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Summary
Background Estrogen receptor-low (ER-low) HER2-negative breast cancer has similar pathological and molecular
characteristics as triple-negative breast cancer (TNBC), and it is questionable whether it should be considered a
separate entity. When the international guidelines lowered the cutoff for ER positivity to ≥1% in 2010, the ≥10%
threshold was kept in Sweden. ER-low breast cancer (ER 1–9%) is thus in Sweden treated as TNBC. We aimed to
describe patient and tumor characteristics, treatment patterns and overall survival in a Swedish population-based
cohort of patients with ER-zero and ER-low HER2-negative breast cancer treated as TNBC.

Methods All TNBC cases diagnosed in Sweden 2008–2020 were included in a population-based cohort study. Patient,
tumor and treatment characteristics were analyzed by ER-status (ER 0% vs 1–9%), and associations between subgroups
compared using χ2 test. Survival endpoint was overall survival (OS), and Kaplan–Meier curves were estimated. Cox
proportional hazards models were used to estimate adjusted hazard ratios comparing ER-low to ER-zero.

Findings Of the 5655 tumors, 90.1% had an ER expression of 0%, while 9.9% were ER-low. ER-low tumors were grade
III in 69.4% (80.8% in ER-zero tumors, p-value = 0.001), with a median Ki67 of 60% (63% in ER-zero tumors, p-
value = 0.005). There were no significant differences in given chemotherapy (p = 0.546). A pathological complete
response (pCR) was achieved in 28.1% of ER-low tumors (25.1% in ER-zero tumors). In the unadjusted analysis
of OS, women with ER-low disease had a borderline but not significantly better OS than those with ER-zero
disease (HR 0.84 (95% CI 0.71–1.00), p = 0.052). ER-status 1–9% vs 0% was not associated with OS in the
multivariable analysis (HR 1.11 (0.90–1.36)). Distant disease-free survival did not differ by ER-status 0% vs 1–9%
(HR 0.97 for ER-zero vs ER-low (0.62–1.53), p = 0.905). After preoperative treatment, the impact of pCR for OS
did not significantly differ between ER-zero or ER-low disease.

Interpretation ER-low HER2-negative breast cancer has characteristics and prognosis similar to TNBC, when treated
in the same way. Therefore, it seems reasonable to use a ≥10% threshold for ER positivity. This would provide
patients with ER-low tumors the same treatment opportunities as patients with TNBC, within studies and within
clinical routine.
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Research in context

Evidence before this study
Estrogen receptor-low (ER-low) HER2-negative breast cancer
has been treated as ER positive breast cancer in accordance
with the current international guidelines (ASCO Hormone
Receptor–Positive Breast Cancer guideline 2018 and ESMO
Early breast cancer: Clinical Practice Guidelines for diagnosis,
treatment and follow-up 2019), and currently it is
questionable whether it should be considered a separate
entity (Estrogen and Progesterone Receptor Testing in Breast
Cancer: ASCO/CAP Guideline Update 2020 and PubMed search
[until date 09/2023] with term ER low breast cancer). When
the international guidelines lowered the cutoff for ER
positivity to ≥1% in 2010 (Estrogen and Progesterone
Receptor Testing in Breast Cancer: ASCO/CAP Guideline
Update 2010, Evidence quality: High, but limited data on
endocrine therapy benefit for cancers with 1%–10% of cells
staining ER positive), the ≥10% threshold was kept in
Sweden. There is no current data on the overall survival (OS)

and response to neoadjuvant therapy in ER-low breast cancer
patients when treated as triple-negative breast cancer (TNBC).

Added value of this study
ER-low (ER 1–9%) breast cancer has in Sweden been treated as
TNBC, constituting 10% of the TNBC population. This study
showed that patients with ER-low breast cancer had a
borderline, but not significantly better OS than those with ER-
zero disease (current international TNBC definition). In the
multivariable analysis, ER-status (ER-zero vs ER-low) was not
significantly associated with prognosis.

Implications of all the available evidence
Using a ≥10% threshold for ER positivity seems reasonable
based on real world outcomes. A change would provide
patients with ER-low tumors the same treatment
opportunities as patients with TNBC, within studies and
within clinical routine.
Introduction
Triple-negative breast cancer (TNBC) constitutes around
10–20% of incident breast cancers1 and is characterized
by a distinctly aggressive biological behavior, with
higher rates of recurrence and shorter overall survival in
the metastatic setting compared to other subtypes of
breast cancer.2,3 Biologically, TNBC is a heterogenous
disease that by gene expression profiling can be further
grouped into at least four distinct molecular TNBC
subtypes, each displaying unique ontologies and differ-
ential response to treatment.4–6 Although a large pro-
portion of TNBCs are of the basal-like intrinsic
subtype,4,7 approximately 20–30% are not, while a
significant number of basal-like breast cancers express
ER/PR or HER2.8

ER-low (ER 1–9%) HER2-negative breast cancer is
uncommon, with a prevalence around 2% of all breast
cancers.9–11 ER-low HER2-negative breast cancers have
similar pathological11–15 and molecular characteristics as
TNBC,16 and it is questionable whether this group
should be considered a separate entity. When the
American Society of Clinical Oncology (ASCO) and
College of American Pathologists (CAP) lowered the
cutoffs for ER and PR positivity in breast cancer in 2010,
from ≥10% to ≥1%,17 the Swedish Breast Cancer Group
considered the medical evidence for a change of cutoff
yet too weak, and kept the ≥10% threshold. The Swed-
ish TNBC population has thus encompassed a broader
patient population than in international studies,
including also ER-low HER2-negative breast cancer
cases. ER-low HER2-negative cases has also in general
been treated as TNBC, which is interesting now that the
international community recognize limited data for
benefit of endocrine therapy in the ER-low group.18 It is
of importance to investigate, in-depth, if patients clas-
sified as TNBC according to the Swedish broader defi-
nition, but not the international definition, those with
ER-low breast cancer, have inherent different clinical
characteristics and respond differently to given
treatment.

We aimed to describe real-world patient and tumor
characteristics, treatment patterns and outcome in a
Swedish population-based cohort of patients with early
TNBC defined as HER2-negative tumors with ER <10%,
focusing on potential similarities and differences be-
tween patients with ER-zero and ER-low status.
Methods
Study cohort
We included all women diagnosed with TNBC in Swe-
den between January 2008 and December 2020 in a
population-based cohort study, defined based on
immunohistochemical (IHC) evaluation of ER (<10%),
PR (<10%), HER2 (IHC 0–1+, or 2+ if negative after
further verification through in situ hybridization). Ac-
cording to the Swedish guidelines, ER status is consid-
ered positive when ≥10% of tumor cells show
www.thelancet.com Vol 40 May, 2024
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ER-specific staining in tumor nuclei detected by IHC.
For ER evaluation, the vast majority of Swedish labs
used Clone SP1.19

The cohort was identified through the Swedish Na-
tional Breast Cancer Quality Register (NKBC) which
contains detailed clinical data on patient and tumor
characteristics, treatment and follow-up reported by all
units handling breast cancer in Sweden. The
completeness of the NKBC has been estimated to >99%
by cross-validation to the Swedish Cancer Register,20 a
registry to which reporting of all newly diagnosed ma-
lignant neoplasms is mandatory for both clinicians and
pathologists. Women with missing data on hormone
receptor or HER2-status were not eligible for the study
(7% of all invasive cancers in NKBC).

From the initial cohort of 8233 TNBC cases, we
excluded patients that received anti-HER2 treatment due
to false-positive preoperative biopsy or synchronous
contralateral HER2-positive breast cancer (n = 113), and
cases with synchronous or metachronous bilateral
TNBC (n = 162) and thus the final cohort comprised a
total of 7958 women with TNBC diagnosed in
2008–2020. Of the 7958 women, 5928 had data on % of
hormone receptor staining by IHC and these were
included in the comparative analysis between ER-zero
and ER-low cases (Fig. 1). Pathological complete
response (pCR) was defined as the absence of invasive
carcinoma in both breast and lymph node tissue after
neoadjuvant chemotherapy.

From the NKBC, we retrieved information on date
and age at diagnosis, estrogen receptor status (0% or
1–9%), progesterone receptor (PR) status (<10% or
≥10%), HER2 status (0–1, 2+), Ki67 (continuous), Not-
tingham grade (I, II or III) and histological subtype.
Fig. 1: Flowchart of inclusions and exclus

www.thelancet.com Vol 40 May, 2024
Information on clinical and pathological tumour size
and stage, as well as nodal status and stage was also
retrieved. TNM stage (0, I, II or III) was combined ac-
cording to UICC. All tumour variables, except Ki67,
were included as categorical variables in the analyses.
Treatment information included surgery (breast
conserving surgery, mastectomy, only axilla surgery),
axillary surgery (none, sentinel node (SN) biopsy, sam-
pling or axillary clearance), chemotherapy (yes/no and
by neoadjuvant, adjuvant or both), radiotherapy (yes/no
and by type of surgery) and endocrine therapy (yes/no),
which were all treated as categorical variables.

Information on date and cause of death is regularly
linked to the NKBC from the Swedish Cause of Death
Register. Due to the NKBC data not being fully updated
with cause-of death information at retrieval for the
present study, overall survival (OS) was the chosen
endpoint. During the studied years 2008–2018 however,
98.5% of the deaths in the TNBC population were due to
breast cancer. Follow-up was from date of diagnosis to
death, or end of study (December 31st, 2020), whichever
came first.

Statistical methods
Descriptive frequencies of patient, tumor and treat-
ment characteristics were calculated for all included
patients, and for the comparative cohort by ER-status
at diagnosis (ER 0% vs 1–9%) and presented as per-
centages. Differences between subgroups were
compared using chi-square tests for categorical vari-
ables and Mann–Whitney U or Kruskal–Wallis test for
continuous variables since our data were not normally
distributed (according to Shapiro–Wilk and
Kolmogorov–Smirnov tests).
ions in the population-based cohort.
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ER 0% ER 1–9% Total p-value

N (%) N (%) N (%)

Total 5095 (90.1) 560 (9.9) 5655 (100)

Year of diagnosis 0.001

2008–2011 894 (17.5) 117 (20.9) 1011 (17.9)

2012–2016 1871 (36.7) 239 (42.7) 2110 (37.3)

2017–2020 2330 (45.7) 204 (36.4) 2534 (44.8)

Age at diagnosis (yrs) 0.079

<40 463 (9.1) 61 (10.9) 524 (9.3)

40–49 797 (15.6) 88 (15.7) 885 (15.6)

50–64 1599 (31.4) 174 (31.1) 1773 (31.4)

65–79 1610 (31.6) 189 (33.7) 1799 (31.8)

≧80 626 (12.3) 48 (8.6) 674 (11.9)

Mean (sd) 61.14 (15.14) 59.99 (14.72) 61.03 (15.11)

Median (Q1, Q3) 62 (50,72) 62 (49,71) 62 (50,72) 0.162

T size (path)a 0.215

1–20 mm 2238 (56.6) 234 (54.5) 2472 (56.4)

21–50 mm 1564 (39.6) 184 (42.9) 1748 (39.9)

>50 mm 152 (3.8) 11 (2.6) 163 (3.7)

Missing 34 0 34

T stage (clin)b 0.246

T0 8 (0.7) 3 (2.3) 11 (0.9)

T1 186 (16.9) 19 (14.5) 205 (16.6)

T2 705 (64.0) 80 (61.1) 785 (63.7)

T3 160 (14.5) 21 (16.0) 181 (14.7)

T4 42 (3.8) 8 (6.1) 50 (4.1)

Missing 4 0 4

T stage (clin/path)b 0.227

T0 11 (0.2) 3 (0.5) 14 (0.2)

T1 2425 (47.9) 253 (45.2) 2678 (47.3)

T2 2269 (44.9) 264 (47.1) 2533 (44.8)

T3 313 (6.2) 32 (5.7) 345 (6.1)

T4 42 (0.8) 8 (1.4) 50 (0.9)

Missing 35 0 35

Lymph node status (path)a 0.685

Negative 2715 (70.9) 292 (69.7) 3007 (70.8)

1–3 positive 794 (20.7) 95 (22.7) 889 (20.9)

4–9 positive 201 (5.2) 22 (5.3) 223 (5.2)

10+ positive 121 (3.2) 10 (2.4) 131 (3.1)

Missing 157 10 167

N stage (path)c 0.455

N0 3247 (64.8) 346 (62.2) 3593 (64.5)

N1 1270 (25.3) 157 (28.2) 1427 (25.6)

N2 321 (6.4) 32 (5.8) 353 (6.3)

N3 174 (3.5) 21 (3.8) 195 (3.5)

Missing 83 4 87

TNM stage (clin/path)c 0.180

0 4 (0.08) 2 (0.4) 6 (0.1)

I 1863 (38.4) 197 (36.1) 2060 (38.2)

II 2400 (49.5) 284 (52.1) 2684 (49.8)

III 582 (12.0) 62 (11.4) 644 (11.9)

Missing 246 15 261

Grade (NHG) 0.001

I 83 (1.9) 23 (4.8) 106 (2.2)

II 851 (17.3) 124 (25.8) 975 (19.8)

(Table 1 continues on next page)
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ER 0% ER 1–9% Total p-value

N (%) N (%) N (%)

(Continued from previous page)

III 3515 (80.8) 333 (69.4) 3849 (78.1)

Missing 645 80 725

Progesterone receptor NA

Negative (<10%) 5092 (100) 533 (100) 5624 (100)

Positive (≧10%) 0 (0) 0 (0) 0 (0)

Missing (neg, but no %) 4 27 31

Ki67 0.005

Mean (sd) 59.56 (25.5) 55.51 (27.4) 59.19 (25.7)

Median (Q1, Q3) 63 (40, 80) 60 (30, 80) 62 (40, 80)

Missing 694 119 813

HER2-status by IHC 0.001

0–1+ 2842 (86.4) 261 (78.1) 3103 (85.6)

2+ 449 (13.6) 73 (21.9) 522 (14.4)

Missingd 1804 226 2030

Histological subtype <0.001

Ductal 4230 (83.5) 424 (76.0) 4654 (82.8)

Lobular 83 (1.6) 38 (6.8) 121 (2.2)

Mixed/other 752 (14.8) 96 (17.2) 848 (15.1)

Missing 30 2 32

aOnly given for patients with primary surgery. bClinical tumor size in patients with neoadjuvant treatment. ccT and cN/pN were used for patients with neoadjuvant
treatment. dIHC result missing, but ISH negative.

Table 1: Patient- and tumor characteristics in a population-based cohort of 5655 women with ER-negative or ER-low primary breast cancer diagnosed
between 2008 and 2020.

Articles
Survival proportions for overall survival were esti-
mated with the Kaplan–Meier method by ER-status. The
log rank test was performed to compare the survival
proportions by subgroups. In a sub-cohort (cases diag-
nosed within the Stockholm-Gotland region) data was
valid also for analysis of distant-disease free survival
(DDFS). Univariable and multivariable Cox proportional
hazards models were used to estimate hazard ratios
(HR) with 95% confidence intervals (CI) comparing ER-
low to ER-zero. In the multivariable models, the HRs
were adjusted for ER-status, histological subtype, stage,
grade, age and year of diagnosis (model 1). In a second
model the HRs were also adjusted for chemotherapy
(model 2). The proportional hazards assumption was
tested using the scaled Schoenfeld residuals. The pro-
portional hazard assumption was met.

For statistical analysis, SPSS 22 (IBM, Armonk,
USA) and MedCalc 13.3.3.0 software (MedCalc Soft-
ware, Ostend, Belgium) were used. All statistical tests
were two-sided with a significance level of 5%.

Role of the funding source
This work was financially supported by Merck Sharp &
Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway,
NJ, USA, in accordance with terms and conditions of a
Master Collaboration Agreement between the company
and Karolinska Institutet. The funding source was not
involved in study design, data collection, analysis or
www.thelancet.com Vol 40 May, 2024
interpretation of data, writing of the report or decision to
submit the article for publication.
Results
Population and treatment characteristics
Median follow-up time in the full cohort was 4.4 years
with an interquartile range of 5.01 years.

Descriptive data on patient and tumor characteristics
of the 7958 women in the full cohort are shown in
Table S1. Preoperative treatment got more common
over time. Distant metastasis at diagnosis (defined as
within 3 months of diagnosis) were present in 2.5%
(n = 197). Further 1.8% (n = 140) had no surgery. Of
those treated with a curative intent (primary surgery or
preoperative treatment), a majority presented with T1-
T2 disease and node-negativity at diagnosis. Treatment
characteristics in primary operated vs preoperatively
treated are shown in Table S2, and treatment trends in
Table S3. Chemotherapy was given to 77.9% of the pa-
tients, increasing from 73.0% of the patients in the
beginning of the study period to 83.2% in 2017–2020.
Given chemotherapy consisted of anthracyclins and
taxanes in combination (70.0%), anthracyclines alone
(27.4%) or taxanes alone (2.6%), with the addition of
postneoadjuvant capecitabine in 35 patients (34 ER-
zero/1 ER-low). Endocrine therapy was given to 3.6% of
the patients (n = 232).
5
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ER 0% ER 1–9% Total p-value

N (%) N (%) N (%)

Total 5095 (90.1) 560 (9.9) 5655 (100)

Surgery 0.614

BCS 2790 (54.8) 309 (55.2) 3099 (54.8)

Mastectomy 2285 (44.9) 248 (44.3) 2533 (44.8)

Only axilla surgery 15 (0.3) 3 (0.5) 18 (0.3)

Missing 5 0 5

Axillary surgery 0.191

None 157 (3.1) 10 (1.8) 167 (3.0)

SN biopsy 3074 (60.4) 330 (59.0) 3404 (60.3)

Sampling 118 (2.3) 17 (3.0) 135 (2.4)

Axillary clearance 1739 (34.2) 202 (36.1) 1941 (34.4)

Missing 7 1 8

Chemotherapy 0.546

No 937 (21.1) 111 (22.3) 1048 (21.2)

Yes 3499 (78.9) 387 (77.7) 3886 (78.8)

Neoadjuvant only 734 (21.0) 90 (23.3) 824 (21.2)

Neoadj and postneoadj 345 (9.9) 36 (9.3) 381 (9.8)

Adjuvant 2420 (69.2) 261 (67.4) 2681 (69.0)

Missing 659 62 721

Radiotherapy 0.713

No 1114 (25.6) 121 (24.8) 1235 (25.5)

Yes 3246 (74.4) 367 (75.2) 3613 (74.5)

After BCS 2320 (71.5) 258 (70.3) 2578 (71.3)

After mastectomy 906 (27.9) 106 (28.9) 1012 (28.0)

After axilla surg only 13 (0.4) 2 (0.5) 15 (0.4)

Surgery data missing 7 (0.2) 1 (0.3) 8 (0.2)

Missing 735 72 807

Endocrine therapy 0.006

No 4213 (96.7) 459 (94.3) 4672 (96.4)

Yes 145 (3.3) 28 (5.7) 173 (3.6)

Missing 737 73 810

Table 2: Treatment characteristics in a population-based cohort of 5655 women with ER-negative or ER-low primary breast cancer diagnosed between
2008 and 2020.
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Comparison cohort ER-zero vs ER-low; population
and treatment characteristics
Of the 8233 patients defined to have TNBC according to
the Swedish definition, 5928 had data on % of ER
staining by IHC (Fig. 1). Those with data on % of ER
staining were representative of the full descriptive cohort
except regarding year of diagnosis (Table 1 and Table S1).
Reporting of % of ER staining increased over time
(Figure S1). There was no significant difference in pro-
portion of ER-low tumors between the six healthcare re-
gions in Sweden (Figure S2). Of the 5655 included
women, 5095 (90.1%) had tumors with an ER-expression
of 0%, while 560 had tumors that were ER-low (9.9%).
The proportion of ER-low was somewhat higher, 11.6%
in 2008–2011 and 11.3% in 2012–2016, than during the
latter part of the studied period (8.1% in 2017–2020),
p = 0.001 (Table 1). The median follow-up time was equal
in ER-zero and ER-low disease (4.3 years vs 4.8 years).
There was no significant difference in age distribu-
tion between patients with ER-zero vs ER-low tumors
(Table 1). Grade III tumors were significantly more
common in ER-zero tumors than ER-low tumors (80.8%
vs 69.4%, p = 0.001). Mean and median Ki67 were also
somewhat higher in ER-zero than in ER-low tumors
(p = 0.005). ER-low tumors were more often HER2-IHC
2+ than ER-zero tumors (21.9% vs 13.6%, p = 0.001).
ER-low tumors were significantly more often of lobular
histopathology (6.8% vs 1.6%, p < 0.001).

There were no significant differences in given treat-
ment between women with ER-zero vs ER-low disease
with regard to surgery, chemotherapy or radiotherapy
(Table 2). Of the 1205 women that had neoadjuvant
treatment, 1199 had data to assess response to treatment.
Pathological complete response was achieved in 25.1% of
ER-zero tumors (269/1071) and in 28.1% of ER-low tu-
mors (36/128), p = 0.953 (Fig. 2). Endocrine treatment was
www.thelancet.com Vol 40 May, 2024
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Fig. 2: Overall survival by response to neoadjuvant treatment in the full cohort (n = 1199) (a) and by ER-status (n = 1110). Women with pCR (b)
and no pCR (c). Univariate, unadjusted HR and log rank test p values are shown.
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given to 5.7% of the women with ER-low tumors while the
corresponding proportion in ER-zero patients was 3.3%
(p = 0.006) (Table 2). Excluding GnRH-treatment only, the
proportion given endocrine treatment was 4.9% (ER-low,
n = 24) and 2.6% (ER-zero, n = 113).

Survival analysis by ER-status (ER-zero vs ER-low)
With respect to overall survival, women with ER-low
disease had a borderline significant but not signifi-
cantly better OS than those with ER-zero disease (HR
0.84, 95% CI 0.71–1.00, p = 0.052) (Fig. 3a). In women
given chemotherapy there was no difference in OS (HR
1.06, 95% CI 0.82–1.36, p = 0.667) (Fig. 3b), while in
women not given chemotherapy those with ER-low tu-
mors had a statistically significantly better OS than
those with ER-zero disease (HR 0.65, 95% CI 0.52–0.82,
p = 0.002) (Fig. 3c).

There was no significant difference in OS by ER-
status (ER-zero vs ER-low) and age group (Figure S3).
www.thelancet.com Vol 40 May, 2024
After preoperative treatment, the impact of a pCR on OS
did not differ between women with ER-zero vs ER-low
disease (Fig. 2). There was no difference in DDFS be-
tween those with ER-zero vs ER-low disease (HR 0.97,
95% CI 0.62–1.53) (Figure S4).

Multivariable survival analysis
In the multivariable analysis adjusting for potential
confounders (model 1) and mediator (model 2), there
was no association between ER-status and OS (HR 1.13,
95% CI 0.91–1.39, model 1) after adjustment for stage,
age, grade and year of diagnosis (Table 3). Further
adjustment for chemotherapy did not change the asso-
ciation (HR 1.11, 0.90–1.36, model 2).

Sensitivity analysis
In a sensitivity analysis, we excluded the 173 women
that had received endocrine therapy and those with
missing data on endocrine treatment (n = 724), leaving
7
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Fig. 3: Overall survival by ER status (n = 5655) (a), and by chemotherapy (b) or not (c). Univariate, unadjusted HR and log rank test p values are
shown.
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4758 women not treated with endocrine therapy in the
analysis. OS did not differ by ER-status (ER-low vs ER-
zero HR 0.88 (95% CI 0.72–1.07, p = 0.217)
(Figure S5). This was true also in the multivariable
analysis (HR 1.12 (95% CI 0.89–1.42) (Table S5).
Discussion
When the international community changed the cut-
offs for ER- and PR-positivity in breast cancer in 2010,
Sweden kept the ≥10% threshold. The Swedish
somewhat broader TNBC population has thus encom-
passed ER-low HER2-negative breast cancer cases, in
general also treated as TNBC. We studied patient- and
tumor characteristics, treatment patterns and overall
survival in a nationwide population-based study
focusing on potential similarities and differences be-
tween women with ER-zero and ER-low disease. Pa-
tient- and tumor characteristics were similar, as were
treatment characteristics. In accordance with the
Swedish treatment guidelines, very few received
endocrine treatment. ER-low disease had a borderline,
but not significantly better OS than ER-zero disease,
while in the multivariable analysis ER-status was not
associated with prognosis. After preoperative treat-
ment, the proportions of women achieving a pCR
within the two groups were comparable, and the
impact of pCR on OS did not differ significantly be-
tween ER-zero or ER-low disease.

The proportion of ER-low was somewhat higher in
the first years of the studied period (2008–2016) than
during the latter part (2017–2020), highlighting the test
validity and reproducibility issues of IHC at low levels of
ER expression and underlining the importance of sec-
ond reviews and digital quantitative analysis to confirm
or adjudicate an ER-low initial result.18

We found patient- and tumor characteristics in
women with ER-zero and ER-low tumors to be very
www.thelancet.com Vol 40 May, 2024
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Variables in model Patients (N) Events (N) Model 1 Model 2

HR (95% CI) 95% CI HR (95% CI) 95% CI

ER status

ER-low (ER 1–9%) 468 101 ref. ref.

ER-negative (ER 0%) 4260 1018 1.13 0.91–1.39 1.11 0.90–1.36

Histological subtype

Ductal 3928 951 ref. ref.

Lobular 100 35 1.10 0.77–1.58 1.04 0.72–1.48

Mixed 700 133 0.83 0.69–1.00 0.83 0.69–1.00

Grade (NHG)

I 99 16 ref. ref.

II 938 197 1.23 0.74–2.06 1.36 0.81–2.28

III 3691 906 1.47 0.89–2.42 1.76 1.07–2.90

TNM stage (clin/path)a

I 1950 258 ref. ref.

II 2252 557 1.85 1.59–2.15 1.96 1.68–2.28

III 526 304 5.25 4.41–6.25 5.79 4.86–6.90

Chemotherapy

No 1547 636 Not incl ref.

Yes 3181 483 Not incl 0.50 0.43–0.58

Age

<40 378 55 ref. ref.

40–49 705 118 1.14 0.83–1.57 1.11 0.80–1.53

50–64 1487 214 1.04 0.78–1.41 1.01 0.75–1.36

65–79 1596 391 2.02 1.52–2.68 1.80 1.35–2.39

≧80 562 341 5.49 4.11–7.32 3.33 2.44–4.53

Year of diagnosis

2008–2011 906 331 ref. ref.

2012–2016 1667 461 1.02 0.87–1.18 1.28 1.09–1.51

2017–2020 2155 327 1.06 0.90–1.26 1.38 1.15–1.66

Model 1: adjusted for ER-status, histological subtype, grade, stage, age and year of diagnosis. Model 2: adjusted for ER-status, histological subtype, grade, stage, age, year
of diagnosis and chemotherapy. acT and cN/pN were used for patients with neoadjuvant treatment.

Table 3: Multivariable Cox regression analysis of prognostic factors associated with overall survival in a poulation-based cohort of 4728 women with
ER-negative or ER-low primary breast cancer diagnosed between 2008 and 2020.

Articles
similar. Those with ER-low tumors had a somewhat
higher proportion of lobular carcinomas, a somewhat
lower proportion of grade III and highly proliferating
tumors which is in line with previous
publications.11–13,16,21 Molecular evidence supports that
ER-low HER2-negative breast cancers are as heteroge-
nous as ER-negative tumors. Just like in TNBC, a major
proportion of ER-low HER2-negative tumors are of the
basal-like molecular phenotype, while some exhibit
HER2-enriched, Luminal A/B or normal-like pheno-
types.16 On a gene expression level, studies have shown
TNBC and ER-low breast cancer to cluster together,
although also HER2-positive tumors were included
within these studies.22,23 Furthermore, the degree of tu-
mor infiltrating lymphocytes (TILs) in ER-negative and
ER-low tumors seem to be the same with a high infil-
tration indicating that both groups are equally immu-
nogenic.10,24 Up to 15–20% of women with TNBC harbor
a BRCA mutation,25,26 and the incidence of BRCA 1/2
www.thelancet.com Vol 40 May, 2024
mutations seems to be at the same level in women with
ER-low tumors.27

We found the prognosis of ER-low breast cancer not
to significantly differ from that of ER-zero disease in
multivariable analysis, which is line with previous
publications including ER-low HER2-negative tumors
only.11–13,16,21,28,29 Approximately 50–60% of patients ach-
ieve pCR with modern regimes of neoadjuvant chemo-
therapy,30 and previous publications have shown no
significant differences in pCR rates between women
with ER-low HER2-negative tumors and women with
TNBC.16,28,29 In this population-based cohort study the
pCR levels were much lower, but the importance of pCR
for overall survival did not differ among those ER-zero
and those ER-low.

The main strength of this study was the nationwide
population-based design and the large cohort size
including both ER-zero and ER-low HER2-negative pa-
tients treated as TNBC with detailed real-world
9
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individual information and long-term follow-up
enabling estimation of survival at 10 years. Swedish
registry data include high-quality information with
essentially complete follow-up. Sweden has a tax funded
healthcare system, including a national breast cancer
screening program inviting women up to age 74, hence
our results should be generalizable to similar pop-
ulations. A number of limitations should be acknowl-
edged. Although being a population-based study
covering 99.8% of all Swedish breast cancers diagnosed
during a 13-year period, ER-low disease is rare, limiting
the study power. The cases were diagnosed and treated
during a long period, why treatment changes over time
are likely to have impacted outcomes. There was no
central review to confirm ER expression levels, but the
vast majority of cases had primarily evaluation by breast-
dedicated pathologists and with limited variability
among departments.19

To conclude, ER-low breast cancer has clinical char-
acteristics and prognosis similar to ER-zero breast can-
cer when treated as TNBC which is underlined by this
population-based nation-wide cohort study. However,
these findings may not reflect the complexity of tumor
biology between these subtypes. Although an absolute
majority of ER-low tumors are non-luminal, and despite
strong evidence from retrospective meta-analyses
showing no benefit of endocrine treatment in ER-poor
tumors (ER 1–9%)31,32 the 1% cutoff for ER-positivity
has been kept within international guidelines. In addi-
tion to endocrine therapy having significant side-effects
and an association with decreased health-related quality-
of-life,33 an ER-low status may contribute to refraining
from other essential treatment options. Using a ≥10%
threshold for ER positivity therefore seems reasonable
based on real world outcomes. A change would provide
women with ER-low tumors the same treatment op-
portunities as women with TNBC, within studies and
within clinical routine.
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