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Abstract: The article discusses the importance of accurately distinguishing HER2-low from HER2-
negative breast cancer, as novel ADCs have demonstrated activity in a large population of patients
with HER2-low-expressing BC. While current guidelines recommend a dichotomous classification of
HER2 as either positive or negative, the emergence of the HER2-low concept calls for standardization
of HER2 testing in breast cancer, using currently available assays to better discriminate HER2 levels.
This review covers the evolution and latest updates of the ASCO/CAP guidelines relevant to this
important biomarker in breast cancer, including still-evolving concepts such as HER2 low, HER2
heterogeneity, and HER2 evolution. Our group presents the latest Mexican recommendations for
HER2 status evaluation in breast cancer, considering the ASCO/CAP guidelines and introducing the
HER2-low concept. In the era of personalized medicine, accurate HER2 status assessment remains
one of the most important biomarkers in breast cancer, and the commitment of Mexican pathologists
to theragnostic biomarker quality is crucial for providing the most efficient care in oncology.
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1. Introduction

The human epidermal growth factor receptor 2 (HER2/neu or HER2) gene is located
on the long arm of chromosome 17 and encodes the transmembrane receptor protein
HER2, which has tyrosine kinase activity [1]. HER2 belongs to the epidermal growth factor
receptor (EGFR) family, also known as the HER family. This family includes four members
(HER1 to HER4) and, under physiological conditions, is involved in intercellular and
cell-stroma communication. However, HER receptors exhibit abnormal signaling activity
in a wide range of tumors. Within this family, HER2 is particularly oncogenic. HER2 has
been considered a therapeutic target because HER2 gene alterations induce a malignant
phenotype, it is overexpressed in 15–18% of breast cancer, and it is associated with a poor
prognosis for these patients [2].

HER2 is an important prognostic and predictive biomarker in primary or metastatic
breast cancer (BC). These patients should be tested for HER2 by immunohistochemistry
(IHC) and/or amplification by in situ hybridization (ISH) [3] at the tumor to guide clin-
ical treatment. Currently, breast carcinomas are classified as HER2-positive when HER2
expression is 3+ by IHC or 2+ with HER2 gene amplification by ISH. In contrast, BC
with an IHC HER2 score of 0 or 1+ or an IHC score of 2+ without gene amplification
are considered HER2-negative, and these tumors lack a therapeutic benefit from anti-
HER2 agents. Patients with HER2-positive tumors can receive drugs that block the HER2
pathway, such as anti-HER2 monoclonal antibodies (trastuzumab, pertuzumab, and marge-
tuximab), antibody–drug conjugates (ADC), such as trastuzumab emtansine (T-DM1) and
trastuzumab deruxtecan (T-Dxd), and tyrosine kinase inhibitors (tucatinib, lapatinib, and
neratinib). These drugs have drastically improved the clinical outcomes of HER2-positive
BC. Recently, promising results have been reported in clinical trials for the treatment of
HER2-negative BC with anti-HER2 ADC drugs. Based on these results, the concept of
HER2-low in BC was proposed for the first time in 2020. This term refers to breast cancer
with an IHC HER2 score of 1+ or 2+/ISH negative [4].

The identification of HER2-positive breast cancer has revolutionized the treatment
of this disease in recent decades. However, despite advances, there are still significant
challenges in the diagnosis and treatment of HER2-positive breast cancer, especially in
developing countries such as Mexico. Therefore, it is essential to have a national consensus
that brings together the experience and knowledge of experts to propose recommendations
for the interpretation of HER2 in breast cancer in Mexico.

2. Evolution of HER2 Interpretation Guidelines

The guidelines aim to provide a detailed and comprehensive description of how to
interpret HER2 test results in breast cancer patients. They focus on providing clear and
detailed information about how the test is performed, what the results mean, and how
they should be interpreted based on the stage of cancer and other relevant factors. Issues
related to the use of different testing techniques, result interpretation, and updating HER2
guidelines in clinical practice are also addressed.

In diagnostic practice, HER2 status must be evaluated in breast cancer patients,
whether at initial diagnosis, recurrence, or metastasis. This status is assigned based on the
recommendations of an international group of experts. The American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP) has developed recommenda-
tions for HER2 testing since 2007 [5], also taking care to include optimal pre-analytical
and analytical requirements for the performance and interpretation of HER2 tests using
immunohistochemistry (IHC) or in situ hybridization (ISH). The pre-analytical phase has a
significant impact on the correct performance of both IHC and ISH.
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It is important to emphasize the use of neutral pH (7.0) 10% buffered formalin for
tissue fixation in a ratio of 1:10 of the biopsy tissue volume [6]. Adequate control of cold
ischemia time is paramount to ensure the preservation of antigens, DNA, and RNA in
tissues fixed in formalin and embedded in paraffin, as well as optimal fixation time (6–72 h).

In initial clinical trials, a HER2 score of 3+ by IHC or a score of 2+ with a positive
fluorescent in situ hybridization (FISH) test (defined by a HER2/CEP17 ratio ≥ 2 in >50%
of neoplastic cells) was used as eligibility criteria. In these trials, an IHC score of 3+ was
defined as intense/strong and complete membrane staining in >10% of neoplastic cells,
and 2+ as complete circumferential membrane staining of weak to moderate intensity in
>10% of neoplastic cells [6]. In the ASCO/CAP 2007 guidelines, the positivity threshold
was raised to >30% of neoplastic cells by IHC and HER2/CEP17 ≥ 2.2 by ISH in order to
reduce the number of false positives.

In 2009, ASCO/CAP published a supplement to the 2007 guidelines regarding HER2
heterogeneity in ISH testing. HER2 genetic heterogeneity was defined as the presence of
≥5% to <50% of invasive tumor cells with a ratio ≥ 2.2 when using dual probes or ≥6 HER2
signals/cell using single probes. The recommendation was to review all neoplastic tissue to
identify heterogeneity and evaluate two to four representative fields of invasive carcinoma.
Groups (>20 cells) with HER2 amplification by ISH should be evaluated separately for
HER2/CEP17 and/or HER2 signals/cell [7].

The ASCO/CAP 2013 guidelines [8] reverted the positivity threshold to the original
>10% of neoplastic cells by IHC and HER2/CEP17 ratio ≥ 2 by ISH. These recommendations
aimed to avoid false negative results, which could deny potentially useful treatment (anti-
HER2 therapy) to breast cancer patients.

The guidelines introduced the concept of an ISH algorithm, which represents a two-
step approach in the evaluation of results, taking into account the HER2/CEP17 ratio,
followed by the analysis of the average number of HER2 copies when the HER2/CEP17
ratio is <2. This algorithm helped to avoid misclassification of HER2 amplification in
cases with an abnormal number of copies of the centromeric region of chromosome 17
(CEP17) (monosomy or polysomy of chromosome 17) [8]. Finally, the ASCO/CAP 2013
recommendations also address the issue of HER2 heterogeneity [8], which was defined as a
separate population of HER2-positive or ISH-positive tumor cells representing at least 10%
of the entire neoplastic cell population.

In 2018, an update to the guidelines was published with a focus on five groups for inter-
preting ISH [3]. Groups 1 (HER2/CEP17 ratio ≥ 2, HER2 average copy number/nucleus > 4)
and 5 (HER2/CEP17 ratio < 2, HER2 average copy number/nucleus < 4) represent the two
extremes of the HER2 evaluation spectrum (presence and absence of HER2 amplification,
respectively) and account for 95% of ISH test results. The reproducibility of these tests can
be affected by various pre-analytical and analytical issues. Formalin fixation and technical
and biological artifacts are factors that significantly affect the analytical reliability of IHC
studies, which complicates the identification of low HER2 expression in terms of both false
positives and false negatives [9].

Between 5% and 15% of cases are classified into groups 2, 3, and 4, which present
challenging interpretation scenarios characterized by the presence of monosomy, polysomy,
or tumor heterogeneity [10]. Studies available to date on the impact of the 2018 guidelines
indicate that their application leads to an increase in the number of negative HER2 tests.
This observation stems from the reclassification of cases in groups 2 and 4, which are
recommended to be categorized as negative. It is important to note that ISH testing should
be available to properly classify equivocal cases (2+).

The initiative to conduct a new review of the ASCO-CAP guidelines emerged following
the publication of the clinical study DESTINY-Breast04 in 2022. This study documented
a significant improvement in survival among patients with breast cancer without HER2
overexpression or amplification but with IHC scores of 1+ or 2+ and non-amplified results
on ISH who were treated with trastuzumab deruxtecan [11].
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In this context, the current ASCO/CAP 2023 guidelines focus on recognizing a new
indication for trastuzumab deruxtecan when HER2 is neither overexpressed nor amplified
but shows an IHC score of 1+ or 2+ without amplification by in situ hybridization. This
eligibility does not apply to IHC 0. The guidelines indicate that, although it is premature
to create new categories for HER2 expression outcomes (e.g., HER2-low), it is clinically
relevant to establish best practices for distinguishing between IHC 0 and 1+. This up-
date reaffirms previous recommendations regarding HER2 reporting and provides new
insights on how HER2 results should be reported, emphasizing the current relevance of
distinguishing between IHC 0 and 1+ [11].

Recommendations

The guidelines from previous ASCO-CAP HER2 testing updates in 2013 and 2018
are reaffirmed for conventional anti-HER2 therapies targeting HER2 signaling pathways.
While no alterations have been introduced to the existing recommendations, it is important
to acknowledge that, in the case of metastatic patients lacking HER2 overexpression or
gene amplification, an IHC 1+ or 2+ outcome may render patients suitable for treatment
focusing on non-amplified/non-overexpressed levels of HER2 expression. This eligibility
does not extend to cases with an IHC 0 result. Trastuzumab deruxtecan currently stands
as the sole available agent targeting such non-amplified/non-overexpressed levels of
HER2 expression.

According to the ASCO/CAP guidelines, a score of 3+ on IHC indicates positivity;
an IHC score of 2+ can also indicate positivity if there is ISH evidence of HER2 gene
amplification in the form of a HER2/CEP17 ratio of 2.0 or higher, and/or a HER2 copy
number of 6.0 or higher.

3. HER2-Low Breast Cancer

Traditionally, breast carcinomas have been classified as HER2-positive and HER2-
negative. This dichotomous diagnosis, proposed by the ASCO/CAP update of 2018 [3],
considers HER2-positive BC (HER3+/ISH amplified) to represent 15% of cases and the
rest (85%) to be HER2-negative. A BC with an IHC HER2 score of 2+ and no evidence of
HER2 gene amplification (IHC 2+/ISH−) is currently classified as HER2-negative, similar
to tumors with an IHC score of 0 or 1+. These patients do not benefit from conventional
anti-HER2 therapy.

A new category of breast cancer patients with reduced HER2 expression has recently
been identified, known as HER2-low, defined as IHC 1+ or IHC 2+ ISH non-amplified,
which represents 45–64% of BC (4) [12]. The majority show invasive ductal phenotype,
histological grades 1 and 2, estrogen receptor-positive (ranges: 43.5–67.6%), progesterone
receptor positive (approximately 80%), luminal molecular subtype, and clinically stage II [13].

There are several staining patterns of HER2 protein expression, including the combi-
nation of staining intensity (faint, weak, moderate, and strong), membrane circumferential
(complete vs. incomplete), and cutoff point (e.g., 10%) to classify the percentage of HER2
staining in invasive tumor cells. According to the ASCO/CAP guidelines [3], HER2 IHC
scoring is defined as follows: HER2 0+ indicates either no observed staining or incomplete
membrane staining that is faint/barely perceptible in <10% of invasive tumor cells, HER2
1+ indicates incomplete faint perceptible membrane staining within >10% of invasive
tumor cells, HER2 2+ indicates weak to moderate complete membrane staining observed
in >10% of invasive tumor cells, and HER2 3+ indicates complete, intense circumferential
membranous staining in >10% of invasive tumor cells.

HER2 staining patterns are categorized as homogenous or heterogeneous. A homoge-
nous pattern signifies an evenly distributed HER2 staining throughout the tumor, while a
heterogeneous pattern indicates geographic variations in HER2 staining within the same tu-
mor. Heterogeneous patterns further include clustered (regional) patterns, characterized by
segregated populations of HER2-stained and non-stained tumor cells, mosaic (intermixed)
patterns, where HER2-stained cells are intermixed with a non-stained tumor cell, and
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scattered patterns, where isolated HER2-stained cells are observed amidst a background of
non-stained tumor cell population [9].

The identification of HER2-low is relatively straightforward for those with an IHC
score of 2+, which is negative for ISH. These tumors, which show recognizable levels of
protein expression that are not sufficient to score 3+, are identified as part of the existing
and well-established HER2 testing protocols to define HER2 positivity. However, the lower
limit of protein expression required for response to ADCs is not yet clearly defined. The
clinical trial of anti-HER2 ADC used the existing ASCO/CAP criteria [3] to define 1+ and
distinguished it from tumors with an IHC score of 0 [14]. There are several staining patterns
of HER2 protein expression, including the combination of staining intensity (faint, weak,
moderate, and strong), membrane circumferential (complete vs. incomplete), and cutoff
point (e.g., 10%) to classify the percentage of HER2 staining in invasive tumor cells. Despite
the overall high concordance in the classification of HER2-positive and negative tumors,
the concordance in distinguishing neoplasms with IHC scores of 1+ and 0 using existing
criteria remains low [15–17].

The intratumoral heterogeneity of HER2 is observed in a small group of tumors and
has significant clinical consequences [17]. This heterogeneity is more common in breast
tumors that have equivocal HER2 expression (IHC 2+), which accounts for approximately
10% of cases and has low HER2 gene amplification. This phenomenon can lead to a misdiag-
nosis of the HER2 status [18,19]. HER2 staining patterns by IHC can be either homogeneous
or heterogeneous. The homogeneous pattern corresponds to the uniform distribution of
neoplastic cells. Intratumoral genetic heterogeneity has been well-documented in several
types of neoplasms, including breast cancer. It is well known by pathologists who sys-
tematically evaluate HER2 in diagnostic practice that overexpression can present different
heterogeneous patterns [7,20,21]. Three different types of HER2 heterogeneous cell distri-
bution have been described: clustered, mosaic, and scattered [22]. The clustered or clonal
type shows two topographically distinct tumor cell clones, one with HER2 amplification
and the other with a normal HER2 state. The mosaic type is the most common and presents
a diffuse mixture of cells with different HER2 protein expressions and HER2 gene copy
numbers. The scattered type shows isolated HER2-amplified cells in a predominantly
HER2-negative tumor cell population. These isolated HER2-positive cells often have low
HER2 amplification levels and have a limited response to anti-HER2 therapy compared to
the clustered type [23].

The expression of HER2-low has been shown to be highly dynamic over time, with a
significant portion of HER2-low tumors transitioning to HER2-0 and vice versa, either in
residual disease following neoadjuvant therapy [13] or after tumor relapse [13,14].

This dynamism is likely due to multiple factors; HER2 expression can be modulated
by various stimuli within the tumor microenvironment, as well as the impact of prior
treatment [15,16]. Other potential factors include pre-analytical and analytical challenges
in HER2 testing methods, leading to high discordance in assessment [17,18]. Irrespective
of the involved factors, this observation emphasizes the need to re-evaluate the HER2
status during the patient’s disease, even when the tumor was HER2-0 in a prior biopsy,
potentially enabling access to T-Dxd treatment in case of a shift to HER2-low expression.
It is noteworthy that in the DESTINY-Breast04 trial, both archival and fresh tumor biopsy
samples were accepted, and the presence of previous HER2-0 samples was not an exclusion
criterion [19]. The appropriate timing for defining HER2-low is yet to be elucidated.
However, even patients whose latest biopsy showed HER2-0 results might be considered
for T-Dxd treatment if they exhibited HER2-low scoring in any prior biopsy.

Immunohistochemistry (IHC) is a semi-quantitative test with both advantages and
limitations. Pre-analytical, analytical, and post-analytical variables, as well as inter- and
intra-observer variability [14] and the use of different antibodies, can all affect the inter-
pretation of HER2, especially in the case of HER2 low status. In 2022, the FDA approved
the rabbit monoclonal primary antibody VENTANA PATHWAY anti-HER2/neu (4B5) as
the sole diagnostic test to identify patients with metastatic breast cancer with low HER2
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expression for whom T-Dxd may be considered as a specific targeted treatment [24,25].
For tumors that exhibit incomplete membrane reactivity with strong or moderate intensity
(excluding very focal areas where the majority is evidently 3+), reflex ISH testing should be
conducted. It is important to mention that there is no direct link between the HER2-low
category and ISH ratios or copy numbers. Therefore, laboratories that rely on ISH as their
primary screening method instead of the two-tiered approach may not be able to detect
cases falling under the HER2-low category.

Currently, HER2 testing is used as a companion diagnostic in clinical practice. We
believe that the introduction of the HER2-low concept will not require a modification in
testing protocols. Although we consider that there should be an improvement in the scoring
and reporting criteria, the 2023 ASCO/CAP guidelines affirm the categorization of HER2
IHC 1+ or 0 results as HER2-negative, indicating the absence of HER2 overexpression, in
accordance with the existing scoring criteria (See Figure 1). Ensuring the inclusion of the
semi-quantitative IHC score in reports is of paramount importance to effectively identify
patients eligible for trastuzumab deruxtecan treatment. For instance, as an illustration,
“HER2-negative for protein overexpression (1+ staining present)” [26].
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Recommendations

While it is premature to alter the terminology for reports on low levels of IHC expres-
sion in HER2 (e.g., HER2-Low), pathology laboratories should include a footnote in their
HER2 test reports (both IHC and ISH) with the following recommended comment:

“Patients with breast cancer having HER2 IHC 3+ or IHC 2+/ISH amplified may
be eligible for various therapies targeting HER2 signaling pathways. Invasive breast
cancers yielding ‘HER2 negative’ results (IHC 0, 1+, or 2+/ISH non-amplified) are more
specifically considered ‘HER2 negative for protein overexpression/genetic amplification’,
as non-overexpressed levels of the HER2 protein may be present in these cases. Patients
with breast cancer exhibiting HER2 IHC 1+ or IHC 2+/ISH non-amplified may be eligible
for targeted treatment with cytotoxic drugs (IHC 0 is not an eligibility criterion)” [11].

Given that eligibility for trastuzumab deruxtecan (IHC 1+ or IHC 2+/ISH non-
amplified) may depend on the IHC 0/IHC 1+ threshold (although the clinical validity
of this threshold has not yet been proven), pathologists may undertake their best practice
efforts to distinguish IHC 1+ results from 0 through the following practices:

1. Examine IHC-HER2 stained slides using the scoring criteria from the standardized
ASCO-CAP guidelines;

2. Evaluate IHC-HER2 at high power (40×) to discriminate between staining 0 and 1+;
3. Consider a second pathologist review when results are close to the interpretative

threshold of 0 versus 1+ (>10% of cells with weak/barely perceptible incomplete
membrane staining);

4. Use controls with a protein expression range (including 1+) to help ensure the assay
has an appropriate detection limit;
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5. Consider the preanalytical conditions of tissue samples from both primary and
metastatic sites in breast cancer.

4. Clinical Considerations for Patients with HER2-Low BC

From a clinical standpoint, low HER2 breast cancer appears to be more common in
older patients and men with breast cancer, and it also shows a greater involvement of
axillary lymph nodes compared to HER2 0 disease [22].

Trastuzumab deruxtecan (T-Dxd) is the second HER2-directed antibody–drug conju-
gate (ADC) approved by the FDA for HER2-positive metastatic breast cancer and the first
agent directed towards HER2 for inoperable or metastatic low HER2 breast cancer [27].
T-Dxd consists of an anti-HER2 immunoglobulin G1 antibody, a cleavable tetrapeptide
linker, and a membrane-permeable topoisomerase I inhibitory with a drug–antibody ratio
of 8:1 [19,28].

In the DESTINY Breast-04 trial [19], T-Dxd was evaluated in 557 patients (494 hormone
receptor [HR]-positive and 63 triple-negative breast cancer [TNBC]) with inoperable or
metastatic low HER2 breast cancer who had received one or two prior lines of chemother-
apy. Treatment with T-Dxd (5.4 mg/kg every 3 weeks), in addition to physician’s choice
chemotherapy, resulted in a confirmed objective response rate of 52.6% in HR-positive pa-
tients and 52.3% in the overall study population, compared to physician’s choice chemother-
apy (16.3%). Compared to physician’s choice chemotherapy, T-Dxd significantly improved
progression-free survival (PFS) in HR-positive patients (10.1 vs. 5.4 months, hazard ratio
[HR] 0.51; p < 0.001) and in the overall population (9.9 vs. 5.1 months, HR 0.50; p < 0.001).
Overall survival (OS) also improved with T-Dxd treatment among HR-positive patients
(23.9 vs. 17.5 months, HR 0.64, p = 0.003) and in the overall population (23.4 vs. 16.8 months,
HR 0.64, p = 0.001). Similarly, in an exploratory analysis conducted on a small number of
TNBC patients, T-Dxd also improved PFS (8.5 vs. 2.9 months, HR 0.46) and OS (18.2 vs.
8.3 months, HR 0.48). Unlike other anti-HER2 agents, T-Dxd’s unique clinical benefits in
low HER2 BC may be associated with “indirect destruction” mechanisms due to the highly
membrane-permeable payload, high drug–antibody ratio, and cleavable linker, primarily
as a means of delivering antibody-conjugated drugs, rather than directly inhibiting HER2
dimerization or blocking downstream signaling.

T-Dxd is generally manageable and tolerable in terms of safety profile, with the most
common adverse effects being gastrointestinal disturbances, myelotoxicity, and alopecia.
Approximately 28% of patients experienced adverse reactions [13]. The most severe adverse
effect is interstitial lung disease (ILD/pneumonitis) [29].

Trastuzumab duocarmazine (SYD985) is a HER2 immunoconjugate with trastuzumab
and duocarmazine [30]. After binding and internalization of HER2, the drug cleaves in
the lysosome and releases a toxin (DUBA), which alkylates DNA and causes cell death. It
has been shown that cleavage of the drug from its anchor can also be extracellular, causing
an expansive effect of cell death to surrounding cells that is not mediated by HER2 [31].
In the pivotal, multicenter, open-label, randomized phase III trial called TULIP [24] in
patients with metastatic, unresectable, and pretreated breast cancer (MBC), comparing
trastuzumab duocarmazine with the researcher’s choice of medical treatment, the primary
results were very promising with a progression-free survival of 7.0 months for trastuzumab
duocarmazine versus 4.9 months for the investigator’s chosen treatment.

Other antibody–drug conjugates, such as ALT-P7 [25] and PF-06804103 [27], have
shown a PFS of six months and an objective response rate of 52.4%, respectively. The phase
III study DESTINITY-Breas 06 [32] evaluates T-Dxd compared to the researcher’s choice
of chemotherapy in patients with metastatic HER2-low breast cancer who have positive
hormone receptors and whose disease has progressed on endocrine therapy. The results are
pending. Possible resistance mechanisms associated with the use of ADCs may include loss
of antibody-mediated activity, dysfunctional intracellular trafficking, and overexpression
of transporters that move drugs outside the cell. Among the strategies being developed
to overcome these resistance mechanisms is the synergy of ADCs in combination with
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immunotherapy [29]. Trastuzumab deruxtecan (T-Dxd) has been approved by the FDA
for inoperable or metastatic low HER2 breast cancer. In a clinical trial, T-Dxd showed
significant improvements in progression-free survival (PFS) and overall survival (OS)
compared to physician’s choice chemotherapy. It is generally manageable and tolerable in
terms of safety profile, with gastrointestinal disturbances, myelotoxicity, and alopecia being
the most common adverse effects. Other antibody–drug conjugates, such as trastuzumab
duocarmazine (SYD985), have also shown promising results. Strategies to overcome
resistance mechanisms include the synergy of ADCs in combination with immunotherapy.
The phase III study DESTINITY-Breas 06 is currently evaluating T-Dxd’s efficacy compared
to chemotherapy.

Recommendations

Clinicians should consider trastuzumab deruxtecan (T-Dxd) as a viable treatment
option for inoperable or metastatic low HER2 breast cancer, especially in patients who have
received one or two prior lines of chemotherapy. T-Dxd has shown significant improve-
ments in progression-free survival and overall survival compared to physician’s choice
chemotherapy in hormone receptor-positive and overall patient populations. However,
careful monitoring for interstitial lung disease (ILD/pneumonitis), the most severe adverse
effect of T-Dxd, is necessary.

Trastuzumab duocarmazine (SYD985), an immunoconjugate with trastuzumab and
duocarmazie, has shown promising results in the treatment of metastatic, unresectable,
and pretreated breast cancer. Future studies, including the ongoing DESTINY-Breas 06, are
expected to provide further insight into the efficacy of T-Dxd.

Currently, clinicians in the field use imaging modalities or response biomarkers to
assess resistance toward ADCs. Nevertheless, the comprehensive understanding of ADC
resistance mechanisms remains incomplete, prompting investigations into their combi-
nation with immunotherapeutic agents for mitigation. Efforts to address resistance are
actively pursued through controlled clinical trials. Illustratively, the phase 1b/2 BEGO-
NIA trial (NCT03248492) exemplifies this approach by evaluating the synergistic effects
of trastuzumab and durvalumab in patients with triple-negative breast cancer and low
HER2 expression, demonstrating promising preliminary outcomes [33]. Concurrently,
the ongoing NCT04042701 trial explores the efficacy of combining trastuzumab deruxte-
can with pembrolizumab [34]. These investigations serve as notable instances wherein
the integration of trastuzumab deruxtecan with immunotherapy is explored to overcome
tumor resistance.

In HER2-negative patients, there are currently established treatment protocols primar-
ily dependent on clinical stage and estrogen/progesterone receptor status. However, we,
as authors, consider that this information falls outside the scope of this article.

5. Conclusions

The ASCO/CAP guidelines describe how to interpret HER2 test results in breast
cancer patients. The guidelines cover different testing techniques, results interpretation,
and updating of HER2 guidelines in clinical practice. To ensure accurate test results, it is
crucial to follow the optimal pre-analytical and analytical requirements, including the use
of neutral pH (7.0) 10% buffered formalin for tissue fixation and adequate control of cold
ischemia time. The HER2-low category, which represents 45–64% of breast cancer cases,
has been introduced as a new category of patients but does not require a modification in
testing protocols.

In the current ASCO/CAP 2023 guidelines, while there are no changes to the previous
recommendations, it is imperative to be mindful that for metastatic patients without HER2
overexpression or genetic amplification, an IHC result of 1+ or 2+ may render them eligible
for targeted treatment directed at non-amplified/non-overexpressed levels of HER2 (IHC
0 results do not apply to eligibility), for which trastuzumab deruxtecan is currently the sole
available agent.



J. Pers. Med. 2024, 14, 467 9 of 10

Author Contributions: Group 1 undertook the bibliographic review, discussion, and drafting of
the background and introduction of HER2. This group consisted of G.S.G.-M., V.B.-P., M.M.-P. and
J.P.F.-G. Group 2 comprised M.D.L.-S., R.D.-H., P.Z.-V., A.A.-W. and C.O.L.-T. and was responsible
for the documentation and drafting of the evolution of HER2 interpretation guidelines. The third
group wrote the HER2-low section, as well as the recommendations regarding it. This group in-
cluded L.B.-Q., J.d.A.-G., A.K.S.-S., S.M.-R., M.S.-G. and G.L.-R. The last group was formed by three
medical oncologists, C.A.-S., E.T. and R.V.-V. They oversaw writing the clinical correlation and its
recommendations. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable to studies that do not involve humans or animals.

Informed Consent Statement: Not applicable to studies that do not involve humans.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: We would like to thank Braulio Martínez-Benítez, Danny Soria-Céspedes, and
Víctor Manuel Pérez-Sánchez.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Karakas, C.; Tyburski, H.; Turner, B.M.; Wang, X.; Schiffhauer, L.M.; Katerji, H.; Hicks, D.G.; Zhang, H. Interobserver and

Interantibody Reproducibility of HER2 Immunohistochemical Scoring in an Enriched HER2-Low-Expressing Breast Cancer
Cohort. Am. J. Clin. Pathol. 2023, 159, 484–491. [CrossRef] [PubMed]

2. Jørgensen, J.T.; Winther, H.; Askaa, J.; Andresen, L.; Olsen, D.; Mollerup, J. A Companion Diagnostic with Significant Clinical
Impact in Treatment of Breast and Gastric Cancer. Front. Oncol. 2021, 11, 676939. [CrossRef] [PubMed]

3. Canda, T.; Yavuz, E.; Ozdemir, N.; Ilvan, S.; Dizbay, S.S.; Durak, M.G.; Tuzlali, S.; Zekioglu, O.; Demir, A.; Onur, H.; et al.
Immunohistochemical HER2 Status Evaluation in Breast Cancer Pathology Samples: A Multicenter, Parallel-Design Concordance
Study. Eur. J. Breast Health 2018, 14, 160–165. [CrossRef] [PubMed]

4. Boyraz, B.; Ly, A. Discerning subsets of breast cancer with very low and absent HER2 protein expression. Hum. Pathol. 2022, 127,
50–55. [CrossRef] [PubMed]

5. Lee, H.J.; Kim, J.Y.; Park, S.Y.; Park, I.A.; Song, I.H.; Yu, J.H.; Ahn, J.-H.; Gong, G. Clinicopathologic Significance of the Intratumoral
Heterogeneity of HER2 Gene Amplification in HER2-Positive Breast Cancer Patients Treated with Adjuvant Trastuzumab. Am. J.
Clin. Pathol. 2015, 144, 570–578. [CrossRef] [PubMed]

6. Seol, H.; Lee, H.J.; Choi, Y.; Lee, H.E.; Kim, Y.J.; Kim, J.H.; Kang, E.; Kim, S.-W.; Park, S.Y. Intratumoral heterogeneity of HER2
gene amplification in breast cancer: Its clinicopathological significance. Mod. Pathol. 2012, 25, 938–948. [CrossRef] [PubMed]

7. Marchiò, C.; Annaratone, L.; Marques, A.; Casorzo, L.; Berrino, E.; Sapino, A. Evolving concepts in HER2 evaluation in breast
cancer: Heterogeneity, HER2-low carcinomas and beyond. Semin. Cancer Biol. 2021, 72, 123–135. [CrossRef] [PubMed]

8. Vance, G.H.; Barry, T.S.; Bloom, K.J.; Fitzgibbons, P.L.; Hicks, D.G.; Jenkins, R.B.; Persons, D.L.; Tubbs, R.R.; Hammond, M.E.;
College of American Pathologists. Genetic heterogeneity in HER2 testing in breast cancer: Panel summary and guidelines. Arch.
Pathol. Lab. Med. 2009, 133, 611–612. [CrossRef]

9. Zhang, H.; Katerji, H.; Turner, B.M.; Audeh, W.; Hicks, D.G. HER2-low breast cancers: Incidence, HER2 staining patterns,
clinicopathologic features, MammaPrint and BluePrint genomic profiles. Mod. Pathol. 2022, 35, 1075–1082. [CrossRef]

10. Hanna, W.M.; Rüschoff, J.; Bilous, M.; Coudry, R.A.; Dowsett, M.; Osamura, R.Y.; Penault-Llorca, F.; van de Vijver, M.; Viale, G.
HER2 in situ hybridization in breast cancer: Clinical implications of polysomy 17 and genetic heterogeneity. Mod. Pathol. 2014, 27,
4–18. [CrossRef]

11. Wolff, A.C.; Hammond, M.E.H.; Allison, K.H.; Harvey, B.E.; Mangu, P.B.; Bartlett, J.M.S.; Bilous, M.; Ellis, I.O.; Fitzgibbons, P.;
Hanna, W.; et al. Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer. Arch. Pathol. Lab. Med. 2023, 147,
993–1000. [CrossRef] [PubMed]

12. Rye, I.H.; Trinh, A.; Saetersdal, A.B.; Nebdal, D.; Lingjaerde, O.C.; Almendro, V.; Polyak, K.; Børresen-Dale, A.L.; Helland, Å.;
Markowetz, F.; et al. Intratumor heterogeneity defines treatment-resistant HER2+ breast tumors. Mol. Oncol. 2018, 12, 1838–1855.
[CrossRef] [PubMed]

13. Miglietta, F.; Griguolo, G.; Bottosso, M.; Giarratano, T.; Mele, M.L.; Fassan, M.; Cacciatore, M.; Genovesi, E.; De Bartolo, D.;
Vernaci, G.; et al. HER2-low-positive breast cancer: Evolution from primary tumor to residual disease after neoadjuvant treatment.
NPJ Breast Cancer 2022, 8, 66. [CrossRef] [PubMed]

14. Tarantino, P.; Gandini, S.; Nicolò, E.; Trillo, P.; Giugliano, F.; Zagami, P.; Vivanet, G.; Bellerba, F.; Trapani, D.; Marra, A.; et al. Evolution
of low HER2 expression between early and advanced-stage breast cancer. Eur. J. Cancer 2022, 163, 35–43. [CrossRef] [PubMed]

15. Tarantino, P.; Hamilton, E.; Tolaney, S.M.; Cortes, J.; Morganti, S.; Ferraro, E.; Marra, A.; Viale, G.; Trapani, D.; Cardoso, F.; et al.
HER2-Low Breast Cancer: Pathological and Clinical Landscape. J. Clin. Oncol. 2020, 38, 1951–1962. [CrossRef] [PubMed]

https://doi.org/10.1093/ajcp/aqac184
https://www.ncbi.nlm.nih.gov/pubmed/36856777
https://doi.org/10.3389/fonc.2021.676939
https://www.ncbi.nlm.nih.gov/pubmed/34367962
https://doi.org/10.5152/ejbh.2018.3961
https://www.ncbi.nlm.nih.gov/pubmed/30123882
https://doi.org/10.1016/j.humpath.2022.05.019
https://www.ncbi.nlm.nih.gov/pubmed/35671839
https://doi.org/10.1309/AJCP51HCGPOPWSCY
https://www.ncbi.nlm.nih.gov/pubmed/26386078
https://doi.org/10.1038/modpathol.2012.36
https://www.ncbi.nlm.nih.gov/pubmed/22388760
https://doi.org/10.1016/j.semcancer.2020.02.016
https://www.ncbi.nlm.nih.gov/pubmed/32112814
https://doi.org/10.5858/133.4.611
https://doi.org/10.1038/s41379-022-01019-5
https://doi.org/10.1038/modpathol.2013.103
https://doi.org/10.5858/arpa.2023-0950-SA
https://www.ncbi.nlm.nih.gov/pubmed/37303228
https://doi.org/10.1002/1878-0261.12375
https://www.ncbi.nlm.nih.gov/pubmed/30133130
https://doi.org/10.1038/s41523-022-00434-w
https://www.ncbi.nlm.nih.gov/pubmed/35595761
https://doi.org/10.1016/j.ejca.2021.12.022
https://www.ncbi.nlm.nih.gov/pubmed/35032815
https://doi.org/10.1200/JCO.19.02488
https://www.ncbi.nlm.nih.gov/pubmed/32330069


J. Pers. Med. 2024, 14, 467 10 of 10

16. Osborne, C.K.; Shou, J.; Massarweh, S.; Schiff, R. Crosstalk between estrogen receptor and growth factor receptor pathways as a
cause for endocrine therapy resistance in breast cancer. Clin. Cancer Res. 2005, 11 Pt 2, 865s–870s. [CrossRef] [PubMed]

17. Fernandez, A.I.; Liu, M.; Bellizzi, A.; Brock, J.; Fadare, O.; Hanley, K.; Harigopal, M.; Jorns, J.M.; Kuba, M.G.; Ly, A.; et al.
Examination of Low ERBB2 Protein Expression in Breast Cancer Tissue. JAMA Oncol. 2022, 8, 607–610. [CrossRef] [PubMed]

18. Lambein, K.; Van Bockstal, M.; Vandemaele, L.; Geenen, S.; Rottiers, I.; Nuyts, A.; Matthys, B.; Praet, M.; Denys, H.; Libbrecht, L.
Distinguishing score 0 from score 1+ in HER2 immunohistochemistry-negative breast cancer: Clinical and pathobiological
relevance. Am. J. Clin. Pathol. 2013, 140, 561–566. [CrossRef] [PubMed]

19. Modi, S.; Jacot, W.; Yamashita, T.; Sohn, J.; Vidal, M.; Tokunaga, E.; Tsurutani, J.; Ueno, N.T.; Prat, A.; Chae, Y.S.; et al. Trastuzumab
Deruxtecan in Previously Treated HER2-Low Advanced Breast Cancer. N. Engl. J. Med. 2022, 387, 9–20. [CrossRef] [PubMed]

20. Roche Receives FDA Approval for First Companion Diagnostic to Identify Patients with HER2 Low Metastatic Breast Cancer
Eligible for ENHERTU. 2022. Available online: https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-
approval-for-first-companion-diagnostic-to-id.html (accessed on 23 March 2024).

21. FDA Approves Fam-Trastuzumab Deruxtecan-Nxki for HER2-low Breast Cancer 2022. Available online: https://www.fda.gov/
drugs/ (accessed on 23 March 2024).

22. Schettini, F.; Chic, N.; Brasó-Maristany, F.; Paré, L.; Pascual, T.; Conte, B.; Martínez-Sáez, O.; Adamo, B.; Vidal, M.;
Barnadas, E.; et al. Clinical, pathological, and PAM50 gene expression features of HER2-low breast cancer. NPJ Breast Cancer 2021,
7, 1. [CrossRef]

23. Modi, S.; Park, H.; Murthy, R.K.; Iwata, H.; Tamura, K.; Tsurutani, J.; Moreno-Aspitia, A.; Doi, T.; Sagara, Y.; Redfern, C.; et al.
Antitumor Activity and Safety of Trastuzumab Deruxtecan in Patients with HER2-Low-Expressing Advanced Breast Cancer:
Results from a Phase Ib Study. J. Clin. Oncol. 2020, 38, 1887–1896. [CrossRef] [PubMed]

24. Saura Manich, C.; O’Shaughnessy, J.; Aftimos, P.G.; van den Tweel, E.; Oesterholt, M.; Escriva-de-Romani, S.I.; Quenel Tueux, N.;
Tan, T.J.; Lim, J.S.; Ladoire, S.; et al. LBA15 Primary outcome of the phase III SYD985.002/TULIP trial comparing [vic-]trastuzumab
duocarmazine to physician’s choice treatment in patients with pre-treated HER2-positive locally advanced or metastatic breast
cancer. Ann. Oncol. 2021, 32, S1288. [CrossRef]

25. Rassy, E.; Rached, L.; Pistilli, B. Antibody drug conjugates targeting HER2: Clinical development in metastatic breast cancer.
Breast 2022, 66, 217–226. [CrossRef] [PubMed]

26. Wolff, A.C.; Somerfield, M.R.; Dowsett, M.; Hammond, M.E.H.; Hayes, D.F.; McShane, L.M.; Saphner, T.J.; Spears, P.A.;
Allison, K.H. Human Epidermal Growth Factor Receptor 2 Testing in Breast Cancer: ASCO-College of American Pathologists
Guideline Update. J. Clin. Oncol. 2023, 41, 3867–3872. [CrossRef] [PubMed]

27. Meric-Bernstam, F.; Calvo, E.; Moreno, V.; Chung, H.C.; Park, Y.H.; Bang, Y.-J.; Rosen, L.S.; Mita, M.M.; Garrido-Laguna, I.;
Leung, A.C.; et al. A phase I dose escalation study evaluating the safety and tolerability of a novel anti-HER2 antibody-drug
conjugate (PF-06804103) in patients with HER2-positive solid tumors. J. Clin. Oncol. 2020, 38, 1039. [CrossRef]

28. Pegram, M.D.; Hamilton, E.P.; Tan, A.R.; Storniolo, A.M.; Balic, K.; Rosenbaum, A.I.; Liang, M.; He, P.; Marshall, S.; Scheuber, A.; et al.
First-in-Human, Phase 1 Dose-Escalation Study of Biparatopic Anti-HER2 Antibody-Drug Conjugate MEDI4276 in Patients with
HER2-positive Advanced Breast or Gastric Cancer. Mol. Cancer Ther. 2021, 20, 1442–1453. [CrossRef] [PubMed]

29. Ocaña, A.; Amir, E.; Pandiella, A. HER2 heterogeneity and resistance to anti-HER2 antibody-drug conjugates. Breast Cancer Res.
2020, 22, 15. [CrossRef] [PubMed]

30. Hurvitz, S.A.; Hegg, R.; Chung, W.P.; Im, S.A.; Jacot, W.; Ganju, V.; Chiu, J.W.Y.; Xu, B.; Hamilton, E.; Madhusudan, S.; et al.
Trastuzumab deruxtecan versus trastuzumab emtansine in patients with HER2-positive metastatic breast cancer: Updated results
from DESTINY-Breast03, a randomised, open-label, phase 3 trial. Lancet 2023, 401, 105–117. [CrossRef] [PubMed]

31. Xu, Z.; Guo, D.; Jiang, Z.; Tong, R.; Jiang, P.; Bai, L.; Chen, L.; Zhu, Y.; Guo, C.; Shi, J.; et al. Novel HER2-Targeting Antibody-
Drug Conjugates of Trastuzumab Beyond T-DM1 in Breast Cancer: Trastuzumab Deruxtecan(DS-8201a) and (Vic-)Trastuzumab
Duocarmazine (SYD985). Eur. J. Med. Chem. 2019, 183, 111682. [CrossRef]

32. Bardia, A.; Barrios, C.; Dent, R.; Hu, X.; O’Shaughnessy, J.; Yonemori, K.; Darilay, A.; Boston, S.; Liu, Y.; Patel, G.; et al.
Trastuzumab deruxtecan (T-DXd; DS-8201) vs. investigator’s choice of chemotherapy in patients with hormone receptor-positive
(HR+), HER2 low metastatic breast cancer whose disease has progressed on endocrine therapy in the metastatic setting: A
randomized, global phase 3 trial (DESTINY-Breast06) [abstract]. Cancer Res. 2021, 81.

33. Schmid, P.; Im, S.A.; Armstrong, A.; Park, Y.H.; Chung, W.P.; Nowecki, Z.; Lord, S.; Wysocki, P.J.; Lu, Y.S.; Dry, H.; et al.
BEGONIA: Phase 1b/2 Study of Durvalumab (D) Combinations in Locally Advanced/Metastatic Triple-Negative Breast Cancer
(TNBC)—Initial Results from Arm 1, D+paclitaxel (P), and Arm 6, D+trastuzumab Deruxtecan (T-DXd). J. Clin. Oncol. 2021,
39, 1023. [CrossRef]

34. A Phase 1b, Multicenter, Two-Part, Open-Label Study of Trastuzumab Deruxtecan (DS-8201a), An Anti-Human Epidermal
Growth Factor Receptor-2 (HER2)-Antibody Drug Conjugate (ADC). In Combination with Pembrolizumab, An Anti-PD-1 Antibody,
for Subjects with Locally Advanced/Metastatic Breast or Non-Small Cell Lung Cancer (NSCLC); Daiichi Sankyo Inc.: Basking Ridge, NJ,
USA, 2023; clinicaltrials.gov. Available online: https://clinicaltrials.gov/study/NCT02564900 (accessed on 23 March 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1158/1078-0432.865s.11.2
https://www.ncbi.nlm.nih.gov/pubmed/15701879
https://doi.org/10.1001/jamaoncol.2021.7239
https://www.ncbi.nlm.nih.gov/pubmed/35113160
https://doi.org/10.1309/AJCP4A7KTAYHZSOE
https://www.ncbi.nlm.nih.gov/pubmed/24045554
https://doi.org/10.1056/NEJMoa2203690
https://www.ncbi.nlm.nih.gov/pubmed/35665782
https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.html
https://diagnostics.roche.com/global/en/news-listing/2022/roche-receives-fda-approval-for-first-companion-diagnostic-to-id.html
https://www.fda.gov/drugs/
https://www.fda.gov/drugs/
https://doi.org/10.1038/s41523-020-00208-2
https://doi.org/10.1200/JCO.19.02318
https://www.ncbi.nlm.nih.gov/pubmed/32058843
https://doi.org/10.1016/j.annonc.2021.08.2088
https://doi.org/10.1016/j.breast.2022.10.016
https://www.ncbi.nlm.nih.gov/pubmed/36334569
https://doi.org/10.1200/JCO.22.02864
https://www.ncbi.nlm.nih.gov/pubmed/37284804
https://doi.org/10.1200/JCO.2020.38.15_suppl.1039
https://doi.org/10.1158/1535-7163.MCT-20-0014
https://www.ncbi.nlm.nih.gov/pubmed/34045233
https://doi.org/10.1186/s13058-020-1252-7
https://www.ncbi.nlm.nih.gov/pubmed/32005279
https://doi.org/10.1016/S0140-6736(22)02420-5
https://www.ncbi.nlm.nih.gov/pubmed/36495879
https://doi.org/10.1016/j.ejmech.2019.111682
https://doi.org/10.1200/JCO.2021.39.15_suppl.1023
https://clinicaltrials.gov/study/NCT02564900

	Introduction 
	Evolution of HER2 Interpretation Guidelines 
	HER2-Low Breast Cancer 
	Clinical Considerations for Patients with HER2-Low BC 
	Conclusions 
	References

