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Introduction

Breast cancer, the most common malignancy in women 
worldwide, is considered a heterogeneous disease with 
high degree of diversity [1]. Risk stratification for recurrence  
after surgery depends on various clinicopathological factors  
including patient age, tumor size, lymph node involvement, 
and hormone receptor expression [2]. Since the discovery of 
hormone receptors in the 1960s, estrogen receptor (ER) and 
progesterone receptor (PR) expression has remained essen-
tial in the decision-making algorithm for breast cancer treat-
ment [3].

ER positivity is closely associated with major hormonal 
risk factors of breast cancer [4]. At the same time, ER-pos-
itive (ER+) disease exhibits distinct clinicopathological fea-
tures such as older age, smaller size, lower grade, and most  
importantly, favorable prognosis [5,6]. Yet the hallmark 
of ER expression is its predictive role in hormonal therapy  

response; adjuvant tamoxifen therapy for ER+ breast cancer 
has led to a significant decrease in recurrence and mortality 
[7].

It is undebatable that ER-negative (ER–) patients do not 
benefit from hormonal therapy; however, defining ER posi-
tivity with a clear cutoff point remains challenging [8]. The 
traditional cutoff value for ER+ disease was over 10% of 
cells staining, which was later lowered to 1%; however, a 
recent update in the American Society of Clinical Oncology 
(ASCO)/College of American Pathologists (CAP) guideline 
recommends defining samples with low level (1%-10%) 
of ER expression separately as ER low positive (ERlow) [9].  
Recent reports in the literature suggest that ERlow tumors 
might be morphologically and behaviorally different from 
tumors with high ER expression (ERhigh) [10-12]. In the pre-
sent study, we aim to compare ERhigh, ERlow, and ER– subtypes 
of early breast cancer in terms of clinicopathological charac-
teristics, endocrine responsiveness, and prognosis.
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Materials and Methods

1. Study population
Retrospective analysis was performed on a prospective  

cohort of 2,411 patients who underwent curative surgery for 
early stage breast cancer between January 2005 and Decem-
ber 2015 at Seoul National University Bundang Hospital. 
The inclusion criteria for the current study were as follows: 
(1) histologically confirmed stage 0 of ductal carcinoma in 
situ (DCIS) or stage I of invasive ductal carcinoma (IDC), 
(2) available surgical records and pathology reports, and (3) 
available immunohistochemistry (IHC) staining results on 
ER, PR, human epidermal growth factor receptor 2 (HER2) 
and Ki-67. Patients with contralateral advanced stage breast 
cancer were excluded from the study. A total of 2,162 patients 
were included for analysis. 

2. Data collection
Demographic information of study participants was obtai- 

ned through review of medical records. Surgical records 
were reviewed for operation date, method, and extent of 
axillary dissection. Information on tumor size, histological 
type, histological grade, lymphovascular invasion, lymph 
node metastasis, and pathological stage was retrieved from 
pathology reports. IHC staining was routinely performed for 
ER, PR, HER2, and Ki-67. Follow-up data was collected until 
each patient’s last visit to the hospital and included adjuvant 
therapy (radiation therapy, hormonal therapy, chemothera-
py), recurrence status (date of recurrence, initial recurrence 
site, additional treatment), and survival status (date and 
cause of death). 5-Year recurrence-free survival (RFS) was 
analyzed by censoring events at 5 years.

3. Immunohistochemistry staining
Hormone receptor status was determined by our patholo-

gists who are fully dedicated to breast cancer pathology.  
Patients were separated into three groups based on IHC  
result of ER staining: (1) ERhigh, when ≥ 10% of tumor cell 
nuclei were immunoreactive, (2) ERlow, with 1%-9% of cells 
staining, and (3) ER–, if less than 1% of tumor cells showed 
IHC staining for ER.

4. Statistical analysis
All statistical analyses were performed using SPSS ver. 

23.0 (IBM Corp., Armonk, NY). Continuous variables were 
compared using Student’s t test; categorical variables were 
compared using chi-square test or Fisher exact test. Survival 
analysis was conducted using Kaplan-Meier method and log-
rank test. Hazard ratio for recurrence was obtained through 
Cox regression analysis. Subgroup analysis was performed 
for DCIS and IDC patients separately. All p-values were two-

sided, and p < 0.05 was considered statistically significant.

Results

Among the 2,162 patients included in the study, 1,654 
(76.5%) were ERhigh, 54 (2.5%) were ERlow, and 454 (21.0%) 
were ER–. Clinicopathological characteristics of the study 
participants are summarized in Table 1. When compared 
to ERhigh cases, ERlow patients were associated with higher 
grade, negative PR, positive HER2, and higher Ki-67 expres-
sion. When compared to ER– cases, ERlow patients were asso-
ciated with younger age, lower grade, positive PR, positive 
HER2, and lower Ki-67 expression. ERlow breast cancer was 
smaller in size than both ERhigh and ER– groups (p < 0.001 and 
p=0.010, respectively).

Postoperative treatment data was available for all cases. 
Eighty seven point one percentage (1,441/1,654) of ERhigh 
patients, 68.5% (37/54) of ERlow patients, and 4.4% (20/454) 
of ER– patients received hormonal therapy (p < 0.001 bet-
ween all groups). Hormonal therapy included selective ER 
modulators and aromatase inhibitors. 22.6% (373/1,654) of 
ERhigh patients, 38.9% (21/54) of ERlow patients, and 53.3% 
(242/454) of ER– patients received adjuvant chemotherapy 
(p < 0.001 between all groups).

Follow-up information was available for 2,161 patients 
(mean follow-up of 6.59 years; range, 0.01 to 15.79 years). 
Five-year recurrence rate was 5.1% (84/1,654), 7.4% (4/54), 
and 9.7% (44/454) in ERhigh, ERlow, and ER– groups, respec-
tively (p < 0.001). Recurrence data included local recurrence, 
regional recurrence, and systemic recurrence. When two 
groups were compared to each other independently, RFS 
was significantly worse in ER– cases compared to ERhigh cases 
(p < 0.001), but there was no statistically significant differ-
ence between ERlow and ERhigh cases (p=0.597) or ERlow and 
ER– cases (p=0.400) (Fig. 1). Similar results were found in 
subgroup analysis of IDC patients; only ER– patients showed 
worse RFS compared to ERhigh patients (p < 0.001), and no 
significant difference in recurrence was observed between 
ERlow and ERhigh patients (p=0.613) or ERlow and ER– patients 
(p=0.385) (Fig. 2).

To evaluate endocrine responsiveness of ERhigh and ERlow 
patients, 5-year RFS was compared between patients with 
our without hormonal therapy (Fig. 3). ER– patients were  
excluded from this analysis as hormonal therapy was rou-
tinely not included in their treatment plan. ERhigh patients 
showed significantly worse prognosis when hormonal ther-
apy was omitted (p=0.020). This difference was not observed 
in ERlow cases; there was no difference in recurrence between-
patients who received hormonal therapy and those who did 
not receive the treatment (p=0.418).
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Risk factors for recurrence in the study population were 
analyzed by Cox proportional regression (Table 2). In univar-
iate analysis, younger age, higher grade, ER– status, higher 
Ki-67 expression, and omission of hormonal therapy were 
associated with increased risk of recurrence. In multivariate 
analysis, all factors except ER– status and Ki-67 expression 
remained statistically significant. Subgroup analysis was 
performed for DCIS and IDC patients. In the DCIS group, 
only age was associated with recurrence (p=0.007). In the 
IDC group, univariate analysis revealed that younger age, 
higher grade, ER– status, lower PR expression, higher Ki-67 
expression, and omission of hormonal therapy were associat-
ed with higher recurrence rate. In multivariate analysis, only 
age and hormonal therapy remained statistically significant.

Discussion

ER plays an important role in the signaling pathway for 
breast cancer carcinogenesis and disease expression [13]. 
Hormonal therapy targeting ER including selective ER mod-
ulators, aromatase inhibitors, ER down-regulators, and ovar-
ian suppression has led to significant improvement in the 
clinical outcome of breast cancer treatment [7]. ER+ tumors 
show excellent response to hormonal therapy, and thera-
peutic effect depends on the proportion of ER expression 
[14,15]. In contrast, ER– tumors show no response to hormo-
nal therapy; however, these tumors respond relatively better 
to chemotherapy compared to ER+ tumors [16]. Therefore, it 
is critical to set an optimal cutoff point for ER positivity to 
properly select patients eligible for individualized treatment 
options [17].

Kyung-Hwak Yoon, Estrogen Receptor Low Positive Breast Cancer

Fig. 1.  Survival analysis between different estrogen receptor (ER) subgroups in early breast cancer patients. Difference in 5-year recur-
rence-free survival between ERhigh/ERlow/ER– (A), ERhigh/ER– (B), ERhigh/ERlow (C), and ERlow/ER– (D) patients. ER–, estrogen receptor nega-
tive; ERhigh, estrogen receptor high positive; ERlow, estrogen receptor low positive.
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In 2010, the cutoff value for ER positivity was lowered 
to 1% from 10% by the ASCO/CAP guideline update [18].  
Although the currently accepted cutoff is 1%, multiple stud-
ies have since reported that ERlow tumors with ER expression 
less than 10% show characteristics closer to ER– tumors, inc-
luding questionable response to hormonal therapy [10-12]. 
The latest recommendation of the ASCO/CAP guideline to 
report these tumors separately as ER low positive reflects 
this concern. If ERlow breast cancer is indeed a distinct disease 
subtype closer to ER–, ERlow patients currently classified as 
ER+ will not only receive unnecessary hormonal treatment 
with potential side effects, but they might also fail to receive 
chemotherapy that is needed [17].

Several studies have addressed the clinicopathological 
features of ERlow tumors. Compared to ERhigh, ERlow breast 
cancer is associated with younger age, advanced stage, 

larger tumor size, higher HER2 expression, and lower PR 
expression [19,20]. When morphologically analyzed, ERlow 
tumors exhibit features previously described for basal-like 
and triple-negative tumors, including higher grade, higher 
proliferation index, sheet-like growth pattern, intratumoral 
lymphocytic inflammatory infiltrate, and necrosis [12]. In 
our current study, we focused specifically on early stage 
breast cancer, a novel approach not presented in previous lit-
erature. ERlow tumors showed higher grade, positive HER2, 
negative PR, and higher proliferation index compared to  
ERhigh tumors, which was consistent with previous studies. 
Age at diagnosis showed no statistically significant difference  
between ERlow and ERhigh groups, and tumor size was small-
est in the ERlow group compared to both ERhigh and ER– pati-
ents. Detailed morphological analysis was not performed in 
this study. Patients with ERhigh tumors were more likely to  

Cancer Res Treat. 2022;54(4):1081-1090

Fig. 2.  Survival analysis between different estrogen receptor (ER) subgroups in early stage invasive ductal carcinoma patients. Difference 
in 5-year recurrence-free survival between ERhigh/ERlow/ER– (A), ERhigh/ER– (B), ERhigh/ERlow (C), and ERlow/ER– (D) patients. ER–, estrogen 
receptor negative; ERhigh, estrogen receptor high positive; ERlow, estrogen receptor low positive.

Ov
er

al
l s

ur
vi

va
l

Time (yr)

0

0.4

0.2

1.0

0.8
0.9

0.7

0.5

0.3

0.1

0.6

0 21 43 5

A

p < 0.001

857
  34
250

1,086
     40
   308

1,113
     40
   322

1,134
     40
   334

1,163
     40
   348

1,197
     41
   368

No. at risk
ERhigh

ERlow

ER–

Ov
er

al
l s

ur
vi

va
l

Time (yr)

0

0.4

0.2

1.0

0.8
0.9

0.7

0.5

0.3

0.1

0.6

0 21 43 5

B

p  < 0.001

857
250

1,086
   308

1,113
   322

1,134
   334

1,163
   348

1,197
   368

No. at risk
ERhigh

ER–

ERhigh

ERlow

ER–
ERhigh

ER–

Ov
er

al
l s

ur
vi

va
l

Time (yr)

0

0.4

0.2

1.0

0.8
0.9

0.7

0.5

0.3

0.1

0.6

0 21 43 5

C

p=0.640

857
  34

1,086
     40

1,113
     40

1,134
     40

1,163
     40

1,197
     41

No. at risk
ERhigh

ERlow

Ov
er

al
l s

ur
vi

va
l

Time (yr)

0

0.4

0.2

1.0

0.8
0.9

0.7

0.5

0.3

0.1

0.6

0 21 43 5

D

p=0.321

  34
250

  40
308

  40
322

  40
334

  40
348

  41
368

No. at risk
ERlow

ER–

ERhigh

ERlow
ERlow

ER–



VOLUME 54 NUMBER 4 OCTOBER 2022     1087

receive hormonal therapy compared to ERlow and ER– groups; 
in contrast, a significantly small proportion of ERhigh patients 
received chemotherapy in comparison to their ERlow or ER– 
counterparts. This result was in concordance with previous 
literature [17,19,20].

Although limited data is available on the survival outcome 
of ERlow breast cancer, a few previous studies showed that 
ERlow patients exhibit significantly worse disease-free and 
overall survival rates compared to ERhigh patients, but similar 
to those who are ER– [11,21,22]. In the current study, the ERlow 
group had a slight, but not statistically significant, survival 
benefit over the ER– group. At the same time, ERlow tumors 
showed worse prognosis compared to ERhigh tumors, yet 
also with no statistical significance. Recurrence rate showed 
a proportional decrease with ER expression level. In multi-
variate regression analysis, we failed to prove the effect of 
ER expression level on recurrence. This study was confined 
to DCIS and stage I IDC, and the overall recurrence rate was 
low. It is possible that the low proportion of recurrent cases 
hindered to show a clear difference between ER subgroups. 
Future prospective studies with larger cohorts might vali-
date the difference in survival outcome between ERlow and 
ERhigh groups.

Most breast cancers exhibit either strong ER expression 
or its complete absence, and the number of patients in the  
ERlow subgroup is limited [23]. Therefore, prospective data on 
the endocrine responsiveness of ERlow tumors is scarce [19]. 
Yet many retrospective studies have suggested that primary 
breast cancer patients with low ER expression might not ben-
efit significantly from hormonal therapy [17]. Viale et al. [21] 
compared disease-free and overall survival of ERlow and ER– 
groups and reported that hormonal therapy had no effect 

on survival outcomes. In HER2-negative stage II/III breast 
cancer, ERlow tumors showed limited benefit from hormonal 
therapy and better response to neoadjuvant chemotherapy 
[24]. In our current study, we found that hormonal therapy 
had no effect on recurrence in ERlow patients; on the contrary, 
ERhigh patients showed clear endocrine responsiveness. This 
suggests that hormonal therapy might have limited apparent 
benefit in early stage ERlow breast cancer.

ER+ tumors have been subjected to multigene assays to 
identify more aggressive types that are expected to benefit 
from additional chemotherapy [12]. Our study sheds light on 
the possibility that early stage ERlow breast cancer might be a 
high risk subtype and potential candidate for chemotherapy. 
It is suggested that treatment options for ER– tumors may 
be appropriate for some ERlow tumors; however, endocrine 
responsiveness of primary breast cancer patients with low 
ER expression needs to be further explored in prospective 
studies [20].

This study has certain limitations. First, the study was lim-
ited by its retrospective design, and treatment options were 
not assigned in a randomized manner. Second, although the 
current study was performed on a large cohort, the sample 
size of the ERlow group was relatively small. It is known that 
majority of breast cancers show either completely absent 
or strongly positive ER staining, and tumors with low ER  
expression are rare. Future studies with larger study popu-
lations could possibly overcome this limitation and provide 
more information on ERlow tumors.

In conclusion, ERlow breast cancer shows distinct clinico-
pathological features compared to ERhigh and ER– types. ERlow 
tumors seem to have higher recurrence rates compared to 
ERhigh tumors, although future large scale prospective stud-

Kyung-Hwak Yoon, Estrogen Receptor Low Positive Breast Cancer

Fig. 3.  Effect of estrogen receptor (ER) expression level on hormonal therapy (HT) response. (A) Difference in 5-year recurrence-free 
survival in ERhigh patients. (B) Difference in 5-year recurrence-free survival in ERlow patients. ERhigh, estrogen receptor high positive; ERlow, 
estrogen receptor low positive.
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ies are necessary. Similar to patients with ER– tumors, those 
with ERlow tumors do not appear to benefit from hormonal 
therapy. Treatment options for ERlow breast cancer should be 
reconsidered, including omission of hormonal therapy and 
addition of adjuvant chemotherapy.
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