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Purpose: Estrogen receptor-positive (ER") breast cancer (BC) is a heterogeneous disease, and there is an ongoing debate regarding
the optimal cut point for clinically relevant ER expression. We used a real-world database to assess the prognostic and predictive
values of lower ER expression levels on treatment outcomes with endocrine therapy.

Methods: We used a nationwide electronic health record database. Descriptive statistics were used to evaluate the association between
ER expression, tumor characteristics, and treatment patterns among patients with early-stage BC. We used Kaplan—Meier survival
curves to estimate recurrence-free survival (RFS) and overall survival (OS). We assessed associations between an alternative ER
expression-level cut point and clinical outcomes.

Results: Among 4697 patients with early-stage HER2-negative BC, 83 (2.04%) had ER"-low BC (ER expression, 1-9.99%) and 36
(0.88%) had ER'-intermediate BC (10-19.9%). ER"-low tumors were associated with higher tumor grade, larger size, and higher
axillary tumor burden than ER'-high tumors (>20% ER expression). African Americans had a higher prevalence of both triple-
negative BC (TNBC) and ER"-low BC than ER -high BC. Patients with ER"-low and ER *-intermediate tumors had survival outcomes
similar to patients with TNBC and worse survival outcomes than patients with ER"-high tumors (P < 0.001). Tumors with <20% ER
expression were associated with worse outcomes.

Conclusion: In our cohort, patients with BCs with ER expression levels <20% had poor clinical outcomes similar to those of patients
with TNBC.
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Introduction
Breast cancer (BC) is the most common malignancy worldwide. Each year, an estimated 270 000 new cases are
diagnosed in the United States alone.' Hormone receptor— (HR-) positive (HR") BC is the most common subset
(~60% of cases) and is defined by the 2010 American Society of Clinical Oncology (ASCO) and College of
American Pathology (CAP) guidelines as a tumor with at least 1% of cancer nuclei that stain positive for HRs for
estrogen or progesterone by immunohistochemistry.> Notwithstanding the clinical importance of pathological assess-
ments of both HRs, decisions pertaining to endocrine therapy (ET) are largely based on expression levels of estrogen
receptors (ERs), and progesterone receptors are largely accepted as a prognostic biomarker.

The current definition of ER positivity (ER") presents an obvious caveat, as it does not encompass the biological
heterogeneity inherent to the wide distribution of ER expression levels between tumors. Moreover, it suggests that
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patients with BCs with varying levels of ER expression have similar natural histories and derive similar benefits from
approved and developing ETs. This is an incorrect premise. Data show that patients with tumors harboring lower
levels of ERs have poor prognoses similar to those of patients with strictly defined triple-negative BC (TNBC);
patients with TNBC have a 3-year absolute risk of BC recurrence of 30%, despite multimodality therapy.>> The
results of a meta-analysis of 21,457 patients with early-stage BC showed that ER"-low status (ie, ligand-based assay,
HR <10 fmol/mg cytosol protein) was not significantly associated with clinical benefit from adjuvant ET.® Current
guidelines for ER testing for BCs, published by ASCO and CAP, define ER"-low tumors as cancer with 1% to 10%
staining for ERs and affirm the optimal cut point for ER positivity using the universally adopted immunohistochem-
istry scoring system.” It is noticeable that this revision recognizes that most of the trials supporting the benefit of
adjuvant ET for early ER" BC conducted in the 1990s used quantitative measures of HRs that are no longer routinely
used in clinical practice.

Despite the poor prognoses associated with ER"-low BC and the apparent inefficacy of ETs for these cancers,
treatment development for ER "-low BC has been stagnant because these patients are not allowed to participate in clinical
trials for patients with TNBC under the questionable assumption that these patients will experience better outcomes and
benefit from ETs. This is important, as developmental therapeutics have gained momentum and treatments targeted at
strictly defined subsets of BCs (eg, TNBC vs ER" BCs) continue to be developed. This is evidenced by a new surge in
clinical trials that assess the efficacy of new agents targeting ERs (eg, selective estrogen receptor modulators [SERMs]
and degraders [SERDs])."

We conducted a large real-world retrospective study of patients with early-stage BC to improve our current understanding
of the prevalence and the natural history of tumors with lower levels of ER expression while also describing real-world
treatment patterns for patients with this disease. Moreover, we retrospectively assessed the prognostic and predictive values
of an alternative definition of ER"-low BC in relation to both natural history and treatment outcomes with ET.

Materials and Methods

Data Source

This retrospective cohort study used the nationwide Flatiron Health Electronic Health Record (FEHR) database, a real-
world longitudinal database comprising deidentified patient-level structured and unstructured data curated via technol-
ogy-enabled abstraction.”'® The database originated from approximately 280 US cancer clinics (~800 sites of care). The
majority of patients were from community oncology settings, and relative community/academic proportions may vary
depending on the study cohort.

Our cohort (N=9386) included patients with early-stage BC diagnosed between January 2011 and May 2020.
Institutional Review Board approval of the study was obtained prior to study conduct and included a waiver for informed
consent. The data were deidentified and subjected to obligations to prevent reidentification and protect patient con-
fidentiality. The dataset included patient-related and tumor-related variables, including epidemiological, clinical, and
pathological data, as well as age at diagnosis, race, ethnicity, menopausal status, tumor size, grade, Ki-67 (%) score,
number of lymph nodes involved, chemotherapy history, and ET history. Expression of HRs and human epidermal
growth factor receptor 2 (HER2) expression was assessed locally in accordance with standard immunohistochemistry
nuclei staining by a local pathologist. Expression of HRs and HER2 was measured as the percent of nuclei staining and
membrane staining, respectively. HER2 amplification was assessed according to locally assessed fluorescent in situ
hybridization.

Recurrence-free survival (RFS) was defined as the time in months from the date of first treatment to the date of
diagnosis of metastasis, first local recurrence, or death, whichever occurred first; patients without these data were
censored at the last date known alive. Overall survival (OS) was defined as the time from the date of first treatment to
the date of death; patients without these data were censored at the last date known alive.
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Real-World Cohort Key Inclusion and Exclusion Criteria

The inclusion criteria used to select cases from the FEHR BC cohort included having a diagnosis of histologically proven
stage I through III BC and receiving surgical treatment for BCs with curative intent. The exclusion criteria were having
carcinoma in situ, metastatic BC, or HER2" BC. Patients who received chemotherapy before or after surgical treatment
were classified as having received perioperative chemotherapy. Information on perioperative chemotherapy, ET, and
radiation therapy was abstracted. Because of the variation in the number of chemotherapy regimens, these regimens were
classified as anthracycline- and taxane-combination, anthracycline-only, taxane-only regimens, and others. Anastrozole,
exemestane, letrozole, and tamoxifen were classified as ET. Patients were followed from the date of resection (index
date) to the date of biopsy-proven tumor recurrence, death, or last follow-up. Patients with >90 days between diagnosis
and first Flatiron Health-reported structured activity were excluded to avoid missing treatment data. Furthermore, any
patient with <90 days of follow-up from the index date was excluded.

Statistical Methods

Of the 9386 early-stage BC patients, 3490 had missing or incomplete ER, progesterone receptor (PR), or HER2 status
and/or did not have at least 90 days of follow-up. Further 1299 patients had HER2" BC and were also excluded from the
final analysis, leaving 4697 evaluable patients (634 with TNBC and 4063 with ER" BC). Descriptive characteristics were
described by using means (standard deviations) and medians (ranges) for continuous variables and frequencies for
categorical variables.

A training dataset and a test dataset were established by dividing the ER" dataset into two-thirds training and one-
third test data. The range of ER percent staining values was divided into 10 levels of 10% increments. A cut-point
sensitivity analysis was performed on the training dataset using the Contal and O’Quigley method,'" which enabled us to
assess the optimum cut point of ER" staining; this was then correlated with RFS using Cox proportional hazards
regression. The analysis did not identify a cut point that adequately and significantly differentiated RFS from other cut
points, so we conservatively defined new exploratory ER" cut point (ie, 1-19.9% vs >20%) and cohorts were compared
using the Kruskal-Wallis test for continuous variables and Fisher's exact test for categorical variables.

We then constructed Kaplan—Meier curves for RFS and OS for both the training and test sets. A multivariable Cox
proportional hazards survival analysis was used on the training set and adjusted for age, radiotherapy, and ET. This model
was then used on the test set, and the c-statistic was used to check for model fit. Hazard ratios and 95% confidence intervals are
reported. Subsequently, we further defined tumor ER expression levels into 3 distinct exploratory groups: (i) ER "-low (1-9.99%),
(i) ER "-intermediate (10-19.99%), and (iii) ER *-high (>20%). Univariate analyses were performed to assess the effect of ET
treatment on patients with ER"-low and ER "-intermediate BC. All analyses were performed in SAS v 9.4 (Cary, NC).

Results

Of the total cohort of 9386 patients with early-stage BC, only 4697 were evaluable (634 with TNBC and 4063 with ER"
BCs). Only 83 cases were classified as ER"-low (ie, ER expression 1-9.99%). Median follow-up was 36 months (range,
17-60 months).

Baseline Demographics and Clinical, Treatment, and Outcome Patterns

The majority (66.6%) of patients were White, and African Americans represented 9.2% of the cohort analyzed. There
were 38 males in this dataset. Median age in years at diagnosis of BC was 63, and most women (72.4%) were
postmenopausal. Regarding types of BC, 81.5% of patients had invasive ductal carcinomas, 12.3% had lobular
carcinomas, and 47.8% had grade 2 tumors. Up to 63.6% of patients with early-stage BC received adjuvant radiation
therapy, 31.4% received adjuvant chemotherapy, and 61.4% underwent mastectomies (Table 1). Patients with ER" tumors
had significantly longer RFS and OS than patients with TNBC (Figure 1).
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Table | Cohort Description

Characteristic Total Triple ER*- Low ER"- ER’- High p. Overall
Cohort Negative (N = 83) Intermediate (N =3944)
(N = 4697) (N = 634) (N = 36)
Gender, no. (%) 0.084
Female 4659 (99.2) 634 (100.0) 83 (100.0) 36 (100.0) 3906 (99.0)
Male 38 (0.8) 0 (0.0 0 (0.0 0 (0.0 38 (1.0)
Race, no. (%) <0.001
White 3126 (66.6) 388 (61.2) 50 (60.2) 24 (66.7) 2664 (67.5)
Black or African American 432 (9.2) 122 (19.2) 16 (19.3) 6 (16.7) 288 (7.3)
Asian 123 (2.6) 9 (1.4 I (1.2) 1 (2.8) 112 (2.8)
Other Race 633 (13.5) 72 (11.4) 7 (84) 5(13.9) 549 (13.9)
“Missing” 383 (82) 43 (6.8) 9 (10.8) 0 (0.0 331 (84)
Ethnicity, no. (%) 0.334
Hispanic or Latino 308 (6.6) 51 (8.0) 7 (84) 3(83) 247 (6.3)
Non-Hispanic 4389 (93.4) 583 (92.0) 76 (91.6) 33 (91.7) 3697 (93.7)
MenopausalStatus, no. (%) 0.023
N/A - patient is male 37 (0.8) 0 (0.0 0 (0.0 0 (0.0 37 (0.9)
Perimenopausal 114 (2.4) 16 (2.5) I (1.2) 2 (5.6) 95 (2.4)
Postmenopausal 3400 (72.4) 436 (68.8) 54 (65.1) 24 (66.7) 2886 (73.2)
Premenopausal 843 (17.9) 126 (19.9) 21 (25.3) 5(13.9) 691 (17.5)
Unknown/not documented 303 (6.5) 56 (8.8) 7 (84) 5(13.9) 235 (6.0)
Histology_, no. (%) 0.001
Ductal 3829 (81.5) 581 (91.6) 75 (90.4) 31 (86.1) 3142 (79.7)
Lobular 579 (12.3) 10 (1.6) 3(3.6) 2 (5.6) 564 (14.3)
Mixed 107 (2.3) 9 (1.4 I (1.2) 1 (2.8) 96 (2.4)
Other 176 (3.7) 33 (5.2) 4 (4.8) 2 (5.6) 137 (3.5)
“Missing” 6 (0.1) | (0.2) 0 (0.0 0 (0.0 5(0.1)
TumorGrade_, no. (%) <0.001
Grade | 1144 (24.4) 10 (1.6) 4 (4.8) 3(83) 1127 (28.6)
Grade 2 2247 (47.8) 113 (17.8) 15 (18.1) 11 (30.6) 2108 (53.4)
Grade 3 1267 (27.0) 508 (80.1) 61 (73.5) 22 (61.1) 676 (17.1)
“Missing” 39 (0.8) 3 (0.5) 3(3.6) 0 (0.0 33 (0.8)
K167, no. (%) <0.001
<20% 1161 (24.7) 28 (4.4) 10 (12.0) 1 (2.8) 1122 (28.4)
220% 1112 (23.7) 285 (45.0) 30 (36.1) 14 (38.9) 783 (19.9)
“Missing” 2424 (51.6) 321 (50.6) 43 (51.8) 21 (583) 2039 (51.7)
Clinical_T_stage, no. (%) <0.001
| 893 (19.0) 110 (17.4) 14 (16.9) 5(13.9) 764 (19.4)
2 537 (11.4) 135 (21.3) 16 (19.3) 7 (194) 379 (9.6)
3 223 (4.7) 64 (10.1) 6(7.2) 3(83) 150 (3.8)
“Missing” 3044 (64.8) 325 (51.3) 47 (56.6) 21 (58.3) 2651 (67.2)
Clinical_N_stage, no. (%) <0.001
0 1095 (23.3) 160 (25.2) 19 (22.9) 9 (25.0) 907 (23.0)
| 338 (7.2) 100 (15.8) 10 (12.0) 4 (1.1) 224 (5.7)
2 94 (2.0) 31 (49) 3(3.6) 1 (2.8) 59 (1.5)
“Missing” 3170 (67.5) 343 (54.1) 51 (61.4) 22 (61.1) 2754 (69.8)
(Continued)
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Table | (Continued).

Characteristic Total Triple ER*- Low ER’- ER*- High p. Overall
Cohort Negative (N = 83) Intermediate (N =3944)
(N = 4697) (N = 634) (N = 36)
Radiotherapy, no. (%) 0.922
No/unknown 1709 (36.4) 237 (37.4) 29 (34.9) 14 (38.9) 1429 (36.2)
Yes 2988 (63.6) 397 (62.6) 54 (65.1) 22 (61.1) 2515 (63.8)
Endocrine Therapy, no. (%) 0.000
No 938 (20.0) 588 (92.7) 42 (50.6) 8(22.2) 300 (7.6)
Yes 3759 (80.0) 46 (7.3) 41 (49.4) 28 (77.8) 3644 (92.4)
Chemotherapy, no. (%) <0.001
Anthracycline without taxane 56 (1.2) 12 (1.9) 0 (0.0) 3(83) 41 (1.0)
Taxane without anthracycline 593 (12.6) 132 (20.8) 15 (18.1) 4 (11.1) 442 (11.2)
Taxane and anthracycline 746 (15.9) 270 (42.6) 36 (434) 19 (52.8) 421 (10.7)
Other 8l (1.7) 13 (2.1) 0 (0.0 2 (5.6) 66 (1.7)
No info on chemotherapy 3221 (68.6) 207 (32.6) 32 (38.6) 8(22.2) 2974 (75.4)
Surgery, no. (%) <0.001
Mastectomy 2885 (61.4) 330 (52.1) 42 (50.6) 20 (55.6) 2493 (63.2)
Other 1704 (36.3) 280 (44.2) 41 (49.4) 16 (44.4) 1367 (34.7)
“Missing” 108 (2.3) 24 (3.8) 0 (0.0 0 (0.0 84 (2.1)
Age (mean age in years) 63.0 58.7 54.9 60.7 63.9 <0.001
[53.1;71.5] [50.1;67.6] [44.4;67.0] [54.6;66.1] [53.9;72.1]
Follow_up (mean time in 36.0 34.0 30.5 30.0 37.0 0.073
months) [17.0;60.0] [16.0;58.0] [14.2;57.8] [16.5;51.0] [17.0;60.0]

Notes: Triple negative defined as ER and PR <% staining; ER*-low 1-9.99% staining; ER*-intermediate 10%-19.99%; ER*-high 220% staining.
Abbreviations: ER, estrogen receptor; PR, progesterone receptor.

Distribution of ER Expression and Pathological Characteristics

Of the total 4063 patients with ER"/HER2 ™ early-stage BC included in our analysis, 83 (2.04%) had ER"-low (ER
staining 1-9.99%) BC, 36 (0.88%) had ER-intermediate (ER staining 10-19.99%) BC, and 3944 (97.07%) had ER"-
high BC. Both TNBC and ER-low tumors were more commonly observed among patients <60 years of age. Patients
with higher ER expression were typically older. Compared with Whites, African American patients had a higher
frequency of both TNBC (28.2% vs 12.41%) and ER"-low (3.7% vs 1.59%) BC and lower frequency of ER*-high
66.7 vs 85.2%) tumors. The majority of ER"-high tumors had low to intermediate histological grades, whereas most
tumors with lower levels of ER expression were grade 3 (Table 1). Patients with ER"-high tumors were also more
commonly diagnosed with smaller tumors and lower axillary tumor burden than those with ER"-low tumors.

Clinical Outcomes of Patients with ER*-Low and ER*-Intermediate Early-Stage BCs
There were no statistically significant differences in the epidemiological, clinical, and pathological characteristics of
patients with ER"-low and ER-intermediate tumors (Table 2). Surgical and radiation treatment patterns were similar
between these 2 groups. More patients in the ER -intermediate group received adjuvant ET (unadjusted P = 0.007) and
adjuvant chemotherapy with both anthracycline- and taxane-containing perioperative regimens (unadjusted, P = 0.004)
than those in the ER*-low group. In univariate analyses, patients with ER*-low and ER-intermediate tumors had poor
OS and RFS rates, which were similar to those of patients with TNBCs (Figure 2). The low number of patients in the
ER"-low and ER ‘-intermediate groups precluded multivariate analyses.
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Figure | Clinical outcomes of patients with ER* and TNBC BCs. Triple negative was defined as ER/PR < 1% staining and HER2- (ie, IHC 0/1+ and non-amplified); ER* 2 1%
staining. Panel (A) shows recurrence-free survival; panel (B) shows overall survival.

Abbreviations: BC, breast cancer; Cl, confidence interval; ER, estrogen receptor; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; IHC,
immunohistochemistry; PR, progesterone receptor, NE, not estimated.

Sensitivity Analyses of ER Cut Point

Kaplan—Meier survival curves for both RFS and OS showed that patients with tumors harboring ER expression levels
from 1% to 19.9% had significantly poorer outcomes than patients with expression rates >20% (Figure 3). Furthermore,
multivariable Cox proportional survival analyses were performed on the training set and showed a statistically significant
association between higher expression of ERs (>20%) and improved RFS (hazard ratio, 0.55; 95% CI, 0.33—0.96;
P =0.02) and OS (hazard ratio, 0.5; 95% CI, 0.27-0.9; P = 0.02; Harrell’s c statistics, 0.677 for RFS and 0.698 for OS)

(Table 3). Univariate analyses showed no significant differences in the treatment effect of ET on RFS and OS when

Table 2 Comparison Between ER-Low and ER*-Intermediate Groups

Characteristic ER*- Low (N = 83) ER’- Intermediate (N = 36) p. Overall
Race, no. (%) 0.273
White 50 (60.2) 24 (66.7)
Black or African American 16 (19.3) 6 (16.7)
Asian 1 (1.2) 1 (2.8)
Other Race 7 (84) 5(13.9)
“Missing” 9 (10.8) 0 (0.0)
Ethnicity, no. (%) 1.000
Hispanic or Latino 7 (84) 3 (83)
Non-Hispanic 76 (91.6) 33 (91.7)
MenopausalStatus, no. (%) 0.245
Perimenopausal 1 (1.2) 2 (5.6)
Postmenopausal 54 (65.1) 24 (66.7)
Premenopausal 21 (25.3) 5(13.9)
Unknown/not documented 7 (84) 5(13.9)
(Continued)
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Table 2 (Continued).

Characteristic ER"- Low (N = 83) ER"- Intermediate (N = 36) p. Overall
Histology_, no. (%) 0.941
Ductal 75 (90.4) 31 (86.1)
Lobular 3(3.6) 2 (5.6)
Mixed I (1.2) | (2.8)
Other 4 (4.8) 2 (5.6)
TumorGrade_, no. (%) 0.225
Grade | 4 (4.8) 3(83)
Grade 2 15 (18.1) 11 (30.6)
Grade 3 61 (73.5) 22 (61.1)
“Missing” 3(3.6) 0 (0.0
K167, no. (%) 0.306
<20 10 (12.0) I (2.8)
220 30 (36.1) 14 (38.9)
“Missing” 43 (51.8) 21 (58.3)
Clinical_T_stage, no. (%) 0.985
| 14 (16.9) 5(13.9)
2 16 (19.3) 7 (194)
3 6 (7.2) 3(83)
“Missing” 47 (56.6) 21 (58.3)
Clinical_N_stage, no. (%) 1.000
0 19 (22.9) 9 (25.0)
| 10 (12.0) 4 (11.1)
2 3 (3.6) 1 (2.8)
“Missing” 51 (61.4) 22 (61.1)
PrimaryRadiotherapy, no. (%) 0.838
No/unknown 29 (34.9) 14 (38.9)
Yes 54 (65.1) 22 (61.1)
EndocrineTherapy, no. (%) 0.007
No 42 (50.6) 8(22.2)
Yes 41 (49.4) 28 (77.8)
Chemotherapy, no. (%) 0.004
Anthracycline without taxane 0 (0.0) 3(83)
Taxane without anthracycline 15 (18.1) 4 (11.1)
Taxane and anthracycline 36 (43.4) 19 (52.8)
Other 0 (0.0 2 (5.6)
No info on chemotherapy 32 (38.6) 8 (22.2)
Surgery, no. (%) 0.766
Mastectomy 42 (50.6) 20 (55.6)
Other 41 (49.4) 16 (44.4)
Age (mean age in years) 54.9 [44.4;67.0] 60.7 [54.6;66.1] 0.130

Note: ER+-low 1-9.99 staining and ER+-intermediate 10-19.99.
Abbreviation: Estrogen receptor, ER.

comparing patients with ER"-low (1-9.99%) and ER "-intermediate tumors (10-19.99%) (Table 4), suggesting that these
populations experience similar outcomes when ET is given. Finally, patients with ER"-low BC who were treated with ET
had numerically improved RFS; in-between cohort differences were not statistically tested because there were too few
patients in each cohort (Supplementary Figure 1).
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Abbreviations: BC, breast cancer; Cl, confidence interval; ER, estrogen receptor; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; NE, not

estimated; TN, triple negative.

Recurrence-free survival - Training set-includes

A two third of evaluable patients.

10 10
09 09
os os
o7 o7

°
@
°
@

°
S

Proportion Recurrence Free
°
H
°
2

°
2
Proportion Recurrence Free
°
tH

°
©

Recurrence-free survival - Test set-includes
two third of evaluable patients.

02 02
01 Events/Total Median (95% CI) _HR (95% CI) 01 Events/Total Median (95% CI) _HR (95% CI)
— ER#220% 27712609  NE (105.6-NE) 0.38(0.24-0.61) — ER¥220% 1481280 NE(NE-NE  042(0.19:089)
— ER+-1-19% 19/85 NE (80.2-NE) Reference — ER+-1-19% 732 NE (52.4-NE) Reference
00 Logrank P-value: <0001 + Censor 00 Logrank P-value: 0.0192 + Censor
© 6 12 18 24 30 36 42 48 54 60 66 72 78 84 9 9 102 108 114 120 © 6 12 18 24 30 36 42 48 54 60 6 72 78 84 9 9 102 108 114 120
Months Months
Patients-at-Risk Patients-at-Risk
ER+ Hight / Her2- 2609 2452 2204 1933 1692 1514 1325 1152 998 822 653 516 388 281 195 136 79 36 9 O ER+ High* / Her2- 1280 1209 1072 934 821 722 €39 541 454 384 312 248 188 145 94 61 38 16 4 O
ER+ Low" / Her2- 8 81 62 55 44 39 33 31 26 22 & 3 1 1 0 ER+ Low" / Her2- 32 29 2 s 7 s 2 2 2 2 1 o0
10 10
09 09
o8 08
P —
o7 o7
£oe 2 06
= =
s <
£ 08 Sos
€
g H
S o4 13
a« &£ oa
03 03
02
02
01 , Events/Total Median (95% CI) _HR (95% CI)
— ER#220% 1952621 NE (NE-NE = 0.41(0.24-0.72) 01 ,  EventsiTotal Median (95% CI) _HR (95% CI)
ER+-1-19% 1385 NE (NE-NE Reference — ER+220% 1011282 NE (NE-NE ~ 0.44 (0.16-121)
+1-10% ,
00 Logrank P-value: 0.0014 + Censor — ER+1-19% 432 NE (NE-NE Reference
00 Logrank P-value: 01035 + Censor
© 6 12 18 24 30 36 42 48 54 6 6 72 78 84 9 9 102 108 114 120
© 6 12 18 24 30 36 42 48 54 60 66 72 78 84 9 9 102 108 114 120
Months
Patients-at-Risk Months
R« Hight / Her2- 2621 2468 2224 1955 1729 1554 1375 1193 1032 859 682 540 411 301 214 149 92 43 16 0O Patients-at-Risk
ER+ Low" / Her2. 85 83 68 60 47 44 36 34 30 25 28 4 2 1 0 ER+ High* / Her2- 1282 1213 1086 955 848 755 668 567 480 408 335 266 201 155 106 €8 42 17 5 0
ER+ Low" / Her2- 2 30 29 23 19 16 13 10 8 2 2 2 2 1 o
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Table 3 Cox Proportional Hazards Regression -Comparative Analysis of Recurrence-Free Survival (RFS) and Overall Survival of ER"-
1-19.9% Vs ER*-220% Staining

Recurrence-Free Survival Analysis of Maximum Likelihood Estimates
Parameter Degree of Parameter Standard Chi-Square | P value | Hazard | 95% Hazard
Freedom Estimate Error Ratio Ratio
Confidence
Limits
ER*-220% Ref ER*-1-19.9% | —0.59231 0.26311 5.0678 0.024 0.553 0.330 | 0.926
Age under 50 | Ref (50 or above) | —0.14587 0.15137 0.9286 0.335 0.864 0.642 | 1.163
Endocrine Ref (no) | —0.89719 0.17325 26.8186 <0.001 0.408 0.290 | 0.573
therapy
Primary Ref (no) | —0.55534 0.11269 24.2846 <0.001 0.574 0.460 | 0.716
radiotherapy
Overall Survival Analysis of Maximum Likelihood Estimates
ER"-220% Ref ER*-1-19.9% | —0.69144 0.30380 5.1799 0.023 0.501 0.276 | 0.908
Age under 50 | Ref (50 or above) | —0.60046 0.20565 8.5258 0.004 0.549 0.367 | 0.821
Endocrine Ref (no) | —0.79007 0.20488 14.8702 0.001 0.454 0.304 | 0.678
therapy
Primary Ref (no) | —0.63333 0.13218 22.9577 <0.001 0.531 0.410 | 0.688
radiotherapy

Notes: Fitting model to the test set, at 3 years recurrence-free survival, Harrell’s c-statistic = 0.677. Fitting model to the test set, at 3 years overall survival, Harrell’s
c-statistic = 0.698.
Abbreviations: Cl, confidence interval, Cl; ER, estrogen receptor; Ref, reference.

Table 4 Endocrine Therapy Treatment Effect (Univariate Analysis)

Recurrence-Free Survival Overall Survival
Parameter Patients, Events, HR (95% CI) P value Events, HR (95% CI) P value
No. No. No.

Patient who received ET

ER"-low (1-9.99%) 41 Ref Ref 3 Ref Ref

ER"-intermediate (10-19.9%) 28 1.47 (0.42, 5.08) 0.545 5 2.57 (0.61, 10.77) 0.196
Patient who did not receive ET

ER"-low (1-9.99%) 42 16 Ref Ref 10 Ref Ref

ER"-intermediate (10-19.9%) 8 2 0.38 (0.05,2.86) 0.346 | n/a n/a

Abbreviations: Cl, confidence interval; ER, estrogen receptor; HR, hazard ratio; n/a, not applicable; Ref, reference, inadequate sample size to estimate.

Discussion

ER' BC is a heterogenous disease in both its natural history and its wide distribution of ER expression levels
between tumors; cases of low expression represent a small proportion of BCs. The optimal cut point that indicates
reliable prognostic ER expression and predictive information of ET benefit remains to be determined. Historically,
any level of ER expression has been considered to be positive, which is counterintuitive and misleading because
tumors harboring lower levels of ERs will likely not respond to ET. In parallel, tumors with low expression rates of
ERs are universally excluded from contemporary clinical trials for patients with TNBC. As a corollary, ER "-low BC
remains an orphan disease not only because of its low frequency but also because of lack of knowledge about its
natural history. Indeed, others have confirmed that ER"-low BC represents a rare subset of the disease associated
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with poor outcomes and aggressive clinicopathological characteristics.'®'* With an increasing number of clinical
trials aiming to develop new ETs (eg, SERDs and SERMs), a better understanding of the natural history of and the
possible benefit from developing ETs remains an unmet need for patients with this rare subset of BC.

We conducted a large real-world retrospective cohort study of 4697 participants with early-stage ER* BCs or
TNBCs. In this cohort, the natural history of patients with early-stage BCs was similar to previously published
literature.'* Our results suggest that ER"-low BCs (expression, 1-9.99%) represent a small subset (1.8%) of ER"
BC cases. These tumors presented with pathological features and prognoses similar to those of patients with
TNBC. We observed a continuous association between ER expression in 10% increments and improved clinical
outcomes. Our sensitivity analyses did not allow for the distinction of higher ER cut point. Therefore, we
conservatively chose 20% as a clinically reasonable cut point for further analyses; based on this, we defined an
ER “-intermediate group (ie, 10-19.9%).

We observed that ER expression <20% was associated with poor RFS and OS (Figure 3). In our cohort, patients
with tumors harboring ER expression rates between 10% and 19.9% (intermediate levels) presented similar
clinicopathological features, natural histories, and treatment patterns to those with ER"-low BCs (1-9.99%);
however, anthracycline- and taxane-containing chemotherapy regimens were more commonly administered to
patients with tumors with ER"-intermediate tumors. Moreover, ER"-intermediate patients had similar RFS as ER"-
low patients, but the ER"-low group seemed to still derive benefit from adjuvant ET. We observed that an
incremental expression of ER is associated with improved outcomes, further suggesting that the binary categoriza-
tion of ER expression represents a simplification of continuous biological phenomena. Based on our findings,
a balanced discussion should be conducted among patients with ER"-low and ER"-intermediate BC when making
a decision on adjuvant ET, as possible benefits need to be weighed against toxicities, including arthralgia,
thrombosis, osteoporosis, and fatigue.'> If patient and physician collaboratively decide to forego adjuvant ET,
these patients should be informed about the possible higher risk of cancer recurrence and closely monitored.

Our study has limitations inherent to real-world retrospective cohort studies and the very small number of patients
with ER"-low and ER "-intermediate tumors. There were missing data preventing us from including important variables,
such as chemotherapy and nodal staging, into our analyses. Assessments of ER expression were not centrally reviewed,
so it is uncertain whether all sites that contributed data followed strictly ASCO-CAP guidelines for ER, PR, and HER2
testing.” Additionally, there were very few patients with ER"-low and ER "-intermediate, limiting exploratory statistical
comparisons and multivariable adjustments. Further, data on ET compliance and genomic markers (eg, Oncotype Dx
scores) in this real-world database were not available for most patients; therefore, we were unable to assess for possible
interactions between those data and ER levels. In addition, the Flatiron database lacks information on histological
features of BC recurrences; these data would have allowed for differentiation between invasive and non-invasive
recurrences, which would have been ideal.

Nonetheless, this was a large retrospective study that uses real-world data, thereby increasing the external
validity of our hypothesis-generating findings. Given the low frequency of ER"-low tumors,'® the conduction of
large prospective studies assessing the prognostic and predictive values of lower ER expression is practically
unfeasible. However, retrospective analyses of prospectively collected tumor samples and data from large phase 3
trials assessing the efficacy of adjuvant ET may be feasible and favored to address this unmet need. This study
therefore fills an important gap in our knowledge of the natural history of ER"-low and ER"-intermediate tumors.

Conclusions

Findings from this real-world retrospective study suggest that patients in this cohort with ER expression rates <20% have
poor outcomes; however, given that few patients had lower tumor expression of ERs in our cohort, our findings need to
be validated in future studies.
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