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Introduction
Human epidermal growth factor receptor 2 (HER2) is 
a receptor for transmembrane tyrosine kinases, which 
is directly related to the aggressive growth of BC and is 
an important target for BC treatment [1]. Trastuzumab 
is the first approved monoclonal antibody against HER2, 
which can target the extracellular domain of HER2 pro-
tein. H0648g, BCIRG 007, and other studies showed that 
trastuzumab combined with chemotherapy significantly 
prolonged the survival time of BC patients with HER2 
overexpression (IHC 3 + or IHC 2 + with ISH positivity) 
[2, 3]. Studies such as NSABP B-47/NRG confirmed that 
patients with low or moderate HER2 expression (IHC 
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Abstract
Background The survival outcomes in HER2-low versus HER2-zero breast cancer (BC) after neoadjuvant 
chemotherapy (NACT) remain unclear. The meta-analysis was conducted to summarize current evidence about the 
survival outcomes in HER2-low versus HER2-zero BC.

Methods We conducted a systematic search in PubMed and EMBASE databases to identify relevant studies.

Results A total of 14 studies with 53,714 patients were included. Overall, 34,037 patients (63.37%) were HER2-low, 
and 19,677 patients (36.63%) were HER2-zero. Patients with HER2-low tumors had a significantly lower pathological 
complete response (pCR) rate than patients with HER2-zero tumors, regardless of the hormone receptor status. 
Compared with HER2-zero breast cancer, the overall survival (OS) and disease-free survival (DFS) of HER2-low BC 
were longer in the overall cohort (HR = 0.72; 95% CI = 0.61–0.85; P < 0.0001; HR = 0.83; 95% CI = 0.75–0.92; P = 0.0002); 
however, no differences were observed in terms of OS and DFS between HER2-low and HER2-zero BC in the 
HR-negative group. In the HR-positive group, HER2-low status had no significant impact on OS, while significantly 
associated with increased DFS (HR = 0.85; 95% CI = 0.76–0.96; P = 0.007).

Conclusion These results suggest that although HER2-low BC has a poor response to NACT, it is correlated with 
favorable OS and DFS after NACT in the overall cohort as well as longer DFS in the HR-positive group.
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1+, or 2+/ISH negative) cannot benefit from traditional 
targeted drugs [4, 5]. Therefore, the HER2 status has 
always been divided into two categories: HER2 low or 
moderate expression and HER2 zero expression are clas-
sified as HER2 negative (IHC 0, 1+, or 2+/ISH negative), 
while HER2 overexpression (IHC 3 + or IHC 2 + with ISH 
positive) is classified as HER2 positive [6]. However, the 
recent development of novel antibody-drug conjugates 
(ADCs) has significantly improved the prognosis of BC 
patients with low or moderate HER2 expression (1+, or 
2+/ISH negative), thus leading to the concept of “HER2-
low breast cancer” [7, 8].

Currently, most studies define BC with low or mod-
erate HER2 expression (IHC 1+, or 2+/ISH negative) as 
HER2-low BC [9–12]. Based on the fact that HER2-low 
BC has low or moderate HER2 expression and can bene-
fit from new targeted drugs, some scholars proposed that 
HER2-low BC is different from HER2-zero, that is, differ-
ent from luminal BC or triple-negative BC, and may be 
an independent subtype. This has aroused strong interest 
among researchers. It is currently known that HER2-low 
BC has a large population, accounting for approximately 
40–50% of breast cancers [13]. The biological, clinico-
pathological, and prognostic differences between HER2-
low and HER2-zero breast cancers have been reported 
[9, 10, 14, 15]. However, HER2-low BC has not yet been 
established as an independent subtype. Although novel 
targeted drugs have brought benefits to HER2-low BC, 
they have not yet been approved for front-line treatment 
of non-metastatic HER2-low BC. Chemotherapy remains 
one of the most important treatments for non-metastatic 
HER2-low BC, especially for HER2-low BC patients 
with HR-negative or HR-positive who are resistant to 
endocrine therapy. Exploring the differences in chemo-
therapy sensitivity and prognosis between HER2-low 
BC and HER2-zero BC can help us further discover the 
differences between HER2-low BC and HER2-zero BC, 
and also help us better understand the clinicopathologi-
cal characteristics of HER2-low BC and its sensitivity to 
chemotherapy, to provide a basis for the later formulation 
of HER2-low BC treatment plan. However, multiple stud-
ies have reached different conclusions about the effects of 
HER2-low and HER2-zero on the response and progno-
sis of neoadjuvant chemotherapy [11, 16–20]. Given the 
conflicting conclusions, we conducted this meta-analysis 
to compare the survival outcomes in HER2-low versus 
HER2-zero BC after neoadjuvant chemotherapy.

Materials and methods
Search strategy
This meta-analysis was conducted strictly following the 
PRISMA 2020 statement [21]. The PRISMA checklist is 
shown in Additional File 1. We performed a systematic 
literature search in the PubMed and Embase databases 

for studies published by October, 2023. Keywords used 
were; (“breast cancer, OR breast neoplasm” AND “HER2-
low”). Any geographical region or language was accepted. 
The detailed reproducible search strategy for each of the 
databases is shown in Additional File 2.

Inclusion and exclusion criteria
The published studies were to meet the following inclu-
sion criteria; (1) BC patients diagnosed with HER2-low 
or HER2-zero; (2) patients treated with NACT and sur-
gery; (3) HER2-low was defined as HER2 IHC 1 + or 2+/
ISH negative. (4) the study must have reported the pCR 
rate and the survival outcomes in terms of OS and/
or DFS; (5) the study compared the survival outcomes 
between HER2-low and HER2-zero. Exclusion criteria 
were as follows; (1) review articles, letters to the editor, 
comments, editorials, and case reports; (2) patients with 
metastatic disease or other malignant tumors; (3) Lack-
ing data on clinical outcome that could be used to calcu-
late the HRs and 95% CIs.

Study selection and data extraction
We selected the studies according to the search strat-
egy and inclusion and exclusion criteria. The stan-
dardized data extraction form was used to extract the 
relevant information such as the first author’s name, year 
of publication, study design, nationality and the number 
of patients, the median age of participants, the tumor 
stage and histology, Nottingham grade, local treatment, 
median follow-up time, survival outcomes.

Quality assessment
The study quality was assessed based on eight items from 
the non-randomized experimental research-MINORS 
scale [22], Each item was scored as 0 (not reported), 1 
(inadequately reported), or 2 (adequately reported). we 
only retained studies with scores of 8 or more, which 
were rated as high-quality (See Supplementary Table 2, 
Additional File 3).

Summary measures and statistical analysis
We used RevMan version 5.3 (RevMan, version 5.3 for 
Windows; Cochrane Collaboration, Oxford, UK) for 
Meta-analysis. The hazard ratios (HRs) were extracted 
from published.

data or Kaplan-Meier survival curves. Statistical het-
erogeneity was assessed by Chi-squared and I2. When 
I2 > 50%, the test of heterogeneity was significant, thus, 
the random-effects model was used; otherwise, the 
fixed-effects model was used [23]. Funnel plot and Begg’s 
test were used to assess the potential publication bias 
[24]. They were performed with the Stata Version 11.0 
(Stata Corporation, College Station, TX, USA). All tests 
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were two-sided. P < 0.05 was considered statistically 
significant.

Results
Study selection and characteristics
A total of 946 articles were identified. 773 articles were 
retained after removing duplicates. After reviewing the 
title and abstract, 658 articles irrelevant to this study were 
also removed. 13 articles were excluded after the full text 
was reviewed according to the inclusion and exclusion 
criteria. In the end, 14 studies with 53,714 patients who 

meet the criteria were included [11, 13, 16–20, 25–31]. 
As shown in Fig. 1.

All the included studies were retrospective cohort 
studies published in 2021 to 2023. In the studies, 34,037 
patients (63.37%) were HER2-low, and 19,677 patients 
(36.63%) were HER2-zero. 10 studies reported that 
21,190 (67.11%) of 31,574 patients with HER2-low were 
HR-positive, compared with 8753 (46.98%) of 18,631 
patients with HER2-zero. The information on character-
istics is shown in Tables 1 and 2.

Fig. 1 Flowchart explaining the article selection
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Pathologic complete response
8324 out of 31,576 patients with HER2-low achieved 
pCR, while 6369 out of 18,631 patients with HER2-zero 
achieved pCR. HER2-low patients had a significantly 
lower pCR rate than HER2-zero patients (26.36% VS. 
34.18%, OR = 0.63; 95% CI = 0.55–0.71; P < 0.00001). Het-
erogeneity was detected among these data (I 2 = 52%, 
P = 0.02). According to hormone receptor status, the 
pCR rate of HER2-low patients was also lower than that 
of HER2-zero patients in HR-positive group (16.48% vs. 
19.22.00%, OR = 0.82; 95% CI = 0.77–0.87; P < 0.00001) 
and HR-negative group(45.77% vs. 47.16%, OR = 0.93; 
95% CI = 0.87–0.98; P = 0.006). There was no heterogene-
ity in the two subgroups. As shown in Fig. 2.

Overall survival
Eleven studies involving 49,763 people reported OS. 
After a median follow-up of 46.6 months, HER2-low 
patients showed a longer OS than HER2-zero (HR = 0.72; 
95% CI = 0.61–0.85; P < 0.0001). In the subgroup analysis, 
there was no significant difference in OS between HER2-
low and HER2-zero patients in the HR-positive group 
(HR = 0.83; 95% CI = 0.68–1.01; P = 0.07) and HR-negative 
group (HR = 0.88; 95% CI = 0.70–1.10; P = 0.27). Signifi-
cant heterogeneity existed among the studies. As shown 
in Fig. 3.

Disease-free survival
Nine studies involving 7569 people reported DFS. After 
a median follow-up of 35.75 months, the DFS of HER2-
low patients is significantly better than that of HER2-
zero patients (HR = 0.83; 95% CI = 0.75–0.92; P = 0.0002). 

According to hormone receptor status, this survival 
trend was also true in the subgroups of patients with HR-
positive tumors (HR = 0.85; 95% CI = 0.76–0.96; P = 0.007). 
However, no survival difference was seen between them 
in HR-negative tumors (HR = 0.95; 95% CI = 0.71–1.29; 
P = 0.76). Heterogeneity only exists in the HR-negative 
group. As shown in Fig. 4.

The funnel plots and Begg’s test were used to detect the 
publication bias ( Fig.  5). All P values were > 0.05 ( See 
Supplementary Table 3, Additional File 4), suggesting no 
potential publication bias was found in the pCR rate, OS 
and DFS.

Discussion
HER2-low BC is now increasingly considered a distinct 
subtype. We analyzed the outcomes of HER2-low BC 
through 34,037 patients in 14 studies. A lower rate of 
pCR was observed in the patients with HER2-low ver-
sus those with HER2-zero, regardless of the hormone 
receptor status. HER2-low patients had superior OS 
and DFS compared to HER2-zero patients in the overall 
group. According to hormone receptor status, HER2-low 
patients led to a better DFS in the HR-positive group, 
while no significant survival difference was seen between 
them in other groups.

Previous studies reported that the proportion of HER2-
low in HER2-negative ranged from 33.3 to 72.1% [13, 32–
34]. Our study shows that the proportion is 63.37%. The 
difference in proportion between different studies may 
be due to the limitations of current detection and inter-
pretation of HER2 expression. At present, the difficulties 
and inconsistencies mainly focus on the interpretation of 

Table 1 Main characteristics of the eligible studies
First author Year country Study type Participations(n)

(HER2-low/ 
HER2-zero)

Clini-
cal 
stage

Follow-
up (me-
dian) 
(month)

HR estimation Out-
comes 
(All)

Out-
comes 
(HR+)

Outcomes(HR-)

Denkert 2021 Germany retrospective 2310 (1098/1212) I–III 46.6 Given by author OS, DFS OS, DFS OS, DFS
de Moura 2021 South 

America
retrospective 855 (285/570) I–III 59 Survival curve OS OS OS

Domergue 2022 France retrospective 437 (121/316) I–III 72.9 Survival curve NR NR OS, DFS
Alves 2022 Portugal retrospective 72 (41/31) II–III 35.5 Survival curve OS, DFS NR NR
Cosimo 2022 Italy retrospective 444 (335/109) I–III 59.6 Survival curve DFS DFS DFS
Shao 2022 China retrospective 314 (226/88) II–III 36 Survival curve OS, DFS OS, DFS OS, DFS
Kang 2022 Korea retrospective 1572 (754/818) I–III NR Given by author OS, DFS OS, DFS OS, DFS
Zhou 2023 China retrospective 325 (234/91) I–III 29.3 Given by author OS, DFS NR NR
Qiao 2023 China retrospective 132 (70/62) II–III 20 Survival curve OS, DFS OS, DFS OS, DFS
Li 2023 China retrospective 1027 (678/349) I–III 56 Survival curve OS, DFS OS, DFS OS, DFS
Pöschke 2023 Germany retrospective 1373 (930/443) I–III 120 Survival curve OS, DFS OS, DFS OS, DFS
Li JJ 2023 China retrospective 283 (239/44) II–III 59 Survival curve OS OS OS
Zhong 2023 US retrospective 41,500 

(26,686/14,814)
I–III NR Given by author OS OS OS

Zhang 2023 China retrospective 3070 (2340/730) I–III 40 Survival curve NR OS, DFS NR
NR = not reported
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0 and 1+. According to the American Society of Clinical 
Oncology(ASCO) guideline: IHC 0: no staining or ≤ 10% 
of cells with incomplete membrane staining that is faint 
/ barely perceived. IHC 1+: >10% of cells with incom-
plete membrane staining that is faint/barely perceptible 
[6]. Patients with 1 + have weak staining and need to be 
observed more closely. The interpretation of human eyes 
is subjective and inconsistent. Previously, the treatment 
of HER2 (1+) was the same as HER2-zero, so the patholo-
gist himself may not pay much attention to the distinc-
tion between HER2 immunohistochemistry 0 and 1+. 
Secondly, in the detection process, the detection anti-
bodies and platforms of each pathology department are 
different, which may also lead to differences in the deter-
mination. In 2023, ASCO guidelines specifically pro-
posed 5 recommendations to distinguish IHC 1 + results 
from 0 in the update of HER2 testing guidelines. For 
example, examining HER2 IHC at high power (40×) when 
discriminating 0 from 1 + staining and considering a sec-
ond pathologist review when results are close to the 0 
versus 1 + interpretive threshold, and so on [35]. Various 
studies on how to achieve accurate detection of HER2 
expression are also being tried. For example, droplet 
microfluidic technology [36], analysis of HER2 messen-
ger RNA levels [37, 38], and digital pathology achieved 
through artificial intelligence [39, 40].

The results of this study showed that Luminal BC 
accounted for the majority of HER2-low patients, and 
the pCR rate of HER2-low patients was lower than that 
of HER2-zero. This is consistent with previous research. 
Schettini et al. studied the expression of PAM50 and 
individual gene expression in 1,320 patients (35.8%) and 
found that about 65% of HER2-low patients were HR-
positive compared with the HER2-zero group. In the 
overall cohort, the expression of relative proliferation-
related genes is significantly down-regulated and the 
expression of luminal-related genes is up-regulated in 
HER2-low patients, while most proliferation-related 
genes and tyrosine kinase receptor genes are more 
expressed in HER2-zero tumors. In the HR-positive sub-
group, similar gene expression differences were observed. 
However, in the HR-negative subgroup, no differen-
tial gene expression was found between HER2-low and 
HER2-zero [9]. Zhang et al. also found that 87.5% of 
the HER2-low subgroup were luminal tumors [41]. The 
low sensitivity of luminal tumors to chemotherapy may 
explain the low pCR rate in the HER2-low subgroup. It 
is interesting that in our study, even in the HR-negative 
subgroup, the pCR rate of HER2-low patients was lower 
than that of HER2-zero. Previous studies have found that 
compared with HER2-zero tumors, HER2-low tumors 
tend to have lower ki-67 expression and lower histologi-
cal grade [16, 27, 41]. Dehghani et al. analyzed HER2-low 
and HER2-zero patients in triple-negative BC and found Ta
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Fig. 2 Forest plot of the OR for the pCR rate of HER2-low breast cancer vs. HER2-zero breast cancer in overall cohort (a), HR-positive group(b), HR-negative 
group(c)
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that HER2-low tumors had lower lymph node involve-
ment rates, less lymphatic invasion, and lower local 
recurrence rates [42]. So we speculate that even though 
there is no difference in gene expression between the two 
groups in the HR-negative subgroup, HER2-low tumors 
still have low invasiveness, reducing their sensitivity to 
chemotherapy.

Our analysis shows that HER2-low tumors are bet-
ter than HER2-zero in both OS and DFS in the overall 
cohort. Given the role of HER2 in the pathogenesis of 
breast cancer, we believe that even its expression at low 
levels would be associated with more aggressive char-
acteristics than its complete absence. However, as men-
tioned earlier, HER2-low tumors are less aggressive 

Fig. 3 Forest plot of the HR for OS of HER2-low breast cancer vs. HER2-zero breast cancer in overall cohort (a), HR-positive group(b), HR-negative group(c)
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than HER2-zero tumors, both in terms of gene expres-
sion and pathological features. This may be related to 
the high expression of hormone receptors in HER2-low 
tumors. Most studies have proven that there is an inter-
action between the signaling pathways of HER2 and hor-
mone receptors. ER signaling can down-regulate HER2 
expression, which has a significant impact on HER2-low 
expression and related tumor biology [43, 44]. The low 
invasiveness of HER2-low tumors may be the reason for 
their better prognosis. However, in subgroup analysis, 

HER2-low had an advantage over HER2-zero in DFS only 
in the HR-positive group, and no significant differences 
were noted for OS or DFS in other groups. We speculate 
that the reason may be related to the low pCR of HER2-
low breast cancer. It is possible that the negative impact 
of low pCR on survival outweighs the positive effect of 
low tumor aggressiveness on survival in these subgroups.

Traditional anti-HER2 therapies do not benefit HER2-
low BC patients [5]. In recent years, HER2-targeted anti-
body-drug conjugates (ADCs): trastuzumab deruxtecan 

Fig. 4 Forest plot of the HR for DFS of HER2-low breast cancer vs. HER2-zero breast cancer in overall cohort (a), HR-positive group(b), HR-negative 
group(c)
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(T-DXd) and trastuzumab duocarmazine (SYD985) 
have shown promising anti-tumor activity in patients 
with HER2-low BC [45, 46]. The results of DESTINY 
Breast-04 showed that trastuzumab deruxtecan (T-Dxd) 
significantly improved the objective response rate (52.3% 
VS. 16.3%) in patients with previously extensively treated 
HER2-low advanced BC, and prolonged the patients’ PFS 
and OS [7]. This may be achieved through the so-called 
“bystander killing” mechanism [47]. Subsequently, the US 
Food and Drug Administration (FDA) approved T-Dxd 
as the first targeted therapy for the treatment of patients 
with unresectable or metastatic HER2-low BC [48]. Since 
then, the era of binary treatment of HER2 has been bro-
ken. DESTINY Break-06 study is another continuous trial 
for HER2-low metastatic BC designed to evaluate the 
efficacy and safety of DS-8201 combined chemotherapy 
in the treatment of HR-positive, HER2-low metastatic 
BC with failure endocrine therapy. At present, many new 
ADC drugs (RC48-ADC, ARX788, etc.), BC vaccines 

(nelipepimut-S, GP2, etc.) and bispecific antibodies 
(KN026, ZW25, etc.) are being developed, hoping to 
bring new hope to patients with HER2-low BC [49–52].

This meta-analysis had a few limitations. First, hetero-
geneity was found in the analysis. However, we used a 
random effect model to overcome this. Second, the HR 
value extracted from survival curves may be less reli-
able than those directly given by authors. Finally, all the 
articles we included are retrospective studies, which may 
potentially induce bias in our results.

Conclusion
In conclusion, our meta-analysis results show that com-
pared with HER2-zero BC, HER2-low BC has a poor 
response to NACT and a better prognosis in the overall 
cohort and HR-positive group after NACT. This reminds 
us that HER-2 low breast cancer has special biological 
characteristics and requires individualized treatment 
strategies.

Fig. 5 Funnel plot of HER2-low breast cancer vs. HER2-zero breast cancer. OR for the pCR rate: overall cohort (a), HR-positive group(b), HR-negative 
group(c); HR for OS: overall cohort (d), HR-positive group(e), HR-negative group(f); HR for DFS: overall cohort (g), HR-positive group(h), HR-negative 
group(i)
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Abbreviations
NACT  Neoadjuvant chemotherapy
BC  Breast cancer
HR-positive  Hormone receptor negative
HR-negative  Hormone receptor positive
HR  Hazard ratio
pCR  Pathological complete response
OS  Overall survival
DFS  Disease-free survival
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