
257

REVIEW ARTICLE

Address for correspondence:

Katarzyna Pogoda, MD PhD

Department of Breast Cancer 

and Reconstructive Surgery, 

Maria Sklodowska-Curie National Research 

Institute of Oncology

ul. Roentgena 5, 02–781 Warsaw, Poland

e-mail: katarzyna.pogoda@pib-nio.pl

Katarzyna Pogoda, Agnieszka Jagiełło-Gruszfeld, Zbigniew Nowecki
Breast Cancer and Reconstructive Surgery Clinic, Maria Sklodowska-Curie National Research Institute of Oncology, Warsaw, Poland
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ABSTRACT
In the recent years, intensive research has been carried out on the use of targeted therapy against HER2 receptor in 

patients with the currently recognized HER2-negative breast cancer. The first results of studies with new generation 

conjugates are promising in the group of patients with HER2-low breast cancer (HER2 expression 1+ or 2+ in 

immunohistochemistry with negative FISH). This article summarizes the available data on this potentially new 

group of breast cancer that is now part of the luminal and triple-negative breast cancers. Data on clinical features 

of HER2-low cancer are discussed, as well as the results of clinical trials with anti-HER2 therapy in these patients 

are summarized. The efficacy of the new generation conjugates was recorded. The results of ongoing studies 

with these drugs may allow to use anti-HER2 therapy in a wider group of patients, including ones with HER2-low 

cancers. The new concept of “HER2-low” breast cancer will force a revision of the current division of breast cancer 

depending on HER2 expression into only two groups, introducing an intermediate group with low HER2 expression 
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Introduction

In breast cancers, 5 standard subtypes are distin-
guished: luminal A, luminal B, HER2-positive luminal, 
HER2-positive non-luminal, and triple-negative (TNBC). 
The original classification was created over 20 years ago 
and was based on the results of molecular analyses [1]. 
Subsequently, surrogates were elaborated, they are the 
results of immunohistochemical staining (IHC) evaluating 
the expression of estrogen receptor (ER), progesterone re-
ceptor (PgR), the receptor of the human epidermal growth 
factor 2 (HER2), and the Ki-67 proliferation index. Clas-
sification of breast cancer subtypes has been modified in 
recent years, especially in the group of luminal cancers. The 
changes were due, to a large extent, to increasing access 
to genetic tests evaluating the molecular subtype of breast 
cancers. However, in many countries (including Poland) it 
is standard practice to evaluate the subtype based on the 
expression of above-mentioned receptors, and this evalu-
ation is the basis for therapeutic decisions [2].

The HER2 receptor

The discovery of the significance of HER2 protein 
expression in the 1980s was of great importance [3]. 
On a normal cell, there are about 20 000 HER2 recep-
tors. However, when the expression is up-regulated or 
the HER2 gene amplified, the number of receptors on 
the cells increases considerably and is over 2 000 000 [4].

A poorer prognosis has been demonstrated for pa-
tients with HER2-positive cancer [5]. The introduction 
of anti-HER2 therapy, in subsequent years, was a break-
through. The first pioneering drug was trastuzumab, 
and in the following years, lapatinib, pertuzumab, and 
ado-trastuzumab emtansine (T-DM1) were introduced. 
The achievements of the last years are trastuzumab 
deruxtecan (T-DXd) and tucatinib [6]. The results of 
treatment of HER2-positive breast cancer patients have 
been significantly increased by adding tucatinib to trastu-
zumab and capecitabine or the use of T-DXd [7–9]. The 
therapy with various anti-HER2 drugs, which leads to 
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a constant blocking of the HER2 pathway, significantly 
improves the results of treatment.

New breast cancer classification 
depending on the intensity of 
HER2 expression

Standard anti-HER2 treatment is dedicated to pa-
tients in whom excessive expression 3+ of the HER2 re-
ceptor or amplification of the HER2 gene is observed 
by FISH [10]. HER2-positive cancers are estimated to 
be about 15% of all breast cancers [11]. The remaining 
cases are considered HER2-negative breast cancers. The 
commonly accepted group of HER2-negative breast 
cancers includes “true” cancers without HER2 expres-
sion (in IHC analysis — result 0) and cancers with low 
HER2 expression (HER2-low). Breast cancers with 
low HER2 expression are diagnosed in the case of 
HER2 expression evaluated by IHC of 1+ or 2+ without 
HER2 gene amplification. Tarantino et al. showed that 
true HER2-negative cancers constitute 30–40%, where-
as cancers with low HER2 expression make up 45–55% 
of breast cancers [10]. Researchers have proposed a new 
diagnostic algorithm for breast cancers depending on 
the results of HER2 expression evaluated by IHC and 
FISH (Fig. 1). Thus triple-negative and luminal breast 
cancers are included in the group of cancers with low 
HER2 expression.

It is worth observing that many researchers point out 
the divergence in the results of evaluating HER2 expres-
sion. In one analysis performed centrally, in patients in 

whom no HER2 expression was noted (IHC was 0) in 
local assessment, in as many as 85% of cases the result 
was changed to 1+ or 2+ [12]. These data indicate the 
need for more precise HER2 evaluation, especially that 
in clinical practice there will be a necessity to distinguish 
a new group of cancers with low HER2 expression.

Prognostic value of HER2-low

Reports on the prognostic value of low HER2 ex-
pression are equivocal, and there is only a limited num-
ber of publications.

Schettini et al. presented a retrospective analysis of 
3689 patients with HER2-negative breast cancer [13]. 
The percentage of breast cancers with a low HER2 ex-
pression was found to be statistically significantly higher 
in patients with luminal cancers (65.4%) in comparison 
with triple-negative cancers (36.6%) (p < 0.001). No 
difference was observed in the survival of patients with 
advanced breast cancer depending on the intensity of 
HER2 expression (no expression in comparison with 
low HER2 expression) in cancers commonly qualified 
as HER2-negative.

Denkert et al. [14] performed an analysis of 2310 pa-
tients with early HER2-negative breast cancer treated 
with preoperative chemotherapy in 4 clinical trials. Data 
concerning recurrences and survival were available 
for 1694 patients from 3 trials. In the case of 47.5% of 
cancers low HER2 expression was observed and in the 
remaining 52.5% no HER2 expression was detected. 
Very similar percentages of patients with particular 

Figure 1. The proposed algorithm  for breast cancer classification depending on the intensity of HER2 expression – elaborated 
on the basis of Tarantino et al. [11]
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results of HER2 expression were observed as in the pre-
vious analysis [13]. Low HER2 expression was observed 
in 61.2% luminal cancers and in 34% triple-negative 
cancers (p < 0.001). A significantly lower percentage of 
pathological complete response (pCR) was observed in 
cancers with low HER2 expression (29.2% vs. 39.0%; 
p = 0.0002). The percentages of pCR in patients with 
luminal breast cancers were significantly lower in the 
case of low HER2 expression as compared to the 
group without HER2 expression (17.5% vs. 23.6%; 
p = 0.024). However, this was not observed in patients 
with TNBC (pCR was, respectively, 50.1% vs. 48.0%; 
p = 0.21). The authors of the analysis found a signifi-
cantly better prognosis for patients with breast cancer 
with low HER2 expression in comparison with cancers 
without HER2 expression — 3-year disease-free sur-
vival (DFS) was 83.4% [95% confidence interval (CI): 
80.5–85.9] vs. 76.1% (95% CI 72.9–79.0); respectively, 
p = 0.0084. Three-year overall survival (OS) was 91.6% 
(84.9–93.4) vs. 85.8% (83.0–88.1); p = 0.0016. The 
observation concerned patients with TNBC, for whom 
3-year DFS were 84.5% (95% CI: 79.5–88.3) and 74.4% 
(70.2–78.0); p = 0.0076, respectively; and 3-year OS were 
90.2% (86.0–93.2) vs. 84.3% (80.7–87.3); p = 0.016, but 
not in patients with luminal breast cancers (3-year DFS 
— 82.8% [79.1–85.9] vs. 79.3% [73.9–83.7]; p = 0.39; and  
3-year OS — 92.3% [89.6–94.4] vs. 88.4% [83.8–91.8]; 
p = 0.13) [14].

The results of another interesting study evaluated 
the outcome of 608 patients with early ER-positive 
HER2-negative breast cancer were published. The ef-
fect of the strength of HER2 expression was analyzed 
(0 vs. low expression). In lobular cancers, the absence 
of HER2 (17% vs. 8%, p = 0.005) was significantly 
more common. In the whole analyzed population, 
no differences were observed in the prognoses of 
patients depending on the level of HER2 expression. 
However in the group with high recurrence risk in On-
cotypeDx, distant results were better in the case of low 
HER2 expression — a benefit was noted in the form 
of decreased risk in DFS by 60% (95% CI 0.20–0.82, 
p = 0.01), distant disease-free survival (DDFS) by 74% 
(95% CI: 0.11–0.63, p = 0.002), and OS by 69% (95% 

CI:  0.11–0.78, p = 0.01) compared to patients without 
HER2 [15].

In the next retrospective analysis evaluating the out-
come of 2864 patients [16], a higher risk for brain metas-
tases was observed for patients with low HER2 expres-
sion in comparison with cancers without the expression 
of this receptor (p = 0.027). This finding was particularly 
true for patients with hormone-dependent breast can-
cer. After a median time of follow-up of 95.4 months, 
the percentages of patients who had brain metastases 
depending on HER2 expression were 5.1% in patients 
without HER2 expression (IHC 0), 8.5% in the group 
with low HER2 expression, and 10.1% in patients with 
HER2-positive breast cancer [16].

Summing up, further research is necessary for evalu-
ating the prognostic value of low HER2 expression.

In Table 1, the most important data on breast cancer 
with low HER2 expression are presented.

Classical anti-HER2 drugs in HER2-low 
breast cancer

The distinguishing of a new group of HER2-low 
breast cancers was due to the demands of the planned 
clinical trials. The interest in trastuzumab treatment in 
HER2-negative breast cancers was based on the results 
of additional analyses on trastuzumab used in adjuvant 
treatment. The benefits of its use were also demon-
strated in the group of patients treated in clinical trials 
in whom, in a central analysis, HER2-negative breast 
cancer was diagnosed [17, 18]. Additional studies were 
planned to check the value of classical anti-HER2 drugs 
in HER2-negative breast cancers. Recently the results 
of clinical trial B-47 (National Surgical Adjuvant 
Breast and Bowel Project) were published, in which 
the experimental group, consisting of patients with 
HER2-negative breast cancer with a high recurrence 
risk, received additionally trastuzumab for 12 months 
besides chemotherapy. As many as 3270 patients with 
breast cancer with low HER2 expression (HER2-low) 
were included in the trial. After 46 months (median) 
of follow-up no difference was observed in the 5-year 

Table 1. Summary of data on breast cancer with low HER2 expression

Breast cancer HER2-low

Definition: HER2 expression evaluated by IHC as 1+ or 2+ without HER2 amplification

Detected in 45–55% of breast cancers

Currently, this group includes triple-negative and luminal breast cancers 

Found in 2/3 luminal and 1/3 TNBC

Retrospective analyses indicate an equivocal prognostic significance

Promising results of trials with new generation anti-HER2 conjugates

TNBC — triple-negative breast cancers
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invasive DFS (89.8% in the experimental arm and 
89.2% in the control arm; p = 0.85). Similarly, tras-
tuzumab therapy did not improve distant recurrences 
and OS [19].

A clinical trial was conducted using conjugates in 
breast cancer with low HER2 expression. Conjugates 
are composed of 3 parts: a monoclonal antibody directed 
against HER2, a load in the form of cytotoxic drug mol-
ecules, and linkers. The monoclonal antibody attaches to 
receptors on cancer cells, and the cytotoxic drug enters 
the cell. This form of targeted chemotherapy limits the 
effects of anti-cancer therapy on healthy tissues and, at 
the same time, increases the therapeutic index of the 
drug on breast cancer cells. This idea is very interesting. 
In recent years, many conjugates directed against various 
antigens have been tested.

The results of the first retrospective analyses sug-
gested the limited effectiveness of T-DM1 in patients 
with low HER2 expression. Studies were performed in 
two phase II clinical trials (trial 4258g and 4374g) on the 
use of T-DM1 in HER2-positive breast cancer [20, 21]. 
As a result of the central evaluation of HER2, a cohort 
of patients with cancers with low HER2 expression 
was distinguished. The overall response rate (ORR) 
was significantly higher in HER2-positive cancers in 
comparison with cancers with low HER2 expression 
(respectively: 33.8% vs. 4.8% in trial 4258g and 41.3% 
vs. 20.0% in trial 4374g). Similar results with respect to 
progression-free survival (PFS) were better in the group 
of HER2-positive cancers (8.2 vs. 2.6 months in trial 
4258g and 7.3 vs. 2.8 months in trial 4374g). The above 
data indicated the limited effectiveness of T-DM1 in 
cancers with low HER2 expression.

New anti-HER2 conjugates in HER2-low 
breast cancer

Further work with new anti-HER2 conjugates led 
to even more encouraging results. The effectiveness 
and toxicity profile for these drugs had been evalu-
ated in HER2-positive cancers [8, 9, 22]. Two clinical 
phase I trials were performed with the new generation 
conjugates in the group of patients with low HER2 ex-
pression.

The first trial included 99 patients with breast cancer 
after many lines of treatment (including 47 patients 
with breast cancer with low HER2 expression). In that 
trial, trastuzumab duocarmazine (SYD-985) was used, 
which includes a cytotoxic alkylating drug. The response 
to treatment was similar in the groups, regardless of 
the intensity of HER2 expression. ORR in the group 
with low HER2 expression was 32% (exclusively partial 
responses) and, in the group with excessive HER2 ex-
pression, it was 33%. Additionally in the group with low 
HER2 expression, 2 subgroups were distinguished de-

pending on the hormone receptor expression. ORR was 
28% and 40% in the group with luminal breast cancer 
and in TNBC, respectively, and median PFS were 4.1 and 
4.9 months, respectively. Adverse effects were observed 
(including frequent eye disorders: conjunctivitis, dry eye 
syndrome, increased tear production) [23].

In the second trial, the effectiveness of T-DXd in 
treating breast cancer with low HER2 expression was 
evaluated. Fifty-four patients with metastatic breast 
cancer after many lines of treatment were included in the 
trial. ORR was 37%, and the median time of response was 
10.4 months. Median PFS was 11.1 months, and median 
OS attained 29.4 months. In the trial, there was no control 
arm with HER2-positive breast cancers, in contrast to the 
trial of Banerji et al. discussed above [23, 24].

The results of the most important studies with 
anti-HER2 drugs in breast cancer with low HER2 ex-
pression are summarized in Table 2.

Basic research on new generation conjugates indi-
cates their innovative mechanism of action. HER2 re-
ceptors are the site of attachment of the monoclonal 
antibody (trastuzumab) which is part of the conjugate, 
and next the attached cytotoxic drug enters the cancer 
cell and destroys it. In the case of SYD-985, the drug to 
antibody ratio (DAR) is 2.8:1, and for T-DXd it is much 
larger and is 7.8:1. It is worth underlining that in the 
case of SYD-985 and T-DXd, basic research indicated 
there was a phenomenon based on the destruction of 
neighboring cancer cells regardless of the level of expres-
sion of the HER2 receptor on their surface (bystander 
effect). This is caused by the molecules of the charge, 
which is a cytotoxic drug,  penetrating from destroyed 
cells showing HER2 expression to the neighboring 
cells. Thus, the pool of destroyed neoplastic cells is 
considerably larger [11].

The results of the trials discussed above and the idea 
of a unique mechanism of action of new generation 
conjugates contributed to the planning of large clinical 
trials evaluating the effectiveness of such a therapy for 
patients with breast cancers with low HER2 expression. 
Several clinical trials with patients with triple-negative 
or luminal breast cancer with low HER2 expression are 
ongoing. The effectiveness of T-DXd in monotherapy 
or combined with immune therapy is being studied. The 
results of the mentioned trials may affect the strategy of 
treating patients with breast cancer, as HER2 expres-
sion is found altogether in 60–70% of patients [11]. 
In the case of positive results of the conducted trials, 
a new category of HER2-low breast cancers will have 
to be distinguished.
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Table 2. Summary of results of trials with anti-HER2 drugs in breast cancer with low HER2 expression

Trial Investigated drug Population Number of patients Results

NSABP 
B-47 [19]

Trastuzumab Early HER2-negative 
breast cancer with high 
recurrence risk

3270 5-year iDFS: 89.8% vs. 89.2%. 
HR = 0.98; 95% CI: 0.76–1.25; 
p = 0.85; 5-year

OS: 94.8% vs. 96.3%. HR = 1.33; 95%

CI: 0.90–1.95; p = 0.15

4258g [20] Trastuzumab emtan-
sine (T-DM1)

HER2-positive breast 
cancer (also with low 
HER2 expression in cen-
tral evaluation)

112 (including 21 patients 
with breast cancer with 
low HER2 expression)

ORR: 4.8% (95% CI: 1.0–21.8%) 
vs. 33.8%

(95% CI: 23.2–44.9%)

Median PFS: 2.6 months (95% CI:  
1.4–3.9 months)

vs. 8.2 months (95% CI: 
4.4 months–not reached)

4374g [21] Trastuzumab emtan-
sine (T-DM1)

HER2-positive breast can-
cer (also cancers with 
low HER2 expression 
after repeated evaluation)

110 (including 15 patients 
with breast cancer with 
low HER2 expression)

ORR: 20% (95% CI: 5.7–44.9) vs. 41.3%

(95% CI: 30.4–52.8)

Median PFS: 2.8 months (95% CI: 1.3–not 
reached) vs. 7.3 (95% CI: 4.6–12.3)

Banjeri et al. 
[23]

Trastuzumab duo-
carmazine (SYD-985)

Various advanced cancers 
with low HER2 expres-
sion

146 (including 47 patients 
with breast cancer with 
low HER2 expression)

ORR: cancers ER+ HER2-low: 28%

(95% CI: 13.8–46.8%). cancers 
ER-HER2-low: 40%

(95% CI: 16.3–67.6%); median PFS ap-
prox. 4 months

Modi et al. 
[24]

Trastuzumab deruxte-
can (T-DXd)

Breast cancer with low 
HER2 expression after 
several lines of treat-
ment

54 ORR: 37% (95% CI: 24.3–51.3%)

Median DoR: 10.4 months (95% CI: 
8.8 months–not reached); median PFS 
11.1 months, median OS 29. 4 months

CI — confidence interval; DFS — disease-free survival; DoR — duration of response; HR — hazard ratio; ORR — overall response rate; OS — overall survival; 
PFS — progression-free survival

Roche, Novartis, Eli Lilly, Pfizer, MSD, AstraZeneca, 
Gilead, Teva, Egis, Vipharm.

AJG: Honorarium for consultations/lectures/train-
ing/clinical trials: AstraZeneca, Novartis, Roche, Gilead, 
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ZN: Honorarium for consultations/lectures/train-
ing/clinical trials: Roche.

References

1.	 Perou CM, Sørlie T, Eisen MB, et al. Molecular portraits of human breast 
tumours. Nature. 2000; 406(6797): 747–752, doi: 10.1038/35021093, 
indexed in Pubmed: 10963602.

2.	 Burstein HJ, Curigliano G, Thürlimann B, et al. Panelists of the St Gallen 
Consensus Conference. Customizing local and systemic therapies for 
women with early breast cancer: the St. Gallen International Consensus 
Guidelines for treatment of early breast cancer 2021. Ann Oncol. 2021; 
32(10): 1216–1235, doi: 10.1016/j.annonc.2021.06.023, indexed in 
Pubmed: 34242744.

3.	 Schechter AL, Stern DF, Vaidyanathan L, et al. The neu oncogene: 
an erb-B-related gene encoding a 185,000-Mr tumour antigen. Na-
ture. 1984; 312(5994): 513–516, doi: 10.1038/312513a0, indexed in 
Pubmed: 6095109.

4.	 Ross JS, Fletcher JA, Linette GP, et al. The Her-2/neu gene and protein 
in breast cancer 2003: biomarker and target of therapy. Oncologist. 
2003; 8(4): 307–325, doi: 10.1634/theoncologist.8-4-307, indexed in 
Pubmed: 12897328.

5.	 Slamon DJ, Clark GM, Wong SG, et al. Human breast cancer: cor-
relation of relapse and survival with amplification of the HER-2/neu 

oncogene. Science. 1987; 235(4785): 177–182, doi: 10.1126/scien-
ce.3798106, indexed in Pubmed: 3798106.

6.	 Gennari A, André F, Barrios CH, et al. ESMO Guidelines Committee. 
Electronic address: clinicalguidelines@esmo.org. ESMO Clinical 
Practice Guideline for the diagnosis, staging and treatment of patients 
with metastatic breast cancer. Ann Oncol. 2021; 32(12): 1475–1495, 
doi: 10.1016/j.annonc.2021.09.019, indexed in Pubmed: 34678411.

7.	 Murthy RK, Loi S, Okines A, et al. Tucatinib, Trastuzumab, and 
Capecitabine for HER2-Positive Metastatic Breast Cancer. N Engl  
J Med. 2020; 382(7): 597–609, doi: 10.1056/NEJMoa1914609, indexed 
in Pubmed: 31825569.

8.	 Modi S, Saura C, Yamashita T, et al. DESTINY-Breast01 Investiga-
tors. Trastuzumab Deruxtecan in Previously Treated HER2-Pos-
itive Breast Cancer. N Engl J Med. 2020; 382(7): 610–621, doi: 
10.1056/NEJMoa1914510, indexed in Pubmed: 31825192.

9.	 Cortés J, Kim SB, Chung WP, et al. LBA1 Trastuzumab deruxte-
can (T-DXd) vs trastuzumab emtansine (T-DM1) in patients (Pts) with 
HER2+ metastatic breast cancer (mBC): Results of the randomized 
phase III DESTINY-Breast03 study. Annals of Oncology. 2021; 32: 
S1287–S1288, doi: 10.1016/j.annonc.2021.08.2087.

10.	 Wolff AC, Hammond ME, Allison KH, et al. Human Epidermal Growth 
Factor Receptor 2 Testing in Breast Cancer: American Society of 
Clinical Oncology/College of American Pathologists Clinical Practice 
Guideline Focused Update. J Clin Oncol. 2018; 36(20): 2105–2122, 
doi: 10.1200/JCO.2018.77.8738, indexed in Pubmed: 29846122.

11.	 Tarantino P, Hamilton E, Tolaney SM, et al. HER2-Low Breast Cancer: Patho-
logical and Clinical Landscape. J Clin Oncol. 2020; 38(17): 1951–1962,  
doi: 10.1200/JCO.19.02488, indexed in Pubmed: 32330069.

12.	 Lambein K, Van Bockstal M, Vandemaele L, et al. Distinguishing score 0 from 
score 1+ in HER2 immunohistochemistry-negative breast cancer: clinical 
and pathobiological relevance. Am J Clin Pathol. 2013; 140(4): 561–566,  
doi: 10.1309/AJCP4A7KTAYHZSOE, indexed in Pubmed: 24045554.

13.	 Schettini F, Chic N, Brasó-Maristany F, et al. Clinical, pathological, 
and PAM50 gene expression features of HER2-low breast cancer. 

http://dx.doi.org/10.1038/35021093
https://www.ncbi.nlm.nih.gov/pubmed/10963602
http://dx.doi.org/10.1016/j.annonc.2021.06.023
https://www.ncbi.nlm.nih.gov/pubmed/34242744
http://dx.doi.org/10.1038/312513a0
https://www.ncbi.nlm.nih.gov/pubmed/6095109
http://dx.doi.org/10.1634/theoncologist.8-4-307
https://www.ncbi.nlm.nih.gov/pubmed/12897328
http://dx.doi.org/10.1126/science.3798106
http://dx.doi.org/10.1126/science.3798106
https://www.ncbi.nlm.nih.gov/pubmed/3798106
http://dx.doi.org/10.1016/j.annonc.2021.09.019
https://www.ncbi.nlm.nih.gov/pubmed/34678411
http://dx.doi.org/10.1056/NEJMoa1914609
https://www.ncbi.nlm.nih.gov/pubmed/31825569
http://dx.doi.org/10.1056/NEJMoa1914510
https://www.ncbi.nlm.nih.gov/pubmed/31825192
http://dx.doi.org/10.1016/j.annonc.2021.08.2087
http://dx.doi.org/10.1200/JCO.2018.77.8738
https://www.ncbi.nlm.nih.gov/pubmed/29846122
http://dx.doi.org/10.1200/JCO.19.02488
https://www.ncbi.nlm.nih.gov/pubmed/32330069
http://dx.doi.org/10.1309/AJCP4A7KTAYHZSOE
https://www.ncbi.nlm.nih.gov/pubmed/24045554


262

ONCOLOGY IN CLINICAL PRACTICE 2022, Vol. 18, No. 4

NPJ Breast Cancer. 2021; 7(1): 1, doi: 10.1038/s41523-020-00208-2, 
indexed in Pubmed: 33397968.

14.	 Denkert C, Seither F, Schneeweiss A, et al. Clinical and molecular 
characteristics of HER2-low-positive breast cancer: pooled analysis 
of individual patient data from four prospective, neoadjuvant clinical 
trials. Lancet Oncol. 2021; 22(8): 1151–1161, doi: 10.1016/S1470-
2045(21)00301-6, indexed in Pubmed: 34252375.

15.	 Mutai R, Barkan T, Moore A, et al. Prognostic impact of HER2-low 
expression in hormone receptor positive early breast cancer. Breast. 
2021; 60: 62–69, doi: 10.1016/j.breast.2021.08.016, indexed in Pub-
med: 34481367.

16.	 Guven DC, Kaya MB, Fedai B, et al. HER2-low breast cancer could 
be associated with an increased risk of brain metastasis. Int J Clin 
Oncol. 2021 [Epub ahead of print], doi: 10.1007/s10147-021-02049-w, 
indexed in Pubmed: 34661778.

17.	 Paik S, Kim C, Wolmark N. HER2 status and benefit from adjuvant 
trastuzumab in breast cancer. N Engl J Med. 2008; 358(13): 1409–1411, 
doi: 10.1056/NEJMc0801440, indexed in Pubmed: 18367751.

18.	 Perez EA, Reinholz MM, Hillman DW, et al. HER2 and chromosome 
17 effect on patient outcome in the N9831 adjuvant trastuzumab trial.  
J Clin Oncol. 2010; 28(28): 4307–4315, doi: 10.1200/JCO.2009.26.2154, 
indexed in Pubmed: 20697084.

19.	 Fehrenbacher L, Cecchini R, Jr CG, et al. NSABP B-47/NRG Oncology 
Phase III Randomized Trial Comparing Adjuvant Chemotherapy With 
or Without Trastuzumab in High-Risk Invasive Breast Cancer Negative 
for HER2 by FISH and With IHC 1+ or 2+. J Clin Oncol. 2020; 38(5): 
444–453, doi: 10.1200/jco.19.01455.

20.	 Burris HA, Rugo HS, Vukelja SJ, et al. Phase II study of the antibody 
drug conjugate trastuzumab-DM1 for the treatment of human epi-
dermal growth factor receptor 2 (HER2)-positive breast cancer after 
prior HER2-directed therapy. J Clin Oncol. 2011; 29(4): 398–405, doi: 
10.1200/JCO.2010.29.5865, indexed in Pubmed: 21172893.

21.	 Krop IE, LoRusso P, Miller KD, et al. A phase II study of trastuzumab 
emtansine in patients with human epidermal growth factor receptor 
2-positive metastatic breast cancer who were previously treated with 
trastuzumab, lapatinib, an anthracycline, a taxane, and capecitabine.  
J Clin Oncol. 2012; 30(26): 3234–3241, doi: 10.1200/JCO.2011.40.5902, 
indexed in Pubmed: 22649126.

22.	 Manich CS, O’Shaughnessy J, Aftimos PG, et al. LBA15 Primary 
outcome of the phase III SYD985.002/TULIP trial comparing [vic-]
trastuzumab duocarmazine to physician’s choice treatment in 
patients with pre-treated HER2-positive locally advanced or meta-
static breast cancer. Ann Oncol. 2021; 32: S1288, doi: 10.1016/j.
annonc.2021.08.2088.

23.	 Banerji U, van Herpen CML, Saura C, et al. Trastuzumab duocarmazine 
in locally advanced and metastatic solid tumours and HER2-express-
ing breast cancer: a phase 1 dose-escalation and dose-expansion 
study. Lancet Oncol. 2019; 20(8): 1124–1135, doi: 10.1016/S1470-
2045(19)30328-6, indexed in Pubmed: 31257177.

24.	 Modi S, Park H, Murthy RK, et al. Antitumor Activity and Safety of 
Trastuzumab Deruxtecan in Patients With HER2-Low-Expressing Ad-
vanced Breast Cancer: Results From a Phase Ib Study. J Clin Oncol. 
2020; 38(17): 1887–1896, doi: 10.1200/JCO.19.02318, indexed in 
Pubmed: 32058843.

http://dx.doi.org/10.1038/s41523-020-00208-2
https://www.ncbi.nlm.nih.gov/pubmed/33397968
http://dx.doi.org/10.1016/S1470-2045(21)00301-6
http://dx.doi.org/10.1016/S1470-2045(21)00301-6
https://www.ncbi.nlm.nih.gov/pubmed/34252375
http://dx.doi.org/10.1016/j.breast.2021.08.016
https://www.ncbi.nlm.nih.gov/pubmed/34481367
http://dx.doi.org/10.1007/s10147-021-02049-w
https://www.ncbi.nlm.nih.gov/pubmed/34661778
http://dx.doi.org/10.1056/NEJMc0801440
https://www.ncbi.nlm.nih.gov/pubmed/18367751
http://dx.doi.org/10.1200/JCO.2009.26.2154
https://www.ncbi.nlm.nih.gov/pubmed/20697084
http://dx.doi.org/10.1200/jco.19.01455
http://dx.doi.org/10.1200/JCO.2010.29.5865
https://www.ncbi.nlm.nih.gov/pubmed/21172893
http://dx.doi.org/10.1200/JCO.2011.40.5902
https://www.ncbi.nlm.nih.gov/pubmed/22649126
http://dx.doi.org/10.1016/j.annonc.2021.08.2088
http://dx.doi.org/10.1016/j.annonc.2021.08.2088
http://dx.doi.org/10.1016/S1470-2045(19)30328-6
http://dx.doi.org/10.1016/S1470-2045(19)30328-6
https://www.ncbi.nlm.nih.gov/pubmed/31257177
http://dx.doi.org/10.1200/JCO.19.02318
https://www.ncbi.nlm.nih.gov/pubmed/32058843

