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Background: Rates of mastectomy for patients with localized breast cancer remain high despite decades 
of evidence that breast conservation therapy is equally effective. The impact of progesterone receptor (PR) 
status on the relative efficacy of surgical extent for localized estrogen receptor (ER) positive breast cancer on 
breast cancer mortality has not been studied.
Methods: This retrospective cohort study included patients diagnosed with breast cancer between 1998 
and 2015 using data from the Surveillance, Epidemiology and End Results (SEER) program. Female 
patients aged 40–70 with T1-2N0M0 ER positive breast cancer were included. Patients in this study either 
underwent lumpectomy without radiation, lumpectomy with radiation, unilateral mastectomy without 
radiation, or bilateral mastectomy without radiation for their disease. Breast cancer specific mortality was the 
main outcome of interest, calculated using competing risks methods to estimate cumulative incidence and 
hazard ratios among the treatment groups.
Results: After one-to-one matching, 23,080 patients were included with median follow-up time 7.6 years 
(interquartile range, 4.0–8.3 years). Median age at diagnosis was 52 years (interquartile range, 47–59 years). 
Among patients, 19,996 (86.6%) had PR+ disease and 3,084 (13.4%) of patients had PR−. Among patients 
with PR− disease, bilateral mastectomy was associated with higher cumulative incidence of breast cancer 
mortality relative to patients undergoing lumpectomy with radiation, with 10-year cumulative incidences 
of 9.2% [95% confidence interval (CI): 6.6–12.7%] vs. 4.4% (95% CI: 3.0–6.6%). This difference was 
significant in the adjusted multivariate model [hazard ratio (HR) =1.77; 95% CI: 1.12–2.82; P=0.02].
Conclusions: Bilateral mastectomy was associated with significantly increased risk of breast cancer 
mortality relative to lumpectomy with radiation for patients with PR− disease. Unilateral mastectomy and 
lumpectomy without radiation were associated with increased risk for breast cancer mortality relative to 
lumpectomy with radiation for patients with PR+ disease.
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Introduction

The surgical management of invasive breast cancer changed 
drastically in response to two randomized controlled trials 
initiated in the mid 1970’s which showed no significant 
difference in overall and cancer-specific survival for 
patients undergoing lumpectomy with radiation relative to 
unilateral mastectomy for localized disease (1,2). Neither 
study required determination of hormone receptor status 
as a criterion for enrollment, an important limitation as 
hormone receptor status has since been found to have 
prognostic implications both independently as well as when 
combined with human epidermal growth factor receptor 
2 (HER2) status as a clinical surrogate for molecular 
phenotype (3-7). Numerous retrospective studies have 
attempted to address the question of whether hormone 
receptor status influences the impact of surgical extent on 
clinical outcomes but importantly they have not treated 
estrogen and progesterone receptor (ER and PR) statuses 
independently (8-13). To our knowledge, no studies have 
examined the significance of the combination of ER and PR 
statuses on clinical outcomes with respect to surgical extent.

The study of ER and PR statuses on surgical outcomes is 
of interest because the breast is an endocrine gland with 10–
30% of cells in the luminal epithelium of normal healthy 
breast tissue expressing ER, and a smaller proportion 

expressing PR (14,15). It is possible that the removal of 
an entire breast or both breasts may lead to alterations in 
hormone levels or any associated feedback pathways which 
could affect proliferation of disease in the contralateral 
breast or circulating or disseminated tumor cells at distant 
locations. If such endocrine changes were induced by 
mastectomy in breast cancer patients, it may be reflected in 
their long-term outcomes relative to patients undergoing 
lumpectomy. If such a phenomenon existed, it could help 
shed light on the curious finding that most retrospective 
analyses since the previously-mentioned pioneering 
randomized controlled trials have found improved overall 
survival or disease-specific survival with lumpectomy 
and radiation relative to mastectomy (13,16-23). A 2013 
retrospective analysis from the California Cancer Registry 
suggested that the discrepancy in overall survival may be 
related to a higher burden of non-fatal comorbidities among 
patients undergoing mastectomy relative to lumpectomy 
with radiation (13). However, an explanation for the 
discrepancy in disease-specific survival has remained elusive.

Herein we aim to use data from the Surveillance, 
Epidemiology and End Results (SEER) program to 
identify if for patients with ER positive localized breast 
cancer the PR status influences the impact of lumpectomy, 
lumpectomy with radiation, unilateral mastectomy, and 
bilateral mastectomy on risk of ultimate breast cancer 
mortality. We present the following study in accordance 
with the STROBE reporting checklist (available at https://
cco.amegroups.com/article/view/10.21037/cco-22-87/rc).

Methods

Study approval

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study was 
also conducted in accordance with U.S. Common Rule. 
The UCSD HRPP/IRB deferred need for approval due to 
use of public, de-identified data. Informed consent was not 
possible due to exclusive use of de-identified data.

Data extraction

For this retrospective cohort study, the SEER program 18 
Registries database (1975–2016) was queried for female 
patients aged 40–70 diagnosed with a known first breast 
cancer that was unilateral and invasive without metastasis 
to the lymph nodes and without distant metastases. Patients 

Highlight box

Key findings
•	 We found that among patients with estrogen receptor positive, 

progesterone receptor negative disease, bilateral mastectomy was 
associated with significantly higher risk of breast cancer mortality 
than lumpectomy.

What is known and what is new? 
•	 Breast conservation therapy has been shown to be equally effective 

as mastectomy for patients with localized disease. The influence of 
the effects of composite estrogen and progesterone receptor status 
on surgical outcomes has not been studied.

•	 This manuscript demonstrates that patients with estrogen receptor 
positive, progesterone receptor negative disease have increased 
risk of breast cancer mortality with bilateral mastectomy than with 
lumpectomy.

What is the implication, and what should change now? 
•	 These results provide evidence that for localized estrogen receptor 

positive, progesterone negative receptor negative breast cancer, 
bilateral mastectomy should be recommended against relative to 
lumpectomy due to its association with increased breast cancer 
mortality.
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were required to have known tumor size and tumor grade 
and laterality. Only patients who underwent surgery were 
included, and patients were excluded if they had identification 
of a contralateral breast cancer within 2 months of diagnosis 
of the initial breast cancer. Patients were also required to 
have known cancer-specific survival with follow-up of at 
least 2 months. Patients undergoing unilateral or bilateral 
mastectomy who also received radiation were excluded. Only 
patients with ER positive status and PR positive or negative 
status were included, and selected patients were categorized 
by PR status into two groups, PR+ and PR−. Treatment types 
were divided into the following four categories: lumpectomy 
without radiation, lumpectomy with radiation, unilateral 
mastectomy, and bilateral mastectomy. Patients lost to follow 
up were right-censored.

Statistical analysis

Within both the PR+ and PR− groupings, one-to-one 
nearest neighbor matching was performed from the 
bilateral mastectomy group (the smallest treatment group 
in both categories) to each of the other treatment groups 
with matching for age at diagnosis, tumor size, race, receipt 
of chemotherapy, and tumor grade. Competing risks 
analysis with non-cancer death as the competing event 
was performed to estimate cumulative incidence for each 
of these four treatment groups within both the PR+ and 
PR− categories. Confidence intervals for the cumulative 
incidence estimates were calculated using the method 
described by Marubini and Valsecchi (24). Multivariate 
competing risks regressions were then performed including 
each of the treatment groups using the same covariates 
used in matching for adjustment. The proportional hazards 
assumption for each covariate in both regressions was 
tested graphically. P values were calculated as two-sided 
and statistical significance was declared for P less than 0.05. 
All statistical analysis was performed in R (version 4.0.3, 
R Foundation for Statistical Computing, Vienna, Austria) 
using RStudio (Version 1.1.463) and packages “tidyverse” 
(Version 1.3.0), “survival” (Version 3.1-7), “survminer” 
(Version 0.4.6), and “cmprsk” (Version 2.2-9) (25,26).

Results

Cohort description

From an initial 763,873 patients with a first breast neoplasm 
documented in SEER, 83,520 patients met inclusion criteria 

(Figure 1). After one-to-one matching from the bilateral 
mastectomy group to each other treatment group for both 
the PR+ and PR− categories, 23,080 patients remained. 
The median follow-up time was 7.6 years (interquartile 
range, 4.0–8.3 years). Years of diagnosis were from 1998 to 
2015. Median age at diagnosis was 52 years (interquartile 
range, 47–59 years). Median tumor size was 14.0 cm 
(interquartile range, 9.0–20.0 cm). Among patients, 7,066 
(30.6%) received chemotherapy and 16,014 (69.4%) did 
not. There were 1,202 black patients (5.2%) and 21,878 
(94.8%) non-black patients. The tumor was high grade or 
undifferentiated in 4,781 (20.7%) of cases, intermediate 
grade in 11,183 (48.5%) of cases, and low grade in 7,116 
(30.8%) of cases. Among patients, 19,996 (86.6%) had PR+ 
disease and 3,084 (13.4%) of patients had PR− disease.

Bilateral mastectomy associated with higher breast cancer 
mortality among patients with PR− disease

Among patients with PR− disease, bilateral mastectomy 
was associated with a higher cumulative incidence of 
breast cancer mortality relative to patients undergoing 
lumpectomy with radiation, with a 10-year cumulative 
incidence of 9.2% [95% confidence interval (CI): 6.6–
12.7%] for patients undergoing bilateral mastectomy 
and 4.4% (95% CI: 3.0–6.6%) for patients undergoing 
lumpectomy with radiation (Figure 2). This difference was 
significant in the adjusted multivariate model [hazard ratio 
(HR) =1.77; 95% CI: 1.12–2.82; P=0.02] (Table 1). The only 
other factor in the multivariate model that was significant 
was tumor size (HR =1.06; 95% CI: 1.04–1.07; P<0.001).

Lumpectomy and unilateral mastectomy associated with 
increased breast cancer mortality among patients with PR+ 

disease

Among patients with PR+ disease, the largest cohort 
(N=19,996), lumpectomy without radiation was associated 
with a higher cumulative incidence of breast cancer 
mortality, with a 10-year cumulative incidence of 4.5% (95% 
CI: 3.9–4.5%), as was unilateral mastectomy with a 10-year 
cumulative incidence of 4.0% (95% CI: 3.4–4.8%) relative 
to patients undergoing lumpectomy with radiation who 
had a 10-year cumulative incidence of 2.7% (95% CI: 2.1–
3.3%). Patients undergoing bilateral mastectomy did not 
have a significantly different 10-year cumulative incidence 
of breast cancer mortality 2.9% (95% CI: 2.3–3.7%) relative 
to patients undergoing lumpectomy with radiation. In the 
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Figure 1 Exclusion criteria. ER, estrogen receptor; PR, progesterone receptor. 

763,873 breast cancer patients

5,329 patients removed due to male sex

106,204 patients removed due to first breast cancer occurrence being in situ

305,112 patients removed due to not having surgery for their disease

821 patients removed due unknown cancer-specific survival

64,443 patients removed due ER borderline, ER negative, or missing ER status

1,859 patients removed due to borderline or missing PR status

63,890 patients removed due to age <40 years or >70 years

59,055 patients removed due to T3 or T4 disease or lymph node or distant metastases

1,272 patients removed due to unknown tumor size

3,079 patients removed due to unknown tumor grade

9 patients removed due to bilateral or unknown first breast cancer laterality

93 patients removed due to follow-up less than 2 months

1,336 patients removed due to contralateral breast 
cancer diagnosis within one month of initial diagnosis

1,538 patients removed due to receiving adjuvant radiation after mastectomy

66,313 patients removed due to no documentation of first breast 
cancer occurrence, only second or subsequent occurrences

758,544 patients
remaining

692,231 patients
remaining

586,027 patients
remaining

280,915 patients
remaining

280,094 patients
remaining

215,651 patients
remaining

213,792 patients
remaining

149,902 patients
remaining

90,847 patients
remaining

89,575 patients
remaining

86,496 patients
remaining

86,487 patients
remaining

86,394 patients
remaining

85,058 patients
remaining

ER+PR+: 
72,580 patients

ER+PR−: 
10,940

Final for Matching: 83,520 patients
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adjusted multivariate model, lumpectomy without radiation 
(HR =1.71; 95% CI: 1.37–2.14; P<0.001) and unilateral 
mastectomy (HR =1.41; 95% CI: 1.12–1.78; P=0.004) were 
associated with increased hazard ratio for breast cancer 
mortality whereas bilateral mastectomy (HR =1.03; 95% 
CI: 0.78–1.37; P=0.82) was not significantly different 

from patients undergoing lumpectomy with radiation. 
Other factors that were significant in the multivariate 
model included black race (HR =1.73; 95% CI: 1.28–2.33; 
P<0.001), age at diagnosis (HR =1.02; 95% CI: 1.01–1.03; 
P=0.004), and intermediate grade (HR =1.54; 95% CI: 
1.22–1.95; P<0.001) and high grade (HR =2.78; 95% CI: 

Figure 2 Cause specific survival by hormone receptor status. ER, estrogen receptor; PR, progesterone receptor.

Table 1 Multivariate competing risks regressions for composite statuses ER+PR+, ER+PR−

Treatment
ER+PR+ (N=19,996) ER+PR− (N=3,084)

HR 95% CI P HR 95% CI P

Lumpectomy + RT Reference – – Reference – –

Lumpectomy 1.71 1.37–2.14 <0.001 1.55 0.98–2.43 0.06

Unilateral mastectomy 1.41 1.12–1.78 0.004 1.19 0.75–1.90 0.46

Bilateral mastectomy 1.03 0.78–1.37 0.82 1.77 1.12–2.82 0.02

Race

Non-black Reference – – Reference – –

Black 1.73 1.28–2.33 <0.001 1.44 0.88–2.35 0.15

Age 1.02 1.01–1.03 0.004 1.00 0.98–1.02 0.72

Tumor size 1.05 1.04–1.06 <0.001 1.06 1.04–1.07 <0.001

Chemotherapy

Not received Reference – – Reference – –

Received 1.10 0.91–1.33 0.32 0.79 0.55–1.12 0.19

Tumor grade

Low Reference – – Reference – –

Intermediate 1.54 1.22–1.95 <0.001 1.52 0.90–2.56 0.12

High 2.78 2.15–3.60 <0.001 1.58 0.93–2.72 0.09

ER, estrogen receptor; PR, progesterone receptor; N, number of patients; HR, hazard ratio; CI, confidence interval; RT, radiation therapy. 
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2.15–3.60; P<0.001) disease. 

Discussion

Here we demonstrate that the relative effect of surgical 
extent on breast cancer mortality for patients with localized 
ER positive disease is affected by the PR status of the 
associated cancer. The effect is most interesting for patients 
undergoing bilateral mastectomy. It would seem intuitive 
that patients undergoing bilateral mastectomy for localized 
unilateral disease should at worst have no difference 
from and at best gain a benefit over patients undergoing 
lumpectomy with radiation due to the elimination of any 
potential future sources of development of cancer. While 
this was the case in our study for patients with PR+ disease, 
for whom patients undergoing bilateral mastectomy did 
not have significantly different breast cancer mortality 
from patients undergoing lumpectomy with radiation, 
surprisingly among patients with PR− disease, bilateral 
mastectomy was associated with a significantly increased 
risk of breast cancer mortality relative to lumpectomy with 
radiation, and after 6 years even surpassed lumpectomy 
without radiation to have the highest cumulative incidence 
of breast cancer mortality among all the treatment groups.

The finding of increased breast cancer mortality among 
patients undergoing bilateral mastectomy for PR− disease 
is important, because a rise in contralateral prophylactic 
mastectomies for both localized and advanced disease has 
been noted in North America during the past few decades 
in spite of a wealth of evidence demonstrating that breast 
conservation therapy is as effective as mastectomy for 
localized breast cancer (27-31). The factors contributing 
to selection of contralateral prophylactic mastectomy that 
have been identified in patient surveys include patient 
perceived decreased recurrence risk, patient perceived 
improved survival rate, desire to avoid frequent surveillance, 
and detection of occult disease on a preoperative magnetic 
resonance imaging (MRI) (28,32,33). While detection of 
occult disease may require more complex management 
decisions, for patients opting for contralateral prophylactic 
mastectomy due to perceived risk reduction or desire to 
avoid surveillance, the knowledge that they may be putting 
themselves at higher risk of ultimate breast cancer death 
may have the potential to change their decision. Moreover, 
if this knowledge were available to surgeons counseling 
them, and if those surgeons actively recommended against 
mastectomy when possible, it may deter patients from 
pursuing such over-aggressive surgery, as in one study 19% 

of average risk women underwent contralateral prophylactic 
mastectomy when their surgeon was ambivalent about 
it compared to 1.9% of women when the surgeon 
recommended against it (34).

One reason why surgeons may be ambivalent towards 
bilateral mastectomy versus breast conservation therapy is 
the perceived absence of additional oncologic risk by means 
of more extensive surgery. If this assumption were accurate, 
the only additional medical risk conferred would be those 
of operative complications, such that surgeons confident in 
their abilities and complication rates may not consider this 
adequate justification to recommend against mastectomy. 
But our results suggest that for patients with PR− disease, 
this is not the case, as bilateral mastectomy was associated 
with increased risk of ultimate breast cancer mortality.

The reason for the puzzling significant change in 
outcomes for patients undergoing bilateral mastectomy 
for ER positive disease depending on PR status cannot 
be addressed by this retrospective cohort study. On 
consideration of our results, however, we have generated 
an easily testable hypothesis which if confirmed could help 
to partially explain these findings. Estrogen exposure is a 
known risk factor for the development of breast cancer (35),  
so an increase in circulating estrogen could induce a 
proliferative response in any circulating or disseminated 
tumor cells expressing ER. PR, on the other hand, inhibits 
ER transcription activity through the PR A isoform, and 
in one study administration of progesterone to ERα+ 
cell line xenografts and human tumor explants inhibited 
estrogen-mediated growth of the xenografts and tumor 
explants (7,15). There is evidence of increased circulating 
estrogen and progesterone levels in bovine models after 
removal of all of the breast glandular tissue via mastectomy, 
with a 2002 study demonstrating significantly increased 
levels of circulating estrone, estradiol and progesterone 
in mastectomized cows relative to non-mastectomized  
cows (36). If human women had a similar rise in circulating 
estrogens after bilateral mastectomy, it is possible that 
the increased circulating estrogens may promote growth 
of any circulating or disseminated ER expressing tumor 
cells. Furthermore, in cases of PR− disease, the absence of 
an inhibitory effect of PR stimulation on ERα may lead to 
enhanced growth relative to PR+ tumor cells.

In contrast to bilateral mastectomy, both lumpectomy 
without radiation and unilateral mastectomy were 
associated with an increased risk of breast cancer mortality 
in patients with PR+ disease and an unchanged risk of breast 
cancer mortality in patients with PR− disease. It is possible, 
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however, that the absence of a significantly elevated risk 
of breast cancer mortality in the PR− group was secondary 
to the much smaller cohort size (N=3,084) relative to the 
PR+ group (N=19,996) and not due to a true difference 
in outcomes, as the hazard ratios in the multivariate 
competing risks regressions for both PR+ and PR− disease 
were comparable. In both the PR+ and PR− groups, patients 
undergoing lumpectomy with radiation had the lowest 
cumulative incidence of breast cancer mortality. This 
treatment option therefore represents the best approach 
to reducing risk of ultimate breast cancer mortality for the 
majority of patients with ER positive disease.

The risk of development of a contralateral breast cancer 
would be interesting to compare between the PR+ and PR− 
groups by treatment type, but this unfortunately cannot 
be meaningfully studied in SEER. Ipsilateral invasive 
recurrences within 5 years of the initial cancer diagnosis 
are not given independent entries in the SEER database, 
so additional treatments that may be administered for an 
ipsilateral recurrence including greater surgical extent, 
radiation in a patient who has not previously received it, or 
systemic therapies preclude the meaningful comparison of 
development of contralateral cancers. 

There are several important limitations to our study. As a 
retrospective cohort study, in spite of our attempts to match 
and adjust for all of the important covariates available to 
us, there are many confounders that cannot be accounted 
for because they are not provided by SEER. For example, 
there are no measures of health status, as significant 
cardiopulmonary comorbidities may push a surgeon away 
from treatment plans including radiation or bilateral 
mastectomy. Family history and data on genetic testing is 
also absent, as such factors may account for some patients 
undergoing bilateral mastectomy. Also of note, SEER 
does not provide data on endocrine therapy, an important 
limitation in the analysis of the responses to the various 
treatment options for patient with ER positive disease. And 
finally, HER2 status is only available for patients in SEER 
diagnosed after 2010, so we were unable to include it in our 
analysis. While our interest was in the hormone receptor 
statuses, HER2 could have been used as an adjustment 
factor for the multivariate regressions if it were available. It 
is also for this reason that we chose not to evaluate patients 
with ER−PR− disease, as the HER2 status in this cohort has 
important prognostic implications which we would not be 
able to account for. We minimized auto-selection and no-
participation biases by use of SEER as our source of data, as 
it is a national population-based registry. We also minimized 

selection bias with respect to the outcomes of interest 
by performing competing risks regression to account for 
confounding factors that may not be accountable in the 
covariates of interest toward the risk of non-breast cancer 
death, so as to more accurately assess risk for breast cancer 
mortality. Due to the use of retrospective cohort data we 
were unable to minimize information bias with respect to 
missing data, and opted to perform a complete-case analysis. 
We attempted to minimize confounding bias by performing 
a matched, multivariate analysis. 

Conclusions

In conclusion, herein we have shown that among patients 
with ER positive localized breast cancer, PR status interacts 
with surgical extent to affect risk of ultimate breast cancer 
mortality. Lumpectomy with radiation was associated with 
the lowest breast cancer mortality among patients. Bilateral 
mastectomy was associated with significantly increased 
risk among patients with PR− disease, and no significant 
difference in breast cancer mortality for patients with PR+ 
disease. Lumpectomy without radiation and unilateral 
mastectomy were associated with increased breast cancer 
mortality risk for patients with PR+ disease, and unchanged 
risk for patients with PR− disease. Though limited by its 
retrospective nature, our results suggest that bilateral 
mastectomy should be avoided when possible for patients 
with localized PR− breast cancer, and that lumpectomy with 
radiation should be preferentially selected for patients with 
ER positive disease, regardless of PR status. Further studies 
are needed to identify whether changes in circulating 
hormone levels may account for the differential effect 
of PR status on patients with ER positive breast cancer 
undergoing bilateral mastectomy.
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