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The concept of “HER2-negative” breast cancer is evolving, with the recognition of HER2-low and
HER2-ultralow subsets. These subsets are clinically relevant regarding treatment with the
antibody-drug conjugate trastuzumab deruxtecan (T-DXd), which has shown survival benefit in
patients with metastatic carcinoma with minimal HER2 protein expression that lack HER2 gene
amplification by in situ hybridization. In clinical trials using T-DXd, HER2-low was defined as an
immunohistochemistry (IHC) score 1+ or an IHC score 2+ without HER2 gene amplification. HER2-
ultralow was defined as faint or barely perceptible, incomplete membrane staining in >0% to <10%
of tumor cells (IHC score 0+/with membrane staining) and HER2-null as the complete absence of
staining (IHC score O/absent membrane staining). These results now necessitate more detailed
evaluation and reporting of traditional “HER2-negative” results to identify patients with metastatic
breast cancer who may benefit from T-DXd therapy. Both the US Food and Drug Administration and
the European Medicines Agency have extended the regulatory approval of T-DXd to patients with
metastatic breast cancer showing HER2-low or HER2-ultralow expressions. Updated clinical
management guidelines now, therefore, incorporate the spectrum of HER2 results into treatment
selection algorithms in the metastatic setting. To align histopathologic practice with these de-
velopments, the College of American Pathologists has issued a new biomarker-reporting template
that recommends explicit distinction between IHC 0/absent membrane staining and IHC 0+/with
membrane staining. Key concerns among pathologists include assay variability, scoring reproduc-
ibility, and quality assurance standards for accurately detecting such low levels of HER2 expression.
This manuscript provides expert consensus, evidence-based practical recommendations for iden-
tifying and reporting tumors with HER2-low and HER2-ultralow expression. We emphasize stan-
dardized testing protocols, validated assays, robust internal and external controls, and focused
training for pathologists. A universal structured pathology report is proposed to highlight the ac-

curate distinction between IHC 0 (null), IHC O+ (ultralow), and HER2-low expressions.

© 2025 THE AUTHORS. Published by Elsevier Inc. on behalf of the United States & Canadian
Academy of Pathology. This is an open access article under the CC BY license (http://

creativecommons.org/licenses/by/4.0/).

Introduction

HER2 is a membrane-bound tyrosine kinase receptor that di-
merizes with other members of the epidermal growth factor re-
ceptor family.!> Normal cells have 2 HER2 gene copies and express
low levels of HER2 protein, approximately 40,000 molecules per
cell.*> This baseline expression in normal cells influenced the
calibration of HER2 immunohistochemical (IHC) assays to detect
pathological overexpression associated with gene amplification.
Conventional HER2-positive (IHC 3+ and/or HER2 gene amplified
by in situ hybridization [ISH]) breast cancer (BC) tumor cells may
harbor up to 25-50 copies of HER2, resulting in a 40-fold to 100-fold
increase in HER2 protein expression and as many as 2 million HER2
receptors on the cell surface.*"® HER2 protein overexpression pre-
sents a unique opportunity to utilize therapies that target the HER2
oncogenic pathways and, in turn, significantly improve clinical
outcomes for patients with HER2-positive BC.”

Establishing the HER2 Testing Framework

The original HER2 IHC scoring system used in the trastuzumab
clinical trials was designed to semiquantitatively assess mem-
branous HER2 protein expression.'>!! The scoring criteria were
based on correlating membranous IHC staining intensity and
completeness of membrane staining with HER2 gene amplifica-
tion status.'?'® These studies demonstrated a strong association
between protein overexpression and high HER2 gene copy num-
ber, as well as a clinical benefit from trastuzumab in patients with
HER2-positive BC. In the pivotal trastuzumab registration study,
HER2 status was determined centrally by IHC with the murine
monoclonal antibody 4D5, the prototype antibody from which
trastuzumab was humanized.'®!" The 4D5 manual IHC assay

(developed jointly by Genentech and Dako) used the now-
familiar O, 1+, 2+, and 3+ scoring system; patients with tumors
scoring 2+ or 3+ were deemed “HER2-overexpressing” and
eligible for enrolment.® The investigational 4D5 method was later
commercialized, with minor technical refinements, as the Her-
cepTest (Dako/Agilent) and became the first US Food and Drug
Administration (FDA)-approved companion diagnostic IHC kit for
trastuzumab. The first large, prospective trials to mandate reflex
ISH testing on tumors with a 2+ IHC score to determine HER2
gene status were the paired US adjuvant studies NSABP B-31 and
NCCTG N9831.!! These established the now-standard practice of
using reflex ISH to adjudicate equivocal (2+) IHC results before
offering trastuzumab, a strategy subsequently adopted by other
landmark studies, including HERA and BCIRG 006."7'® Patients
with tumors with HER2 IHC scores O or 1+ were not enrolled in
these trials because these tumors rarely exhibited HER2 gene
amplification, and no clinical benefit was anticipated from HER2-
targeted monoclonal antibodies.”'® Consequently, IHC scores of
0 and 1+ were historically both considered “HER2-negative,” as
the distinction between 0 and 1+ had no clinical implications.
Tumors with a 2+ IHC score and ISH-negative results were also
classified as HER2-negative. The efficacy of anti-HER2 mono-
clonal antibody therapy in HER2-positive BC has been confirmed
through multiple additional clinical trials, leading to expanded
approval for additional HER2-targeted therapies.?->

The HercepTest HER2 staining system from Dako (Agilent) and
its accompanying HER2 scoring criteria were long regarded as the
“gold standard” for HER2 testing in BC. Subsequently, additional
commercial assays became available, most notably, the PATHWAY
anti-HER2/neu (Ventana/Roche), which employs the rabbit
monoclonal antibody 4B5, and the Bond Oracle HER2 IHC System
(Leica Biosystems), which uses the mouse monoclonal antibody
CB11. Multiple studies have demonstrated good overall
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concordance; however, some interassay variability and occa-
sional discrepant results have been reported.”*?> Nevertheless,
the primary focus was on accurately identifying HER2-positive
tumors, with less emphasis on subclassifying HER2-negative BC.

Historical Overview of HER2 Scoring Guidelines

Recognizing the critical importance of test reliability and
reproducibility, guidelines were published to provide recom-
mendations on quality measures aimed at ensuring HER2 testing
accuracy.'*?%29 These initially aligned with the original scoring
criteria established for the Dako HercepTest. The first national
guidelines were issued in the United Kingdom in 2000" and
updated in 2004*° and 2015, introducing a combined category
of “HER2-negative” that encompassed IHC scores of 0 and 1+ In
2007, the American Society of Clinical Oncology and the College
of American Pathologists (ASCO/CAP) jointly published the first
ASCO/CAP HER2 testing guidelines,>® which also included both
IHC scores of 0 and 1+ as “HER2-negative.” Applying these
guidelines, there was a significant correlation between HER2 IHC
scores and mean HER2 copy number.'®>! However, there have
been further refinements of the ASCO/CAP IHC/ISH scoring defi-
nitions in 2013,%7 2018,%® and, most recently, 2023,° now
including rare and ambiguous staining patterns that continue to
pose occasional diagnostic challenges.

Novel Antibody-Drug Conjugate Trastuzumab Deruxtecan Is
Effective in Patients With Metastatic Breast Cancer With Low
Levels of HER2 Protein: HER2-Low and HER2-Ultralow

The novel HER2-targeted antibody-drug conjugate (ADC)
trastuzumab deruxtecan (T-DXd) has demonstrated clinical effi-
cacy in patients with metastatic BC with HER2 IHC score 1+ or
2+/ISH-negative tumors (designated “HER2-low” in the trials
DESTINY-Breast04 and 06)*%33 and in hormone receptor (HR)-
positive tumors with <10% faint or barely perceptible, incom-
plete, HER2 membrane staining considered score 0+ but with
some membrane staining (designated “ultralow” in the trial
DESTINY-Breast06).>> These trials have expanded the therapeutic
options for a substantial subset of BC patients and established the
use of HER2-low?***> and HER2-ultralow> terminologies in
clinical practice to refer to treatment-eligible metastatic BC pa-
tients. T-DXd has now been approved for BC patients with met-
astatic or unresectable HER2-low tumors in many countries.>%>’

Multiple studies have aimed to clarify if there is any additional
biological or clinical significance to HER2-low BC as defined in
these clinical trials or if this terminology is only relevant to the
trial entry criteria used to grant drug approval.”>$*> HER2-low
status is seen in approximately 40% to 60% of all BCs.>® Studies
have demonstrated that it constitutes a heterogeneous group
with variable clinical, histopathological, and molecular fea-
tures,>%444 and it is unclear if this is a distinct biological entity,
which appears to be influenced by the HR status.’°? Notably, the
clinical benefit of T-DXd in patients with HER2-low BC is attrib-
uted to the presence of HER2 protein on the tumor cell surface,
rather than to HER2-driven oncogenic signaling. Unlike trastu-
zumab, which targets HER2-mediated pathways and is not
effective in HER2-low BC, T-DXd targets surface HER2 protein to
internalize its cytotoxic “payload” (topoisomerase I inhibitor
deruxtecan).'®*23>3 Thus, the response to T-DXd is likely to be
independent of the biological activity of HER2, and alternative
oncogenic pathways may govern the behavior of these

tumors.”*>> The T-DXd payload is also membrane-permeable;
hence, it can diffuse into neighboring cells, allowing a
“bystander effect” in HER2-negative cells.>® Evolving in vitro
evidence also suggests that some T-DXd activity can occur inde-
pendently of HER2 engagement and internalization.>’

Therapeutic Implications of HER2-Low and Ultralow Expression

The findings from DESTINY-Breast06 (DB-06)>* have raised
debate over whether the presence of any HER2 membrane pro-
tein, even below IHC detection thresholds, may enable T-DXd
activity if a subset of tumor cells expresses sufficient HER2
molecules for internalization. Commercially available HER2 IHC
assays are optimized to detect membranous HER2 over-
expression above the physiological baseline seen in normal
epithelial cells, which implies that some or all HER2-null cases
(IHC score 0) may have levels of membranous HER2 protein
below the level detectable by such assays.

In the DB-01-03 trials,”®>*° which enrolled HER2-positive BC
patients, objective response rates exceeded 60%. By contrast, DB-
04%? and DB-06> included only patients with HER2-low and
HER2-ultralow tumors and reported lower response rates (~30%
and ~20%, respectively). These differences are thought to be
related to the ability of the monoclonal antibody in the T-DXd
complex (trastuzumab) to be more effective in HER2-driven BC
once it is released from the ADC complex.’’ Interestingly, differ-
ences in response rates to T-DXd between IHC 1+ and 2+ in the
HER2-low cohorts were not demonstrated in DB-04. This is in
conjunction with the DB-06 data showing that T-DXd is equally
effective in the treatment of tumors with <10% faint, incomplete
membrane staining (ultralow), supporting the notion that any
amount of HER2 protein may be used to deliver a payload that can
have far-reaching effects. For example, the phase 2 DAISY trial
assessed the efficacy of T-DXd in patients with HER2-
overexpressing (cohort 1), HER2-low (cohort 2), and HER2-
non—expressing (cohort 3) metastatic BC and demonstrated
objective response rates of 70.6% in cohort 1, 37.5% in cohort 2,
and even 29.7% in cohort 3.%°

Evolving Guidelines for HER2-Low and Ultralow

National guideline recommendations have varied in their
approach to defining and classifying HER2-low BC, and none have
yet formally addressed the ultralow category.'#® The 2023 ASCO/
CAP focused update?® did not endorse HER2-low as a reporting
category, noting that HER2 IHC 0 tumors were excluded from the
DB-04 trial; hence, the predictive power of a HER2-low vs HER2-
null status was untested.>? In addition, the discrete HER2 results
(IHC 1+ or 2+/ISH-negative) were sufficient to identify patients
who met trial eligibility using the guidelines-based criteria in DB-
04.%° In DB-06, HER2 ultralow tumors were also defined based on
the ASCO/CAP criteria, describing the 2 staining patterns of IHC
score 0 cases. However, because these 2 patterns are typically
reported under the same IHC score of 0, identification of ultralow
results with <10% faint, incomplete membrane staining created a
new reporting issue.

Both the US FDA®' and the European Medicines Agency have
now extended the regulatory approval of T-DXd to patients with
HER2-low tumors and, when HR-positive, to patients with HER2-
ultralow unresectable or metastatic BC as defined in the DB-04°2
and 06> trials. Reflecting these approvals, the National
Comprehensive Cancer Network>® and an expert consensus from
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the European Society of Medical Oncology®? incorporated T-DXd
into treatment pathways in the metastatic BC setting based on
the specific details of the HER2 IHC results.

To consolidate reporting, the CAP has released a new
biomarker-reporting template (effective March 2025)% that
recommends recording 4 discrete IHC HER2-negative strata, O,
0+, 1+, and 2-+/ISH-negative, with the option to add a comment
as to how “HER2-low” and “HER2-ultralow” were defined in the
relevant clinical trials. Comprehensive guidance for pathologists
in testing methodology and interpretation of low-level HER2 IHC
expression remains an urgent priority to ensure diagnostic con-
sistency and optimal patient selection for ADCs.

Challenges in Accurate Classification of HER2-Low and Ultralow

Although HER2-low and ultralow BCs have gained clinical
momentum, concerns remain regarding the reliability of the
current HER2 testing methodology in accurately identifying these
categories. Studies have highlighted low interobserver concor-
dance among pathologists in identifying HER2-low and ultralow
tumors using current scoring criteria.?’! In the DB-06 trial,’>
central reevaluation of HR-positive BC classified locally as IHC 0,
revealed that 35% were true HER2-null (0), 40% were ultralow
(0+), and 24% were reclassified as IHC 1+ This illustrates the
prevalence of HER2-low and ultralow tumors, collectively rep-
resenting more than half of BC.”? It also highlights the challenges
of consistent classification at the lower end of the HER2 expres-
sion spectrum, and the need for pathologist training, standardi-
zation of interpretation, and consideration of alternative tools
such as artificial intelligence (Al) algorithms to more reproduc-
ibly define low levels of HER2 protein expression.

Sensitivity also varies among commercial detection Kits,
particularly at very low HER2 expression levels, and some inter-
laboratory variation is inevitable. Whether such discrepancies
translate into clinically meaningful differences in response to T-
DXd remains unknown. Consequently, laboratories should
implement measures to maximize staining consistency and
ensure optimal performance of the existing approved and vali-
dated assays. As current regulatory approvals for T-DXd are based
on the performance of this existing HER2 assay, there is no evi-
dence to suggest that changing to newer, more sensitive assays
(should they become available) would improve the identification
of patients likely to demonstrate therapeutic response to ADCs. In
addition, despite the limitations of the existing assay and meth-
odology, it remains the only widely available and validated
method. Newer approaches, such as quantitative immunoassays
or RNA-based platforms, may provide greater accuracy in the
future, but until these are standardized, validated, and proven in
clinical trials, the practical strategy is to continue with current
assays, supported by rigorous training, audit, and quality control
to maximize reproducibility at the low expression range.

Finally, selecting the most appropriate tumor sample(s) to be
examined also poses practical challenges. There is evidence that
HER2 IHC expression in non-HER2 amplified BC is variable be-
tween samples and with disease progression. Although in 1 se-
ries, most tumors initially scored as HER2-low retained that
status on repeat biopsy after progression,’”> other studies re-
ported a 14% to 57% change from IHC 0/0+ to HER2-low and a 23%
to 25% shift in the opposite direction in residual disease after
neoadjuvant therapy.”*’> Subtle differences in assay perfor-
mance and tissue sample handling may account for some of these
differences. Spatial and temporal heterogeneity in HER2 expres-
sion’® further complicates the identification of negative tumors

and increases the risk of false-negative results. These data high-
light the need for reliable HER2 testing methods for low levels of
protein expression and reinforce the importance of retesting
when treatment decisions hinge on precise categorization.

Framework for HER2-Low/Ultralow Testing and
Interpretation

The issues of testing and interpretation reliability highlight
the urgent need for updated quality assurance protocols to ensure
consistent and reproducible HER2 assessment across
laboratories.

Based on a comprehensive literature review and recent rec-
ommendations for refining HER2 assessment, the proposed
updated HER2 scoring algorithm is summarized in Table 1 and
Figure 1. This synthesis incorporates the inclusion criteria of 2
pivotal T-DXd trials (DB-04 and 06),>>*3 alongside current in-
ternational guidelines and best practice recommendations.””””®
In addition, certain rare and unusual HER2 staining patterns, not
explicitly addressed in the existing ASCO/CAP guidelines, have
been incorporated.” Their inclusion aims to help improve diag-
nostic consistency and address interpretative challenges, rather
than introducing new diagnostic entities.

The recommendations outlined below provide an updated
framework for HER2 evaluation in routine pathology practice,
with emphasis on the accurate identification and reporting of
HER2-low and HER2-ultralow BC. To ensure reproducibility and
clinical utility, strategies for optimizing HER2 testing must
include stringent quality control protocols and harmonized pa-
thology reporting, thereby supporting informed and consistent
clinical decision-making (Table 2).

Preanalytical Considerations

These measures are the same as those currently used to
optimize the detection of HER2-positive BC, as previously rec-
ommended.'*?%29 Delays in fixation should be minimized (cold
ischemia time <1 hour), as this may reduce HER2 antigen
detection and lead to false-negative results, particularly in HER2-
ultralow tumors (IHC score 0+), which may appear HER2-null
(IHC score 0). The DB-06 trial>? criteria specified specimen fixa-
tion in 10% neutral-buffered formalin (recommended fixation
time 6-72 hours to a maximum of 96 hours®%-?). Ideally, HER2
should be assessed on freshly/recently cut sections from a
properly stored formalin-fixed paraffin-embedded (FFPE) sample
from the most recent specimen. Sections >6 weeks may show
reduced antigenicity. Control sections should ideally be cut
simultaneously to ensure optimal staining comparability. Addi-
tionally, an on-slide external control with different levels of HER2
expression (eg, “in-house” tumor samples, commercially avail-
able cell lines, or newer calibrators such as Boston Cell Standards)
is highly recommended. Although long-term storage of precut
control sections (ie, >6 weeks) is discouraged, they may be
acceptable if validated by the laboratory. This includes appro-
priate storage, such as refrigeration, and verification of stability
over the intended period of use. In metastatic disease, a newly
acquired biopsy specimen should be obtained if clinically
feasible.

In the context of HER2-low and HER2-ultralow testing for
clinical decision-making, multiple tumor samples are often
available, including the primary invasive carcinoma, metastases
(including lymph node deposits), and post-treatment
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Clinically relevant HER2 scoring categories with proposed additional guidance for rare and unusual staining patterns®

HER2 IHC score

Clinical category

Definition

Score 0/absent membrane
staining

Score 0-+/with membrane
staining

Score 1+

Score 2+

HER2-null

HER2-ultralow

HER2-low

HER2-low if ISH-negative
HER2-positive if ISH
positive

No membrane staining of invasive tumor cells

Faint/barely perceptible, incomplete, membrane staining in <10% of invasive tumor cells.

This category may also be used for the following unusual staining patterns:

1. Faint/barely perceptible membrane staining in <10% of invasive tumor cells, regardless of the
circumferential nature of membrane staining.*”

2. Weak, incomplete, membrane staining in <10% of invasive tumor cells.

The lower level of positivity is not defined by 1% but includes >0%-10%.>*

Faint/barely perceptible, incomplete, membrane staining in >10% of invasive tumor cells.

This category may also be used for the following unusual staining patterns:

1. Weak, complete, membrane staining in <10% of invasive tumor cells.

2. Weak, incomplete, membrane staining in >10% of invasive tumor cells.

3. Moderate, incomplete, membrane staining in <10% of invasive tumor cells.

Weak to moderate complete membrane staining in >10% of invasive tumor cells.

This category may also be used for the following unusual staining patterns with a recommendation

for reflex ISH testing:

1. Moderate, complete, membrane staining in any percentage of invasive tumor cells.
2. Moderate to strong, incomplete, membrane staining in >10% of invasive tumor cells.
3. Strong, complete, membrane staining in <10% of invasive tumor cells.

4. Abundant cytoplasmic staining present, obscuring the membrane stain intensity.
Strong, complete, membrane staining in >10% of invasive tumor cells.

Score 3+ HER2-positive

[HC, immunohistochemistry; ISH, in situ hybridization.

2 Artefactual HER2 staining on the apical/luminal surface of glandular epithelial cells lining tubules or acini or staining limited to the periphery of cell clusters without
an intercellular membrane pattern represents a nonspecific IHC pattern that may mimic true membranous positivity, particularly in the context of HER2-low or HER2-
ultralow scoring. In addition, edge artifacts should not be scored, especially in small biopsies or poorly preserved tissue sections. They may be attributed to suboptimal
fixation, drying artifacts, antibody diffusion, or section thickness and folding. In tumors with edge artifacts or if the control of 1+ shows suboptimal staining, repeat
staining is recommended to distinguish between HER2-null and HER-ultralow.

b Rare staining patterns not addressed in the American Society of Clinical Oncology and the College of American Pathologists guidelines (may occasionally be
encountered in clinical practice). These have been described in the updated United Kingdom guidelines and in other international recommendations and studies.’>’”"79
Their inclusion here aims to enhance the consistency of HER2 reporting, rather than to introduce new scoring categories. These patterns should be interpreted with
caution and, if in doubt, repeat testing on the same or an alternative tissue block/sample and/or ISH testing is advised.

¢ Distinguishing between moderate and strong staining intensity can be subjective. Comparison with appropriate positive controls, such as known HER2 3+ cases, is
essential to identify true strong intensity. Any staining weaker than this benchmark should be regarded as moderate. In ambiguous situations, whether due to uncertainty
about intensity (moderate versus strong) or the percentage of stained invasive tumor cells, ISH testing can help to clarify the HER2 status. As a general guide, membrane
staining visible at x10 objective magnification typically reflects weak intensity, as faint staining usually becomes discernible at x20 and is clearly visible at x40

magnification.

specimens. HER2-low expression is highly heterogeneous with
reported discordance between core biopsies and surgical exci-
sions,®> as well as between primary tumors and locoregional
recurrences or distant metastases.*® Discordance has also been
observed among different metastatic sites and within the same
site at different time points.®*%> According to current guidance,
if any tumor sample during a clinical course is scored as HER2-
low, the patient is eligible for consideration for T-DXd therapy.
The DB trials permitted the inclusion of all available sample
types, allowing pathologists to select the most appropriate for
testing. For patients enrolled in DB-04, the efficacy of T-DXd,
compared with the physician’s choice therapy, was consistent
regardless of sample characteristics, including type, collection
date, tumor location, and specimen type.®® Consequently, mul-
tiple samples (eg, 2-3) can be tested, particularly if the initial
specimen is HER2-null, and the patient is otherwise eligible for
treatment, as determined by the oncologist (Supplementary
Table S1). Fine-needle aspiration biopsies and decalcified bone
metastasis specimens are not suitable for the reliable assess-
ment of HER2-low or HER2-ultralow status. If no alternative
tissue is available, testing of these specimens may be per-
formed; however, the absence of staining may not be reliable,
and background staining in cell block material is likely to pro-
hibit accurate assessment of IHC 0+ or 1+ Routine reexami-
nation of archived HER2 [HC-stained slides (eg, >5 years) that
were originally reported as HER2 0 is also discouraged because
immunoreactivity may fade over time, and a genuine HER2-
ultralow case may be misread as HER2-null.

Recommendations:

1. Fixation: Use 10% neutral-buffered formalin with cold
ischemic time <1 hour, and fixation time of 6 to 72 hours, up
to a maximum of 96 hours.

2. Sample selection: Use the most recent FFPE tissue blocks.

3. Repeat testing: Generally unnecessary. However, if the
original specimen was reported as HER2-0 and did not
distinguish between HER2-null and HER2-ultralow, and
the patient could benefit from T-DXd as determined by the
oncologists, consider rescoring the most recently stained
slide (if <5 years) (with the proviso that reactivity may
fade over time) or retesting on the archival tumor block. If
uncertainty persists, test additional blocks, from the same
or alternative sites.

Analytical Considerations

In the T-DXd development trials,>*>> 4-pm-thick sections
from FFPE blocks were used, unstained slides were stored at 2°C
to 8°C or at room temperature (15°C-25°C), and staining utilized
the VENTANA HER2 (4B5) assay. In the DB-04 and -06 trials,>>>3
the HER2 test was repeated, or tested by ISH; if controls were not
as expected, the sample had strong membrane staining of normal
breast ducts (internal control), or if staining artifacts interfered
with interpretation. Only intact/viable tumor cells were consid-
ered for the interpretation of staining, as necrotic or degenerate



Emad A. Rakha et al. / Mod Pathol 39 (2026) 100925

Validated IHC assay - Invasive primary or recurrence breast cancer
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weak incomplete membrane staining in
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No membrane staining in the
invasive tumour cells.

incomplete membrane staining in % moderate complete membrane tumour cells
E i >10% or moderate, incomplete, membrane PR 5 o
<10% of invasive tumour cells e e staining in £10% of invasive
staining in £10% of invasive tumour cells.
tumour cells.
[ HER2 Negative (score 0) ] [ HER2 Negative (score 0+) ] [ HER2 Negative (score 1+) ] [ HER2 Equivocal ] [ HER2 Positive

!

| Alternative test: In Situ Hybridization (FISH or bright field ISH) |
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Figure 1.

Proposal for HER2 scoring algorithm (modified from Rakha et al””). Current United Kingdom guidelines'*’” consider the ISH test positive if the dual-probe HER2/CEP17 ratio is

>2.0 or the average HER2 copy number is >6.0 signals per cell. In contrast, the Ame

rican Society of Clinical Oncology and the College of American Pathologists guidelines®®*®

define positivity as a dual-probe HER2/CEP17 ratio >2.0 (and with an average HER2 copy number >4.0) or an average HER2 copy number >6.0 signals per cell. ADCs, antibody-

drug conjugates; FISH, fluorescent in situ hybridization; ISH, in situ hybridization;

cells may show nonspecific reactivity. Background staining was
defined as nonspecific staining.

Antibody Selection

Although the DB-06 trials centralized HER2 testing using the
FDA-approved VENTANA HER2 (4B5) assay with the ultraView
detection system to ensure consistency, other assays were
employed at local laboratories during the initial screening
phase.”®*? In a recent study, 14 laboratories employed the VEN-
TANA HER2 (4B5) assay with ultraView detection and demon-
strated minimal interlaboratory variation in results.®” The Nordic
Immunohistochemical Quality Control (NordiQC) proficiency

Table 2
Summary of key steps for HER2-low and ultralow quality assurance

T-DXd, trastuzumab deruxtecan.

testing program> showed considerable harmonization of HER2
IHC protocols: >78% of participating laboratories now use FDA- or
CE-IVD-approved assays rather than laboratory-developed tests,
and the overall pass rate for HER2 [HC assessment reached 90%.
Data from the UK HER2-low National External Quality Assess-
ment Scheme (NEQAS) showed that 87.3% of laboratories used
the 4B5 assay (Ventana), which achieved the highest pass rate
(73.3%) among participating centers.5®

Current evidence indicates that only the specific, FDA-
approved, companion diagnostic assay reproduces the diag-
nostic and therapeutic outcomes reported in the DB-04 trial.>?
Roche Tissue Diagnostics has since released an updated FDA-
approved protocol that further optimizes the PATHWAY anti-
HER2 (4B5) assay for detecting HER2-low and HER2-ultralow

Quality measure

. Standardize tissue handling and fixation.
. Use validated HER2 IHC assays.

. Use appropriate internal and external quality controls with a range of expression (0, 1+, 2+, 3+).
. Validate assay performance in HER2-low/ultralow cohorts as well as in HER2-positive.

. Evaluate HER2 [HC 2+ tumors with ISH.

. Use standardized reporting (such as CAP synoptic templates) and monitor for discrepancies.

. Ensure pathologists undergo training for HER2 assessment, particularly to identify HER2-low and ultralow cases.

. Participate in EQA programs for HER2 testing.

10. Ensure good communication between oncologists and pathologists for the identification of patients with HER2-low and ultralow categories.
11. Regularly audit HER2 results and compare with reference standards.

12. Double report on ambiguous and challenging cases.

© 00N WN =

. Ensure reports use the 5 clinically relevant HER2 IHC score categories, including score 0/absent membrane staining, 0+/with membrane staining, 1+, 2+, and 3+.

CAP, College of American Pathologists; EQA, external quality assurance; IHC, immunohistochemistry; ISH, in situ hybridization.
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tumors. To maintain performance, laboratories must follow the
locked FDA protocol, and previous user-adjustable parameters,
such as CC1 cell conditioning and primary-antibody incubation,
are now fixed, with the latter set at 12 minutes. Compliance with
this locked protocol is mandatory for determining T-DXd eligi-
bility. Several alternative HER2 IHC assays may demonstrate
greater analytical sensitivity than the Ventana 4B5/ultraView
combination,?? but as no clinical outcome data exist for other
HER2 IHC platforms, it is uncertain whether achieving higher
analytical sensitivity yields equivalent patient selection for T-DXd.
Therefore, comparisons should be limited to analytical perfor-
mance rather than presumed clinical benefit. Laboratories using
alternative assays should ideally formally cross-validate their re-
sults against the Ventana PATHWAY anti-HER2 (4B5) assay plat-
form and participate in technical HER2-low and -ultralow external
quality assurance (EQA) schemes to ensure continued compliance.

Although newer quantitative assays, such as the HERmark BC
assay,®%%° immunofluorescence-based automated quantitative
analysis methods,”"? quantitative IHC methods,”> and assess-
ment of HER2 messenger RNA expression levels?* % are being
evaluated, as stated above, these have not been validated for use
in the clinical setting. Therefore, existing efforts are best directed
toward standardizing current assays, adhering to guideline rec-
ommendations for HER2 testing'4?7?83? and improving pathol-
ogist concordance in categorizing HER2 status.%®°7 Assays should
be appropriately validated in line with recognized international
guidelines, which require demonstration of assay accuracy,
reproducibility, and concordance with an established reference
standard before clinical implementation,'#?73%.37

Recommendations:

1. Assay selection: Validated, guideline-endorsed assays are
preferred. Currently, VENTANA HER2 (4B5) with ultraView
locked protocol is advised. Alternative validated HER2 assays
can be used, but should be appropriately validated.

2. Slide preparation and storage: Use 4 pum-thick FFPE sections;
stain within 6 weeks and store unstained slides as per assay
guidelines.

Quality Control

Quality control measures include internal quality control and
quality assurance (QA) procedures, in addition to participation in
external proficiency testing and accreditation by a valid accred-
iting agency.

HER?2 Staining Controls

Both internal and external controls are required in every IHC
run. Internal negative elements, such as benign epithelial cells
and stroma, should be evaluated on each slide when present. The
FDA premarket approval for the Ventana PATHWAY anti-HER2
(4B5) assay, and the locked protocol subsequently adopted for
T-DXd eligibility, specify that a validated negative-control tissue
section (HER2 0) must be assessed in parallel with each run.
Reagent (isotype) controls or buffer-only controls are required
whenever a new lot or significant change is introduced.

HER2 controls should cover the full dynamic range of
expression. Existing control methods primarily focus on identi-
fying HER2-positive tumors, rather than distinguishing between
1+ 0+, and O scores. However, the HER2-low and -ultralow

categories differ from both HER2-positive and HER2-null tumors
in terms of staining characteristics and control requirements. To
address this, laboratories should supplement traditional HER2-
positive and HER2-negative controls with additional controls
that include intermediate and low expression levels.

Cell line controls can better capture the faint, heterogeneous
staining typical of HER2-low and -ultralow tumors and offer
consistent and homogeneous staining due to their derivation
from clonal populations with stable protein expression. However,
because such lines are scarce, most laboratories rely on well-
characterized tissue sections. When selecting these, it is impor-
tant to include the full spectrum of staining intensities, strong,
moderate, weak, and faint; the range is more informative than
the percentage of positive cells. The cutting of deeper levels from
a control block can alter the proportion of cells exhibiting each
pattern; hence, controls containing a relatively high proportion of
the target intensity are preferred.

The following controls can be used:

HER2-positive controls: These remain unchanged and include
HER2 [HC 3+ cell lines (eg, SK-BR-3 and BT-474) and/or HER2 IHC
3+ BC tissue. Although minimal biological variation in IHC pro-
files may occur between cell line batches, such differences
generally fall within acceptable levels and should not impact
assay performance.

HER2-null controls: These include HER2 IHC 0 cell lines (eg,
MDA-MB-231) or HER2-null BC tissue samples. The MCF-7 cell
line is generally considered HER2-null (IHC 0), with a normal
HER2 gene copy number and minimal HER2 protein expression,”®
making it a widely accepted negative control. However, MCF-7
cells can occasionally exhibit low-level HER2 expression (IHC
1+), likely due to variability in culture conditions or subclonal
heterogeneity.

HER2-low controls: These include the use of FFPE tissue blocks
from BC confirmed as HER2-low IHC 1+ or 2+ (expressing
moderate, weak, or faint staining pattern) or validated HER2-low
cell lines. HER2 THC 1+ cell lines can be used as reference material
to assess staining pattern and technical performance, provided
the percentage of staining is carefully interpreted in the context
of invasive tumor cell distribution. Few cell lines have been
identified as HER2-low, and most are not widely available. The T-
47D cell line has been reported to exhibit HER2-low features in
some studies. ZR-75-1 is a luminal BC cell line sometimes re-
ported to display HER2 IHC 1+ or 2+ staining under specific
conditions. A feature of the MDA-MB-175 1+ control cell line is a
distinct growth pattern in which the cells form clusters with a
continuous luminal brush border region. This should not be
included in the HER2 staining evaluation nor the dot-like im-
munostaining of the Golgi region in the cytoplasm. It is the faint/
barely perceptible membrane staining in any percentage of tu-
mor cells that represents HER2 expression.®®

HER2-ultralow controls: Currently, no dedicated cell lines are
available to serve as staining controls for the HER2-ultralow
category. Therefore, tumor tissue with a relatively high propor-
tion of faint membrane staining should be used until such
appropriate cell lines are available.

If cell lines are unaffordable or unavailable, control tissues
with established HER2 expression levels can serve as suitable
alternatives. Nonneoplastic epithelial cells within the section
serve as valuable internal controls. Occasional weak basolateral
staining in normal lobules is allowable, but staining that exceeds
weak intensity or shows a complete membranous circumferen-
tial pattern should be regarded as overstaining, usually reflecting
technical artifact or suboptimal tissue processing. Metaplastic
apocrine cells may show cytoplasmic reactivity.
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Batch-to-batch reproducibility of IHC reagents and antibodies
must also be ensured to maintain staining consistency and
diagnostic accuracy.

A recent, robust, and quantitative introduction for assessing
IHC assay performance is the development of IHC calibrators.®”'%°
These are composed of coated glass microbeads specifically
designed to quantify key analytical parameters such as analytical
sensitivity, lower limit of detection, and dynamic range. By stan-
dardizing these metrics, calibrators help explain interassay vari-
ability and differences in HER2 positivity rates across platforms.

Recommendations:

1. Use validated controls: Include internal and external HER2
controls in every IHC run covering a full range of expression (0,
1+, 2+, and 3+); use cell lines or tissue samples; on-slide
external controls are recommended.

2. Maintain assay consistency: Ensure batch-to-batch reproduc-
ibility of reagents; consider deploying independent IHC cali-
brators whenever a new antibody or detection system lot is
introduced or there are unexplained staining shifts. Any batch-
related discrepancies should be reported to the relevant na-
tional EQA provider. This creates a central record to facilitate
rapid troubleshooting and consistency across laboratories.

Quality Assurance Programs

Laboratories should participate in technical EQA programs,
such as those organized by the UK NEQAS, CAP, NordiQC, or Royal
College of Pathologists of Australasia Quality Assurance Pro-
grams, which provide interlaboratory comparison and critical
performance feedback. Participation in EQA schemes that spe-
cifically assess HER2-low and ultralow IHC staining is particularly
valuable, given the interpretative challenges at low expression
levels. In parallel, regular internal quality assessments should be
conducted. These may include the reevaluation of a subset of
HER2 0, 0+, and 1+, as well as 2+ and 3+ cases, to verify staining
consistency. Such practices enhance the accuracy, reliability, and
reproducibility of HER2 staining in routine clinical diagnostics.

In addition to laboratory-based EQA, pathologists should be
encouraged to participate in interpretative EQA schemes focused
on HER2 scoring. Such schemes enhance diagnostic consistency,
particularly in overlapping categories. In regions where these
programs are not yet established and access to international
initiatives is costly, national pathology societies, regulatory au-
thorities, or EQA providers should take the lead in developing
dedicated initiatives to support education, standardization, and
ongoing quality improvement in the interpretation of IHC-based
companion diagnostics such as HER2.

Internal Review

Laboratories should routinely monitor and review HER2
testing and the identification/reporting of HER2-low and ultralow
categories and HER2-null tumors.®*”! Departments should up-
date testing protocols and pathologist training to reflect the new
HER2-low and ultralow clinical guidelines. Pathologists’ training
should include structured educational updates, such as work-
shops and review of annotated case sets, with particular
emphasis on challenging or indeterminate cases alongside clas-
sical HER2-low and ultralow examples. Resources include the
online educational module (https://pathogate.net/her2-low),

supported by the International Quality Network for Pathology
and UK NEQAS. Training should also be reinforced by internal
teaching sessions, departmental case-based discussions to
enhance diagnostic consistency, and access to consensus guide-
lines with illustrative examples.

Case-based reviews may be undertaken either in real time (for
difficult or indeterminate cases, before report sign-out) or retro-
spectively as part of routine audit exercises. Regular concordance
checks should be performed within each pathology group or
department, with particular focus on cases at the low/ultralow
range. These can be organized as periodic double-reporting or
group review exercises, during which scores are compared, dis-
crepancies documented, and corrective actions implemented
where necessary. Importantly, discrepancies refer to differences
between the original and reviewed scoring categories, not to
variation between specimens or tumor blocks, which reflects true
intratumoural heterogeneity. The most effective approach com-
bines both strategies: real time double review of challenging cases
and retrospective group review of selected cases to enhance
consistency across the pathologist team.

Recommendations:

1. EQA participation: Engage in technical and interpretative EQA
schemes, especially for HER2-low/ultralow categories, and
conduct internal audits/reviews to ensure consistency and
concordance.

2. Continuous improvement: Update protocols, interpretation
criteria, and training in line with evolving HER2-low/ultralow
guidelines. Audit HER2 scoring discrepancies.

Postanalytical Considerations

HER2 Immunohistochemistry Interpretation and Scoring

Pathologists performing HER2 testing should be appropriately
trained and experienced to ensure accurate interpretation of the
[HC preparations. Scoring by 2 pathologists may further enhance
diagnostic accuracy, particularly in indeterminate or challenging
cases, as advocated by the ASCO/CAP 2023 best practice up-
date.'”" The HER2 IHC score is assigned based on the extent, in-
tensity, and degree of circumference involvement (complete or
incomplete) of membranous HER2-specific staining, as in the
ASCO/CAP reporting algorithm.?® Cytoplasmic granular staining,
reflecting mitochondrial localization, is frequently observed in
carcinomas with apocrine differentiation. This, and nuclear
staining, suggestive of nonspecific translocation, are not predic-
tive of response to T-DXd and should not be scored.

In the 2 T-DXd trials, indeterminate cases were evaluated
at x40 objective magnification or higher to distinguish between
HC scores of 0, O+, 1+, and 2+.>>%3 In routine practice, this
“magnification rule”””'°? for grading HER2 IHC intensity can be
helpful. Strong intensity staining is visible at very low magnifi-
cation and should closely match the external 3+ control slide.
Moderate intensity staining may also be visible at low magnifi-
cation and is best distinguished from strong staining by direct
comparison to the 3+ control. Weak intensity staining is appre-
ciable with a x20 objective magnification and may occasionally
be discerned at x 10. Faint staining is barely perceptible, best seen
at x40 objective magnification, and not seen at lower magnifi-
cations. This stepwise approach, progressing systematically from
low to high magnification, enhances discrimination between
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intensity levels.'? Circumferentiality and the percentage of
stained tumor cells are assessed separately at appropriate
magnification.

In the trials, tumors with heterogeneous staining, where
different regions of the tumor displayed varying staining in-
tensities, the relative proportions of each intensity level were
visually estimated. The final diagnostic score was assigned ac-
cording to the highest scoring category, with a comment on the
percentage of stained cells.>%33

Clear, concise reporting is essential. Each report should state
the HER2 score (0, 0+, 1+, 2+/ISH results, or 3+), the methodol-
ogy, including antibody clone or ISH probe, platform, and protocol.
Optionally, a brief narrative may be added describing the staining
pattern, intensity, and the approximate percentage of tumor cells
stained for HER2. Where appropriate, the CAP-endorsed optional
comment that outlines the clinical relevance of low-level HER2
expression and defines the HER2-low and HER2-ultralow cate-
gories used in recent clinical trials can be included.

For ISH, assessment of 20 to 60 invasive tumor cells is
generally adequate for reliable categorization. In contrast, adju-
dicating HER2-low vs HER2-ultralow status relies on IHC; prac-
tical experience suggests that examining at least 100 invasive
carcinoma cells improves the ability to distinguish between IHC
0, 0+, and 1+. If only very scant tumor cells are available, and no
membranous staining is seen, the sample should be reported as
“HER2 uncertain, as insufficient tumor cells are present for ac-
curate assessment,” with rebiopsy recommended if T-DXD ther-
apy is being considered. If unequivocal membranous staining is
present, an indication that “although only scant tumor cells are
present, the score is at least ........ (with relevant score)” (Fig. 2).

Recommendations:

1. HER2 scoring should be performed by trained pathologists;
dual scoring (eg, by 2 pathologists) should be considered for
marginal cases. Clearly state the HER2 score, the interpreted
category, and the method. Comments on the staining pattern,
intensity, and approximate percentage of positive tumor cells
are optional. If there are distinct clones of HER2-positive and
HER2-negative tumor cells, this should be noted. Exclude
necrotic areas, foci of carcinoma in situ, and artifactual
staining.

2. Ensure adequacy of the sample. If only scant tumor cells are
available and no membranous staining is seen, the sample
should be reported as “HER2 uncertain, as insufficient tumor
cells are present for accurate assessment,” with rebiopsy
recommended if T-DXd therapy is being considered.

Other Quality Measures

Pathologist Training and Concordance: Pathologists should
receive specific training for HER2-low and ultralow scoring, for
example, utilizing representative images. A local system for
interobserver variability checks should be established, especially
for HER2-low and ultralow tumors, which can be more subtle
than HER2-positive cases.

Communication between medical oncologists and pathologists:
Effective communication is crucial for assigning HER2 classes for
T-DXd treatment. Although pathologists are now expected to
distinguish IHC O (null) from IHC 0+ (ultralow), current evidence
shows that this cannot always be achieved, and occasional
misclassification is unavoidable. More than half of BCs that would
previously have been classified simply as HER2 0 are HER2-

ultralow. However, only a modest proportion of patients are
eligible for T-DXd because eligibility is currently restricted to the
metastatic setting and also relies on additional clinical criteria
(eg, prior therapies and performance status). If a patient is being
considered for T-DXd, but the existing report simply lists the
tumor as HER2-negative, discussion regarding reevaluation of
HER2 status, for example, reassessment or restaining of the
original block or testing additional tissue blocks or specimens, as
appropriate, is essential.

Recommendations:

1. Pathologists should be trained in HER2-low/ultralow scoring,
with regular concordance checks to ensure accuracy.

2. Liaise with oncologists for potential reevaluation of cases
originally classified as HER2-negative; if patients are eligible
for ADC therapy, as determined by the oncologist.

3. Consider repeat HER2 testing in progressive or residual dis-
ease, given the known variability and dynamic changes in
HER2 expression. The CAP synoptic templates are recom-
mended for consistency across reports.

Other Points for Consideration

HER2 Immunohistochemistry Scores and Clinical Terminology

It is now apparent that the umbrella label “HER2-negative”
needs to be further qualified for patients to be clinically identified
as HER2-null, HER2-ultralow, or HER2-low, for potential T-DXd
therapy in the metastatic BC setting. The 2 patterns described in
the current ASCO/CAP guidelines for an IHC O score were also
used in DB-06 to define the ultralow clinical category, but the
distinction between <10% faint/barely perceptible, incomplete,
membrane staining (ultralow/0+), and no staining at all (null/0)
is subtle, and multiple studies have documented relatively poor
interobserver agreement when pathologists subclassify HER2-
negative BCs.0%71:92.103

In DB-06, 64% of tumors initially reported as IHC 0 were
reclassified on central review as either HER2-low (24%) or HER2-
ultralow (40%).>> However, local laboratories had not been asked
to separate IHC O into “null” and “ultralow,” underscoring how
evolving definitions can alter patient eligibility for ADCs.

We acknowledge concerns about the use of pharmaceutical-
branded terminology to drive histopathological categorization
of biomarkers and the risks of future drug-driven reclassification.
It remains essential to base HER2 assessment on a single, stan-
dardized system, with current preference being the ASCO/CAP
[HC criteria, to ensure consistency and avoid confusion. However,
the terms “HER2-low” and “HER2-ultralow” have become widely
adopted in clinical oncology and accurately reflect real-world
communication needs. One practical approach is to report the
IHC score according to ASCO/CAP guidelines while optionally
including the corresponding clinical category in parentheses or
commentary. This facilitates treatment planning without under-
mining diagnostic standards.

Recommendations:

A practical approach is to report the IHC score according to
ASCO/CAP guidelines and, optionally, include the corresponding
clinical category in parentheses or commentary. As per Table 1,
HER2 IHC reporting generates 1 of the 5 current IHC categories
(positive, equivocal, low, ultralow, or null). Once the reflex ISH
results are available for those borderline/equivocal score 2+
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Proposal for a comprehensive HER2 immunohistochemistry scoring system (modified from Rakha et al’”).

cases, each tumor may be placed into 1 of the 4 final categories
(positive, low, ultralow, or null).

HER?2 Digital Pathology and Artificial Intelligence

Al algorithms are increasingly being explored to enhance the
accuracy and reproducibility of HER2 IHC scoring, particularly in
the assessment of HER2-low and ultralow BC. Al-based image
analysis can offer a more objective and standardized approach by
reducing interobserver variability and minimizing subjectivity in
the interpretation of ambiguous cases, in particular, quantifying

10

the percentage of tumor cells stained, staining intensity, and
completeness of membrane staining.'* However, one of the
major limitations of these algorithms is the establishment of a
reliable ground truth, and in tumors with HER2 scores 0+ and 1+,
this is particularly challenging due to the inherent high degree of
interobserver variability in these categories. A recent meta-
analysis evaluating Al algorithms for HER2 scoring'®* demon-
strated that performance improves with increasing HER2 scores.
The highest pooled sensitivity was observed for HER2 IHC 3+
(0.97) with a specificity of 0.99, followed by HER2 2+ with a
sensitivity of 0.89 and specificity of 0.96. For HER2 1+, the pooled
sensitivity was lower (0.69; 95% CI, 0.57-0.79), with a specificity
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0f 0.94 and an area under the curve of 0.92.!°° Similarly, when the
concordance across several Al algorithms for HER2 IHC scoring
was evaluated,'°® the most significant discordance occurred in
the intermediate categories (1+ and 2+), with higher agreement
for scores 0 and 3+. Notably, the pattern of agreement among Al
models across the HER2 score spectrum mirrors the agreement
levels previously reported among pathologists.'%

Al algorithms can only support the objectivity and consistency
of HER2 scoring; they do not overcome other critical limitations
inherent to the IHC process, as outlined above, including fixation-
related issues, preanalytical variability, and tumor heterogeneity.
Pathologist oversight remains essential to exclude nonrepresen-
tative regions, particularly in situ lesions, which may exhibit
higher HER2 expression than the invasive component. Although
newer Al pipelines help mitigate some of these challenges by
using myoepithelial immunostains to automatically exclude in
situ carcinoma and by applying stain-normalization algorithms
to reduce the impact of preanalytical variation and intratumoural
heterogeneity, additional immunostains incur extra costs.

The clinical applicability and reliability of Al tools also depend
on rigorous validation.!®® These scoring algorithms must be
tested in well-characterized cohorts that include an adequate
representation of HER2-low and ultralow tumors, rather than
being trained and validated solely on data sets that dichotomize
HER2 as positive or negative or relying on traditional 0 to 3+
scoring scales without a specific focus on the lower expression
spectrum. Without such targeted validation, the clinical utility of
Al in this emerging clinical context remains limited. Imple-
mentation also presupposes access to a digital pathology infra-
structure, which is lacking in many laboratories worldwide.
Furthermore, commercial licenses for these algorithms can be
costly, raising cost-benefit concerns, especially in regions with
constrained health care budgets. In laboratories without the
requisite infrastructure or funding, adoption is likely to take
years, which substantially limits the present-day utility of Al for
routine HER2 assessment. At present, any results must still be
reviewed by a pathologist.

Recommendations:

1. Al as a supportive tool: Validated Al tools should be utilized,
when available, to assist with HER2 scoring. It is essential to
maintain pathologist oversight alongside rigorous quality
control and validation processes. Current evidence indicates
that variability across different Al platforms is comparable to
interobserver variability among pathologists. At present, Al if
used, should serve as an adjunct to, rather than a replacement
for, expert pathological assessment.

The accurate reporting of HER2 status, particularly for HER2-
low and ultralow BC, is vital for optimizing patient management
and outcomes, but poses difficulties for laboratories, pathologists,
and medical oncologists. Adherence to updated national and in-
ternational HER2 guidelines, along with robust QA practices, en-
sures standardized testing and reporting, facilitating the
appropriate use of targeted therapies. These guidelines will
continue to evolve, incorporating further research, new insights,
and technologies in the ongoing efforts to improve BC patient care.
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