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Abstract
Background: Breast cancer is traditionally classified into 
three clinical subtypes based on hormone receptor and 
HER2 status (i.e., luminal-like, HER2-positive, and triple nega-
tive). Each subtype has distinct clinical-pathological and mo-
lecular characteristics and requires tailored treatments. Re-
cent research efforts have been focusing on a new classifica-
tion, identifying the so-called “HER2-low” category, including 
tumors characterized by a low level of HER2 expression (im-
munohistochemistry score 1+ or 2+ without in situ hybrid-
ization amplification). Emerging evidence shows that pa-
tients with HER2-low tumors can derive benefit from select-
ed anti-HER2 therapies. This represents a major advancement 
in the field of breast oncology, where a broader proportion 
of patients with breast cancer can ultimately benefit from 
new effective targeted treatment strategies. Summary: The 
antibody-drug conjugate trastuzumab deruxtecan has prov-
en impressive efficacy in patients with HER2-low breast can-
cer, and several other drugs are currently under investiga-
tion in this subset of patients. Additional investigation is 

needed to address open issues that exist in this field, includ-
ing appropriate pathological assessment of HER2-low status, 
clarification of its prognostic implications, and global access 
to newly approved drugs. Key Message: Our review aims to 
summarize the available evidence regarding HER2-low 
breast cancer, illustrating the current challenges that are be-
ing addressed and the future perspectives in this exciting 
new field. © 2022 S. Karger AG, Basel

Introduction

Breast cancer is traditionally classified into three clin-
ical subtypes according to estrogen receptors (ER), pro-
gesterone receptors (PgR), and HER2 status. Tumors ex-
pressing ER and PgR but not HER2 (i.e., HER2-negative) 
are defined as luminal-like cancers, further classified into 
luminal A-like and luminal B-like carcinomas depending 
on the level of tumor cell proliferation. Luminal A-like 
tumors, which express high levels of ER and PgR as well 
as relatively low levels of tumor cell proliferation, are usu-
ally associated with a relatively good prognosis. Triple 
negative (TN) cancers do not express ER/PgR or HER2, 
and are characterized by a relatively poor prognosis [1, 2]. 
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Luminal B-like carcinomas constitute a spectrum of tu-
mors with variable proliferation levels, and some also 
show HER2 overexpression and amplification. The HER2 
status is defined in clinical practice by a combination of 
immunochemistry (IHC) and/or in situ hybridization 
(ISH) aimed at identifying HER2 protein overexpression 
and HER2 gene amplification [3]. According to the 2018 
American Society of Clinical Oncology/College of Amer-
ican Pathologists guidelines, tumors with an IHC score 
3+ or 2+ harboring HER2 amplification by ISH are de-
fined as HER2-positive [4]. These tumors were histori-
cally associated with a poor prognosis before the intro-
duction of anti-HER2 treatments [5]. Tumors character-
ized by IHC 2+ score without ISH amplification or IHC 
1+ score have historically been labeled as “HER2-nega-
tive” because of the lack of oncogene addiction stemming 
from HER2 gene amplification. Nevertheless, as shown 
by the scores 1+ and 2+ in IHC they display a non-negli-
gible level of HER2 receptors on the cell membrane and 
constitute the so-called “HER2-low” breast cancer cate-
gory. By considering this definition, about 40–55% of all 
breast cancers are ultimately HER2-low [6, 7]. As men-
tioned above, these tumors are classified as HER2-nega-
tive, with treatment recommendations based on hor-
mone receptor status and no differences between breast 
cancers with IHC score 0 and 1+ or 2+ with ISH negative. 
Nevertheless, nowadays, emerging evidence is showing 
that patients with HER2-low breast cancers also can ben-
efit from selected anti-HER2 therapies [6]. The aim of this 
review is to summarize the evidence available regarding 
HER2-low breast cancer, illustrating the current chal-
lenges that are being addressed and the future perspec-
tives in this exciting new field.

HER2-Low Status: An Easy Assessment?

HER2 overexpression is scored as 2+ by immunohis-
tochemistry when weak to moderate complete membrane 
staining is observed in >10% of neoplastic cells [4]. An 
IHC score 1+ is assigned when an incomplete membrane 
staining with a barely perception in >10% of tumor cells 
is identified, and its interpretations may lead to discrep-
ancies and misinterpretations [4]. Another feature com-
plicating this scenario is the heterogeneity of HER2 IHC 
staining [8]. The antibodies used for IHC staining can 
impact on the level of HER2 expression, particularly with 
regard to the HER2-low subgroup. The most used assays 
are HercepTest and VENTANA 4B5. The agreement rate 
between these techniques is 73.2%, with a higher detec-
tion of HER2-low cancers in favor of VENTANA 4B5 [9]. 
Among 500 samples, the 4B5 assay identified 28.0% as 
IHC 1+/2+ compared with 11.6% identified by HercepT-
est. A total of 21.6% (95% CI, 15.1–29.4) of tumors iden-

tified as IHC 1+/2+ by 4B5 was classified concordantly by 
HercepTest. A high rate of concordance (98.3%; 95% CI, 
96.2–99.5) was found in defining the IHC 0 samples [9]. 
Moreover, 200 stained slides from 100 independent cases 
were analyzed by 5 different pathologists to define IHC 
status. Overall kappa concordance was 0.79 (p < 0.001), 
but it was 0.67 for 1+ and 0.74 for 2+ (p < 0.001), confirm-
ing the difficulties in finding a real concordance of 1+ [7]. 
In another study, 170 biopsy samples were analyzed for 
IHC score by 18 pathologists, and the concordance rate 
between 0 and 1+ was attested at only 26%, while it was 
at 58% regarding 2+ and 3+ [10].

Clinicopathologic and Genomic Features

Hormone Receptor Status
Different studies have evaluated the clinicopathologi-

cal characteristics of HER2-low breast cancer. Most of 
them are consistent with the observation that the major-
ity of HER2-low tumors express hormone receptors 
(Fig. 1a). For example, in the study by Schettini et al. [7], 
88.2% of cases had positive hormone receptor status 
among 2,195 patients with HER2-low tumors. Consis-
tently, in a pooled analysis among 1,098 patients with 
HER2-low breast cancer included in 4 neoadjuvant trials, 
64% of them had hormone receptor-positive disease [11]. 
This trend was also confirmed in a retrospective analysis 
of 804 primary breast cancers: among them, 51% were 
HER2-low. The vast majority of them (336, 82%) was 
hormone receptor-positive and 74 (18%) were hormone 
receptor-negative [12]. Moreover, another study con-
ducted at the Dana-Farber Cancer Center enrolled 5,235 
patients with HER2-negative early breast cancer of whom 
55.7% had HER2-low disease. The rate of hormone recep-
tor-positive breast cancers was higher in the HER2-low 
cohort (90.6% vs. 81.8%, p < 0.001) as compared to HER2 
0 subgroup, and HER2-low breast cancer rate increased 
progressively with the increase of ER expression [13]. Re-
garding nodal involvement and tumor size, data are not 
completely consistent. In the study published by Schet-
tini et al., the HER2-low subtype was characterized by a 
more frequent nodal involvement (p = 0.010) and larger 
tumor size (p = 0.007) when compared to HER2 0 breast 
cancers [7]. On the contrary, in a large Korean study of 
30,491 cases, among patients affected by hormone recep-
tor-positive early breast cancer, the HER2-low subgroup 
was characterized by fewer T4 tumors, higher histological 
grade, and negative lymphatic invasion. In this analysis, 
clinicopathologic features of HER2-low breast cancers 
differed slightly according to hormone receptor status: 
hormone receptor-positive tumors were more common 
in premenopausal patients and had a higher histological 
grade. In contrast, among TN breast cancers, HER2-low 
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tumors were more prevalent in older patients, with a 
higher neutrophil-to-lymphocyte ratio [14]. HER2-low 
breast cancers seem to be characterized by a lower rate of 
pathological complete response after neoadjuvant thera-
py when compared with HER2 0 tumors (29.2% vs. 39.0%, 
p = 0.0002). These data were confirmed within the hor-
mone receptor-positive subgroup (17.5% vs. 23.6%, p = 
0.024) but not in the hormone receptor-negative sub-
group (50.1% vs. 48%, p = 0.21) [11].

HER2 Status Evolution
As HER2 expression can change from primary tumor 

to disease relapse, the prevalence of HER2-low status can 
also differ between the two settings. In a study published 
by Miglietta et al. [15], samples from primary tumors and 
recurrences were analyzed for 547 patients. HER2-low 
status was found in 34.2% of the primary tumor samples 
and in 37.3% of the recurrence samples. The HER2 status 
discordance rate between primary and relapse was 38.0%. 
In 15.2% of cases, the HER2 status changed from HER2 0 
to HER2-low and the opposite happened in 14.1% of cas-
es. HER2-low status turned out to be more unstable in the 
hormone receptor-positive subgroup as compared to that 
in TN group: in the hormone receptor-positive subgroup, 
47.3% was HER2-low on the primary tumor and 53.8% 
was HER-low at relapse, and 5.1% turned into HER2-pos-
itive. As regards to TN breast cancers, 35.4% of cases were 
HER2-low on the primary and 36.2% at recurrence [15]. 
Another study investigating samples for primary tumor 
and relapse included 232 patients with metastatic HER2-

negative breast cancer. Consistently, a significant discor-
dance in the HER2 status was observed: an increase in the 
HER2 score was found in 44% of HER2 0 breast cancers, 
while 22% of HER2-low primary breast cancers were 
HER2 0 at relapse. This study also showed that HER2-low 
status is more unstable within the hormone receptor-pos-
itive subgroup (57% of HER2-low on the primary vs. 64% 
on the metastatic site) as compared with TN breast cancer 
(36% vs. 38%, respectively) [16]. Moreover, anti-HER2 
treatments can impact the expression of both HER2 and 
hormone receptors due to the connection existing be-
tween the ER and HER2 signaling pathway. Breast can-
cers developing an acquired resistance to anti-HER2 and/
or endocrine treatments can either lose or gain HER2 and 
ER expressions [17]. This could be relevant also in HER2-
low tumors, where hormone receptor status seems to play 
a potential prognostic and predictive value. These data 
further highlight the importance of performing a biopsy 
at relapse for treatment decision-making.

Transcriptomic/Genomic Landscape of HER2-Low 
Disease
The genomic landscape of HER2-low disease seems to 

have some peculiar features and to differ as compared to 
non-HER2-low tumors. Moreover, the distribution of 
molecular intrinsic subtypes exhibits an interesting het-
erogeneity [18] also within the HER2-low category (for 
instance, according to the expression of hormone recep-
tors). In the analysis by Schettini et al., among 3,689 pa-
tients with HER2-negative early breast cancer, 1,576 cas-

a
b

Fig. 1. a Hormone receptor status distribution within HER2-low 
breast cancer. Original figure based on data available in the litera-
ture [7, 8, 11–14]. b PAM50 intrinsic subtype distribution in 
HER2-low tumors. The figure illustrates the percentages of PAM50 
intrinsic subtype within HR+/HER2-low and HR−/HER2-low 
subgroups (i.e., for HR+/HER2-low: luminal A 58.9–65.9%, lumi-

nal B 25.4–33.4%, HER2-enriched 1.2–3.0%, basal-like 1.9–3.6%, 
normal-like 2.8–3.9%. For HR−/HER2-low: luminal A 1.4–1.6%, 
luminal B 0%, HER2-enriched 7.1–13.7%, basal-like 76.7–83.3%, 
normal-like 7.9–8.2%). Original figure based on data available in 
the literature [7, 12]. HR, hormone receptor.
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es were evaluated for the PAM50 intrinsic subtype. In-
trinsic subtype distribution was significantly different be-
tween HER2-low cases (IHC 1+ and 2+ with ISH not am-
plified) and tumors with IHC 0. A higher rate of luminal 
A and luminal B tumors was found in HER2-low tumors 
compared to tumors with IHC 0. Conversely, the propor-
tion of HER2-enriched and basal-like tumors was lower. 
As shown in Figure 1b, among HER2 low-breast cancers, 
PAM50 intrinsic subtype distribution varies considerably 
according to hormone receptor status [7]. Consistently, 
in another retrospective study including 404 HER2-low 
breast cancers tested with PAM50, HER2-enriched tu-
mors were more frequent among the hormone receptor-
negative subgroup (13.7% vs. 1.2%)  as well as the basal-
like subtype (76.7% vs. 3.6%) [12]. Similar results were 
found by Zhang et al. [8]. These authors retrospectively 
reviewed Mammaprint and Blueprint results from 281 
breast cancer cases. Their analysis showed that within the 
HER2-low subgroup, 65.5% of cases were luminal A (low-
risk), 28.8% luminal B, 1.1% HER2-enriched, and 4.6% 
basal-like. In the HER2-low/hormone receptor positive 
cohort, 70.4% of tumors were classified as luminal A, 
28.4% as luminal B, and 1.2% as HER2-enriched. No bas-
al-like tumors were seen in this subgroup. Among the 
HER2-low/TN subgroup, 66.7% were basal-like and 
33.3% were luminal B [8].

In the study by Schettini et al. among the hormone 
receptor-positive cohort, the HER2-low group showed 
higher ERBB2 levels as compared with the HER2 0 tu-
mors (1.4-fold mean difference, p < 0.001). ERBB2 levels 
were higher as the HER2 IHC score increased, with a fold 
mean difference of 1.7 between HER2 2+ and HER2 0. 
Within the hormone receptor-negative cohort, HER2-
low breast cancers had significantly higher ERBB2 levels 
in comparison with HER2 0 (p = 0.027), but no significant 
difference was found within the HER2-low subgroups 
(IHC 0, 1+, 2+). TN breast cancers expressed a higher rate 
of proliferation-related genes in comparison with the 
hormone receptor-positive population, irrespectively of 
HER2 status [7]. In a study published by Van den Ende et 
al. [19], HER2-low breast cancers seem to express genes 
linked to poorer outcome and lower immune response 
when compared to HER2 0 tumors. According to the data 
published by Agostinetto et al. [12], a positive correlation 
between ERBB2 and ESR1 levels was found in the HER2-
low cohort (Spearman 0.38, p < 0.001).

Recently, an integrative genomic and transcriptomic 
analysis has provided further insights into the biology of 
this wide spectrum of breast carcinomas. By analyzing a 
cohort of treatment-naive 99 HER2-low carcinomas, Ber-
rino et al. [20] observed that these tumors harbor a con-
stellation of somatic mutations that significantly differs 
from HER2-positive and HER2-negative tumors. Signifi-
cant differences were also observed across score 1+ and 

score 2+ within the HER2-low category. In a comparative 
gene expression analysis, score 1+ cancers showed over-
lapping gene expression features with score 0 tumors, 
whereas score 2+ tumors with equivocal HER2 gene copy 
numbers harbor the most distinct transcriptional profile 
with the highest ERBB2 mRNA levels overall. The inte-
grated DNA-based comprehensive genomic profiling re-
vealed that potentially targetable alterations could be 
identified in 52% of patients, including mainly PIK3CA 
and ERBB2 mutations. These data provide an overview of 
the potential biological features of HER2-low breast can-
cer beyond low levels of HER2 expression in tumor cells 
[20].

Prognostic Implications of HER2-Low Status
Several studies have evaluated the prognostic implica-

tions of HER2-low status, both in the metastatic and ear-
ly settings, with conflicting results so far (Table 1). In the 
study by Schettini et al. [7] in the metastatic setting, no 
differences were detected in terms of overall survival (OS) 
between HER2-low and HER2 0 subgroups, indepen-
dently of hormone receptor status at a median follow-up 
of 90.3 months. In the study conducted by Won et al. [14], 
the HER2-low group showed better breast cancer-specif-
ic survival than the HER2 0 subgroup, while no difference 
was reported in terms of OS. Agostinetto et al. [12] did 
not observe any significant difference in disease-free in-
terval, progression-free interval, and OS between HER2-
low and non-HER2-low breast cancers paired by hor-
mone receptor status. However, HER2-low/hormone re-
ceptor-positive tumors had a better progression-free 
interval and disease-free interval as compared to HER2-
low hormone receptor-negative tumors. In another ret-
rospective cohort of 675 patients receiving neoadjuvant 
chemotherapy, pathological complete response was more 
frequent in patients with HER2 0 tumors than in those 
with HER2-low breast cancer. However, in an explorato-
ry analysis of survival data with a median follow-up of 
approximately 10 months, no differences were found in 
terms of disease-free survival (DFS), distant DFS, or OS 
between HER2-low and HER2 0 cancers when separately 
analyzing hormone receptor-positive and negative tu-
mors [13]. In the analysis performed among early breast 
cancers by Denkert et al. [11], HER2-low status was sig-
nificantly related to features usually associated with fa-
vorable prognosis as fewer G3 tumors, a lower ki67 index, 
and a lower number of TP53 mutations compared with 
HER2 0. HER2-low breast cancer patients had signifi-
cantly longer OS than patients with HER2 0.

The evidence to date is insufficient to draw solid con-
clusions on the prognostic role of HER2-low with contro-
versial findings across different studies, and with most 
evidence suggesting no significant impact on survival 
outcomes, in absence of specific targeted treatments. In-
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terestingly, HER2-low expression seems to be continu-
ously associated with the level of ER expression [21].

Therapeutic Implications of HER2-Low Status
Monoclonal Antibodies
The first anti-HER2 agents investigated in HER2-low 

breast cancer were monoclonal antibodies (mAbs). In the 
phase III trial NSABP-B47, no benefit in invasive DFS was 
found for HER2-low high-risk patients who received 
trastuzumab in addition to standard adjuvant chemo-
therapy [22]. Pertuzumab showed limited activity in pa-
tients with HER2-low tumors: when administered as 
monotherapy in pretreated HER2-low metastatic breast 
cancer only 2 patients out of 78 (2.5%) achieved partial 
response [23]. Disappointing results were also obtained 
with margetuximab: no responses were obtained in 25 pa-
tients with HER2-low breast cancer included in a phase II 
trial [24]. These discouraging results emphasized the as-
sumption that mAbs are highly dependent on the HER2 
signaling pathway [25] and led to investigate alternative 
anti-HER2 agents with different mechanisms of action.

Antibody-Drug Conjugates
An exploratory analysis performed on 21 HER2 non-

amplified tumors included in a clinical trial testing ado-
trastuzumab emtansine for HER2-positive disease 
showed no significant activity of this antibody-drug con-
jugate (ADC) in this setting [26]. Nevertheless, new-gen-
eration ADCs have shown promising results. The poor 
results obtained with mAbs seem to be due to the hetero-
geneous expression of HER2 and their dependence on the 
HER2 signaling pathway. In contrast, ADCs represent an 
innovative class of drugs, combining the selectivity of tar-
geted therapy with the cytotoxicity of chemotherapy. 
They consist of the mAb (the vehicle) and the cytotoxic 
agent (payload) connected by a synthetic linker. Through 
the diffusion of hydrophobic payloads from antigen-ex-
pressing cells to neighboring antigen-negative cells (the 
so-called bystander effect), they may overcome the het-
erogeneity of HER2 expression [27].

Trastuzumab deruxtecan (T-DXd) is an ADC, consist-
ing of trastuzumab conjugated to deruxtecan, a topoi-
somerase I inhibitor, via a cleavable but stable linker. Its 
potent cytotoxic effect is due to its high drug-to-antibody 
ratio (DAR) of 8:1, which allows a large amount of the 
cytotoxic payload to reach the targeted cells [28]. Beyond 
its potent activity in patients with HER2-positive meta-
static breast cancer as shown in the phase II DESTINY-
Breast 01 [29] and phase III DESTINY-Breast 03 [30] tri-
als, T-DXd has also been evaluated in HER2-low meta-
static breast cancer. A phase Ib study included 54 patients 
that were heavily pretreated for metastatic HER2-low 
breast cancer. The overall response rate (ORR) was 37.0% 
and the median duration of response was 10.4 months. In D
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the phase III DESTINY-Breast04 trial, at a median fol-
low-up of 18.4 months, T-DXd successfully prolonged 
both progression-free survival (PFS) and OS as compared 
to the treatment of the physician’s choice in patients that 
had received one or 2 previous lines of chemotherapy, 
and in case of hormone receptor positive-cancer, at least 
one line of endocrine therapy. Of the 557 patients en-
rolled in the study, the vast majority (494, 89%) had hor-
mone receptor-positive disease, 58% had IHC 1+ score 
and 42% were IHC 2+/ISH not amplified. The study 
showed a nearly doubled PFS in hormone receptor-posi-
tive patients (10.1 vs. 5.4 months, hazard ratio 0.51, p < 
0.001) and an almost 50% reduction in risk of disease pro-
gression in the overall study population (PFS 9.9 vs. 5.1 
months, hazard ratio 0.50, p < 0.001). A 36% reduction in 
the risk of death was found in the hormone receptor-pos-
itive population (23.9 vs. 17.5 months, hazard ratio 0.64, 
p < 0.003) and in the overall population (23.4 vs. 16.8 
months, hazard ratio 0.64, p = 0.0010). An exploratory 
analysis restricted to patients with TN breast cancer 
showed consistent results with improved PFS (8.5 vs. 2.9 
months, hazard ratio 0.46) and OS (18.2 vs. 8.3 months, 
hazard ratio 0.48) in the experimental arm [31]. No new 
side effects were observed with T-DXd, with gastrointes-
tinal toxicity, myelotoxicity, and alopecia being the most 
common. Interstitial lung disease occurred in 12.1% of 
patients treated with T-DXd, remaining one of the most 
relevant side effects and requiring careful and proactive 
monitoring. In August 2022, the US Food and Drug Ad-
ministration (FDA) approved T-DXd for the treatment of 
HER2-low metastatic breast cancer, making it the first 
approved therapy for this patients’ subgroup [32].

The relevant results of the DAISY trial, analyzing the 
association between T-DXd efficacy and HER2 expres-
sion, have been recently presented. In this study, pretreat-
ed metastatic breast cancer patients were divided into 
three different cohorts (HER2-positive, HER2-low, HER2 
0). All the cohorts received T-DXd until progression or 
unacceptable toxicity. The ORR was 71% in the HER2-
positive subgroup, 37.5% in HER2-low subgroup, and 
30% in patients with HER2 0 disease, with a median PFS 
of 11.1, 6.7, and 4.2 months, respectively. These data show 
without any doubt that T-DXd antitumor activity is 
strongly associated with HER2 expression, but that some 
activity exists also in patients with tumors showing no 
HER2 expression or at least not efficiently detectable with 
current methodologies [33]. A subset of HER2 0 tumors 
shows some HER2 staining at IHC, though incomplete 
and faint, in ≤10% of tumor cells. This recently defined 
HER2 “ultra-low” subset might be responsible for the 
positive results observed in anti-HER2 trials in HER2-
negative tumors [25]. In this perspective, more research 
is required to shed light on the predictive value of the 
HER2 “ultra-low” status, along with more effective meth-

odologies to correctly identify tumors responsive to new 
potent anti-HER2 ADCs.

Ongoing clinical trials are investigating whether T-
DXd in combination with endocrine therapy 
(NCT04553770) is also an effective treatment for early 
stage hormone receptor-positive/HER2-low breast can-
cer patients. T-DXd is currently being tested in combina-
tion with anastrozole and fulvestrant in the advanced set-
ting (NCT04556773). In the advanced stage, the combi-
nation of T-DXd with pembrolizumab (NCT04042701) 
and nivolumab (NCT03523572) is being studied in phase 
Ib trials. Finally, the DESTINY-Breast06 (NCT04494425) 
will provide information on the role of T-DXd in chemo-
naive breast cancer patients with hormone receptor-pos-
itive/HER2-low breast cancer.

Another promising ADC is trastuzumab-duocarma-
zine (SYD985) [34]. In the phase I study, 47 HER2-low 
breast cancer patients were enrolled in the dose-expan-
sion cohort. Despite a significant rate of any grade toxici-
ties (71%), the trial showed promising results in terms of 
ORR (28% in hormone receptor-positive and 40% in hor-
mone receptor-negative/HER2-low breast cancer) [34]. 
However, the subsequent phase III study was restricted 
only to HER2-positive metastatic breast cancer [35].

Vaccines
Several combinations of drugs with different mecha-

nisms of action are currently being tested in patients with 
HER2-low disease (Tables 2, 3), including vaccines. The 
nelipepimut-S vaccine consists of a HER2-derived pep-
tide, in combination with the immunoadjuvant granulo-
cyte-macrophage colony-stimulating factor [36]. A phase 
IIb trial tested adjuvant treatment with trastuzumab and 
granulocyte-macrophage colony-stimulating factor with 
or without vaccine in high-risk HER2-low early breast 
cancer. The combination showed a significantly better 
DFS in the subgroup of hormone receptor-negative pa-
tients [37], but a subsequent phase III study showed no 
difference in DFS for HER2-low patients receiving neli-
pepimut-S as adjuvant treatment (24-month DFS rate 
89.9% in the vaccine group vs. 83.8% in the control group, 
hazard ratio 0.62); however, nelipepimut-S significantly 
improved DFS in the subgroup of patients with hormone 
receptor-negative breast cancer [38]. Interestingly, the 
new generation of trials testing therapeutic vaccines tends 
to focus on the early setting, where patients are still im-
munocompetent, and an immune reaction is more likely 
to occur, compared to the advanced setting. Indeed, some 
initial discouraging results observed in clinical trials test-
ing therapeutic vaccines in breast cancer could be, at least 
in part, explained by the characteristics of the patients 
included in these studies, with most of them having heav-
ily pretreated metastatic disease and thus less likely to de-
velop a strong immune reaction [39].
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Other Treatment Strategies
In preclinical studies, combination therapies with T-

DXd and an anti-PD-1 antibody were more effective than 
monotherapy, possibly due to increased numbers of tumor-
infiltrating CD8+ T cells and upregulated PD-L1 and major 
histocompatibility complex class I expression on tumor 
cells [40]. Preliminary data from phase Ib/II trials of T-DXd 
in combination with pembrolizumab, nivolumab, and dur-
valumab support the rationale for combining anti-HER2 
therapies with immunotherapy in HER2-low breast cancer 
(NCT04042701, NCT03523572, NCT03742102). Another 
promising drug is zenocutuzumab (MCLA128), a bi-specif-
ic humanized IgG1 antibody characterized by a specific 
crosstalk between ER and HER2 [41]. In a phase II study, 
the drug was tested in hormone receptor-positive/HER2-
low metastatic breast cancer refractory to endocrine thera-
py and CDK4-6 inhibitors. Eight patients out of 50 (16%) 
in the experimental arm achieved clinical benefit at week 
24, and 1 patient showed partial response followed by long-
lasting disease stabilization. Moreover, the addition of ze-
nocutuzumab to endocrine therapy led to restoration of en-
docrine sensitivity in 17% of them [42].

Conclusions

While traditionally only patients with HER2-positive 
breast cancer are expected to derive benefit from anti-HER2 
therapies, emerging evidence is showing an impressive ac-
tivity of selected anti-HER2 therapies in patients with 
HER2-low tumors. In August 2022, the ADC T-DXd was 
approved by the FDA for the treatment of patients with ad-
vanced HER2-low breast cancer, representing the first ap-
proved treatment indication in this setting and thus mark-
ing an important milestone. Despite the impressive advanc-
es in this field, several open challenges still exist. First, after 
FDA approval, there is an urgent need to revise the treat-
ment algorithm for these patients, and T-DXd should be 
quickly and broadly introduced in clinical practice, facilitat-
ing drug access at a global level. Second, a high heterogene-
ity seems to exist also within the HER2-low category, start-
ing from the distinction between hormone receptor-posi-
tive and hormone receptor-negative disease. The predictive 
role of hormone receptor status has shown conflicting re-
sults across different clinical trials in HER2-low breast can-
cer, and further investigation is needed to clarify its role. 
Finally, a consensus on the appropriate pathological assess-
ment of HER2-low status should be sought in order to pro-
vide a consistent assessment and reduced discrepancy rate 
in pathological evaluation. Furthermore, following the 
DAISY trial results, it will be of outmost importance to de-
fine novel methodological strategies to correctly identify 
within the current HER2 0 category, the cases that might 
also benefit from T-DXd and other anti-HER2 ADCs.
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