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Summary

Breast cancer cells can express HER2 receptors on their membranes to varying degrees. HER2 signalling pathway is 
important for tumor growth and metastasis. Patients with HER2-positive disease had worse treatment outcomes until the 
implementation of trastuzumab started, followed by other anti-HER2 drugs. So far, they have been used exclusively for 
strong HER2 expression. The development of new drugs, primarily antibody-drug conjugates, has proven their efficacy on 
tumor cells that have lower levels of the HER2 receptors, today referred to as HER2-low tumors. Since the results of the 
DESTINY breast04 study showed a prolongation of progression free survival and overall survival in HER2-low pretreated 
patients, a new perspective opens up in the treatment, as well as in HER2 testing.
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HER2-LOW BREAST CANCER

Drug development targeting HER2 receptors 
has led to significant progress in the treatment of 
HER2-positive breast cancer, either early-stage or 
advanced(1). The first researched drug, trastu-
zumab, had an effect exclusively in patients whose 
tumors were marked as HER2 3+ (determined by 
immunohistochemical methods - IHC) or 2+ with 
amplification of the HER2neu gene (≥2 copies) de-
termined by fluorescent in situ hybridization 
(FISH) methods(2). Clinical studies and clinical 
guidelines aimed at the treatment of HER2-posi-
tive breast cancer have further developed on the 
basis of these results.

HER2-positive breast cancer accounts for 
about 20% of newly diagnosed breast cancers. 
However, in another 40-50% of breast tumors 
there is a certain level of HER2 receptor expres-
sion, lower than the one specified so far for it to be 
referred to as positive, and this group of tumors 

has recently been classified as so-called HER2-low 
breast cancer(3). HER2-low tumors represent a 
subgroup within nominally HER2 negative tu-
mors (e.g. immunohistochemical 1+ or 2+, but 
negative on in situ methods). The group of HER2-
low tumors includes very heterogeneous tumors, 
most of which are hormone receptor (HR)-positive 
(65-83%), and the rest are HR negative(4). Clearly, 
HR-positive HER2-low tumors have a different 
molecular profile compared to HR negative HER2-
low tumors. The first group is dominated by lumi-
nal subtypes and the second by basal subtypes, 
which all delineates the genetic, clinical-patholog-
ical, and prognostic differences within the HER2-
low group(4).

Although they are treated as HER2 negative 
tumors, according to current guidelines, HER2-
low tumors may have a clinical behaviour more 
similar to HER2-positive tumors than to HER2 
IHC 0+ tumors. In large prospective series of pa-
tients, it was shown that breast cancer presented 
with higher T stage, higher histological grade, 
higher expression of the proliferation marker Ki67 
and more frequently affected axillary lymph no
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des in patients with HER2 IHC 2+, FISH negative 
breast cancer, compared to HER2 0+ breast can-
cer(5). Likewise, survival without disease recur-
rence was lower compared to the group of HER2 
0+ tumors(5). Analysis of the trastuzumab effects 
shows that results for the so-called HER2-low tu-
mors were worse than for those of HER2-positive 
patients. These results were confirmed, to a lesser 
or greater extent, in patient series in attempt to de-
fine patient subgroups and the level of HER2 re-
ceptor expression in the hitherto defined HER2 
negative group that could potentially benefit from 
anti-HER2 therapy(6, 7).

Despite the progress made so far, the group of 
HER2-low tumors represents a grey zone between 
clearly positive and clearly negative tumors, and 
for now they are characterized as a potentially sep-
arate biological and clinical entity. However, po-
tential problems include objectivity in testing, re-
producibility, determination of the lower negative 
limit, selection of the test method and a new ap-
proach to the design of clinical studies.

For now, this group of patients is still mostly 
treated depending on the pathohistological fea-
tures grouped into known immunophenotypes(8). 
Thus, patients with luminal advanced breast cancer 
will be treated with endocrine therapy (ET) (aro-
matase inhibitors, tamoxifen and fulvestrant) in 
combination with inhibitors of cyclin-dependent 
kinases (CDK4/6i), alpelisib and everolimus(8). Ad-
vanced triple-negative tumors are treated with im-
munotherapy if they are PD-L1-positive (pro-
grammed death ligand 1). Patients with a germline 
BRCA (Breast cancer associated gene) mutation are 
treated with PARP (poly-ADP-ribose polymerase) in-
hibitors. After progression to the mentioned treat-
ment, patients are treated with sequential chemo-
therapy, taking into account all its limitations of 
dose-limited toxicity, profile of unwanted conse-
quences, cumulative effect and, ultimately, a mod-
est contribution to the outcome of treatment(8).

In an effort to improve treatment outcomes for 
advanced triple-negative cancer and hormone-re-
sistant breast cancer with low expression of the 
HER2 receptor, the efficacy of newer drug treat-
ment options targeting the HER2 receptor, but also 
the tumor microenvironment, is being researched, 
which has brought significant improvement in 
treatment outcomes for advanced HER2-positive 
cancer breast, potentially due to its different struc-
ture, pharmacodynamics and pharmacokinetics(7).

It is known that HER2-low breast cancer cell 
lines express a certain amount of HER2 receptor 
that can be targeted, which can potentially mean 
that anti-HER2 drugs can potentially work in pa-
tients beyond the limits of HER2 positivity estab-
lished so far(9). In clinical research, regrettably, 
this effect was not achieved either with the use of 
trastuzumab or pertuzumab, as well as by use of 
the first antibody-drug conjugate trastuzumab-
emtansine.

ANTIBODIES IN HER2-LOW BREAST 
CANCER TREATMENT

Trastuzumab

Trastuzumab was once considered to be ef-
fective in early-stage breast cancer even with min-
imal expression of the HER2 receptor, due to its 
property to activate antibody-dependent cytotox-
icity(10). In the NSABP B-31 and NCCTG N9831 
studies, in which adjuvant chemotherapy with 
trastuzumab and chemotherapy alone were com-
pared, patients were included based on locally de-
termined HER2 status(11). After central pathology 
reanalysis in study B31, 9.7% of patients were 
HER2 negative and still had some benefit from 
trastuzumab treatment (relative risk for survival 
without disease recurrence is 0.34, 95% CI 0.14-
0.80), similar to HER2-positive patients(12). In 
N9831 study, the benefit of adding trastuzumab to 
chemotherapy was not demonstrated for 5.5% of 
patients who were determined to be HER2 nega-
tive by central reanalysis(13).

Following these early positive signals, a 
phase III study, NSABP B-47, was designed in 
which 3,270 patients with HER2-low early breast 
cancer were included(14). Patients were random-
ized to receive chemotherapy or a combination of 
trastuzumab and chemotherapy. Research has 
shown that the addition of trastuzumab does not 
contribute to survival without invasive recurrence 
of the disease (HR: 0.98, 95% CI 0.76-1.25)(14). 
Analysis of the subgroups, even those with a high-
er level of HER2 receptor expression, shows no 
benefit from the addition of trastuzumab.

Pertuzumab

In addition to its binding to the HER2 recep-
tor, pertuzumab prevents its homodimerization 
and heterodimerization with other HER family 
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receptors. Unlike trastuzumab, pertuzumab can 
stop tumor growth in xenografts, even if the tu-
mor cells do not overexpress the HER2 recep-
tor(15). An attempt to prescribe pertuzumab as 
monotherapy in pretreated patients with HER2-
negative or HER2-low breast cancer have been un-
successful based on a phase II study, where pa-
tients were randomized to receive 2 doses of per-
tuzumab. The rate of clinical benefit was 9.8% and 
5.4% respectively, and the median time to pro-
gression was 6.1 weeks in both groups(16).

Margetuximab

Margetuximab is an antibody whose Fab 
fragment has similar specificity and affinity for 
the HER2 receptor as trastuzumab. However, its 
Fc fragment was modified in such a way as to 
stimulate the effector function more intensely. It 
has a 4-5 times greater affinity than trastuzumab 
to bind to the activating Fc receptor of natural kill-
er cells, but it has a 7-fold lower affinity to bind to 
the inhibitory Fc receptor found on antigen-pre-
senting cells and thus significantly increases the 
immune response to the tumor cell by significant-
ly increasing antibody-mediated cytotoxicity re-
sulting in secretion of granenzymes and perforins 
and tumor cell death. In patients with HER2-low 
tumors, it was tested in phase 1, and no activity 
was demonstrated in the mentioned group(17).

ANTIBODY-DRUG CONJUGATES

Despite numerous studies of different drugs 
in anti-HER2-low tumors, antibody-drug conju-
gates are, for the time being, the only ones tested 
in randomized phase III studies. As the efficacy of 
the mentioned treatment is being confirmed, the 
overall approach to anti-HER2 therapy will poten-
tially change. Aside from their blocking the HER2 
receptors, the newer conjugates have a more pro-
nounced antibody-dependent cytotoxicity, which 
is not necessarily related to the inhibition of the 
HER2 signalling pathway, but rather to the deliv-
ery of the cytotoxic substance to the cells. In addi-
tion, a higher drug-antibody ratio allows for 
greater cytotoxicity of the conjugate. The separa-
ble linker enables the killing of HER2-positive and 
surrounding HER2-negative cells, which can po-
tentially overcome the diversity of HER2 receptor 
expression levels within the tumor itself. In addi-

tion, newer conjugates, unlike TDM1, which has a 
microtubule inhibitor as a cytostatic drug compo-
nent, have cytotoxic that act directly on DNA, 
such as alkylating drugs and topoisomerase I in-
hibitors, which increases the cytostatic compo-
nent. The aforementioned features explain the 
greater efficacy in HER2-low tumors, and to some 
extent justify greater toxicity. The side effect pro-
file of T-Dxd and trastuzumab-duocarmazine 
from phase I and II clinical studies resembles that 
of their cytostatic moieties, which are partially re-
leased into the circulation due to the separable 
linker connecting the cytostatic to the antibody 
and the high drug-antibody ratio. Common side 
effects were myelosuppression, alopecia, stomati-
tis, and gastro-intestinal toxicity. Likewise, a po-
tentially dangerous side effect is pneumonitis.

Trastuzumab- emtansine (T-DM1)

Trastuzumab-emtansine consists of trastu-
zumab to which a maytansine derivative is con-
nected by an inseparable thioether bond. The 
drug-antibody ratio is 3.5:1. In addition to block-
ing the HER2 receptor and promoting antibody-
dependent cytotoxicity, by internalizing cytostat-
ics in HER2-positive cells the drug has a much 
stronger cytostatic effect on tumor cells than on 
healthy ones and a potentially more favourable 
therapeutic index compared to classic cytostatics. 
Unlike trastuzumab, there were no prospective 
studies of TDM1 in HER2-low tumors. In two 
phase II studies that studied the efficacy of TDM1 
in pretreated HER2-positive patients, when after 
the central check of the HER status the patients 
who were defined as HER2-low status according to 
the results of the central check were analysed, a 
reduced efficacy of TDM1 compared to the HER2-
positive patients was shown(18,19).

Trastuzumab-deruxtecan

Trastuzumab-deruxtecan (T-Dxd) is an anti-
body-drug conjugate that, like TDM1, binds to 
HER2 receptors; however, unlike TDM1, it has a 
separable linker that bonds trastuzumab with ex-
atecan (a topoisomerase 1 inhibitor) and a signifi-
cantly higher drug-antibody ratio (8:1)(20). As a 
result, a larger amount of cytostatic enters the tar-
get cell and has a greater cytotoxic effect. The sec-
ond component is the so-called by-stander effect, 
which is described as the killing of neighbouring 
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antigen-negative cells after the cytostatic is released 
by free diffusion from antigen-positive cells that 
have died(20). The latter fact can potentially ex-
plain the effect in patients with HER2-low advanced 
breast cancer. However, it has been shown in xeno-
graft models that T-Dxt is not only active in T-DM1-
resistant HER2-positive breast cancer, but main-
tains its activity even at low expression of the HER2 
receptor(21). Preclinical and early clinical studies 
have shown the effectiveness of T-Dxd in pretreat-
ed patients with HER2-low breast cancer(22,23) and 
the results of these studies led to the design and 
implementation of a phase III study. This year, the 
results of the DESTINY-Breast04 study were pre-
sented at the ASCO (American Society of Medical 
Oncology) meeting. It is a phase III clinical study 
involving 557 patients with advanced HER2-low 
breast cancer who received 1 or 2 lines of chemo-
therapy. Ninety percent of them had hormone-de-
pendent breast cancer. They were randomized in a 
2:1 ratio to receive T-Dxd or chemotherapy accord-
ing to the researcher’s choice. The primary outcome 
criterion was progression-free survival in hormone-
dependent breast cancer. Secondary outcome crite-
ria were progression-free survival in the total study 
population and overall survival in the hormone-
dependent population and in the total population. 
In the hormone-sensitive group, the median sur-
vival without disease progression was 10.1 months 
in patients who received T-Dxd compared to 5.4 
months for patients who received chemotherapy 
according to the researcher’s choice (HR: 0.51, 
p<0.0001)(24). Overall survival in the mentioned 
group was 23.9 versus 17.5 months (HR: 0.64, 
p=0.0003). In the total population, the median sur-
vival without disease progression was 9.9 months 
in the group receiving T-Dxd, and 5.5 months in the 
chemotherapy group (HR:0.50, P<0.0001), and the 
overall survival was 23.4 months for T-Dxd and 
16.8 months for chemotherapy (24). In subgroup 
analysis, it may be interesting to distinguish the 
stratification according to previous administration 
of CDK4/6 inhibitors. It has been shown that pa-
tients who were administered a CDK4/6 inhibitor 
and those who did not have a similar benefit in 
terms of survival without disease progression(24). 
The subgroup of patients with negative hormone 
receptors, whose share in the study was small, cor-
responds to the prevalence of this form of the dis-
ease in the HER2-low population. The side effect 
associated with T-Dxd described in the study is in-

terstitial lung disease, which occurred in 12.1% of 
patients, and in 0.8% of patients it was grade V. The 
results of this study open a completely new and 
broader horizon for patients with HER2-low ad-
vanced breast cancer and will most likely lead to a 
change in clinical practice for several reasons. T-
Dxd is the first drug with proven efficacy in the 
HER2-low environment, already commercially 
available and included in the US guidelines for the 
treatment of breast cancer. Patients with advanced 
disease defined as HER2 negative will potentially 
need to be retested in the future to receive T-Dxd as 
a useful therapeutic option.

Trastuzumab-duocarmazine (SYD985)

Trastuzumab-duocarmazine (SYD985) is a 
newer antibody-drug conjugate where trastuzum-
ab serves as a carrier to which the alkylating agent 
duocarmazine is bonded by a soluble linker. Duo-
carmazine is a pro-drug (seco-duocarmycin-hy-
droxybenzamide-azaindole – seco-DUBA) that is 
released from the linker as the active DUBA toxin, 
which passes through the lysosomal system after 
internalization(25). When trastuzumab-duocarma-
zine is released by the breakdown of malignant 
cells into the interstitium, the secretion of cathepsin 
b is also activated. Although trastuzumab-duo-
carmazine also has a low drug-antibody ratio 
(2.8:1), in HER2-low xenograft models it proved to 
be significantly more effective than T-DM1(26).

Bi-specific Antibodies

By binding to two different epitopes, bi-spe-
cific antibodies can inhibit multiple oncogenic 
pathways, they lead to interaction between tumor 
cells and the immune system and/or deliver cyto-
statics to the tumor microenvironment. Several bi-
specific antibodies are in development, and only a 
small part of them are being investigated in HER2-
low disease(27, 28). In preclinical and early clinical 
trials, ZW25, which targets domains 2 and 4 of the 
HER2 receptor ZW49, ertumaxomab, GBR1302 
and other bi-specific antibodies, are being tested 
for this population(28).

Bearing in mind the fact that most patients 
from the HER2-low group have expressed hor-
mone receptors and the fact that the bidirectional 
connection of ER and HER2/HER3 receptors can 
promote endocrine resistance, the combination of 
the bi-specific antibody zenocutuzumab in combi-
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nation with endocrine therapy was researched. 
Zenocutuzumab is a humanized monoclonal IgG1 
antibody that binds to HER2 receptor domain 1 
and blocks domain III of the HER3 receptor, lead-
ing to prevention of HER2/HER3 heterodimeriza-
tion and consequent blockade of the signalling 
pathway(27). This feature is much more pro-
nounced than in pertuzumab. A phase II clinical 
trial (N=50) in pretreated HER2-low ER-positive 
patients who had previously received CDK4/6i, 
the use of zenocutuzumab showed in 8 of them 
rates of clinical benefit after 24 weeks, while one 
patient had a partial long-term response(29).

Tumor Vaccines

Tumor vaccines, as is known, aim to prevent 
a tumor or treat it by enhancing the body’s im-
mune response. In the context of breast cancer, 
vaccines have been investigated mainly in early-
stage breast cancer. Based on the fact that most 
breast cancer cells express a certain level of HER2 
receptor, much higher than normal breast cells, 
HER2 vaccines were tested in HER2-positive and 
HER2-low patients (27). For now, we have the re-
sults of phase III clinical research in early-stage 
breast cancer, while research in metastatic HER2-
low breast cancer is still in the preclinical and early 
clinical phase(27).

HER2-low Advanced Breast Cancer Treatment  
with Different Drug Combinations

In an attempt to achieve the best possible re-
sults in the treatment of HER2-low breast cancer, 
along with anti-HER2 drugs, checkpoint inhibi-
tors, endocrine therapy and CDK4/6 inhibitors are 
combined in clinical research(28).

Immunotherapy

HER2-positive tumors are considered to have 
a higher number of tumor-infiltrating lymphocytes, 
a higher expression of PD-L1 (programmed cell 
death ligand 1), and a higher mutational load com-
pared to luminal tumors. On the other hand, cyto-
toxicity mediated by antibodies is crucial in modu-
lating the activity of trastuzumab(27). Preclinical 
studies have shown that the addition of drugs that 
target immune system checkpoints can overcome 
resistance to trastuzumab(30). Preclinical studies 
have shown that T-Dxd increases the expression of 
dendritic cells, increases the number of CD8+ T 

lymphocytes, and increases the expression of PD-
L1 and MHC I on tumor cells. Furthermore, it was 
shown in mouse models that combination therapy 
of T-Dxd and anti-PD1 antibodies was more effec-
tive, probably due to increased T-cell activity and 
PD-L1 expression induced by T-Dxd(31).

T-Dxd was studied in combination with the 
anti-PD-1 drug nivolumab and with the anti-PD-
L1 drug durvalumab in the clinical trial phase-Ib/
II (BEGONIA), which consists of 2 parts and sev-
eral study groups, and refers to the first-line treat-
ment of triple-negative breast cancer with various 
combinations of durvalumab, paclitaxel and other 
newer drugs. In group VI the patients received 
durvalumab+T-Dxd; however, they could have 
had HER2-low status. At the time of data analysis 
(March 2021), 19 of the 21 patients included in the 
specified group of the study were receiving study 
treatment; median follow-up time was 3.6 months 
(0-9). The objective response rate was 66% (8/12). 
No dose-dependent toxicity was observed. The re-
sponse rate did not depend on the level of PDL1 
expression(31).

In the Phase Ib Study DS8201-A-U105, which 
consisted of 2 parts, patients with HER2-positive 
(N=32) and HER2-low (N=16) tumors were treated 
with a combination of nivolumab and T-Dxd. Me-
dian follow-up was 18.7 months for HER2-posi-
tive and 12.7 months for HER2-low. Overall re-
sponse rate was 65.5% (95%CI:46.8-81.4) and 50% 
(95%CI: 24.7-75.3), median progression-free sur-
vival was 11.6 months (95%CI:6.9-NE) and 7 
months (95%CI: 2.3-10.8) (32). Although the study 
showed a certain antitumor activity of the men-
tioned treatment, the data coming from the very 
small HER2-low subgroup are not sufficient to de-
fine the effect of PD-1/PD-L1 combination therapy 
in the mentioned group(32).

CONCLUSION

Up to 60% of advanced breast cancer includes 
a newer clinical-biological entity, HER2-low breast 
cancer, within which hormone-dependent tumors 
dominate quantitatively, while a group of triple-
negative tumors, very different in clinical behav-
iour, treatment methods and outcomes, is rarer. 
Advanced HER2-low tumors are treated with se-
quential chemotherapy after exploration of rela-
tively few targeted biological treatment options. 
Due to the need to improve treatment outcomes, 
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anti-HER2 therapy such as anti-HER2 antibodies, 
bispecific antibodies, combinations with check-
point inhibitors and antibody-drug conjugates are 
also being investigated. The latter are the only 
ones so far tested in randomized phase III studies. 
The encouraging results of the DESTINY-breast04 
study showed a significant prolongation of sur-
vival without disease progression and overall sur-
vival in pretreated patients with HER2-low hor-
mone-dependent breast cancer and thus opened a 
completely new perspective in the treatment of 
this group of patients. It is also necessary to moni-
tor patients carefully and in time for obvious un-
wanted consequences, primarily pneumonitis. It 
is extremely important to redefine HER2 positivi-
ty, because a binary classification in the sense of 
positive/negative will no longer be sufficient, but 
a clearer determination of the level of expression 
will be necessary.
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Sažetak

HER2-LOW NAPREDNO LIJEČENJE RAKA DOJKE

M. Ban, E. Vrdoljak

Stanice karcinoma dojke na svojim membranama mogu imati različitu razinu ekspresije HER2 receptora. HER2 signal-
ni put važan je za rast tumora i metastaze. Bolesnice s HER2 pozitivnom bolešću imale su lošije ishode liječenja sve dok nije 
uvedena upotreba trastuzumaba, a potom i drugih anti-HER2 lijekova. Do sada su se koristili isključivo za jaku ekspresiju 
HER2 receptora. Razvojem novih lijekova, prije svega konjugata protutijelo-citostatik, dokazana je učinkovitost djelovanja 
na tumorske stanice koje imaju niže razine HER2 receptora, danas poznatih kao HER2-low tumori. Budući da su rezultati 
studije DESTINY Breast04 pokazali produljenje preživljenja bez progresije bolesti i ukupnog preživljenja u prethodno lije-
čenih pacijenatica s HER-low tumorima, otvaraju se nove mogućnosti, kako u liječenju, tako i u testiranju HER2 receptora.
KLJUČNE RIJEČI: karcinom dojke; uznapredovali; HER2-low; liječenje


