Statistical analysis 

We used LASSO regression analysis and stepwise regression method to 
screen the variables related to prognosis, and then we performed multivariate 
Cox analyses to analyze the prognostic variables. The survival curves of 
breast cancer patients were drawn by the Kaplan-Meier method, and we used 
the Log-rank test to calculate statistical differences of survival curves. The 
differences between categorical variables were compared using the chi-square 
test. The Propensity Score Matching (PSM) method was utilized to eliminate 
the effect of the confounding factors [15]. We matched the patients in the 
CPM group 1:1 with the patients in the non-CPM group [16]. Statistical 
analysis was conducted by using R software (version 4.0.2), P-value<0.05 was 
considered statistically significant [17].

RESULTS

Baseline characteristics of included patients 

A total of 5739 female patients with HR-negative breast tumor were enrolled 
in our research. 2047 (35.7%) patients who received a Contralateral 
Prophylactic Mastectomy (CPM) were in the CPM group, and the other 3692 
(64.3%) patients were in the Non-CPM group. All included patients, baseline 
characteristics are shown in Table 1. 76.3% of patients were younger than 65 
years, the histological grade of enrolled patients (76.3%) was grade III, and 
Most of the patients had received chemotherapy (79.0%) or radiotherapy 
(33.7%). There were 3920 (68.3%) patients with Triple-Negative Breast 
Cancer (TNBC), and 1819 patients were HER2-enriched breast cancer. 
According to the 6th AJCC staging system, 2634(45.9%) patients were 
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TABLE 1
The baseline characteristics of patients included in our study

 Before PSM 
(5739)

Characteristics CPM group (%) Non-CPM group 
(%) P-value

Total   2047(35.7)    3692(67.3)  
Age (%)   <0.001

>65   165 ( 8.1)  1198 (32.4)    
≤ 65 1882(91.9) 2494(67.6)  

Grade (%)   0.002
   I 22 ( 1.1) 44 ( 1.2)        
   II 293 (14.3) 671 (18.2)    
   III 1717 (83.9) 2952 (80.0)    
   IV 15 ( 0.7)  25 ( 0.7)      

Radiation.
recode=Yes (%)   674 (32.9)    1258 (34.1) 0.394

Chemotherapy.
recode=Yes (%)  1788 ( 87.3)   2747 (74.4)   <0.001  

Adjusted.AJCC.6th 

stage (%)    <0.001  

   I   639 (31.2)    923 (25.0)  
   IIA   663 (32.4)    1119 (30.3)  
   IIB   363 (17.7)   687 (18.6)  
   IIIA   252 (12.3) 503 (13.6)  
   IIIB    48 ( 2.3)    192 ( 5.2)  
   IIIC    82 ( 4.0)   268 ( 7.3)  

Adjusted.
AJCC.6th.T (%)   <0.001 

   T1a 91 ( 4.4)  195 ( 5.3)       
   T1b 179 ( 8.7)  239 ( 6.5)     
   T1c   537 (26.2) 745 (20.2)  

   T1mic 28 ( 1.4) 74 ( 2.0)     
   T2   925 (45.2)  1709 (46.3)  
   T3  227 (11.1)  485 (13.1)   
   T4    60 ( 2.9) 245 ( 6.6)  

Adjusted.
AJCC.6th.N (%)    <0.001  

   N0  1215 (59.4)  1981 (53.7)    
   N1   592 (28.9) 1074 (29.1)  
   N2   158 ( 7.7)  369 (10.0)  
   N3   82 ( 4.0) 268 ( 7.3)   

HER2=positive (%)   578 (28.2)    1241 (33.6)  <0.001

diagnosed with T2 and 3196 (55.7%) patients with N1 stage.

LASSO regression screened overall-survival-related variables 

As shown in Figure 1, of the variables collected from eligible patients, 8 
variables were selected using LASSO regression analysis (Figure 1). There 
were age, grade, radiation recode, and chemotherapy recode, Stage, T stage, 
N stage and HER2 status. 

Survival benefit by CPM 

Kaplan-Meier curve demonstrated that the prognosis was a significant 
difference between the CPM group and the Non-CPM group. The overall 
survival was significantly better for patients in the CPM group than the Non-
CPM group (P=0.00); the pooled hazard ratio was 0.46 (95% CI: 0.14-0.78), 
statistically significant (Figure 2). As shown in Table 2, there was no balance 
between the CPM-group and the Non-CPM group in clinicopathological 
features, so we did a Propensity Score Matching (PSM) to rule out the effects 
of confounding factors. Finally, there were 2047 matched pairs after 1:1 
matching, no statistically significant differences were found among the CPM-
group and Non-CPM group in the matched cohort (Table 2). Multivariate 
Cox regression analysis in the matched cohort showed the same results; in 
the survival curve, the CPM-group showed a significantly improved prognosis 
than the Non-CPM group. The pooled HR was 0.66(95%CI:0.50-0.83), 
statistically significant.

TABLE 2
The baseline characteristics of patients included in our study 
after PSM

 After PSM(4094)   

Characteristic Non-CPM group 
(%) CPM group (%) P-value

Total 2047 (50) 2047 (50)  
Age (%)   0.864

>65 165 ( 8.1) 169 ( 8.3)  
65 1882(91.9) 1878(91.7)  

Grade (%)   0.561
   I 22 ( 1.1) 14 ( 0.7)  
   II 293 ( 14.3) 305 ( 14.9)  
   III 1717 ( 83.9) 1714 ( 83.7)  
   IV 15 ( 0.7) 14 ( 0.7)  

Radiation.
recode=Yes (%) 674 ( 32.9) 713 ( 34.8) 0.21

Figure 1) (A) The LASSO plot, variables screened by the LASSO regression 
analysis. (B) The optimal value of λ were selected by 10 cross-validations

Figure 2) (A) Kaplan-Meier OS curves in the whole cohort before PSM. (B) 
Kaplan-Meier OS curves in the whole cohort after PSM
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Chemotherapy.
recode=Yes (%) 1788 ( 87.3) 1792 ( 87.5) 0.887

Adjusted.AJCC.6th 
stage (%)   0.117

   I 639 ( 31.2) 562 ( 27.5)  
   IIA 663 ( 32.4) 707 ( 34.5)  
   IIB 363 ( 17.7) 397 ( 19.4)  
   IIIA 252 ( 12.3) 244 ( 11.9)  
   IIIB 48 ( 2.3) 57 ( 2.8)  
   IIIC 82 ( 4.0) 80 ( 3.9)  

Adjusted.
AJCC.6  .T (%)   0.159

   T1a 91 ( 4.4) 114 ( 5.6)  
   T1b 179 ( 8.7) 147 ( 7.2)  
   T1c 537 ( 26.2) 492 ( 24.0)  

   T1mic 28 ( 1.4) 31 ( 1.5)  
   T2 925 ( 45.2) 952 ( 46.5)  

   T3 227 ( 11.1) 243 ( 11.9)

   T4 60 ( 2.9) 68 ( 3.3)  
Adjusted.

AJCC.6  .N (%)   0.725

   N0 1215 ( 59.4) 1197 ( 58.5)  
   N1 592 ( 28.9) 608 ( 29.7)  
   N2 158 ( 7.7) 162 ( 7.9)  
   N3 82 ( 4.0) 80 ( 3.9)  

HER2=positive (%) 578 ( 28.2) 608 ( 29.7) 0.318

Survival benefit of CPM-group by subtype and other factors 

As shown in Table 2, CPM, together with age, grade, radiation recode, 
chemotherapy recode, Stage, T stage, N stage, and HER2 status, were 
significantly independent prognostic predictors in the matched cohort. 
We performed subgroup analysis according to age, grade, radiation recode, 
chemotherapy recode, Stage, T stage, N stage, and HER2 status to identify 
patients who might benefit from CPM. 

In CPM-group, Triple-Negative Breast Cancer (TNBC) patients had a 
significant reduction in mortality, and the pooled HR was 0.67 (95%CI:0.51-
0.83), statistic important. Likewise, the same result was obtained with the 
HER2-enriched breast cancer (HR=0.55,95%CI:0.31-0.79,p=0.01 (Figure 3). 
What is more, CPM bore prognostic significance among those patients who 
were younger than 65 years old, grade III, stage IIA, and IIIA (all P<0.05) 
(Figure 4). HR-negative breast cancer patients who received CPM with or 
without chemotherapy/radiotherapy would also observe survival benefit (all 
P<0.05) (Figures 5 and 6).

Figure 3) (A) Kaplan-Meier OS curves in the TNBC subtype. (B) HER2-
enriched subtype

Figure 4) (A) Kaplan-Meier OS curves with younger than 65 years old. (B) 
Grade III. (C) Stage IIa tumor. (D) Stage IIIa tumor

Figure 5) (A) Kaplan-Meier OS curves without radiotherapy. (B) Kaplan-Meier 
OS curves with radiotherapy

Figure 6) (A) Kaplan-Meier OS curves without chemotherapy. (B) Kaplan-Meier 
OS curves with chemotherapy
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DISCUSSION

Consistently, CPM is a hotly debated surgery; there is no clear consensus on 
whether CPM improves HR-negative breast cancer patients [18-20]. Bedrosian 
and his colleagues pointed out that CPM could improve the prognosis of 
breast cancer patients, especially in young women with ER-negative early-
stage breast cancer. Compared with the non-CPM group, they observed that 
patients who received CPM had a better prognosis; the pooled HR was 0.68
（95%CI:0.53-0.88, P=0.004）in his study [20]. Their conclusion was the 
same as our research. In our study, CPM was an independent prognostic 
factor in HR-negative breast cancer patients. Multivariate Cox regression 
analysis showed that the HR of CPM-group vs non-CPM group was 0.46 
(95%CI:0.14-0.78), approximately a 54% reduction in the mortality rate was 
observed with patients who received CPM. Moreover, PSM was performed to 
eliminate the influence of differences among covariates on our results; after 
PSM, we found that our products remained consistent. The pooled HR was 
0.66 (95%CI:0.56-0.80, P<0.0001), which showed that our conclusions were 
robust and reliable. 

Katja Goldflam’s study pointed out that whether CPM had a survival 
benefit depended on several factors. In his research, breast cancer patients 
with invasive lobular carcinoma, Hormone Receptor (HR) positive, high-
risk pathological classification, and older than 40 years of age might benefit 
from CPM [8]. Of course, the balance between the survival benefits of CPM 
and the adverse effects of CPM surgery itself should be carefully considered 
by each clinician and patient. Katja Goldflam’s research showed that CPM 
was associated with a 90% reduction in contralateral breast cancer risk and 
a relative increase in surgical complications. Much worse, the delay in the 
adjuvant treatment of breast cancer caused by severe complications after CPM 
surgery can also adversely affect the outcome of patients. Simultaneously, 
CPM surgery will also increase the length of hospital stay and additional 
surgical costs, which is undoubtedly a significant burden for patients [21], 
the study of Erin E Burke et al. also pointed out that although CPM had 
many risks and complications, most patients were generally satisfied with 
CPM surgery. Their conclusion may be that CPM surgery alleviates patients’ 
concerns about lateral breast cancer, the founding of Erin E Burke et al., 
which is consistent with the findings of Marlene H.Frost. 

In the study of Marlene H. Frost, a total of 621 patients were followed up for 
more than ten years. The majority of patients (about 83%) were satisfied with 
CPM; only a small number of patients were dissatisfied with the CPM for 
the complications, high cost, heavy burden, poor postoperative appearance 
[22]. Therefore, although most surgical patients are satisfied with CPM, 
CPM’s adverse effects should be taken seriously and carefully weighed by 
every clinician and breast cancer patient. Considering the negative impact of 
CPM on patients’ physiology and psychology and the risk of the operation 
itself, clinicians should fully consider the advantages and disadvantages of 
the process before performing CPM on patients to avoid patients’ decision 
regret. As a result, the National Comprehensive Cancer Network (NCCN) 
guidelines only recommend that women with a genetic or familial high risk 
of breast cancer consider CPM an option for surgical procedures [23].

Any study has limitations, and ours is no exception. Firstly, our data comes 
from the SEER database, which is inevitably limited. The SEER database’s 
data lacks a specific treatment plan and treatment cycle in patients [24]. The 
lack of such critical information is likely to reduce the effectiveness of our 
research, another is that these factors are closely related to the survival and 
prognosis of breast cancer patients (such as the presence of vascular tumor 
thromb infiltration, the waiting time between surgery and chemotherapy/
radiotherapy, and whether the surgical margin is clean) [25]. The clinical 
characteristics are not available in the SEER database. Secondly, the HER2 
receptor status in breast cancer patients was not collected in the SEER 
database until 2010, and our research mainly focused on breast cancer 
patients with well-defined molecular subtypes. Therefore, HR-negative breast 
tumor patients enrolled in the research of follow-up time are limited. Less 
information is gathered during the follow-up period, such as whether to 
accept patients with targeted therapy, leading to a decline in our reliability 
research. 

CONCLUSION

Thirdly, our study only considered the risk of death in patients with HR-
negative breast tumor and did not consider the risk of recurrence or disease. 

Our study confirmed that CPM surgery could improve the prognosis 
of HR-negative breast tumor patients and significantly extend overall 
survival. Considering the adverse effects of CPM on patients’ physiology 
and psychology and the risk of the operation itself, clinicians should fully 
consider the advantages and disadvantages of the process before performing 
CPM on patients to avoid patients’ decision regret.
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