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Abstract

Breast cancers have traditionally been considered estrogen receptor (ER)-positive when at least 1% of tumor cells express ER.
Recent ASCO/CAP guidelines, however, introduce a distinct category—ER-low-positive—for tumors with 1%-10% ER
expression, reflecting the limited evidence on how low ER levels influence prognosis and treatment response. This study
investigates whether ER-low tumors differ from ER-positive and ER-negative tumors in terms of outcomes and examines their
predictive value for response to neoadjuvant chemotherapy (NeoCT). Following the MOOSE (Meta-analyses Of Observational
Studies in Epidemiology) guidelines, we systematically searched ISI Web of Science and PubMed to identify eligible studies
for meta-analysis. The investigation focused primarily on pathologic complete response (pCR), with overall survival (OS) and
disease-free survival (DFS) as secondary outcomes. A total of twelve retrospective cohort studies were included. The results
indicated that patients with ER-low tumors achieved higher pCR rates after neoadjuvant chemotherapy than those with ER-
positive tumors, and their response was comparable to patients with ER-negative tumors. In terms of survival, ER-low breast
cancers were linked to significantly poorer OS and DFS compared with ER-positive cancers, while no survival differences were
observed when ER-low tumors were compared with ER-negative cases. Available evidence indicates that ER-low breast cancers
resemble ER-negative tumors more closely than ER-positive ones in terms of disease-free survival (DFS) and overall survival
(0S). Additionally, low ER expression appears to have predictive value for response to neoadjuvant chemotherapy (NeoCT).
Given that the current evidence is rated as low to moderate in certainty, our findings highlight the urgent need for rigorously
designed prospective studies to explore the molecular characteristics and optimal therapeutic approaches for ER-low breast
cancers.

Keywords: Meta-analysis, Neoadjuvant chemotherapy, ER-low, Prognosis, Breast cancer, Adjuvant

Introduction receptor (ER)-positive breast cancer is the most
prevalent, representing nearly 70% of cases.[2]

Breast cancer remains the most commonly diagnosed  Traditionally, tumors with more than 1% of nuclei

malignancy in women, with an incidence of 148.8 per
100,000 in Sweden in 2020 and 142.8 per 100,000 in the
European Union.[1] Among its subtypes, estrogen

Access this article online

merpub.com/

Received: 02 September 2025; Accepted: 05 December 2025

Copyright CC BY-NC-SA 4.0

How to cite this article: Johnson SL, Brown M, Grant O, Reed T. Clinical
Implications of Low Estrogen Receptor Expression in Early Breast Cancer: A
Systematic Review and Meta-Analysis. Arch Int J Cancer Allied Sci.
2025;5(2):173-86. https://doi.org/10.51847/9wkR9vIoMf

expressing ER have been classified as ER-positive.[3]
However, the latest CAP/ASCO guidelines recommend a
distinct category for tumors exhibiting 1%-10% ER
expression, termed ER-low-positive. This classification
acknowledges the limited clinical data on the prognostic
and predictive value of low ER levels and underscores
the need for further evidence.[4] The ABCS international
consensus guidelines for advanced breast cancer have
adopted a similar approach. [5]

Treatment strategies in breast cancer are largely guided
by ER status. For instance, neoadjuvant chemotherapy


https://doi.org/10.51847/9wkR9vloMf

Johnson et al.,

Arch Int J Cancer Allied Sci, 2025, 5(2):173-186

(NeoCT) is the standard approach for triple-negative
breast cancer (TNBC),[6] whereas adjuvant endocrine
therapy is indicated for all luminal-like tumors.[7] In this
context, it is crucial to evaluate whether ER-low
expression influences response to NeoCT and to clarify
the prognostic outcomes of ER-low tumors compared
with ER-negative (<1%) or ER-positive (>10%) breast
cancers.

This meta-analysis and systematic review aims to
summarize the available evidence on ER-low-positive
breast cancer in two clinical scenarios: (i) response to
NeoCT in comparison with ER-positive or ER-negative
tumors; and (ii) survival outcomes following adjuvant
therapy—including endocrine therapy, chemotherapy, or
combination regimens—relative to ER-positive and ER-
negative breast cancers.

Materials and Methods

Study design

We performed a systematic review following the Meta-
analyses Of Observational Studies in Epidemiology
(MOOSE) guidelines. Study eligibility and exclusion
criteria were established a priori using the PICO
(intervention, patient, outcome, control) framework.
Patients of interest were individuals with breast cancer
whose quantitative ER status was reported and who had
received endocrine therapy or chemotherapy in either the
adjuvant or neoadjuvant setting. The interventions
examined included neoadjuvant chemotherapy (NeoCT)
or endocrine therapy in tumors with ER expression
between 10% and 1%. Comparators were patients treated
with NeoCT whose tumors exhibited ER >10% or ER
<1%, or those receiving endocrine therapy for tumors
with ER >10%.

Outcomes evaluated were pathologic complete response
(pCR) for neoadjuvant studies, defined according to each
study’s criteria, as well as disease-free survival (DFS)
and overall survival (OS). DFS was defined as the period
from diagnosis to recurrence or death from any cause,
while OS was measured from diagnosis to death from any
cause. To minimize confounding, only multivariate-
adjusted estimates were included for survival analyses.

Search strategy

A comprehensive literature search was conducted in
PubMed and ISI Web of Science databases, with no
limitations on publication year, employing the following
search strategies: (neoadjuvant OR primary OR

preoperative OR induction) AND (low OR poor OR low
positiv¥) AND (estrogen OR progesterone OR hormone)
AND (prognosis OR survival OR efficacy OR response
OR remission) AND breast cancer OR (adjuvant OR
postoperative) AND (low OR poor OR low positiv#)
AND (estrogen OR progesterone OR hormone) AND
(prognosis OR survival OR efficacy OR response OR
remission) AND breast cancer. The most recent search
was performed on August 8, 2021.

Abstracts and full-text articles were reviewed
independently by two researchers (NP and AV).
Agreement on study inclusion was reached through
discussion. Trials were excluded from the meta-analysis
if they lacked a comparator arm (such as ER >10% or ER
<1%), did not provide isolated data for the low ER
expression subgroup, focused on endpoints other than
pathologic complete response (pCR), disease-free
survival (DFS), or overall survival (OS), or omitted
multivariate analyses for DFS or OS.

Quality assessment

The quality of the studies included in this meta-analysis
and systematic review was evaluated using the
Newcastle-Ottawa Scale (NOS) for cohort studies. Two
investigators (AV, NP) independently assessed each
study, and any discrepancies were resolved through
discussion to reach a consensus on the final quality
ratings.

Data collection

Data extraction was performed independently by two
investigators (AV, NP), with any discrepancies resolved
through discussion to reach consensus. For each eligible
study, the following information was collected: first
author, year of publication, journal, whether the study
was multicenter, number of patients within each ER
category, country of origin, total patient number,
inclusion period, ER status, type of therapy, and key
outcomes including pathologic complete response (pCR,
as defined in each study), hazard ratios (HRs) for disease-
free survival (DFS) with corresponding 95% confidence
intervals, covariates included in multivariate analyses for
DFS, HRs for overall survival (OS) with 95% confidence
intervals, and covariates used in multivariate analyses for
OS. The extracted data were subsequently stratified into
two subgroups based on whether patients received
neoadjuvant or adjuvant treatment.

Data synthesis
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For the neoadjuvant subgroup, pooled estimates of
pathologic complete response (pCR) were calculated
using a random-effects model, generating 95%
confidence intervals (Cls) for each ER subgroup (ER-
low, ER-positive, ER-negative). Overall comparisons
across the three groups were expressed as odds ratios
(ORs) with 95% Cls using the DerSimonian and Laird
approach.

To evaluate disease-free survival (DFS) and overall
survival (OS) in both neoadjuvant and adjuvant cohorts,
reported hazard ratios (HRs) and their associated
standard errors were first converted to logarithmic form.
Pooled HRs were then computed using the inverse
variance method and subsequently back-transformed to
the original scale. In cases where DFS or OS estimates
were not directly reported, data were extracted following
the methodology proposed by Tierney ef a/ [§]
Between-study heterogeneity was assessed with the Q
statistic, and its extent quantified using the I* statistic.
Heterogeneity was considered significant if P <0.10 or I
exceeded 50%, and the choice between fixed- or random-
effects models was based on these results.

The certainty of the evidence was evaluated using the
GRADE framework, focusing on three key questions: (i)
the predictive value of ER-low expression for response to
NeoCT compared with ER-positive and ER-negative
tumors, (ii) the prognostic impact of ER-low expression
on DFS, and (iii) the prognostic impact on OS.

Results and Discussion

Literature search

The systematic search yielded a total of 6,970 records.
Following title and abstract screening, 91 articles were
identified as potentially eligible. Full-text versions of
these studies were obtained and independently reviewed
by two investigators (NP, AV), with all discrepancies
resolved through discussion. After excluding 79 studies
for reasons outlined in Figure 1, 12 studies met the
inclusion criteria for the meta-analysis. Among these, six
provided data on neoadjuvant chemotherapy (NeoCT) [9-
14], five reported outcomes for adjuvant therapy [15-19],
and one study included results for both treatment settings.
[20]

Potential titles identified through database
searching (PubMed and ISI Web of Science)

(n=6970)

A 4

Abstracts screened
(n = 6970)

Full-text articles assessed for
eligibility and quality

Abstracts excluded
(n = 6879)

Full-text articles excluded (n = 79) for
the following reasons
No ER-low group (n = 66)

(n=91)

Studies included in
quantitative synthesis
(meta-analysis)

(n=12)

v

No outcome (7 = 6)
No multivariate analysis (n = 4)
No contrl group (7 = 3)

Figure 1. Flowchart for study selection process.
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cohort design. Follow-up durations varied between 29

Study characteristics

and 89.3 months, and three studies reported median

follow-up periods exceeding five years.[14, 15, 18]

The key features of the included studies are outlined in

Table 1. Study populations ranged from 156 to 9,639

participants, with the majority employing a retrospective

Table 1. Characteristics of eligible studies
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Table 2. Appraisal of the quality of the studies included, utilizing the Newcastle-Ottawa Scale

HT, hormone therapy; CT, chemotherapy; NR, not reported; CMF, cyclophosphamide, methotrexate, fluorouracil; FEC, fluorouracil, epirubicin,

cyclophosphamide; ER, estrogen receptor; ET, endocrine therapy.
for the included studies. The median score was 7, with

Table 2 provides an overview of the quality assessment
individual study scores ranging from 5 to 9

Quality assessment
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Dieci, 2021

Landmann,
2018

Ding,
2019
*

Raghav,
2012
*

Prabhu,
2014
*

Villegas,
2021
*

Zhang
,2014
*

Yi,
2014
*

Pooled pCR rates after neoadjuvant chemotherapy by ER
status

Seven studies reported pCR outcomes stratified by ER
expression. [8-11, 15, 20] When analyzed collectively,
patients with ER-low breast cancer achieved a pooled
PCR rate of 24.8% following neoadjuvant chemotherapy,

which was substantially higher than the 8.3% observed in
ER-positive tumors, with a pooled odds ratio (OR) of
3.25 (95% CI, 1.85-5.71). In comparison, ER-negative
tumors had a pooled pCR rate of 30.8%, which was not
significantly different from the ER-low group (OR, 1.37;
95% CI, 0.83-2.22; (Table 3).

Table 3. Pooled pCR rates and corresponding ORs after neoadjuvant chemotherapy for ER-low breast cancer

Number of

Pooled pCR Odds Ratio

H ity I> (% P-val
Category Patients Rate (95% CI)  (95% CI) eterogeneity I (%) value
1.37 vs ER-low
ER-negative 30.8% (25.9—-  (0.83-2.22)4.71
24 44 <0.001 0.
breast cancer 86 35.7%) vs ER-positive 7449 0.0010.08
(3.69-6.02)
3.25 vs ER-
ER-l t 24.8% (16.0—
ow breas 499 8% (16.0- Gitive (1.85- 74 0.002
cancer 34.7%)
5.71)
ER-positive 8.3% (6.9-
4446 _ - _
breast cancer 9.9%)

ER, estrogen receptor; CI, confidence interval; pCR, pathologic complete response; OR, odds ratio



Johnson et al.,

Arch Int J Cancer Allied Sci, 2025, 5(2):173-186

DFS based on ER expression

Seven studies provided data on disease-free survival
(DFS) for ER-low versus ER-positive breast cancer,
including four neoadjuvant [10, 11, 12, 14] and three
adjuvant [16, 18, 19] studies. Fujii et al [11] reported
time to recurrence (TTR), and Yi et al [18] reported
recurrence-free survival (RFS); both were incorporated

into the pooled DFS analysis, as these outcomes are
encompassed within the DFS definition. [19] The pooled
results indicated that patients with ER-low tumors
experienced significantly shorter DFS compared with
those with ER-positive tumors (HR, 1.85; 95% CI, 1.35—
2.54); (Figure 2).

Hazard ratio Hazard ratio

Study or subgroup  log[Hazard ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
2.3.1 Neoadjuvant chemotherapy

Ding 2019 1.04 0.16 19.9% 2.83[2.07-3.87) -
Fuijii 2017 012 02 17.9% 1.13 [0.76-1.67] o ol
Landmann 2018 109 048 7.7% 2.97 [1.16-7.62] s T
Villegas 2021 0.73 0.19 18.4% 2.08 [1.43-3.01) -
Subtotal (95% Cl) 64.0% 2.02 [1.27-3.22] <

Heterogeneity: Tau? = 0.16; x? = 13.59, df = 3 (P = 0.004);
Test for overall effect: Z = 2.98 (P = 0.003)

2.3.2 Adjuvant therapy

Prabhu 2014 1.13 068 4.5%
Yi 2014 0.36 0.07 23.7%
Zhang 2014 042 048 7.7%
Subtotal (95% Cl) 36.0%

Heterogeneity: Tau? = 0.00; x> = 1.28,df =2 (P=0.53); I’ =0
Test for overall effect: Z = 5.36 (P < 0.00001)

Total (95% CI) 100.0%
Heterogeneity: Tau? = 0.10; x* = 22.70, df = 6 (P = 0.0009); /*
Test for overall effect: Z = 3.84 (P < 0.0001)

=

78%

3.10 [0.82-11.74]

1.43 [1.25-1.64] .
1.52 [0.59-3.90] ——
1.45 [1.26-1.66] [}

%

1.85 [1.35-2.54) <&

0.01

100

= 749 y t
4% 0.1 1 10
ER-positive ER-low

Test for subgroup differences: x° = 1.86, df = 1 (P=0.17); I* = 46.2%
Figure 2. Pooled hazard ratio for disease-free survival in patients with ER-positive breast and ER-low versus
cancer.
Df, degrees of freedom; CI, confidence interval; SE, standard error; ER, estrogen receptor

Five studies [14, 15, 17,18, 20] were included to assess
DFS outcomes for ER-low compared with ER-negative
breast cancer, with three reporting recurrence-free
survival (RFS)17,18,20 which were incorporated into the

analysis. The combined results indicated no significant
difference in DFS between ER-negative and ER-low
groups (pooled HR, 1.09; 95% CI, 0.93-1.26); (Figure
3).

Hazard ratio Hazard ratio
Study or subgroup log[Hazard ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
2.5.1 Neoadjuvant chemotherapy
Villegas 2021 023 0.19 16.5% 1.26[0.87-1.83] =
Subtotal (95% Cl) 16.5% 1.26 [0.87-1.83] ol
Heterogeneity: Not applicable
Test for overall effect: Z = 1.21 (P =0.23)
2.5.2 Adjuvant therapy
Balduzzi 2014 0.34 0.21 135% 1.40(0.93-2.12) [
Dieci 2021 002 034 52% 0.98[0.50-1.91] S R
Raghav 2012 0.1 012 415% 0.90[0.72-1.14)
Yi 2014 0.18 0.16 23.3% 1.20[0.87-1.64]
Subtotal (95% Cl) 83.5% 1.06 [0.89-1.25)

Heterogeneity: x° = 4.17, df = 3 (P = 0.24); I = 28%
Test for overall effect: Z = 0.64 (P =0.52)

Total (95% CI) 100.0%
Heterogeneity: x* = 4.88, df =4 (P = 0.30); I’ = 18%

Test for overall effect: Z= 1.08 (P = 0.28)

Test for subgroup differences: x> = 0.71, df = 1 (P = 0.40); /*

1.09 [0.93-1.26)

f 3
F t

0.01 0.1

4
4

100

1 10
ER-low ER-negative
=0% -

Figure 3. Pooled hazard ratio for disease-free survival comparing ER-negative and ER-low breast cancer.
ER, estrogen receptor; df, degrees of freedom; SE, standard error; CI, confidence interval.
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For this pooled DFS analysis, we used data from Raghav
et al [17] comparing ER expression 0% with ER 1%—5%.
Although the study also reported outcomes for the ER
1%—5% group, the ER 6%—-10% subgroupwas selected
for the primary analysis because it included a larger
number of patients. A sensitivity analysis incorporating
the ER 0% versus ER 6%—10% comparison from the
same study[17] yielded a similar pooled hazard ratio

(95% CI, 0.97-1.35; HR, 1.17), consistent with the main
analysis.

Regarding overall survival (OS), six studies[10-12, 14,
19, 21] provided data comparing ER-low and ER-
positive breast cancer. The pooled analysis demonstrated
that ER-low tumors were associated with significantly
worse OS than ER-positive tumors (HR, 2.36; 95% CI,
1.35-3.86); (Figure 4).

Hazard ratio Hazard ratio
Study or subgroup  log[Hazard ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.1 Neoadjuvant chemotherapy
Ding 2019 156 036 15.8% 4.76 [2.35-9.64] -
Fujii 2017 0.34 021 20.2% 1.40 [0.93-2.12) il
Landmann 2018 204 064 93% 7.69 [2.19-26.96] ———
Villegas 2021 0.97 023 19.6% 2.64 [1.68-4.14) -~
Subtotal (95% Cl) 64.9% 2.96 [1.55-5.64] <>
Heterogeneity: Tau? = 0.31; y? = 13.50, df = 3 (P = 0.004); I? = 78%
Test for overall effect: Z = 3.29 (P = 0.001)
3.3.2 Adjuvant therapy
Yi 2014 022 006 23.2% 1.25[1.11-1.40) .
Zhang 2014 095 051 11.9% 2.59 [0.95-7.03) . a—
Subtotal (95% Cl) 35.1% 1.51 [0.80-2.82] Ry
Heterogeneity: Tau? = 0.13; x* = 2.02, df = 1 (P=0.16); I*=51%
Test for overall effect: Z = 1.28 (P < 0.20)
Total (95% Cl) 100.0% 2.36 [1.45-3.86) <>
Heterogeneity: Tau? = 0.27; % = 31.38, df = 5 (P < 0.00001); I* = 84% '0 01 0’1 1 1‘0 1005

Test for overall effect: Z = 3.43 (P = 0.0006)

ER-positive ER-low

Test for subgroup differences: 3 = 2.16, df = 1 (P = 0.14); I = 53.6%

Figure 4. Pooled hazard ratio for overall survival in patients with ER-positive compared with ER-low breast cancer.

df, degrees of freedom; CI, confidence interval; SE, standard error; ER, estrogen receptor.

Hazard ratio

Hazard ratio

Study or subgroup log[Hazard ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
3.5.1 Neoadjuvant chemotherapy

Villegas 2021 0.1 023 145% 1.11[0.70-1.73)

Subtotal (95% Cl) 14.5% 1.11[0.70-1.73]

Heterogeneity: Not applicable

Test for overall effect: Z=0.43 (P = 0.66)

3.5.2 Adjuvant therapy

Balduzzi 2014 0.41 0.31 8.0% 1.51[0.82-2.77) '
Dieci 2021 -0.06 0.41 46% 0.94[0.42-2.10) T
Raghav 2012 -0.09 0.14 39.0% 0.91([0.69-1.20]

Yi 2014 041 0.15 34.0% 1.51[1.12-2.02] If
Subtotal (95% CI) 85.5% 1.17 [0.97-1.41)

Heterogeneity: x*=6.90, df = 3 (P=0.08); I*=57%
Test for overall effect: Z= 1.66 (P = 0.10)

Total (95% Cl) 100.0%
Heterogeneity: x° = 6.96, df =4 (P = 0.14); I? = 42%

Test for overall effect: Z = 1.70 (P = 0.09)

Test for subgroup differences: ¥* = 0.05, df =1 (P = 0.82); I* = 0%

1.16 [0.98-1.38]

. . ¢ .

[ : 100

001 0.1 1 10
ER-low ER-negative

Figure 5. Pooled hazard ratio for overall survival comparing ER-negative and ER-low breast cancer.
df, degrees of freedom; CI, confidence interval; SE, standard error; ER, estrogen receptor
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Overall survival data for ER-negative versus ER-low
breast cancer were available from five studies[14, 15, 17,
18, 20]. The combined analysis revealed no significant
difference in OS between the two groups (pooled HR,
1.16; 95% CI, 0.98-1.38;) (Figures 4 and 5).

Data from Raghav et al [17] were treated in the same
manner as in previous analyses. A sensitivity check
including the ER 0% versus ER 6%-10% comparison

produced results consistent with the main analysis
(pooled HR, 1.21; 95% CI, 0.98-1.46).

Evidence certainty assessed using GRADE

The quality of the evidence from this meta-analysis was
evaluated with the GRADE approach, covering three
main research questions across six specific comparisons
(Table 4).

Table 4. Assessment of evidence quality based on the GRADE framework
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PCR, pathologic complete response; GRADE, Grading of Recommendations Assessment, Development and Evaluation; ER, estrogen receptor

All analyses comparing ER-positive with ER-low breast
cancer were rated as moderate certainty according to the
GRADE framework, while comparisons between ER-
negative and ER-low tumors were rated as low certainty,
primarily due to inconsistencies among the results of the
included studies.

When synthesizing the currently available evidence, low
estrogen receptor (ER) expression emerges as a marker
of  chemosensitivity =~ rather = than  endocrine
responsiveness. Across pooled analyses, tumors with ER
expression in the low range demonstrated response rates
to neoadjuvant chemotherapy (NeoCT) that closely
approximated those seen in ER-negative breast cancer,
particularly with respect to pathologic complete response
(pCR). In contrast, ER-low tumors consistently
underperformed compared with ER-positive disease in
long-term outcomes, exhibiting inferior disease-free
survival (DFS) and overall survival (OS). Notably,
survival outcomes for ER-low and ER-negative breast
cancer were largely overlapping, suggesting a shared
clinical behavior. However, the certainty supporting
these observations varied, ranging from moderate when
ER-low tumors were compared with ER-positive disease
to low when comparisons involved ER-negative tumors,
reflecting heterogeneity across studies and limitations in
study design.

The clinical resemblance between ER-low and ER-
negative breast cancer is further reinforced by molecular
profiling studies. Analyses conducted by Iwamoto et a/
[22] and Deyarmin et al [23] demonstrated that ER-low
tumors predominantly fall within non-luminal intrinsic
subtypes, most commonly basal-like and, to a lesser
extent, HER2-enriched. Only a minority of cases—16%
and 12%, respectively—exhibited luminal molecular
characteristics. These findings were corroborated by
Villegas et al.,14 who reported that nearly nine out of ten

ER-low tumors carried a basal-like gene expression
profile,
Collectively, these data provide a biological rationale for
the observed similarities in chemotherapy responsiveness
and prognosis between ER-low and ER-negative breast

with no tumors classified as luminal.

cancer.
Earlier evidence addressing this topic includes a meta-
analysis by Chen et al [24] published in 2016, which
characterized ER-low breast cancer as having an
intermediate prognosis between ER-positive and ER-
negative disease. While informative, that analysis differs
from the present study in several key respects. Most
importantly, we restricted inclusion to studies reporting
multivariate-adjusted  survival estimates, thereby
reducing the impact of confounding—an inherent
limitation of observational research. The prior meta-
analysis incorporated both unadjusted and adjusted
estimates, potentially inflating bias. Given that
randomized trials are unavailable for this -clinical
question, reliance on multivariate-adjusted results
represents a more methodologically rigorous approach.
In addition, our work addressed a clinically relevant
question not explored in the earlier meta-analysis: the
predictive role of ER-low expression for response to
NeoCT. As NeoCT is a standard treatment strategy for
ER-negative breast cancer, evaluating its efficacy in ER-
low tumors aligns directly with current therapeutic
decision-making. Methodological differences also
extend to outcome measurement; we employed hazard
ratios for DFS and OS, which are better suited for time-
to-event analyses than odds ratios. Finally, the
application of the GRADE framework allowed us to
formally assess evidence certainty, facilitating
interpretation of the findings within an evidence-based
medicine framework and enhancing their relevance for
clinical practice and policy development.



Johnson et al.,

Arch Int J Cancer Allied Sci, 2025, 5(2):173-186

Several limitations warrant consideration. First, data
addressing the benefit of adjuvant endocrine therapy in
ER-low breast cancer were insufficient to permit
quantitative  synthesis. ~ Nevertheless,  available
observational studies suggest minimal or no survival
benefit from endocrine therapy in this subgroup. [15, 17,
25] This observation is supported by randomized data
from the Early Breast Cancer Trialists’ Collaborative
Group, which demonstrated negligible benefit of
adjuvant tamoxifen in tumors with low ER expression.
[26] Second, follow-up duration was limited in most
included studies, with median follow-up often below five
years. While adequate for ER-negative disease, this
duration is insufficient to capture late recurrences typical
of ER-positive breast cancer, which often require follow-
up extending beyond eight years. [27, 28]

Another important limitation relates to variability in ER
assessment across institutions, time periods, and
laboratory techniques. This variability is known to be
more pronounced in tumors with low or intermediate ER
expression [29] although it remains less substantial than
that observed for other biomarkers such as HER2 or Ki-
67. [30, 31] Finally, the absence of randomized trials
necessitated reliance on observational evidence,
inherently lowering confidence in causal inference, as
reflected in the GRADE ratings.

Conclusion

In conclusion, the current body of evidence indicates that
ER-low breast cancer behaves more like ER-negative
than ER-positive disease in both treatment response and
prognosis. ER-low tumors appear to derive meaningful
benefit from NeoCT, achieving pCR rates similar to ER-
negative tumors, while long-term outcomes mirror those
of ER-negative rather than ER-positive breast cancer.
These findings lend strong support to recent ASCO/CAP
and ABCS5 guideline recommendations*® advocating for
ER-low tumors to be recognized as a distinct biological
and clinical subgroup. Moreover, they raise important
clinical considerations regarding the potential extension
of emerging therapeutic strategies for triple-negative
breast cancer—such as immunotherapy and antibody—
drug conjugates—to patients with low ER expression.
Given the low to moderate certainty of existing evidence,
there remains a clear and pressing need for well-designed
prospective  studies to clarify the molecular
underpinnings and optimal management strategies for
ER-low breast cancer.

Acknowledgments: None

Conflict of Interest: None

Financial Support: None
Ethics Statement: None
References

1. European Cancer Information System. Available at
https://ecis.jrc.ec.  europa.eu/explorer.php?$0-0.
Accessed August 12, 2020.

2. Rosenberg PS, Barker KA, Anderson WF. Estrogen
receptor status and the future burden of invasive
and in situ breast cancers in the United States. J Natl
Cancer Inst. 2015;107:djv159.

3. Hammond MEH, Hayes DF, Dowsett M, et al.
American Society of Clinical Oncology/College of
American  Pathologists  guideline
mendations for immunohistochemical testing of
estrogen and pro- gesterone receptors in breast
cancer. J Clin Oncol. 2010;28:2784-2795.

4.  Allison KH, Hammond MEH, Dowsett M, et al.
Estrogen and proges- terone receptor testing in
breast cancer: ASCO/CAP guideline update. J Clin
Oncol. 2020;38(12):1346-1366.

5.  Cardoso F, Paluch-Shimon S, Senkus E, et al. 5th
ESO-ESMO interna- tional consensus guidelines
for advanced breast cancer (ABC 5). Ann Oncol.
2020;31(12):1623-1649.

6. Korde LA, Somerfield MR, Carey LA, et al
Neoadjuvant chemotherapy, endocrine therapy, and
targeted therapy for breast cancer: ASCO
guideline. J Clin Oncol. 2021;39:1485-1505.

7.  Cardoso F, Kyriakides S, Ohno S, et al. Early breast
cancer: ESMO Clinical Practice Guidelines for
diagnosis, treatment and follow-up. Ann Oncol.
2019;30:1194-1220.

8.  Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes
MR. Practical methods for incorporating summary
time-to-event data into meta- analysis. Trials.
2007;8:16.

9. Colleoni M, Viale G, Zahriech D, et al
Chemotherapy is more effective in patients with
breast cancer not expressing steroid hormone
receptors: a study of preoperative treatment. Clin
Cancer Res. 2004;10:6622- 6628.

10. Ding Y, Ding K, Yu K, et al. Prognosis and

recom-

184



Arch Int J Cancer Allied Sci, 2025, 5(2):173-186

Johnson et al.,

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

endocrine therapy selection for patients with low
hormone receptor-positive breast cancer following
neoadjuvant chemotherapy: a retrospective study of
570 patients in China. Oncol Lett. 2019;18:6690-
6696.

Fujii T, Kogawa T, Dong W, et al. Revisiting the
definition of estrogen receptor positivity in HER2-
negative primary breast cancer. Ann Oncol.
2017;28:2420-2428.

Landmann A, Farrugia DJ, Zhu L, et al. Low
estrogen receptor (ER)- positive breast cancer and
neoadjuvant systemic chemotherapy: is response
similar to typical ER-positive or ER-negative
disease? Am J Clin Pathol. 2018;150:34-42.

Ohara AM, Naoi Y, Shimazu K, et al. PAMS50 for
prediction  of  response to  neoadjuvant
chemotherapy for ER-positive breast cancer. Breast
Cancer Res Treat. 2019;173:533-543.

Villegas SL, Nekljudova V, Pfarr N, et al. Therapy
response and prog- nosis of patients with early
breast cancer with low positivity for hor- mone
receptors e an analysis of 2765 patients from
neoadjuvant  clinical J  Cancer.
2021;148:159-170.

Balduzzi A, Bagnardi V, Rotmensz N, et al
Survival outcomes in breast cancer patients with
low estrogen/progesterone receptor expression.
Clin Breast Cancer. 2014;14:258-264.

Prabhu JS, Korlimarla A, Desai K, et al. A majority
of low (1-10%) ER positive breast cancers behave
like hormone receptor negative tumors. J Cancer.
2014;5:156-165.

Raghav KPS, Hernandez-Aya LF, Lei X, et al.
Impact of low estrogen/ progesterone receptor
expression on survival outcomes in breast cancers
previously classified as triple negative breast
cancers. Cancer. 2012;118:1498-1506.

YiM, Huo L, Koenig KB, et al. Which threshold for
ER positivity? A retrospective study based on 9639
patients. Ann Oncol. 2014;25:1004- 1011.

Zhang Z, Wang J, Skinner KA, et al. Pathological
features and clinical outcomes of breast cancer
according to levels of oestrogen receptor
expression. Histopathology. 2014;65:508-516.

trials. Eur

Dieci MV, Griguolo G, Bottosso M, et al. Impact of
estrogen receptor levels on outcome in non-
metastatic triple negative breast cancer patients
treated with neoadjuvant/adjuvant chemotherapy.

21.

22.

23.

24.

25.

26.

27.

28.

29.

NPJ Breast Cancer. 2021;7:101.
Gourgou-Bourgade S, Cameron D, Poortmans P, et
al. Guidelines for time-to-event end point
definitions in breast cancer trials: results of the
DATECAN (Definition  for the
Assessment of Time-to-event Endpoints in CANcer
trials). Ann Oncol. 2015;26:873-879.

Iwamoto T, Booser D, Valero V, et al. Estrogen
receptor (ER) mRNA and ER-related gene
expression in breast cancers that are 1% to 10% ER-
positive by immunohistochemistry. J Clin Oncol.
2012;30:729-734.

Deyarmin B, Kane JL, Valente AL, et al. Effect of
ASCO/CAP guidelines for determining ER status
subtype. Ann Surg Oncol.

initiative

on molecular
2013;20:87-93.
Chen T, Zhang N, Moran MS, Su P, Haffty BG,
Yang Q. Borderline ER- positive primary breast
cancer gains no significant survival benefit from
endocrine therapy: a systematic review and meta-
analysis. Clin Breast Cancer. 2018;18:1-8.
Bouchard-Fortier A, Provencher L, Blanchette C,
Diorio C. Prognostic and predictive value of low
estrogen receptor expression in breast cancer. Curr
Oncol. 2017;24:e106-¢114.

Early Breast Cancer Trialists’ Collaborative Group
(EBCTCG)Davies C, Godwin J, et al. Relevance of
breast cancer hormone receptors and other factors
to the efficacy of adjuvant tamoxifen: patient-level
meta- analysis of randomised trials. Lancet.
2011;378:771-784.

Colleoni M, Sun Z, Price KN, et al. Annual hazard
rates of recurrence for breast cancer during 24 years
of follow-up: results from the international breast
cancer study group trials I to V. J Clin Oncol.
2016;34:927-935.

van Maaren MC, de Munck L, Strobbe LJA, et al.
Ten-year recurrence rates for breast cancer
subtypes in the Netherlands: a large population-
based study. Int J Cancer. 2019;144:263-272.
Rhodes A, Jasani B, Balaton AJ, Miller KD.
Immunohistochemical demonstration of oestrogen
and progesterone receptors: correlation of standards
achieved on in house tumours with that achieved on
external quality assessment material in over 150
laboratories from 26 countries. J Clin Pathol.
2000;53:292-301.

De Schutter H, Van Damme N, Colpaert C, et al.
Quality of pathology reporting is crucial for cancer



Johnson et al.,

Arch Int J Cancer Allied Sci, 2025, 5(2):173-186

care and registration: a baseline assessment for
breast cancers diagnosed in Belgium in 2008.
Breast. 2015;24:143-152.

31. Acs B, Fredriksson I, Ronnlund C, et al. Variability

in breast cancer biomarker assessment and the
effect on oncological treatment de- cisions: a
nationwide 5-year population-based study. Cancers.
2021;13: 1166.

186



