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Background: The DESTINY-Breast06 study demonstrated a statistically significant and clinically meaningful improvement
in progression-free survival benefit with trastuzumab deruxtecan (T-DXd) versus chemotherapy treatment of physician’s
choice in patients with hormone receptor-positive metastatic breast cancer (mBC) whose tumors were scored as
human epidermal growth factor receptor 2 (HER2)-low [immunohistochemistry (IHC) 1þ, or IHC 2þ/in situ
hybridization (ISH)-negative] and who had received one or more lines of endocrine therapy and no previous
chemotherapy in the metastatic setting. An exploratory analysis consistently showed a benefit for patients with
HER2-low and HER2-ultralow (IHC 0 with membrane staining) expression.
Materials and methods: Analytical validation of the PATHWAY HER2 (4B5) assay (Roche HER2 4B5 assay; Roche
Diagnostic Solutions) at the HER2-ultralow cut-off was carried out, including intermediate precision, inter-reader
precision, and inter-laboratory reproducibility. Patients with tumors historically classified as HER2-negative (IHC 0,
1þ, and 2þ/ISH-negative) based on pre-existing local test results were eligible for screening for DESTINY-Breast06;
tumor samples taken in the metastatic setting were assessed centrally to confirm eligibility regarding HER2 status.
Additionally, central and pre-existing HER2 test results were compared, and the prevalence of IHC scores based on
central test results was assessed.
Results: Intermediate precision met the pre-specified endpoints across all parameters tested; agreement was observed
within and between readers and sites, demonstrating that the HER2-ultralow cut-off can be scored accurately and
reproducibly using the Roche HER2 4B5 assay (intra- and inter-laboratory and inter-reader agreement �95%).
A clinically meaningful progression-free survival (hazard ratios 0.43-0.78) and objective response rate (odds ratios
2.5-4.5) improvement for T-DXd over chemotherapy was consistently observed across IHC expression levels. For
cases with a pre-existing HER2 IHC 0 result, central testing found 24% with HER2-low, 40% with IHC 0 with
membrane staining, and 35% with IHC 0 absent membrane staining.
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Conclusions: For patients with HER2 IHC 0 mBC, rescoring and/or retesting with the Roche HER2 4B5 assay is
encouraged to determine eligibility for T-DXd.
Key words: HER2-low, HER2-ultralow, trastuzumab deruxtecan, metastatic breast cancer, 4B5
INTRODUCTION

In breast cancer (BC), human epidermal growth factor
receptor 2 (HER2)-targeted antibody treatments have
improved outcomes for patients with tumors that express
high levels of HER2 (i.e. HER2-positive BC tumors),1,2 defined
as immunohistochemistry (IHC) 3þ or IHC 2þ with gene
amplification [in situ hybridization (ISH)-positive]. However,
w70% of United States patients with BC have tumors that are
hormone receptor-positive (HR-positive) but are considered
to be HER2-negative (IHC 0, IHC 1þ, IHC 2þ/ISH-negative) by
the American Society of Clinical Oncology/College of
American Pathologists (ASCO/CAP) guidelines.3-5 Among this
HR-positive, HER2-negative population, it is estimated that
w60%-65% of patients may have tumors that are HER2-low
(IHC 1þ, IHC 2þ/ISH-negative).6,7 The remaining w35%-
40% of the HR-positive, HER2-negative population comprises
patients whose tumors are classified as HER2 IHC 0 according
to the ASCO/CAP guidelines.5-7 Within this category, a
proportion of tumors nevertheless express some level of
HER2, detectable by IHC assay and characterized by the
observation of membrane staining in a small proportion of
tumor cells.5 Such tumors can be classed as HER2 IHC 0 with
membrane staining (or ‘HER2-ultralow’). It is estimated that
w20%-25% of tumors with HR-positive, HER2-negative sta-
tus per the ASCO/CAP guidelines are actually HER2-
ultralow.7,8 The remainder of HER2 IHC 0 tumors (per the
ASCO/CAP guidelines) where no staining is observed can be
termed HER2 IHC 0 absent membrane staining.

Trastuzumab deruxtecan (T-DXd) is an antibodyedrug
conjugate composed of a humanized immunoglobulin G1
monoclonal antibody specifically targeting HER2, a
tetrapeptide-based cleavable linker, and a potent topo-
isomerase I inhibitor payload.9,10 T-DXd is approved in the
United States (and elsewhere) for adult patients with
unresectable or metastatic HER2-positive (IHC 3þ, ISHþ) BC
who have received a prior anti-HER2-based regimen, and
was recently approved in the United States and the Euro-
pean Union for patients with HR-positive, HER2-low (IHC
1þ, IHC 2þ/ISH-negative) or HER2-ultralow (IHC 0 with
membrane staining) BC following disease progression after
one or more endocrine therapies in the metastatic setting;
the latter extends the previous approval of T-DXd for use
after prior chemotherapy in the metastatic setting, or after
disease recurring within 6 months of completing adjuvant
chemotherapy, in patients with HER2-low BC.11-14 The
approvals by the United States Food and Drug Administra-
tion (FDA) and the European Union for use in patients with
HER2-low and HER2-ultralow tumors were based on results
from the DESTINY-Breast04 and DESTINY-Breast06
studies.11-16 Results from DESTINY-Breast04 contrasted
with previous reports that found trastuzumab-containing
regimens offered no clinical benefit to patients with
https://doi.org/10.1016/j.esmoop.2025.105310
HER2-low tumors.17,18 The ASCO/CAP guidelines were
updated in 2023 to reaffirm previous guidelines (specifically,
IHC 3þ is denoted as HER2-positive, IHC 2þ is equivocal,
and IHC 1þ and IHC 0 are HER2-negative); none the less,
best practice outlined in the guidelines aims to ensure that
patients who may be eligible for treatment with T-DXd (i.e.
those with HER2-low BC) are identified.5

DESTINY-Breast06 (NCT04494425) was a randomized,
open-label, phase III study that enrolled 866 patients with
HR-positive metastatic BC (mBC) characterized as HER2-low
or HER2-ultralow. Eligible patients had received one or
more lines of endocrine therapy, but no prior chemotherapy
in the metastatic setting. Central testing of tumor samples
was used to determine HER2 status and was carried out
using the PATHWAY HER2 (4B5) assay (henceforth referred
to as Roche HER2 4B5 assay; Roche Diagnostic Solutions,
Tucson, AZ) (see Supplementary Materials, available at
https://doi.org/10.1016/j.esmoop.2025.105310). T-DXd
demonstrated a statistically significant and clinically mean-
ingful improvement in progression-free survival (PFS)
compared with chemotherapy treatment of physician’s
choice (TPC) in patients with HER2-low mBC (median PFS of
13.2 versus 8.1 months; hazard ratio 0.62, P < 0.001). The
results were consistent in the intent-to-treat (ITT) popula-
tion (median PFS of 13.2 versus 8.1 months; hazard ratio
0.64, P < 0.001), which comprised the HER2-low and HER2-
ultralow groups.16 On the basis of these results, T-DXd
became the first HER2-directed therapy for patients with
HR-positive, HER2-low, or HER2-ultralow mBC.12

In this article, we outline the analytical validation of the
Roche HER2 4B5 assay at the HER2-ultralow cut-off and
provide insights into central HER2 testing results as well as
the efficacy of T-DXd by tumor characteristics in DESTINY-
Breast06.
MATERIALS AND METHODS

HER2 IHC scoring method

IHC scoring was carried out according to the Roche HER2
4B5 assay product-specific scoring algorithm, which was
adapted from the 2018 ASCO/CAP guidelines; the IHC
0 category was further divided into two subcategories: IHC
0 absent membrane staining and IHC 0 with membrane
staining (HER2-ultralow).

The breast tissue section was examined for the intensity
and completeness of cell membrane staining (Figure 1). The
criteria for scoring were as follows:
� IHC 0 ‘absent’ membrane staining: no membrane stain-
ing is observed

� IHC 0 ‘with’membrane staining (HER2-ultralow): any stain-
ing of the membrane in >0 and �10% of the cancer cells
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� IHC 1þ: faint, partial staining of the membrane in >10%
of the cancer cells

� IHC 2þ: weak-to-moderate complete staining of the
membrane in >10% of the cancer cells

� IHC 3þ: intense, complete staining of the membrane in
>10% of cancer cells

Review at 40� magnification was recommended to
discern the presence or absence of any staining such as
faint, partial staining (i.e. to discriminate between scores of
IHC 0 absent membrane staining, IHC 0 with membrane
staining, and IHC 1þ). Staining in BC cells using the Roche
HER2 4B5 assay can be membranous and/or cytoplasmic.
Cytoplasmic-only staining is not known to be clinically
relevant19 and thus was excluded from HER2 status
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Figure 1. HER2 IHC scoring patterns in BC and categorization used in DESTINY-Brea
tumors were scored as IHC 3þ were ineligible for DESTINY-Breast06.
ASCO/CAP, American Society of Clinical Oncology/College of American Pathologist
immunohistochemistry; ISH, in situ hybridization.
aReview at 40� magnification is recommended to discern the presence or absence
bRecommend re-reading by a second pathologist for cases with ‘faint, partial stainin
cIn the HER2-ultralow ‘IHC 0 with membrane staining’ category, partial membranous
are scored as HER2-ultralow if they do not otherwise qualify for a higher score. Ref
dRecommend reflex test to assess gene amplification per ASCO/CAP guidance.
ePatients whose tumors were IHC 2þ/ISHþ were ineligible for DESTINY-Breast06.
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determination. The guidelines for assessing HER2 IHC cut-
offs are included in the instructions for use and interpre-
tation guide for the Roche HER2 4B5 assay.
Pre-analytical and staining protocol and analytical
validation studies

Pre-analytical conditions and the staining protocol are given
in the Supplementary Material, available at https://doi.org/
10.1016/j.esmoop.2025.105310. Methods for the analytical
validation, including within-case and within-block hetero-
geneity, comparison of primary and metastatic matched
samples, and precision and reproducibility studies are
described in the Supplementary Materials, available at
https://doi.org/10.1016/j.esmoop.2025.105310.
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HER2 testing in DESTINY-Breast06

The DESTINY-Breast06 study was conducted in accordance
with the International Council for Harmonisation Good
Clinical Practice guidelines, the Declaration of Helsinki, and
local regulations on the conduct of clinical research. All
patients provided written informed consent. The clinical
methodology for DESTINY-Breast06 has been reported
previously.16

Patients with tumors that had a pre-existing local (historical)
classification as HER2-negative per the ASCO/CAP guidelines,4

defined as IHC 2þ/ISH-negative, IHC 1þ, or IHC 0, were eligible
for screening. Tumor samples were evaluated at a central
laboratory to determine HER2 status; patients whose tumors
were HER2-low or HER2-ultralow by central testing were
considered for study enrollment. The analyses presented here
include all patients with valid central HER2 results, those ran-
domized to DESTINY-Breast06, and subgroups thereof.

Clinical sites were provided with a pathology manual that
included guidance on pre-analytical and sample collection
practices to maximize quality in alignment with manufacturer
guidance. A sample collected at the time of metastatic dis-
ease or later was required for central testing. Samples were
either formalin-fixed, paraffin-embedded (FFPE) tumor tissue
blocks or tumor slides. Further details on sample collection
are provided in the Supplementary Material, available at
https://doi.org/10.1016/j.esmoop.2025.105310.

Central testing was conducted at Labcorp Geneva,
Switzerland, Labcorp Los Angeles, CA, or Labcorp Shanghai,
China, using the Roche HER2 4B5 assay (investigational for
HER2-low and HER2-ultralow cut-offs when the DESTINY-
Breast06 study started, but subsequently approved for
HER2-low and HER2-ultralow) and scored as described in
the preceding text.20,21 The pathologists received specific
HER2-low and HER2-ultralow scoring training for assess-
ment of BC tissue specimens. All study readers carried out a
competency examination and achieved acceptable levels of
performance [�85% positive percent agreement (PPA) and
negative percent agreement (NPA) with consensus scores]
before reading for the trial. Per the Roche HER2 4B5 assay
instructions for use, ISH status was confirmed for all sam-
ples scored as IHC 2þ using an on-market assay according
to the manufacturer’s guidelines.

Central and pre-existing HER2 test results were compared
for patients screened for DESTINY-Breast06 where available.
Pre-existing HER2 tests were conducted as part of routine
clinical practice and did not form part of this study. Preva-
lences of IHC scores were determined using central test
results.
Efficacy of T-DXd in tumor subgroups

PFS and objective response rate (ORR) were assessed by
blinded independent central review (BICR) according to the
Response Evaluation Criteria in Solid Tumours version 1.1
(RECIST 1.1). Subgroup analyses were carried out on all
randomized patients (i.e. the ITT population). Hazard ratios
and corresponding 95% confidence intervals (CIs) for PFS
were estimated using an unstratified Cox proportional
4 https://doi.org/10.1016/j.esmoop.2025.105310
hazards model. Confirmed ORR was defined as the percent-
age of patients with a confirmed complete or partial
response (according to RECIST 1.1). Odds ratios and associ-
ated 95% CI estimates were obtained using an unstratified
logistic regression model. All subgroup analyses were
exploratory; as such, results were not adjusted for
multiplicity.

RESULTS

Analytical validation

Within-case and within-block heterogeneity studies were
conducted to evaluate the variation that may exist between
BC tissue blocks from the same patient and throughout BC
tissue blocks. Out of 20 tissue blocks representing 10 patient
cases (two blocks per patient) used to assess within-case
heterogeneity, all 20 tissue blocks demonstrated concor-
dant HER2-ultralow status within each case, resulting in an
overall percent agreement (OPA) of 100%. Of the 15 FFPE
cases used to characterize within-block heterogeneity, 14
cases showed consistent HER2-ultralow status between
block sections. In the case that displayed heterogeneity, the
change in clinical interpretation status between tissue sec-
tions was due to a reduction in viable tumor cells expressing
HER2, as the block was sectioned to exhaustion.

The OPA for HER2-ultralow status between patient-
matched primary and metastatic tumor specimens was
81.3% (26/32). Out of the six discordant cases for primary
versus metastatic samples, two went from IHC 0 absent
membrane staining to IHC 0 with membrane staining, two
went from IHC 0 with membrane staining to IHC 0 absent
membrane staining, and two went from IHC 1þ to IHC
0 absent membrane staining.

Across all intermediate precision parameters evaluated
(between antibody lot, detection kit lot, instrument and
day, within run), the PPAs and NPAs were 100%
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2025.105310).

For intra-reader precision, the average positive agree-
ment (APA) and average negative agreement (ANA) com-
bined across readers was 97.7% (95% CI 95.9% to 99.3%)
and 97.6% (95% CI 95.6% to 99.3%), respectively
(Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2025.105310). For inter-reader precision,
the APA and ANA combined across both reader pairs was
95.5% (95% CI 91.7% to 98.4%) and 95.2% (95% CI 91.1% to
98.2%).

The overall inter-laboratory reproducibility, measured
across three sites with two pathologists per site, for HER2-
ultralow status was 99.2% (95% CI 98.3% to 99.9%) with a
PPA and NPA of 98.3% (95% CI 96.7% to 99.8%) and 100%
(95% CI 99.1% to 100%), respectively (Table 1). The PPA and
NPA agreement rates for within-site and within-reader
reproducibility were all �98.3%. In addition, pairwise
comparisons were made between sites, between readers,
and between days for HER2-ultralow status. The between-
site APA and ANA were 98.4% (95% CI 96.7% to 99.8%)
and 98.4% (95% CI 96.9% to 99.8%), respectively. The
Volume 10 - Issue 6 - 2025

https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310


Table 1. Inter-laboratory reproducibility of the Roche HER2 4B5 assay on BC tissue with HER2-ultralow scoring on BenchMark ULTRA

Inter-laboratory reproducibility (n [ 28) Agreement

Type n/N % 95% CI

Overall PPA 413/420 98.3 96.7-99.8
NPA 420/420 100 99.1-100

Within-site PPA 413/420 98.3 96.7-99.8
NPA 420/420 100 99.1-100

Within-reader PPA 413/420 98.3 96.7-99.8
NPA 420/420 100 99.1-100

Between-site APA 8124/8260 98.4 96.7-99.8
ANA 8404/8540 98.4 96.9-99.8

Between-reader APA 406/413 98.3 96.6-99.8
ANA 420/427 98.4 96.8-99.8

Between-day APA 1628/1652 98.5 97.2-99.8
ANA 1684/1708 98.6 97.4-99.8

ANA, average negative agreement; APA, average positive agreement; BC, breast cancer; CI, confidence interval; HER2, human epidermal growth factor receptor 2; NPA, negative
percent agreement; PPA, positive percent agreement.
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between-reader APA and ANA were 98.3% (95% CI 96.6% to
99.8%) and 98.4% (95% CI 96.8% to 99.8%), respectively.
The between-day APA and ANA were 98.5% (95% CI 97.2%
to 99.8%) and 98.6% (95% CI 97.4% to 99.8%), respectively.
Patient disposition in DESTINY-Breast06

From July 2020 to April 2023, a total of 2311 patients were
screened or pre-screened, and 1999 of these had tumor
samples submitted for central testing. Of these, a valid
central result was obtained from 1856 patients. There were
1629 tumor samples, for which both a valid central and pre-
existing result were available. Of the 1616 patients whose
tumor samples were centrally confirmed as HER2-low or
HER2-ultralow, 1349 were screened and 866 were ran-
domized into DESTINY-Breast06 using interactive response
technology (IRT) software. Among the 866 randomized pa-
tients, 713 (82.3%) had HER2-low tumors and 153 (17.7%)
had HER2-ultralow tumors (Supplementary Figure S1,
available at https://doi.org/10.1016/j.esmoop.2025.
105310). Patients with centrally confirmed HER2-low or
HER2-ultralow status who were not randomized were
screen failed for one or more of the reasons outlined in the
eligibility criteria of the clinical study.16 One patient with
HER2-low status was incorrectly randomized into the HER2-
ultralow group. As a result, this patient’s data were
excluded from the efficacy analysis in the HER2-ultralow
group. Consequently, there were 152 patients in the
HER2-ultralow group (based on the final central test result)
instead of 153 (as per IRT).
Tumor sample characteristics

From the 2311 patients screened, 462 (20.0%) tumor sam-
ples were obtained from breast or regional lymph nodes,
while 1537 (66.5%) were obtained from other metastatic
sites [for the remaining 312 (13.5%) patients, a sample was
not submitted for central testing] (Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2025.105310).
Approximately three-quarters of samples screened [1759
(76.1%)] were obtained via biopsy; 240 (10.4%) were from
excisions/resections. A range of commercial tests were used
Volume 10 - Issue 6 - 2025
for pre-existing tests, including HercepTest� (Agilent, Santa
Clara, CA) [322 (13.9%)], Roche HER2 4B5 assay (Roche Di-
agnostics Solutions, Tucson, AZ) [543 (23.5%)], Bond Oracle
HER2 IHC system (Leica Biosystems, Nussloch, Germany) [27
(1.2%)], and others [62 (2.7%)]; however, in >50% of sam-
ples, the identity of the pre-existing test was either missing
or otherwise unknown. Samples were collected in the USA
(6.3%), Europe (41.6%), Asia (excluding China) (17.7%), and
China (10.5%), with the rest of the world accounting for
10.4% of screened samples [for the remaining 312 (13.5%)
patients, a sample was not submitted for central testing].
Samples ranged in age from <6 months (41.4%), 6 months
to 1 year (10.0%), 1 to 3 years (23.5%), and >3 years (11.6%)
[for the remaining 312 (13.5%) patients, a sample was not
submitted for central testing]. Tumor characteristics of the
randomized population were broadly similar to that of the
screened population (Supplementary Table S2, available at
https://doi.org/10.1016/j.esmoop.2025.105310).
HER2 status prevalence

Among patients screened for DESTINY-Breast06 with a valid
central test result, 402/1856 (22%) tumor samples were
scored as HER2-ultralow and 1214/1856 (65%) were scored
as HER2-low. Prevalence across HER2 IHC scores were
largely similar regardless of tumor location, sample type
(Table 2), testing region, or sample age (data not shown).
No obvious differences in prevalence of HER2-low or
HER2-ultralow were observed by metastatic sample location
(Supplementary Table S3, available at https://doi.org/10.
1016/j.esmoop.2025.105310).

Of the 349 samples with a pre-existing HER2 IHC 0 score,
central HER2 testing found 85 (24%) IHC 1þ, IHC 2þ/ISH-
negative (HER2-low), 140 (40%) IHC 0 with membrane
staining (HER2-ultralow), and 123 (35%) IHC 0 absent
membrane staining (Table 3). Of the 1270 samples with a
pre-existing HER2 IHC 1þ or IHC 2þ/ISH-negative score (i.e.
those that could be categorized as HER2-low), 999 (79%)
were classed as HER2-low, 196 (15%) as HER2-ultralow,
and only 65 (5%) as IHC 0 absent membrane staining, by
central test.
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Table 2. Central HER2 testing results in DESTINY-Breast06 by tumor sample characteristics

Variable, n (%) IHC 0 absent
membrane staininga

IHC 0 with membrane
staining (HER2-ultralow)b

IHC 1D IHC 2D/ISHL IHC 2D/ISHD IHC 3D Total

Overall 225 (12) 402 (22) 829 (45) 385 (21) 11 (<1) 4 (<1) 1856
Sample type
Biopsy 202 (12) 344 (21) 729 (45) 338 (21) 8 (<1) 4 (<1) 1625
Resection 23 (10) 58 (25) 100 (43) 47 (20) 3 (1) 0 231

Sample location
Breast or regional lymph nodes 47 (11) 119 (27) 204 (46) 67 (15) 3 (<1) 1 (<1) 441
Metastatic 178 (13) 283 (20) 625 (44) 318 (22) 8 (<1) 3 (<1) 1415

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hybridization.
aNo membrane staining is observed.
bFaint, partial staining of the membrane in �10% of the cancer cells.
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Efficacy of T-DXd in tumor subgroups

T-DXd consistently demonstrated a PFS benefit across
sample types analyzed (i.e. breast/regional lymph node
versus metastatic; biopsy versus resection, sample age)
(Figure 2; Supplementary Figure S2, available at https://doi.
org/10.1016/j.esmoop.2025.105310). A PFS benefit was
also consistently shown for T-DXd versus TPC across IHC
expression levels [IHC 0 with membrane staining (HER2-
ultralow), 1þ, or 2þ/ISH-negative], albeit with numerical
differences between hazard ratios (0.78, 0.73, and 0.43,
respectively) (Figure 2). Confirmed ORR by BICR consistently
showed odds ratios (2.5-4.5) that favored T-DXd versus TPC,
across IHC scores (Supplementary Table S4, available at
https://doi.org/10.1016/j.esmoop.2025.105310).
DISCUSSION

The approval of T-DXd for patients with HER2-low and HER2-
ultralow mBC has highlighted the need for IHC scoring to go
beyond the HER2-positive and HER2-negative categories as
described in the ASCO/CAP guidelines.5 The recent results
from DESTINY-Breast06 showed the clinical relevance of the
newly defined HER2-ultralow cut-off, thus highlighting
the importance of accurate scoring at this cut-off.16 Based on
the data described here, the Roche HER2 4B5 assay was
recently approved by the FDA for the selection of patients for
T-DXd treatment. Currently, the Roche HER2 4B5 assay is the
only FDA-approved HER2 IHC companion diagnostic assay for
assessing HER2-ultralow expression.
Table 3. Pre-existing and central HER2 IHC test results in DESTINY-Breast06

HER2 status by central testing, n HER2 status by p

IHC 0b IH

IHC 0b
Absent membrane stainingc 123 4
With membrane stainingd (HER2-ultralow) 140 14

IHC 1þ 70 53
IHC 2þ/ISH� 15 8
IHC 2þ/ISHþ 1
IHC 3þ 0
Total 349 81

HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ
aPre-existing results were obtained at a local center and did not form part of this study.
bPer American Society of Clinical Oncology/College of American Pathologists 2018 guidelin
cNo membrane staining is observed.
dFaint, partial staining of the membrane in �10% of the cancer cells.
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The analytical validation presented here demonstrates
that the HER2-ultralow cut-off in BC samples can be scored
accurately and reproducibly using the Roche HER2 4B5
assay. The within-case and within-block concordance was
very high, and a strong agreement within and between
readers and sites was found. These results are consistent
with those previously reported for the HER2-low cut-off.22

In the majority of cases, results were consistent between
a patient’s primary and metastatic tumor samples, with just
6 out of 32 cases that were discordant. Some discordance is
expected, however, owing to receptor conversion, which
has been reported to occur in w8%-10% of patient-
matched primary and metastatic samples.23,24 Results
from DESTINY-Breast04 and DESTINY-Breast06 demon-
strated a PFS benefit for T-DXd versus TPC regardless of
whether the samples used to confirm HER2 status were
from primary or metastatic sites.22 Overall, although digital
pathology tools that make use of artificial intelligence will
likely continue to evolve and help pathologists score HER2
cut-offs ever more accurately and reproducibly,25,26 the
consistent results demonstrated here with manual reading
using the Roche HER2 4B5 assay provide reassurance
regarding the current standard approach.

The results from central laboratory testing in the DESTINY-
Breast06 study provide an assessment of the prevalence of
patients with HER2-low (65%) or HER2-ultralow (22%)
tumors in the HR-positive HER2-negative population. These
proportions are in line with previous estimates6-8 and, based
on the results from DESTINY-Breast06, demonstrate that
re-existinga result, n

C 1þ IHC 2þ/ISH� IHC 2þ/ISHþ IHC 3þ Total

5 20 0 1 189
6 50 2 1 339
4 146 3 0 753
3 236 3 0 337
1 6 0 0 8
1 2 0 0 3
0 460 8 2 1629

hybridization.
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Subgroup

Tumor location

   Primary 

   Metastatic 

 55/93 (59.1)

214/343 (62.4)

63/99 (63.6)

208/331 (62.8)

14.9 (9.8-19.4)

13.2 (12.0-15.2)

7.9 (5.8-9.7)

8.1 (7.0-9.5)

0.55 (0.38-0.80)

0.66 (0.55-0.80)

Sample type

   Biopsy

   Excision/resection

232/375 (61.9)

37/61 (60.7)

249/389 (64.0)

22/41 (53.7)

13.1 (11.3-15.2)

16.4 (9.7-19.5)

8.1 (6.9-9.3)

8.3 (6.9-18.1)

0.63 (0.53-0.76)

0.62 (0.36-1.08)

HER2 IHC expression 

   IHC 0 with membrane staining

   IHC 1+

   IHC 2+/ISH−

44/76 (57.9)

157/239 (65.7)

65/117 (55.6)

39/76 (51.3)

150/234 (64.1)

80/118 (67.8)

13.2 (9.8-17.3)

13.1 (11.0-15.2)

15.2 (12.2-21.4)

8.3 (5.8-15.2)

8.2 (7.1-9.8)

7.0 (6.2-8.4)

0.78 (0.50-1.21)

0.73 (0.59-0.92)

0.43 (0.31-0.60)

Number of events/patients (%)

T-DXd TPC

Median, months (95% Cl)

T-DXd TPC

Hazard ratio (95% Cl)

0.25 0.5

Favors T-DXd Favors TPC

1.0 2.0

Figure 2. PFS by BICR by tumor characteristic subgroup, specimen collection type, and IHC expression subgroups.
BICR, blinded independent central review; CI, confidence interval; HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; ISH, in situ hy-
bridization; PFS, progression-free survival; TPC, chemotherapy treatment of physician’s choice; T-DXd, trastuzumab deruxtecan.
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many patients with a historical HER2-negative status could
benefit from treatment with T-DXd.

Most samples that had a pre-existing IHC 0 score were
found to have detectable and potentially actionable levels
of HER2 (either HER2-low or HER2-ultralow), which suggests
that reassessment of historically scored HER2 IHC 0 cases
can be used to determine patients who may benefit from T-
DXd. On the other hand, only a small proportion (5%) of
samples that were HER2-low by local (historical) test
showed no detectable level of HER2 (i.e. HER2 IHC 0 absent
membrane staining) by central test, while 79% and 15%
were classed as HER2-low and HER2-ultralow, respectively.
Overall, therefore, the vast majority (w94%) of samples
that were HER2-low by local (historical) test were found
centrally to have detectable and potentially actionable
levels of HER2. There are several factors that need to be
considered when interpreting our findings. The first is the
status of the HER2-low and HER2-ultralow cut-offs in
international guidelines. It is unsurprising that samples
with a pre-existing HER2 IHC 0 score were found to be
HER2-ultralow by central testing, given that the 2018 ASCO/
CAP guidelines include both IHC 0 absent membrane
staining and IHC 0 with membrane staining (HER2-ultralow)
within the definition of HER2 IHC 0.4 The European Society
of Medical Oncology HER2-low Expert Consensus Statement
does differentiate HER2-ultralow and HER2 IHC 0 absent
membrane staining (referred to as HER2-null) as sub-
categories of HER2 IHC 0,27 but it was published in 2023, so
would not have been available to local pathologists during
the time of the DESTINY-Breast06 study. By contrast, the
HER2-low cut-off (including IHC 1þ and IHC 2þ/ISH-nega-
tive) is differentiated from HER2 IHC 0 in the 2018 ASCO/
CAP guidelines.4 None the less, it is likely that the HER2-low
cut-off had no clinical relevance at the time when pre-
existing HER2 scores were collected; pathologists would
therefore have been unlikely to have received training on
these cut-offs and, consequently, awareness of these
cut-offs is likely to have been low. In addition to issues of
Volume 10 - Issue 6 - 2025
awareness, differences may have arisen owing to different
assays or samples being used for the pre-existing test versus
that used for central testing.28,29 Therefore, agreement
between central and pre-existing tests cannot be
adequately assessed using these data.

The prevalence of IHC scores as determined centrally was
consistent regardless of sample location, including by meta-
static organ site, and no differences were observed by
geographical region. Similarly, and in agreement with previous
findings,30 the prevalence of IHC scoreswas consistent between
biopsy and resection samples. While the prevalence of IHC
scores appeared generally consistent regardless of sample age,
multiple confounding factors, such as storage conditions, pre-
vent thesedata beingmeaningfully interpreted. As such, further
data are required to more specifically understand the potential
impact of sample age on HER2-low and HER2-ultralow scores.

The baseline tumor sample characteristics were balanced
between the TPC and T-DXd arms.16 A PFS benefit for T-DXd
versus TPC was observed regardless of tumor sample
characteristics, consistent with the results of DESTINY-
Breast04.22 This study confirms these findings for the HER2-
low cut-off while additionally demonstrating that tumor
samples obtained either through biopsy or resection can be
used to identify tumors with HER2-ultralow expression.

Results from DESTINY-Breast06 showed a statistically
significant and clinically meaningful PFS benefit versus TPC
in patients with HR-positive, HER2-low mBC after one or
more endocrine-based therapies, with similar results in the
ITT population.16 While this study was not powered to
detect differences between subgroups, numerical differ-
ences in hazard ratios were observed across IHC levels, with
a numerically greater benefit for T-DXd over TPC observed
for the IHC 2þ/ISH-negative group than for the IHC 1þ or
IHC 0 with membrane staining groups. It should be noted
that the sample size for the IHC 0 with membrane staining
group was small, which limits the interpretation of this
finding. Notably, a difference between IHC 1þ and IHC 2þ/
ISH-negative was not seen in DESTINY-Breast04, in which
https://doi.org/10.1016/j.esmoop.2025.105310 7

https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310


ESMO Open R. Shami et al.
hazard ratios were similar between these subgroups.15

Furthermore, in DESTINY-Breast06, the same numerical
trend was not observed for ORR across IHC levels. Overall, a
clinical benefit was consistently observed across all HER2
IHC categories, and additional data would be required to
explore any potential trend in more detail.

On the other hand, there are limited data on the effec-
tiveness of T-DXd in patients with tumors scored as IHC
0 absent membrane staining. The DAISY trial included a
small population (n ¼ 37) of patients with a HER2 IHC
0 score from routine care. Upon review of 31/37 of the
tumor samples by two pathologists to determine whether
there was a detectable level of HER2 expression, 8 were
scored as IHC 0 with membrane staining and 7 as IHC 1þ.31

In an exploratory analysis, a confirmed objective response
was observed in 6/15 [40% (95% CI 16.3% to 67.7%)] pa-
tients found by the pathologist review to have detectable
HER2 expression (i.e. IHC 0 with membrane staining or IHC
1þ), and in 4/16 [25% (95% CI 7.3% to 52.4%)] of those
without detectable HER2 expression (i.e. IHC 0 absent
membrane staining).31 Further data regarding T-DXd efficacy
in patients with tumors scored as IHC 0 will be generated in
the ongoing DESTINY-Breast15 study.32

In conclusion, identification of HER2-low and HER2-ultralow
expression levels is clinically important and could be achieved
with high accuracy and reproducibility using the Roche HER2
4B5 assay (and ISHwhen applicable). Patients with HR-positive
mBC determined to be HER2-low or HER2-ultralow derived
clinical benefit from T-DXd, irrespective of sample type or
location used to determine HER2 status. As expected, some
patients who had tumors with a pre-existing HER2 IHC 0 score
were scored as HER2-low or HER2-ultralow by central testing,
suggesting that patients with HR-positive HER2 IHC 0 mBC
should be reassessed to determine whether they may be
eligible for treatment with T-DXd. As the HER2-ultralow cut-off
is not yet fully part of standard clinical practice, increased
awareness of low HER2 expression levels is desirable, which
may be achieved through education and training for
pathologists.

ACKNOWLEDGEMENTS

Medical writing support, under the direction of the authors,
was provided by Frances Singer, PhD, of Helios Medical
Communications, part of Helios Global Group, and was
funded by AstraZeneca in accordance with Good Publication
Practice (GPP) guidelines (https://www.ismpp.org/gpp-
2022).
FUNDING

This work was supported by AstraZeneca (no grant
number). In March 2019, AstraZeneca entered into a global
development and commercialization collaboration agree-
ment with Daiichi Sankyo for trastuzumab deruxtecan
(T-DXd; DS-8201). In December 2019, AstraZeneca and
Ventana Medical Systems executed a project agreement to
develop the Roche HER2 4B5 assay for assessment of HER2-
low/HER2-ultralow status and eligibility for trastuzumab
8 https://doi.org/10.1016/j.esmoop.2025.105310
deruxtecan in DESTINY-Breast06 and as a companion
diagnostic.
DISCLOSURE

RSh declares employment and shares held at AstraZeneca.
RSa declares personal fees, consulting, invitation as speaker,
institutional funding, and/or personal funding from AstraZe-
neca, Bristol Myers Squibb, Daiichi Sankyo, Exact Sciences,
Merck, Puma Biotechnology, and Roche; and non-financial
interests in an advisory role in Case 45. AB declares consul-
ting, invitation as speaker, and/or royalties from AstraZeneca,
Daiichi Sankyo, Eisai, Eli Lilly, Genentech, Gilead, Menarini,
Mersana, Merck, Novartis, Pfizer, Sanofi, and UpToDate; and a
role as principal investigator for AstraZeneca, Daiichi Sankyo,
Eli Lilly, Genentech, Gilead, Merck, Mersana, Novartis, Pfizer,
and Sanofi. GC declares personal fees, consulting, invitation
as speaker, institutional funding, and/or research grants from
Astellas, AstraZeneca, Bristol Myers Squibb, Blueprint Medi-
cine, Celcuity, Daiichi Sankyo, Ellipsis, Exact Sciences, Gilead,
Kymab, Lilly, Merck, Menarini, Novartis, Pfizer, Philogen, Relay
Therapeutics, Roche, Sanofi, and Veracyte; and non-financial
interests including a leadership role at EUSOMA, an advisory
role at Fondazione Beretta and Europa Donna, an officer at
Consiglio Superiore di Sanità, and as editor-in-Chief of ESMO
Open. XH declares consulting, institutional funding and/or
personal fees from AstraZeneca and Merck Sharp & Dohme,
and a role as local principal investigator from Novartis. RD
declares consulting, invitation as speaker and/or research
grants from AstraZeneca, Daiichi Sankyo, Eisai, Eli Lilly, Gilead,
Merck, Pfizer, and Roche. JYP declares consulting, invitation as
speaker and institutional funding/support from AstraZeneca,
Daiichi Sankyo, Eisai, Eli Lilly, ExactSciences, Gilead, Menarini,
Merck Sharp & Dohme, Novartis, Pfizer, Roche, Sanofi, Sea-
gen, Servier, and Veracyte. JT declares consulting, invitation
as speaker, institutional funding, and/or research grants from
Astra Zeneca, Daiichi Sankyo, Eisai, Eli Lilly, FSJD, Ono Phar-
maceutical, and Taiho Pharmaceutical; and is a member of
the board of directors of the West Japan Oncology Group.
HW declares consulting, invitation as speaker, research
grants, support with travel and accommodation, and/or
subscription fees from Agendia, AstraZeneca, Augustine
Therapeutics, Daiichi Sankyo, Eli Lilly, Gilead, Hict, Immutep
Limited, MediMix BV, Novartis, Pfizer, PSI CRO, Roche, Sea-
gen, Stemline Therapeutics, and Syneos Health. GR declares
consulting, invitation as speaker, and/or personal fees from
AstraZeneca, Daiichi Sankyo, Eisai, Eli Lilly, Gentili, Gilead,
GSK, Novartis, and Pfizer. CM declares consulting and invita-
tion as speaker from Bayer, Daiichi Sankyo, Illumina, Menar-
ini, Roche, and Veracyte; and is a member of ESMO. FPL
declares consulting, invitation as speaker, institutional fund-
ing, and/or research grants from AbbVie, Agendia, Amgen,
Astellas, AstraZeneca, Bayer, Beigene, BMS, Daiichi Sankyo,
Eisai, Exact Sciences, Gilead, GSK, Illumina, Janssen, Lilly,
Merck Sharp & Dohme, Nanostring, Novartis, Pierre Fabre,
Pfizer, Roche, Sanofi, Seagen, Servier, and Stemline Thera-
peutics; and is an organizing committee co-director of Cours
National Nice St Paul (breast cancer). CBA declares
Volume 10 - Issue 6 - 2025

https://www.ismpp.org/gpp-2022
https://www.ismpp.org/gpp-2022
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310


R. Shami et al. ESMO Open
employment at Labcorp. MM declares employment at Roche
Diagnostics International. SL declares employment at Roche
Diagnostics International. MTO declares employment at
Roche Diagnostics International. XL declares employment at
Roche Diagnostics International. PT declares employment and
stocks held at Roche Diagnostics International. AFB declares
employment and stocks held at Roche Diagnostics Interna-
tional. QF declares employment at Roche Diagnostics Inter-
national. JS declares employment at Roche Diagnostics
International. AY declares employment at Roche Diagnostics
International. AA�C declares employment at AstraZeneca. AD
declares employment at AstraZeneca. TM declares employ-
ment and shares held at AstraZeneca. FJ declares employ-
ment and shares held at AstraZeneca. GV declares consulting,
invitation as speaker, and/or research grants from Agilent,
AstraZeneca, Daiichi Sankyo, Gilead, Medscape, MSD
Oncology, Pfizer, and Roche; and is a coordinating principal
investigator for AstraZeneca.
DATA SHARING

Data underlying the findings described in this manuscript may
be obtained in accordance with AstraZeneca’s data-sharing
policy, described at https://www.astrazenecaclinicaltrials.
com/our-transparency-commitments/. Data for studies
directly listed on Vivli can be requested through Vivli at www.
vivli.org. Data for studies not listed on Vivli could be
requested through Vivli at https://vivli.org/members/
enquiries-about-studies-not-listed-on-the-vivli-platform/. The
AstraZeneca Vivli member page is also available, outlining
further details: https://vivli.org/ourmember/astrazeneca/.
REFERENCES

1. Vogel CL, Cobleigh MA, Tripathy D, et al. Efficacy and safety of trastu-
zumab as a single agent in first-line treatment of HER2-overexpressing
metastatic breast cancer. J Clin Oncol. 2002;20(3):719-726.

2. Dawood S, Broglio K, Buzdar AU, Hortobagyi GN, Giordano SH. Prog-
nosis of women with metastatic breast cancer by HER2 status and
trastuzumab treatment: an institutional-based review. J Clin Oncol.
2010;28(1):92-98.

3. National Cancer Institute Surveillance, Epidemiology, and End Results
Program (SEER). Female breast cancer subtypes e cancer stat facts.
2024. Available at https://seer.cancer.gov/statfacts/html/breast-subtypes.
html. Accessed February 11, 2025.

4. Wolff AC, Hammond ME, Allison KH, et al. Human epidermal growth
factor receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical practice guideline
focused update. J Clin Oncol. 2018;36(20):2105-2122.

5. Wolff AC, Somerfield MR, Dowsett M, et al. Human epidermal growth
factor receptor 2 testing in breast cancer: ASCOeCollege of American
Pathologists guideline update. J Clin Oncol. 2023;41(22):3867-3872.

6. Denkert C, Seither F, Schneeweiss A, et al. Clinical and molecular
characteristics of HER2-low-positive breast cancer: pooled analysis of
individual patient data from four prospective, neoadjuvant clinical
trials. Lancet Oncol. 2021;22(8):1151-1161.

7. Chen Z, Jia H, Zhang H, et al. Is HER2 ultra-low breast cancer different
from HER2 null or HER2 low breast cancer? A study of 1363 patients.
Breast Cancer Res Treat. 2023;202(2):313-323.

8. Mehta S, Iyengar A, Barman H, et al. Prevalence of “HER2 ultra-low”
among patients with advanced breast cancer with historical IHC0
status. J Clin Oncol. 2024;42(suppl 16):e13156.
Volume 10 - Issue 6 - 2025
9. Ogitani Y, Aida T, Hagihara K, et al. DS-8201a, a novel HER2-targeting
ADC with a novel DNA topoisomerase I inhibitor, demonstrates a
promising antitumor efficacy with differentiation from T-DM1. Clin
Cancer Res. 2016;22(20):5097-5108.

10. Nakada T, Sugihara K, Jikoh T, Abe Y, Agatsuma T. The latest research
and development into the antibody-drug conjugate, [fam-] trastuzu-
mab deruxtecan (DS-8201a), for HER2 cancer therapy. Chem Pharm
Bull (Tokyo). 2019;67(3):173-185.

11. European Medicines Agency (EMA). Enhertu: trastuzumab deruxtecan.
2024. Available at https://www.ema.europa.eu/en/medicines/human/
EPAR/enhertu. Accessed February 3, 2025.

12. AstraZeneca. Press release. Enhertu approved in the US as first HER2-
directed therapy for patients with HER2-low or HER2-ultralow metastatic
breast cancer following disease progression after one or more endocrine
therapies. 2025. Available at https://www.astrazeneca.com/media-centre/
press-releases/2025/enhertu-approved-in-us-for-breast-cancer-post-et.
html. Accessed January 31, 2025.

13. Daiichi Sankyo. Enhertu: highlights of prescribing information. 2025.
Available at https://daiichisankyo.us/prescribing-information-portlet/
getPIContent?productName¼Enhertu&inline¼true. Accessed January
30, 2025.

14. AstraZeneca. Press release. Enhertu approved in the EU as first
HER2-directed therapy for patients with HR-positive, HER2-low or
HER2-ultralow metastatic breast cancer following at least one
endocrine therapy. 2025. Available at https://www.astrazeneca.
com/media-centre/press-releases/2025/enhertu-approved-in-eu-in-
post-et-breast-cancer.html. Accessed April 10, 2025.

15. Modi S, Jacot W, Yamashita T, et al. Trastuzumab deruxtecan in pre-
viously treated HER2-low advanced breast cancer. N Engl J Med.
2022;387(1):9-20.

16. Bardia A, Hu X, Dent R, et al. Trastuzumab deruxtecan after endocrine
therapy in metastatic breast cancer. N Engl J Med. 2024;391(22):2110-
2122.

17. Fehrenbacher L, Cecchini RS, Geyer CE, et al. NSAPB B-47/NRG
oncology phase III randomized trial comparing adjuvant chemotherapy
with or without trastuzumab in high-risk invasive breast cancer
negative for HER2 by FISH and with IHC 1þ or 2. J Clin Oncol.
2020;38(5):444-453.

18. Mass RD, Press MF, Anderson S, et al. Evaluation of clinical outcomes
according to HER2 detection by fluorescence in situ hybridization in
women with metastatic breast cancer treated with trastuzumab. Clin
Breast Cancer. 2005;6(3):240-246.

19. Taylor SL, Platt-Higgins A, Rudland PS, Winstanley JHR, Barraclough R.
Cytoplasmic staining of c-erbB-2 is not associated with the presence of
detectable c-erbB-2 mRNA in breast cancer specimens. Int J Cancer.
1998;76(4):459-463.

20. Roche.VENTANA anti-HER2/neu (4B5) rabbit monoclonal primary antibody:
package insert. 2022. Available at https://elabdoc-prod.roche.com/eLD/api/
downloads/951dae12-3736-ea11-fc90-005056a71a5d?countryIsoCode¼gb.
Accessed September 27, 2024.

21. Roche. Press release. Roche receives FDA approval for first companion diag-
nostic to identify patients with HER2 low metastatic breast cancer eligible for
Enhertu. 2022. Available at https://diagnostics.roche.com/global/en/news-
listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.
html. Accessed May 14, 2024.

22. Garrido C, Manoogian M, Ghambire D, et al. Analytical and clinical
validation of PATHWAY anti-HER-2/neu (4B5) antibody to assess HER2-
low status for trastuzumab deruxtecan treatment in breast cancer.
Virchows Arch. 2024;484(6):1005-1014.

23. Grinda T, Joyon N, Lusque A, et al. Phenotypic discordance between
primary and metastatic breast cancer in the large-scale real-life
multicenter French ESME cohort. NPJ Breast Cancer. 2021;7(1):1-9.

24. Schrijver WAME, Suijkerbuijk KPM, van Gils CH, van der Wall E,
Moelans CB, van Diest PJ. Receptor conversion in distant breast cancer
metastases: a systematic review and meta-analysis. J Natl Cancer Inst.
2018;110(6):568-580.

25. Krishnamurthy S, Schnitt SJ, Vincent-Salomon A, et al. Fully automated
artificial intelligence solution for human epidermal growth factor
https://doi.org/10.1016/j.esmoop.2025.105310 9

https://www.astrazenecaclinicaltrials.com/our-transparency-commitments/
https://www.astrazenecaclinicaltrials.com/our-transparency-commitments/
http://www.vivli.org
http://www.vivli.org
https://vivli.org/members/enquiries-about-studies-not-listed-on-the-vivli-platform/
https://vivli.org/members/enquiries-about-studies-not-listed-on-the-vivli-platform/
https://vivli.org/ourmember/astrazeneca/
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref1
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref1
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref1
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref2
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref2
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref2
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref2
https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://seer.cancer.gov/statfacts/html/breast-subtypes.html
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref4
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref4
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref4
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref4
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref5
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref5
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref5
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref5
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref6
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref6
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref6
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref6
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref7
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref7
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref7
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref8
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref8
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref8
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref9
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref9
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref9
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref9
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref10
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref10
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref10
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref10
https://www.ema.europa.eu/en/medicines/human/EPAR/enhertu
https://www.ema.europa.eu/en/medicines/human/EPAR/enhertu
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-us-for-breast-cancer-post-et.html
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-us-for-breast-cancer-post-et.html
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-us-for-breast-cancer-post-et.html
https://daiichisankyo.us/prescribing-information-portlet/getPIContent?productName=Enhertu&amp;inline=true
https://daiichisankyo.us/prescribing-information-portlet/getPIContent?productName=Enhertu&amp;inline=true
https://daiichisankyo.us/prescribing-information-portlet/getPIContent?productName=Enhertu&amp;inline=true
https://daiichisankyo.us/prescribing-information-portlet/getPIContent?productName=Enhertu&amp;inline=true
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-eu-in-post-et-breast-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-eu-in-post-et-breast-cancer.html
https://www.astrazeneca.com/media-centre/press-releases/2025/enhertu-approved-in-eu-in-post-et-breast-cancer.html
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref15
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref15
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref15
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref16
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref16
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref16
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref17
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref18
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref18
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref18
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref18
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref19
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref19
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref19
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref19
https://elabdoc-prod.roche.com/eLD/api/downloads/951dae12-3736-ea11-fc90-005056a71a5d?countryIsoCode=gb
https://elabdoc-prod.roche.com/eLD/api/downloads/951dae12-3736-ea11-fc90-005056a71a5d?countryIsoCode=gb
https://elabdoc-prod.roche.com/eLD/api/downloads/951dae12-3736-ea11-fc90-005056a71a5d?countryIsoCode=gb
https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.html
https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.html
https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.html
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref22
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref22
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref22
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref22
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref23
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref23
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref23
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref24
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref24
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref24
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref24
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref25
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref25
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310


ESMO Open R. Shami et al.
receptor 2 immunohistochemistry scoring in breast cancer: a multi-
reader study. JCO Precis Oncol. 2024;8:e2400353.

26. Brevet M, Li Z, Parwani A. Computational pathology in the identifica-
tion of HER2-low breast cancer: opportunities and challenges. J Pathol
Inform. 2024;15:100343.

27. Tarantino P, Viale G, Press MF, et al. ESMO expert consensus state-
ments (ECS) on the definition, diagnosis, and management of HER2-
low breast cancer. Ann Oncol. 2023;34(8):645-659.

28. Rüschoff J, Friedrich M, Nagelmeier I, et al. Comparison of Hercep-
TestTM mAb pharmDx (Dako Omnis, GE001) with Ventana PATHWAY
anti-HER-2/neu (4B5) in breast cancer: correlation with HER2 amplifi-
cation and HER2 low status. Virchows Arch. 2022;481(5):685-694.

29. Rüschoff J, Penner A, Ellis IO, et al. Proficiency assessment of HER2-low
breast cancer scoring with the Ventana PATHWAY 4B5 and Dako
10 https://doi.org/10.1016/j.esmoop.2025.105310
HercepTest HER2 assays and the impact of pathologist training. San
Antonio, TX, USA: Abstract HER2-13. Poster presented at the San Antonio
Breast Cancer Symposium (SABCS) AnnualMeeting; December 6-10, 2022.

30. Miglietta F, Griguolo G, Bottosso M, et al. Evolution of HER2-low
expression from primary to recurrent breast cancer. NPJ Breast Can-
cer. 2021;7(1):137.

31. Mosele F, Deluche E, Lusque A, et al. Trastuzumab deruxtecan in
metastatic breast cancer with variable HER2 expression: the phase 2
DAISY trial. Nat Med. 2023;29(8):2110-2120.

32. ClinicalTrials.gov. NCT05950945. Trastuzumab deruxtecan (T-DXd) in
patients who have hormone receptor-negative and hormone receptor-
positive HER2-low or HER2 IHC 0 metastatic breast cancer. Updated.
December 27, 2024. Available at https://clinicaltrials.gov/study/
NCT05950945. Accessed January 3, 2025.
Volume 10 - Issue 6 - 2025

http://refhub.elsevier.com/S2059-7029(25)01179-2/sref25
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref25
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref26
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref26
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref26
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref27
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref27
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref27
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref28
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref28
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref28
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref28
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref28
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref29
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref29
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref29
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref29
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref29
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref30
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref30
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref30
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref31
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref31
http://refhub.elsevier.com/S2059-7029(25)01179-2/sref31
https://clinicaltrials.gov/study/NCT05950945
https://clinicaltrials.gov/study/NCT05950945
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310
https://doi.org/10.1016/j.esmoop.2025.105310

	Analytical and clinical validation of PATHWAY HER2 (4B5) assay for assessment of HER2-low/HER2-ultralow status and eligibil ...
	Introduction
	Materials and methods
	HER2 IHC scoring method
	Pre-analytical and staining protocol and analytical validation studies
	HER2 testing in DESTINY-Breast06
	Efficacy of T-DXd in tumor subgroups

	Results
	Analytical validation
	Patient disposition in DESTINY-Breast06
	Tumor sample characteristics
	HER2 status prevalence
	Efficacy of T-DXd in tumor subgroups

	Discussion
	Acknowledgements
	Funding
	Disclosure
	Data sharing
	References


