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Abstract
Purpose The biology of breast cancer with a low expression level (1–10%) of estrogen receptor (ER) remains a matter of 
confusion. The recent American Society of Oncology/College of American Pathologist Guidelines have recommended 
reporting such tumors as a new “ER-low-positive” category with a recommended comment to emphasize the possible over-
all benefit of endocrine therapies in these patients. The aim of the study was to analyze the clinicopathologic features and 
clinical outcomes of ER-low-positive breast cancers.
Methods We characterized the clinicopathologic features and survival outcomes of ER-low-positive breast cancers in our 
4179 patients diagnosed from 1998 to 2018.
Results The ER-positive, ER-low-positive, and ER-negative cases in our cohort were 2982 (71.4%), 97 (2.3%), and 1100 
(26.3%), respectively. ER-low-positive tumors showed similar clinicopathologic characteristics yet significantly superior 
prognosis when compared to ER-negative tumors, while demonstrated largely overlapping survival outcomes with ER-pos-
itive tumors in the entire cohort. In the subcohort of tumors with a PR-positive phenotype, the prognosis of ER-low-positive 
tumors was intermediate between that of the ER-positive and ER-negative groups. ER-low-positive/PR-positive tumors had 
a significantly worse prognosis than ER-positive tumors, and a trend toward favorable survival outcomes when compared to 
ER-negative tumors, although no significant difference was identified for the latter. In contrast, the ER-positive and ER-low-
positive groups showed similar survival outcomes in the subset of tumors with a PR-negative status, both being significantly 
better than ER-negative tumors.
Conclusions PR status as a surrogate marker of functional ER signaling provides critical information in this regard. These 
findings suggest that while ER-low-positive tumors are themselves heterogeneous, they often respond to endocrine treatment. 
Analysis of molecular signatures and standardization of therapeutic strategies are important to understand the biology of 
ER-low-positive tumors and to enable optimal treatment in the pursuit of individualized medicine.
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Introduction

Estrogen receptor (ER) signaling plays a crucial role in 
mammary carcinogenesis and breast cancer progression. ER 
and its closely related molecule, progesterone receptor (PR), 
are important prognostic factors and the essential predictive 
markers for endocrine therapies [1–4]. Approximately 78% 

of invasive breast cancers are ER-positive, and this rate is 
projected to increase 0.75% per year in the United States 
[5]. ER-targeted therapies have significantly improved the 
clinical outcomes in patients with ER-positive breast can-
cers, and the therapeutic effects are correlated with the ER 
levels in tumor cells [6–8]. Thus, precise assessment of ER 
status is pivotal to predict whether a patient may benefit 
from endocrine therapy.

The cutoff value for ER positivity in breast cancer, how-
ever, has long been controversial. A 10% cutoff for ER 
positivity was widely used in early practice, although the 
cutoffs varied from 1 to 20% among studies from different 
countries/regions [9]. With advancements in immunohisto-
chemical techniques and the introduction of new highly sen-
sitive antibodies, the 2010 American Society of Oncology 
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(ASCO)/College of American Pathologist (CAP) Guidelines 
recommended that ER status was considered positive if only 
1% of tumor cells demonstrated positive nuclear reactivity 
by immunohistochemistry [10].

With regard to ER pathway activation, however, the biol-
ogy of breast cancer with low ER expression remained a 
matter of controversy. Approximately 2–5% of ER-positive 
cancers reportedly demonstrate only between 1 and 10% of 
their tumor cells staining for ER [11–14]. A number of stud-
ies have shown that these tumors are a heterogeneous group, 
and at least a subset have pathologic features, molecular 
characteristics and clinical outcomes more similar to those 
tumors that lack ER expression [12–17]. Thus, some authori-
ties have suggested that 1% may not be the ideal cutoff for 
ER positivity in predicting response to endocrine therapy, 
especially in patients with ER-low-positive breast cancers. 
To that end, the 2020 ASCO/CAP Guidelines have recom-
mended the reporting of ER, if 1–10% of tumor cell nuclei 
are immunoreactive, as a new category of ER-low-positive 
breast cancer with a recommended comment on the limited 
data currently available on the overall benefit of endocrine 
therapies in these patients [11]. In this study, we sought to 
characterize the clinicopathologic features and prognostic 
outcomes of ER-low-positive breast cancers in comparison 
to ER-negative and ER-positive (> 10%) tumors in a cohort 
of more than 4000 cases from a single institution.

Materials and methods

This study was conducted after the approval of the institu-
tional review board of the University of Alabama at Bir-
mingham. A search of the tumor registry at the authors’ 
institution was performed to identify female patients diag-
nosed with invasive breast cancer between 1998 and 2018. 
The patients’ demographic information (age at diagnosis and 
race), the pathologic characteristics of the primary tumor 
(histologic type and grade, ER, PR and HER2 status, patho-
logic tumor and nodal stages), and clinical outcomes were 
collected. The patients who did not receive systemic therapy 
and those who had missing treatment or follow-up data were 
excluded from the analysis. With regard to endocrine therapy 
in the 97 patients with ER-low-positive tumors, 29 received 
endocrine therapy (17 PR-positive and 12 PR-negative) 
and 63 did not (20 PR-positive and 43 PR-negative). The 
remaining 5 patients did not receive endocrine therapy at the 
authors’ institution (all PR-negative); it was unclear if they 
received endocrine therapy at other institutions. The median 
follow-up time was 4.4 years.

Hormonal receptor testing was performed following 
the ASCO/CAP Guideline Recommendations. The cutoff 
value for ER and PR positivity was 10% prior to the 2010 
ASCO/CAP Guideline Recommendations and revised to 1% 

thereafter [10]. The pathology reports of the cases with a 
negative ER and/or PR status before 2010 were reviewed to 
record the percentage and intensity of the staining, and those 
either not documented or slides inaccessible were excluded 
from the study. HER2 overexpression or gene amplification 
status was determined by immunohistochemistry or in situ 
hybridization following the ASCO/CAP Guideline Recom-
mendations [18, 19].

The categorical data obtained were analyzed by Chi-
square testing, while continuous data were evaluated by 
using an independent t-test. Distant relapse-free survival 
(RFS; from the date of diagnosis to the date of distant recur-
rence) and disease-specific survival (DSS; from the date of 
diagnosis to the date of death from the disease) were calcu-
lated by Kaplan–Meier analysis. Patients who survived or 
were lost to follow-up were considered as censored data in 
the analysis. The Cox proportional hazards regression model 
was used to identify significant factors for RFS and DSS. A 
P value of less than 0.05 was considered statistically sig-
nificant. All data were analyzed using IBM SPSS Statistics 
(Version 26) predictive analytics software.

Results

Clinicopathologic characteristics and prognostic 
outcomes of breast cancer patients stratified by ER 
status in the entire cohort

There were a total of 4179 patients meeting the inclusion cri-
teria in this cohort. The mean and median ages at diagnosis 
were 57.8 and 58 years, respectively (range 18–99 years). 
The majority of the patients were Caucasians (N = 3073; 
73.5%), followed by African Americans (N = 1034; 24.8%) 
and “others” (N = 72; 1.7%). The ER-positive, ER-low-pos-
itive and ER-negative cases were 2982 (71.4%), 97 (2.3%) 
and 1100 (26.3%), respectively. The clinical and pathologic 
features stratified by ER status are summarized in Table 1.

When compared to the patients with ER-positive can-
cers, those with ER-low-positive tumors were significantly 
younger (mean age 59.1 vs. 56.4 years, P = 0.039) and more 
likely to be African American (77.4% vs. 61.9%, P = 0.001). 
Further, the ER-low-positive tumors were more likely of a 
ductal phenotype (83.5% vs. 71.4%, P = 0.005), and higher 
histologic grades (Grade II/III 94.8% vs. 74.0%, P < 0.001). 
Furthermore, these tumors were significantly larger (mean 
size 27.6 mm vs. 21.7 mm, P = 0.003). Thus, it is not sur-
prising that ER-low-positive tumors more frequently pre-
sented at advanced clinical stages (Stage II/III/IV 69.1% 
vs. 48.8%, P = 0.001). Moreover, these tumors were also 
less likely to express PR (84.0% vs. 38.1%, P < 0.0001) 
and more likely to be HER2-positive (28.9% vs 11.2%, P 
< 0.0001).
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We next compared ER-low-positive and ER-negative 
tumors. To that end, the former was less likely to be of high 
histologic grade (Grade III 80.5% vs. 70.1%, P = 0.001) 
and more likely to be PR-positive (38.1% vs. 13.1%, P < 
0.0001). Overall, ER-low-positive tumors demonstrated dis-
tinct clinical and pathologic characteristics when compared 

to ER-positive cases, while the former exhibited largely 
overlapping features with ER-negative tumors that were 
drastically different from the ER-positive cancers.

To attest to the prognostic significance of breast cancers 
with low ER expression, we next analyzed the patients’ 
survival outcomes based on the ER status. As expected, 

Table 1  Clinicopathologic characteristics of breast cancer cases stratified by ER status in the entire cohort

Clinicopatho-
logic factor

ER status (N) Total 
(n = 4179)

P value

ER-positive 
(n = 2982)

ER-low-positive 
(n = 97)

ER-negative 
(n = 1100)

ER-positive 
vs. ER-low-
positive

ER-low-positive 
vs. ER-negative

ER-positive vs. 
ER-negative

Age
 Mean/median 

(range)
59.1/60 (18–99) 56.4/58 (31–90) 54.5/54.5 

(22–95)
57.8/58 (18–99) 0.039 0.164 < 0.0001

Race
 Caucasian 2307 60 706 3073 0.001 0.809 < 0.0001
 African Ameri-

can
621 34 379 1034

 Other 54 3 15 72
Tumor type
 Ductal 2130 81 974 3185 0.005 0.242 < 0.0001
 Lobular 817 14 118 949
 Other 35 2 8 45

Histologic grade
 Grade I 744 4 16 764 < 0.0001 0.001 < 0.0001
 Grade II 1553 24 198 1775
 Grade III 654 68 886 1608
 Unknown 31 1 0 32

Mean tumor size 
(mm) (range)

21.7 (0.4–275) 27.6 (3–120) 31.0 (1–205) 24.3 (0.4–275) 0.003 0.234 < 0.0001

Pathologic nodal 
stage

 N0 1962 63 630 2655 0.683 0.205 < 0.0001
 N1 645 25 270 940
 N2 153 4 69 226
 N3 69 1 54 124
 Unknown 153 4 77 234

PR status
 Positive 2504 37 144 2685 < 0.0001 < 0.0001 < 0.0001
 Negative 478 60 956 1494

HER2 status
 Positive 335 28 281 644 < 0.0001 0.376 < 0.0001
 Negative 2567 65 804 3436
 Equivocal 40 1 10 51
 Unknown 40 3 5 48

Clinical stage
 I 1506 29 333 1868 0.001 0.279 < 0.0001
 II 1014 50 483 1547
 III 271 11 159 441
 IV 169 6 122 297
 Unknown 22 1 3 26
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ER-positive breast cancers were associated with signifi-
cantly better RFS [hazard ratio (HR) 0.365 (0.307–0.434), 
P < 0.0001] and DSS [HR 0.192 (0.156–0.236), P < 
0.0001] when compared to ER-negative tumors. The very 
same observations were also obtained when comparing 
ER-low-positive and ER-negative tumors [RFS: HR 0.407 
(0.216–0.766), P = 0.005; DSS: HR 0.361 (0.185–0.703), 

P = 0.003], as illustrated in Fig. 1. No significant difference 
for RFS or DSS was observed between ER-positive and ER-
low-positive groups.

Multivariate analysis was next performed to identify sig-
nificant prognostic factors in the entire cohort. As expected, 
high histologic grade, larger tumor size and positive lymph 
node status were independently associated with both RFS 
and DSS, as shown in Table 2. A lobular phenotype and 
HER2 positivity were associated with an inferior RFS, but 
were not independent factors for DSS. Importantly, ER-
low-positive tumors had a significantly better RFS and DSS 
when compared to ER-negative tumors despite overlapping 
clinicopathologic features between the two groups. Interest-
ingly, while race and PR status were not significant factors 
for RFS, they were both independently associated with DSS.

Clinical and pathological analyses of PR‑positive 
breast cancers

Given that PR status was an independent prognostic factor 
for DSS, we next analyzed the clinicopathologic features 
of breast cancers further stratified by PR status. The clin-
icopathologic characteristics of the 2685 PR-positive cases 
are summarized in Table 3. When compared to ER-positive 
tumors in this subcohort, ER-low-positive tumors more fre-
quently affected younger patients (mean age 59.0 vs. 54.5 
years, P = 0.034), were more likely to be of higher histo-
logic grades (Grade II/III 91.9% vs. 73.4%, P < 0.0001) and 
were HER2-positive (37.8% vs. 9.7%, P < 0.0001). Conse-
quently, they more frequently presented at higher clinical 
stages (Stage II/III/IV 70.3% vs. 47.8%, P = 0.049).

When compared to ER-negative tumors, however, the ER-
low-positive cases were more frequently of low histologic 
grade (Grade I 8.1% vs 2.1%, P = 0.017). Overall, ER-low-
positive tumors exhibited distinct clinicopathologic features 

Fig. 1  Relapse-free survival (A, Chi-square 151.0, P < 0.0001) and 
disease-specific survival (B, Chi-square 304.8, P < 0.0001) of breast 
cancers in the entire cohort stratified by ER status. ER+ ER-positive, 
ER-low ER-low-positive, ER− ER-negative

Table 2  Multivariate analysis of clinicopathologic factors-associated prognostic outcomes in the entire cohort

HR hazard ration, CI confidence interval

Clinicopathologic factor Relapse-free survival Disease specific survival

HR (95% CI) P value HR (95% CI) P value

Age (> 58 vs. ≤ 58) 0.868 (0.723–1.042) 0.130 1.172 (0.948–1.449) 0.143
Race (Caucasian vs. African American) 0.926 (0.767–1.119) 0.426 0.688 (0.557–0.851) 0.001
Tumor type (lobular vs. ductal) 1.427 (1.142–1.784) 0.002 1.270 (0.957–1.686) 0.098
Histologic grade (III vs. I/II) 1.489 (1.211–1.832) < 0.0001 1.870 (1.447–2.417) < 0.0001
Tumor size (2.0–5.0 cm vs. ≤ 2.0 cm) 2.534 (1.917–3.350) < 0.0001 1.749 (1.326–2.306) < 0.0001
Tumor size (> 5.0 cm vs. ≤ 2.0 cm) 4.599 (3.387–6.245) < 0.0001 2.532 (1.755–3.653) < 0.0001
Nodal status (positive vs. negative) 4.716 (3.673–6.055) < 0.0001 4.908 (3.714–6.487) < 0.0001
ER-positive vs. ER-negative 0.609 (0.470–0.788) < 0.0001 0.367 (0.270–0.497) < 0.0001
ER-low-positive vs. ER-negative 0.424 (0.218–0.827) 0.012 0.487 (0.246–0.964) 0.039
PR (positive vs. negative) 0.839 (0.660–1.066) 0.150 0.691 (0.521–0.916) 0.01
HER2 (positive vs. negative) 1.372 (1.123–1.678) 0.002 1.010 (0.797–2.306) 0.936
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from ER-positive cases but had similar characteristics when 
compared to ER-negative tumors in the subset of PR-posi-
tive cases, similar to the aforementioned observations in the 
entire cohort.

Survival analyses of this subcohort revealed a sig-
nificantly superior DSS associated with ER-positive 
tumors when compared to ER-low-positive cases [HR 
0.332 (0.122–0.901), P = 0.031], but not RFS [HR 0.525 
(0.216–1.275), P = 0.154]. No significant difference for RFS 
[HR 1.401 (0.543–3.614), P = 0.486] or DSS [HR 1.582 

(0.553–4.525), P = 0.393] was identified when comparing 
ER-negative and ER-low-positive groups, while a trend of 
inferior DSS in the former group was observed (Fig. 2).

However, multivariate analyses demonstrated signifi-
cantly better survival outcomes for ER-positive tumors 
when compared to ER-low-positive cases for both RFS 
and DSS (Table 4). Again, no significant difference for 
RFS or DSS was identified between ER-negative and ER-
low-positive tumors. High histologic grade, lobular phe-
notype, larger tumor size, positive nodal status and HER2 

Table 3  Clinicopathologic characteristics of PR-positive breast cancer cases stratified by ER status

Clinicopatho-
logic factor

ER status (N) Total  
(n = 2685)

P value

ER-positive 
(n = 2504)

ER-low-positive 
(n = 37)

ER-negative 
(n = 144)

ER-positive vs. 
ER-low-positive

ER-low-positive 
vs. ER-negative

ER-positive vs. 
ER-negative

Age
 Mean/median 

(range)
59/60 (18–99) 54.5/57 (31–87) 54.3/54.5 

(28–93)
58.68/59 

(18–99)
0.034 0.99 < 0.0001

Race
 Caucasian 1956 28 86 2070 0.836 0.142 < 0.0001
 African Ameri-

can
514 8 55 577

 Other 34 1 3 38
Tumor type
 Ductal 1786 30 121 1937 0.395 0.767 0.004
 Lobular 695 7 22 724
 Other 23 0 1 24

Histologic grade
 Grade I 652 3 3 658 < 0.0001 0.017 < 0.0001
 Grade II 1312 13 31 1356
 Grade III 527 21 110 658
 Unknown 13 0 0 13

Mean tumor size 
(mm) (range)

21.3 (1–160) 26.5 (4–73) 34.5 (3–150) 22.1 (1–160) 0.094 0.127 < 0.0001

Pathologic nodal 
stage

 N0 1664 24 79 1767 0.929 0.701 <0.0001
 N1 545 11 42 598
 N2 117 2 7 126
 N3 54 0 10 64
 Unknown 124 0 6 130

HER2 status
 Positive 242 14 38 294 < 0.0001 0.163 < 0.0001
 Negative 2231 23 103 2357
 Equivocal 29 0 3 32
 Unknown 2 0 0 2

Clinical stage
 I 1298 11 40 1349 0.049 0.941 < 0.0001
 II 838 19 69 926
 III 217 5 24 246
 IV 142 2 11 155
 Unknown 9 0 0 9
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positivity were each independently associated with RFS, 
whereas only histologic grade, tumor size, and nodal status 
remained significant for DSS.

When comparing the clinical outcomes of ER-low-posi-
tive/PR-positive tumors, those with endocrine therapy were 
associated with a better RFS [HR 0.111 (0.015–0.800), P 
= 0.03] and DSS [HR 0.093 (0.012–0.696), P = 0.02] in 
this limited subset of cases, although a higher level of ER 

was found in those receiving endocrine therapy (mean 9%, 
range 5–10% vs. mean 5%, range 1–10%; P = 0.0001).

Analyses of the subcohort of cases 
with a PR‑negative phenotype

In the subcohort of 1494 cases with a PR-negative pheno-
type, ER-low-positive cancers affected African Americans 
more often than ER-positive tumors (55.2% vs. 23.4%, P 
= 0.001), and were more likely to be of higher histologic 
grades (Grade II/III 96.7% vs 77.0%, P < 0.0001). No sig-
nificantly different clinicopathologic features were identi-
fied between ER-low-positive and ER-negative cases. Once 
again, the latter two groups showed similar clinicopathologic 
characteristics (Table 5).

When compared to those lacking ER expression, ER-pos-
itive tumors were associated with a significantly superior 
RFS [HR 0.509 (0.385–0.674), P < 0.0001] and DSS [HR 
0.663 (0.463–0.951), P = 0.025], as expected (Fig. 3). ER-
low-positive tumors also demonstrated a significantly better 
RFS when compared to the former [HR 0.311 (0.128–0.756), 
P = 0.01], while no significant difference was found for DSS 
[HR 0.649 (0.358–1.177), P = 0.155]. No substantial differ-
ence for RFS or DSS was identified between ER-positive and 
ER-low-positive cases.

Multivariate analyses revealed a significantly superior 
DSS associated with both ER-positive and ER-low-positive 
cancers when compared to ER-negative tumors, while the 
ER status was not associated with RFS (Table 6). HER2 
status, pathologic tumor and nodal stages were each inde-
pendently correlated with RFS, whereas race, histologic 
grade, and pathologic tumor and nodal stages were signifi-
cant prognostic factors for DSS.

When comparing the clinical outcomes of the small sub-
set of patients with ER-low-positive/PR-negative tumors 
who did or did not receive endocrine therapy, no significant 

Fig. 2  Relapse-free survival (A, Chi-square 31.66, P < 0.0001) and 
disease-specific survival (B, Chi-square 65.59, P < 0.0001) of in the 
subset of patients with PR-positive breast cancers. ER+ ER-positive, 
ER-low ER-low-positive, ER− ER-negative

Table 4  Multivariate analysis of clinicopathologic factors-associated prognostic outcomes in PR-positive breast cancers

HR hazard ration, CI confidence interval

Clinicopathologic factor Relapse-free survival Disease specific survival

HR (95% CI) P value HR (95% CI) P value

Age (> 59 vs. ≤ 59) 0.984 (0.754–1.286) 0.908 1.077 (0.751–1.545) 0.687
Race (Caucasian vs. African American) 0.857 (0.643–1.142) 0.293 0.737 (0.507–1.073) 0.111
Tumor type (lobular vs. ductal) 1.871 (1.394–2.509) < 0.0001 1.395 (0.925–2.105) 0.112
Histologic grade (III vs. I/II) 1.533 (1.154–2.037) 0.003 1.911 (1.295–2.820) 0.001
Tumor size (2.0–5.0 cm vs. ≤ 2.0 cm) 1.896 (1.323–2.718) < 0.0001 2.055 (1.282–3.295) 0.003
Tumor size (> 5.0 cm vs. ≤ 2.0 cm) 2.666 (1.749–4.063) < 0.0001 1.800 (0.978–3.315) 0.059
Nodal status (positive vs. negative) 4.817 (3.238–7.164) < 0.0001 4.299 (2.588–7.140) < 0.0001
ER-positive vs. ER-low-positive 0.365 (0.147–0.906) 0.030 0.299 (0.107–0.839) 0.022
ER-negative vs. ER-low-positive 0.752 (0.288–1.966) 0.561 1.043 (0.361–3.019) 0.938
HER2 (positive vs. negative) 1.565 (1.122–2.183) 0.008 1.223 (0.781–1.914) 0.379
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difference was identified in RFS [HR 0.408 (0.037–2.657), 
P = 0.3] or DSS [HR 0.437 (0.045–2.998), P = 0.4]. The 
levels of ER expression were similar between the two groups 
(mean 7%, range 3–10% vs. mean 6%, range 1–10%; P = 
0.3).

We next compared the prognostic outcomes of patients 
with Grade III, ER-low-positive/PR-negative/HER2-neg-
ative tumors (N = 36, including 6 receiving endocrine 

therapy) and those having triple-negative breast cancers 
(N = 701), given that these tumors would frequently be 
treated similarly in clinical practice. To that end, a sig-
nificantly better RFS was associated with the former [HR 
0.336 (0.147–0.770), P = 0.01] in the patients without dis-
tant metastasis at diagnosis (N = 33 and 660, respectively), 
while a trend of favorable DSS with marginal significance 
was seen for DSS [HR 0.391 (0.274–1.002), P = 0.053].

Table 5  Clinicopathologic characteristics of PR-negative breast cancer cases stratified by ER status

Clinicopatho-
logic factor

ER status (N) Total  
(n = 1494)

P value

ER-positive 
(n = 478)

ER-low-positive 
(n = 60)

ER-negative 
(n = 956)

ER-positive vs. 
ER-low-positive

ER-low-positive 
vs. ER-negative

ER-positive vs. 
ER-negative

Age
 Mean/median 

(range)
59.7/60 (20–98) 57.5/58.5 

(33–90)
54.5/54 (22–95) 56.3/57 (20–95) 0.217 0.928 0.596

Race
 Caucasian 351 32 620 1003 < 0.0001 0.103 < 0.0001
 African Ameri-

can
107 26 324 457

 Other 20 2 12 34
Tumor type
 Ductal 344 51 853 1248 0.06 0.102 < 0.0001
 Lobular 122 7 96 225
 Other 12 2 7 21

Histologic grade
 Grade I 92 1 13 106 < 0.0001 0.949 < 0.0001
 Grade II 241 11 167 419
 Grade III 127 47 776 950
 Unknown 18 1 0 19

Mean tumor size 
(mm), range

23.5 (0.4–275) 28.3 (3–120) 30.5 (1–205) 28.2 (0.4–205) 0.128 0.087 0.004

Pathologic nodal 
stage

 N0 298 39 551 888 0.587 0.475 0.215
 N1 100 14 228 342
 N2 36 2 62 100
 N3 15 1 44 60
 Unknown 29 4 71 104

HER2 status
 Positive 93 14 243 350 0.803 0.697 0.007
 Negative 336 42 701 1079
 Equivocal 11 1 7 19
 Unknown 38 3 5 46

Clinical stage
 I 208 18 293 519 0.139 0.416 < 0.0001
 II 176 31 414 621
 III 54 6 135 195
 IV 27 4 111 142
 Unknown 13 1 3 17
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Discussion

ER-low-positive breast cancers are defined as those with 
1–10% of tumor nuclei staining positive for ER by the 
ASCO/CAP Guideline Recommendations [11], although 
1–9% has also been used in some studies [12, 13]. These 
borderline ER-positive tumors are rare, with a reported 

incidence of 2–5% of all breast cancer cases in large series 
[11–14], although some smaller cohorts reported higher 
incidence rates [15, 16]. This terminology has been used 
owing to the 2010 ASCO/CAP Guideline Recommenda-
tions that mandated tumors with ≥ 1% ER nuclear immu-
noreactivity as ER-positive [10]. However, a range of 
arbitrary thresholds has been used in clinical practice for 
endocrine therapy, including 1%, 5–10% and 20% [20], of 
which 10% is commonly utilized by treating physicians 
[12]. In this cohort, we found 2.3% of all of our breast 
cancer cases falling into the category of ER-low-positive 
tumors, thus in keeping with the reported incidence range. 
It is interesting to note that all ER-low-positive cases in the 
present study showed weak (1+) nuclear staining, and no 
case with 1–10% ER expression demonstrated moderate 
or strong intensity.

A number of early studies have analyzed clinical and 
pathologic characteristics of ER-low-positive breast can-
cers. In conformity with previous observations, our findings 
also demonstrated that ER-low-positive tumors more com-
monly occurred in younger-aged women, more frequently 
affected African Americans, were associated with a higher 
histologic grade, negative PR and positive HER2 status, and 
more advanced pathologic and clinical stages, thus similar to 
ER-negative carcinomas [12, 14, 15]. Furthermore, a signifi-
cant proportion of ER-low-positive tumors have been shown 
to possess ER-negative molecular characteristics based on 
quantitative estimation of ER mRNA and ER-related gene 
transcripts [15, 16].

There have been limited studies with regard to the sur-
vival outcomes in ER-low tumors. A respective cohort 
consisting of 250 ER-low-positive breast cancers showed a 
worse RFS and diminished overall survival when compared 
to ER-positive tumors [12]. Further, pathologic complete 
response rates for ER-low-positive/HER2-negative tumors 
were similar to those of triple-negative breast cancers [17, 

Fig. 3  Relapse-free survival (A, Chi-square 28.47, P < 0.0001) and 
disease-specific survival  (B, Chi-square 65.38, P < 0.0001) in the 
subcohort of PR-negative breast cancers. ER+ ER-positive, ER-low 
ER-low-positive, ER− ER-negative

Table 6  Multivariate analysis of clinicopathologic factors-associated prognostic outcomes in PR-negative breast cancers

HR hazard ration, CI confidence interval

Clinicopathologic factor Relapse-free survival Disease specific survival

HR (95% CI) P value HR (95% CI) P value

Age (> 57 vs. ≤ 57) 0.792 (0.614–1.020) 0.071 1.242 (0.954–1.617) 0.107
Race (Caucasian vs. African American) 1.008 (0.781–1.300) 0.953 0.669 (0.516–0.869) 0.003
Tumor type (lobular vs. ductal) 1.048 (0.724–1.516) 0.804 1.143 (0.767–1.704) 0.512
Histologic grade (III vs. I/II) 1.323 (0.976–1.793) 0.072 1.626 (1.158–2.285) 0.005
Tumor size (2.0–5.0 cm vs. ≤ 2.0 cm) 1.801 (1.22–2.510) 0.001 1.582 (1.125–2.224) 0.008
Tumor size (> 5.0 cm vs. ≤ 2.0 cm) 2.486 (1.707–3.620) < 0.0001 2.609 (1.786–3.812) < 0.0001
Nodal status (positive vs. negative) 4.497 (3.259–6.207) < 0.0001 4.926 (3.542–6.852) < 0.0001
ER-positive vs. ER-negative 0.788 (0.570–1.090) 0.150 0.375 (0.151–0.930) < 0.0001
ER-low-positive vs. ER-negative 0.439 (0.175–1.100) 0.079 0.430 (0.295–0.626) 0.034
HER2 (positive vs. negative) 1.309 (1.015–1.688) 0.038 0.940 (0.710–1.244) 0.665
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21]. Furthermore, ER-low-positive tumors showed an inter-
mediate disease-free survival between that of the ER-pos-
itive and ER-negative groups in a cohort of 3596 patients 
[22]. Moreover, a meta-analysis of 6 studies consisting of 
16,606 patients revealed that ER-low-positive tumors had 
a poorer endocrine responsiveness when compared to their 
ER-positive counterparts. Yet, patients with ER-low-positive 
tumors manifested an overall better prognosis than those 
with ER-negative cancers regardless of treatment regimen 
[13]. These findings are concordant, in least in part, with 
the observations of the present study in which the ER-low-
positive tumors had a better RFS and DSS than the ER-
negative carcinomas in spite of largely overlapping clinical 
and pathologic characteristics between the two groups. The 
lack of significant difference for RFS or DSS between ER-
positive and ER-low-positive groups in the current study 
supports using 1% as the optimal cutoff for ER positivity. 
The collective findings thus far have suggested that ER-low-
positive carcinomas may represent a heterogeneous group 
with diverse clinical outcomes. In this regard, an early study 
observed a tendency for survival advantages in patients with 
ER/PR 6–10% breast cancers when compared to the ER/PR 
< 1% group, while an ER/PR 1–5% did not appear to have 
any significant impact on survival outcomes, thus further 
indicating the heterogeneity of ER-low-positive carcinomas 
[23].

The largely overlapping prognostic outcomes between 
ER-positive and ER-low-positive groups in the entire cohort 
are of substantial interest. While the discrepancies between 
some early studies and ours might be due to the limited 
sample size thus requires further validation, the signifi-
cance of PR status in predicting survival outcomes could 
provide potential biologic mechanisms for the observed 
heterogeneity in the subset of ER-low-positive tumors. As 
an ER-dependent gene product, PR is positive in the vast 
majority of ER-expressing tumors (82.5% in this cohort), 
and co-expression of the two molecules is indicative of func-
tional ER signal transduction. It has been generally accepted 
that PR status added to ER status significantly improves the 
accuracy of predicting endocrine responsiveness of the pri-
mary tumor [24]. Therefore, it is plausible that with intact 
ER signaling (i.e., ER+/PR+), carcinomas with a lower ER 
expression are associated with a poorer prognosis, as exem-
plified by the worse DSS demonstrated in the subcohort of 
patients with PR-positive tumors in this study. In addition, 
endocrine treatment of ER-low-positive/PR-positive tumors 
was associated with a favorable prognostic outcome in the 
present cohort, further suggesting possible benefits of such 
therapy, although those with endocrine therapy had higher 
ER levels and the number of cases was minimal. These 
observations also provide additional evidence supporting the 
recommended reporting comments for a low level (1–10%) 
of ER expression, to emphasize the possible benefit but 

limited data on the overall benefit of endocrine therapies in 
these patients [11].

On the other hand, an ER+/PR− phenotype suggests 
a blockade of the functional ER signaling cascade. These 
patients are typically managed similarly to those with ER+/
PR+ breast cancers, yet usually have a worse prognosis [25, 
26]. Thus, the lack of a significant difference in survival 
outcomes between ER-positive and ER-low-positive tumors 
may be due to a generally poorer responsiveness to endocrine 
therapies in the absence of PR expression. Moreover, endo-
crine therapy did not provide survival benefit for patients 
with ER-low-positive/PR-negative tumors in this study, thus 
further supporting this notion. Interestingly, the Grade III, 
ER-low-positive/PR-negative/HER2-negative tumors, albeit 
a small subset of cases, were associated favorable prognostic 
outcomes when compared to triple-negative breast cancers. 
This observation requires further confirmation in a larger 
cohort, while the tumor biology and ER signaling in these 
tumors merit further investigation. The inferior survival out-
comes associated with the ER-negative phenotype in this 
group are undoubtedly ascribable to their ER-/PR-/HER2+ 
or triple-negative receptor profiles, which are known to be 
aggressive subtypes associated with poor prognosis.

Some limitations exist in the current study. First, ER-
low-positive tumors are rare thus the limited sample size 
precludes further detailed analysis, an inherited nature of 
all similar studies. Second, the cutoff changes for ER and 
PR from 10 to 1% in the study period likely had an impact 
in the treatment decision-making in the patients with ER-
low-positive tumors. Third, arbitrary thresholds for endo-
crine therapy used in practice for ER-low-positive tumors 
might have influenced clinical outcomes. Furthermore, the 
advancement in chemotherapeutic regimens and HER2-
targeted therapy might have had an impact on the course of 
disease progression in ER-low-positive tumors. Nonetheless, 
all patients received standard of care treatment at the time 
of diagnosis.

In summary, we found that ER-low-positive breast can-
cers had overall superior prognostic outcomes when com-
pared to ER-negative tumors in this cohort, despite hav-
ing largely overlapping clinicopathologic characteristics 
between the two groups. PR status as a surrogate marker 
of functional ER pathway provides critical information in 
this regard. With intact ER signaling, the prognosis of ER-
low-positive tumors was intermediate between that of the 
ER-positive and ER-negative groups, although no significant 
difference was found between ER-low-positive and ER-nega-
tive tumors. In case of ER cascade blockade (as indicated by 
PR-negativity), the ER-positive and ER-low-positive groups 
showed similar survival outcomes, both significantly better 
than ER-negative tumors. These findings support that ER-
low-positive tumors are eligible for endocrine treatment. The 
utility of PR in assisting in prognostication is also evident in 
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its inclusion in the recently established breast cancer prog-
nostic stage groups [9, 27]. Analysis of molecular signatures, 
standardization of therapeutic strategies, validation with a 
larger sample size and longer follow-up are all important 
to understand the biology of this group of heterogeneous 
tumors and to enable optimal treatment in the pursuit of 
individualized medicine.
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