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Human epidermal growth factor receptor 2 (HER2)-low breast cancer has recently emerged as a targetable subset of
breast tumors, based on the evidence from clinical trials of novel anti-HER2 antibodyedrug conjugates. This
evolution has raised several biological and clinical questions, warranting the establishment of consensus to optimally
treat patients with HER2-low breast tumors. Between 2022 and 2023, the European Society for Medical Oncology
(ESMO) held a virtual consensus-building process focused on HER2-low breast cancer. The consensus included a
multidisciplinary panel of 32 leading experts in the management of breast cancer from nine different countries. The
aim of the consensus was to develop statements on topics that are not covered in detail in the current ESMO
Clinical Practice Guideline. The main topics identified for discussion were (i) biology of HER2-low breast cancer; (ii)
pathologic diagnosis of HER2-low breast cancer; (iii) clinical management of HER2-low metastatic breast cancer; and
(iv) clinical trial design for HER2-low breast cancer. The expert panel was divided into four working groups to
address questions relating to one of the four topics outlined above. A review of the relevant scientific literature
was conducted in advance. Consensus statements were developed by the working groups and then presented to
the entire panel for further discussion and amendment before voting. This article presents the developed
statements, including findings from the expert panel discussions, expert opinion, and a summary of evidence
supporting each statement.
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INTRODUCTION

Recognizing the biological and clinical relevance of human
epidermal growth factor receptor 2 (HER2) expression in
breast cancer has had a major impact on the treatment of
this disease.1,2 Approximately 30 years ago, breast tumors
harboring ERBB2 amplification and overexpression (HER2-
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positive breast cancers, 15%-20% of all cases) were identi-
fied as a distinct biologic subtype, associated with a worse
prognosis and an aggressive behavior compared with tu-
mors lacking these molecular alterations (HER2-negative
breast cancers, 80%-85% of all cases).3,4 This observation
led to pharmacological efforts to target HER2, which have
radically reshaped the way we treat HER2-positive tumors.2

Eight anti-HER2 drugs are currently approved by the Food
and Drug Administration (FDA) and/or the European Med-
icines Agency (EMA),5 and have turned HER2-positive breast
cancer into a highly curable disease in the early-stage
setting,6 as well as relevantly improved outcomes in the
metastatic setting.7 The diagnosis of HER2-positive status is
currently based on the detection of HER2 protein over-
expression on immunohistochemistry (IHC 3þ score) or
ERBB2 gene amplification on in situ hybridization (ISH).8

Given the lack of HER2 overexpression/ERBB2 amplifica-
tion, HER2-negative tumors have been historically classified
and treated based on the expression of hormone receptors,
with the distinction of two main clinical subtypes: hormone
receptor positive (estrogen receptor and/or progesterone
receptor-positive, HER2-negative) and triple-negative tumors
(estrogen receptor/progesterone receptor/HER2-negative).9

Of note, despite being defined HER2-negative, most of
these tumors still harbor detectable amounts of HER2 pro-
tein on cell membranes, with approximately two-thirds of
hormone receptor-positive and one-third of triple-negative
tumors exhibiting HER2-low expression (HER2 IHC score of
1þ or 2þ/ISH not amplified).10 Targeting HER2-low expres-
sion with anti-HER2 monoclonal antibodies has failed to
demonstrate meaningful clinical benefits,11 including in a
large phase III adjuvant trial.12 Nonetheless, the develop-
ment of potent anti-HER2 antibodyedrug conjugates (ADCs)
has recently allowed to effectively target even low HER2
expression.13 Multiple anti-HER2 ADCs have indeed showed
antitumor activity in early-phase trials enrolling patients with
HER2-low metastatic breast cancer, including trastuzumab
deruxtecan (T-DXd), trastuzumab duocarmazine, disitamab
vedotin, MRG002, and SHR-A1811, among others.14-18

Importantly, the phase III DESTINY-Breast04 (DB-04) trial
has demonstrated that T-DXd improves overall survival (OS)
compared with traditional chemotherapy among patients
with pretreated, HER2-low metastatic breast cancer.19 These
data have established the clinical relevance of HER2-low
expression in breast cancer, but have concomitantly raised
multiple controversies pertaining to the biology, nomencla-
ture, diagnosis, and treatment of breast cancer.

We have established an international panel of experts in
breast oncology to build consensus on the definition,
diagnosis, and management of HER2-low breast cancer.
METHODS

The aim of this consensus-building process was to discuss
controversial issues related to the definition, diagnosis, and
management of patients with HER2-low breast cancer.

The experts were identified by ESMO leadership/ESMO
Faculty assuring representation of diverse professional
646 https://doi.org/10.1016/j.annonc.2023.05.008
groups, geographic origin, sex, and age.The project chairs (PT
and GC) conducted a nonsystematic review of the relevant
literature in the field to inform the generation of key ques-
tions for the consensus process. An initial proposal for the list
of questions was produced by the project chairs, after the
cited narrative review. The proposal was then subject to
discussion and scrutiny by the entire expert panel within
dedicated virtual meetings. The virtual meetings included a
multidisciplinary panel of 32 leading experts from nine
different countries, and was chaired by PT and GC.

All experts were allocated to four different working
groups. Each working group covered a specific subject area
and was appointed two coordinators as follows:
� Biology of HER2-low breast cancer (coordinators: FA and
GPr)

� Pathologic diagnosis of HER2-low breast cancer (coordi-
nators: FPL and GV)

� Management of HER2-low metastatic breast cancer (co-
ordinators: SMT and SM)

� Clinical trial design (coordinators: JC and SL)

The experts of each working group, under the lead of the
coordinators, reviewed and modified the initial proposal of
questions by the addition or revision of topics, then
conveying a final list of relevant questions. The virtual
meetings were followed by email-based focus group in-
teractions, which led to the development of statements and
discussions for each of the relevant questions, based on
evidence available or expert opinion. The list of questions
was then voted upon by all the experts of the panel via
survey using a modified Delphi voting methodology. A first
round of Delphi voting was conducted for each consensus
statement. The presence of any disagreement during the
first round of voting elicited a check by the working group
coordinators for revision, and prompted a second Delphi
voting round until there was consensus (90%-100% agree-
ment of all the experts), majority agreement (75%-90%
agreement), or no agreement (<75% agreement).

Planning, preparation, and execution of the consensus
process was conducted according to the ESMO standard
operating procedures. All statements developed by the
group were accompanied by a level of evidence based on
the ‘Infectious Diseases Society of America-United States
Public Health Service Grading System’20 (Supplementary
Figure S1, available at https://doi.org/10.1016/j.annonc.
2023.05.008). The final manuscript was reviewed and
approved by all panel members.

RESULTS
BIOLOGY OF HER2-LOW BREAST CANCER

QUESTION 1: What definition should be used in clinical
practice for tumors lacking HER2 overexpression and/or
ERBB2 amplification, depending on the IHC score?

STATEMENT: In clinical practice, ‘HER2-negative’ should be
used according to the 2018 American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP)
Guidelines, for tumorswith IHC scores of 0, 1þ, or 2þ/ISH not
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amplified. ‘HER2-low’ may be used for a subset of HER2-
negative tumors, namely, those with IHC scores of 1þ or
2þ/ISH not amplified, according to the definition used in DB-
04. ‘HER2-0’may be used for tumors with an IHC score of 0 by
the 2018 ASCO/CAP Guidelines. ‘HER2-ultralow’ has been
proposed for tumorswith an IHC score>no staining<1þ and
may be used in the future if confirmed to be a targetable
entity in the ongoing DESTINY-Breast06 (DB-06) trial. ‘HER2-
null’ has been proposed for a subset of HER2-0 tumors with
no detectable HER2 staining in formalin-fixed paraffin-
embedded tissue sections, and may be used to complement
HER2-ultralow tumors, if these become an established entity.
Beyond the use of the aforesaid denominations, reporting the
HER2 IHC score is always encouraged. [III, C]

DISCUSSION: The emergence of the targetability of HER2-
low expression raised the need to utilize novel definitions
in clinical practice to interpret HER2 results and dissect
different clinical entities within tumors lacking HER2 over-
expression and/or ERBB2 amplification. To avoid mis-
interpretations and confusion, consensus regarding these
definitions is warranted.

The term ‘HER2-negative’ has been used for more than
two decades to define tumors lacking HER2 overexpression
and/or ERBB2 amplification (‘negative’ for the amplification
of the gene and/or associated overexpression of the pro-
tein), thus tumors with a IHC score of 0, 1þ, or 2þ/ISH not
amplified.8 This is an established term, precisely defined in
the 2018 ASCO/CAP Guidelines, and its definition should
not be modified for the moment.

The term ‘HER2-low’ was used in the NSABP B-47 trial,12

and subsequently used in the practice-changing DB-04
trial,19 for a subset of HER2-negative tumors, namely, tu-
mors with an HER2 IHC score of 1þ or 2þ/ISH not amplified.
The FDA and the EMA used the definitions from the DB-04
trial in the approval of T-DXd for these tumors, and it is
therefore reasonable to use it with the same definition. An
equal alternative, which may avoid confusion in clinical
decisions, is to use ‘HER2-negative’ accompanied by the IHC
score in parenthesis [e.g. HER2-negative (IHC 1þ)].
Table 1. Interpretation by the ASCO/CAP 2018 Guidelines and by the 2023 ESM
staining

Description of staining Denomination by 20
ASCO/CAP Guideline

- No staining HER2-0
- Incomplete or faint staining in �10% of invasive
tumor cells

HER2-0

- Incomplete or faint staining in >10% of invasive
tumor cells

HER2 1þ

- Weak to moderate complete membrane staining in >10%
of invasive tumor cells (ISH-negative)

HER2 2þ nonamplifie

- Weak to moderate complete membrane staining in >10%
of invasive tumor cells (ISH-positive)

HER2 2þ amplified

- Intense complete membrane staining in >10% of invasive
tumor cells

HER2 3þ

ASCO, American Society of Clinical Oncology; CAP, College of American Pathologists; HER2,
Bold are the actual definitions. In italics are potential future sub-definitions within the HER
aThe decision to establish the HER2-null and HER2-ultralow (or >no staining <1þ) catego
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The term ‘HER2-0’ has been recently suggested for IHC
0 tumors according to the 2018 ASCO/CAP Guidelines,21

which include both tumors with no staining for HER2 and
tumors with incomplete or faint/barely perceptible staining
in �10% of tumor cells (definition simplified in DB-04 by
removing ‘barely perceptible’). It is reasonable to use the
aforementioned simplification, used in DB-04, to describe
HER2-0 tumors.

The term ‘HER2-ultralow’ has been used to refer to a
subset of HER2-0 tumors, namely, tumors with an IHC score
>no staining <1þ, which include tumors with incomplete
or faint/barely perceptible staining in �10% of tumor cells.
Patients having tumors with such minimal staining are
included in the DB-06 trial, but no use of the term ‘ultralow’
is made in the study protocol. The decision to establish this
intermediate category will be determined based on the
results of the DB-06 trial.

The term ‘HER2-null’ has been used to refer to a subset of
HER2-0 tumors, namely, tumors with no staining for HER2.
This definition is also found in the DB-06 trial protocol, and
complements those tumors with a IHC score >no staining
<1þ (HER2-ultralow). The decision to establish this term,
complementary to the HER2-ultralow category, will be
determined based on the results of the DB-06 trial.

Table 1 summarizes the conclusions regarding each
pattern of HER2 IHC staining by the ASCO/CAP 2018
Guidelines and by the present 2023 ESMO Consensus
document.

Beyond the use of the aforementioned denominations,
reporting the IHC score is always encouraged in clinical
practice, with a double denomination expected to increase
the clarity of the definition. For instance, ‘HER2-negative’ or
‘HER2-low’ should be always accompanied by the specific
IHC score [e.g. HER2-negative (IHC 0), HER2-negative (IHC
1þ), HER2-low (IHC 1þ), with the last two definitions being
equivalent]. Similarly, it is always encouraged to include the
definition when using the term HER2-ultralow [e.g. HER2-
ultralow (IHC >no staining <1þ)], HER2-0 [e.g. HER2-
0 (IHC 0)], or HER2-null [e.g. HER2-null (no staining)].
O Consensus on HER2-low breast cancer regarding each pattern of HER2

18
s

Conclusion by 2018
ASCO/CAP Guidelines

Conclusion by 2023
ESMO clinical practice
recommendations

HER2-negative HER2-0 HER2-nulla

HER2-negative HER2-ultralow (or >no staining <1þ)a

HER2-negative HER2-low

d HER2-negative HER2-low

HER2-positive HER2-positive

HER2-positive HER2-positive

human epidermal growth factor receptor 2; ISH, in situ hybridization.
2-0 category.
ries will be dependent on the results of the DB-06 trial.
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Finally, the use of these definitions is not advocated in
pathology reports (as further detailed later in this manu-
script in statement 2.2), because the latter are meant to
provide the results of the HER2 testing, rather than its
clinical interpretation.

Level of consensus: 91% (n ¼ 29) agree, 9% (n ¼ 3)
disagree, (n ¼ 0) abstain.

QUESTION 2: Is HER2-low a distinct molecular entity, with
a different biology compared with HER2-0 tumors?

STATEMENT: No substantial molecular differences have
been demonstrated between HER2-low and HER2-0 tumors,
after correcting for the expression of hormone receptors.
Consequently, HER2-low should not be considered a distinct
molecular entity, but rather a heterogeneous group of tu-
mors, with biology primarily driven by the presence or
absence of hormone receptor expression. [II, A]

DISCUSSION: Several studies have explored the biological
features of HER2-low breast cancer, as defined by an IHC
score of 1þ or 2þ/ISH-negative.10,22-24 The results from
these studies show that HER2-low breast cancer represents
a biologically heterogeneous group of tumors with low
levels of immunoreactivity for HER2. Among HER2-low tu-
mors, the key determinant of the gene expression profile is
the expression of hormone receptors, with most hormone
receptor-positive tumors being luminal A or B, and most
hormone receptor negative-tumors being basal-like.10,22

After correcting for hormone receptor expression, only
marginal differences in gene expression are found between
HER2-low and HER2-0 tumors,10,22 highlighting how these
entities are not substantially different in terms of biology.
Similarly, large genomic studies have identified no specific
and consistent difference in genomic profiles between
HER2-low and HER2-0 tumors, after correcting for hormone
receptor expression.25-27

Given these considerations, HER2-low disease, as currently
defined, should not be considered a distinct molecular entity,
but rather a heterogeneous group of tumors, with biology
primarily driven by hormone receptor expression.

Level of consensus: 94% (n ¼ 30) agree, 6% (n ¼ 2)
disagree, (n ¼ 0) abstain.

QUESTION 3: What is the most likely mechanism of action
leading to antitumor activity of anti-HER2 drugs in HER2-
low breast cancer?

STATEMENT: To date, the only class of HER2-targeted drugs
that has shown clinically meaningful activity in HER2-low
breast cancer is represented by second-generation ADCs.
The mechanism of action of anti-HER2 ADCs in HER2-low
breast cancer is likely primarily related to the delivery of
cytotoxic molecules, rather than the blockade of the HER2
pathway. [II, C]

DISCUSSION: Classic anti-HER2 drugs that disrupt the HER2
pathway (e.g. trastuzumab12 and pertuzumab28) have failed
to provide benefit in HER2-low breast cancer, including in the
large randomized phase III NSABP-B47 trial that enrolled 3270
648 https://doi.org/10.1016/j.annonc.2023.05.008
patients with HER2-low breast cancer, showing no benefit
from adjuvant trastuzumab in this population.12 By contrast,
several novel ADCs achieved relevant antitumor activity in
the HER2-low disease.14-18 The anti-HER2 ADC trastuzumab
duocarmazine (SYD985), which carries an alkylating payload
(seco-DUBA), demonstrated an objective response rate (ORR)
of 31% and a median progression-free survival (PFS) of w4
months among 47 patients with HER2-low metastatic breast
cancer enrolled in a phase I trial.15 Further testing of this
agent for HER2-negative metastatic breast cancer is ongoing
within the neoadjuvant I-SPY trial (NCT01042379). The anti-
HER2 ADC disitamab vedotin (RC48-ADC), carrying a micro-
tubule inhibitor as payload (monomethyl auristatin E), was
tested in 48 Chinese patients with HER2-low metastatic
breast cancer, achieving an ORR of 39.6% and amedian PFS of
5.7 months.16 A phase III trial is ongoing to compare the ac-
tivity of disitamab vedotin with traditional chemotherapy in
patients with chemotherapy-refractory, HER2-lowmetastatic
breast cancer (NCT05831878). A different monomethyl
auristatin E-based anti-HER2 ADC, MRG002, has also shown
activity in a phase II study enrolling patients with advanced or
metastatic HER2-low breast cancer (n ¼ 56), with an ORR of
34.7% and a similar response rate in patients with IHC 2þ and
1þ tumors.18 Finally, promising activity has been observed
with the novel anti-HER2 ADC SHR-A1811, which similar to T-
DXd carries a topoisomerase 1 inhibitor as payload (the
exatecan derivative SHR9265). In a phase I trial enrolling 77
patients with HER2-low metastatic breast cancer, SHR-A1811
demonstrated an ORR of 49.4% and a 6-month PFS rate of
63.8%.29 Further testing of SHR-A1811 is ongoing in a phase
III trial that compares the activity of the conjugatewith that of
conventional chemotherapy among patients with
chemotherapy-refractory or chemotherapy-naïve, HER2-low
metastatic breast cancer (NCT05814354). The only anti-
HER2 ADC for which randomized data are available in the
HER2-low setting is however T-DXd, which was tested in the
randomized phase III DB-04 trial and demonstrated to
outperform physician’s choice of chemotherapy,19 rapidly
becoming an approved treatment option for pretreated pa-
tients with HER2-low metastatic breast cancer.

Overall, given the little benefit observed in HER2-low
breast cancer with naked anti-HER2 antibodies, and the
promising activity observed with several ADCs, the presence
of a cytotoxic payload appears to be key to achieve a clin-
ically meaningful antitumor activity in the absence of HER2
amplification and/or overexpression. In line with this hy-
pothesis, preclinical evidence suggested the key mechanism
of action of T-DXd to be dependent on the targeted delivery
of cytotoxic molecules, rather than the blockade of the
HER2 pathway.30,31 Nilsson and colleagues32 have indeed
recently shown that T-DXd-exposed tumor cell lines develop
resistance through a reduced sensitivity to the topoisom-
erase 1 payload.

Further insights regarding the mechanism of action of T-
DXd come from the DAISY phase II trial.33,34 DAISY included
chemotherapy pretreated patients with HER2-positive (n ¼
68), HER2-low (n ¼ 73), and HER2-0 (n ¼ 38) metastatic
breast cancer treated with T-DXd. Meaningful response rates
Volume 34 - Issue 8 - 2023
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were seen in all HER2 categories, with the highest rate in
HER2-positive disease (71% HER2-positive, 38% HER2-low,
and 30% HER2-0). PFS varied by HER2 category (11.1 months
HER2-positive, 6.7 months HER2-low, 4.2 months HER2-0),
although the small numbers impair definitive conclusions.
Overall, this trial suggested that clinically meaningful activity
with T-DXd can be achieved in both HER2-positive and HER2-
low metastatic breast cancer, and that antitumor activity can
be observed even in HER2-0 tumors. It is therefore still un-
clearwhether HER2 expression is strictly required for T-DXd to
be active, or whether other factors may be implicated in its
activity against tumors lacking HER2 overexpression and/or
ERBB2 amplification.

Level of consensus: 97% (n ¼ 31) agree, 3% (n ¼ 1)
disagree, (n ¼ 0) abstain.

QUESTION 4: Is there sufficient evidence to attribute a
prognostic value to HER2 expression within HER2-negative
breast cancer?

STATEMENT: There is insufficient evidence to attribute a
meaningful prognostic value to HER2-low expression, as
currently defined (IHC 1þ or 2þ/ISH-negative). Most
studies carried out to elucidate this aspect have not iden-
tified significant survival differences between HER2-low and
HER2-0 breast cancers, after adjusting for hormone receptor
expression. [II, A]

DISCUSSION:Multiple large retrospective studies have been
carried out to elucidate the prognostic value of HER2-low
expression in breast cancer, both in the early-stage and in
the metastatic settings.10,21,22,24,35-46 Most of these studies
have not identified a meaningful difference in OS between
HER2-low and HER2-0 tumors, after adjusting for hormone
receptor expression. The largest study conducted to date,
which included over a million patients with HER2-negative
breast cancer (n ¼ 1 136 016) found marginal statistical
differences in survival, with nearly overlapping Kaplane
Meier curves between HER2-low and HER2-0 tumors in all
tumor stages.45 Few additional studies have identified small
differences in outcomes for HER2-low versus HER2-0 tu-
mors:21,47 these differences warrant further study, but given
their inconsistency and small size, they remain not clinically
meaningful at present.

Studies have been also conducted to elucidate whether
HER2-low expression could impact the prognosis of patients
receiving specific types of drugs [e.g. cyclin-dependent ki-
nase 4/6 (CDK4/6) inhibitors48-51], with contradictory re-
sults, and overall insufficient evidence to support a
meaningful prognostic value.

Level of consensus: 94% (n ¼ 30) agree, 6% (n ¼ 2)
disagree, (n ¼ 0) abstain.

QUESTION 5: Do higher IHC levels of HER2 predict a higher
activity of HER2-targeted ADCs within traditionally HER2-
negative breast cancer?

STATEMENT: The predictive value of HER2 IHC levels within
traditionally HER2-negative disease remains unclear.
Volume 34 - Issue 8 - 2023
Indeed, T-DXd has shown similar efficacy in patients with
tumors scored HER2 IHC 1þ and 2þ/ISH-negative, and
antitumor activity has been even observed in patients with
HER2-0 tumors. [II, C]

DISCUSSION: Several HER2-directed ADCs have demon-
strated activity in HER2-low tumors (IHC 1þ or 2þ/ISH-
negative),14-18 with T-DXd being approved to treat HER2-low
metastatic breast cancer. However, no differential benefit
has been established with these agents depending on the
HER2 IHC score. For instance, in the phase I J101 trial, T-DXd
had an ORR of 35.7% and 38.5% in patients with tumors
scored IHC 1þ and 2þ/ISH-negative, respectively.14

Furthermore, in the BEGONIA phase Ib/II trial, first-line T-
DXd þ durvalumab achieved an ORR of 67.6% and 38.1% in
patients with triple-negative tumors scored IHC 1þ and 2þ/
ISH-negative, respectively.52 Lastly, in the DB-04 trial, T-DXd
achieved a PFS of 10.3 and 10.1 months in patients with
tumors scored IHC 1þ and 2þ/ISH-negative, respectively.19

Thus the specific IHC score within the HER2-low definition
does not appear to impact the efficacy of T-DXd.

Neither T-DXd nor other anti-HER2 ADCs have been
extensively analyzed in HER2-0 disease. The small phase II
DAISY trial has, however, shown antitumor activity in this
subset of patients, demonstrating an ORR 30% for patients
with HER2-0 metastatic breast tumors.34 The ongoing,
prospective DB-06 phase III trial is investigating the role of
T-DXd in patients with HER2-0 metastatic breast cancer
with detectable HER2 staining (HER2-ultralow, i.e. HER2 IHC
>no staining <1þ, and is expected to shed some light on
this topic.

ADCs targeting other antigens, such as the anti-Trop2
sacituzumab govitecan (SG), have been demonstrated to
be active in traditionally HER2-negative breast cancer
regardless of HER2 and Trop2 expression levels.53

Level of consensus: 97% (n ¼ 31) agree, 3% (n ¼ 1)
disagree, (n ¼ 0) abstain.
PATHOLOGIC DIAGNOSIS OF HER2-LOW BREAST CANCER

QUESTION 1: How should pathologists score HER2-low
expression?

STATEMENT: Pathologists should score HER2-low expres-
sion using the ASCO/CAP 2018 algorithm, with recommen-
dation of the simplification utilized in the DB-04 trial,
namely, the use of ‘faint’ rather than ‘faint/barely percep-
tible’ for the definition of 0 and 1þ. Results from ongoing
clinical trials may lead to further evolutions of this algo-
rithm in the future. [III, C]

DISCUSSION: In the DB-04 trial, the IHC assay utilized to test
for HER2 is identical with the commercially available Path-
wayHER2 4B5 assay, but the interpretation slightly differed
from the ASCO/CAP Guidelines.19 The simplification of
scoring in DB-04 consisted in replacing ‘faint/barely
perceptible’ staining with ‘faint’ in the definition of 0 and
1þ. This study clinically validated HER2 as a biomarker using
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the PathwayHER2 assay, as well as the algorithm that was
utilized. Therefore it is reasonable to keep using the ASCO/
CAP 2018 algorithm8 to score HER2, with recommendation
of the simplification utilized in the DB-04 trial.9

Importantly, given that ongoing trials (e.g. DB-06) are
evaluating the role of T-DXd beyond canonically defined
HER2-low disease (i.e. in tumors scored IHC >no staining
<1þ), further evolutions of current HER2 testing algorithms
may occur in the years to come.

In addition, given some suggestion from the DAISY phase
II trial of a reduced activity of T-DXd among tumors with
significant HER2 heterogeneity (i.e. a high percentage of
HER2 IHC 0 cells and their spatial distribution),34 explor-
atory studies evaluating the predictive value of HER2
intratumoral heterogeneity and its spatial pattern (whether
it is clustered or scattered i.e. closely intermingled) are
warranted.

Level of consensus: 90% (n ¼ 26) agree, 10% (n ¼ 3)
disagree, (n ¼ 3) abstain.

QUESTION 2: How should pathologists report HER2-low
expression in pathology reports?

STATEMENT: In reporting HER2 testing results, pathologists
should maintain a nomenclature consistent with the ASCO/
CAP 2018 algorithm. The HER2 IHC score (0, 1þ, 2þ, or 3þ)
should always be included in the report. This, in turn, allows
clinicians to determine whether the case can be considered
eligible for T-DXd, or for trials of other agents targeting
HER2-low expression. The use of the term ‘HER2-low’ is not
preferable in the pathology report, whereas its use is
justified in clinical practice as an interpretation of the HER2
status of the disease. [III, C]

DISCUSSION: The ASCO/CAP Guidelines are utilized world-
wide and have allowed for a consistent reporting of HER2
status in pathology reports during the past 15 years. More-
over, reports that adopt these guidelines allow clinicians to
discern those tumors that are HER2-low, if the HER2 IHC score
(and ISH amplification status, when appropriate) is reported.
This permits identification of those patients that are eligible
for T-DXd or other agents targeting HER2-low expression
(namely, patients with tumors exhibiting an IHC score of 1þ
or 2þ/ISH not amplified), despite being traditionally defined
HER2-negative per the ASCO/CAP Guidelines.8

Given the aforementioned considerations, when report-
ing HER2 results in pathology reports, it is important to be
consistent with the ASCO/CAP 2018 algorithm,8 with
attention to always include the specific IHC score that al-
lows to discern whether the tumor is HER2-low, and with
recommendation of the simplification utilized in the DB-04
trial,9 namely, the use of ‘faint’ rather than ‘faint/barely
perceptible’ for the definition of IHC 0 and 1þ.

The use of the term ‘HER2-low’ in the pathology report is
not expected to add clinically relevant information that
cannot be derived from the IHC score itself. Its use is
therefore not preferable in pathology reports, unless it is
strongly felt by the pathologist to be required for specific
650 https://doi.org/10.1016/j.annonc.2023.05.008
reimbursement or clinical reasons. It is instead reasonable
to use the term ‘HER2-low’ elsewhere (e.g. clinical notes,
trial protocols, scientific publications) as an interpretation
of the HER2 status of the disease.

Level of consensus: 100% (n ¼ 30 agree), 0% (n ¼ 0)
disagree, (n ¼ 2 abstain).

QUESTION 3: Can all validated HER2 assays be used
interchangeably to identify HER 0, 1D, or HER2 2D/ISH
not amplified breast cancer?

STATEMENT: Use of a validated HER2 assay according to
established international guidelines is recommended to
identify HER2 0, 1þ, or HER2 2þ/ISH not amplified breast
cancer. Adequate assays include the Pathway 4B5 assay
(used in the DB-04 trial) or any other validated assay that
the pathologists considered appropriate after weighing
available evidence and practical considerations. [III, C]

DISCUSSION: In the DB-04 trial, patients were enrolled
based on the IHC results obtained with the Pathway 4B5
assay, using the modified ASCO/CAP 2018 Guidelines.9 It is
unclear whether selection of the patients using another test
would have resulted in a similar, lower, or higher clinical
benefit.

There are several other IHC assays available and used by
the pathology community, namely, the historical HercepTest
pAb (Autostainer, SK001); the recently launched
HercepTest� mAb pharmDx (Dako Omnis, GE001, using
monoclonal DG44 antibody); the BondTM Oracle HER2 IHC
system (Leica Biosystems) using the Mouse CB11 antibody/
clone; the InSiteR HER2-neu from Biogenex Laboratories,
which also uses the mouse CB11 antibody/clone, among
others. According to the data from proficiency testing, such
as NordiQC,54 in daily practice, pathology laboratories use a
variety of assays, including laboratory-developed tests, that
can be used interchangeably with success for the detection of
HER2-positive breast cancer (i.e. 3þ and 2þ/ISH amplified).

Two studies addressed the issue of different assays with
regard to concordance in the detection of HER2-low
expression: (i) HercepTest pAb Autostainer SK001 versus
4B5 Ventana Pathway55 and (ii) HercepTest pAb (Autostai-
ner,SK001) versus HercepTest� mAb pharmDx (Dako
Omnis, GE001) versus 4B5 Ventana Pathway.56 4B5 identi-
fied a higher proportion of HER2-low cases than Herceptest
SK001. By contrast, HercepTest GE 001 picked up more
HER2-low cases than 4B5. Of note, a more sensitive test is
not necessarily more predictive of response to the therapy.

Ultimately, the pathologist has the responsibility to weigh
available evidence with local practical considerations to
decide on the appropriate use of HER2 assays, and be held
accountable for their choice. Participation in external
quality assessment (EQA) programs and addition of controls
or reference materials calibrated with low-intensity staining
will help in the harmonization of the different assays and
laboratory-developed tests.

Level of consensus: 93% (n ¼ 28) agree, 7% (n ¼ 2)
disagree, (n ¼ 2) abstain.
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QUESTION 4: How should pathologists handle cases that
are on the borderline between 0 and 1D?

STATEMENT: There is currently insufficient evidence to
recommend how best to categorize cases that are not
clearly either HER2-0 or HER2 1þ by IHC. At present, cases
that are on the borderline between HER2-0 and HER2 1þ
scores should be examined at high-power magnification,
reviewed by at least one other pathologist, and be cate-
gorized as best as possible as either HER2-0 or HER2 1þ
using the current ASCO/CAP Guidelines. Further evidence
may clarify in the future the clinical role of these borderline
levels of HER2 IHC expression. [III, C]

DISCUSSION: The ASCO/CAP HER2 Clinical Practice Guide-
lines provide definitions of HER2-0 and HER2 1þ staining,
but do not provide recommendations regarding the inter-
pretation of cases that do not clearly fulfill the definition of
either HER2-0 or HER2 1þ.8 Further, there is no reflex
testing that can be done to resolve this issue as there is for
HER2 2þ (equivocal) cases, where HER2 ISH is used to
clarify the HER2 status.

How best to categorize ambiguous cases is an unresolved
issue and until recently has been a moot point since both
HER2-0 and HER2 1þ cases were considered HER2-negative.
While this distinction is now important in the era of novel
anti-HER2 ADCs, it is in many ways more of a clinical ques-
tion than a pathology question, that is, is it more clinically
appropriate to err on the side of overcalling a case HER2 1þ
to ensure that the patient receives potentially beneficial
therapy or to err on the side of undercalling a case HER2-
0 with the possibility that the patient may be denied a
treatment from which she or he may benefit?

Notwithstanding the aforesaid issues, a number of prac-
tices could help in the interpretation of borderline cases
including (i) examining HER2 IHC at high-power magnifica-
tion; (ii) considering review by a second pathologist; (iii) using
controls with a range of protein expression including 1þ
cases; and (iv) paying careful attention to preanalytic factors.

Of note, data from the phase II DAISY trial highlighted
antitumor activity of T-DXd even in patients with HER2-0
disease.34 If this activity is confirmed, the distinction
between HER2-0 and HER2 1þ may again become moot. In
addition, the targetability of ultralow (i.e. IHC >no staining
<1þ) tumors is currently under investigation in the DB-06
phase III trial. If HER2 ultralow expression confirms to be
targetable, one could expect T-DXd indication to expand to all
HER2 not amplified cases, except those patients whose tumors
have no IHC expression at all (HER2-null).

Overall, while it remains critical to develop practices to
improve the concordance in distinguishing low HER2
scores,57 equal attention needs to be dedicated to under-
standing the lower end of the targetability of HER2
expression with novel anti-HER2 ADCs.

Level of consensus: 94% (n ¼ 30) agree, 6% (n ¼ 2)
disagree, (n ¼ 0) abstain.

QUESTION 5: What additional education and training do
pathologists require to report HER2-low breast cancer?
Volume 34 - Issue 8 - 2023
STATEMENT: Pathologists should participate in focused
education and training programs on how to report HER2-
low breast cancer according to the latest ASCO/CAP
Guidelines. [III, C]

DISCUSSION: Given the demonstrated activity of anti-HER2
ADCs in HER2-low breast cancer, it is extremely important to
raise awareness on this topic among pathologists reporting
HER2 for breast cancer, and to stress the clinical relevance
of the distinction between 0 and 1þ staining.

Data are emerging regarding the beneficial impact of
pathologist training in reproducibly reporting HER2-low
expression. An international study was carried out among
77 pathologists from 14 different countries; the participants
were asked to interpret HER2 expression from two whole-
slide imaging sample sets of representative study cases. A
second round of scoring occurred after a 4-h virtual training
session based on the ASCO/CAP 2018 Guideline with addi-
tional practical considerations. Among the samples stained
with the Ventana 4B5 assay, the concordance rates for
HER2-0 improved from 74.6% at baseline to 89.2% after the
training session (P < 0.001).58

Provision of scoring guidelines with definition of 1þ
staining, along with visual aids, live lectures, and web-based
training including challenging cases is warranted to enable
pathologists to accurately identify and report HER2-low
breast cancer. Pathologists can include this as part of their
continuing professional development.

These efforts will require to be adapted to the evolving
landscape of HER2-targeting strategies, including the po-
tential evidence of a clinical role for ultralow >no staining
<1þ HER2 IHC expression, and additional evidence that
may emerge in the future in this field.

Level of consensus: 94% (n ¼ 30) agree, 6% (n ¼ 2)
disagree, (n ¼ 0) abstain.

QUESTION 6: What is the role of external quality assurance
programs in the setting of HER2 staining?

STATEMENT: EQA programs can improve the accuracy and
reproducibility of HER2 scoring for breast cancer. To achieve
these tasks, the formal inclusion of the IHC 1þ category is
warranted in EQA programs. [III, C]

DISCUSSION: There are currently several EQA programs for
assessment of HER2 IHC such as UK NEQAS, NordiQC,
AFAQAP, and QuIP. The UK NEQAS test slide currently in-
cludes cell line controls including all levels of HER2
expression (0, 1þ, 2þ, and 3þ), although it is not presently
a requirement for laboratories to include in-house 1þ
control material. The AFAQAP test slides now include 0, 1þ,
and 2þ/ISH not amplified tumor cases along with 2þ/ISH-
amplified and 3þ. For accurate and reproducible identifi-
cation of HER2-low breast cancer, the 1þ category needs to
be formally included and assessed in EQA programs. This
will also generate real-world data on performance of
different HER2 antibodies across a variety of automated IHC
staining platforms. In some countries participation in HER2
EQA is mandatory as part of the breast screening program,
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breast cancer center certification, and quality assurance
requirements (ISO 15189, ISO17020); however, even in
countries where this is not the case, participation in HER2
EQA including HER2-low should be encouraged.

Formal QA is needed to ensure tests are sensitive enough
to pick up low levels of expression while not reducing
specificity for identification of amplified tumors.

Level of consensus: 94% (n ¼ 29) agree, 6% (n ¼ 2)
disagree, (n ¼ 1) abstain.

QUESTION 7: What technologies may improve the quan-
titative detection of HER2-low expression in breast
cancer?

STATEMENT: Several novel technologies are being devel-
oped to obtain a more quantitative and reproducible
detection of HER2 in the low range compared with standard
IHC/ISH testing. No alternative technology for the assess-
ment of HER2-low expression is, however, ready for use in
clinical practice in the current absence of clinical validation
and/or utility. [II, C]

DISCUSSION: Research technologies such as the AQUA�
method of quantitative immunofluorescence have been
designed to test a range of antibody concentrations to
maximize the sensitivity within the lower range of HER2
expression.59 Of note, the study by Moutafi et al.59 relied
heavily on tissue microarrays that do not replicate clinical
specimens and are not affected by heterogeneity of clinical
specimens. In addition, tissues from patients treated with
HER2-targeted ADCs were not tested, thus clinical validation
of the assay remains pending.

Deep learning-based image analysis was used to quanti-
tate HER2 and generate a quantitative continuous score
(QCS) for 151 patients with metastatic breast cancer with
varying levels of HER2 expression enrolled in the J101 phase
I trial of T-DXd.60 Of the 65 patients identified as having
HER2-low tumors by HER2 IHC scoring, 42% of patients
treated with T-DXd experienced a response in the trial and
the median PFS was 11 months. When investigators used
HER2 QCS, the same population was stratified into QCS-high
and a QCS-low subgroup. The HER2 QCS-high subgroup
included 21 of the 27 responders in the study, and as a
result the response rate increased to 53%, with a median
PFS of 14.5 months. The QCS-low subgroup instead had a
response rate of 24% and a median PFS of 8.6 months.60

Beyond developing quantitative assays with a broader
range of detection, a key unmet need remains the
improvement of concordance in HER2 scoring among pa-
thologists. In this setting, artificial intelligence (AI)-powered
HER2 analysis may help achieve consistent HER2 expression
level evaluation in breast cancer by reducing interobserver
variability in HER2-low cases.61 In the study by Jung and
colleagues,61 concordance between observers using manual
scoring was 25.7% in 1þ and 45.8% in 2þ (k ¼ 0.242 and
0.475, respectively), whereas the use of AI-based interpre-
tation increased concordance to 68.9% in 1þ and 68.8% in
2þ (k ¼ 0.687 and 0.712, respectively). Similarly, Wu and
652 https://doi.org/10.1016/j.annonc.2023.05.008
colleagues62 have conducted a study comparing the per-
formance of 15 pathologists at scoring HER2 IHC slides with
and without AI assistance, demonstrating a meaningful
advantage in terms of accuracy and consistency when AI
algorithms were adopted. Despite these technologies being
highly promising, there are several bottlenecks to the
development of AI-powered HER2 analyzers: digitalization
of pathology departments is only starting in many countries
and the performance of different AI-powered HER2 ana-
lyzers on the same set of samples is still an unresolved
issue. Overall, the development of AI-dedicated solutions
will need to be considered a high priority in the future.

Level of consensus: 100% (n ¼ 31) agree, 0% (n ¼ 0)
disagree, (n ¼ 1) abstain.

MANAGEMENT OF HER2-LOW METASTATIC BREAST
CANCER

QUESTION 1: In order to select patients with breast cancer
for treatment with T-DXd, should HER2-low expression be
determined based on the most recent tumor biopsy, or on
any tumor biopsy during the course of disease?

STATEMENT: Treatment with T-DXd can be based on HER2-
low status from the primary tumor or at any point in the
metastatic setting. In cases of HER2-0-only status
throughout the disease history, a repeated biopsy is sug-
gested to reevaluate the HER2 status. [I, B]

DISCUSSION: Based on the currently available data from the
pivotal DB-04 study,19 patients’ inclusion was based on the
most recent available tumor tissue to centrally determine
HER2-low status. HER2-low status was therefore based on a
case mix of primary tumor and metastatic tissue. Approxi-
mately 90% of tumor samples centrally tested in DB-04
were from archival tumor tissue, with only 10% being
from newly obtained biopsies prior to starting protocol
therapy; 35% of tumor samples were primary tumor sam-
ples, with the rest from the metastatic setting. In addition,
w50% of samples were from 2019 (the year the study
began enrollment) or earlier. Efficacy of T-DXd compared
with treatment of physician’s choice was consistent
regardless of tumor sample characteristics.63

A challenge with determination of HER2-low status is that
it can be dynamic.Miglietta et al.64 reported a change inHER2
status in 26.4% of cases between baseline core biopsies prior
to preoperative systemic therapy and residual disease from
the time of surgery,mostly driven by HER2-0 cases converting
either from (14.8%) or to (8.9%) HER2-low-positive pheno-
type. The same team reported a 38% overall rate of HER2
discordance between primary tumor and relapse in a series of
547 cases, mostly represented by HER2-0 switching to HER2-
low (15%) and HER2-low switching to HER2-0 (14%).65 Tar-
antino et al.66 evaluated the evolution of HER2 expression
between the primary tumor and the first biopsy collected in
the advanced setting in 232 patients. Among the overall
population, 44% of the HER2-0 primary tumors had an in-
crease in HER2 score at the time of recurrence, and 22% of
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HER2-low primary tumors became HER2-0. Another chal-
lenge can be heterogeneity in HER2-low status even at the
same timepoint. A rapid autopsy series looking at tissue from
different locations found that HER2 status was highly variable
evenwithin an individual patient, with 80% of patients having
both HER2-low and HER2-0 metastases analyzed with the
HercepTest.67

Thus HER2-low expression appears highly unstable during
disease evolution for reasons that could be related to
temporal heterogeneity, spatial heterogeneity, and (pre)
analytic aspects, among others. Repeat biopsy in case of a
HER2-0 tumor may open new therapeutic opportunities in a
relevant proportion of patients. In cases where there is a
HER2-low result at one timepoint and a HER2-0 result at a
different timepoint, treatment with T-DXd can be consid-
ered, as long as there was a HER2-low result at some point
in time in the disease course. In addition, in a case where a
patient has tumor samples obtained at the same point in
time that are discordant (i.e. one is HER2-0 and the other
HER2 low), consideration of therapy with T-DXd should be
made given the survival benefit that could be obtained.

Level of consensus: 97% (n ¼ 30) agree, 3% (n ¼ 1)
disagree, (n ¼ 1) abstain.

QUESTION 2: What is the best position for T-DXd in the
treatment of HER2-low metastatic hormone receptor pos-
itive breast cancer in clinical practice?

STATEMENT: Patients with HER2-low (IHC 1þ or IHC 2þ/ISH-
negative), hormone receptor-positive metastatic breast can-
cer who have received prior CDK4/6 inhibitor therapy and at
least one previous line of chemotherapy (or have experi-
enced progression within 6 months of [neo]adjuvant
chemotherapy) and are considered to have endocrine re-
fractory disease are candidates for T-DXd if they do not have
contraindications. In cases where both T-DXd and SG are
available options, T-DXd should be prioritized, given that it
was studied in a less pretreated population of patients. [II, A]

DISCUSSION: In the DB-04 trial, 70% of patients with hor-
mone receptor-positive disease had previously received a
CDK4/6 inhibitor, and a subgroup analysis suggested that
patients derived benefit from T-DXd regardless of previous
treatment with a CDK4/6 inhibitor.19 Given the demon-
strated survival advantage,68 treatment with a CDK4/6 in-
hibitor in any setting is recommended prior to receiving T-
DXd, in regions where available. Subgroup analysis in DB-04
also showed similar hazard ratio (HR) for disease progres-
sion or death in patients who had received one versus two
lines of chemotherapy. Therefore patients should have at
least received one line of chemotherapy in the metastatic
setting, with the exception of patients experiencing recur-
rence on or within 6 months of (neo)adjuvant chemo-
therapy, prior to receiving T-DXd.

Currently, there are no available data with respect to the
optimal selection strategy regarding the use of T-DXd and SG,
in pretreated patients with HER2-negative, hormone
receptor-positive metastatic breast cancer. However, recent
Volume 34 - Issue 8 - 2023
studies support the activity of both agents in this patient
population. The DB-04 trial clearly demonstrated the efficacy
of T-DXd in pretreated patients with HER2-low metastatic
breast cancer.19 Moreover, the TROPiCS-02 study showed the
activity of SG in patients with HER2-negative, hormone
receptor-positive disease who had received two to four lines
of chemotherapy in the metastatic setting.69 Furthermore, a
post hoc subgroup analysis by HER2 IHC status in the
TROPiCS-02 trial demonstrated efficacy for SG, in both HER2-
low and HER2-0 groups.53 The HRof 0.58with SG in HER2-low
disease was similar to the HR of 0.51 with T-DXd in the DB-04
trial, although achieved in a more advanced setting.

Based on the currently available data in pretreated pa-
tients with HER2-negative, hormone receptor-positive
metastatic breast cancer, T-DXd is the standard of care,
while SG is another valid option in cases with HER2-low
disease. Although there is some suggestion of activity of
T-DXd even in HER2-0 metastatic breast cancer,34 SG is
currently considered the only ADC for HER2-0 disease. There
is a greater body of evidence for use of T-DXd in a less
pretreated population (one to two prior lines of chemo-
therapy), whereas SG was tested among patients who had
received two to four prior lines of chemotherapy in the
metastatic setting, making the preference for use of T-DXd
in an earlier line of therapy.

Importantly, data regarding the safety and activity of SG
in patients with metastatic breast cancer who have already
received an ADC with a different target, such as T-DXd, are
lacking. However, there is no biological rationale to suggest
that the administration of SG following previous treatment
with T-DXd would be either inefficient or unsafe. Conse-
quently, previous treatment with T-DXd should not be
considered a contraindication for treatment with SG.

Level of consensus: 90% (n ¼ 27) agree, 10% (n ¼ 3)
disagree, (n ¼ 2) abstain.

QUESTION 3: What is the best position for T-DXd in the
treatment of HER2-low metastatic triple-negative breast
cancer?

STATEMENT: For the treatment of patients with metastatic
HER2-low triple-negative breast cancer (TNBC), evidence at
this time is more robust for SG given prior to T-DXd, thus SG
should be considered first, whereas T-DXd may be consid-
ered after SG. [II, B]

DISCUSSION: While the primary objective of DB-04 was
comparison of PFS in patients with metastatic hormone
receptor-positive breast cancer (n ¼ 494), the trial also
included a cohort of 58 patients with hormone receptor-
negative HER2-low metastatic breast cancer (i.e. TNBC). In
the TNBC cohort, patients treated with T-DXd, compared
with physician’s choice chemotherapy, had improved PFS
[HR ¼ 0.46, 95% confidence interval (CI) 0.24-0.89] and OS
(HR ¼ 0.48, 95% CI 0.24-0.85). Given the exploratory
endpoint, there was no P value assigned to results. How-
ever, this group was included in the full analysis population
of the trial where the results were again statistically
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significant in favor of T-DXd for PFS and OS, hence the
overall trial results led to FDA approval of T-DXd for patients
with metastatic HER2-low TNBC who have received at least
one prior line of chemotherapy. Noteworthy, patients with
metastatic HER2-low TNBC were also enrolled in both the
DAISY phase II trial34 and the BEGONIA phase Ib trial,52

demonstrating encouraging response rates and further
supporting that activity of T-DXd can be observed in HER2-
low breast cancer, regardless of the presence or not of
hormone receptor expression.

SG is also approved as second-line and beyond therapy
for patients with metastatic TNBC based on improvement in
both PFS (HR ¼ 0.41, 95% CI 0.32-0.52; P < 0.0001) and OS
(HR ¼ 0.48, 95% CI 0.38-0.59; P< 0.0001) seen in the phase
III ASCENT clinical trial (n ¼ 529). While there are no ran-
domized data directly comparing SG with T-DXd, there is a
higher level of evidence for SG (compared with T-DXd) in
metastatic TNBC, as evaluation in this disease was the pri-
mary objective of the ASCENT trial. If SG is chosen first, T-
DXd could be given after, although prospective data sup-
porting ADC sequencing are currently lacking and subject to
ongoing investigation.

Level of consensus: 93% (n ¼ 27) agree, 7% (n ¼ 2)
disagree, (n ¼ 3) abstain.

QUESTION 4: What is the recommendation for prevention
and management of nausea and vomiting when utilizing
T-DXd?

STATEMENT: For patients receiving T-DXd, the use of a
prophylactic antiemetic regimen including a 5-HT3 receptor
antagonist, dexamethasone, and a neurokinin-1 receptor
antagonist is recommended. [II, A]

DISCUSSION: Gastrointestinal toxicities are among the most
common toxicities with T-DXd, with nausea occurring in 73%
of patients in DB-04, and vomiting occurring in 34%.19

These rates are consistent with what were observed in
the HER2-positive disease, with a rate of any-grade nausea
of 73% and 77% observed in the DESTINY-Breast02 and
DESTINY-Breast03 phase III trials, respectively.70,71 Similar
rates were reported in a consensus regarding the real-world
emetogenicity of T-DXd, with up to 65% of the patients
noticed to experience nausea and vomiting after the first T-
DXd cycle.72 Based on these high rates of emetogenicity,
even in the presence of two-drug prophylactic regimens
(e.g. dexamethasone and a 5-HT3 receptor antagonist), T-
DXd is currently considered a highly emetogenic drug by the
latest NCCN Guidelines,73 warranting a routine antiemetic
prophylaxis with a three-drug regimen.

Pretreatment with a 5-HT3 receptor antagonist and
dexamethasone with a neurokinin-1 receptor antagonist is
therefore recommended. Delayed nausea prophylaxis with
dexamethasone on days 2-3 is also recommended. Use of
olanzapine, according to local guidelines, can further help in
the prevention of nausea and vomiting.

If a patient experiences grade 3-4 nausea/vomiting, T-DXd
should be held until toxicity resolves to grade 1. If it resolves
654 https://doi.org/10.1016/j.annonc.2023.05.008
within 7 days, the same dose can be continued; however, if it
takes longer than 7 days, a dose reduction is recommended.

Level of consensus: 100% (n ¼ 26) agree, 0% (n ¼ 0)
disagree, (n ¼ 6) abstain.

QUESTION 5: What is the recommendation for monitoring
and management of interstitial lung disease (ILD)/pneu-
monitis when utilizing T-DXd?

STATEMENT: For patients receiving T-DXd, routine moni-
toring for ILD/pneumonitis with computed tomography (CT)
scans every 6-12 weeks is recommended. Management of
ILD/pneumonitis should follow the guidelines included in the
T-DXd label and in dedicated scientific publications. [II, A]

DISCUSSION: The pathophysiology behind T-DXd-related
lung toxicity is currently unknown. Studies testing T-DXd
have excluded enrollment of patients with a history of
noninfectious ILD requiring steroid therapy or patients with
evidence of ILD or inability to exclude ILD on current scans.
Overall studies of T-DXd in breast cancer have demonstrated
ILD rates of 12%-15%, with most events being grades 1 and
2;74 however, there have been rare cases of fatal ILD. The
incidence of high-grade events has decreased from the
initial trials, although the grade 5 event rate remains w1%.
Hence it is critical to actively monitor patients for lung
toxicity while on T-DXd therapy.75

In trials testing T-DXd, patients with breast cancer were
monitored with CT scans every 6 weeks and clinically for the
development of respiratory symptoms. Based on the best
available data and experience from clinical studies the
following are concluded:
� Patients with a history of noninfectious ILD requiring
treatment (i.e. steroids) are considered high risk for
recurrent ILD. These patients should not be considered
candidates for T-DXd therapy today. This includes pa-
tients with a prior history of clinically significant pneu-
monitis from immune checkpoint inhibitors,
everolimus, and other anticancer therapies. The decision
to offer T-DXd to advanced stage patients without other
good treatment options in such settings must be individ-
ualized, weighing risks and benefits and with transparent
discussions regarding risk of fatal lung toxicity.

� Patients with presence of lung comorbidities, moder-
ate/severe baseline renal dysfunction, and baseline
oxygen saturation <95% are at a higher risk for
ILD74 and the decision to offer T-DXd in this setting
must be individualized, weighing risks and benefits
and with transparent discussions regarding risk of
fatal lung toxicity.

� Monitoring for lung toxicity starts with educating pa-
tients regarding this risk and actively monitoring for res-
piratory symptoms including the development or
worsening of cough, shortness of breath, or fever. In
addition, CT scans of the chest should be carried out
routinely during treatment at intervals of 6-12 weeks;
CT scan of the chest should also be done if patients pre-
sent with respiratory symptoms.
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� With any suspicion of lung toxicity, T-DXd therapy must
be suspended.

� Guidelines for the approach and management of ILD
from T-DXd are widely available in the T-DXd label and
in print at Swain et al.76 These include a work-up to
investigate etiology; if there is suspicion for ILD, then
prompt introduction of steroids is advised.

� Only in cases of asymptomatic grade 1 ILD that has fully
resolved, can one consider re-challenge with T-DXd ther-
apy. Patients with symptomatic ILD (i.e. grade 2 or
higher), even in cases of full recovery, are not considered
safe for rechallenge with T-DXd at this time.

Level of consensus: 100% (n ¼ 28) agree, 0% (n ¼ 0)
disagree, (n ¼ 4) abstain.

DESIGN OF CLINICAL TRIALS FOR HER2-LOW BREAST
CANCER

QUESTION 1: Should future clinical trials for HER2-low
disease expand enrollment to patients with HER2-0
tumors?

STATEMENT: Patients with HER2-0 disease should be
eligible for randomized controlled clinical trials of T-DXd and
potentially other novel HER2-directed ADCs. The efficacy
analysis in the population with HER2-0 cancers should be
part of a preplanned, adequately powered controlled and
adjusted subgroup analysis of trials for HER2-low breast
cancer. [III, A]

DISCUSSION: A potential role for novel HER2-directed ADCs
in HER2-0 breast cancer has been suggested in the phase II
DAISY trial, which identified a response rate of 30% among
37 patients with HER2-0 breast cancer treated with T-DXd.
However, the trial also showed that HER2-0 expression may
be associated with a lower uptake of T-DXd, yielding lower
clinical responses.34

It is still unclear if such a pharmacodynamic difference
will result in a different benefit of T-DXd in larger patient
populations with HER2-0 cancers, and to what extent pa-
tients with this subset of tumor will derive more benefit
from T-DXd than standard treatments. Therefore, the eval-
uation of efficacy in this setting is a priority, and T-DXd and
new HER2-directed ADCs should be tested in the HER2-
0 population. Patients with HER2-0 breast cancer can be
enrolled in clinical trials of novel anti-HER2 ADCs, ensuring
appropriate stratification for HER2 expression and statistical
power to demonstrate separately the clinically meaningful
benefit of new ADCs in the HER2-0 versus HER2-low pop-
ulations, respectively.

Level of consensus: 94% (n ¼ 30) agree, 6% (n ¼ 2)
disagree, (n ¼ 0) abstain.

QUESTION 2: Should central testing be required in
future trials of anti-HER2 agents for HER2-low disease?

STATEMENT: Central HER2-low testing based on IHC should
be preferred in the design of pivotal clinical trials for HER2-
low breast cancer, especially if intended to support
Volume 34 - Issue 8 - 2023
regulatory approval of new HER2-targeting drugs. Local
assessment is acceptable, but only within a strict quality
control framework ensuring adequate, reliable testing based
on validated assays so that the trial results can be extrapo-
lated to the real-world setting where a variety of assays are
used. [III, B]

DISCUSSION: Central testing of HER2 status can be impor-
tant to report consistent findings in clinical trials. Based on
the discrepancy observed with the evaluation of HER2-
0 and HER2 1þ among pathologists in several studies,
centralized testing could consolidate the practice and
reduce the variabilities associated with local testing.

It must be noted, however, that quality accreditation of
pathology laboratories has demonstrated to improve the
consistency of the evaluations and reduce the divergences
with the centralized assessments.77 As a result, quality-
accredited local laboratories may be considered for clinical
trial testing.78 Improving the quality of local testing and
operationalizing the local testing policy in the context of large
clinical trials can portend efficiency and yield better extrap-
olation of the results for the global pathology community.79

Eventually, some regulatory bodies are now emphasizing
more the opportunity for local testing in clinical trials,80 albeit
within a strict quality framework, ensuring that local testing is
valid enough for the safe inclusion of patients in trials.
Overall, central testing remains critical, but local testing is
also an option to consider in future clinical trials, especially
for diagnostics routinely used in the clinical practice.

It is endorsed that, whenever possible, clinical trial
sponsors should make the tissue specimens available for
secondary analysis based on new technologies and inno-
vative tests, to evaluate analytical and clinical validity. New
tests may be helpful to improve patient selection and
identify patients who can derive the largest benefits from T-
DXd and other HER2-directed compounds.

Level of consensus: 97% (n ¼ 30) agree, 3% (n ¼ 1)
disagree, (n ¼ 1) abstain.

QUESTION 3: Should distinct trials be designed for HER2-
low breast cancer depending on hormone receptor
expression?

STATEMENT: Clinical trials for HER2-low breast cancer
should be appropriately powered for hormone receptor-
positive and hormone receptor-negative (i.e. triple-
negative) breast cancer, in the context of dedicated clin-
ical trials or as part of appropriately stratified populations,
in studies powered for the comparison of the subgroups
based on the hormone receptor expression. [III, A]

DISCUSSION: Clinical trials including patients with HER2-
low breast cancer must ensure that the prognostic vari-
ables of major interest are properly balanced across the
arms, including hormone receptor status. In the DB-04
study,19 the activity of T-DXd was reported primarily
among the population of patients with hormone receptor-
positive breast cancer and explored in a small subset of
58 patients with hormone receptor-negative (i.e. triple-
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negative) breast cancer. Future clinical trials should ac-
count comprehensively for the population with HER2-low
breast cancer and consider separate trials for triple-
negative HER2-low breast cancer, or larger investigations,
that are properly stratified for hormone receptors, and
powered for comparisons of the populations with hor-
mone receptor-positive cancer and TNBC. These groups
are in fact prognostically heterogeneous, and managed in
clinical practice based on specific, separate treatment al-
gorithms, resulting in special needs and areas of possible
improvement that are not necessarily common. Although
this is expected to come with challenges, in terms of
sample size and trial complexity, they would also provide
more informative data to inform decisions in clinical
practice.

Overall, clinical trials should include statistical hypothesis
for hormone receptor-positive cancer and TNBC, to reduce
uncertainties and improve the quality of the evidence. It is
suggested that hormone receptor stratification and pow-
ered subgroup analysis may be less relevant for patients
with advanced cancer pretreated with numerous lines of
therapy, where the standard treatments available portend
very limited benefits and the overall prognosis is dismal.
However, we endorse the use of high-quality clinical trial
designs and appropriate stratification for hormone receptor
status.

Level of consensus: 100% (n ¼ 32) agree, 0% (n ¼ 0)
disagree, (n ¼ 0) abstain.
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