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Summary
Objective. Novel therapies for HER2-(ultra)low breast cancer (BC) have changed the 
traditional binary classification of HER2 status into a multi-tiered system that captures 
the full spectrum of expression as determined by immunohistochemistry (IHC). Several 
pre-analytical and analytical variables can influence the accurate identification of HER2 
expression within the lowest IHC range.
Herein, we present the findings of a national Italian project addressing the diagnostic chal-
lenges associated with HER2-(ultra)low BCs and their proper classification.
Material and methods. A total of 121 pathologists from various regions and institutions 
were recruited and asked to: i) complete an online survey addressing key pre-analytical 
and analytical issues affecting HER2 status reporting in BC; ii) score 8 cases of IHC HER2-
(ultra)low whole slide images (WSI) shared online; iii) participate in on-site meetings to 
discuss the results and evaluate 8 additional challenging WSIs. The assessments were 
subsequently compared to those of an expert panel.
Results. Several pre-analytical and analytical concerns emerged from the questionnaire, 
such as reporting resection cold ischemia time and decalcification agent of choice and 
the employment of adequate HER2 controls. Regarding the WSIs, a substantial overall 
agreement (69%) with the expert panel was observed (74% in the online phase and 64% 
in the on-site phase), along with substantial to excellent consensus (≥ 61%) in over 60% of 
the samples. Most discordances emerged in the on- site cohort, which was enriched with 
challenging cases, particularly within the HER2 0+/ultralow spectrum, which demonstrated 
an overall agreement of 48%.
Conclusions. This nationwide study highlights the complexities of accurately classifying 
HER2-(ultra)low breast cancers, particularly within the HER2-ultralow subset. While a sub-
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stantial level of agreement with expert assessments was achieved, 
the variability observed in more challenging cases underscores the 
need for standardized interpretation criteria, enhanced training, and 
continuous quality assurance measures.

Key words: HER2-(ultra)low breast cancer, immunohistochemistry, 
pre-analytics, consensus.

Introduction

Breast cancer (BC) is a heterogeneous disease classi-
fied into different subtypes based on the expression of 
hormone receptors and human epidermal growth fac-
tor receptor 2 (HER2). HER2 status is currently deter-
mined using immunohistochemistry (IHC) according 
to the American Society of Clinical Oncology/College 
of American Pathologists (ASCO/CAP) guidelines1. 
HER2-positive tumors account for approximately 15-
30% of BCs, and patients can benefit from anti-HER2 
targeting agents, such as monoclonal antibodies 
(trastuzumab, pertuzumab), tyrosine kinase inhibitors 
(tucatinib, neratinib, lapatinib), or antibody-drug conju-
gates (trastuzumab-emtansine [T-DM1], trastuzumab-
deruxtecan [T-DXd]). Up to recent times, tumors were 
categorized as HER2-positive or HER2-negative, with 
the latter considered not eligible for HER2-targeting 
agents because of the absence of oncogene addic-
tion from HER2 gene amplification. However, recent 
clinical trials, such as DESTINY-Breast04 (DB-04), 
have demonstrated improved outcomes with T-DXd in 
patients with previously treated metastatic BC exhibit-
ing an IHC score of 1+ or 2+ without HER2 gene am-
plification2. This led to the recognition of the “HER2-
low” diagnostic category of BC. Additional findings 
from DESTINY-Breast06 (DB-06) further emphasized 
the clinical benefit of T-DXd in patients with even lower 
levels of HER2 expression, specifically those with an 
IHC score of 0 showing minimal positivity, defining the 
emerging subgroup known as HER2 0+/ultralow3,4. 
From a diagnostic perspective, the assessment of 
HER2-(ultra)low status remains a challenge due to 
intra-tumoral heterogeneity, interobserver variability in 
IHC interpretation, and discrepancies among different 
diagnostic assays5,6. It has been reported that up to 
60% of patients with BC have a HER2-low disease7; 
therefore, discriminating between IHC score 0 and 1+ 
assumes considerable importance. In this context, up-
dated recommendations for all the analytical phases 
are necessary to improve our diagnostic sensitivity 
for HER2-low BC. Although the ASCO/CAP regularly 
updates the guidelines to maintain optimal diagnos-
tic performance, the interpretation of HER2 IHC in 
HER2-low BC has not yet been formally endorsed. A 
range of pre-analytical factors such as fixation, anti-

gen retrieval, antibody clones, reaction time, tempera-
ture, and substrate concentration can all influence the 
HER2 staining intensity8,9. Additionally, staining meth-
odology, particularly antigen retrieval, the availabil-
ity of diverse antibody clones with various specificity 
[i.e., PATHWAY® HER2 (clone 4B5; Ventana Medical 
Systems Inc., Tucson, AZ, USA), HercepTest™ (Da-
ko Denmark A/S, Glostrup, Denmark), and Oracle® 
HER2 (clone CB11; Leica Microsystems GmbH, Wet-
zlar, Germany)] may significantly impact the accuracy 
and reproducibility of results and complicate the iden-
tification of HER2-low expression in terms of false-
positive and false-negative results. The Ventana path-
way anti-HER2/neu (4B5) rabbit monoclonal primary 
antibody has been approved by the FDA as the first 
companion diagnostic test to identify HER2-low meta-
static BC patients for T-DXd targeted therapy10. How-
ever, assessing the reliability of other commonly used 
HER2 IHC testing methods is still pending10. Regard-
ing the post-analytical phase, the lack of consistent in-
ternal positive control for HER2 within non-neoplastic 
breast tissue11,12, HER2 intratumoral heterogeneity, 
particularly in HER2-low BC, and the semi-quantita-
tive and subjective mode of HER2 assessment may 
lead to inter-observer variability affecting the accuracy 
of the results13–15. Therefore, stringent quality control 
procedures for specimen preparation, along with clear 
guidelines for the accurate evaluation of HER2-low 
cases, are foreseen.
To address the key clinical points related to novel 
HER2 diagnostics, the Italian Study Group of Breast 
Pathologists, under the Italian Society of Pathology 
and Cytopathology (GIPaM- SIAPeC), launched a na-
tionwide project focused on “HER2-low” BC aimed at 
analyzing all factors potentially impacting the quality 
of immunostaining and the consistency of its interpre-
tation, with the ultimate goal of standardizing the pa-
thology reporting.

Materials and methods

Study design

Led by a committee of expert breast pathologists, 
the project engaged pathologists from across Italy 
through a structured, multi-phase series of activities 
conducted over nearly 5 months. These included a 
preliminary webinar, a comprehensive survey, and the 
evaluation of whole slide images (WSI) representing 
a broad spectrum of low HER2 expression, varying 
in both staining intensity and percentage of positive 
cells (Fig. 1). All cases were stained with Ventana 4B5 
clone on Ventana platform.
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Preliminary webinar

A preliminary webinar was held on July 25, 2024, 
engaging 125 attendees, and representing a wide 
range of institutions – from large referral centers and 
academic hospitals to smaller community and gen-
eral hospitals. The participants were all dedicated to 
breast pathology with at least 50% of the working time 
focused on breast pathology cases.
The topics discussed included the clinical and biologi-
cal role of the HER2 molecule, and the current guide-
lines for scoring and the diagnostic challenges in the 
HER2 immunohistochemical interpretation in light of 
the new therapeutic opportunities for HER2-low BC. 
Following the webinar, participants were assigned to 
regional groups for the subsequent phases of the proj-
ect. Each group was led by an expert breast patholo-
gist from the same region, ensuring localized coordi-
nation and consistency in the evaluation process.

Phase 1: online survey and WSIs

Following registration on a dedicated online platform, 
the participants were asked to anonymously fill out a 

survey (Tab. I), addressing the key pre-analytical and 
analytical issues likely to affect BC HER2 scoring in 
pathology laboratories.
After completing the survey, participants assessed 
WSI from eight HER2-low cases, previously upload-
ed on a shared web platform provided by Nikon and 
viewed with NDP.view2 software. The slides were se-
lected from the routine collection of the University of 
Turin by the GIPaM board coordinator (Prof. Castella-
no) and embraced a wide spectrum of low expression 
of HER2 in terms of staining intensity and percentage 
of positive cells. The digital slides were reviewed by 
the organizing committee of the project, whose con-
sensus scoring was considered the referral ground 
truth. The participants were asked to individually score 
the WSIs and report the HER2 percentage of expres-
sion as well. The WSI evaluation was performed on 
the attendees’ personal devices (PC, tablets, etc…), 
regardless of their technical specifications. The con-
cordance with the organizing committee score was 
measured in terms of κ statistics, following the Landis 
and Koch classification16: no to slight agreement (0-

Figure 1. Outline of the project and unfolding of the specific phases.
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20%), fair agreement (21-40%), moderate agreement 
(41-60%), substantial agreement (61-80%), and excel-
lent agreement (≥ 81%).
The questionnaire results and virtual slide assess-
ment were recorded from each macro-area and then 
collected for further analysis.

Phase 2: on-site meetings and WSIs

On-site interactive meetings took place from Septem-
ber 23 to October 22, 2024, bringing together partici-
pants in 7 macro-areas across Italy In the initial part of 
each meeting, the main concerns regarding HER2-low 
breast cancers were resumed by the regional lead-
ers. The survey results and the scoring of previously 
visualized WSIs were then discussed collectively, fo-
cusing on the most compelling issues and diagnostic 
challenges. Finally, participants were asked to eval-
uate WSIs of 8 additional challenging cases due to 
pre-analytical, analytical and post-analytical concerns 
that could affect HER2 interpretation. The attendees 
were asked to provide the overall HER2 scoring and 
the percentage of positive neoplastic cells using an 
application available on their devices (tablets and 
laptops). Once the answers had been collected, the 
results were compared to the expert panel, and the 
main discordant points were collectively analyzed and 
discussed.
The study was approved by the Committee for Human 
Biospecimen Utilization (Department of Medical Sci-
ences – ChBU), University of Turin. Data were anony-

mously recorded and due to its approach, the study 
did not impact the treatment of patients.

Results

After the preliminary webinar, 125 participants joined 
the online phase (survey and WSI consultation) while 
121 attended the on-site meetings (with live WSIs 
evaluation). The results of each phase are detailed 
separately in the following subsections.

Phase 1: online survey

The results of the online survey filled by all partici-
pants are graphically displayed in Figure 2. As for the 
pre-analytic phase, most of the attendees reported fix-
ation times between 6-24 hours (92, 76%) for biopsies 
and between 24-72 hours (86, 71%) for surgical spec-
imens. To note, 88% of participants declared that cold 
ischemia time after surgical excisions was not com-
monly available. With regards to HER2 immunohisto-
chemistry, the 4B5 clone on the Ventana benchmark 
was the most frequently employed assay (88, 73%). 
There was remarkable variability in the type of HER2 
immunohistochemical controls. HER2 score 3+ BC 
was the most frequently used control (60% of cases) 
followed by normal breast tissue surrounding tumor 
area (16%) and cancer cell lines (12%). The external 
controls were put onto the same slide of the samples 
tested in 75% of cases. EDTA was the most frequently 

Table I. Online survey regarding pre-analytical and analytical issues likely to affect breast cancer HER2 scoring in pathology 
laboratories.

Query Options
What is your core biopsy fixation time? ≤ 6 h 6-24 h ≥ 24 h
Do you report cold ischemia time of surgical resections? Yes No
What is your surgical resection fixation time? ≤ 24 h 24-72 h ≥ 72 h
Which HER2 immunohistochemical assay do you employ? 4B5 HERCEPTEST Others
Which immunohistochemistry benchmark is your laboratory furnished with? Ventana Dako Others
Which internal/external control do you rely on? Other BC Cell lines Internal control Others
Are the investigated sample and control routinely placed on the same slide? Yes No
Which type of decalcification do you employ for bone material? EDTA Formic acid Others
How long is your mean decalcification time? ≤ 12 h 12-24 h ≥ 24 h
Do you use digital pathology for primary HER2 scoring? Yes No
If yes to the former question, do you rely on AI-based algorithms for HER2 
testing?

Yes No

Besides the overall immunohistochemical HER2 scoring, do you also report 
the percentage of positive cells?

Yes No

Do you usually re-assess HER2 on surgical specimens whenever a biopsy 
score is already on record?

Yes No Only in doubtful 
cases

Do you re-score prognostic/predictive biomarkers (ER, PR, Ki67, and HER2) 
in histologically documented metastases?

Yes No

Are breast cancer metastases evaluated by dedicated breast pathologists? Yes Not always Usually not
Abbreviations: BC: breast cancer, AI: artificial intelligence, ER: estrogen receptors, PR: progesterone receptors.
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used decalcifying agent (56%) for bone metastasis. 
Decalcification time was less than 12 hours in slight-
ly more than 50% of cases. Only 5% of participants 
routinely employed digital pathology for the HER2 
immunohistochemical scoring. Interestingly only a mi-
nority of participants (34%) reported the percentage 
of HER2-positive cells with the overall scoring. Eighty 
percent of participants reassessed HER2 immunohis-
tochemical scoring on surgical specimens and 99% 
on metastases. The latter were evaluated by dedicated 
breast pathologists in less than 50% of centers (46%). 

Phase 1: online WSIs (routine cases)

Overall, the participants reached a substantial agree-
ment (74%) with the GIPAM board’s referral scoring, 
spanning from 33% to 92% (Fig. 3A), and a substantial 
to excellent concordance in around 90% of the sam-
ples (7/8, 88%). An excellent consensus (≥ 81%) was 
achieved in half of the samples (4/8, 50%), including 
2 of 3 three HER2 0 neoplasms (case 1 and case 7) 
and two HER2 1+ tumors (cases 6 and 8, Fig. 4). No-
tably, the most controversial specimen of this cohort of 
slides (case 2) was the only HER2 0+ GIPAM board-

scored WSI, with the lowest agreement levels, both to 
the ground truth (33%) and the attendees, with rough-
ly a third distributing among the 0 (35%), 0+ (33%), 
1+ (31%) values. Looking at sample types, an 80% 
concordance was reached on the biopsies, account-
ing for 5 out of 8, compared to 63% of the remaining 
surgical specimens. To note, this latter group included 
two cases scored HER2 0 (cases 1 and 3), and the 
only HER2 0+ one (case 2).

Phase 2: on-site WSIs (challenging cases)

For the digital slides evaluated on-site, an aver-
age substantial concordance (64%) with the GIPAM 
ground truth was achieved, ranging from 28% to 82% 
(Fig. 3B). In 3 to 4 of the cases, a substantial to ex-
cellent consensus was met (6/8, 75%). Among these 
challenging samples, only a minority of the WSIs (2/8, 
25%) reached an excellent consensus, both identified 
as HER2 1+ by the GIPAM board. Moreover, one of 
the slides belonging to this latter group (case 3) sig-
nificantly split the audience’s answers, with less than 
half aligning with the gold standard (42%). Howev-
er, most agreed on a referral percentage of positive 

Figure 2. Charts displaying the attendees’ answers to the online survey. IHC: immunohistochemistry.
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cells < 50% (83%, 39%: HER2 1+ < 50% and 44%: 
HER2 0+). A substantial consensus was reached for 
the only HER2 0 specimen in the series (68%). Con-
versely, a moderate agreement (54%) was achieved 
overall for the three HER2 0+ cases presented. Name-
ly, one of them gained the lowest concordance rates 
of the entire cohort (case 8, 28%), with two-thirds of 
the participants scoring it as HER2 0 (75/113, 66%). 
In contrast to phase 1, a higher consensus was ob-
served for surgical resections than preoperative bi-

opsies (71% versus 48%), these latter enriched with 
HER2 0/0+ cases (2/2, 100% versus 2/6, 33%).
The comparison of the scores of the online and on-site 
WSIs between the attendees and the GIPAM directive 
board is summarized in Table II, while representative 
pictures of the most controversial cases are provided in 
Figure 5. Overall, considering both the online and the on-
site WSIs, a substantial agreement (69%) was reached 
between the participants and the GIPAM board.

Figure 3. Charts portraying the distribution of the participants’ HER2 immunohistochemical scores compared to the GIPAM 
gold standard (green line) regarding the online (A) and on-site (B) WSIs cohorts.
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Discussion 

The ongoing development of novel targeted treat-
ments keeps on expanding the therapeutic arsenal for 
BC patients, aiming to tailor management according 
to the specific characteristics of their diseases. As for 
anti-HER2 drugs, they were first designed for overex-

pressing/amplified neoplasms. Since 2022, the results 
from the Destiny Breast (DB)-04 trial2 have expanded 
the usage of an anti-HER2 conjugate (e.g. trastuzum-
ab deruxtecan - T-DXd) in metastatic patients suffer-
ing from so-called “HER2-low” cancers, referring to 
tumors scored as 1+ or 2+ (ISH negative) at immuno-
histochemistry. Taking into account that roughly 60% 
of classically termed HER2-negative breast tumors 
belong to this HER2-low category7, such therapy has 
been assured as a milestone for BC treatment, due to 
its encouraging clinical benefits. Moreover, the DB-06 
trial further demonstrated the utility of T-DXd in pa-
tients diagnosed with “HER2-0+/ultralow” neoplasms17 
which show a weak and incomplete HER2 expression 
in < 10% of tumor cells. These considerations notwith-
standing, such novel therapeutic opportunities have 
caused HER2 scoring to gain renovated interest in the 
medical community. In this setting, pathologists were 
historically used to just labeling samples as HER2 
“positive” (IHC 3+/2+ ISH amplified) or “negative”, with 
no point if any in distinguishing between scores 0 
and 1+. However, as in most instances the adminis-
tration of anti-HER2-low therapies in metastatic pa-
tients relies on scores rated several years ago, this 
may significantly hamper the access of many patients 
to such drugs. Furthermore, a number of pre-analyti-

Figure 4. Case 6 from the online collection, showing a 
distinct quota of neoplastic cells displaying weak and in-
complete membranous staining (HER2 1+). Such a sample 
achieved the highest concordance rate between the partici-
pants and the gold standard, with more than 90% of the 
attendees agreeing with the GIPAM board referral. A cor-
responding hematoxylin and eosin microphotograph is pro-
vided in the inset.

Table II. Participants HER2 scoring of online and on-site WSIs compared to the GIPAM gold standard.

 GIPAM 0 (%)
0+ 
(%)

1+ 
(%)*

2+ 
(%)

3+ 
(%)

GIPAM 0 (%)
0+ 
(%)

1+ 
(%)*

2+ 
(%)

3+ 
(%)

Online WSI On-site WSI
Case 1 (s) 0 102 

(84%)
16 

(13%)
2 

(2%)
1 

(1%)
0 Case 1 (s) 1+ (~50%) 21 

(19%)
92 

(81%)
0 0

Case 2 (s) 0+ 42 
(35%)

40 
(33%)

38 
(31%)

1 
(1%)

0 Case 2 (s) 1+ (<50%) 1 
(1%)

25 
(22%)

87 
(77%)

0 0

Case 3 (s) 0 86 
(72%)

22 
(18%)

13 
(10%)

0 0 Case 3 (s) 1+ (<50%) 14 
(12%)

50 
(44%)

47 
(42%)

2 
(2%)

0

Case 4 (b) 2+ 1 
(1%)

0 38 
(32%)

80 
(67%)

0 Case 4 (s) 1+ (~50%) 5 
(4%)

12 
(11%)

93 
(82%)

3 
(3%)

0

Case 5 (b) 1+ (<50%) 3 
(2%)

26 
(21%)

90 
(75%)

2 
(2%)

0 Case 5 (s) 0+ 18 
(16%)

84 
(74%)

10 
(9%)

1 
(1%)

0

Case 6 (b) 1+ (<50%) 4 
(3%)

6 
(5%)

111 
(92%)

0 0 Case 6 (b) 0 78 
(68%)

25 
(22%)

5 
(4%)

5 
(4%)

0

Case 7 (b) 0 98 
(82%)

20 
(16%)

3 
(2%)

0 0 Case 7 (s) 0+ 18 
(16%)

67 
(59%)

28 
(25%)

0 0

Case 8 (b) 1+ (>50%) 1 
(1%)

1 
(1%)

103 
(85%)

16 
(13%)

0 Case 8 (b) 0+ 75 
(66%)

31 
(28%)

7 
(6%)

0 0

HER2 1+ cases*
<50% >50% <50% >50%

Online WSI On-site WSI
Case 5 (b) 86% 14% Case 1 (s) 86% 14%
Case 6 (b) 78% 22% Case 2 (s) 84% 16%
Case 8 (b) 52% 48% Case 3 (s) 70% 30%

Case 4 (s) 56% 44%
Abbreviations: WSI: whole slide imaging, GIPAM: Gruppo Italiano di studio della Patologia Mammaria, b: biopsy, s: surgical specimen.
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cal, analytical, and post-analytical concerns might in-
fluence the final HER2 immunohistochemical score5. 
On these bases, in 2024 the GIPAM realized a na-
tional project focusing on pathologists’ perceptions of 
the “HER2-low issue”, whose results pointed out that: 
i) pre-analytical, analytical, and post-analytical issues 
still influence the HER2 workflow among the labo-
ratories and ii) although substantial agreement was 
reached overall, raising awareness is pivotal for the 
proper evaluation of IHC slides, especially when ef-
faced by technical artifacts. 
Regarding the initial exploratory survey, various rele-
vant insights emerged from the participants’ respons-
es to the questionnaire. Firstly, current guidelines rec-
ommend a total fixation time of 6 to 24 hours and 24-
72 hours for biopsy and surgical specimens respec-
tively18,19. Most participants adhered to this guideline, 
with only a few reporting extremely short or prolonged 
intervals: 2% less than 6 hours for biopsies, and 3% 
reported more than 72 hours for resections. This find-
ing is particularly significant because under-fixation 
can lead to false-negative immunohistochemical re-
sults or, conversely, paradoxical false positives related 
to enhanced alcoholic post-fixation, making it unac-

ceptable to perform IHC assays on specimens fixed 
for less than 6 hours18. Similarly, false-negative results 
can also be associated with over-fixation, primarily 
due to antigen cross-links caused by prolonged for-
malin exposure5. In this view, it could be reasonable 
to avoid having pathology laboratories receive breast 
specimens (especially biopsies) on Fridays - if the ser-
vice is closed on Saturdays - preventing them from ex-
cessively prolonged fixation times. On the other hand, 
only a minority of the attendees (12%) were used to 
annotate cold ischemia time in their pathology reports. 
It is advisable cold ischemia time does not exceed 1 
hour because long intervals between tissue excision 
and fixation may cause false-negative IHC results as 
well20. Physicians should stick to this point, trying to 
minimize cold ischemia time even when surgical spec-
imens undergo radiology checks before getting to the 
pathology lab.
Alongside the pre-analytical phase, analytical issues 
can also remarkably impact HER2 IHC results and 
their reproducibility. Among them are staining meth-
odology, including antigen retrieval, the availability of 
different antibody clones and IHC benchmarks (such 
as Ventana Medical Systems and Dako Omnis). As 

Figure 5. Representative HER2 immunohistochemical pictures of the most controversial cases. A HER2 0+ tumor (online 
cohort, case 2) arranged in a micropapillary architecture revealing scattered cells with partial membranous staining (blue ar-
rows) (A). HER2 1+ positivity in another case (on-site cohort, case 3), showing a faint but still appreciable expression (blue 
arrows) in a noteworthy proportion of the cells (11-50%) (B). Weak membranous labeling (blue arrows) in a limited percent-
age of invasive carcinoma cells (on-site cohort, case 7). Positive elements in adjacent carcinoma in situ foci (red arrows) 
caused some attendees to score it as HER2 1+ (C). A solid growing tumor enriched with tumor-infiltrating lymphocytes (on-
site cohort, case 8) displaying barely noticeable partial membranous HER2 immunostaining (blue arrows) but enough to label 
the case as HER2 0+ (D). Corresponding hematoxylin and eosin microphotographs for each case are provided in the insets.
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for the testing process, the broad majority of attend-
ees and centers joining the present project routine-
ly employed either the Ventana or Dako clones and 
platforms (89%), with a significant prevalence of the 
former (73%). In this context, the HercepTest (Dako) 
and the 4B5 (Ventana) assays have shown accept-
able concordance for identifying HER2-positive (3+) 
tumors21,22. Therefore, proper and controlled internal 
harmonization is mandatory regardless of the clone 
adopted to ensure safe and reliable results. Likewise, 
HER2 controls play a pivotal role in ensuring reliable 
IHC data. In our study, over 70% of participants rou-
tinely compared their staining with HER2 3+ external 
controls, such as other BC samples (60%) or cell lines 
(12%). Conversely, the remaining 28% relied on either 
internal or other types of controls, including no control 
at all. Current HER2 assays were originally designed 
to detect HER2 overexpression5. However, although 
tests specifically standardized for detecting low HER2 
expression are lacking so far, evaluating slides with-
out adequate controls is no longer acceptable1. Spe-
cifically, i) external HER2 3+ controls must function as 
expected23 ii) and it is advisable to include high and 
low expression controls24. Furthermore, as practiced 
by 75% of the attendees, controls should be placed 
on the same slide as the tested specimen to prevent 
false-negative results due to improper distribution of 
the antibody solution during the same IHC run. In this 
view, periodic laboratory checks and strict adherence 
to national/international quality control programs are 
of paramount importance in ensuring reliable perfor-
mances of standardized protocols25,26.
Finally, a limited but still important percentage (5%) 
of laboratories are transitioning to routine case as-
sessment with digital pathology (DP). Such disrup-
tive technology is likely to revolutionize pathologists’ 
workflow in the near future. However, it should be 
underscored that the employment of DP for primary 
diagnosis requires strict validation of all the system’s 
components27,28, including displays, and the monitors 
available on the market may perform differently29. 
Awareness of reassessing HER2 IHC scoring on sur-
gical specimens and metastases is crucial, as spatial 
and temporal expression heterogeneity can signifi-
cantly influence proper therapy management. Notably, 
pathologists are generally aware of this issue, as evi-
denced by nearly all in our cohort routinely repeating 
HER2 and other biomarker IHC tests (ER, PR, and 
Ki-67) on surgical resections (99% at least in doubtful 
cases) and metastatic samples (99%). Regarding the 
former, intratumoral spatial heterogeneity may cause 
neoplastic clones with different driving molecular 
alterations to variably express HER2 and other bio-
markers30. Therefore, current guidelines31 recommend 

re-testing key biomarkers (ER, PR, Ki-67, and HER2) 
on surgical specimens whenever intratumoral heter-
ogeneity is likely to occur. For instance, this is advis-
able for large tumors (≥ 3 cm) or when preoperative 
biopsy shows equivocal IHC/ISH results, discordant 
morphology/grading, HER2 score 0, or a limited inva-
sive component. Similarly, an elegant autopsy study 
has demonstrated that spatial heterogeneity often af-
fects distant localizations, with 80% of patients show-
ing co-existence of HER2-low and HER2 0 in different 
metastases from the same organ (liver segments)32. 
Likewise, in these samples, the emergence of novel 
neoplastic clones may lead to divergent expression 
profiles compared to primary tumors. Namely, tempo-
ral heterogeneity has been documented by the acqui-
sition of a HER2-low phenotype from HER2 0 primary 
tumors in 10% and 15% of nodal33 and distant me-
tastases34, respectively. Thus, repeating the biomarker 
profile in secondary localization specimens is manda-
tory, and such evaluation should be performed by a 
dedicated breast pathologist35. Moreover, metastatic 
cancer tissue samples may suffer from pre-analytic 
conditions that are not as well monitored as those in 
primary breast tissue samples, particularly in bone 
metastases. In this context, standardizing decalcifica-
tion is critical to ensure reliable outcomes. Among the 
various available agents, ethylenedinitrilotetraacetic 
acid (EDTA) has consistently produced the most re-
liable results in terms of biomarker reproducibility (in-
cluding HER2 IHC/ISH)36,37. In contrast, agents like 
formic and hydrochloric acid can cause false negative 
results due to the rapid formation of bubbles, which 
can severely disrupt cells38. This issue should be em-
phasized within the pathology community, as only 
slightly more than half of the participants in the pres-
ent study routinely use EDTA.
Regarding the WSI assessment, we achieved a sub-
stantial overall agreement (69%) between the attend-
ees and the consensus board across the entire HER2-
low spectrum. Our data aligns with previously pub-
lished evidence and underscores the importance of 
addressing the therapeutic implications of IHC HER2 
evaluation. Early studies on this topic approaching the 
“HER2-low era” reported only a 26% accuracy in clas-
sifying low-scored cases (HER2 0 or 1+)39. In contrast, 
subsequent studies, where participants were aware 
of the full HER2 IHC range and the implications of 
the HER2-low category, showed concordance rates 
exceeding 80%40,41, which further improved by spe-
cific training41. In our study, a lower consensus was 
reached in the on-site WSIs series than online one 
(64% vs. 74%). This could be related to the fact that 
on-site WSIs series were more challenging than those 
of on-line phase, not only in terms of staining intensity 
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and the proportion of neoplastic cells, but also due 
to pre-analytical artifacts. Indeed, the main scope of 
the second phase of the study was to make patholo-
gists aware of the necessity of sharing difficult cases 
with other breast colleagues and be able to recognize 
technical artifacts. 
Consistent with previous articles41, the most contro-
versial dilemmas centered on poor reproducibility in 
cases close to the 10% weak positivity cut-off, with 
moderate agreement in the HER2 0+ subset (on-site 
cohort 54%, overall 48%). This data was not influenced 
by the size of specimens, as the controversial findings 
were documented in both the surgical cohort (phase 
1) and in biopsies (phase 2). To note, both sets were 
not assessed through high-performance medical-de-
gree monitors which, especially for HER2 0+ samples, 
may have contributed to the difficulty in catching faint 
and focal positive staining. With the global adoption of 
the DB-04 trial results2 and the forthcoming DB-0617, it 
will be crucial to not misdiagnose HER2 0+ specimens 
as true HER2 0 (“null”) ones, as this could deny pa-
tients’ access to novel therapeutic options. Converse-
ly, misclassifying HER2 1+ as 0+ (or vice versa) would 
have a lower clinical impact, as anti-HER2 conjugates 
would still be administered. In our project, only 2 of 
16 WSIs (12%) were rated as HER2 0 null instead of 
HER2 0+ by the majority of pathologists (online case 
2 and on-site case 8). We are confident that this pro-
portion will even decrease in the future as physicians 
become more aware of the “HER2-low issue.” Wider 
employment of double signature for BC biopsies, as 
recommended by the EUSOMA guidelines35, will fur-
ther lessen this gap, as well as the adoption of medi-
cal-grade validated monitors in laboratories relying on 
digital pathology29. 
For this study we took advantage of DP which is an 
extremely useful tool for remote sharing of cases. In 
the specific setting of immunohistochemical evalua-
tion of HER status a further advantage of DP relates 
to the fact that digital slides allow better detection of 
HER2-(ultra)low cases compared to conventional 
microscopy 42. However, further clinical studies are 
needed to verify the predictive value of digital patholo-
gy for HER2-(ultra)low assesment.
Additionally, the use of artificial intelligence-based al-
gorithms in computer-aided diagnoses could improve 
reporting standardization and pathologists’ ability to 
categorize challenging cases, as recent evidence sug-
gests43. Finally, with the expansion of the population 
eligible for anti-HER2 therapies, it may be questioned 
whether there would be any point in recording the per-
centage of HER2 expression in pathology reports. Al-
though further dedicated studies are warranted, data 
from available trials indicate a trend of clinical bene-

fits according to the proportion of positive neoplastic 
cells44,45. Therefore, we support the current guidelines’ 
recommendation1,5 to specify the amount of invasive 
carcinoma elements labeled for HER2. 

Conclusions

The broadening of targeted anti-HER2 BC therapies 
advocate increasingly detailed and precise IHC and 
ISH evaluations, particularly in HER2-low and 0+/ul-
tralow settings. Despite growing consciousness with-
in the pathology community, our project has shown 
that further dissemination of evidence and knowledge 
is essential that most laboratories adopt established 
measures to prevent issues likely to hinder final HER2 
IHC scoring. Pre-analytical, analytical, and post-ana-
lytical concerns may significantly impact the accurate 
evaluation of IHC HER2 slides, especially in the ultra-
low range, thereby affecting patients’ access to specif-
ic treatment options. Ultimately, a high level of aware-
ness of the “HER2-(ultra)low issue” along with stand-
ardized evidence-based laboratory procedures is the 
key to ensuring reliable results and, thus, providing 
patients with the most tailored management possible.
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