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KEYWORDS Abstract The promising effect of antibody—drug conjugates on breast cancer with low
HER2-low: expression of HER2 (HER2-low) raises many questions regarding the optimal selection of pa-
Breast cancer; tients for this treatment. A key question is whether HER2 immunohistochemistry, an assay
Immuno optimised to detect HER2 amplification, is reliable enough to assess HER2 protein levels to
histochemistry; select patients with HER2-low breast cancer in daily pathology practices worldwide. More-
Biomarker; over, whether this assessment can be performed with sufficient reproducibility between pathol-
Trastuzumab- ogists in daily practices is debatable. Herein, we address the historical track record of the
deruxtecan CAP-ASCO HER?2 Guidelines, the reported limited reproducibility by pathologists of

HER?2 immunohistochemistry in the non-amplified cases, and the performance variation of
different antibodies. Based on this summary, we propose solutions to improve the robustness
to enable reliable identification of patients with HER2-low breast cancer.
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1. Historical and current HER2 testing

The implementation of targeted therapies against the
human epidermal growth factor receptor 2 (HER2) has
considerably improved the outcome of patients with
HER2-positive breast cancer (BC) [1]. These HER2-
targeted therapies are effective in patients with HER2
amplification or overexpression, while there is no benefit
for patients without this alteration. The American So-
ciety of Clinical Oncology/College of American Pathol-
ogists (ASCO/CAP) guidelines were developed in 2007
and have been reviewed and updated in 2013 and 2018,
aiming to standardise the detection of HER2-positive BC
patients that could benefit from HER2-blockade [2—4].

Novel treatment options have been developed,
including antibody—drug conjugates (ADCs). Some of
these drugs target cancer cells with low levels of HER2
(HER2-low), such as Trastuzumab-deruxtecan (T-
DXd), which is already recommended for HER2-low
metastatic BC in NCCN guidelines [5,6]. Several clinical
trials use T-DXd in patients with HER2-low metastatic
BC that progressed during endocrine therapy and/or
that have previously been treated with chemotherapy
[7,8]. The DESTINY-Breast(DB)-04 study shows a su-
perior progression-free survival and overall survival in
patients with HER2-low BC treated with T-DXd
compared to standard chemotherapy [7]. The DB-06
study, focused on comparing the use of T-DXd versus
investigator’s choice chemotherapy in HER2-low hor-
mone receptor positive metastatic BC, is ongoing [9]. In
this study, patients with very low levels of HER?2
expression, the so-called ultralow category, are also
included but those with no detectable HER2 protein
expression remain excluded.

2. ASCOI/CAP guidelines for HER?2 testing over the years

The ASCO/CAP guidelines for HER2 testing were
published in 2007, 2013 and 2018 respectively [2—4].
Regarding HER2-low, the most important adaptation is
on the changing definition of HER2 0 and 1+ scores by
immunohistochemistry (IHC). According to the 2007
ASCO/CAP guideline, IHC 0 was defined as an absence
of membrane staining and the 14 score was defined as a
weak, incomplete membrane staining in any proportion
of tumour cells or weak complete staining in <10% of
cells [3]. In the next ASCO/CAP guidelines, published in
2013 and 2018, these cut-off points were modified. The
definition of IHC 0 was adapted to either no staining or
membrane staining that is incomplete and is faint/barely
perceptible within <10% of the invasive tumour cells
[2,4]. The HER2-ultralow group, as defined in the DB-
06 study (IHC >0, <1), is also included in this cate-
gory, which would be classified as IHC 1+ according to
the 2007 guidelines, but as IHC 0 according to the 2013
and 2018 version [9]. Currently, these historical changes
have major consequences.

3. Can assays used for identification of HER2-
overexpressing cancers be used to select patients for ADC
targeted approaches?

Xu et al. showed a broad range of HER2 expression by
mRNA between tumours that have no detectable HER2
by THC [10]. mRNA levels for tumours across ‘HER2-
low’ cancers were overlapping. That is some tumours
with no detectable ITHC expression of HER2 have
mRNA levels equivalent to, if not higher than, some
tumours with IHC1+ or even 2+ cancers. These findings
are consistent with that IHC assays currently in use for
detecting cancers eligible for HER?2 targeted (non-ADC)
therapies are calibrated to detect levels of HER?2
expression 100—10,000 fold above normal breast, and
the levels of HER2 required for ADC response are at, or
below, the lower limit of detection for these assays [11].

4. Current challenges in the assessment of HER2-low BC
(Fig. 1)

There is a ‘physiological’ expression of HER2 on all BC
cells and in the normal breast, but as discussed above
current THC assays are not calibrated to stain this
physiological level of expression in normal cells [11]. A
critical issue is the fundamental lack of understanding as
to what ‘HER2-low’, let alone the ‘HER2-ultralow’
cancers actually represent. Tarantino and colleagues
demonstrated an enrichment of ER-low tumours among
HER2-low tumours, suggesting that the prognostic
analysis of HER2-low patients may be confounded by
the adverse effect of low ER-expression [12]. In absence
of a definition of HER2-low disease, we are confronted
with a pathological conundrum: if we cannot define it,
how can we measure it?

It is clear that the THC assay currently used for
HER?2 detection is incorrectly calibrated to be used in
this setting of HER2-low. It would be like using a
weighbridge calibrated for weighing elephants when you
are trying to accurately weigh mice. Additionally, the
influence of pre-analytical factors on expression-levels in
the low-HER?2 end, like the variations in several meta-
static sites and optimal fixation time of the breast
specimens is still unknown [13].

Some previous studies have evaluated the interob-
server agreement on HER?2 scoring. Schettini et al. re-
ported a series of 100 cases evaluated by 5 expert breast
pathologists according to the 2018 guidelines [14]. The
overall agreement was good (kappa = 0.79), however,
there were 35 discordant cases, and the highest number
of discordances were observed between IHC 0 versus 1+
(15 cases). Recently, Fernandez and colleagues reported
data from the College of Pathologists, where there was
only 26% concordance between 0 and 1+ [15].

Furthermore, Scott et al. reported that the Ventana
4B5 antibody clone on the Ventana autostainer
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STRENGTHS

HER2 is a well-known biomarker for which
international guidelines already exist

Most pathologists are already familiar with
this assay

Immunohistochemistry is relatively
unexpensive

OPPORTUNITIES

Increase awareness and training among
pathologists and clinicians regarding the difficulfies
of HER2-testing
« |Initiatives such as pathologists’ training and scoring
by expert-panels could improve reproducibility
Use of deep learning-based image analysis to
score HER2 expression
Study the interchangeability of different HER2
assaysin clinical trials
+ Study the effect of pre-analytical factors on the
level of HER2 expression
mMRNA expression may be a viable alternative

WEAKNESSES )

* Historically, the distinction between IHC 0 and 1+
had no clinical relevance, so there is litile
awareness among pathologists

Interobserver agreement of HER2-low scoring is
questionable

The use of different HER2 antibodies could result
in variation with respect to the detection of
HER2-low tumors

Influence of pre-analytical factors s still unknown
Current assays may not be applicable to detect
HER2 low cancers.

We do not know the true threshold for HER2 low

THREATS

Incorrect selection of patients, leading to over-or
undertreatment

+ Alarge proportion of pathology laboratories do not
have the antibody and platform as used in current
clinical trials.

J

Fig. 1. Strength, Weakness, Opportunity and Threat (SWOT) analysis regarding HER2 immunohistochemistry as an assay to detect

HER2-low breast cancer.

identified a higher proportion of HER2-low cases than
the HercepTest (27.4% versus 9.2%) [16]. Notably, the
DB-06 study uses the Ventana HER2 4B5 assay on the
Ventana autostainer.

5. How can we get out of the tangle (Table 1)?

Do we have the right biomarker, but the wrong assay?
As with many clinical challenges, problems arise when
the complexity of the issue is poorly understood.

The critical questions

a) Is target expression level actually the right metric for us to
consider the selection of patients for treatment with ADCs?
If the answer is yes, do we know what level of expression is
the correct threshold?

b) What is the appropriate assay technology to select cases
with sufficient target expression for ADC therapy?

¢) How do we ensure that assays developed are calibrated for
accurate assessment of target expression?

To date, there are limited data which address point
(a) above, which perhaps explains the ongoing contro-
versy around points (b) and (c). More broadly, clinical
trials assess the safety and efficacy of an intervention
(e.g. a drug) and biomarker-stratified trials simulta-
neously serve to validate a biomarker, based on a
biomarker—treatment interaction effect. Clinical trials

therefore do not necessarily serve to validate the assay of
the vendor used in the trial as the sole determinant of
treatment response. Similarly, the concept of centralised
testing used in many trials, does not adequately reflect
testing in the daily practice of pathologists and
oncologists.

Increasing the awareness among pathologists and
oncologists on the importance of an adequate detection
of HER2 scores 0, 14+ and 2+ is a start. There may be
three main elements attributing to the observed discor-
dances between pathologists and assays, namely: 1. We
don’t have a clear definition of the correct expression
level to target for ADC response; 2. The analytical
validity of the assay as defined by the limit of detection,
sensitivity, specificity, etc. and these may not cover the
thresholds needed; and 3. the relevance of asking the
pathologist to distinguish HER2 scores of ‘0’ and ‘14,
based on staining in 10% of tumour cells when seeking
to identify ‘HER2-low’ cases. It seems plausible that a
HER2-score of ‘0’, when there’s no staining at all, might
be easier to assess by pathologists than a staining that
has between 0% and 10% stained tumour cells.

Is a change of the ASCO/CAP Guideline back to the
2007 criteria foreseeable as part of the solution? The
DB-trials did not include patients without HER?2
expression (DB-06 enrols ultralow, but excludes non-
expressors), so the optimal lower threshold for HER2
expression remains unclear. In the DAISY trial, patients
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Table 1
Proposed Solutions to improve the HER2-low assay narrative.

Proposed Solutions to improve the HER2-low assay narrative

Increase awareness among pathologists on the importance of appropriate assessment of HER2 scores 0, 1+ and 2+ and potential issues
surrounding HER2-testing

Industry should perform in concert with all stakeholders bridging concordance studies using DESTINY-trial samples, with other HER2-assays,
and using standardised controls before a drug is definitively approved.

Bridging concordance studies between assays and interpretation of the results hereof should be done in an impartial manner, and results should not

be interpreted merely and only in support of the companion diagnostic if the data suggests otherwise.
Concordance studies between pathologists should be based on a sufficient number of participating pathologists, with appropriate statistical
guidance using documents such as for example the FDA-guidance ‘Statistical Guidance on Reporting Results from Studies Evaluating

Diagnostic tests’.

Industry should support, in concert with all stakeholders, relabelling or revising approved HER2-companion diagnostics if there is evidence that
the labelling may lead to uncertainty in the identification of patients for treatments.

ASCO/CAP may reconsider the 2007 definition of HER2 score 0, namely without any expression at all, contrary to the 2013 and 2018 definition of
HER?2 0 that necessitates the evaluation of 10% of tumor cells for a HER-score of 0.

Industry should support, in concert with all stakeholders, relabelling or revising of the HER2 companion diagnostics if equivalent clinical validity
has been demonstrated with other HER2-related biomarkers, providing access to clinical trial tissues to validate other assays.

Pathways for regulatory acceptance of other HER2-assays that are equivalent to the companion diagnostic, but less expensive and easier to
implement in daily practice, should be developed by governments and regulatory agencies ideally before a drug is labelled together with a

companion diagnostic.

Early engagement by all stakeholders in External Quality Control Schemes on HER2-assays to allow rapid development of guidelines and quality
standards is essential, preferably before an assay is approved by the regulatory agencies.

Clinical practice guidelines developed by professional organisations like ASCO, ESMO, etc., should endorse not just a companion diagnostic assay
used in the trial, but any rigorously technically validated equivalent laboratory assays that can define substantially the same population as the

companion diagnostic.

Regulators should require data confirming the analytical validity of the companion diagnostic in the distributed setting in which it would be
applied, at a level of rigour comparable to that required to show efficacy of the drug in question. This includes making public all details of the
analytical validity data by the central laboratory on the assay used in the trial.

with IHC 0 according to current ASCO/CAP guidelines
were included (n = 40) [17]. In this study, 30% of pa-
tients with THC 0 tumours (<10% expression) responded
to T-DXd [17]. This raises the question whether every
patient could potentially benefit from this therapy, albeit
to a different extend, which in turn puts the clinical
relevance of differentiating THC 0 versus ITHC 1+ into
perspective. Re-analysing the THC 0 cohort in the
DAISY trial using a redefined HER2 0 score with no
expression at all, would be interesting, although the
group of non-expressors is likely too small to draw firm
conclusions. Clearly, more information about this sub-
set is needed.

The Ventana HER2 4B5-assay should not be
considered as the only performant ‘companion diag-
nostic’ for accurate HER2-low assessment by regulatory
and reimbursement agencies, insurance companies and
by the scientific, clinical and pathology community,
simply because it was the assay used in the DB-trials
[18]. The DB-trials have validated HER2-low as the
biomarker and has not necessarily analytically validated
the assay of the vendor. As for PDL1, the question on
interchangeability of different assays arises. The
different assays may not be technically fully inter-
changeable as the assays may be different, but nowa-
days, using appropriate reference materials, we know
that most, but not all PDL1-assays have a high degree of
correlation. So, even if technically speaking the assays
are not interchangeable, they may be interchangeably
used in daily practice. This validation should be

developed in a partnership between academia and in-
dustry. This concept also applies to HER2, and to all
biomarkers. For example, for ER-assessment in BC,
there’s not one assay for treatment of a patient with
exemestane, another one for treatment with tamoxifen,
another one for fulvestrant. As absurd as it sounds, the
HER?2 situation is quite similar. In daily practice one
HER2-assay is used for all different HER2-drugs.
Conceptually, this reasoning would have impact on the
workflow in daily practice since many pathology labo-
ratories do not have the Ventana Platform, which was
used in the DB-trials. Under current value-based
healthcare paradigms, neither the acquisition of
another staining system, nor outsourcing with delays in
care seem justifiable. What are pathology laboratories
supposed to do? In this context, the IMPassionl30-
study has assayed different PDL1-assays, and found
that all predicted benefit, albeit with slightly different
hazard ratios eliciting debate in the academic commu-
nity on how to interpret these findings [19]. This em-
phasises again the importance of a correct use and
interpretation of statistical methods to inform on the
performance of assays. Importantly, different hazard
ratios of benefit to treatment nor metrics as median
overall survival for different assays inform on the per-
formance of the assay. Therefore, it is highly recom-
mended to perform a similar analysis in the DB-04 trial,
using different HER2-assays, as used in the daily prac-
tice, and present this data to the regulatory authorities,
next to the assay used in the trial. Currently, different
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HER2-assays from different vendors from trials of
different companies are being used in different tumour
types, and not all use the same criteria to define HER2
low. The consequences of these practices for the clinical
and pathology practices around the globe should be
mitigated by the scientific community, and this includes
partnering with the industry and the regulatory au-
thorities as it is increasingly evident that the same mis-
takes as for the PDL1-saga are being repeated with the
HER2-low paradigm.

Regarding concordance-assessment, there is currently
no standard for approach for concordance assessment
between pathologists. Most often Kappa-values are
used. However, Kappa-values are rarely informative on
the clinical impact of the observed (dis)concordance
[20]. For example, the interrater reliability of ausculta-
tion of breath sounds among physical therapists is poor
[21], yet nobody will claim that we should stop listening
to the lungs of our patients. We recommend using
publicly available FDA-Guidance for the evaluation of
diagnostic tests [22].

Nevertheless, THC interpretation remains semi-
quantitative and observer-dependent, making it suscep-
tible to human error. The use of deep learning-based
image analysis removes some, but not all of these limi-
tations. Moutafi et al. and Gustavson et al. have
implemented deep learning—based image analysis model
to generate a novel continuous score to quantify HER2
[23,24]. But also here, caution and much more efforts
are needed to develop and standardise deep-learning
approaches that can be extrapolated to different hospi-
tal settings, since there is still no HER2-deep learning
assay available that has demonstrated robustness if
implemented in different hospital settings.

6. Conclusion

Novel ADCs are a promising therapeutic option for
many BC patients. However, there are numerous issues
that need to be addressed urgently to optimise the
assessment of low HER2 expression to reliably select
those patients that could benefit from these drugs. Here
we propose to the scientific community, industry as well
as the regulatory authorities a set of tools to mitigate the
described issues (Table 1). To avoid further chaos akin
to the situation with PDL1 we need to learn from our
previous experience, partner with industry and the reg-
ulatory authorities to optimise identification of patients
as accurate and reasonably possible for treatment with
powerful drugs such as T-DXd.
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