1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Cancer. Author manuscript; available in PMC 2016 October 01.

-, HHS Public Access
«

Published in final edited form as:
Cancer. 2015 October 1; 121(19): 3422-3427. d0i:10.1002/cncr.29572.

High Incidence of Germline BRCA Mutation in Patients with ER
low positive/PR low positive/HER-2 neu negative Tumors

Rachel Ann Sanford, MD2, Juhee Song, PhDP, Angelica M. Gutierrez-Barrera, MS¢, Jessica
Profato, MSY, Ashley Woodson, MSY, Jennifer Keating Litton, MD®, Isabelle Bedrosian,
MD€, Constance T. Albarracin, MD, PhD', Vicente Valero, MD®, and Banu Arun, MD°®

aDivision of Cancer Medicine, The University of Texas MD Anderson Cancer Center
bDepartment of Biostatistics, The University of Texas MD Anderson Cancer Center
¢Department of Breast Medical Oncology, The University of Texas MD Anderson Cancer Center
dDepartment of Clinical Cancer Genetics, The University of Texas MD Anderson Cancer Center
€Department of Surgical Oncology, The University of Texas MD Anderson Cancer Center

‘Department of Pathology, The University of Texas MD Anderson Cancer Center

Abstract

Purpose—2015 NCCN guidelines recommend genetic counseling and germline BRCA mutation
testing be offered to women under age 60 with triple negative breast cancer (TNBC). As a result of
the 2010 ASCO/CAP guidelines in breast cancer, patients with breast cancers that are ER or PR
low-positive (1-9% on immunohistochemistry) are no longer strictly considered to have TNBC
and may not be referred for genetic counseling. However, the incidence of BRCA mutation in
patients with hormone receptor (HR) low-positive breast cancers remains unknown, and current
ASCO/CAP guidelines may result in under-testing for BRCA mutation.

Methods—We reviewed a prospectively maintained research database of breast cancer patients
evaluated at UT MD Anderson Cancer Center between 2004 and 2014, identifying 314 patients
with ER<10%, PR<10%, HER-2 neu negative breast cancers with known BRCA mutation status.

Results—314 patients had breast cancers expressing ER and PR <10%; 238 (75.8%) had HR
negative (ER and PR <1%) cancers and 76 (24.2%) had HR low-positive (ER and/or PR 1-9%)
cancers. Among patients with HR negative tumors, 86 of 238 (36.1%) had a BRCA 1/2 mutation,
while among the HR low-positive group, 30 of 76 (39.5%) had a BRCA 1/2 mutation. In
multivariate analysis, HR status (HR<1% vs. HR 1-9%) was not significantly associated with
BRCA 1/2 mutation.

Conclusion—The incidence of BRCA 1/2 mutation is similar in patients with HR low-positive
and HR negative breast cancers. We recommend offering genetic counseling and BRCA testing to
patients under age 60 with ER low-positive breast cancers.
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Introduction

Germline BRCAL and BRCA2 mutations, which confer an increased lifetime risk of breast
and ovarian cancers, are frequently associated with triple negative breast cancers (TNBC).1
Among patients with TNBC, the incidence of BRCAL/2 mutation is estimated to range from
11-37%%2~° with higher rates reported in younger patients, compared with BRCA1 and
BRCA2 mutation rates of <1-7% and 1-3% respectively, for breast and ovarian cancer
patients unselected for age, cancer subtype and family history.6 Accordingly, current
National Comprehensive Cancer Network (NCCN) guidelines recommend all patient under
age 60 with TNBC be referred for genetic counseling and consideration of BRCA testing.’

In 2010 the American Society of Clinical Oncology (ASCO) and College of American
Pathologists (CAP) issued an updated guideline on immunohistochemical (IHC) testing of
ER and PR in breast cancer which included a recommendation that adjuvant endocrine
therapy be considered for all patients with tumors expressing ER > 1%.8 This was informed
by the evolving understanding of breast cancer subtypes provided by tissue microarray
analysis,? and in part by the robust body of evidence demonstrating improved outcomes in
patients with strongly hormone receptor positive breast cancer who received adjuvant
endocrine therapy.19 In making this recommendation, the 2010 ASCO/CAP guideline
effectively redefined triple negative breast cancer to include only those tumors expressing
ER <1% and PR <1%. However in practice, considerable debate continues regarding what
ER and PR percentage defines a hormone receptor (HR) positive tumor.

Early studies demonstrating the benefit of endocrine therapy in HR positive breast cancers
used ligand binding assays (LBA) to assess ER status, with ER values expressed in fmol/mg.
Historically, a value > 10 fmol/mg was used to define ER positivity.11 While IHC has now
replaced LBA, no nomogram exists that allows the conversion of LBA values to IHC values.
This makes extrapolation of the results of early studies at the lower limits of estrogen
positivity particularly difficult.

HR low-positive breast cancer is relatively rare, and its response to endocrine therapy has
been assessed mostly in subset analyses of larger trials. A 2011 paper reporting the influence
of tamoxifen on breast cancer outcomes stratified by ER positivity assessed by both LBA
and IHC showed no benefit to adjuvant endocrine therapy in patients with 1-9% ER positive
tumors. Of note, despite the inclusion of 683 patients in this trial, only 7 had breast cancers
that were 1-9% ER positive, reflecting the difficulty of systematic analysis of this relatively
rare breast cancer subtype.12

The debate surrounding the definition of ER positivity has been further fueled by recent data
suggesting that ER low-positive tumors often express the basal-like molecular phenotype
associated with TNBC, rather than the luminal phenotype associated with hormone-receptor
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positive breast cancer.13-15 Emerging data also suggests worse overall survival in patients
with ER low-positive tumors compared to those with > 10% ER-positive tumors.16:17

Women with HR low-positive tumors, who as a result of the 2010 ASCO/CAP guideline are
now considered to have HR positive breast cancer, may not be referred for genetic
counseling and BRCA testing. This may be causing inappropriate “under-testing” for BRCA
mutations in this population. We sought to identify the incidence of deleterious germline
BRCA mutation in patients with HR low-positive tumors, hypothesizing that it would be
comparable to the incidence in patients with HR negative tumors.

We reviewed a prospectively maintained research database of all patients with a diagnosis of
breast cancer referred for genetic counseling and testing at The University of Texas MD
Anderson Cancer Center between February 2004 and May 2014. We identified patients with
ER<10% PR <10% HER-2 neu negative breast cancers with known BRCA test results. All
external pathology was reviewed at our institution; where external pathology and internal
pathology reports differed, internal pathology was used. Only pathology reports that
included a numerical value for percent ER staining were used. Where HER-2 neu IHC and
fluorescent in situ hybridization (FISH) were both available, FISH was used to make a final
determination of HER-2 neu status. In patients who received neoadjuvant chemotherapy and
had both pre- and post-chemotherapy tissue with ER and PR status, the pre-chemotherapy
specimen was used. The study was approved by our center’s Institutional Review Board.

Statistical Methods

All variables of interest were summarized using descriptive statistics, including mean
(standard deviation (SD)) for continuous variables and frequency (percent) for categorical
variables. Patient characteristics were summarized according to ER status and BRCA
mutation status. Two groups with ER and PR <1% and with ER and/or PR 1-9% were
compared in each variable. Two sample t-test or Wilcoxon rank-sum test were used for
continuous variables and Chi-square test or Fisher’s exact test were used for categorical
variables. Univariate and multivariate logistic regression models were fitted considering
BRCA mutation status (BRCA mutation versus no BRCA mutation) as a response variable
and other patient characteristics as predictor variables. A p-value of less than 0.05 indicated
statistical significance. SAS 9.4 (SAS Institute INC, Cary, NC) was used for data analysis.

Cohort Determination

We identified 526 patients with ER<10% PR <10% HER-2 neu negative breast cancers who
underwent genetic testing for deleterious BRCA mutation. We excluded 160 patients whose
ER or PR status was not quantified (i.e., reported only as “negative” or “low-positive), 22
patients with p53 mutations or BRCA mutations of unknown significance, 19 patients with
ductal carcinoma in site (DCIS) without invasive breast cancer, and 11 patients with a
second breast cancer that was ER/PR positive or HER-2 neu positive, leaving 314 patients
with ER<10% PR <10% HER-2 neu negative breast cancers with informative BRCA test
results.
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Patient and tumor characteristics are summarized in Table 1. Median age at diagnosis was 44
years (range 22—76 years); only 25 patients (8.0%) were = 60 years old at the time of
diagnosis. Nine patients (2.9%) had a personal history of ovarian cancer, 99 (31.6%) had a
first degree relative with breast cancer, and 31 (9.9%) had a first degree relative with ovarian
cancer. Two hundred and ninety-six patients (94.3%) presented with stage I-I11 breast cancer,
16 patients (5.1%) with stage 1V breast cancer, and two patients had unknown stage. Ninety
four patients with BRCA1 mutations were identified, and 22 patients with BRCA2
mutations were identified. There was a trend toward younger age at diagnosis in the HR low-
positive group compared with the HR negative group. Family history of breast or ovarian
cancer, personal history of ovarian cancer, race, and stage did not vary significantly between
the HR negative and HR low-positive groups. Two hundred and thirty-eight patients (75.8%)
had tumors that were HR negative (ER and PR <1%), while 76 patients (24.2%) had tumors
that were HR low-positive. The HR low-positive group included 59 patients with ER 1-9%
and PR<1% tumors, 15 patients with ER 1% and PR 1-9% tumors, and 11 patients with ER
1-9% and PR 1-9% tumors. Among the HR negative group, 86 of 238 (36.1%) had a BRCA
mutation, while among the HR low-positive group, 30 of 76 (39.5%) had a BRCA mutation.
There was no significant difference in the rate of BRCA mutation between the two groups (p
= 0.60). Univariate analysis is summarized in Table 2. In univariate analysis, younger age at
diagnosis of breast cancer (OR (95% CI), 0.98 (0.95-1.00)), personal history of ovarian
cancer (14.58 (1.80-118.03)), first degree relatives with breast cancer (3.21 (1.95-5.27)),
any relatives with breast cancer (1.89 (1.07-3.35)), first degree relatives with ovarian cancer
(4.97 (2.20-11.21)), and any relatives with ovarian cancer (4.53 (2.67-7.70)) were
associated with increased odds of BRCA mutation.

Multivariable logistic regression analysis is summarized in Table 3. In multivariate analysis
age, personal history of ovarian cancer, having a first degree relative with breast cancer, and
having any relative with ovarian cancer showed significant associations with BRCA
mutation stats. After adjusting for age, personal history of ovarian cancer, first degree
relatives and all relatives with breast cancer, first degree relatives and all relatives with
ovarian cancer, race and stage, HR status (ER and PR <1% vs. ER and/or PR 1-9%) was not
significantly associated with BRCA mutation.

Discussion

Our study demonstrates a comparable incidence of deleterious germline BRCA mutation in
patients with HR low-positive and HR negative breast cancers. These results confirm our
hypothesis that only performing genetic counseling and BRCA testing in patients under age
60 with ER <1% PR <1% HER-2 neu negative tumors is likely to result in under-testing for
BRCA mutation in patients whose sole indication for BRCA testing is TNBC.

Current NCCN guidelines recommend genetic counseling and germline BRCA testing for
patients < 60 years old with TNBC and for patients < 50 years old with a diagnosis of breast
cancer, regardless of subtype. Therefore, patients between the ages of fifty-one and sixty
with HR low-positive tumors comprise the population most at risk for under-testing due to
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HR low-positive status. Our study population included thirteen patients aged 51-60 with HR
low-positive tumors; of these thirteen patients, two were identified as BRCA mutation
carriers. One patient with an ER low-positive/PR negative tumor was identified as a BRCA1
mutation carrier, and one patient with an ER negative/PR low-positive tumor was identified
as a BRCA2 mutation carrier. Therefore in our population, the number needed to test in
order to identify one BRCA mutation carrier in women aged 51-60 with HR low-positive
tumors was 6.5.

To our knowledge, this is the first study reporting the incidence of BRCA mutation in
patients with HR low-positive breast cancers. These results add to the growing body of
literature suggesting a biologic difference in ER/PR low-positive (1-9%) vs ER/PR strongly
positive (=10%) breast cancers. Previous studies have documented that the molecular
phenotypes of HR 1-9% breast cancers are more in line with HR negative breast cancers
than with HR strongly positive breast cancers, as are clinical outcomes.3:16 The present
study should encourage further caution in grouping HR low-positive and HR positive breast
cancers in the design of clinical trials and in the treatment of individual patients.

The 2010 ASCO/CAP guidelines recommend that endocrine therapy be considered for
breast cancers expressing ER = 1% based on robust data supporting the use of adjuvant
endocrine therapy in patients with strongly ER-positive breast cancers including the
EBCTCG 2011 meta-analysis, which demonstrated a 39% decrease in recurrence rate after
10 years of adjuvant endocrine for patients with ER-positive breast cancer. Of note, the
EBCTCG 2011 meta-analysis analyzed ER by LBA, and demonstrated a benefit for
endocrine therapy at ER levels = 10 fmol/mg. No benefit was seen for patients with tumors
with ER levels 1-9 fmol/mg. Extrapolating evidence of benefit from this data to patients
with tumors that are 1-9% ER positive by IHC is problematic, as strict correlation between
LBA and IHC assays is not possible at the lower limits of ER positivity. It has been
suggested that an IHC-based Allred score of > 2, corresponding to 1-10% ER staining on
IHC, should correspond to LBA values of 10 fmol/g. However, even when this relatively
broad range is used, a significant number of samples remain discordant at the lower limit of
ER positivity.18 Other studies have suggested correlating 0.5 fmol/mg ER levels to 10%
staining; 19 regardless of the exact value used, a significant number of discordant results
remain at the lower threshold of ER positivity, and caution is required when extrapolating
data for this patient population.20-22

Some patients with ER/PR low-positive breast cancers will have luminal subtype tumors
likely to benefit from endocrine therapy, and it remains reasonable to consider adjuvant
endocrine therapy in these patients, particularly as these therapies are often well-tolerated.
However, the potential benefit of endocrine therapy to a small number of patients with HR
low-positive tumors should not come at the expense of under-testing for BRCA, which has
been an unintended consequence of the 2010 ASCO/CAP guideline.

Limitations of our study include a relatively small sample size, although our numbers are in
keeping with other studies of HR low-positive tumors. Further investigation with larger
numbers of patients is warranted. As every patient in our study was seen in a breast cancer
genetics clinic, our study is de facto susceptible to ascertainment bias. The pitfalls of
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ascertainment bias in studies of BRCA mutation status have been well-documented.23
Although many patients in our study would have been tested for BRCA regardless of the HR
status of their breast cancer due to strong family history or young age, our results
nevertheless did not show a significant difference in BRCA rates between the HR negative
and HR low-positive groups. Therefore, we may conclude that in patients whose sole
indication for BRCA testing is TNBC, a strategy of testing only patients with ER and PR
<1% tumors may results in under-testing.

Our study identified 160 patients whose ER/PR status was reported only as “negative” or
“low positive” on pathology. Our study extended from 2004 to 2014, with the 2010
ASCO/CAP guidelines being issued in the middle of this period, therefore we felt the
clearest results would be obtained by excluding all 160 of these patients, since a patient with
ER 5% staining could variably be classified as negative or low-positive depending on when
their pathology was reviewed and the rate at which individual pathologists incorporated the
guideline into their practice.

Based on these results, we recommend the following modification to NCCN guidelines:
genetic counseling and BRCA testing should be considered for all patients under age 60
with ER<10% PR <10% HER-2 neu negative breast cancers. A strategy of testing only
patients with ER <1% PR <1% HER-2 neu negative breast cancers will result in under-
testing of patients whose primary indication for BRCA testing is TNBC, and failure to make
the potentially life-saving diagnosis of deleterious BRCA mutation carrier status, which may
have major health implications for both the tested patient and her family members.
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Table 1
Patient and Tumor Characteristics
Variable ER and/or PR 1-9% (N=76) ER and PR <1% (N=238) P-value
Age at Diagnosis of Breast Cancer (BC), mean + SD 415+10.8 442 +10.6 0.05
Personal History of Ovarian Cancer (OC) 1.00
No 74(97.4%) 231(97.1%)
Yes 2(2.6%) 7(2.9%)
First Degree Relatives with BC * 0.18
No 56(74.7%) 158(66.4%)
Yes 19(25.3%) 80(33.6%)
Any Relative with BC 0.85
No 19(25%) 57(23.9%)
Yes 57(75%) 181(76.1%)
First Degree Relatives with OC 0.85
No 68(90.7%) 214(89.9%)
Yes 7(9.3%) 24(10.1%)
Any Relative with OC 0.92
No 56(73.7%) 174(73.1%)
Yes 20(26.3%) 64(26.9%)
Race 0.13
Asian 3(3.9%) 9(3.8%)
Black 14(18.4%) 29(12.2%)
Hispanic 17(22.4%) 36(15.1%)
White 41(53.9%) 163(68.5%)
Other/Unknown 1(1.3%) 1(0.4%)
Stage i 0.78
1 18(23.7%) 56(23.7%)
2 39(51.3%) 114(48.3%)
3 17(22.4%) 52(22%)
4 2(2.6%) 14(5.9%)
BRCA Mutation 0.60
Negative 46(60.5%) 152(63.9%)
Positive 30(39.5%) 86(36.1%)
BRCA 1, BRCA 2 Mutation
Negative 46(60.5%) 152(63.9%) 0.79
BRCA1 25(32.9%) 69(29%)
BRCA 2 5(6.6%) 17(7.1%)
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*
Complete family history not available for n = 1 patient

Hk
Staging information not available for n = 2 patients
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Table 2

Univariate Logistic Regression Analysis for BRCA Mutation

Variable Odds Ratio (95% CI)  P-value

Age at Diagnosis of Breast Cancer (BC) (years), mean + SD 0.98 (0.95-1.00) 0.03

Personal History of Ovarian Cancer (OC)
No 1.00
Yes 14.58 (1.80-118.03) 0.01

First Degree Relative(s) with BC
No 1.00
Yes 3.21 (1.95-5.27) <0.0001

Any Relative(s) with BC
No 1.00
Yes 1.89 (1.07-3.35) 0.03

First Degree Relative(s) with OC
No 1.00
Yes 4.97 (2.20-11.21) <0.001

Any Relative(s) with OC

No 1.00

Yes 453 (2.67-7.70) <0.0001
Race 0.14%

Hispanic 1.00

White 0.54 (0.29-0.99) 0.05

Black 0.34 (0.14-0.81) 0.02

Asian 0.71 (0.20-2.51) 0.59

Other/Unknown 0.19 (0.004-8.26) 0.39
Stage 042

| 1.00

1 0.64 (0.36-1.13) 0.12

1 0.66 (0.34-1.30) 0.23

v 0.97 (0.33-2.87) 0.95
HR Status

ER and PR <1% 1.00

ER and/or PR 1-9% 1.15 (0.68-1.96) 0.60

*
Overall significance of race using Logistic Regression

HA
Overall significance of stage using Logistic Regression
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Table 3

Multivariable Logistic Regression for BRCA Mutation

Variable Adjusted Odds Ratio (95% CI)  P-value
Age at Diagnosis of Breast Cancer (BC) (years), mean + SD 0.92 (0.90-0.95) <0.0001
Personal History of Ovarian Cancer (OC)

No 1.00

Yes 24.79 (2.66-231.09) <0.01
First Degree Relative(s) with BC

No 1.00

Yes 4.35 (2.22-8.52) <0.0001
Any Relative(s) with BC

No 1.00

Yes 1.51 (0.72-3.15) 0.28
First Degree Relative(s) with OC

No 1.00

Yes 2.80 (0.90-8.64) 0.07
Any Relative(s) with OC

No 1.00

Yes 4.93 (2.37-10.25) <0.0001
Race 0.19 *

Hispanic 1.00

White 0.58 (0.27-1.26) 0.17

Black 0.45 (0.16-1.29) 0.14

Asian 1.07 (0.24-4.74) 0.93

Other/Unknown <0.001 (<0.001->999.99) 0.99
Stage 035"

1 1.00

1 0.529 (0.26-1.06) 0.07

1] 0.69 (0.31-1.55) 0.37

\Y] 0.74 (0.18-3.02) 0.68
HR Status

ER and PR <1% 1.00

ER and/or PR 1-9% 1.09 (0.57-2.08) 0.81

*
Overall significance of race using Logistic Regression

*:

A
Overall significance of stage using Logistic Regression
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