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Background: Approximately 80% of all breast cancers (BCs) are currently categorized as human epidermal growth factor
receptor 2 (HER2)-negative [immunohistochemistry (IHC) 0, 1þ, or 2þ/in situ hybridization (ISH) negative];
approximately 60% of BCs traditionally categorized as HER2-negative express low levels of HER2. HER2-low (IHC 1þ
or IHC 2þ/ISH�) status became clinically actionable with approval of trastuzumab deruxtecan to treat unresectable/
metastatic HER2-low BC. Greater understanding of patients with HER2-low disease is urgently needed.
Patients and methods: This global, multicenter, retrospective study (NCT04807595) included tissue samples from
patients with confirmed HER2-negative unresectable/metastatic BC [any hormone receptor (HR) status] diagnosed
from 2014 to 2017. Pathologists rescored HER2 IHC-stained slides as HER2-low (IHC 1þ or IHC 2þ/ISH�) or HER2 IHC
0 after training on low-end expression scoring using Ventana 4B5 and other assays at local laboratories (13 sites; 10
countries) blinded to historical scores. HER2-low prevalence and concordance between historical scores and rescores
were assessed. Demographics, clinicopathological characteristics, treatments, and outcomes were examined.
Results: In rescored samples from 789 patients with HER2-negative unresectable/metastatic BC, the overall HER2-low
prevalence was 67.2% (HR positive, 71.1%; HR negative, 52.8%). Concordance was moderate between historical and
rescored HER2 statuses (81.3%; k ¼ 0.583); positive agreement was numerically higher for HER2-low (87.5%) than
HER2 IHC 0 (69.9%). More than 30% of historical IHC 0 cases were rescored as HER2-low overall (all assays) and
using Ventana 4B5. There were no notable differences between HER2-low and HER2 IHC 0 in patient characteristics,
treatments received, or clinical outcomes.
Conclusions: Approximately two-thirds of patients with historically HER2-negative unresectable/metastatic BC may
benefit from HER2-low-directed treatments. Our data suggest that HER2 reassessment in patients with historical IHC
0 scores may be considered to help optimize selection of patients for treatment. Further, accurate identification of
patients with HER2-low BC may be achieved with standardized pathologist training.
Key words: breast cancer, human epidermal growth factor receptor 2, HER2-low, immunohistochemistry, prevalence,
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INTRODUCTION

Historically, breast cancers (BCs) were classified as either
human epidermal growth factor receptor 2 (HER2) positive
or HER2 negative based on results from immunohisto-
chemistry (IHC) and in situ hybridization (ISH) testing. Per
the 2018 American Society of Clinical Oncology (ASCO)/
College of American Pathologists (CAP) and National
Comprehensive Cancer Network® (NCCN®) scoring guide-
lines,1,2 HER2 classification is binary: positive (defined as
IHC 3þ or IHC 2þ/ISHþ) or negative (defined as IHC 0, IHC
1þ, or IHC 2þ/ISH�). Traditionally, HER2-positive or HER2-
negative status was defined based on the clinical benefit
observed with HER2-directed therapies (e.g. trastuzumab)
in patients with very high levels of HER2 expression (e.g.
associated with HER2 amplification).2-4 Approximately 80%
of all BCs are currently categorized as HER2-negative using
these criteria,5 but previous studies have reported that
nearly 60% of BCs categorized as HER2-negative meet the
criteria for HER2-low (IHC 1þ or IHC 2þ/ISH�).6,7

Until recently, patients with HER2-low tumors were not
eligible for treatment with HER2-directed agents. The
antibodyedrug conjugate trastuzumab deruxtecan (T-DXd)
received approval for the treatment of patients with unre-
sectable/metastatic HER2-low BC who had received a prior
chemotherapy in the metastatic setting from the US Food
and Drug Administration (FDA) in August 2022 and from the
European Commission in January 2023.8,9 T-DXd was thus
the first HER2-directed agent approved to treat HER2-low
tumors. These approvals were based on data from the
phase III DESTINY-Breast04 trial (NCT03734029) in which
treatment with T-DXd improved survival versus physician’s
choice of chemotherapy in patients with HER2-low unre-
sectable/metastatic BC who had received one prior line of
chemotherapy.10 Based on DESTINY-Breast04 trial results,
the ASCO11 and NCCN®2 treatment guidelines were modi-
fied to recommend T-DXd as a treatment option for patients
with HER2-low (IHC 1þ or IHC 2þ/ISH�) unresectable/
metastatic BC, making HER2-low a clinically actionable
subgroup. Previously, identification of HER2-low tumors,
including the distinction between IHC 0 and IHC 1þ groups,
was not clinically meaningful, and pathologists may not
have differentiated these patients. With the approval of T-
DXd for HER2-low tumors, differentiating HER2-low
expression is now clinically relevant. Recently, the FDA
granted premarket authorization for the Ventana 4B5
(Roche) IHC assay to identify HER2-low expression in met-
astatic BCs.12 A greater understanding of patients with
HER2-low disease is needed, including the prevalence and
proper identification of HER2-low in patients with unre-
sectable/metastatic BC as determined using conventional
IHC assays and historical IHC results.6,7,10

In this novel global retrospective study, we report the
overall prevalence of HER2-low in patients previously
diagnosed with HER2-negative unresectable/metastatic BC
based on rescores of historical HER2 IHC slides after pa-
thologists underwent standardized training on low-end
HER2 expression rescoring. We also describe patient
2 https://doi.org/10.1016/j.esmoop.2023.101615
characteristics, treatments received, outcomes in patients
with HER2-low and HER2 IHC 0 unresectable/metastatic BC,
and the concordance between historical HER2 IHC scores
and rescores.

PATIENTS AND METHODS

Study design

This was a worldwide, multicenter, noninterventional,
retrospective study (NCT04807595) in patients with a
confirmed diagnosis of unresectable and/or metastatic BC
previously identified as HER2-negative (HER2 IHC 0, IHC 1þ,
or IHC 2þ/ISH�). Local laboratories blinded to historical
HER2 IHC scores rescored archival HER2 IHC-stained slides
using Ventana 4B5 and other (i.e. non-Ventana) assays ac-
cording to 2018 ASCO/CAP scoring guidelines1 after
receiving training on low-end HER2 expression scoring. Non-
Ventana assays included HercepTest (Agilent), Bond Oracle
HER2 IHC System (Leica), and other unknown assays.

Pathologist training was completed using PathoTrainer
software (CellCarta) to demonstrate scoring in the context
of low HER2 expression. The pathologists completed a self-
study review of the 2018 ASCO/CAP guidelines for HER2 IHC
scoring, scored HER2-negative case collections, and
received immediate feedback. Pathologists then completed
a proficiency test of 30 cases with images from tumors
stained with Ventana 4B5 or HercepTest (Agilent) assays;
pathologists only scored cases tested with the assay used in
their local laboratory.

Based on the rescores, slides were recategorized as HER2-
low (IHC 1þ or IHC 2þ/ISH�) or HER2 IHC 0, which was
defined per 2018 ASCO/CAP scoring guidelines.1 In an
exploratory analysis, samples categorized as HER2 IHC
0 were further subcategorized as having no perceivable
staining (IHC 0 with no staining) or having faint or incom-
plete staining in <10% of cells [IHC 0 with staining (IHC >
0 < 1þ); Supplementary Figure S1, available at https://doi.
org/10.1016/j.esmoop.2023.101615].

Patient data were derived from electronic databases
(electronic health/medical records and biobank registries)
or extracted via patient chart review. The date of unre-
sectable/metastatic BC diagnosis (between 1 January 2014
and 31 December 2017) was considered the index date. The
data cutoff was 31 December 2020 (i.e. a minimum of 3
years of follow-up after unresectable/metastatic BC
diagnosis).

Study population

Men or women aged �18 years (�20 years in Japan) from
13 sites in 10 countries (Australia, Canada, France, Germany,
Italy, Japan, Portugal, South Korea, United Kingdom, and
United States) were eligible for study inclusion if they had a
histologically or cytologically confirmed diagnosis of HER2-
negative unresectable/metastatic BC (de novo or
progression from early-stage BC; any hormone status) be-
tween 1 January 2014 and 31 December 2017 and
experienced progression on any systemic anticancer
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therapy [e.g. endocrine therapy, chemotherapy, cyclin-
dependent kinase 4 and 6 (CDK4/6) inhibitors, targeted
therapies other than anti-HER2, or immunotherapy] in the
advanced setting. Historical HER2 IHC-stained slides were
required to be of acceptable quality for accurate rescoring
by a trained pathologist. For patients who had primary BC
that progressed to unresectable/metastatic status, primary-
setting samples were accepted if they were the only slides
available. Samples from patients with a history of other
malignancies (other than basal cell carcinoma or squamous
cell carcinoma of the skin), a historical HER2 status of IHC
2þ/ISHþ or IHC 3þ, or HER2 amplification were excluded.
The patients identified for the current study were those in
the relevant electronic health/medical record databases
and biobanks who met the inclusion and exclusion criteria.

Objectives and outcomes

This study had two primary objectives. One was to deter-
mine the overall prevalence of HER2-low based on local
laboratory rescoring of historical HER2 IHC-stained slides
from samples previously scored as HER2-negative using the
Ventana 4B5 assay. The other was to describe baseline
patient characteristics (demographics and histopathological
features), clinical presentation, treatments received, and
clinical outcomes following unresectable/metastatic diag-
nosis in patients with HER2-low and to identify differences
between these patients and those with HER2 IHC 0. The
metastatic disease treatment outcomes examined were
time to first subsequent treatment (TFST), defined as the
length of time from the initiation of treatment to the
initiation of the next systemic treatment; time to treatment
failure (TTF), defined as the length of time from the initia-
tion of treatment to premature discontinuation; and overall
survival (OS), defined as the length of time from the initi-
ation of treatment that patients remain alive. For all time-
to-event treatment outcomes, the start date was the date
of initiation of the first metastatic disease treatment. The
end date was TFST, the earlier of the initiation of subse-
quent treatment or date of death; TTF, the earlier of the
discontinuation of treatment line or date of death; and OS,
date of death due to any cause during the study period. The
secondary objectives included characterizing the concor-
dance of historical HER2 IHC scores and local laboratory
rescoring in samples previously scored as HER2-negative.
Exploratory objectives included characterizing the preva-
lence of individual IHC categories (IHC 0 with no staining,
IHC 0 with staining, IHC 1þ, and IHC 2þ/ISH�) and
describing baseline patient characteristics, clinical presen-
tation, treatments received, and clinical outcomes by IHC
category.

Statistical methods

Standard summary statistics were used for all descriptive
variables. Differences in characteristics and outcome mea-
sures of interest between HER2 groups were determined
using the chi-square or Fisher’s exact test, with P < 0.05
considered statistically significant. Time-to-event outcomes
Volume 8 - Issue 4 - 2023
were estimated using the KaplaneMeier method and re-
ported as median and 95% CI; comparisons between groups
were evaluated using the log-rank test. Concordance was
assessed using Cohen’s k and the relative strength of
agreement (i.e. k > 0.8, almost perfect; 0.6 < k � 0.8,
substantial; 0.4 < k � 0.6, moderate; 0.2 < k � 0.4, fair;
0 � k � 0.2, slight; k < 0, poor).13

Ethics

Patients provided written consent for future sample and
clinical data use. For patients who were deceased, a waiver
was accepted. This observational study was carried out in
accordance with ethical principles consistent with the
Declaration of Helsinki, ICH Good Clinical Practice, Good
Guidance Practices, and applicable legislation on non-
interventional/observational studies.

RESULTS

Prevalence

The study included tissue samples from 789 patients pre-
viously categorized as having HER2-negative unresectable/
metastatic BC; HER2 rescores were available for 787 pa-
tients. Overall, the prevalence of HER2-low based on
rescored results was 67.2% (Table 1). HER2-low prevalence
by country ranged from 54.7% to 76.1%. In samples
rescored using the Ventana 4B5 assay (n ¼ 556), HER2-low
prevalence was similar to that in the overall findings
(68.2%). Prevalence was also similar between the Ventana
4B5 and non-Ventana assays [68.2% (95% CI 64.3% to
72.0%) versus 63.8% (95% CI 57.3% to 70.3%), respectively;
P ¼ 0.253]. HER2-low prevalence was significantly greater in
the hormone receptor (HR)-positive [71.1% (95% CI 67.3%
to 74.9%)] versus HR-negative cohort [52.8% (95% CI 45.1%
to 60.6%); P < 0.0001]. There was no obvious difference in
the prevalence of HER2-low between tissue samples from
the primary tumor site (140/206, 68.0%) and those from a
metastatic tumor site (386/578, 66.8%).

Patient characteristics

Nearly all patients were female (99.7%; Table 2). Most pa-
tients had HR-positive tumors and were �45 years of age,
Asian or white, and postmenopausal. Visceral metastases
were common among reported metastatic sites (55.6%);
most patients (52.6%) had one reported metastatic site
(Table 2). Overall, there were no remarkable differences in
patient demographic or baseline disease characteristics
between the HER2-low and HER2 IHC 0 groups within each
HR subgroup.

Treatments and clinical outcomes

The most frequent therapies in the metastatic setting were
endocrine therapy for patients with HR-positive BC and
chemotherapy for patients with HR-negative BC (Table 3).
Most (75.3%) patients with HR-positive and all patients with
HR-negative disease received chemotherapy. The median
TFST, OS, and TTF were not statistically different for HER2-
https://doi.org/10.1016/j.esmoop.2023.101615 3
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Table 1. Prevalence of HER2-lowa in patients previously diagnosed with HER2-negative unresectable/metastatic BC

HR-positive, n/N (%) HR-negative, n/N (%) Total, n/N (%)b

All 394/554 (71.1)c,d 84/159 (52.8)c 529/787 (67.2)d

Breast cancer typee

Primary 111/156 (71.2) 16/32 (50.0) 140/206 (68.0)
Metastatic 280/395 (70.9) 68/127 (53.5) 386/578 (66.8)

Assayf

Ventana 4B5g 278/386 (72.0) 51/97 (52.6) 379/556 (68.2)h

Non-Ventana 4B5i 103/152 (67.8) 31/58 (53.4) 134/210 (63.8)h

Country
Australia 14/22 (63.6) 2/5 (40.0) 17/28 (60.7)
Canada 38/55 (69.1) 13/24 (54.2) 51/79 (64.6)
Germany 70/85 (82.4) 20/26 (76.9) 137/180 (76.1)
France 53/70 (75.7) 1/2 (50.0) 55/73 (75.3)
Italy 59/88 (67.0) 19/36 (52.8) 78/124 (62.9)
Japan 82/120 (68.3) 13/35 (37.1) 95/155 (61.3)
South Korea 12/16 (75.0) 4/9 (44.4) 16/25 (64.0)
Portugal 27/48 (56.3)d 1/2 (50.0) 29/51 (56.9)d

United Kingdom 14/20 (70.0) 5/9 (55.6) 20/31 (64.5)
United States 25/30 (83.3) 6/11 (54.5) 31/41 (75.6)

Percentages were calculated based on reported/nonmissing data.
BC, breast cancer; CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IHC, immunohistochemistry; ISH, in situ hybridization.
aIHC 1þ or IHC 2þ/ISH�.
bIncludes all patients with unresectable/metastatic BC from 2014 to 2017, including those with missing HR status.
cP < 0.0001 for HR-positive (71.1%; 95% CI 67.3% to 74.9%) versus HR-negative (52.8%; 95% CI 45.1% to 60.6%).
dTwo patients were missing HER2 rescore data.
eThis subcategory only includes patients with a sample with an available biopsy date. Primary BC was defined as a rescored biopsy sample dated 30 days before the unresectable/
metastatic BC diagnosis date. Metastatic was defined as a rescored biopsy sample dated on or after 30 days, prior to the unresectable/metastatic BC diagnosis date.
fIncludes only known (nonmissing) IHC tests.
gPrimary endpoint.
hP ¼ 0.253 for Ventana 4B5 assay (68.2%; 95% CI 64.3% to 72.0%) versus non-Ventana 4B5 assays (63.8%; 95% CI 57.3% to 70.3%).
iNon-Ventana 4B5 assays included HercepTest (Agilent), Bond Oracle HER2 IHC System (Leica), and unknown assays.
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low versus HER2 IHC 0 within both HR subgroups (Figure 1).
For patients diagnosed with HR-positive disease, median OS
(95% CI) from unresectable/metastatic BC diagnosis was
45.1 months (40.7-51.8 months; n ¼ 318) in patients with
HER2-low versus 41.8 months (33.7-48.9 months; n ¼ 130)
in patients with HER2 IHC 0 disease (P ¼ 0.536). For those
with HR-negative BC, median OS (95% CI) was 20.9 months
(15.8-29.4 months; n ¼ 71) in patients with HER2-low
versus 12.0 months (9.9-24.8 months; n ¼ 55) in patients
with HER2 IHC 0 disease (P ¼ 0.360). Overall, when
examined by HR subgroup, no notable differences in
treatments received or statistical differences in clinical
outcomes were observed in patients with HER2-low versus
HER2 IHC 0 tumors. In both the HER2-low and HER2 IHC
0 subgroups, median TFST, OS, and TTF were numerically
greater in patients with HR-positive versus HR-negative
disease.
Concordance

Concordance between HER2 classification of historical and
rescored slides was 81.3% overall [k (95% CI), 0.583 (0.523-
0.643); Table 4]. The concordance between historical scores
and rescores with Ventana 4B5 and non-Ventana assays was
similar (81.8% and 80.0%, respectively). Concordance by
country ranged from 67.9% to 94.1%. Concordance was
numerically greater for HER2-low than for HER2 IHC 0 with
all assays (87.5% and 69.9%, respectively) and with the
Ventana 4B5 assay (90.3% and 67.9%, respectively).
4 https://doi.org/10.1016/j.esmoop.2023.101615
Analysis by IHC category

Overall, when rescored, most samples were categorized as
IHC 1þ (411/789, 52.2%), with the rest fairly evenly
distributed among the other IHC score categories [IHC
0 with no staining (144/789, 18.3%); IHC 0 with staining
(114/789, 14.5%); IHC 2þ/ISH� (118/789, 15.0%)]; preva-
lence by IHC score category and known HR status is shown
in Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.101615. There were no notable dif-
ferences in patient demographic or baseline disease char-
acteristics across the IHC categories (Supplementary
Tables S2 and S3, available at https://doi.org/10.1016/j.
esmoop.2023.101615). In general, there were also no
notable differences in treatments received or outcomes
(median TFST, OS, or TTF) among IHC categories within the
HR-positive and HR-negative subgroups (Supplementary
Tables S4 and S5, available at https://doi.org/10.1016/j.
esmoop.2023.101615), although low patient numbers in
these subgroups limit interpretation. IHC rescores had an
overall agreement of 66.8% [k (95% CI), 0.484 (0.434-
0.535)], indicating moderate agreement (Supplementary
Table S6, available at https://doi.org/10.1016/j.esmoop.
2023.101615). Historical IHC 2þ samples had the lowest
proportion (100/207, 48.3%) rescored into the same cate-
gory. Of the 107 historical IHC 2þ samples that were
rescored into a different category, most (100/107) were
rescored as IHC 1þ; however, this change in IHC status did
not affect HER2-low classification.
Volume 8 - Issue 4 - 2023
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Table 2. Patient demographics and clinical characteristics

HR-positive HR-negative Alla (N [ 789)

HER2-lowb (n ¼ 394) HER2 IHC 0c (n ¼ 160) HER2-lowb (n ¼ 84) HER2 IHC 0c (n ¼ 75)

Female, n (%) 394 (100.0) 159 (99.4) 83 (98.8) 75 (100.0) 787 (99.7)
Age at index date, median (range), yearsd 60 (31-97) 59 (28-90) 57 (31-80) 52 (35-92) 58 (28-97)
Age group, n (%)
18-44 years 34 (8.6) 19 (11.9) 9 (10.7) 19 (25.3) 81 (10.3)
45-64 years 155 (39.3) 68 (42.5) 38 (45.2) 30 (40.0) 295 (37.4)
�65 years 116 (29.4) 48 (30.0) 15 (17.9) 15 (20.0) 196 (24.8)
Age not reported/missing 89 (22.6) 25 (15.6) 22 (26.2) 11 (14.7) 217 (27.5)

Race, n (%)
American Indian or Alaska Native 1 (0.3) 0 (0) 0 (0) 0 (0) 1 (0.1)
Asian 97 (24.6) 42 (26.3) 17 (20.2) 28 (37.3) 185 (23.4)
Black or African American 5 (1.3) 3 (1.9) 1 (1.2) 2 (2.7) 11 (1.4)
White 158 (40.1) 59 (36.9) 49 (58.3) 35 (46.7) 366 (46.4)
Other 4 (1.0) 0 (0) 0 (0) 0 (0) 4 (0.5)
Not reported/missing 129 (32.7) 56 (35.0) 17 (20.2) 10 (13.3) 222 (28.1)

Menopausal status, n (%)e

Premenopausal 89 (22.6) 44 (27.5) 25 (29.8) 32 (42.7) 205 (26.0)
Postmenopausal 259 (65.7) 99 (61.9) 45 (53.6) 35 (46.7) 495 (62.7)
Not reported/missing 46 (11.7) 17 (10.6) 14 (16.7) 8 (10.7) 89 (11.3)

Time from initial BC diagnosis to unresectable/metastatic BC diagnosisd

<2 years 153 (38.8) 63 (39.4) 28 (33.3) 38 (50.7) 284 (36.0)
2-5 years 53 (13.5) 26 (16.3) 19 (22.6) 12 (16.0) 111 (14.1)
>5 years 98 (24.9) 45 (28.1) 15 (17.9) 14 (18.7) 173 (21.9)
Not reported/missing 90 (22.8) 26 (16.3) 22 (26.2) 11 (14.7) 221 (28.0)

Metastatic locationf

Bone only 90 (22.8) 31 (19.4) 5 (6.0) 4 (5.3) 154 (19.5)
Brain 14 (3.6) 8 (5.0) 9 (10.7) 4 (5.3) 37 (4.7)
Liver 111 (28.2) 51 (31.9) 32 (38.1) 17 (22.7) 231 (29.3)
Lung 94 (23.9) 34 (21.3) 24 (28.6) 24 (32.0) 192 (24.3)
Visceral 214 (54.3) 101 (63.1) 53 (63.1) 39 (52.0) 439 (55.6)

Number of metastatic locationsf

1 222 (56.3) 78 (48.8) 41 (48.8) 36 (48.0) 415 (52.6)
2 94 (23.9) 40 (25.0) 17 (20.2) 21 (28.0) 188 (23.8)
�3 75 (19.0) 42 (26.3) 24 (28.6) 16 (21.3) 162 (20.5)

Metastatic or locally advanced at index date
Locally advanced 7 (1.8) 2 (1.3) 0 (0) 2 (2.7) 11 (1.4)
Metastatic 293 (74.4) 129 (80.6) 60 (71.4) 62 (82.7) 550 (69.7)
Both 10 (2.5) 6 (3.8) 2 (2.4) 2 (2.7) 20 (2.5)
Not reported/missing 84 (21.3) 23 (14.4) 22 (26.2) 9 (12.0) 208 (26.4)

Stage at initial BC diagnosis
I 18 (4.6) 8 (5.0) 8 (9.5) 9 (12.0) 43 (5.4)
II 80 (20.3) 36 (22.5) 16 (19.0) 21 (28.0) 153 (19.4)
III 47 (11.9) 25 (15.6) 18 (21.4) 18 (24.0) 108 (13.7)
IV 53 (13.5) 28 (17.5) 2 (2.4) 9 (12.0) 93 (11.8)
Other/not reported/missing 196 (49.7) 63 (39.4) 40 (47.6) 18 (24.0) 392 (49.7)

ASCO, American Society of Clinical Oncology; BC, breast cancer; CAP, College of American Pathologists; HER2, human epidermal growth factor receptor 2; HR, hormone receptor;
IHC, immunohistochemistry; ISH, in situ hybridization.
aIncludes patients with missing HR status.
bIHC 1þ or IHC 2þ/ISH�.
cClassified according to ASCO/CAP 2018 guidelines (no staining observed or membrane staining that was incomplete, faint, or barely perceptible, and in <10% of the invasive
tumor cells).
dIndex date was defined as the date of HER2-negative unresectable/metastatic BC diagnosis.
eStatus can be from records after the baseline period.
fReported over the course of disease.
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DISCUSSION

In this study in patients with unresectable/metastatic BC
previously diagnosed as HER2-negative, the prevalence of
HER2-lowwas 67.2%. Our HER2-low prevalence findings were
similar to those of other large studies in patients with any
HER2-negative BC (2203/3689, 59.7%), HER2-negative meta-
static BC (1811/3053, 59.3%), or HER2-negative de novo
metastatic BC (20,636/30,929, 66.7%).6,14,15 Together, these
data suggest that up to two-thirds of patients previously
diagnosed with HER2-negative metastatic BC could benefit
Volume 8 - Issue 4 - 2023
from new HER2-low-directed treatments such as T-DXd (US
and European Union approvals).6,8-10 Similar to previous
findings,6,14,15we observed that HER2-lowwasmore common
in patients with HR-positive versus HR-negative disease (71%
versus 53%). However, the rate of HER2-low identified among
patients with HR-negative disease in our study (53%) was
somewhat higher than that found in several previous studies
(23%-38% in any BC or metastatic BC populations),6,16-18 but
similar to the rate of 51% reported in a large cohort of patients
with HR-negative de novo metastatic BC (n ¼ 4997).15
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Table 3. Treatments received in the metastatic setting

HR-positive, n/N (%) HR-negative, n/N (%) Alla (N [ 635)

HER2-lowb (n ¼ 318) HER2 IHC 0c (n ¼ 130) HER2-lowb (n ¼ 71) HER2 IHC 0c (n ¼ 55)

Overall
Endocrine therapy 287/318 (90.3) 116/130 (89.2) 17/71 (23.9)d 6/55 (10.9)d 474/635 (74.6)
Chemotherapy 239/318 (75.2) 98/130 (75.4) 71/71 (100.0) 55/55 (100.0) 514/635 (80.9)
CDK4/6i 117/318 (36.8) 48/130 (36.9) 3/71 (4.2) 1/55 (1.8) 172/635 (27.1)
Targeted therapiese 89/318 (28.0) 29/130 (22.3) 12/71 (16.9) 11/55 (20.0) 175/635 (27.6)

First treatment
Endocrine monotherapy 137/318 (43.1) 62/130 (47.7) 2/71 (2.8) 1/55 (1.8) 231/635 (36.4)
Single-agent chemotherapy 62/318 (19.5) 23/130 (17.7) 36/71 (50.7) 23/55 (41.8) 151/635 (23.8)
CDK4/6i 1/318 (0.3) 0/130 (0) 0/71 (0) 0/55 (0) 1/635 (0.2)
Other targeted therapiese 0/318 (0) 0/130 (0) 0/71 (0) 0/55 (0) 1/635 (0.2)
Immunotherapy 0/318 (0) 0/130 (0) 2/71 (2.8) 1/55 (1.8) 3/635 (0.5)
Combination therapy (any) 118/318 (37.1) 45/130 (34.6) 31/71 (43.7) 30/55 (54.5) 248/635 (39.1)

Percentages were calculated based on reported/nonmissing data.
ADP, adenosine diphosphate; ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; CDK4/6i, cyclin-dependent kinase 4 and 6 inhibitor; HER2,
human epidermal growth factor receptor 2; HR, hormone receptor; IHC, immunohistochemistry; ISH, in situ hybridization.
aIncludes patients with missing HR status.
bIHC 1þ or IHC 2þ/ISH�.
cClassified according to ASCO/CAP 2018 guidelines (no staining observed or membrane staining that was incomplete, faint, or barely perceptible, and in �10% of the invasive
tumor cells).1
dThe reason for endocrine therapy being given to patients who were HR negative is not available; plausible explanations include some patients switching from HR-positive to HR-
negative status while on study and differing thresholds for HR-negative (e.g. <1% versus <10%) at some sites.
eIncludes anti-HER2 agents, antiangiogenesis agents, poly (ADP-ribose) polymerase inhibitors, phosphoinositide 3-kinase inhibitors, and mechanistic target of rapamycin inhibitors.
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This study provides important context regarding identi-
fication of patients with HER2-low. We found that the
overall concordance between historical and rescored sam-
ples was 81.3%, with a k value indicating moderate agree-
ment; similar results were observed in the Ventana 4B5
subset. Previous analyses have suggested that between
8.4% and 34% of HER2 testing may be incorrect owing to
testing variability.19-24 However, some numerical differences
were seen in positive agreement for historical scores and
rescores between the HER2-low and HER2 IHC 0 categories.
Using the Ventana 4B5 assay, >30% of patients with his-
torically scored HER2 IHC 0 were reclassified as having
HER2-low, while <10% of those who were historically
classified as HER2-low were rescored as having HER2 IHC 0.
These data suggest that when using the Ventana 4B5 assay,
samples historically identified as HER2-low are more likely
to keep the same categorization when rescored than those
historically scored as HER2 IHC 0. Notably, the relatively
high proportion (30%) of historical HER2 IHC 0 that was
reclassified as HER2-low in this study indicates that reas-
sessment in patients with this HER2 IHC status may be
considered to determine whether these patients could
benefit from HER2-low-directed therapy. In the non-
Ventana subgroup, positive agreement for historical and
rescored slides was similar for HER2-low and HER2 IHC
0 categorization; however, interpretation is limited by
smaller sample sizes (n ¼ 210 versus n ¼ 567 for Ventana
4B5) and the inclusion of multiple assays in this subgroup.

Other studies have shown that the reproducibility of
interpretation and scoring of lower levels of HER2 expres-
sion, particularly IHC 0 and IHC 1þ, is often variable. A 2013
study found that central and local laboratory concordance
for IHC 0 was 15%, with most (78/102) cases locally scored
as IHC 0 scored centrally as IHC 1þ.25 A more recent (2022)
6 https://doi.org/10.1016/j.esmoop.2023.101615
CAP survey of 1400 laboratories worldwide found poor
agreement in the evaluation of IHC 0 and IHC 1þ.24 Our
study found somewhat higher concordance rates for IHC
0 and IHC 1þ (70% and 77%, respectively) than previous
studies, possibly due to the standardized pathologist
training used. Recently, another study showed that pa-
thologists (n ¼ 80) achieved acceptable accuracy in identi-
fying HER2-low cases (n ¼ 91), with an overall concordance
of >80% after a 4-h training.26 In an analysis of the
DESTINY-Breast04 study population, substantial concor-
dance (78%) for HER2-low status was also seen between
historical results and central testing using Ventana 4B5.27 A
consistent benefit was observed with T-DXd across patient
subgroups (e.g. IHC 1þ and IHC 2þ/ISH�, HR-positive, and
overall groups), which underscores the importance of ac-
curate identification of those who may be eligible for this
new treatment option.10,28 Given the limitations of human
reproducibility in scoring, more quantitative measures of
HER2 may be preferred in the future; alternative quantita-
tive assays are in development but currently lack clinical
validation.29,30

Our data support an understanding of prevalence and
scoring agreements across individual historically HER2-
negative IHC categories, including IHC 0 subgroups (with
or without staining). Recent treatment guideline updates
suggest the importance of differentiating HER2-low in
identifying patients who may be eligible for T-DXd in the
United States.2 In the phase II DAISY trial (NCT04132960), T-
DXd showed clinically meaningful activity in patients with
metastatic BC regardless of HER2 status [HER2 over-
expression (IHC 3þ or IHC 2þ/ISHþ), low HER2 expression
(IHC 1þ or IHC 2þ/ISH�), and HER2 IHC 0] and biomarkers
associated with drug response or resistance were identi-
fied.31 As T-DXd is being further evaluated in patients with
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Figure 1. Clinical outcomes in patients with HR-positive and HR-negative BC, stratified by HER2-low and HER2 IHC 0 status.
(A) TFST, (B) OS, (C) TTF.
BC, breast cancer; CI, confidence interval; HER2, human epidermal growth factor receptor 2; HR, hormone receptor; IHC, immunohistochemistry; OS, overall survival;
TFST, time to first subsequent treatment; TTF, time to treatment failure.
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BC with lower levels of HER2 expression (i.e. IHC 0 with
staining) in the ongoing DESTINY-Breast06 trial
(NCT04494425), a more distinct definition of very low HER2
expression to identify patients may be needed. The 2018
ASCO/CAP scoring guidelines do not include detailed guid-
ance for differentiating HER2-low;1 however, the addition of
the estrogen receptor low-positive (BC with 1%-10% of es-
trogen receptor expression) category in the guidelines
supports the inclusion of intermediate-expression sub-
groups.32 Recently updated Groupe d’étude des facteurs
pronostiques immunohistochimiques dans les Cancers du
Sein recommendations for HER2 status assessment included
a distinct HER2-low category and indicated that IHC scores
Volume 8 - Issue 4 - 2023
0 and 1þ must be included in reports for clinicians,
demonstrating recognition of the need to facilitate identi-
fication of patients with HER2-low and determine eligibility
for HER2-directed therapies.33

In general, the HER2-low and HER2 IHC 0 subgroups had
no obvious differences in terms of patient demographics
and clinical presentation, and no notable differences in
treatments received and clinical outcomes were found
within each HR subgroup. Other studies in populations with
metastatic BC have also not identified a significant differ-
ence in OS or progression-free survival between patients
with HER2-low and HER2 IHC 0.16,34 However, the prog-
nostic significance of HER2-low is not yet clearly defined. A
https://doi.org/10.1016/j.esmoop.2023.101615 7
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Table 4. Concordance between historical and rescored HER2 slides

Agreement on HER2-low
(positive percent
agreementa), n/N (%)

Agreement on HER2
IHC 0 (positive percent
agreementa), n/N (%)

Agreement on both
HER2-low and HER2
IHC 0 (overall percent
agreementb), n/N (%)

k (95% CI)

All 446/510 (87.5) 193/276 (69.9) 639/786 (81.3) 0.583 (0.52-0.64)
Assay
Ventana 4B5 318/352 (90.3) 146/215 (67.9) 464/567 (81.8) 0.602 (0.53-0.67)
Non-Ventana 4B5c 121/150 (80.7) 47/60 (78.3) 168/210 (80.0) 0.546 (0.43-0.67)

Country
Australia 11/14 (78.6) 8/14 (57.1) 19/28 (67.9) 0.357 (0.02-0.70)
Canada 50/63 (79.4) 15/16 (93.8) 65/79 (82.3) 0.571 (0.38-0.76)
Germany 100/108 (92.6) 35/72 (48.6) 135/180 (75.0) 0.442 (0.31-0.57)
France 52/56 (92.9) 13/16 (81.3) 65/72 (90.3) 0.725 (0.53-0.92)
Italy 66/81 (81.5) 31/43 (72.1) 97/124 (78.2) 0.527 (0.37-0.68)
Japan 80/92 (87.0) 48/63 (76.2) 128/155 (82.6) 0.636 (0.51-0.76)
South Korea 16/19 (84.2) 6/6 (100.0) 22/25 (88.0) 0.719 (0.43-1.00)
Portugal 27/28 (96.4) 21/23 (91.3) 48/51 (94.1) 0.881 (0.75-1.00)
United Kingdom 15/18 (83.3) 8/13 (61.5) 23/31 (74.2) 0.459 (0.14-0.78)
United States 29/31 (93.5) 8/10 (80.0) 37/41 (90.2) 0.735 (0.49-0.98)

CI, confidence interval; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry.
aPositive percent agreement was the proportion of historical and rescored HER2 statuses that were in agreement on HER2-low. Percentages were calculated based on reported/
nonmissing data.
bOverall percent agreement was the proportion of historical and rescored HER2 statuses that were in agreement on either HER2 IHC 0 or HER2-low.
cNon-Ventana 4B5 assays included HercepTest (Agilent), Bond Oracle HER2 IHC System (Leica), and unknown assays.
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large (N ¼ 2310) pooled study of patients with primary BC
found that HER2-low was associated with significantly
longer OS and disease-free survival (DFS) than HER2 IHC 0 in
patients with HR-negative BC, but these outcomes were not
significantly different in the HR-positive subgroup.35 In
another study in early BC, outcomes such as OS and DFS
with HER2-low and HER2 IHC 0 were related to genomic risk
(as assessed by the Oncotype recurrence score).36 In pa-
tients with high genomic risk, HER2-low was associated with
significantly longer OS and DFS than HER2 IHC 0, but there
was no difference between HER2-low and HER2 IHC 0 in
patients with low genomic risk.36 A recent National Cancer
Database study of patients with de novo metastatic BC
found a small but statistically significant difference in OS for
those who had HER2-low tumors (n ¼ 20,636) compared
with those who had HER2 IHC 0 tumors (n ¼ 10,293) in
both HR-positive (median OS, 40.9 versus 39.2 months,
respectively; P ¼ 0.003) and HR-negative subgroups (me-
dian OS, 16.0 versus 14.1 months, respectively; P ¼
0.007).15 Further, a recent retrospective cohort analysis of
the National Cancer Database, including 1,136,016 patients
with invasive BC, found that HER2-low was associated with
a slightly lower rate of pathological complete response than
HER2 IHC 0 disease on multivariate analysis. HER2-low
status was also associated with small improvements in OS
in HER-low BC, especially in advanced triple-negative BC,
although the extent of the difference was of questionable
clinical relevance with overlapping survival curves when
plotted by stage and receptor status.37

An important observation from this retrospective study is
that patients previously diagnosed with HER2-negative
unresectable/metastatic BC have unmet treatment needs.
In our study cohort, we found poor survival (<4 years and
<2 years in patients with HR-positive and HR-negative
disease, respectively) after unresectable/metastatic BC
diagnosis. Further, most of the study population received
8 https://doi.org/10.1016/j.esmoop.2023.101615
chemotherapy during the observation period. These find-
ings suggest a need for more targeted therapies based on
prognostic indicators to improve outcomes in patients with
historically categorized HER2-negative BC.

This study comprised a large, globally representative
sample and used standardized training on low-end HER2
expression rescoring; it represents one of the largest studies
of this type. To our knowledge, this study is the first to
examine the distinction between HER2 IHC 0 with no
staining and HER2 IHC 0 with staining, thereby providing
insights into further delineation of very low or no HER2
expression categories.

The study has inherent limitations associated with its
retrospective nature, including missing or inaccurate data in
health/medical records. Interpretation of treatment and
outcomes was limited due to heterogeneity in real-world
data, subjectivity in individual physician interpretation,
lack of data collection on lines of therapy, and other factors.
Because of the relatively short window of follow-up, the
data were not optimal for robust analyses of treatments
received and outcomes. Further, rates of CDK4/6 inhibitor
use were relatively low, likely due to the study period (2014-
2020) and the high proportion of our study population
being from outside the United States. Although a number of
CDK4/6 inhibitors were approved within this time frame,
approval in many of the countries in this study was later
than that in the United States.38-45 Finally, comparisons of
TFST, OS, and TTF in HER2-low versus HER2 IHC 0 in HR-
negative subgroups were limited by small sample sizes,
and the study was not powered for these comparisons.
Conclusions

HER2-low status has become clinically actionable with the
availability of T-DXd as a treatment option, and this study
provides greater understanding of patients with HER2-low
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unresectable/metastatic BC.We found that up to two-thirds
of patients previously diagnosed with HER2-negative unre-
sectable/metastatic BC may now be eligible for new HER2-
low-directed treatments and confirmed that HER2-low is
more common in patients with HR-positive disease. We
found no difference in the characteristics of or clinical
outcomes in patients with HER2-low versus HER2 IHC 0;
therefore further research is needed to determine whether
HER2-low is a prognostic indicator. Finally, our study
showed that concordance between historical scores and
rescores was >80% after standardized low-end HER2
expression training. Positive agreement for historical
scoring versus rescoring was numerically lower for HER2 IHC
0 than for HER2-low, which suggests that targeted reas-
sessment to determine eligibility for new treatment options
could be beneficial for certain patients. The efficacy of T-
DXd shown in the DESTINY-Breast04 study, combined with
appropriate patient selection for this new treatment option,
is anticipated to improve outcomes for these patient
populations.
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