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Abstract

To examine whether discordance in the hormone-receptor status predicts clinical outcomes in
patients with bilateral synchronous (SBC) and metachronous breast cancer (MBC), we analyzed
data from the Surveillance, Epidemiology, and End Results program (1998-2011) using Cox
models. After excluding 10231 patients with missing data in hormone receptors in at least one
tumor, 4403 SBC and 7159 MBC were included in the study. Among SBC cases, patients with
estrogen receptor (ER)-discordant tumors had higher mortality risk (multivariable-adjusted hazard
ratio [HR]=1.96, 95% confidence interval [CI] 1.60-2.40) than patients with ER concordant-
positive tumors, whereas patients with ER concordant-negative tumors had the highest risk
(HR=2.49, 95% CI 2.03-3.07). Among MBC cases, patients with a positive-to-negative change in
ER status (HR=1.32, 95% CI: 1.08-1.62) or ER concordant-negative tumors (HR=1.48, 95% ClI:
1.19-1.85) had worse survival than patients with ER concordant-positive tumors. In conclusion,
discordance in the hormone-receptor status was an independent predictor of survival outcomes.
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INTRODUCTION

Hormone receptors are established biomarkers for prognosis and treatment of breast cancer
patients.l Tumor heterogeneity is becoming important in the management of breast cancer.
Using estrogen receptor (ER) as a biomarker, 5-10% of multifocal/multicentric cancers?:3
and approximately 20% of bilateral breast cancers are discordant.*8 The ER status of
metastases differs from that of the primary breast cancer in 10-40% of patients.911

The prognostic relevance of change in hormone-receptor status has been evaluated in
neoadjuvant setting and in patients with distant relapse. Chen et al. found that the positive-
to-negative change in hormone-receptor status after neoadjuvant chemotherapy was an
independent predictor of poor survival.12 Other studies found that cases with discordant
receptor status of metastatic disease and primary breast cancer have a worse prognosis than
those with ER concordant-positive status.13-15

A recent review and meta-analysis has suggested that patients with synchronous bilateral
breast cancer (SBC) have worse prognosis than patients with single unilateral breast
cancer.16 However, it is unclear whether inconsistent hormone-receptor status predicts
worse clinical outcomes among SBC patients. It is also unclear whether the hormone-
receptor status of the first cancer is a prognostic factor for the second breast cancer among
patients with metachronous breast cancers (MBC). To address these questions, we
conducted a large retrospective cohort study of patients with bilateral breast cancers.

PATIENTS AND METHODS

Patient selection

Using data from the National Cancer Institute's Surveillance, Epidemiology, and End
Results (SEER) program,1” we conducted a retrospective, population-based cohort study of
women with two primary breast cancers. Using a unique identifier assigned to each patient
in SEER 18 registry database (1998-2011), we identified 22976 female patients who had
bilateral breast cancers with the first cancer being diagnosed between 1998 and 2005. Of
these patients, we excluded those lacking follow-up data (n=180, 0.8%) and those with stage
IV first or second cancer (n=1003, 4.4%), and those with unknown ER- or progesterone
(PR)-status in one of the two tumors (n=10231, 44.5%). After these exclusions, 11562
patients remained, including 4403 patients in the SBC cohort and 7159 in the MBC cohort.
According to our previous concordance study, two tumors were considered synchronous if
they were diagnosed within 6 months.

The SEER database contains demographic information including age, race, and marital
status. Tumor characteristics reported for each of the two tumors were histology, stage,
grade, laterality, ER and PR statuses. Treatment information is available on surgery and
radiotherapy, but not on chemotherapy and hormonal therapy. Stage was reported according
to the American Joint Committee on Cancer TNM classification system.
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Statistical analysis

First, we explored the missing data patterns of ER and PR between the two breast cancers.
We compared patients who had complete data on hormone-receptor status in both cancers
with patients who were dropped because of missing hormone-receptor status in at least one
cancer using Chi-square tests or Wilcoxon rank-sum tests. We also examined factors related
to missing ER status among patients who had ER data available only for one tumor, by using
signed-ranks tests.

We examined the combined effect of the hormone-receptor statuses of two tumors on overall
survival (OS) and breast cancer-specific survival (BCSS). OS was defined as the time
interval between the date of the second cancer diagnosis and the date of death or last follow-
up. BCSS was defined as the time interval between the date of the second cancer diagnosis
and the date of death due to breast cancer or the date of last follow-up. Survival curves were
estimated by the Kaplan-Meier method. We used piecewise Cox models to examine the
independent effect of hormone receptors. After checking the proportional hazard assumption
in classical Cox models, we found that it was violated for hormone receptors. Therefore, we
stratified follow-up time into intervals so that the proportional hazards assumption held in
each interval. We found that a model stratified at 5 years of follow-up fulfilled this condition
and was parsimonious. The period-specific hazard ratio (HR) and 95% confidence interval
(CI) were calculated from Cox models.

The SBC and MBC cohorts were analyzed separately. In the SBC cohort, patients were
categorized into three groups according to the hormone-receptor status of the two tumors:
concordant positive (+/+), concordant negative (=/-), and discordant (+/- and —/+). Other
demographic and clinical factors of both cancers as listed above were adjusted for in the
multivariable models. Age at diagnosis was modeled as a continuous variable with restricted
cubic-spline transformation (5 knots at 42, 55, 64, 73, and 85 years old). In the MBC cohort,
patients were categorized into four groups according to the hormone-receptor status of the
two tumors: concordant positive (+/+), concordant negative (-/-), negative-to-positive
change (=/+), and positive-to-negative change (+/-). We first examined the effect of the ER
status of the two cancers. Then, we examined the effect of the PR status and adjusted for ER
status in the model. A two-sided P value <0.05 was considered statistically significant.

As discordance in stage and grade between two cancers may be important for predicting
survival outcomes, we explore the appropriate ways to model tumor stage and grade of two
cancers in Cox models. Akaike information criterion (AIC) and Bayesian information
criterion (BIC) were used to gouge model fit while penalizing model complexity; the lower
the AIC and BIC values, the better the model fit. Statistical analyses were conducted using
Stata 13 software (StataCorp, College Station, TX).

Of the 10231 patients who were excluded because of missing data in hormone receptors,
7049 (69%) patients had ER and PR statuses only for one cancer, 2533 (25%) patients had
no ER and PR data in either cancers, 594 (6%) patients had missing data in PR status but not
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in ER status, and 55 (0.5%) patients had missing data in ER status but not in PR status. We
compared these 10231 patients with the 11562 patients who had complete data in ER/PR
(included in further analysis) and found that patients with invasive breast cancer or
diagnosed in recent years were more likely to have complete ER/PR data (Supplementary
Table S1). Patients with complete ER/PR data were slightly older than patients with missing
ER/PR. Patients with complete ER/PR also had 30% higher risk of dying than patients with
missing ER/PR data, but after adjusting for age, stage, year of diagnosis, and type of breast
cancer (synchronous or metachronous), the survival difference was attenuated. We also
conducted within-patient comparison among women who had missing ER data in only one
cancer (Supplementary Table S2). Invasive tumors instead of DCIS were more likely to be
tested for ER than the contralateral tumors. When both tumors were invasive, the larger
tumors were more likely to be tested.

Characteristics of SBC and MBC patients

Table 1 depicts the clinical characteristics of 4403 SBC and 7159 MBC cases. The average
age at diagnosis for SBC patients was 63.1 years (SD=13.7); for MBC patients, the average
age was 59.4 years (SD=12.9) at first diagnosis and 64.6 years (SD=13.0) at second
diagnosis. Among SBC cases, the two tumors were ER-discordant in 422 (10%) patients. In
MBC cohort, the ER negative-to-positive (—=/+) change was observed in 1008 (14%) patients
and the ER positive-to-negative (+/-) change was observed in 1080 (15%) patients (Table
1). Most of the SBC cases were treated with mastectomy (60%), whereas the predominant
surgical treatment of the first breast cancer in MBC patients was lumpectomy (60%).

Outcomes of SBC according to hormone-receptor status

In the SBC cohort, the median follow-up was 6.8 years [interquartile range (IQR) 7.0-10.9
years, range 5.5-13.9 years]. During a total of 32271 person-years of follow-up, 1568
patients died, including 722 from breast cancer, 205 from other cancers, and 641 from other
causes. Patients with concordant-positive (+/+) ER status had better clinical outcomes than
patients with concordant-negative (—/-) ER status, whereas patients with discordant ER
status had an intermediate prognosis (Supplementary Figure S1). The separation among
the three groups was more pronounced during the earlier years of follow-up and for BCSS.
In the multivariable analysis, we stratified the analysis before and after 5 years of follow-up,
because the proportional hazard assumption was violated if constant hazard ratio was
assumed for the entire duration of follow-up (Table 2). We found that ER-discordant cases
had approximately 2-fold higher all-cause mortality (HR=1.96, 95% CI: 1.60-2.40; p<0.001)
than ER concordant-positive cases and lower all-cause mortality (HR=0.78, 95% CI:
0.61-1.01; p=0.06) than ER concordant-negative cases in the first 5 years. Similarly ER-
discordant cases had 2.8-fold higher risk of dying from breast cancer (HR=2.79, 95% CI:
2.14-3.64; p<0.001) than ER concordant-positive cases in the first 5 years, but had similar
risk of dying from breast cancer (HR=0.85, 95% CI: 0.62-1.16; p=0.30) compared with ER
concordant-negative cases. By contrast, there was no statistically significant difference
among the three groups in either OS or BCSS after 5 years.

When we examined the outcomes according to PR status, we found that there were
significant differences among PR-discordant, concordant-negative, and concordant-positive
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cases in the univariate analysis (Supplementary Figure S1) and in the multivariable
analysis (Table 3, Model 1). In particular, PR discordant patients had higher all-cause
mortality (HR=1.42, 95% CI: 1.19-1.69; p=0.0001) and breast cancer-specific mortality
(HR=1.75, 95% ClI: 1.36-2.24; p<0.0001) than PR concordant-positive patients in the first 5
years, while PR discordant patients had lower all-cause mortality (HR=0.80, 95% ClI:
0.65-0.99; p=0.04) and breast cancer-specific mortality (HR=0.73, 95% CI: 0.55-0.95;
p=0.02) than PR concordant-negative patients. However, PR status was no longer
significantly associated with OS or BCSS after adjusting for ER status (Table 3, Model 2).

Outcomes of MBC according to hormone-receptor status

In the MBC cohort, the median follow-up time from the diagnosis of the second cancer was
3.8 years (IQR 1.8-5.9 years, range 0.1-13.1 years). During a total of 27527 person-years of
follow-up, 1462 patients died, including 835 from breast cancer, 149 from other cancers, and
478 from other causes. Kaplan-Meier analysis showed that patients with concordant-
negative (—/-) ER status had the worst OS and BCSS, followed by patients with a positive-
to-negative change (+/-) in ER status, whereas patients with concordant positive (+/+) or
negative-to-positive change (—/+) had the best clinical outcomes (Supplementary Figure
S2). These differences were attenuated in the multivariable analysis which adjusted for
several prognostic factors including tumor stage and grade from both cancers (Table 4). In
the first 5 years, the ER negative-to-positive (=/+) group (HR=0.75 for OS and HR=0.66 for
BCSS) had lower risk of dying compared to the ER concordant-positive (+/+) group,
whereas the ER positive-to-negative (+/-) group (HR=1.32 for OS and HR=1.44 for BCSS)
and the ER concordant-negative (-/-) group (HR=1.48 for OS and HR=1.45 for BCSS) had
a higher mortality risk compared to the ER concordant-positive (+/+) group. After 5 years,
ER (=/-) patients had a lower all-cause mortality compared to patients with ER (+/+) breast
cancers.

The results for the four PR groups were similar with those observed for the ER groups
(Supplementary Figure S2 and Table 5). After adjusting for ER status, the association
between PR status and OS and BCSS in the first 5 years was no longer statistically
significant (Table 5, Model 2).

Prognostic effects of tumor stage and grade of two cancers

In patients with SBC, the common practice of staging is to consider the higher stage of two
cancers. As shown in Supplementary Table S3, the model that included both stages (model
A) and the model with higher stage (model B) had similar predictive values on BCSS, but
model B is less complicated, suggesting that the practice of using higher stage is justified.
Similarly, the model with higher histologic grade (model D) fit the data as well as the model
with both grades (model C). Based on these results, higher stage and grade were adjusted for
in the analysis of hormone receptors in the SBC cohort. Of note, among SBC patients in
which the two tumors were at different stage, the odds of the higher stage tumor being ER
negative versus the lower stage tumor was only 1.15:1.

In the MBC cohort, tumor stage of previous cancer was associated with BCSS after
accounting for tumor stage of current cancer (Supplementary Table S4, Model B).
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Although the model with higher stage (model C) fit the data well, it was not as good as
model B according to Chi-square statistic and Akaike information criterion. Similarly,
histologic grade of previous cancer was an independent prognostic factor after adjusting for
histologic grade of current cancer. Based on these results, stage and grade of both tumors
were adjusted for in the analysis of hormone receptors in the MBC cohort.

DISCUSSION

In this study, we evaluated the prognostic impact of heterogeneity in hormone-receptor
status in two cohorts of bilateral breast cancer patients. In both cohorts of patients, we found
that heterogeneity in hormone-receptor status could be used to predict the overall survival
and breast cancer-specific survival. The prognostic value of the ER status was predominant
over that of the PR status. We also found that the effect of the hormone-receptor status
varied with respect to the follow-up time.

In patients with SBC, we found that ER-discordant patients have a higher mortality risk than
ER concordant-positive patients and a lower mortality risk than ER concordant-negative
patients during the first 5 years. By contrast, our study justified the common practice of
using the higher stage and grade of the two tumors. These findings support the need to
evaluate hormone-receptor expression in all breast cancer lesions, regardless of tumor size
or stage. Moreover, heterogeneity in the hormone-receptor status could change the
therapeutic management of patients with SBC; both hormone therapy and chemotherapy
may be considered for SBC patients with discordant ER status. A recent study focusing on
multifocal/multicentric breast cancer has already showed that heterogeneity of molecular
markers leads to change in adjuvant treatment in 12% of cases.3 Notably, almost half of
SBC patients in our study had missing data in ER or PR in at least one of the two cancers.
Usually larger or higher stage tumor was being tested for hormone receptors, but the
smaller/lower stage tumor could also be ER negative, so it is possible that some of these
patients may not receive optimal therapies.

In patients with MBC, we found that a change in ER status occurred in one-quarter of the
patients, and the ER status of the first cancer could affect clinical outcome of the second
breast cancer. We also found that stage and grade of the first breast cancer independently
predicted clinical outcome of the second breast cancer. However, after adjusting for tumor
stage and grade of both the first and second cancer, the predictive value of ER status of the
first cancer was attenuated. In another word, ER status of previous cancer did not provide
additional prognostic information if we already know grade and stage of first cancer. On the
other hand, ER status of previous cancer may still important to guide therapy after diagnosis
of contralateral breast cancer as the lag time between two cancers was about 5 years and a
recent clinical trial demonstrated that continuation of tamoxifen for 10 years reduced breast
cancer mortality compared to tamoxifen treatment for 5 years.18

We found that the combined hormone-receptor status of the two cancers had differential
effects on clinical outcomes over time. A statistically significant difference between
discordant and concordant-positive (+/+) cases was found only during the first 5 years after
diagnosis in SBC cases; in the MBC cohort, +/- and —/- cases had worse prognosis than +/+
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cases during the first 5 years. This observed non-proportional hazard ratio is consistent with
previous studies in patients with single breast cancer, which showed that the risk of relapse
or death is more frequent in patients with ER-negative breast cancers during the first 5-7
years after diagnosis, and in patients with ER-positive breast cancers thereafter.19.20 The
effects of PR status overlapped with those of ER status. In multivariable analyses that
adjusted for ER status, the prognostic value of PR status disappeared or weakened. This
result is not surprising, because PR is an ER-regulated gene and is considered as a surrogate
marker for functional ER.21

Although not a primary focus of the study, we observed that many bilateral breast cancer
patients died from other cancers, such as lung cancer, colon cancer, ovarian cancer, non-
Hodgkin lymphoma, and pancreatic cancer. Previous study reported that bilateral breast
cancer patients had an increased risk of non-breast third cancer, which is possibly due to
genetic factors and treatment of breast cancer.?2

The strengths of our study include the relatively large sample size, the population-based
registry data, and the specific information concerning the cause of death. However, there
were some limitations. First, hormone-receptor assays were not standardized across clinics
in SEER, although a study showed that ER measurement is reliable for SEER registries.23
The methods for measuring hormone receptors and cut-off for calling positivity changed
over time.24 Second, data on chemotherapy and endocrine therapy were not available in
SEER database, so we were not able to examine ER/PR as predictive biomarkers in addition
to prognostic markers. Chemotherapy, endocrine therapy, and supportive care also evolved
in the past 2 decades, with effective agents such as taxanes and trastuzumab being
introduced in the late 1990s. In order to define a cohort that is relatively homogeneous in
treatment and hormone-receptor testing, we focused the analysis to patients with first
cancers diagnosed in 1998-2005. Last, only 32% (n=2,256) of patients with MBC were
followed up beyond year 5, so the statistical power for survival analysis in >5 years is
limited, which may be one reason for the observed non-significant results. However, the
non-significant results in >5 years are consistent from data in patients with single breast
cancer.19.20

This study shows that heterogeneity in hormone-receptor status is an important prognostic
marker for patients with bilateral breast cancers. For patients with SBC, our results justified
the evaluation of hormone-receptor expression in both cancers to better define treatment and
prognosis of these patients. For patients with MBC, tumor characteristics of previous cancer
including stage, grade, and hormone receptors are important to predict survival outcomes of
the current cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Characteristics of 11562 Bilateral Breast Cancer Patients, SEER 1998-2011

Characteristics

SBC cohort (n=4403)

MBC cohort (n=7159)

First cancer ~ Second cancer

Year of diagnosis 1998-2005 1998-2005 1998-2011
Age at diagnosis, mean+SD 63.1+13.7 59.4+12.9 64.6+£13.0
Months between two cancers, median (IQR) range 0(0-1) 60 (33-87)
0-6 7-164

Race/ethnicity, n (%)

White 3571 (82) 5390 (76)

Black 317 (7) 751 (11)

Asian 233 (5) 478 (7)

Latino 257 (6) 515 (7)

Others/unknown 25 25
Marital status, n (%)

Single 563 (13) 834 (12)

Married 2300 (54) 3800 (56)

Divorced/ separated 498 (12) 829 (12)

Widowed 891 (21) 1326 (20)

Unknown 151 370
Estrogen receptor, n (%)

++ 3611 (82) 4137 (58)

-I- 370 (8) 934 (13)

Discordant 422 (10)

+- 1080 (15)

-+ 1008 (14)
Progesterone receptor, n (%)

++ 2930 (67) 2835 (40)

-/~ 657 (15) 1441 (20)

Discordant 816 (19)

+- 1741 (24)

-+ 1142 (16)
Histology of two tumors combination, n (%)

Ductal/ductal 2769 (63)

Ductal/lobular 612 (14)

Ductal/other 615 (14)

Lobular/lobular 202 (5)

Lobular/other 72(2)

Other/other 133 (3)
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Characteristics SBC cohort (n=4403) MBC cohort (n=7159)
First cancer ~ Second cancer
Histology, n (%)
Ductal 5819 (81) 5759 (80)
Lobular 515 (7) 648 (9)
Other 825 (12) 752 (11)
Grade, n (%)
Well differentiated 599 (14) 1331 (20) 1318 (20)
Moderately differentiated 1978 (47) 2663 (41) 2607 (39)
Poorly or non-differentiated 1632 (39) 2577 (39) 2676 (41)
Unknown 194 588 558
AJCC stage, n (%)
0 148 (3) 580 (8) 1220 (18)
1 1434 (33) 3467 (49) 3458 (50)
2A 1208 (28) 1552 (22) 1143 (17)
2B 660 (15) 649 (9) 399 (6)
3A 466 (11) 410 (6) 306 (4)
3B 182 (4) 149 (2) 148 (2)
3 254 (6) 206 (3) 213 (3)
Unknown 51 146 272
Tumor size in cm, median (IQR) 2.1(1.4-33) 1.5(1.0-2.5) 1.3(0.8-2.1)
No. of positive nodes
0 2373 (55) 5090 (73) 5378 (79)
1-3 1217 (28) 1291 (18) 902 (13)
4-9 438 (10) 389 (6) 313 (5)
>10 265 (6) 226 (3) 214 (3)
Unknown 110 163 352
Surgery
No 90 (2) 83 (1) 296 (4)
Lumpectomy 1283 (29) 4300 (60) 3297 (46)
Mastectomy 2425 (55) 2743 (38) 2993 (42)
Bilateral mastectomy 605 (14) 33(0.5) 573 (8)
Radiotherapy
No 2680 (63) 2849 (41) 4398 (64)
Yes 1593 (37) 4046 (59) 2499 (36)
Unknown 130 264 262

1duasnuen Joyiny

Abbreviations: AJCC, American Joint Committee on Cancer; IQR, interquartile range; MBC, metachronous breast cancer; SBC, synchronous
breast cancer; SD, standard deviation
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Table 2
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Prognostic Effects of Estrogen-Receptor Status in Women with Synchronous Breast Cancers, SEER

1998-2005

Overall Survival

Estrogen-receptor status  No. of patients  No. of patients at year 5  No. of events Rate? HR (95% Cl)b

<5 years > 5 years
++ 3611 2963 668 4.0 1.0 (ref) 1.0 (ref)
Discordant 422 293 133 7.5 1.96 (1.60-2.40) 0.98 (0.72-1.35)
-I- 370 229 142 9.6  2.49(2.03-3.07) 0.84(0.58-1.20)
P value <0.0001 0.62

Breast Cancer-Specific Survival

Estrogen-receptor status  No. of patients  No. of patients at year 5  No. of events Rate?® HR (95% Cl)b

<5 years > 5 years
++ 3611 2963 491 18 1.0 (ref) 1.0 (ref)
Discordant 422 293 103 3.7 2.79(2.14-3.64)  1.01 (0.62-1.65)
-/~ 370 229 128 5.4 3.29 (2.54-4.26)  1.03 (0.65-1.64)
P value <0.0001 0.99

Abbreviations: HR, hazard ratio; Cl, confidence interval

P value is from the omnibus test of comparing three groups in Cox model

aDeath rate per 100 person-years

Adjusted in a piecewise Cox model for age at diagnosis, race/ethnicity, marital status, AJCC stage, grade, histology of both cancers, surgery type,
radiotherapy, and time interval between the two cancer
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Table 4

Prognostic Effects of Estrogen-Receptor Status in Women with Metachronous Breast Cancers, SEER
1998-2011

Overall Survival

Estrogen-receptor status  No. of patients  No. of patients at year 5  No. of events Rate? HR (95% Cl)b

<5 years > 5 years
++ 4137 1353 756 4.6 1.0 (ref) 1.0 (ref)
-+ 1008 304 158 4.3 0.75 (0.58-0.96)  0.67 (0.41-1.09)
+/- 1080 317 253 6.1  1.32(1.08-1.62) 0.70 (0.43-1.12)
-/- 934 282 295 8.6 1.49(1.19-1.85) 0.52 (0.31-0.88)
P value <0.0001 0.04

Breast Cancer-Specific Survival

Estrogen-receptor status  No. of patients  No. of patients at year 5  No. of events Rate HR (95% Cl)b

<5 years > 5 years
++ 4137 1353 350 2.2 1.0 (ref) 1.0 (ref)
-+ 1008 304 82 2.2 0.66 (0.46-0.94)  0.74 (0.36-1.53)
+- 1080 317 162 39  1.44(1.11-1.87) 0.54(0.25-1.16)
-/- 934 282 241 7.0 1.45(1.11-1.90) 0.58 (0.30-1.13)
P value <0.0001 0.23

Abbreviations: HR, hazard ratio; Cl, confidence interval

P value is from the omnibus test of comparing three groups in Cox model
aDeath rate per 100 person-years

Adjusted in a piecewise Cox model for age at diagnosis, race/ethnicity, marital status, AJCC stage of both cancers, grade of both cancers,
histology of both cancers, surgery type of both cancers, radiotherapy of both cancers, and time interval between the two cancers
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