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Impact of estrogen receptor expression
levels on chemo-responsiveness and
prognosis of breast cancer patients
treated with neoadjuvant chemotherapy
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This study aimed to investigate the clinicopathological characteristics, response to chemotherapy,
and clinical outcomes according to estrogen receptor (ER) expression levels in breast cancer (BC)
patients treatedwith neoadjuvant chemotherapy (NAC). ERexpression levelswere categorized asER-
negative (expression in <1% of tumor cells), ER-low positive (1-10%), ER-intermediate positive (11-
50%), and ER- high positive (>50%). Of the 1,365 cases, 647 (47.4%) were classified as ER-negative,
49 (3.6%) as ER- low positive, 48 (3.5%) as ER-intermediate positive, and 621 (45.5%) as ER-high
positive BCs in pre-NAC biopsies. ER-intermediate positive tumors as well as ER-low positive tumors
showed no differences in clinicopathological characteristics compared to ER-negative tumors with
the exception of progesterone receptor positivity. While ER-low positive and ER-negative tumors
showed similar chemo-responsiveness, ER-intermediate positive tumors were less responsive to
NAC compared to ER-negative tumors. In patients with residual disease, pre- and post-NAC ER
expression levels were found to be independent prognostic factors, but with no significant differences
among ER-negative, ER-low positive, and ER-intermediate positive tumors. Our study indicates that
ER-low positive BCs are similar to ER-negative BCs and that ER-intermediate positive BCs exhibit
characteristics heterogeneous between ER-negative and ER-high positive BCs in terms of
clinicopathological characteristics, chemo-responsiveness, and clinical outcomes.

Breast cancer is a heterogeneous disease with different biologic features and
prognosis depending on its molecular subtype1–3. Currently, breast cancer
subtypes can be classified based on the status of four surrogate markers:
estrogen receptor (ER), progesterone receptor (PR), human epidermal
growth factor receptor 2 (HER2), and Ki-67, and different treatment stra-
tegies are applied according to each subtype4. Among the subtypes, ER-
positive breast cancers account for 70–80% of all breast cancers5–7 which are
less responsive to chemotherapy8,9 and typically treated with endocrine
therapy (ET)10.

ER positivity has been defined as having at least 1% positive
tumor nuclei in immunohistochemistry (IHC) assays11. However,

studies have revealed that breast cancers with 1–10% ER positivity
exhibit characteristics similar to ER-negative breast cancers and do
not significantly benefit from ET12–14. Reflecting these findings, the
2020 ASCO/CAP guidelines recommend that breast cancers with
1–10% ER-positive tumor cells be reported under a new category: “ER-
low positive”5.

In addition to ER-low positive breast cancer, various cutoffs for ER-
intermediate positivity, such as 10–20% or 10–50%, have been explored in
further studies to determine whether these groups exhibit clinical outcomes
more similar to ER-negative tumors15,16. Some studies have shown that
breast cancers with ER-intermediate expression, defined as 10–50%, might
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resemble ER-high positive rather than ER-negative tumors in outcomes17,
though no consensus exists on the definition of ER-intermediate threshold.

Furthermore, studies on chemotherapy response according to ER
expression levels have yielded conflicting results. Some studies have sug-
gested that a 10% ER cutoff discriminates response to neoadjuvant che-
motherapy (NAC) fairly well18–20. However, other studies argue that the best
cutoff for predicting response is higher at 30%21 or even 80%22. This
variability highlights the importance of further investigation on the impact
of ER expression levels on treatment outcomes of NAC.

Therefore, this study aims to investigate the clinicopathological char-
acteristics, response to chemotherapy, and clinical outcomes according to
ER expression levels in breast cancer patients treatedwithNAC, focusing on
ER-low positive and ER-intermediate positive breast cancers.

Results
Clinicopathological characteristics of the patients according to
ER expression levels
The clinicopathological characteristics of the patients included in this study
are summarized in Supplementary Table S1. ER expression levels were
categorized as ER-negative (expression in <1% of tumor cells), ER-low
positive (1–10%), ER-intermediate positive (11–50%), andER-high positive
(>50%). Of the 1365 cases, 647 (47.4%) were classified as ER-negative, 49
(3.6%) as ER-low positive, 48 (3.5%) as ER-intermediate positive, and 621
(45.5%) as ER-high positive breast cancers in pre-NAC biopsies. Repre-
sentative examples of each ER category are shown in Fig. 1. Significant
differences were found in age at diagnosis (p < 0.001), menopausal status
(p < 0.001), clinical N stage (p = 0.001), histologic grade (p < 0.001), PR
expression (p < 0.001), HER2 status (p < 0.001), Ki-67 index (p < 0.001),
NAC regimen (p < 0.001), and ET use (p < 0.001) across the four categories
(Table 1).

When comparing two groups from the four categories, PR status was
significantly different in all comparisons. Clinicopathological characteristics
of ER-low and ER-intermediate positive breast cancers were not different
from ER-negative breast cancers except for PR status and ET use. ER-low
and intermediate positive tumors showed higher histologic grade (adj.
p < 0.001), lower PR positivity (adj. p < 0.001), and higher Ki-67 index (adj.
p < 0.001) compared to ER-high positive tumors. In ER-low positive

tumors, the use of ETwas significantly lower than ER-intermediate and ER-
high positive tumors (adj. p < 0.001). (Supplementary Table S2).

Regression of tumor after NAC in relation to pre-NAC ER
expression levels
Among the 1365 patients, the overall pathologic complete response (pCR)
rate was 29.7% (n = 406). Higher ER expression levels were associated with
decreased chemo-responsiveness with lower pCR rate, higher Residual
Cancer Burden (RCB) class, and lower Miller-Payne (MP) grade (all
p < 0.001; Fig. 2). pCR was achieved in 44.8% (n = 290) of ER-negative,
40.8% (n = 20) of ER-low positive, 20.8% (n = 10) of ER-intermediate
positive, and 13.8% (n = 86) of ER-high positive breast cancers.

When comparing twogroups from the four categories, ER-lowpositive
tumors showed pCR rates, RCB class, andMP grade similar to ER-negative
tumors (all adj. p = 1.000). ER-intermediate positive tumors revealed no
statistical differences in pCR rates, RCB class, and MP grade compared to
ER-low positive or ER-high positive tumors; however, ER-intermediate
positive tumors exhibited significant differences in pCR rate (adj. p = 0.008),
RCB class (adj. p = 0.018), and MP grade (adj. p = 0.042) compared to ER-
negative tumors. When ER expression levels were categorized into three
groups (using cutoff values of 1% and 10%), all response rates were sig-
nificantly different between ER < 1% or 1% ≤ ER < 10% and ER ≥ 10%
(Fig. 2).

Clinicopathological characteristics of patients according to ER
expression levels in cases with residual disease
AsNACcan change clinicopathological characteristics of tumor afterNAC,
we compared clinicopathological characteristics of tumors according to pre-
NAC ER expression levels in 959 cases which did not achieve pCR. The
association between pre-NAC ER expression levels and pre-NAC char-
acteristics were similar to the whole group. As for post-NAC characteristics,
ypT stage (p < 0.001), ypN stage (p < 0.001), histologic grade (p < 0.001),
LVI (p < 0.001), RCB class (p < 0.001), PR status (p < 0.001), HER2 status
(p = 0.048), Ki-67 index (p < 0.001), and ET use (p < 0.001) were sig-
nificantly different among the four groups (Table 2).When comparing two
groups with regards to post-NAC characteristics, no difference was found
between ER-negative and ER-low positive tumors except for ET use (adj.

Fig. 1 | Representative examples of four ER cate-
gories. a ER-negative, with expression in <1% of
tumor cells. b ER-low positive, with expression in
1–10% of tumor cells. c ER-intermediate positive,
with expression in 11–50% of tumor cells. d ER-high
positive, with expression in >50% of tumor cells. ER,
estrogen receptor.
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p < 0.001) (Supplementary Table S3). ER-intermediate positive tumors
revealed higher PR positivity (adj. p < 0.001) and lower Ki-67 index (adj.
p = 0.009) compared to ER-negative tumors, and showed lower ypT stage
(adj. p = 0.006), higher histologic grade (adj. p < 0.001), lower PR positivity
(adj. p < 0.001), and higher Ki-67 index (adj. p = 0.003) compared to ER-
high positive tumors.

As clinicopathological characteristics of patients may be different
depending on the NAC regimen, and the largest group of patients
(40.5%) received the AC-D regimen (doxorubicin plus cyclopho-
sphamide followed by docetaxel) of chemotherapy, we also analyzed

AC-D treated subgroup with residual disease. Differences in variables
according to the ER expression levels were consistent with those
observed in the overall patient group, except for pre- and post-NAC
HER2 status (p = 0.052 and p = 0.808, respectively), which showed no
significant differences (Supplementary Table S4). ER-low and inter-
mediate positive tumors were consistently comparable to ER-negative
tumors. Also, ER-intermediate positive tumors had lower ypT stage (adj.
p = 0.023), lower ypN stage (adj. p = 0.024), higher histologic grade (adj.
p = 0.009), and lower PR positivity (adj. p < 0.001) compared to ER-high
positive tumors.

Table 1 | Clinicopathological characteristics of tumors according to pre-NAC ER expression levels

Clinicopathological characteristics ER-negative (n = 647) ER-low
positive (n = 49)

ER-intermediate
positive (n = 48)

ER-high
positive (n = 621)

P value

Age at diagnosis <0.001

<50 310 (47.9) 23 (46.9) 27 (56.3) 388 (62.5)

≥50 337 (52.1) 26 (53.1) 21 (43.8) 233 (37.5)

Menopausal status <0.001

Premenopausal 343 (53.0) 26 (53.1) 30 (62.5) 426 (68.6)

Postmenopausal 304 (47.0) 23 (46.9) 18 (37.5) 195 (31.4)

Clinical stage 0.918

I & II 342 (52.9) 24 (49.0) 24 (50.0) 331 (53.3)

III 305 (47.1) 25 (51.0) 24 (50.0) 290 (46.7)

Clinical T stage 0.803

T1-T2 429 (66.3) 30 (61.2) 32 (66.7) 420 (67.6)

T3-T4 218 (33.7) 19 (38.8) 16 (33.3) 201 (32.4)

Clinical N stage 0.001

N0 172 (26.6) 7 (14.3) 6 (12.5) 113 (18.2)

N1-N3 475 (73.4) 42 (85.7) 42 (87.5) 508 (81.8)

Histologic grade <0.001

Low to intermediate 177 (27.4) 17 (34.7) 20 (41.7) 446 (71.8)

High 470 (72.6) 32 (65.3) 28 (58.3) 175 (28.2)

Progesterone receptor <0.001

Negative 635 (98.1) 44 (89.8) 25 (52.1) 103 (16.6)

Positive 12 (1.9) 5 (10.2) 23 (47.9) 518 (83.4)

HER2 <0.001

Negative 382 (59.0) 27 (55.1) 26 (54.2) 445 (71.7)

Positive 265 (41.0) 22 (44.9) 22 (45.8) 176 (28.3)

Ki-67 index <0.001

Low (<20%) 42 (6.5) 1 (2.0) 5 (10.4) 233 (37.5)

High (≥20%) 605 (93.5) 48 (98.0) 43 (89.6) 388 (62.5)

NAC regimen <0.001

AC-D 187 (28.9) 12 (24.5) 17 (35.4) 337 (54.3)

Others 460 (71.1) 37 (75.5) 31 (64.6) 284 (45.7)

ET† <0.001

Given 22 (3.4) 33 (67.3) 47 (97.9) 621 (100)

Not given 625 (96.6) 16 (32.7) 1 (2.1) 0 (0)

ET completion† (n = 723) 0.291

Completed 14 (63.6) 21 (63.6) 34 (72.3) 466 (75.0)

Not completed 8 (36.4) 12 (36.4) 13 (27.7) 155 (25.0)

HER2-targeted therapy†‡ (n = 514) 0.138

Given 258 (97.0) 22 (100) 21 (87.5) 196 (97.0)

Not given 8 (3.0) 0 (0) 3 (12.5) 6 (3.0)

NAC neoadjuvant chemotherapy, ER estrogen receptor, HER2 human epidermal growth factor receptor 2, AC-D doxorubicin plus cyclophosphamide followed by docetaxel, ET endocrine therapy
†Adjuvant therapy, ‡Patients were considered candidates for HER2-targeted therapy if HER2 positivity was observed either before or after NAC.
P values were calculated by the chi-square test or Fisher’s exact test. Numbers in parentheses indicate percentage.
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Changes in ER expression levels after NAC
As NAC can change ER expression levels of the tumor, we compared ER
expression levels of pre- andpost-NACspecimens in 913 caseswith residual
disease for which post-NAC ER data were available. Overall ER status
remained stable with a kappa value of 0.813 (Table 3; Supplementary Fig.
S1). ER change differed according to pre-NAC ER expression levels
(p < 0.001), with relatively stable ER-negative and ER-high positive tumors
(concordance rate of 95.2% and 94.6%, respectively) and unstable ER-low
positive and ER-intermediate positive tumors (concordance rate of 13.8%
and 33.3%, respectively). While ER-low positive tumors changed mostly to
ER-negative (58.6%, 17/29) tumors, ER-intermediate positive tumors
showed awide range of changeswithER-highpositive in 36.1% (13/36), ER-
intermediate positive in 33.3% (12/36), ER-negative in 19.4% (7/36), and
ER-low positive in 11.1% (4/36) in decreasing order.

Prognosis of patients according to ER expression levels
The median follow-up duration for the entire cohort was 5.74 years. ER
expression levels were not related to disease-free survival (DFS) of the
patients in the whole group (Supplementary Table S5). However, in cases
with residual disease, pre- and post-NAC ER expression levels were asso-
ciated with DFS of the patients (p = 0.002 and p < 0.001, respectively, by the
Log Rank test; Fig. 3). As for pre-NAC ER expression levels, ER-high

positive tumors showed the best prognosis, whichwas significantly different
from ER-negative and ER-low positive tumors (p < 0.001 and p = 0.031,
respectively; Table 4) but not from ER-intermediate positive tumors
(p = 0.292; Table 4). There were no statistical differences inDFS among ER-
negative, ER-lowpositive, andER-intermediate positive tumors in bothpre-
and post-NAC. In multivariate analyses, both pre- and post-NAC ER
expression levels remained independent prognostic factors (p < 0.001;
Table 4). Especially, as for pre-NAC ER expression levels, ER negativity
[hazard ratio (HR) 1.974; 95% confidence interval (CI) 1.470-2.650;
p < 0.001] and ER-low positivity (HR 2.141; 95%CI 1.080–4.244; p = 0.029)
were revealed as independent poor prognostic factors for DFS. Besides ER
expression levels, clinical stage, pre-NAC HER2 status, LVI, post-NAC Ki-
67 index, RCB class, and MP grade were also found to be independent
factors for DFS (Table 4). However, in the AC-D treated subgroup, ER
expression levels were not related to DFS in cases with residual disease
(p = 0.273 for pre-NAC; p = 0.166 for post-NAC; Supplementary Table S6).

Analysis of overall survival (OS) in cases with residual disease showed
that pre- and post-NAC ER expression levels were also associated with
survival of the patients (p = 0.010 and p = 0.003, respectively, by the Log
Rank test; Fig. 3). Again, there were no statistical differences in OS among
ER-negative, ER-low positive, and ER-intermediate positive tumors in both
pre- and post-NAC. Inmultivariate analyses, pre-NACER expression levels
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Fig. 2 | Regression of tumors after NAC in relation to pre-NAC ER expression
levels. ER expression levels were divided into three groups with cutoff values of
1% and 10%. a–c and four groups with cutoff values of 1%, 10%, and 50% (d–f).
a, d Pathologic complete response (pCR) status: yellow = pCR, dark blue = non-
pCR. b, e Residual Cancer Burden (RCB) class: yellow = RCB 0, light brown =
RCB 1, blue-gray = RCB 2, dark blue = RCB 3. c, f Miller–Payne (MP) grade:

dark blue = grade 1, blue-gray = grade 2, taupe = grade 3, light brown = grade 4,
yellow = grade 5. Asterisk (*) indicates a significant difference between two
groups with p value < 0.05. NAC neoadjuvant chemotherapy, pCR pathologic
complete remission, RCB Residual Cancer Burden, MP grade Miller-
Payne grade.
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Table 2 | Clinicopathological characteristics of tumors according to pre-NAC ER expression levels in cases with residual
disease

Clinicopathological characteristics ER-negative (n = 357) ER-low
positive (n = 29)

ER-intermediate
positive (n = 38)

ER-high
positive (n = 535)

P value

Before NAC

Age at diagnosis <0.001

<50 168 (47.1) 14 (48.3) 20 (52.6) 329 (61.5)

≥50 189 (52.9) 15 (51.7) 18 (47.4) 206 (38.5)

Menopausal status <0.001

Premenopausal 187 (52.4) 16 (55.2) 23 (60.5) 366 (68.4)

Postmenopausal 170 (47.6) 13 (44.8) 15 (39.5) 169 (31.6)

Clinical stage 0.492

I & II 188 (52.7) 11 (37.9) 20 (52.6) 271 (50.7)

III 169 (47.3) 18 (62.1) 18 (47.4) 264 (49.3)

Clinical T stage 0.210

T1-T2 221 (61.9) 14 (48.3) 25 (65.8) 352 (65.8)

T3-T4 136 (38.1) 15 (51.7) 13 (34.2) 183 (34.2)

Clinical N stage 0.001

N0 98 (27.5) 3 (10.3) 5 (13.2) 91 (17.0)

N1-N3 259 (72.5) 26 (89.7) 33 (86.8) 444 (83.0)

Histologic grade <0.001

Low to intermediate 96 (26.9) 8 (27.6) 18 (47.4) 394 (73.6)

High 261 (73.1) 21 (72.4) 20 (52.6) 141 (26.4)

Progesterone receptor <0.001

Negative 349 (97.8) 27 (93.1) 20 (52.6) 81 (15.1)

Positive 8 (2.2) 2 (6.9) 18 (47.4) 454 (84.9)

HER2 0.001

Negative 243 (68.1) 19 (65.5) 22 (57.9) 416 (77.8)

Positive 114 (31.9) 10 (34.5) 16 (42.1) 119 (22.2)

Ki-67 index <0.001

Low (<20%) 29 (8.1) 1 (3.4) 5 (13.2) 220 (41.1)

High (≥20%) 328 (91.9) 28 (96.6) 33 (86.8) 315 (58.9)

NAC regimen <0.001

AC-D 112 (31.4) 8 (27.6) 13 (34.2) 306 (57.2)

Others 245 (68.6) 21 (72.4) 25 (65.8) 229 (42.8)

After NAC

ypT stage <0.001

T0-T1 242 (67.8) 21 (72.4) 31 (81.6) 290 (54.2)

T2-T4 115 (32.2) 8 (27.6) 7 (18.4) 245 (45.8)

ypN stage <0.001

N0 187 (52.4) 15 (51.7) 17 (44.7) 157 (29.3)

N1-N3 170 (47.6) 14 (48.3) 21 (55.3) 378 (70.7)

Histologic grade (n = 930) <0.001

Low to intermediate 135 (39.8) 14 (48.3) 22 (61.1) 469 (89.2)

High 204 (60.2) 15 (51.7) 14 (38.9) 57 (10.8)

Lymphovascular invasion (n = 930) <0.001

Absent 231 (68.1) 20 (69.0) 23 (63.9) 263 (50.0)

Present 108 (31.9) 9 (31.0) 13 (36.1) 263 (50.0)

Miller-Payne grade 0.223

Grade 1-2 94 (26.3) 9 (31.0) 6 (15.8) 118 (22.1)

Grade 3-5 263 (73.7) 20 (69.0) 32 (84.2) 417 (77.9)

RCB class <0.001

Class I-II 259 (72.5) 21 (72.4) 25 (65.8) 264 (49.3)
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did not remain a significant prognostic factor; however, post-NAC ER
expression levels were revealed as an independent prognostic factor
(p = 0.006) with ERnegativity (HR 3.341; 95%CI 1.671–6.679; p = 0.001) as
an independent poor prognostic factor for OS (Supplementary Table S7).

Prognostic impact of endocrine therapy and completion status
across ER categories
As ET use can influence patient survival, we further analyzed clinical out-
comes according to ET use within each ER category. In the overall cohort,
the proportion of patients receiving ET increased with ER expression levels
(ER-negative, 3.4%; ER-low, 67.3%; ER-intermediate, 97.9%; ER-high
positive, 100%; Table 1), demonstrating a strong correlation with ER cate-
gories (Spearman’s rho = 0.935, p < 0.001). ET use itself was not associated
with patient outcomes. However, ET completion was associated with
improved survival among patients who received ET (DFS, p < 0.001; OS,
p < 0.001) and conferred significant DFS benefits in the ER-low, ER-inter-
mediate, and ER-high positive subgroups (p = 0.005, p < 0.001, and
p < 0.001, respectively). ETcompletionwas also associatedwith longerOS in
the ER-high positive subgroup (p < 0.001), but not in the ER-low or ER-

intermediate positive subgroups (p not evaluable and p = 0.300,
respectively).

In patients with residual disease, both ET use and ET completion
significantly impacted on survival (all p < 0.001 for DFS andOS). Subgroup
analyses by ER expression level showed that ETuse alonewas not associated
with outcomes. However, among those who received ET, completion was
significantly associatedwith improvedDFS in the ER-low, ER-intermediate,
and ER-high positive subgroups (p = 0.017, p < 0.001, and p < 0.001,
respectively; Fig. 4). ETcompletionwas also associatedwith longerOS in the
ER-high positive subgroup (p < 0.001; Fig. 4), but not in the ER-low or ER-
intermediate positive subgroups (pnot evaluable and p = 0.351, respectively;
Fig. 4).

Discussion
In this study, we showed that ER expression levels were associated with
clinicopathological characteristics of tumors, chemo-responsiveness, and
clinical outcomes inbreast cancerpatients treatedwithNAC.We confirmed
that ER-low positive tumors were more similar to ER-negative tumors,
highlighting the importance of separation of this group of tumors from the

Table 2 (continued) | Clinicopathological characteristics of tumors according to pre-NAC ER expression levels in cases with
residual disease

Clinicopathological characteristics ER-negative (n = 357) ER-low
positive (n = 29)

ER-intermediate
positive (n = 38)

ER-high
positive (n = 535)

P value

Class III 98 (27.5) 8 (27.6) 13 (34.2) 271 (50.7)

Progesterone receptor (n = 913) <0.001

Negative 324 (97.9) 29 (100.0) 27 (75.0) 177 (34.2)

Positive 7 (2.1) 0 (0.0) 9 (25.0) 340 (65.8)

HER2 (n = 913) 0.048

Negative 235 (71.0) 21 (72.4) 21 (58.3) 396 (76.6)

Positive 96 (29.0) 8 (27.6) 15 (41.7) 121 (23.4)

Ki-67 index (n = 913) <0.001

Low (<10%) 85 (25.7) 8 (27.6) 19 (52.8) 412 (79.7)

High (≥10%) 246 (74.3) 21 (72.4) 17 (47.2) 105 (20.3)

ET† <0.001

Given 17 (4.8) 17 (58.6) 37 (97.4) 535 (100)

Not given 340 (95.2) 12 (41.4) 1 (2.6) 0 (0)

ET completion† (n = 606) 0.119

Completed 10 (58.8) 9 (52.9) 26 (70.3) 397 (74.2)

Not completed 7 (41.2) 8 (47.1) 11 (29.7) 138 (25.8)

HER2-targeted therapy†‡ (n = 278) 0.050

Given 107 (97.3) 10 (100) 13 (81.3) 138 (97.2)

Not given 3 (2.7) 0 (0) 3 (18.8) 4 (2.8)

NAC neoadjuvant chemotherapy, ER estrogen receptor, HER2 human epidermal growth factor receptor 2, AC-D doxorubicin plus cyclophosphamide followed by docetaxel, ET endocrine therapy, RCB
residual cancer burden.
†Adjuvant therapy; ‡Patients were considered candidates for HER2-targeted therapy if HER2 positivity was observed either before or after NAC.
P values were calculated by the chi-square test or Fisher’s exact test. Numbers in parentheses indicate percentage.

Table 3 | Comparison of ER expression levels between pre- and post-NAC

ER expression levels before NAC ER expression levels after NAC Kappa coefficient P value

Negative Low positive Intermediate positive High positive

Negative (n = 331) 315 (95.2) 6 (1.8) 4 (1.2) 6 (1.8) 0.813 <0.001

Low positive (n = 29) 17 (58.6) 4 (13.8) 6 (20.7) 2 (6.9)

Intermediate positive (n = 36) 7 (19.4) 4 (11.1) 12 (33.3) 13 (36.1)

High positive (n = 517) 4 (0.8) 3 (0.6) 21 (4.1) 489 (94.6)

ER estrogen receptor, NAC neoadjuvant chemotherapy.
Numbers in parentheses indicate percentage.
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conventional category of ER-positive tumors. Furthermore,we revealed that
ER-intermediate positive tumors had higher variability in ER expression
levels after NAC and that they showed heterogeneous features between ER-
negative and ER-high positive tumors.

Of the whole study population, ER-negative tumors accounted for
47.4%, ER-low positive tumors 3.6%, ER-intermediate tumors 3.5%, and
ER-high positive tumors 45.5%. Among ER-positive tumors, ER-low
positive tumors comprised 6.8%, ER-intermediate positive tumors 6.7%,
and ER-high positive tumors 86.5%. Since our study is based on advanced
breast cancer patients who were treated with NAC, the proportion of ER-
negative tumorswere relativelyhigh. Similarly, ER-lowpositive tumorswere
higher in frequency compared to previous studies (2–3% of ER-positive5 or
all breast cancers23,24). However, the proportion of ER-intermediate positive
tumors was comparable to the previously reported frequency of 4.7%24.

The four groups based on ER expression levels showed significantly
different clinicopathological features. Higher ER expression level was
associated with lower histologic grade and higher PR expression as pre-
viously reported16,17. Higher ER expression levels were also associated with
younger age at diagnosis andpremenopausal status,which is consistentwith
Korean breast cancer statistics indicating that hormone receptor–positive
cases are more frequent at younger ages25. This finding may reflect ethnic
differences as well as lifestyle factors among younger individuals that con-
tribute to the increasing incidence of ER-positive breast cancer26.

When comparing each pair of groups, ER-negative, ER-low positive,
and ER-intermediate positive tumors showed no significant differences
except for PR expression and ET use, suggesting that clinicopathological
features of ER-low and ER-intermediate positive tumors were comparable
to those of ER-negative tumors. In contrast, ER-low and ER-intermediate
positive tumors were different from ER-high positive tumors in histologic
grade, PR expression, and Ki-67 index. Bari et al. showed that when using a
20% cutoff, ER-low and ER-intermediate positive breast cancers did not
show a significant difference in any clinicopathological characteristics15.
Voorwerk et al. reported that using a 50% cutoff, stromal tumor-infiltrating
lymphocyte (TIL) level and expression of immune-related genes were
similar in ER-negative, ER-low, and ER-intermediate positive tumors;
however, ER-high positive tumors had significantly lower stromal TIL and
immune-related genes than ER-intermediate positive tumors16, suggesting
thatER-lowandER-intermediate positive tumors are similar toER-negative
than ER-high positive tumors. However, Massa et al. showed that with a
50% cutoff, ER-negative andER-lowpositive tumors had a similar TIL level,
and ER-intermediate positive tumors had a TIL level significantly lower
than ER-low positive tumors, in contrast to previous studies17. Although
further studies are needed to investigate the clinicopathological character-
istics of ER-intermediate positive breast cancers and to determine the
appropriate cutoff values, it seems to be clear that lowerER expression levels
are associated with distinct clinicopathological characteristics.
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Fig. 3 | Survival analysis based on ER expression levels before and after NAC.
Disease-free survival of patients according to a pre-NAC ER expression levels and
b post-NAC ER expression levels, and overall survival of the patients according to
c pre-NAC ER expression levels and d post-NAC ER expression levels in cases with

residual disease. The pink line indicates ER-negative, the orange line ER-low posi-
tive, the green line ER-intermediate positive, and the blue line ER-high positive. P-
values represent comparisons across all ER expression levels. NAC neoadjuvant
chemotherapy, ER estrogen receptor.
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In this study, pCR rate was 44.8% in ER-negative, 40.8% in ER-low
positive, 20.8% in ER-intermediate positive, and 13.8% in ER-high positive
breast cancers, consistent with previous findings that pCR rates decrease as
ER level increases22,27. In terms of clinicopathological characteristics, ER-
negative, ER-low positive, and ER-intermediate positive tumors were
similar to each other except for PR positivity. However, with respect to
chemo-responsiveness, ER-low positive tumors showed a pCR rate com-
parable to ER-negative tumors, while ER-intermediate positive tumors had
a significantly lower pCR rate than ER-negative tumors. Additionally, there
was no statistical difference in chemo-responsiveness between ER-
intermediate positive and ER-high positive tumors. When ER levels were
categorized into three groups (using cutoff values of 1% and 10%), ER-low
positive tumors also showed a significantly higher pCR rate than tumors
with ER > 10% (14.3%). These findings are in line with a previous study
where no significant difference in pCR rate was observed between ER < 1%
(40.6%) and 1% ≤ ER < 10% (25.0%), while ER ≥ 10% (7.4%) showed sig-
nificantly lower pCR rates18. RCB class and MP grades followed a similar
pattern as pCR rates. The three-group classification effectively differentiated
chemo-responsiveness, indicating that 10%may be the optimal cutoff value
to estimate response to NAC.

Of the 959 cases with residual disease after NAC, post-NAC clin-
icopathological characteristics, except for MP grade, were significantly dif-
ferent among the four groups. Although the chemotherapeutic regimen
differed significantly among the four groups, the chemotherapeutic regimen
did not affect the clinicopathological characteristics of patients based on ER
expression levels. Among the cases with residual disease, in the subgroup
treated by the AC-D regimen, differences in pre- and post-NAC variables
according to the ER expression levels were consistent with those observed in
the overall patient group, except for pre- and post-NAC HER2 status. The
AC-D regimen is generally indicated for HER2-negative cases, and com-
bining trastuzumab (AD-DH) is preferred for HER2-positive cases28,29,
which likely increased the overall proportion ofHER2-negative patients and
reduced differences among the groups.

In this study, ER expression levels remained relatively stable afterNAC
with 89.8% of cases showing consistency with a kappa value of 0.813.
However, ER-low and ER-intermediate positive groups showed lower
concordance rates of 13.8% and 33.3% compared to the ER-negative
(95.2%) and ER-high positive (94.6%) groups. These findings are consistent
with the results from a previous study where cases with ER expression of
1–10%hadahigher conversion rate (53.3%) compared toER < 1%(7.1%)or

Table 4 | Univariate and multivariate analyses of disease-free survival in cases with residual disease

Variable Category Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value

Pre-NAC variable

Age <50 years vs. ≥50 years 1.184 0.903–1.551 0.222 NS

Menopausal status Premenopausal vs.
postmenopausal

1.099 0.832–1.452 0.505 NS

Clinical stage I & II vs. III 2.658 1.982–65 <0.001 2.392 1.715–3.336 <0.001

Clinical T stage T1-T2 vs. T3-T4 1.810 1.382–2.371 <0.001 NS

Clinical N stage N0 vs. N1-N3 2.537 1.601–4.023 <0.001 NS

Histologic grade Low to intermediate vs. high 1.251 0.954–1.641 0.105 NS

ER expression levels 0.003 <0.001

High positive Reference

Negative 1.659 1.248–2.206 <0.001 1.974 1.470–2.650 <0.001

Low positive 2.122 1.073–4.197 0.031 2.141 1.080–4.244 0.029

Intermediate positive 1.419 0.740–2.722 0.292 1.555 0.810–2.985 0.185

PR status Positive vs. Negative 1.482 1.129–1.946 0.005 NS

HER2 status Negative vs. Positive 0.833 0.604–1.150 0.268 0.642 0.460–0.894 0.009

Ki-67 index <20% vs. ≥20% 1.404 1.022–1.929 0.036 NS

Post-NAC variable

yp T stage T1 vs. T2-T4 2.382 1.810–3.136 <0.001 NS

ypN stage N0 vs. N1-3 2.410 1.728–3.362 <0.001 NS

Histologic grade I & II vs. III 2.499 1.898–3.289 <0.001 NS

LVI Absent vs. Present 2.230 1.683–2.954 <0.001 1.613 1.172–2.220 0.003

ER expression levels 0.002 <0.001

High positive Reference

Negative 1.887 1.417–2.513 <0.001 2.134 1.508–3.021 <0.001

Low positive 1.048 0.384–2.855 0.928 1.236 0.451–3.387 0.680

Intermediate positive 1.296 0.693–2.424 0.417 1.399 0.744–2.631 0.298

PR status Positive vs. Negative 1.447 1.083–1.934 0.012 NS

HER2 status Negative vs. Positive 0.906 0.655–1.252 0.550 NS

Ki-67 index <10% vs. ≥10% 2.430 1.836–3.217 <0.001 1.812 1.306–2.515 <0.001

RCB class I & II vs. III 2.896 2.174–3.857 <0.001 2.772 1.969–3.902 <0.001

Miller-Payne grade Grade 3-4 vs. Grade 1-2 2.929 2.228–3.849 <0.001 2.005 1.498–2.684 <0.001

HR hazard ratio, CI confidence interval, NAC neoadjuvant chemotherapy, ER estrogen receptor, PR progesterone receptor, HER2 human epidermal growth factor 2, LVI lymphovascular invasion, RCB
residual cancer burden, NS not significant.
P values were calculated by Cox proportional hazards model.
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ER > 10% (0.7%)30 The higher variability in ER expression levels in ER-low
and ER-intermediate positive breast cancers can be attributed to their bio-
logical heterogeneity16,17.

In survival analyses of the cases with residual disease, both pre- and
post-NAC ER expression levels were revealed as significant prognostic
factors. ER-high positive tumors showed the most favorable outcomes in
both cases. Typically, higher ER levels are associatedwith betterDFS15,24 and
OS31. In this study, therewas a significant difference inDFS andOSbetween
ER-high positive and ER-negative tumors and in DFS between ER-high
positive and ER-low positive tumors; however, no significant differences
were found betweenER-high positive andER-intermediate positive tumors.
Paired comparisons between ER-negative, ER-low positive, and ER-
intermediate positive tumors showed no significant differences. This may
reflect the biologic similarities between ER-negative, ER-low positive, and
ER-intermediate positive breast cancers. However, the small sample sizes of
the ER-low and ER-intermediate positive groups call for caution in the
interpretation of the results. Accordingly, our observations in these sub-
groups should be regarded as hypothesis-generating and highlight the need
for studies with larger cohorts and more comprehensive adjustment for
clinical variables. Furthermore, in this study, ER expression levels were not a
significant prognostic factor in the homogeneous treated (AC-D treated)
group, and some studies have reported that survival outcomes were not
significantly influenced by ER levels17,22. Taken together, these findings
highlight the complexity of ER status as a prognostic factor in residual
disease, emphasizing the need for further research to elucidate the role of ER
expression levels in modifying survival outcomes.

In this study, we evaluated the prognostic significance of ET use and
ET completion within each ER category. In both the overall cohort and
among patients with residual disease, ET use did not significantly
influence outcomes within individual ER categories. By contrast, ET
completion had a significant impact on DFS in the ER-low, ER-inter-
mediate, and ER-high positive groups, and was further associated with
improved OS in the ER-high positive group. These findings suggest that
ET completion plays a pivotal role in patient outcomes, with its effect
becoming more pronounced as ER expression increases. Consistent with
our results, Choong et al. reported that omission of ET in ER-low early-

stage breast cancer was associated with worse overall survival32. In our
study, although ET use itself was not associated with survival in the ER-
low positive group, ET completion was linked to improved survival,
underscoring the importance of ET completion even in patients with ER-
low positive tumors.

This study has several limitations. First, our study was conducted in a
relatively homogeneous Korean population. Previous reports have shown
that Asian patients tend to show more favorable clinical outcomes com-
paredwith AfricanAmerican orWhite patients33. Therefore, the findings of
this study may not be directly generalizable to more diverse populations.
Second, it is a retrospective study. The use of various chemotherapeutic
regimensmayhave influenced thefindingsof the study.While therewereno
significant differences in radiotherapy or HER2-targeted therapy across the
groups, ET and chemotherapy regimens varied significantly, which may
have contributed to the differences in clinical outcomes. Among these,
patients treated with the most commonly used AC-D regimen showed
clinicopathological characteristics largely consistent with the overall cohort
but exhibited notable differences in prognosis, highlighting a potential
limitation. Third, as previouslymentioned, the small sample sizes of the ER-
low and intermediate positive groups likely reduced statistical power, lim-
iting the ability to detect significant differences for these subgroups. Addi-
tionally, while some studies have suggested that incorporating both the
percentage of ER-positive cells and staining intensity using a semi-
quantitative method may better define clinicopathological characteristics
and prognosis34,35, this study considered only the percentage of ER-positive
cells. However, the key strength of the current study is a large cohort with
consistent evaluation of ER expression levels. ER status was reported not
only as negative or positive but also as a percentage by experienced breast
pathologists, allowing accurate classification of ER-low and ER-
intermediate positive categories.

In summary, we demonstrated that clinicopathological characteristics
of ER-low andER-intermediate positive tumorsweremore like those of ER-
negative tumors. Also, we found significant differences in chemo-
responsiveness based on ER expression levels. Especially, while ER-low
positive tumors exhibited response rates to NAC similar to ER-negative
tumors, ER-intermediate positive tumors were less responsive to NAC
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Fig. 4 | Survival analysis based on completion of endocrine therapy within each
ER category in patients with residual disease. Disease-free survival in a ER-low,
b ER-intermediate, and c ER-high positive groups, and overall survival in d ER-low,

e ER-intermediate, and f ER-high positive groups. The orange line indicates patients
who did not complete ET, and the blue line indicates patients who completed ET. ER
estrogen receptor, ET endocrine therapy, NE not evaluable.
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compared to ER-negative tumors. Pre- and post-NAC ER expression levels
showed strong agreement, but ER-low and intermediate positive tumors
showed greater variability. ER expression levels showed a significant impact
on survival of the patients in cases with residual disease, but with no survival
difference between ER-negative, ER-low positive, and ER-intermediate
positive tumors. To conclude, our study indicated that ER-low positive
tumors were similar to ER-negative tumors and that ER-intermediate
positive tumors exhibited features heterogeneous between ER-negative and
ER-high positive tumors with respect to clinicopathological characteristics,
chemo-responsiveness, and clinical outcome. Further investigation is nee-
ded todeterminewhether thesefindings are due to the intrinsic role of ERor
differences in treatment responses basedonERexpression levels, and also to
establish optimal cutoff values for ER expression categories.

Methods
Patient selection
Data of the patients who were diagnosed as invasive breast cancer and
received NAC for breast cancer followed by surgery at the Seoul National
University Bundang Hospital between 2004 and 2020 were collected. Of the
1377 patients, those with in situ or microinvasive carcinoma in biopsy
specimen (n = 3), and those who had not received biomarker testing on
biopsy specimen before NAC (n = 9) were excluded. Finally, a total of 1365
patients were included in this study. This study was approved by the Insti-
tutional Review Board at Seoul National University Bundang Hospital (IRB
No. B-2310-860-101), and the requirement of informed consentwaswaived.
This study was performed in accordance with the Declaration of Helsinki.

Clinicopathological information
Clinical information was collected from the electronicmedical records. The
following clinical data were recorded: age at diagnosis, initial clinical T and
Nstage (according to theAmerican JointCommittee onCancerStaging, 8th
edition), NAC regimen, cycle of NAC, ET use and regimen, ET completion,
HER2-targeted therapy and regimen, date of diagnosis for primary breast
cancer, date of start of NAC, date of surgical resection, date of diagnosis for
recurrence (if applicable), and date of last contact or death.

Pathological information, such as histologic subtype (by WHO clas-
sification), histologic grade (by the Bloom and Richardson grading system),
lymphovascular invasion (LVI), and pathologic T and N stages after NAC,
was obtained from the pathology reports and slide reviews. The degree of
chemo-responsiveness was evaluated by Residual Cancer Burden (RCB)
class36, andMiller-Payne grade (MP grade)37. Pathologic complete response
(pCR)was defined as no residual invasive tumor cells in both the breast and
axillary lymph node, regardless of the presence of residual ductal carcinoma
in situ in the breast38.

Immunohistochemical data
IHC results of standard biomarkers, including ER, PR, HER2, and Ki-67
were obtained from both pre-NAC biopsy specimens and post-NAC
resection specimens. Cases without IHC results of standard biomarkers in
pre-NACbiopsy specimenswere excluded in this study,while thosewithout
IHC results from post-NAC resection specimens were included but con-
sidered as missing data (mostly cases with unmeasurable residual disease).
IHC staining was carried out on BenchMark XT autostainer (Ventana
Medical Systems, Tucson, USA) using an i-View detection kit (Ventana
Medical Systems, until 2012) or ultraView Universal DAB Detection Kit
(VentanaMedical Systems). The antibodies usedwere as follows: ER (1:100,
clone SP1, Labvision, Fremont, CA; ready-to-use, clone SP1, Ventana
Medical Systems), PR (1:70, PgR 636, Dako, Carpinteria, CA; ready-to-use,
clone 1E2, Ventana Medical Systems), HER2 (1:700, rabbit polyclonal
A0485,Dako; ready to use, clone 4B5,VentanaMedical Systems), andKi-67
(1:200, clone MIB-1, Dako).

IHC results of PRwere regarded as positive if 1% ormore of the tumor
nuclei were stained5. HER2 IHC was re-scored using the 2018 ASCO/CAP
guideline39. For IHC results of 2+ cases, HER2 in situ hybridization (ISH)
was performed by fluorescence ISH using the PathVysion assay (Abbott

Molecular, Downers Grove, IL) or by silver ISH using INFORM HER2
DNA and Chromosome 17 probes (Ventana Medical Systems). The final
HER2 status was determined based on the 2018 ASCO/CAP guidelines39.
ForKi-67proliferation index inpre-NACspecimen, caseswith 20%ormore
positive tumor cells were interpreted as high and others as low, and a 10%
cutoff was used for post-NAC specimen.

Evaluation of ER expression level and categorization
ER expression was evaluated by experienced breast pathologists in daily
practice andwas reportedwith the proportion of positive cells and intensity.
During this study, based on this ER status report, ER expression levels were
categorized into four groups: ER-negative, ER-low positive, ER-
intermediate positive, and ER-high positive. ER-negative was defined as
expression in <1% of tumor cells in IHC, ER-low positive as expression in
1–10% of tumor cells, ER-intermediate positive as expression in 11–50% of
tumor cells, and ER-high positive as expression in >50% tumor cells.

Molecular subtype
Breast cancer subtype was determined with standard biomarker profiles
according to the 2013 St. Gallen International Expert Consensus40 with
modification. Each subtype was defined as follows: luminal A (ER and PR
positive, HER2 negative, Ki-67 low), luminal B (ER positive, HER2 negative
and at least one of: Ki-67 high or PR negative; ER positive, HER2 positive,
anyKi-67, anyPR),HER2positive (HER2positive, ERandPRnegative) and
triple-negative (ER and PR negative, HER2 negative). Other cases were
placed in the unclassified category, including those with ER negativity and
PR positivity.

Statistical analysis
SPSS version 29.0.0 for Windows (IBM Corporation, New York, USA) was
used for statistical analyses. Pearson’s chi-square test and Fisher’s exact test
were used to compare the clinicopathological characteristics and regression
of the tumor according toERcategories. Bonferroni correctionwasmade for
multiple testing, and adjusted (adj.) p-values were applied. Cohen’s kappa
coefficient (κ) was used to evaluate concordance of the ER categories
between pre- and post-NAC specimens. Disease-free survival (DFS) and
overall survival (OS) were calculated as the time between the date of start of
NACand the date of recurrence or death. Survival curveswere plotted by the
Kaplan–Meier method, and their significance of differences was assessed
using the Log Rank (Mantel-Cox) test. Multivariate analysis was conducted
using a Cox proportional hazardsmodel with a backward stepwise selection
method.Variables significant inunivariate analysiswere included.WhenER
expression levels were significant, variables differing among ER categories
were incorporated into the multivariate analysis, except for ET use (highly
correlated with ER categories and analyzed separately) and NAC regimen
(analyzed separately).Hazard ratio (HR) and95%confidence intervals (CIs)
were calculated for the significant variables. Allp-valueswere two-sided, and
p values less than 0.05 were considered statistically significant.

Data availability
The datasets generated and/or analyzed during the current study are not
publicly available due to privacy concerns and institutional policy, but are
available from the corresponding author on reasonable request.
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