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Abstract: Various novel HER2-targeted antibody-conjugated drugs (ADCs) have shown satisfactory antitumor activity 
in HER2-low-positive breast cancer (BC). It is urgent to clarify whether HER2-low-positive tumors have unique biologi-
cal behavior and should be considered a new molecular subtype. We screened eligible BC patients and collected 
relevant information at the First Hospital of Jilin University and the First Affiliated Hospital of Xi’an Jiaotong University 
from January 2010 to December 2020. A total of 1027 patients were included in our study cohort, and 66.0% 
(678/1027) had HER2-low-positive tumors. Compared to HER2-zero patients, HER2-low-positive patients tended 
to have more lymph node metastasis, a larger proportion of hormone receptor (HR)-positive tumors, and a lower 
proliferation rate (Ki-67). The pathologic complete response (pCR) rate of HER2-low-positive patients was lower than 
that of HER2-zero patients (19.3% vs 26.1%), especially in the HR-positive subgroup (12.00% vs 20.29%). However, 
multivariate logistic regression analysis showed that HER2 status was not an independent factor for predicting 
pCR. HER2-low-positive patients had a higher overall survival (OS) rate in the HR-positive subgroup. The Cox regres-
sion model analysis suggested that HER2-low-positive status did not statistically significantly affect the survival 
outcomes, regardless of disease-free survival (DFS) (P=0.308) or OS (P=0.066). In conclusion, HER2-low-positive 
tumors have unique clinical and pathological characteristics, with a lower pCR rate in the HR-positive subgroup 
and better survival in the HR-negative subgroup compared to HER2-zero tumors. However, the effect of HER2-low-
positive status on pCR or survival outcomes was not statistically significant.
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Introduction

The human epidermal growth factor receptor 2 
(HER2) is a significant driver gene in breast can-
cer (BC) and also a gene locus for anti-HER2 
targeted therapy. Amplification of the HER2 
gene often indicates poor prognosis [1]. The 
traditional classification of HER2 adopts a  
binary system, which includes HER2-negative 
and HER2-positive. The 2018 edition of the 
American Society of Clinical Oncology and the 
College of American Pathologists (ASCO/CAP) 
guidelines standardized the classification of 
HER2 test results. According to immunohisto-
chemistry (IHC) and in situ hybridization (ISH) 
results, IHC 0 was classified as HER2-negative, 
IHC 1+ or IHC 2+/ISH- were considered HER2-

low-positive, and IHC 2+/ISH+ or IHC 3+ was 
classified as HER2-positive.

There are multiple studies with different conclu-
sions regarding the effect of different subtypes 
of HER2 expression on neoadjuvant chemo-
therapy (NAC) response [2-10]. A pooled analy-
sis by the German research group showed  
that the pathologic complete response (pCR) 
rate in HER2-low-positive patients was lower 
than that in HER2-zero patients (29.2% vs 
39.0%), and this difference was only present in 
the hormone receptor (HR)-positive subgroup 
(17.5% vs 23.6%). However, this difference dis-
appeared in the multivariate analysis [4]. Some 
studies have proposed opposite results, with  
a Brazilian study suggesting that HER2-low-
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positive patients have a higher pCR rate in the 
HR-positive group (13% vs 9.5%), while there 
was no significant difference in the HR-negative 
group (51% vs 47%) [11]. One United States 
study considered that HER2-low-positive had a 
lower pCR rate (17% vs 27%) but was not relat-
ed to HR status [10]. The inconsistency of 
reported results may be caused by factors such 
as differences in population selection, race, 
therapeutic regime, etc. Based on HER2-ne- 
gative tumors adopting the same treatment 
plan currently, the pCR rate may represent the 
sensitivity and resistance of tumors to drugs, 
and the unique efficacy of NAC in HER2-low-
positive tumors can provide clues for future 
antibody-conjugated drug (ADC) development.

Currently, the impact of HER2 status on NAC 
and patient survival is controversial, and it is 
urgent to clarify whether HER2-low-positive sta-
tus has unique tumor biological behavior and 
should be considered a new molecular subtype. 
In our study, a 10-year dual-center retrospec-
tive study was conducted to analyze the effect 
of HER2-low-positive status on NAC and surviv-
al outcome of BC.

Materials and methods

Clinical cohort

We screened eligible patients from the elec-
tronic medical records and collected relevant 
information for retrospective analysis in the 
First Hospital of Jilin University and the First 
Affiliated Hospital of Xi’an Jiaotong University. 
The inclusion criteria were as follows: 1) unilat-
eral invasive BC diagnosed by pathology from 
January 2010 to December 2020; 2) age 18-70 
years old; 3) clinical stage I, II or III; 4) received 
taxane- and/or anthracycline-based NAC and 
underwent surgical treatment after NAC ended; 
5) HER2 2+/ISH-, HER2-zero or HER2 1+ status 
determined by IHC and ISH; and 6) received 
telephone follow-up every 3 months on time. 
Patients with incomplete medical records, non-
standard therapeutic regimens, or metastasis 
discovered during the NAC process were ex- 
cluded. Researchers collected information on 
patients’ pathological results, age, tumor stage, 
histological subtype, hormone receptor status, 
Ki-67 index, HER2 status, surgical method, etc. 
Histological subtypes were evaluated by patho-
logical results of puncture biopsy. Hormone 

receptor status and Ki-67 index were deter-
mined by IHC and ISH. The basic characteris-
tics of patients were recorded from medical 
records before NAC.

Standardized treatment plans for patients we- 
re developed according to the Chinese Society 
of Clinical Oncology (CSCO) Breast Cancer 
Guidelines. The clinical stage of patients was 
classified based on the 8th edition of the 
American Joint Committee on Cancer (AJCC) 
breast cancer clinical stage guidelines. The 
HER2 status of patients was determined ac- 
cording to the ASCO/CAP guidelines. HER2 1+ 
and HER2 2+/ISH- are considered HER2-low-
positive. The flowchart for our research was 
shown in Figure 1.

This is a retrospective study and has been 
approved by the Ethics Review Committee of 
the First Affiliated Hospital of Xi’an Jiaotong 
University (No. XJTU1AF2023LSK-301) and the 
Ethical Review Committee of the First Hospital 
of Jilin University (No. 2023-510).

End points

In our study, the major outcome indicator was 
pCR. The secondary outcome indicators were 
overall survival (OS) and disease-free survival 
(DFS). The pCR was defined as the absence of 
residual invasive tumors in the primary site and 
axillary lymph nodes indicated by postoperative 
pathological results (ypT0/is ypN0). The OS was 
calculated as the time from disease onset to 
death from any cause. The DFS refers to the 
time from disease onset to patient recurrence, 
metastasis, or death.

Statistical analysis

Descriptive statistics were conducted to eluci-
date the characteristics and distribution of the 
study cohort and were displayed in the form of 
frequency, count, and average (mean plus stan-
dard deviation). We applied the Pearson χ2 test 
to compare the distribution differences bet- 
ween the HER2-low-positive and HER2-zero 
subgroups. Univariable and multivariable bina-
ry forward stepwise logistic regression were 
used to analyze the factors affecting pCR. The 
Kaplan-Meier method was used for survival 
analysis, and Cox regression analysis was per-
formed to determine factors that affect surviv-
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al. The statistical test was bilateral, and the 
significance level was 0.05. IBM SPSS Statistics 
software was used to complete all statistical 
analyses.

Results

Patient characteristics and distribution

A total of 1027 patients were included in our 
cohort: 34.0% (349/1027) had HER2-zero 
tumors, 27.5% (282/1027) had HER2 1+ 
tumors, and 38.6% (396/1027) had HER2 2+/
ISH- tumors. The population classification of 
HER2-negative BC according to HR and HER2 
expression was shown in Figure 2. HR-positive 
tumors accounted for 39.5% (138/349), 66.7% 
(191/282), and 59.3% (235/396) in the HER2-
zero, HER2 1+ and HER2 2+/ISH- subgroups, 
respectively.

There were significant differences in the Ki-67 
index, HR status, and lymph node stage bet- 
ween HER2-zero and HER2-low-positive tumors 
(Table 1). Compared to HER2-zero patients, 
HER2-low-positive patients tended to have 
more lymph node metastasis, a larger propor-
tion of HR-positive tumors, and a lower Ki-67 
proliferation rate. In terms of age, clinical stage, 
histological subtype, tumor size, and surgical 
treatment method, there were no significant 

Figure 1. The flowchart of the research. Note: HER2, human epidermal growth factor receptor 2; NAC, neoadjuvant 
chemotherapy.

Figure 2. Population classification of HER2-negative 
breast cancer according to HER2 expression and HR 
expression. Note: HER2, human epidermal growth 
factor receptor 2; HR, hormone receptor.
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differences between the HER2-low-positive 
and HER2-zero subgroups.

HER2-low-positive and pCR

A total of 26.1% of HER2-zero patients obtain- 
ed pCR, while 19.3% of HER2-low-positive 
patients obtained pCR (P=0.013, Figure 3). In 
the subgroup analysis, there was no significant 
difference in response to NAC between HER2-
low-positive and HER2-zero in HR-negative 
tumors. Among the HR-positive population, the 
pCR rate of HER2-zero patients was higher than 

that of HER2-low-positive patients (20.29% vs 
12.00%, P=0.014).

We conducted logistic regression analysis to 
determine the factors that affect pCR (Table 2). 
In univariate analysis, the pCR rate of HER2-
low-positive tumors was lower than that of 
HER2-zero tumors. The collinearity analysis 
was performed on indicators with P<0.05 in 
univariate analysis. The variance inflation fac-
tor (VIF) value showed that there was no multi-
collinearity between various factors (VIF<10). 
Subsequently, multivariate logistic regression 

Table 1. Clinical pathological characteristics of patients and the correlation with HER2 status
Characteristics Total HER2-zero HER2-low-positive P-Value
N (%) 1027 (100%) 349 (34.0%) 678 (66.0%)
Age (years, mean ± SD) 48.4±10.0 46.9±10.2 49.1±9.8 0.367
Clinical stage 0.462
    I 50 (4.9%) 21 (6.0%) 29 (4.3%)
    II 765 (74.5%) 258 (73.9%) 507 (74.8%)
    III 212 (20.6%) 70 (20.1%) 142 (20.9%)
Clinical T stage 0.834
    cT1 210 (20.4%) 71 (20.3%) 139 (20.5%)
    cT2 699 (68.1%) 235 (67.3%) 464 (68.4%)
    cT3 89 (8.7%) 34 (9.7%) 55 (8.1%)
    cT4 29 (2.8%) 9 (2.6%) 20 (2.9%)
Clinical N stage 0.040
    cN0 262 (25.5%) 108 (30.9%) 154 (22.7%)
    cN1 618 (60.2%) 195 (55.9%) 423 (62.4%)
    cN2 116 (11.3%) 37 (10.6%) 79 (11.7%)
    cN3 31 (3.0%) 9 (2.6%) 22 (3.2%)
Histological subtype 0.059
    Ductal 906 (88.2%) 298 (85.4%) 608 (89.7%)
    Lobular 88 (8.6%) 40 (11.5%) 48 (7.1%)
    Other 33 (3.2%) 11 (3.2%) 22 (3.2%)
Hormone receptor <0.001
    Negative 463 (45.1%) 211 (60.5%) 252 (37.2%)
    Positive 564 (54.9%) 138 (39.5%) 426 (62.8%)
Ki-67, % 42.1±22.7 47.0±24.1 39.6±21.5 <0.001
Breast surgery 0.266
    Breast conserving surgery 109 (10.6%) 32 (9.2%) 77 (11.4%)
    Mastectomy 879 (85.6%) 300 (86.0%) 579 (85.4%)
    Breast reconstruction 39 (3.8%) 17 (4.9%) 22 (3.2%)
Axillary surgery 0.731
    SLNB 113 (11.0%) 37 (10.6%) 76 (11.2%)
    SLNB+ALND 82 (8.0%) 31 (8.9%) 51 (7.5%)
    ALND 832 (81.0%) 281 (80.5%) 551 (81.3%)
Note: HER2, human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissec-
tion.
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analysis was further used for variables with 
P<0.05 to exclude the influence of confounding 
factors. However, in the multivariate analysis, 
we did not observe an effect of HER2 status on 
pCR. The results of multivariate logistic regres-
sion indicated that pCR was correlated with 
clinical stage, tumor diameter, lymph node me- 
tastasis, and Ki-67 index.

HER2-low-positive and survival

The median follow-up time of the cohort was 
56.0±1.1 months (Figure 4). The 5-year and 
10-year DFS rates of HER2-low-positive tumors 
were 82.1% and 68.1%, and the 5-year and 
10-year OS rates were 83.5% and 74.6%, 
respectively, which were higher than those of 
HER2-zero tumors (5-year and 10-year DFS: 
77.0%, 59.2%; 5-year and 10-year OS: 77.7%, 
61.7%). However, the difference was not signifi-
cant. The HR-positive subgroup displayed simi-
lar results, and log-rank test P<0.05 between 
HER2-low-positive and HER2-zero tumors on 
OS. For the HR-negative subgroup, HER2-low-
positive (5-year and 10-year DFS: 82.1%, 
65.3%; 5-year and 10-year OS: 84.3%, 71.2%) 
and HER2-zero tumors (5-year and 10-year 
DFS: 81.0%, 72.4%; 5-year and 10-year OS: 
82.5%, 78.6%) had similar survival outcomes.

To further demonstrate whether HER2 status 
affects patient survival outcomes, we conduct-
ed univariate and multivariate Cox regression 
model analyses. HER2-low-positive tumors did 
not statistically significantly affect the survival 
outcome, regardless of DFS (Table 3, P=0.308) 
or OS (Table 4, P=0.066). Multivariate analysis 

improve the survival of HER2-low-positive 
patients [13]. Recently, various novel HER2-
targeted ADCs have shown satisfactory antitu-
mor activity in HER2-low-positive BC. The clini-
cal trial DESTINY-Breast 04 reported a new 
anti-HER2 target drug, trastuzumab deruxte-
can (T-DXd), which can significantly improve the 
survival of metastatic HER2-low-positive BC 
with good safety and tolerance [14]. The suc-
cess of this research quickly rewrote the 2022 
National Comprehensive Cancer Network (NC- 
CN) Guidelines, becoming a landmark discov-
ery for the treatment of HER2-low-positive BC.

The successful clinical application of novel ADC 
drugs in HER2-low-positive patients has led 
researchers to pay more attention to this sub-
type of tumors. Whether the traditional dichoto-
my for HER2 status is no longer applicable has 
become a focus of debate. We applied a large 
cohort to analyze the differences in clinical 
pathological features, NAC efficacy, and surviv-
al among different HER2 expression subtypes. 
Our study indicated that HER2-low-positive 
patients have unique clinical and pathological 
characteristics, with a lower pCR rate in the 
HR-positive subgroup and better survival in the 
HR-negative subgroup than HER2-zero tumors. 
However, HER2-low-positive status is not an 
independent predictor of pCR and survival.

HER2-low-positive tumors account for a large 
proportion of the BC population. Previous data 
show that 40% to 50% of BC patients have 
HER2-low-positive expression [15]. At the 2022 
ASCO Conference, a multicenter retrospective 
study from Australia, Japan, South Korea, and 

Figure 3. Pathological complete response rate of HER2-zero and HER2-low-
positive breast cancer according to HR expression. Note: HER2, human epi-
dermal growth factor receptor 2; HR, hormone receptor.

showed that T stage, N stage, 
Ki-67 index and axillary sur-
gery were predictive factors 
for survival in the complete 
population.

Discussion

In the past 20 years, HER2-
targeted drugs have signifi-
cantly improved the clinical 
survival of HER2-positive BC 
patients [12]. Unfortunately, 
studies have shown that tra- 
ditional targeted anti-HER2 
therapy cannot benefit HER2-
low-positive patients, and 
trastuzumab has failed to 
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Europe showed that the proportion of HER2-
low-positive tumors was as high as 63.2%. 
Previously, HER2-low-positive tumors adopted 
the same treatment scheme as HER2-zero BC 
patients, but in recent years, researchers found 
that HER2-low-positive is a special heteroge-
neous tumor population that has different clini-
copathological characteristics from HER2-zero 
[9, 16, 17]. Rossi et al believed that HER2-low-

positive patients tended to present a larger 
tumor diameter, higher histopathology grade 
and higher Ki-67 index and were more prone to 
axillary lymph node involvement [18]. A large 
clinical trial cohort of 2310 patients confirmed 
that different subtypes of HER2 expression 
have significant differences in HR status, tumor 
proliferation and tumor grade [3]. These stud-
ies indicate that HER2-low-positive is a BC  

Table 2. The correlation between clinical pathological factors and pCR in univariate and multivariate 
logistic regression analyses

Patient characteristic
Univariate analysis

VIF
Multivariate analysis

OR 95% CI p value OR 95% CI p value
HER2 status 0.013 1.093
    HER2-zero 1
    HER2-low-positive 0.679 0.500-0.922
Age 0.996 0.981-1.011 0.609
Clinical stage <0.001 3.352 0.035
    I 1 1
    II 0.251 0.140-0.449 <0.001 0.549 0.236-0.941 0.029
    III 0.094 0.046-0.192 <0.001 0.242 0.109-0.536 0.034
Clinical T stage <0.001 1.819 <0.001
    cT1 1 1
    cT2 0.249 0.178-0.347 0.249 0.155 0.100-0.240 <0.001
    cT3 0.056 0.020-0.158 0.056 0.090 0.018-0.231 <0.001
    cT4 0.042 0.006-0.317 0.042 0.030 0.015-0.069 <0.001
Clinical N stage <0.001 2.979 <0.001
    cN0 1 1
    cN1 0.449 0.324-0.622 <0.001 0.270 0.175-0.417 <0.001
    cN2 0.224 0.117-0.430 <0.001 0.026 0.002-0.314 0.004
    cN3 0.374 0.139-1.007 0.052 0.400 0.311-0.556 0.017
Histological subtype 0.011 1.021
    Ductal 1
    Lobular 1.290 0.776-2.146 0.326
    Other 2.852 1.404-5.795 0.004
Hormone receptor <0.001 1.063 <0.001
    Negative 1 1
    Positive 0.365 0.268-0.496 0.278 0.197-0.394
Ki-67, % 1.010 1.003-1.016 0.004 1.033 1.013 1.006-1.021 0.001
Breast surgery 0.065
    Breast conserving surgery 1
    Mastectomy 0.593 0.382-0.921 0.020
    Breast reconstruction 0.691 0.295-1.616 0.394
Axillary surgery <0.001 1.384
    SLNB 1
    SLNB+ALND 0.506 0.269-0.950 0.034
    ALND 0.368 0.243-0.557 <0.001
Note: HER2, human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissec-
tion; pCR, pathologic complete response; VIP, variance inflation factor.
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subtype different from HER2-zero with unique 
biological characteristics. Our research also 
found similar results: HER2-low-positive pati- 
ents tended to have more lymph node metasta-
sis, a larger proportion of HR-positive tumors, 
and a lower proliferation rate (Ki-67) than 
HER2-zero patients.

There are contradictory results regarding the 
predictive value of HER2-low-positive status on 
NAC. Multiple studies, including our own, have 
shown that when considering multivariate anal-

ysis, HER2-low-positive is not an independent 
prognostic factor, although HER2-low-positive 
tumors show a better prognosis than HER2-
zero tumors [2, 5, 10, 11, 19]. The low pCR  
rate of HER2-low-positive tumors may be relat-
ed to a higher proportion of patients with lymph 
node metastasis and the luminal B subtype. 
Some studies suggest that in the HR-negative 
subgroup, HER2-low-positive patients have a 
longer survival time [4, 20]. Next-generation 
sequencing studies report that HER2-low-
positive is different from HER2-zero at the 

Figure 4. Kaplan-Meier survival curves for disease-free survival and overall survival for HER2-zero and HER2-low-
positive breast cancer in all patients (A, B), HR-negative patients (C, D) and HR-positive patients (E, F). Note: HER2, 
human epidermal growth factor receptor 2; HR, hormone receptor.
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genome and transcriptome levels, suggesting 
that HER2-low-positive has unique characteris-
tics at the molecular level [21, 22]. However, 
further research is needed to determine whe- 
ther this difference implies a difference in 
prognosis.

Our research also has certain limitations.  
First, previous reports have shown notable 

inconsistencies in the detection of HER2  
status, especially in distinguishing between 
HER2-zero and HER2-low-positive tumors, in 
the judgment of pathologists [9, 23, 24]. New 
and more precise methods are needed to 
detect HER2 levels. Second, HER2 level detec-
tion was completed before NAC in our resear- 
ch, but the HER2 phenotype may change with 
treatment [19]. Finally, although this was a 

Table 3. Univariate and multivariate Cox regression model analyses of disease-free survival in HER2-
negative breast cancer

Patient characteristic
Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value
HER2 status 0.308
    HER2-zero 1
    HER2-low-positive 0.858 0.639-1.152
Age 1.000 0.986-1.015 0.969
Clinical stage <0.001
    I 1
    II 2.391 0.881-6.491 0.087
    III 5.027 1.825-13.844 0.002
Clinical T stage <0.001 <0.001
    cT1 1 1
    cT2 2.393 1.466-3.908 <0.001 2.117 1.293-3.467 0.003
    cT3 3.882 2.146-7.023 <0.001 3.035 1.666-5.527 <0.001
    cT4 4.848 4.197-8.656 0.008 4.717 3.166-7.104 0.047
Clinical N stage <0.001 <0.001
    cN0 1 1
    cN1 1.847 0.596-2.207 0.359 1.547 0.371-3.807 0.201
    cN2 2.350 1.562-3.533 <0.001 2.333 1.858-4.072 0.002
    cN3 3.149 2.050-6.397 0.036 3.393 0.965-2.915 0.379
Histological subtype 0.305
    Ductal 1
    Lobular 0.669 0.364-1.231 0.196
    Other 0.640 0.237-1.724 0.377
Hormone receptor 0.486
    Negative 1
    Positive 0.904 0.681-1.201
Ki-67, % 0.993 0.987-1.000 0.039 0.993 0.987-1.000 0.047
Breast surgery 0.105
    Breast conserving surgery 1
    Mastectomy 1.752 0.976-3.145 0.060
    Breast reconstruction 0.948 0.267-3.363 0.934
Axillary surgery 0.001 <0.001
    SLNB 1 1
    SLNB+ALND 2.120 0.735-6.113 0.164 2.087 0.722-6.031 0.174
    ALND 3.902 1.729-8.805 0.001 4.502 1.903-10.651 0.001
Note: HER2, human epidermal growth factor receptor 2; SLNB, sentinel lymph node biopsy; ALND, axillary lymph node dissec-
tion.
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dual-center study, limitations of retrospective 
research, such as patient selection bias, still 
apply.

Conclusion

HER2-low-positive tumors have unique clinical 
and pathological characteristics, with a lower 
pCR rate in the HR-positive subgroup and bet-

ter survival in the HR-negative subgroup com-
pared to HER2-zero tumors. However, the effect 
of HER2-low-positive status on pCR or survival 
outcomes was not statistically significant.
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