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Abstract

Background Accurately assessing HER2-low (immunohistochemistry [IHC] 1+and IHC 2+/in situ hybridization
[ISH]-) and HER2-ultralow (IHC >0 < 14) is essential given the emergence of novel therapies. Thorough understanding
of the reproducibility of rescoring IHC stained slides or re-staining archived tissue slides is essential.

Methods 2,869 breast cancer patients diagnosed between July 2021 and July 2022 from 10 hospitals in China were
included in this multicentre study. The prevalence of different HER2 expression levels and distribution of HER2 IHC
scores were assessed by HER2 status determination from rescored historical slides. Concordance was evaluated across
historical results versus rescored results, historical results versus re-stained results, and leading center results versus
local site results. Clinicopathological characteristics were retrospectively analyzed as well.

Results HER2 IHC 0, IHC 14, IHC 24, and IHC 3 4+ were identified in 682 (23.8%), 871 (30.4%), 801 (27.9%), and 515
(18.0%) cases, respectively. HER2-positive, HER2-low, and HER2 IHC 0 (HER2-ultralow and IHC null) were identified in
21.7%, 54.5%, and 23.8% of cases, respectively. The prevalence of HER2-ultralow and IHC null was 10.6% and 13.2%,
respectively. The concordance for HER2-ultralow was 43.3%; 30% of cases that were scored as HER2-ultralow at local
sites were rescored as HER2-null and 26.7% of cases were rescored as IHC 1 +at the leading site. Overall, there was
substantial agreement (83.1%) between rescored and historical IHC results. A high concordance rate of 91.7% was
observed for HER2-low classification.

Conclusions This is the first multicenter study to determine the prevalence of HER2-low and HER2-ultralow based on
rescored results in the Chinese breast cancer population. The concordance analysis carries important implications for
the diagnosis of HER2-low and HER2-ultralow cases in clinical practice. The relatively low concordance in identifying
HER2-ultralow suggested that the reproducibility of scoring HER2-ultralow needed to be improved through training.

Trial registration ClinicalTrials.gov identifier NCT05203458.
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Background

Breast cancer is the most common malignancy affecting
women worldwide, with approximately 2.3 million new
cases diagnosed each year [1]. The overexpression of the
HER?2 gene, found in approximately 15-20% of patients
with metastatic breast cancer, is associated with a high
risk of recurrence and poor prognosis [2]. Traditionally,
the determination of HER2 status has been a binary clas-
sification, dividing patients into HER2-positive (immu-
nohistochemistry [IHC] scores of 3+or IHC 2+with a
positive in situ hybridization [ISH+]) and HER2-negative
(IHC scores of 0, 1+, or 2+with a negative ISH [ISH-])
categories. This classification plays a crucial role in guid-
ing therapeutic strategies and has been widely adopted in
clinical practice [3, 4]. In recent years, HER2-low breast
cancer, characterized by HER2 IHC scores of 1+or
2 +along with a ISH- result, has become eligible for treat-
ment with trastuzumab deruxtecan (T-DXd) based on the
results of the DESTINY-Breast04 trial [5]. Patients with
HER2-low breast cancer are now recognized as being
part of a distinct subgroup who may benefit from T-DXd,
and this was affirmed in a 2023 update of the American
Society of Clinical Oncology (ASCO-CAP) guidelines [6].
This changes the conventional dichotomous classification
of HER2 expression and, thus, our understanding and
management of breast cancer based on HER2 expres-
sion level. The lowest threshold of HER2 expression via
IHC that is indicative of benefit from HER2-directed
antibody-drug conjugates remains to be defined. Results
from the DESTINY-Breast06 trial demonstrated that
not only patients with HER2-low breast cancer but also
those with HER2-ultralow disease (defined as IHC 0 with
incomplete and faint staining in <10% of tumor cells)
benefited from T-DXd, suggesting that identifying HER2-
ultralow disease is also clinically relevant [7-9]. This has
led to the approval of T-DXd for metastatic HER2-low or
HER2-ultralow breast cancer by the US Food and Drug
Administration [9, 10].

Understanding the precise prevalence of the HER2-low
breast cancer subtype in different patient populations is
crucial because of its therapeutic implications. Recent
estimates suggest that HER2-low represents a large
majority of HER2-negative breast cancer tumors [11-15].
In several multicenter, international studies, 60—-67% of
HER2-negative patients with breast cancer were clas-
sified as having HER2-low disease [11, 12]. However,
reports on the prevalence of HER2-low expression in
Chinese patients are limited [13-15], and most of the
available data are based on historical results, which pri-
marily aimed to identify the HER2-positive populations
[12-16]. As a result, high-quality data on the prevalence

of HER2-low and HER2-ultralow expression are lacking
in Chinese patients with breast cancer.

With HER2-low breast cancer emerging as a new tar-
getable subset, it is imperative to ensure accurate and
consistent diagnosis of HER2-low status, which serves
the foundation for guiding HER2-directed treatment
decisions. Although IHC and ISH remain the primary
methods for identifying patients with HER2-low status,
it should be noted that historical scoring methods have
primarily focused on identifying HER2-positive popu-
lations. A multicenter, worldwide study by Viale et al.
showed that a significant proportion of cases with histor-
ical score of 0 were reclassified as 1+ upon re-evaluation
[11]. Recent research by Fernandez et al. has highlighted
the poor scoring accuracy for HER2 IHC in the range
of 0 to 1+based on the CAP survey data set, where the
concordance between HER2 0 and 1+was 26.0% and
2 +and 3 +was 58.0% [17]. Several other studies have also
reported notable interobserver variations, ranging from
fair to substantial agreement in the assessment of HER2-
low breast cancer, with lower agreement frequently
observed in cases with scores of 0—1+ [12, 17, 18].

The current retrospective study sought to address the
aforementioned questions. First, based on the rescored
results, this study will provide a reliable estimation of
HER2-low and HER2-ultralow prevalence in patients
with breast cancer in China. Second, as interobserver
variation continues to be a challenge in IHC testing,
especially for IHC 0 and 1+, evaluation of concordance
rates would confirm whether the results can be inter-
preted with reasonable confidence and used reliably in
the diagnosis of HER2-low disease [11, 17, 19].

Methods

Study design

This was a multicenter, retrospective study (HER2-PATH,
NCT05203458) in patients with confirmed diagnosis
of breast cancer in China. The primary objective was
to accurately assess the prevalence of different levels of
HER?2 expression and distribution of HER2 IHC scores in
the 2,869-patient cohort. Secondary objectives included
the concordance rates of historical results versus rescore
results, historical results versus re-stained or rescored
results, and leading center results versus local site results.
Eligible patients were aged>18 years, had histological
confirmed diagnosis of breast cancer between July 2021
and July 2022, had>1 archived HER2 IHC slide in good
condition for rescoring, and had available fluorescence in
situ hybridization (FISH) results for HER2 IHC2+. The
detailed exclusion criteria are listed in Additional File 1.
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Study flow and assessment

The study flow and assessment groups are illustrated in
Fig. 1. Patients from 10 medical centers in China who
underwent breast cancer surgery between July 2021
and July 2022 were included in the study. A total of 300
patients per site were included chronologically, with
Fudan University Shanghai Cancer Center (FUSCC)
being the leading study center. Relevant information,
including patients’ general details, demographic data,
diagnosis, clinicopathological features, and historical
HER2 IHC scores obtained by VENTANA HER2 (4B5)
Assay were extracted from medical records. Archived
HER2 IHC slides (tissue sample obtained via surgery)
from these patients were subjected to rescoring by a
review committee, who were blinded to the historical
results. The HER2 scoring scheme and nomenclature are
presented in Additional File 1: Fig. S1. At the beginning
of this multicentre study, pathologists from all partici-
pating sites underwent training and were aligned on the
scoring criteria. The major recommendations for inter-
pretation training included magnification rules and scor-
ing framework (intensity, membrane completeness, and

Study flow

» Consecutive patients diagnosed with breast
cancer between 1 Jan 2021 — 31 Dec 2021

Available HER2 IHC-stained slides

* Retrieved around 3,000 slides from 10 sites
(1 leading center and 9 local sites)

h 4

» 2,869 IHC-stained slides retrieved

Retrieved slides were rescored at the leading
center and local sites

« Assessed using the ASCO/CAP 2018 guidelines

h 4

» Around 270 slides from 9 local sites (n = 30 each)

« All slides were re-stained using VENTANA 4B5
and rescored at the leading site

h 4

» Re-stained slides were sent to the local sites
to be scored

Fig. 1 Study design

Study groups

|| |
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percentage). The training also included case studies high-
lighting pitfalls in HER2 interpretation, as well as exam-
ples of special staining patterns and nonspecific staining.

Re-staining and rescoring at FUSCC

A total of 270 patient samples from 9 local sites (30 sam-
ples per site) were chosen for HER2 IHC re-staining.
Within each site, a random selection process was used to
choose 8 patients with a HER2 IHC score of 0, 9 patients
with a score of 1+, 9 patients with a score of 2+, and 4
patients with a score of 3+. These selected samples were
then resectioned and sent to FUSCC for re-staining
and rescoring. Subsequently, the re-stained slides were
returned to their respective centers for scoring by the
local review committee independently.

All slides were stained using the VENTANA HER2
(4B5) Assay and scored following the ASCO/CAP 2018
guidelines, including the addition of HER2-ultralow as
defined in the DESTINY-Breast 06 trial.

Assessment objectives

« Concordance between the historical
results and rescored HER2 status

» Prevalence/distribution of HER2
IHC scores and expression levels

 Histopathological and
clinicopathological profiles

« Concordance between rescored
historical slides at local sites and
re-stained slides scored at the
leading center

» Concordance between re-stained
— slides scored at leading center
and local sites

— « Concordance between rescored
historical slides and re-stained
slides at the local sites
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Review committee

The pathologists committee consisted of 3 professional
pathologists at each site: 2 to read the set of 30 cases, and
1 to serve as adjudicator for discrepant cases. Each of
the 2 readers independently evaluated the same 30 sam-
ples. If the results between the 2 readers matched, it was
recorded as the final result. Otherwise, the adjudicator
would review each reader’s scores before making the final
judgement on HER2 IHC status.

Statistical analysis

The prevalence of different HER2 expression levels was
calculated based on the rescored HER2 status. The cor-
responding 95% confidence interval (CI) was calcu-
lated using the Clopper-Pearson’s exact method. For
concordance analysis between historical and rescored
IHC scores or between different sites, the shift table
with count and percentage was provided to summarize
the distribution of each circumstance of disagreement.
The overall agreement was examined using the Cohen’s
Kappa coefficient, whereby convention, a Kappa value
equal to or greater than 0.8, is often considered almost

Table 1 Distribution of HER2 IHC score, FISH results, and HER2
expression levels from rescored historical slides

Characteristics Total
patients
(N=2869)
HER2 IHC score, n (%)

0 682 (23.8%)
Null 379 (13.2%)
Ultralow 303 (10.6%)

1+ 871 (30.4%)

2+ 801 (27.9%)

3+ 515 (18.0%)

Total 2869

FISH results for HER2 IHC 2 +cases, n (%)

FISH- 692 (86.6%)

FISH-+ 107 (13.4%)

Missing 2

Total 801

HER2 expression level based on the rescored HER2 status,
n (%)

HER2 IHC O 682 (23.8%)
HER2 null 379 (13.2%)
HER2-ultralow 303 (10.6%)

HER2-low 1563

(54.5%)

HER2-positive 622 (21.7%)

Missing 2

Total 2869

HER2 expression level: (@) HER2 IHC 0: defined as HER2 null or HER2-ultralow; (b)
HER2-low: defined as IHC 1+or IHC 2+/FISH-; (c) HER2-positive: defined as IHC
2+/FISH+or IHC 3+; (d) Missing: missing rescored HER2 status, or IHC 2+with
unknown or missing FISH result

FISH, fluorescence in situ hybridization
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perfect agreement, and a Kappa value between 0.8 and
0.6 is considered substantial agreement. All statistical
procedures were performed using SAS v.9.4.

Ethics

This study was approved by the ethics committees of
the study sites and performed in accordance with the
Declaration of Helsinki, International Council for Har-
monisation for Good Clinical Practice, and the applicable
legislation on non-interventional studies and/or observa-
tional studies. No informed consent was needed in this
retrospective study.

Results

Baseline demographic and characteristics

A total of 2936 patients were screened, of whom 2869
with IHC-stained slides were included in this study.
All patients were Chinese, the majority were female
(n=2855, 99.5%) and the median age was 52.8 years
(range: 20.2-92.2 years) (Additional File 1: Table S1). A
total of 22.8% (n=654) of historical HER2 THC scores
were 0, 30.6% (n=877) were 1+, 29.5% (n = 846) were 2+,
and 17.1% (n=492) were 3+. Among IHC 2 + patients,
85.0% (n=719) were FISH- and 15.0% (n=127) were
FISH+. The proportions of HER2 expression level
based on historical assessment were 22.8% (n=654) for
HER2 THC 0, 55.6% (n=1596) for HER2-low, and 21.6%
(n=619) for HER2-positive (Additional File 1: Table S1).
As for hormone receptor (HR) status, 2277 (79.4%) were
HR-positive and 591 (20.6%) were HR-negative.

Prevalence

Based on the rescored results conducted by the patholo-
gist committee, 682 patients (23.8%) were classified as
IHC 0, 871 (30.4%) as IHC 1+, 801 (27.9%) as IHC 2+,
and 515 (18.0%) as IHC 3+ (Table 1). Among all patients,
prevalences of HER2-ultralow IHC >0 to <1 +and HER2
null were 10.6% (n=379) and 13.2% (n=303), respec-
tively. When the FISH results were combined, the prev-
alence of HER2-low was 54.5% (95% CI, 52.7-56.3%).
The distribution of HER2 expression stratified by HR
status was analyzed. HER2-low prevalence was higher
in the HR-positive than HR-negative subgroup (60.7%
vs. 30.8%) (Fig. 2). The prevalence of HER2-ultralow was
10.9% and 9.1% in the HR-positive and HR-negative sub-
groups, respectively.

Concordance

Concordance of historical results versus rescored
slides The concordance between historical scores and
rescores of the same slides for HER2 THC score was 83.1%
(2383/2869) (Table 2). Overall, there was substantial
agreement between both groups for IHC scores (k=0.77;
95% CI, 0.75-0.79). A lower concordance rate was seen
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Fig. 2 Distribution of HER2 expression among HR positive and HR negative subgroups from rescored historical slides. HER2 IHC 0 is defined as HER2 null
and HER2-ultralow; HER2-low is defined as IHC 1+or IHC 2+/ISH-; HER2-positive is defined as IHC 3+ or IHC 2+/ISH+. HER2 null indicates IHC 0 with no

staining. * HR status was missing for one patient

in the group with HER2 IHC 1+ (74.5%) compared with
those with IHC 0 (85.2%), IHC 2+ (81.3%), and IHC 3+
(98.6%). 14.7% (n=96) of IHC 0 cases from the histori-
cal slides were rescored to IHC 1+, and 13.5% (7 =118) of
IHC 1 +were rescored to IHC 0; 12.1% (n=106) of IHC
1+ cases were rescored to IHC 2+. Most discordant cases
occurred between IHC 0 versus IHC 1+ (7=214) and IHC
1+versus IHC 2+ (1=227).

The overall concordance for HER2 expression status
was 91.7% (2632/2869). The highest concordance was
achieved with HER2-positive samples at 99.2%, while
those for HER2 THC 0 and HER2-low were 85.2% and
91.7%, respectively (Table 2). A k value of 0.86 (95% CI,
0.85-0.88) indicated almost perfect agreement for HER2
expression status between the historical results and
rescored results. 7.8% (n=125) of HER2-low cases from
the historical results were reassigned to HER2 IHC 0 and
14.8% (n=97) of HER2 IHC 0 were reassigned to HER2-
low after rescoring. A smaller proportion (0.5% [#n=28])
was reassigned from HER2-low to HER2-positive.

Concordance of re-stained slides scored at the leading
center versus local sites The concordance according to
the HER2 IHC category for the re-stained slides scored
at the leading center and local sites was 82.2% (222/270,
Table 3). The « value was 0.77 (95% CI, 0.70-0.83) indi-
cating substantial agreement. Most discordant cases
occurred between HER2 THC 0 versus 1+ (2=20) and

1 +versus 2+ (1 =23) categories. However, this had limited
impact on the HER?2 status as the overall k concordance
score was 0.88, which is considered almost perfect agree-
ment. After adjusting for extreme bias (such as IHC 1 +to
3 +and vice versa), the quadratic weighted k was 0.85 for
IHC category and 0.93 for HER2 expression level between
the leading center and the local sites. Additionally, the
values between the leading center and each local site for
HER2 IHC category ranged from 0.66 to 0.86 and 0.83 to
0.95 for HER2 expression status, suggesting substantial to
almost perfect agreement (Additional File 1: Tables S2 and
S3). Moreover, the concordance for HER2-ultralow was
only 43.3%, while 30% of cases scored as HER2-ultralow at
local sites were rescored as HER2-null and 26.7% of cases
were rescored as IHC 1 +at the leading site (Additional
File 1: Table S4).

Concordance of re-stained versus historical slides both
scored at local sites The overall concordance for HER2
IHC category between historical and re-stained slides
assessed at the local sites was 71.5% (193/270; Additional
File 1: Table S5). The k value was 0.62, which suggests
substantial agreement. Most discordant cases occurred
between HER2 IHC 0 versus 1+ (n=41) and IHC 1 + ver-
sus 2+ (n=27). Regarding HER2 status, the k concor-
dance score was 0.73 and most discordant cases occurred
between HER2 IHC 0 and HER2-low (2 =44). The k values
between both groups ranged from 0.50 to 0.86 for HER2



Lv et al. Breast Cancer Research (2025) 27:45

Page 6 of 11

Table 2 Concordance of HER2 IHC score and expression level between historical results and rescored historical slides

HER2 IHC score

Historical results

0 1+ 2+ 3+ Total
Rescored historical slides
0 557 (85.2%) 118 (13.5%) 7 (0.8%) 0 (0.0%) 682 (23.8%)
Null* 347 (53.1%) 28 (3.2%) 4(0.5%) 0 (0.0%) 379 (13.2%)
Ultralow* 210 (32.1%) 90 (10.3%) 3(0.4%) 0 (0.0%) 303 (10.6%)
1+ 96 (14.7%) 653 (74.5%) 121 (14.3%) 1(0.2%) 871 (30.4%)
2+ 1(0.2%) 106 (12.1%) 688 (81.3%) 6 (1.2%) 801 (27.9%)
3+ 0 (0.0%) 0 (0.0%) 30 (3.5%) 485 (98.6%) 515 (18.0%)
Total 654 877 846 492 2869
Agreement 557 653 688 485 2383 (83.1%)
Kappa coefficient and 95% Cl 0.77 (0.75-0.79)
HER2 expression level Historical results
HER2 IHC O HER2-low HER2-positive Total
Rescored historical slides
HER2 IHC 0 557 (85.2%) 125 (7.8%) 0 (0.0%) 682 (23.8%)
HER2 null* 347 (53.1%) 32 (2.0%) 0 (0.0%) 379 (13.2%)
HER2-ultralow* 210 (32.1%) 93 (5.8%) 0 (0.0%) 303 (10.6%)
HER2-low 97 (14.8%) 1461 (91.7%) 5(0.8%) 1563 (54.5%)
HER2-positive 0(0.0%) 8(0.5%) 614 (99.2%) 622 (21.7%)
Missing 0 2 0 2
Total 654 1596 619 2869
Agreement 557 1461 614 2632 (91.7%)

Kappa coefficient and 95% Cl

0.86 (0.85-0.88)

Note: the top half of the table computes the concordance of HER2 IHC score between rescored historical slides and historical results; the bottom half of the table
computes the concordance of HER2 expression level of the rescored historical slides and historical results

Total refers to the sum of all patients in each column or row; agreement refers to the total number of patients with concordant results; Kappa coefficient refers to the
overall agreement between historical results and rescoring. The denominator of the percentage calculation is the number of total patients or subgroup. *HER2 null

and HER2 ultralow subgroups were not used to calculate agreement/concordance

IHC category, indicating moderate to almost perfect
agreement among local sites (Additional File 1: Table S2),
and from 0.62 to 0.90 for HER2 expression status, indicat-
ing substantial to almost perfect agreement (Additional
File 1: Table S3).

Concordance of re-stained versus historical slides, scored
at leading center and local sites, respectively We also
compared the concordance between re-stained slides
scored at the leading center and historical slides rescored
at the local sites. The overall concordance rate was 68.5%
(185/270; Additional File 1: Table S6), and k value was
0.57 indicating moderate agreement. Most discordant
cases also occurred between IHC 0 versus 1+ (7 =38) and
1+versus 2+ (n=37). This has limited impact on HER2
status as the k value of 0.74 indicates substantial agree-
ment. There were 42 discordant cases occurring between
HER2 IHC 0 and HER2-low. Overall, the k values between
both groups ranged from 0.29 to 0.91, suggesting fair to
almost perfect agreement (Additional File 1: Table S2),
and from 0.53 to 0.95 for HER2 expression status, indi-
cating moderate to perfect agreement (Additional File 1:
Table S3).

Clinicopathological characteristics

The clinicopathological characteristics of patients
rescored at the leading center are listed in Additional File
1: Table S7. In general, the clinicopathological profiles
were similar for HER2-low and HER2 IHC 0 disease, with
no notable differentiating features.

Discussion

HER2 is a predictive biomarker to guide treatment
decision and prognosis in breast cancer. Recent emerg-
ing evidence has highlighted the clinical significance
of distinguishing between HER2 IHC score 0 and 1+in
patients with HER2-low disease. To ensure accurate
categorization and avoid misdiagnosis of breast cancer
patients for decision making, it is necessary to assess
whether current testing methods can identify HER2-low
disease with reasonable reproducibility.

To our knowledge, this study is the first large multi-
center study conducted in China to assess the prevalence
and concordance of HER2 status among all patients with
breast cancer (including HER2-postive and HER2-neg-
ative) based on rescored results using an expert panel.
We found that the prevalence of HER2-low and HER2-
ultralow was 54.5% and 10.6%, respectively, among a
cohort of 2869 patients with breast cancer, suggesting
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that approximately half of all breast cancer patients may
benefit from HER2-low targeted treatments. Notably,
we observed that 14.8% of patients initially classified as
HER2 IHC 0 were reassigned to HER2-low after rescor-
ing at the leading center, suggesting that more attention
should be given to these patients during diagnosis, and
signaling that this group could be rescored to determine
treatment eligibility with T-DXd. The HER2-low status in
our study was more prevalent in the HR-positive group
than the HR-negative subgroup (60.7% vs. 30.8%), which
is consistent with previous studies [11, 20].

The prevalence of HER2-low cancer in China is well
described in the literature, especially for HER2-negative
breast cancer [13—15]. One study found HER2-low in
59.2% of 5610 consecutive patients with early-stage breast
cancer [21]. Another study reported HER2-low disease in
48.5% of 1,250 female patients with primary non-meta-
static breast cancer [16]. Dai et al., using rescored histori-
cal HER2 THC slides, found HER2-low disease in 61.3%
of 707 consecutive patients who underwent breast cancer
surgery. However, most of these studies utilized historical
HER2 THC scores and included patients diagnosed with
breast cancer between 2000 and 2010, when awareness of
HER2-low disease was limited [13—-16, 21]. Various fac-
tors, such as missing histological or IHC information,
changing HER2 definitions and scoring criteria over time,
and the lack of treatment options and voluntary FISH
testing in the past, may have impacted the reported prev-
alence [12, 13, 15, 22]. The prevalence of HER2-low dis-
ease stratified by HR subgroups in our study aligns with
that in previous studies (40-71% in HR-positive tumors;
27-53% in HR-negative tumors) [11, 12, 20, 22, 23]. How-
ever, four of these studies only examined HER2-negative
breast cancers [11, 12, 22, 23], and only one included all
breast cancer patients [20].

An important aspect of our study was the assessment
of the population of patients with HER2-ultralow dis-
ease (defined as IHC 0 with incomplete and faint stain-
ing in <10% of tumor cells), a population currently being
investigated in DESTINY-Breast06 with T-DXd [24]. We
found that HER2-ultralow tumors accounted for 10.6% of
all patients with breast cancer in our study, slightly lower
than reported rates in Germany (15.9%) and in the United
Kingdom and Ireland (12.0%) [18, 25]. The relatively
low concordance (43.3%) in identifying HER2-ultralow
between the leading site and local sites suggested that
the reproducibility of HER2 -ultralow scoring was rela-
tively poor and required improvement through training.
Concordance was also assessed among those with valid
central and local HER?2 test results in DESTINY-Breast06
trial. Of the 349 samples scored as IHC 0 locally (sepa-
rating HER2-ultralow from IHC 0 was not standard prac-
tice at the local sites), central tests found that 40% were
HER2-ultralow and 24% were HER2-low. Given that the
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results of this study showed T-DXd improved progres-
sion-free survival versus physician choice of chemother-
apy in both the HER2-low and HER2-ultralow groups [8,
9], consistent across the different IHC scores (IHC 0 with
membrane staining, 1+, and IHC2+/ISH-) [24], further
highlighting that a considerable proportion of patients
with a history of IHC 0 status could benefit from T-DXd
treatment. Consequently, there is a need for increased
awareness of HER2-low and -ultralow expression levels
in clinical practice.

The overall concordance between historical results
and rescored samples was 91.7% for HER2 status, with «
value indicating almost perfect agreement. This signaled
that most cases could be reproducibly classified using
archived stained slides, providing added confidence that
HER?2 status can be assigned reliably. However, a lower
concordance rate of 83.1% was observed for some IHC
categories, particularly in distinguishing HER2 IHC 0,
1+, and 2+. There was a substantial proportion of his-
torical IHC 1 +that was rescored as IHC 2+and vice
versa, although this had limited impact on the assign-
ment of HER2-low status as the concordance for HER2-
low expression remained high. Poor distinction between
IHC 0 and 1+could potentially have negative clinical
implications.

Interobserver variation is well documented when eval-
uating HER2 THC scores, especially in cases with scores
of 0 to 1+ [17-19, 26, 27]. We re-stained archived tis-
sue slides at the central site before sending them to the
respective local sites for scoring. The overall concordance
for HER2 IHC categories was 82.2%, with the k value sug-
gesting substantial agreement. The agreement for HER2-
low between central and local sites for re-stained slides
was 91.4% (Table 3). However, the agreement between
re-stained slides that were centrally scored, and his-
torical slides rescored at local sites was lower at 75.3%.
This was comparable with the 77.8% overall agreement
for HER2-low reported in the DESTINY-Breast06 study
[24]. A considerable number of discordant cases were
observed for IHC 0 versus 1+and 1+versus 2+. How-
ever, these discrepancies had limited impact on HER2
status, with k value suggesting almost perfect agree-
ment. Importantly, there was diagnostic consistency
between the leading center and local sites in our study.
Previous studies have shown that standard training may
improve the concordance of HER2-low diagnosis. In one
such study, pathologists who completed a 4-hour struc-
tured training program, consisting of lectures, didactic
microscope sessions, and case discussions, demonstrated
improved proficiency in distinguishing between HER2
0 from HER2-low cases [28]. At the beginning of this
study, pathologists were trained and aligned on the scor-
ing criteria at all sites, thereby contributing to the high
concordance observed for HER2-low cases compared
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with other studies. However, we also found that not all
local sites showed perfect concordance with the leading
site, underscoring the need to further strengthen training
in the diagnosis of HER2-low breast cancer. Furthermore,
the concordance for HER2-ultralow was relatively lower,
indicating that pathologists may interpret HER2-ultralow
criteria inconsistently. Given the clinical relevance of
this subgroup, as evidenced by the positive results of
the DESTINY-Breast06 trial, future efforts should pri-
oritize training on the diagnosis of HER2-ultralow breast
cancer [8]. Such training could include the reading of
IHC-stained slides, with a focus on identifying staining
patterns that are frequently observed in weakly stained
samples. It could also cover interpretation techniques,
particularly for cases bordering on the cut-off between
HER2-low, -ultralow, and IHC 0 classifications [28].

Another interesting finding was that re-staining
archived tissue samples may not always be a suitable
approach to assess HER2 IHC scores, as evidenced by
the poor concordance between the re-stained slides and
rescored archived slides assessed at the local sites (over-
all concordance: 71.5%; « value: 0.62). The level of agree-
ment was also lower when comparing the re-stained
slides scored at the leading center with the historical
slides scored at the local sites (overall concordance:
68.5%; « value: 0.57). The study was not able to control
the staining protocol used for each laboratory, which
might affect the concordance rate. Interobserver varia-
tion may exist between the leading center and local sites
when a different set of slides was used (re-stained vs. his-
torical) as indicated by the wide range for k concordance
values (0.29-0.91) (Additional File 1: Table S3). Further
investigation would be needed to elucidate other poten-
tial factors that could affect the staining of archived par-
affin-embedded tissues.

Our study has several important implications for
pathology laboratories. First, rescoring archived IHC-
stained slides is a reasonable method for assessing HER2
IHC scores and reassigning HER2 status, given the high
level of agreement with historical results. This approach
may spare some patients from invasive rebiopsy and
avoid challenges such as limited tissue availability and
increased patient burden in the hospital setting. How-
ever, it is worth noting that it is still not recommended
to rescore archived IHC slides that were stained for too
long. Second, our findings highlight significant interob-
server variation when distinguishing HER2 IHC 0, 1+,
and 2+. The variability may be attributed to subjective
interpretation by individual pathologists or differences
in experience levels. To address this, measures such as
additional HER2-low training, establishing a consen-
sus among readers for HER2 IHC evaluation, rigorous
quality control procedures, adherence to guidelines,
and increased awareness among pathologists on the
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importance of accurately quantifying lower levels of
HER2 expression IHC can be implemented [27, 29]. It
should be noted that in the study HER2 status was evalu-
ated in surgical resection specimens. Core needle biopsy
is often used in practice due to its convenience to pro-
vide diagnostic results before the surgical procedure
[30]. The concordance of HER2-low status between core
needle biopsy and surgical resection has been explored in
several studies, with varying results ranging from low to
moderate concordance [31-33].

Our study has several strengths. To our knowledge, it
was the first study with a large patient population to eval-
uate the prevalence of HER2-low and HER2-ultralow in
patients with breast cancer in China with all HER2 status
through rescoring of archived IHC-stained slides. Unlike
many other studies that only included patients classified
as HER2-negative, we consecutively enrolled all breast
cancer patients between July 2021 and July 2022 from
10 study sites, providing a more accurate estimation of
HER2-low prevalence. Our study also has several limi-
tations. The prevalence of HER2-positive breast cancer
may be underestimated in our study as we excluded those
who received neoadjuvant therapy. Moreover, the patient
samples retrieved from 10 study sites may not be repre-
sentative of the general population in China. There was
also no external validation by an independent team or a
panel of pathologists with varying levels of proficiency,
which was a limitation of the study. The study also did not
conduct or provide genomic or biological experiments or
explanations, nor examine the correlation between HER2
status and clinical outcomes.

Conclusions

In conclusion, our study showed that approximately
54.5% of patients with breast cancer in China had
HER2-low disease and 10.6% of patients were HER2-
ultralow. There was high concordance between histori-
cal and rescored groups, indicating that using archived
IHC-stained slides as a means of identifying HER2-low
patients is a reliable alternative to re-biopsy. Although
some interobserver variability was identified, the agree-
ment level for HER2 status was generally high between
the leading center and local sites, implying that HER2
assessment could be reliably performed at all centers.

Abbreviations

ASCO CAP american society of clinical oncology/college of american
pathologists

cl Confidence interval

FISH Fluorescent in situ hybridization

FUSCC  Fudan university shanghai cancer center

HER2 Human epidermal growth factor receptor 2

HR Hormone receptor

IHC Immunohistochemistry

ISH In situ hybridization

K Kappa

T-DXd Trastuzumab deruxtecan



Lv et al. Breast Cancer Research (2025) 27:45

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/513058-025-02001-0.

Supplementary Material 1: Additional file 1: Table S1: Baseline
demographics and characteristics. Table S2. Kappa concordance value by
individual local sites for HER2 IHC category. Table S3. Kappa concor-
dance value by individual local sites for HER2 expression status. Table S4.
Concordance between the leading center and the local sites on re-stained
slides for HER2 expression level (including HER2-null and HER2-ultralow).
Table S5. Concordance of historical slides and re-stained slides scored

at the local sites for HER2 IHC category and HER2 expression level. Table
S6. Concordance between re-stained slides scored at the leading center
and historical slides rescored at the local sites for HER2 IHC category and
HER2 expression level. Table S7. Histopathological and clinicopathologi-
cal characteristics in the rescored/FUSCC group. Figure S1: HER2 scoring
scheme and nomenclature.

Acknowledgements

The authors would like to thank the patients, their families, and their
caregivers; the co-investigators who were involved in the trial. In March 2019,
AstraZeneca entered into a global development and commercialization
collaboration agreement with Daiichi Sankyo for trastuzumab deruxtecan
(T-DXd; DS-8201).

Author contributions

W.Y. performed the study concept and design. J.Y, QZ, FX, PG, HY, XN, LK,
G.Z, )L, and W.Y. worked on provision study material or patients. H.L,, S.X,,
HW., AX, MH, JF,HG, PC, and HN. worked on sample preparation and
pathological characterization. H.L, S.X, HW, AX, MH, J.F, HG, PC, and H.N.
contributed to collection and assembly of data. H.L. did the data analysis and
interpretation. H.L., J.Y, and W.Y. wrote the manuscript. All authors provided

final approval of the manuscript. W.Y. is accountable for all aspects of the work.

Funding
This study was financially supported by AstraZeneca China. Medical writing
and editorial support were provided by Parexel, funded by AstraZeneca China.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

This study was approved by the ethics committees of the study sites and
performed in accordance with the Declaration of Helsinki, International
Council for Harmonisation Good Clinical Practice, Good Guidance Practice,
and the applicable legislation on non-interventional studies and/or
observational studies. No informed consent was needed in this retrospective
study. The approval number for each ethics committee is listed below.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Pathology, Fudan University Shanghai Cancer Center, 270
Dongan Rd, 270, Xuhui District, Shanghai 200032, China

’Department of Pathology, Hubei Cancer Hospital, Wuhan, Hubei, China
3Department of Pathology, The First Hospital of China Medical University,
Shenyang, China

“Department of Pathology, Guangdong Provincial People’s Hospital,
Guangzhou, Guangdong, China

Department of Pathology, Qilu Hospital of Shandong University,
Shandong, China

Department of Pathology, Guangdong Provincial Hospital of Chinese
Medicine, Guangzhou, Guangdong, China

Page 10 of 11

"Department of Pathology, Union Hospital, Tongji Medical College,
Huazhong University of Science and Technology, Wuhan, Hubei, China
8Department of Pathology, Henan Provincial People’s Hospital, Henan,
China

Department of Pathology, The First Affiliated Hospital of Xi'an Jiaotong
University, Shaanxi, China

1%Department of Pathology, Sun Yat-sen Memorial Hospital, Sun Yat-sen
University, Guangzhou, Guangdong, China

Received: 6 January 2025 / Accepted: 12 March 2025
Published online: 25 March 2025

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, Bray
F. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021;71(3):209-49.

2. Tapia M, Hernando C, Martinez MT, Burgues O, Tebar-Sanchez C, Lameirinhas
A, Agreda-Roca A, Torres-Ruiz S, Garrido-Cano |, Lluch A, et al. Clinical impact
of new treatment strategies for HER2-positive metastatic breast cancer
patients with resistance to classical anti-HER therapies. Cancers (Basel).
2023;15(18):4522.

3. Loibl S, Gianni L. HER2-positive breast cancer. Lancet.
2017,389(10087):2415-29.

4. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human
breast cancer: correlation of relapse and survival with amplification of the
HER-2/neu oncogene. Science. 1987;235(4785):177-82.

5 Modis, Jacot W, Yamashita T, Sohn J, Vidal M, Tokunaga E, Tsurutani J, Ueno
NT, Prat A, Chae YS, et al. Trastuzumab Deruxtecan in previously treated HER2-
low advanced breast cancer. N Engl J Med. 2022,387(1):9-20.

6. Wolff AC, Somerfield MR, Dowsett M, Hammond MEH, Hayes DF, McShane
LM, Saphner TJ, Spears PA, Allison KH. Human epidermal growth factor
receptor 2 testing in breast cancer: ASCO-College of American pathologists
guideline update. J Clin Oncol. 2023;41(22):3867-72.

7. Aditya B, Carlos B, Rebecca D, Xichun H, Joyce OS, Kan Y, Annie D, Sarice B,
Yufan L, Gargi P, et al. Abstract OT-03-09: 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 random-
ized, global phase 3 trial (DESTINY-Breast06). Cancer Res. 2021,81:0T-03.

8. Curigliano G, Hu X, Dent RA, Yonemori K, Carlos H, Barrios S, O'Shaughnessy J,
Wildiers H, Zhang Q, Im S-A, Saura C, et al. Trastuzumab Deruxtecan (T-DXd)
vs physician’s choice of chemotherapy (TPC) in patients (pts) with hormone
receptor-positive (HR+), human epidermal growth factor receptor 2 (HER2)-
low or HER2-ultralow metastatic breast cancer (mBC) with prior endocrine
therapy (ET): primary results from DESTINY-Breast06 (DB-06). J Clin Oncol.
2024;42(17suppl):.LBAT000-1000.

9. Bardia A Hu X, Dent R, Yonemori K, Barrios CH, O'Shaughnessy JA, Wildiers H,
Pierga J-Y, Zhang Q, Saura C, et al. Trastuzumab Deruxtecan after endocrine
therapy in metastatic breast cancer. N Engl J Med. 2024;391(22):2110-22.

10.  FDA approves fam. -trastuzumab deruxtecan-nxki for unresectable or meta-
static HR-positive, HER2-low or HER2-ultralow breast cancer [https://www.fda
.gov/drugs/resources-information-approved-drugs/fda-approves-fam-trastuz
umab-deruxtecan-nxki-unresectable-or-metastatic-hr-positive-her2-low-or-h
er2]

11. Viale G, Niikura N, Tokunaga E, Aleynikova O, Hayashi N, Sohn J, O'Brien C,
Higgins G, Varghese D, James GD et al. Retrospective study to estimate the
prevalence of HER2-low breast cancer (BC) and describe its clinicopathologi-
cal characteristics. J Clin Oncol 2022;40(suppl 16):Abstract 1087.

12. Schettini F, Chic N, Braso-Maristany F, Pare L, Pascual T, Conte B, Martinez-Saez
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):1.

13. LiY, Tsang JY,Tam F, Loong T, Tse GM. Comprehensive characterization of
HER2-low breast cancers: implications in prognosis and treatment. EBioMedi-
cine. 2023;91:104571.

14. Yang X, LiY, Lu X, Ren X, Hua B. Clinicopathological features and prognosis of
patients with HER2-low breast cancer. BMC Cancer. 2023;23(1):914.

15. Zheng L, Zhang Y, Wang Z, Wang H, Hao C, Li C, Zhao Y, Lyu Z, Song F, Chen
K, et al. Comparisons of clinical characteristics, prognosis, epidemiological


https://doi.org/10.1186/s13058-025-02001-0
https://doi.org/10.1186/s13058-025-02001-0
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-fam-trastuzumab-deruxtecan-nxki-unresectable-or-metastatic-hr-positive-her2-low-or-her2
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-fam-trastuzumab-deruxtecan-nxki-unresectable-or-metastatic-hr-positive-her2-low-or-her2
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-fam-trastuzumab-deruxtecan-nxki-unresectable-or-metastatic-hr-positive-her2-low-or-her2
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-fam-trastuzumab-deruxtecan-nxki-unresectable-or-metastatic-hr-positive-her2-low-or-her2

Lv et al. Breast Cancer Research

20.

21

22.

23.

24.

(2025) 27:45

factors, and genetic susceptibility between HER2-low and HER2-zero breast
cancer among Chinese females. Cancer Med. 2023;12(14):14937-48.

Zhu XJ, Zhang H, Zhang S, Li D, Li X, Xu L, Li T. [Clinicopathological features
and prognosis of breast cancer with human epidermal growth factor recep-
tor 2 low expression]. Beijing Da Xue Xue Bao Yi Xue Ban. 2023;55(2):243-53.
Fernandez Al, Liu M, Bellizzi A, Brock J, Fadare O, Hanley K, Harigopal M, Jorns
IM, Kuba MG, Ly A, et al. Examination of low ERBB2 protein expression in
breast cancer tissue. JAMA Oncol. 2022;8(4):1-4.

Zaakouk M, Quinn C, Provenzano E, Boyd C, Callagy G, Elsheikh S, Flint J,
Millican-Slater R, Gunavardhan A, Mir Y, et al. Concordance of HER2-low scor-
ing in breast carcinoma among expert pathologists in the united Kingdom
and the Republic of Ireland - on behalf of the UK National coordinating com-
mittee for breast pathology. Breast. 2023;70:82-91.

Karakas C, Tyburski H, Turner BM, Wang X, Schiffhauer LM, Katerji H, Hicks DG,
Zhang H. Interobserver and interantibody reproducibility of HER2 immuno-
histochemical scoring in an enriched HER2-low-expressing breast cancer
cohort. Am J Clin Pathol. 2023;159(5):484-91.

Bergeron A, Bertaut A, Beltjens F, Charon-Barra C, Amet A, Jankowski C, Des-
moulins I, Ladoire S, Arnould L. Anticipating changes in the HER2 status of
breast tumours with disease progression-towards better treatment decisions
in the new era of HER2-low breast cancers. Br J Cancer. 2023;129(1):122-34.
LuY, Zhu S, Tong Y, Fei X, Jiang W, Shen K, Chen X. HER2-low status is not
accurate in breast cancer core needle biopsy samples: an analysis of 5610
consecutive patients. Cancers (Basel). 2022;14(24):6200.

Dai LJ, Ma D, Xu YZ, Li M, Li YW, Xiao Y, Jin X, Wu SY, Zhao YX, Wang H, et al.
Molecular features and clinical implications of the heterogeneity in Chinese
patients with HER2-low breast cancer. Nat Commun. 2023;14(1):5112.
Tarantino P, Jin Q Tayob N, Jeselsohn RM, Schnitt SJ, Vincuilla J, Parker

T, Tyekucheva S, Li T, Lin NU, et al. Prognostic and biologic significance

of ERBB2-low expression in early-stage breast cancer. JAMA Oncol.
2022;8(8):1177-83.

Salgado RF, Bardia A, Curigliano G, Hu X, Dent RA, Pierga JY, Tsurutani J,
Wildiers H, Ricciardi GRR, Marchio Cet al: LBA21 Human epidermal growth
factor receptor 2 (HER2)-low and HER2-ultralow status determination in
tumors of patients (pts) with hormone receptor-positive (HR+)metastatic
breast cancer (mBC) in DESTINY-Breast06 (DB-06). Annals of Oncology
2024,35:51213-51214.

25.

26.

27.

28.

29.

30.

32.

33.

Page 11 of 11

Lennartz M, Viehweger F, Dum D, Uhlig R, Hinsch A, Hoeflmayer D, et al.
Abstract 5457: prevalence of low HER2 expression is frequent in breast can-
cer but also in cancers of other origin: a tissue microarray study on 131 tumor
types. Cancer Res 2023;83(7_Supplement):Abstract 5457.

Lambein K, Van Bockstal M, Vandemaele L, Geenen S, Rottiers |, 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(4):561-6.

Zhang H, Katerji H, Turner BM, Audeh W, Hicks DG. HER2-low breast cancers:
incidence, HER2 staining patterns, clinicopathologic features, mammaprint
and blueprint genomic profiles. Mod Pathol. 2022;35(8):1075-82.

Ruschoff J, Penner A, Ellis |0, Hammond MEH, Lebeau A, Osamura RY, et al.
Global study on the accuracy of human epidermal growth factor receptor
2-Low diagnosis in breast cancer. Arch Pathol Lab Med. 2024. https://doi.org/
10.5858/arpa.2024-0052-OA. Epub ahead of print.

Baez-Navarro X, Salgado R, Denkert C, Lennerz JK, Penault-Llorca F, Viale G,
Bartlett JMS, van Deurzen CHM. Selecting patients with HER2-low breast
cancer: getting out of the tangle. Eur J Cancer. 2022;175:187-92.

Dekker TJA, Smit VTHBM, Hooijer GKJ, Van de Vijver MJ, Mesker WE, Tollenaar
RAEM, Nortier JWR, Kroep JR. Reliability of core needle biopsy for determin-
ing ER and HER2 status in breast cancer. Ann Oncol. 2013,24(4):931-7.

Na S, Kim M, Park Y, Kwon HJ, Shin HC, Kim EK, Jang M, Kim SM, Park SY. Con-
cordance of HER2 status between core needle biopsy and surgical resection
specimens of breast cancer: an analysis focusing on the HER2-low status.
Breast Cancer. 2024;31(4):705-16.

Chen R, QiY, Huang Y, Liu W, Yang R, Zhao X, Wu Y, Li Q Wang Z, Sun X, et

al. Diagnostic value of core needle biopsy for determining HER2 status in
breast cancer, especially in the HER2-low population. Breast Cancer Res Treat.
2023;197(1):189-200.

Wu'S, Shang J, Li Z, Liu H, Xu X, Zhang Z, Wang Y, Zhao M, Yue M, He J et al.
Interobserver consistency and diagnostic challenges in HER2-ultralow breast
cancer: a multicenter study. ESMO Open 2025;10(2).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.5858/arpa.2024-0052-OA
https://doi.org/10.5858/arpa.2024-0052-OA

	﻿Prevalence and concordance of HER2-low and HER2-ultralow status between historical and rescored results in a multicentre study of breast cancer patients in China
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Study flow and assessment
	﻿Re-staining and rescoring at FUSCC
	﻿Review committee
	﻿Statistical analysis
	﻿Ethics

	﻿Results
	﻿Baseline demographic and characteristics
	﻿Prevalence
	﻿Concordance
	﻿Clinicopathological characteristics

	﻿Discussion
	﻿Conclusions
	﻿References


