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Abstract

Purpose—To evaluate the impact of low ER/PR expression and effect of endocrine therapy on
survival outcomes in HER2-negative tumors with ER/PR < 10%, previously labeled as triple
negative.

Methods—In a retrospective review, 1257 patients were categorized according their ER/PR
percentages into three groups, ER/PR <1% (Group A), ER/PR 1-5% (Group B) and ER/PR 6-
10% (Group C). Kaplan-Meier product limit method was used to estimate survival outcomes. Cox
proportional hazards models was used to adjust for patient and tumor characteristics.

Results—Group A, B and C had 897 (71.4%), 241 (19.2%) and 119 (9.4%) patients respectively.
After a median follow up of 40 months there was no significant difference in 3-year recurrence
free survival (RFS): 64%, 67% and 77% (P = 0.34) or overall survival (OS): 79%, 81% and 88%
(P = 0.33) for groups A, B and C respectively. ER/PR expression was not an independent predictor
for RFS (HR=1.10, 95% CI: 0.86-1.39, P=0.46 for group B and HR=0.96, 95% CI: 0.66-1.38,
P=0.81 for group C, compared to group A), or OS (HR=1.11, 95% CI: 0.84-1.46, P=0.46 for
group B and HR=0.94, 95% CI: 0.63-1.42, P=0.78 for group C, compared to group A). Endocrine
therapy had no impact on survival outcomes (RFS: P=0.10; OS: P=0.45) among groups.

Conclusions—In this cohort, a low ER/PR level (1-5%) does not appear to have any significant
impact on survival outcomes. There was a tendency for survival advantages in the ER/PR 6-10%
is seen. Benefit of endocrine therapy in these patients is unclear.
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INTRODUCTION

Breast cancer is a heterogeneous disease.! Principally, it can be categorized as either
receptor positive breast cancers (those that express estrogen receptor (ER), progesterone
receptor (PR) and human epidermal growth factor receptor 2 (HER2)) or receptor negative
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breast cancers.? This classification is based on availability of targeted therapies
(antiestrogens, aromatase inhibitors and trastuzumab) directed at these growth receptors.34°
These targeted agents have resulted in considerable improvement in breast cancer survival
and prognosis in receptor positive subtypes in the last few decades. However, therapeutic
success in receptor negative subtypes has been disappointing with a median survival of
about 1 year in metastatic disease.® These receptor negative subtypes also known as triple-
negative breast cancers (TNBC) represent about 15% of all breast cancers.” They are
characterized by aggressive clinical behavior and lack of effective targeted therapies.?

The triple-negative phenotype is associated with low or negative expression of ER, PR and
HER2. Even so, lack of standardization of the detection method, assays and threshold for
positivity of these markers has been a persistent issue.910 The issues regarding
reproducibility and accuracy of reporting ER/PR and HER2 are problematical and nearly
20% of current testing is considered inaccurate.11:12 The recent American Society of
Clinical Oncology and the College of American Pathologists (ASCO/CAP) guidelines aspire
to bring uniformity in recommendations regarding use of targeted therapies by improving
accuracy of testing for these receptors and their utility as predictive markers.11.12

The joint panel of ASCO Clinical Practice Guidelines Committee (CPGC) and CAP Council
on Scientific Affairs (CSA) recommended that ER and PR staining > 1% by
immunohistochemistry (IHC) be considered positive.11 Endocrine therapy should be
considered in all these patients due to its sizeable impact on mortality and relatively low
toxicity.313 However, the panel recognized that most prospective data showing correlation
between the amount of ER and response to therapy was derived using ligand-binding assays
(LBA) not IHC. The guidelines also stated that decision regarding endocrine therapy in
patients \ﬁith low levels of ER by IHC (1% to 10%) should be made after weighing risks and
benefits.

Prior to the current guidelines, the threshold for ER/PR positivity was > 10 fmol/mg cytosol
protein by LBA or > 10% of tumor cells positive by IHC.14 Hence, HER2-negative breast
cancers with ER/PR < 10% by IHC were considered as TNBC. In this retrospective study
we identified a cohort of patients formerly defined as having TNBC and stratified them
according to their level of ER/PR expression into one of three groups, ER/PR < 1%, ER/PR
1-5% and ER/PR 6-10%. We sought to evaluate the prognostic significance of low level of
ER/PR (1% — 10%) by IHC. We also performed an exploratory analysis to assess the
efficacy of endocrine therapy in patients with low ER/PR expression.

MATERIALS AND METHODS

Patients

We retrospectively identified all patients categorized as having TNBC (ER/PR < 10% and
HER2/neu-negative) from the Breast Cancer Management System database at The
University of Texas MD Anderson Cancer Center (MDACC). The analysis included all such
patients diagnosed or treated at our institution between January 1990 and June 20009.
Clinicopathological factors were assessed from the database and wherever data was missing
medical records were reviewed to gather information. Patients with missing information
regarding the percentage of estrogen and/or progesterone receptor expression by
immunohistochemistry were excluded. A total of 1967 patients were identified. After
excluding 710 patients with absent information regarding numerical ER/PR percentages a
total of 1257 patients were included in the final analysis. All pathologic specimens were
reviewed by dedicated breast pathologists including the IHC slides of cases from outside the
institution. When the quality of the staining was unsatisfactory, staining was repeated at
MDACC central IHC laboratory. The histologic type of all tumors was defined as per World
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Health Organization’s classification system.1® The histologic grade was defined according
to the modified Black’s nuclear grading system.16 Immunohistochemical analysis to
determine ER and PR status was performed using standard procedures on 4-um sections of
paraffin-embedded tissues stained with monoclonal antibodies: 6F11 (Novacastra
Laboratories Ltd., Burlingame, CA) for ER and 1A6 (Novacastra Laboratories Ltd.,
Burlingame, CA) for PR. ER and PR levels were reported as the percentage of nuclear
staining in tumor cells.

Statistical Analysis

RESULTS

Patients were categorized according to the percentage of ER/PR expression by
immunohistochemistry into one of three groups Group A with ER/PR < 1%, Group B with
ER/PR 1-5%, and Group C with ER/PR 6-10%. A concordant ER/PR pair was defined as
both ER and PR less than 1% (or both ER/PR 1%-10%). Whenever ER/PR was discordant
ER was taken as the defining value for classification.1’ Patient and clinical characteristics
included age, tumor size, nodal status, lymphovascular invasion (LVI), grade, histology,
adjuvant radiation, surgery, post mastectomy radiation therapy (PMRT), and adjuvant
chemotherapy. Distant metastasis-free survival (DMFS), recurrence-free survival (RFS), and
overall survival (OS) were measured from the date of diagnosis to the date of first
documented distant metastasis, local or distant recurrence and death respectively. Patients
not experiencing the relevant end point were censored at last follow-up.

Patient and clinical characteristics were tabulated and compared between the three ER/PR
groups with the chi-square test. Kaplan-Meier product limit method was used to estimate the
survival outcomes of all patients according to the three ER/PR groups; groups were
compared with the log-rank statistic. Cox proportional hazards models were fit to determine
the association of ER/PR percentages with survival outcomes after adjustment for other
patient and disease characteristics. Subset analyses were carried out within patients who did
or did not receive adjuvant hormonal therapy. P-values less than 0.05 were considered
statistically significant; all tests were two-sided. Statistical analyses were carried out using
SAS 9.2 (SAS Institute Inc., Cary, NC) and S-Plus 7.0 (Insightful Corporation, Seattle,
WA).

Group A (ER/PR < 1%) had a total of 897 (71.4%) patients. Among the remaining 360
(28.6%) patients, 241 (19.2%) patients were classified as Group B (ER/PR 1-5%) and 119
(9.4%) patients as Group C (ER/PR 6-10%). Patient and clinical characteristics by ER/PR
groups are shown in Table 1.

Patient & Clinical Characteristics

The median age was 51, 51 and 49 years in groups A, B and C respectively (range 21 to 98
years). Ninety-one (91%) percent of Group A (ER/PR < 1%) patients had grade I11 tumor
compared to 85% in Group B (ER/PR 1-5%) and 80% in Group C (ER/PR 6-10%) (P =
0.0001). Four percent (4%) patients in Group A (ER/PR < 1%) had received hormonal
therapy compared to 14% in Group B (ER/PR 1-5%) and 40% in Group C (ER/PR 6-10%)
(P < 0.0001). Other patient and clinical characteristics including age, tumor size, nodal
status, LVI, histology, adjuvant radiation, surgery, PMRT and adjuvant chemotherapy were
similar among the three ER/PR groups.

Survival outcomes

Median follow-time for all patients was 40 months (range 0 to 233 months). There were 465
recurrences, 335 in Group A (ER/PR < 1%), 92 in Group B (ER/PR 1-5%) and 38 in Group
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C (ER/PR 6-10%) (P = 0.34). The RFS estimates with 95% CI by patient and tumor
characteristics are listed in Table 2. The 3-year RFS rate for the entire cohort was 65% (95%
Cl: 62% — 68%). The 3-year RFS was 64% for Group A, 67% for Group B and 77% for
Group C (P = 0.34) (Figure 1a). Cox proportional hazards model showed that younger age,
larger tumor, positive nodal status, LVI, not receiving adjuvant radiation, and not receiving
adjuvant chemotherapy were associated with increased risk of recurrence (Table 3). ER/PR
levels did not have a significant impact on RFS in group B (ER/PR 1-5%) (HR=1.10, 95%
Cl: 0.86-1.39, P = 0.46) and group C (ER/PR 6-10%) (HR=0.96, 95% CI: 0.66-1.38, P =
0.81) compared to patients in group A (ER/PR < 1%). There were 367 deaths, 265 in Group
A, 72 in Group B and 30 in Group C (P = 0.33). The OS estimates with 95% CI by patient
and tumor characteristics are listed in Table 3. The 3-year OS rate for the entire cohort was
80% (95% CI: 78% — 83%). The 3-year OS estimate was 79% for Group A, 81% for Group
B and 88% for Group C (P =.33) (Figure 1b). Cox proportional hazards model showed that
younger age, larger tumor, positive nodal status, lymphovascular invasion, not receiving
adjuvant radiation, and not receiving adjuvant chemotherapy were associated with increased
risk of death (Table 3). After adjustment for other patient and tumor characteristics, ER/PR
percentages did not have a significant impact on OS in group B (ER/PR 1-5%) (HR = 1.11,
95% CI 0.84 to 1.46, P = 0.46) and group C (ER/PR 6-10%) (HR = 0.94, 95% CI 0.63 to
1.42, P = 0.78) compared to patients in group A (ER/PR < 1%).

There were 394 distant recurrences. The overall 3-year distant metastasis free survival
(DMFS) rate was 71% (95% CI: 68%—74%). The 3-year DMFS estimate was 69%, 73% and
80% for groups A, B and C respectively (P = 0.26). ER/PR 1-5% and ER/PR 6-10% did not
have significant lower risk of distant metastasis compared to ER/PR < 1% in the
multivariate model.

Effect of endocrine therapy

Subset analyses were performed among 118 patients who received endocrine therapy and
1139 patients who did not received endocrine therapy (Table 2). The group receiving
endocrine therapy did not differ significantly from the group not receiving endocrine therapy
with relation to patient and clinical characteristics including age, tumor size, nodal status,
LVI, histology, adjuvant radiation, surgery, PMRT, and adjuvant chemotherapy. The only
significant difference was seen in terms of histological grade of tumor. Seventy-five percent
(75%) of the patients who received hormonal therapy had grade 111 tumor compared to 90%
who did not (P < .0001).

Among patients who received endocrine therapy, we observed no significant difference in 3-
year RFS estimates among the groups ER/PR < 1% (61%; 95% CI: 42-75%), ER/PR 1-5%
(73%; 95% CI: 53-85%) and ER/PR 6-10% (87%; 95% ClI: 71-94%) (P = 0.10). The 3-year
OS estimates were also similar among the groups: ER/PR < 1% (93%; 95% CI: 76-98%),
ER/PR 1-5% (89%; 95% CI: 69-96%) and ER/PR 6-10% (95%; 95% CI: 80-.99%) (P =
0.45). Similarly, among patients who did not received endocrine therapy, there was no
significant difference in 3-year RFS estimates among the groups ER/PR < 1% (64%; 95%
Cl: 60-67%), ER/PR 1-5% (66%; 95% CI: 58-73%) and ER/PR 6-10% (70%; 95% CI: 56—
79%) (P = 0.93). There was also no significant difference in 3-year OS estimates: ER/PR <
1% (78%; 95% CI: 75-81%), ER/PR 1-5% (80%; 95% CI: 73-86%) and ER/PR 6-10%
(83%; 95% ClI: 71-.90%) (P = 0.45). Receipt of hormonal therapy did not significantly
impact RFS within Group A (P = 0.57) and Group B (P = 0.84) patients but it had a
marginal impact among Group C (P = 0.05) patients. Hormonal therapy did not significantly
impact OS within the three groups of patients (Group A: P =0.79; Group B: P = 0.53; Group
C:P=0.23).
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When ER/PR < 1% was compared to ER/PR 1-10%, the survival outcomes were not
significantly different (Table 2), P=0.10 for RFS and 0.43 for OS.

DISCUSSION

In this retrospective review of patients previously labeled as triple-negative breast cancers
(defined as HER2/neu-negative and ER/PR < 10% by IHC), we sought to evaluate the
association of low level of ER/PR expression (ER/PR 1% — 10%) with survival outcomes
when compared to those with ER/PR < 1%. We observed that low levels of ER/PR
expression (1-5%) by IHC did not appear to have a significant impact on survival outcomes.
There appears to be a trend to a survival advantage in favor of patients with ER/PR 6-10%.
Analyzed outcomes such as 3-year RFS, OS, and DMFS appear similar with ER/PR < 1%,
ER/PR 1-5% and ER/PR 6-10%. Further, we also observed that addition of endocrine
therapy to patients with low ER/PR expression (ER/PR 1-10%) did not appear to have
significant effect on survival outcomes when compared patients with ER/PR < 1%. Our
findings suggest that overall prognosis of patients with low ER/PR expression (ER/PR 1-
10%) by IHC is probably similar to patients with undetectable ER/PR expression (ER/PR <
1%).

The recent ASCO/CAP guidelines have decreased the threshold for positivity of ER/PR
assays by IHC to > 1%.11 This recommendation will definitely increase the proportion of
patients receiving endocrine therapy. Although, the clinical significance of substantial
benefit of endocrine therapy in ER-positive cases is indisputable, we believe its application
to patients with low level of ER/PR expression, specifically those with ER/PR 1-10%, need
further study.18

Most of the prospective data regarding efficacy of endocrine therapy and level of ER
expression has been derived from LBA not IHC.19:2021.22.23 || gvailable data for IHC has
thus far been retrospective comparisons with LBA.19:2021.22.23 Apart from the shortcomings
that exist with such retrospective comparisons, the sample size for the subset of patients with
ER/PR 1-10% in these studies was too small to draw any realistic conclusion. The Breast
International Group (BIG) 1-98 trial compared 8,010 postmenopausal women with ER
positive breast cancer randomized to treatment with letrozole and/or tamoxifen.24 Viale et
al. performed a subsequent retrospective analysis to evaluate the predictive and prognostic
value of receptor status on 3,596 patients from BIG 1-98 and showed that DFS was
statistically significantly different according to ER expression.2> They concluded that a
cutoff of 1% indicated better prognosis and at least some degree of endocrine
responsiveness. However the total number of patients with ER level of 1-9% was 44.
Likewise, the study by Regan et al. had 33 patients and Thomson et al. had 6 patients with
ER/PR 1-10%.22:23 Qur study is the largest in terms of number of patients in the subgroup
with ER/PR expression 1-10% by IHC (n = 360) and also in terms of patients who received
endocrine therapy in this subgroup (n = 118). The College of American pathologists’
consensus statement 1999 acknowledged that although there was high level of correlation
between IHC and LBA, there were few studies demonstrating predictive abilities of IHC
assays.2% The previous studies, as seen above were underpowered to assess the impact such
low levels of ER/PR expression and effect of endocrine therapy on survival outcomes in this
particular subgroup (ER/PR 1-10%). We therefore feel that, further corroborative studies are
needed prior to establishing a firm threshold for ER/PR positivity.

Also, there is significant heterogeneity in studies with regards to the scoring system used for
IHC. Barnes et al. evaluated and compared LBA and various scoring systems for IHC,
namely histo (H) score, proportion score, category score, quick score and Allred score.19
The analysis done by Harvey et al. which advocated a cutoff of > 3 IHC score exemplifies
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the disparities among these semi-quantitative scoring systems.20 Harvey et al used the
Allred score (Intensity score + Proportion Score) which is not the same as proportion score
advocated by the recent recommendations. As is evident, these scoring systems are not
interchangeable and thus it is difficult to make irrefutable conclusions regarding cutoff value
from data derived from these older studies. Collins et al. demonstrated that ER expression is
essentially bimodal in distribution.2’ In a review of immunostains from 825 cases majority
(99%) were either ER strongly positive (Allred score 7 or 8) or absolutely negative (Allred
score 0). This corresponds to either staining in at least 70% of cells (80% cases) or a
complete absence of staining (19%). The remaining 1% cases had staining in 20-60% of
cells (Allred score 5 or 6). Weak ER staining (1-10%) was rare. This furthers the discussion
that the distribution curves in a random sample will always be skewed towards improved
survival in ER/PR > 1% group when compared to ER/PR < 1% due to the dominant
prevalence of higher level of ER expression. This may explain why better outcomes for the
group with ER/PR positive status in studies may not reflect the response of low ER/PR level
tumors per se. Most of the studies mentioned above had a heterogeneous population with
regards to HER2/neu status and did not make any discrimination between HER2 positive or
negative disease. HER2/neu amplification is negatively correlated with estrogen receptor
and progesterone receptor status.?8 In an unselected population for HER2/neu status, there
will be a greater prevalence of HER2/neu amplification in tumors with ER/PR level of <1%
than ER/PR 1-10%. This could be a potential explanation of the poorer prognosis of ER/PR
< 1% compared to ER/PR 1-10% seen in these studies. There is also significant crosstalk
between estrogen receptor and HER2/neu leading to alteration in efficacy of endocrine
therapy.2? We therefore looked at HER2/neu negative patients only to remove any
confounding effects resulting from interactions of HER2/neu with ER/PR and to rule out
HER2/neu both as a prognostic variable and a predictive factor for trastuzumab therapy.

Although, the benefit of endocrine therapy is convincing enough to recommend it in all
patients, even those with minimal ER/PR expression, we must be keep in mind that
tamoxifen and aromatase inhibitor therapy is not without its fair share of side effects. The
vasomotor symptoms (night sweats and hot flashes), gynecologic symptoms (vaginal
discharge and genital itching), sexual dysfunction, increased rate of endometrial cancer (risk
ratio = 2.53), stroke, pulmonary embolism and deep-vein thrombosis symptoms are still
worrisome in women using tamoxifen.30-31 Aromatase inhibitors (Als) are better tolerated
and have fewer aforementioned side effects, but are still associated with increased risk of
osteopenia, osteoporosis and fractures.32 In light of this side effect profile, a realistic
assessment of benefit in patients with ER/PR expression between 1 and 10% will be
instrumental in helping patients and clinicians make an informed decision regarding
endocrine therapy in this subgroup of patients.

The major drawback of our study is the limited sample size. Even though this is one of the
largest reviews of TNBC and ER/PR 1-10% group, it is still modest as compared to breast
cancer study standards. Although it doesn’t rule out clinically significant differences in
outcomes or benefit from adjuvant endocrine therapy in this subgroup, we feel that the
results are provocative enough to encourage larger analysis. Of note there was a 13%
absolute difference in RFS and a 9% absolute difference in OS between groups A and C.
Although the difference was statistically nonsignificant, the small number of patients in
Group C results in insufficient power to rule out a clinically meaningful impact. We
therefore feel that additional analyses to address this question are clearly indicated for ER/
PR expression between 6%-10%.

Another source of error is that there was no central testing for IHC in our study. The
pathologies were received from a variety of outside laboratories and although slides were
reviewed by an MDACC pathologist there could still be inaccuracies due to lacking in assay
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standardization across laboratories.33 Quantitative estimation of receptor expression varies
substantially between laboratories due to differences in methodology, tissue storage and type
of antibody used, and this variation cannot be eliminated by a central review.?:34:35
However, this weakness was across groups and should not effect overall outcomes of the
study.

We therefore conclude that the prognosis of tumors with low ER/PR (ER/PR 1-10%)
expression, especially ER/PR 1-5% does not differ significantly from tumors with
undetectable ER/PR levels (ER/PR <1%). The response of this subset (ER/PR 1-10%) of
breast cancers to endocrine therapy has not been established as yet. Hence, a randomized
prospective trial for tumors with such low levels of ER/PR expression by IHC (1% — 10%)
is required to lift the shroud of uncertainty that envelops the treatment of this faction with
endocrine therapy. The appropriate threshold for ER/PR positivity and endocrine therapy
can then be established with certainty.
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Figure 1.
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