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Abstract
Objective  To investigate the effects of HER2-low expression (HER2-low) and HER2-zero expression (HER2-0) on the 
pathological complete response (pCR) rate and survival of patients following neoadjuvant chemotherapy.
Methods  Eighty-six patients were followed up. Patients were divided into HER2-0 (immunohistochemistry (IHC) score of 
0 (IHC0)) and HER2-low (IHC1+ or IHC2+/in situ hybridization non-amplified (ISH-)) groups according to the IHC detec-
tion of puncture tissues. After neoadjuvant chemotherapy, the clinical characteristics, pCR rate and DFS were compared 
between the two groups.
Results  There were 24 (27.9%) cases with HER2-0 and 62 (72.1%) cases with HER2-low. Hormone receptor-positive (HR+) 
patients accounted for 77.4% of the HER2-low group, which was higher than 70.8% in the HER2-0 group, and there was no 
significant difference between the two groups (p = 0.524). There were statistical differences in the pT and pN stages between 
HER2-low and HER2-0 subgroups in the triple-negative breast cancer (TNBC) group after neoadjuvant chemotherapy. The 
HER2-low subgroup had an earlier T stage (p = 0.009), and the ratio of N0 to N1 in the HER2-low and HER2-0 subgroups 
was 92.9% and 71.4%, respectively (p = 0.037). The Ki-67 index and median PR value were significantly lower in the HER2-
low group after neoadjuvant chemotherapy (p = 0.002, p = 0.018). The HER2 IHC score was altered in the HER2-low group, 
and the HER-2 (2+) score changed significantly (p = 0.002). Seventy-eight patients with complete immunohistochemical 
data were analyzed. The discordance rate of the IHC score of HER2 after neoadjuvant chemotherapy was 38.5%, and eight 
patients with HER2-low showed HER2-0 status, with a discordance rate of 10.3%. After neoadjuvant chemotherapy, The pCR 
rate was significantly lower in the HER2-low group compared with that in the HER2-0 group (4.8% vs. 8.3%; p = 0.914), but 
the recurrence and metastasis rates were lower in the HER2-low group (9.7% vs. 20.8%; p = 0.165). There were no differ-
ences in DFS between the two groups at 6, 12, 24, and 36 months (p = 0.076; p = 0.518; p = 0.245; p = 0.406). The subgroup 
analysis demonstrated no significant difference in DFS between HER2-low and HER2-0 subgroups in the HR + and TNBC 
groups (p = 0.141, p = 0.637).
Conclusion  This retrospective study indicates that HER2-low has no significant effect on neoadjuvant efficacy in operable 
breast cancer. There were no statistical differences in clinical characteristics, pCR rate, and DFS between the HER2-low 
and the HER2-0 groups. There was no evidence that a HER2-low status constitutes a unique biological subtype, suggesting 
that more clinical data might be needed to verify these observations.
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Introduction

Breast cancer is the most common malignant tumor in 
women, and its incidence is increasing yearly. Studies 
have shown that this incidence surpassed that of lung 
cancer in 2021 and ranked top among malignant tumors 
[1]. The National Comprehensive Cancer Network guide-
lines classify breast cancer into four subtypes based on 
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the expressions of estrogen receptor (ER), progesterone 
receptor (PR), human epidermal growth factor recep-
tor-2 (HER-2), and Ki-67 proliferation index [2]. Breast 
cancer is a highly heterogeneous disease, and different 
subtypes have various prognoses. HER-2 is a receptor 
of transmembrane tyrosine kinase and is overexpressed 
in 15%-20% of human breast cancers. HER-2 overex-
pression is directly associated with invasive growth and 
poor prognosis of tumors [3]. The survival HER-2 posi-
tive patients has been significantly improved with the 
advent of anti-HER-2 targeted drugs. Early clinical trials 
like the NSABP B-47 study have found that only breast 
cancer with HER-2 over-expression can benefit from anti-
HER2-targeting drugs [4, 5], and these findings continue 
to inform clinical decision-making. According to the 
2018 American Society of Clinical Oncology/College of 
American Pathology, HER-2 is dichotomized as HER-2 
positive and HER-2 negative, which means that HER-2 
(3+/2+) detected by immunohistochemistry (IHC) and 
positive in situ hybridization (ISH) tests can be judged 
as HER-2 overexpression, otherwise HER-2 negative[6]. 
Previous clinical trials have shown the encouraging effi-
cacy of novel HER2-targeted antibody–drug conjugates 
(ADCs) on HER2-low breast cancer [7]. Therefore, some 
scholars have proposed that such breast cancer may dif-
fer from luminal breast cancer and triple-negative breast 
cancer (TNBC). It has unique features and may benefit 
from new targeted therapies, suggesting that it is an inde-
pendent biological subtype. Therefore, HER-2-negative 
breast cancer with IHC1 + or IHC2 + /ISH- is defined as 
HER2-low breast cancer and accounts for approximately 
45–55% of all breast cancers[8]. Although the treatment 
strategy of HER2-low breast cancer follows the treatment 
scheme of HER2-negative breast cancer, previous research 
has shown that its clinical and molecular characteristics 
are different from HER2-0 breast cancer [9, 10]. A pro-
spective study concluded that HER2-low breast cancer had 
large tumor size, high histopathological grade, and high 
Ki-67 proliferation index; besides, it might be more likely 
to involve axillary lymph node, and its PCR rate was lower 
than that of HER2-0, especially in the HR + subgroup. 
The DFS of HER2-low patients was worse than that of 
HER2-0 breast cancer patients and even worse than that 
of HER2-overexpressed breast cancer patients who had 
taken anti-HER2-targeted agents [11, 12]. There is little 
research on the prognosis of HER2-low breast cancer, and 
data on its prognosis and response to neoadjuvant treat-
ment are inconsistent. Therefore, more studies are required 
to guide the clinical application of new ADCs in this group 
of patients. To identify an optimal treatment for patients 
with HER2-low breast cancer, this study retrospectively 
analyzed the clinical and pathological features, efficacy 

of neoadjuvant chemotherapy, and disease-free survival 
rate of such patients.

Materials and methods

Cases source and inclusion and exclusion criteria

Breast cancer patients who were admitted to our hospital 
were selected from January 1, 2017, to December 31, 2020. 
Inclusion criteria: (1) Patients with newly diagnosed breast 
cancer that was confirmed by hollow needle aspiration with 
complete clinicopathological and follow-up data, (2) Clear 
status of ER, PR, HER-2, Ki-67; HER-2 (IHC2+) patients 
undergoing ISH detection to determine whether the HER-2 
gene was amplified; and (3) Patients receiving neoadju-
vant chemotherapy followed by modified radical mastec-
tomy or breast-conserving surgery. Exclusion criteria: (1) 
Patients with distant metastasis by imaging examinations; 
(2) Patients with bilateral breast cancer; (3) Patients with a 
history of breast cancer; (4) Intolerance to chemotherapy or 
incomplete treatment; (4) Received neoadjuvant endocrine 
therapy; (5) Pregnancy-related breast cancer; (5) Patients 
with in situ carcinoma; (6) Complicated with other malig-
nancies; and (7) severe information loss. The study met the 
requirements of the Declaration of Helsinki revised in 2013.

Treatment

Patients received neoadjuvant chemotherapy regimens based 
on anthracyclines, cyclophosphamide, and taxanes. Surgery 
was performed within 2 to 4 weeks after the last chemother-
apy. Patients with radiotherapy indications received post-
operative radiotherapy. HR-positive patients got adjuvant 
endocrine therapy.

Determination of biological indicators

Pathological data were reviewed, and we defined the indi-
cators as positive with reference to ER and PR ≥ 1% by 
IHC. Definition of HER-2 status: HER2-zero expression 
(HER2-0) by IHC0; HER2-low by IHC1 + or IHC2 + /ISH-. 
Ki-67 ≥ 20% was defined as a high expression. The Chinese 
Anti-Cancer Association Guidelines and Specifications for 
Breast Cancer (2017 Edition) were followed for molecular 
typing for luminal type and triple-negative breast cancer 
(TNBC).

Observation indexes

The observation indexes included general clinical indica-
tors (age, sex, and menopausal status), pathological char-
acteristics (pathological type, histological grade, hormone 
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receptor (HR) status, Ki-67, T stage, N stage, Miller-Payne 
(MP) grade, and pathological remission), recurrence, and 
metastasis.

Efficacy determination

The MP grading system was used to evaluate the histopatho-
logical efficacy of postoperative breasts. The pathological 
complete response (pCR) was defined as the absence of any 
malignancy or in situ carcinoma component (ypT0/Tis and 
ypN0 in the American Joint Committee on Cancer (AJCC) 
staging system) in the primary tumor and lymph nodes sam-
pled after neoadjuvant chemotherapy. The tumor size and 
lymph node status were determined by the AJCC 7th edition 
staging system for breast cancer.

Follow‑up

The follow-up was conducted by telephone, outpatient or 
inpatient reexamination, with a deadline of September 19, 
2022. DFS was defined as the time from the surgery date to 
the time of tumor recurrence, metastasis or the date of the 
last follow-up.

Statistical methods

The IBM SPSS 23.0 software was used to establish a data-
base and analyze data. Categorical variables were described 
using frequencies and rates, with the Chi-square test or Fish-
er’s exact test used for intergroup comparisons when there 
were cells with expected numbers of less than 5. Continu-
ous variables conforming to the normal distribution were 
presented as means and standard deviations, and the inde-
pendent samples t-test was used for intergroup comparisons. 
Continuous variables that did not meet the normal distribu-
tion were presented as quartiles, and the Mann–Whitney U 
test was used to compare the two groups. DFS was described 
using KM survival curves, and the log-rank test was per-
formed to compare the survival rate between the groups. 
A p-value of less than 0.05 was considered statistically 
significant.

Results

Patients and clinical characteristics

A total of 86 patients were enrolled, including 85 females 
and one male, with a median age of 53  years (range, 
28–80  years). There were 41 premenopausal patients 
(31.7% HER2-0 vs. 68.3% HER2-low), 44 postmenopau-
sal patients (4.5% HER2-0 vs. 95.5% HER2-low), and one 
male (HER2-0). There were 74 cases with invasive ductal 

carcinoma (27% HER2-0 vs. 73% HER2-low), two with 
invasive lobular carcinomas (HER2-low), and ten with 
invasive ductal carcinoma complicated with other cancer 
components, such as micropapillary carcinoma, metaplastic 
carcinoma, mucinous carcinoma, medullary carcinoma, neu-
roendocrine carcinoma, and sweat gland (40% HER2-0 vs. 
60% HER2-low). Twenty-four patients (27.9%) were HER2-
0, and 62 (72.1%) were HER2-low. IHC1 + accounted for 
48.4%, and IHC2 + for 51.6% in the HER2-low group. The 
median follow-up time was 32 months (range: 2–54 months). 
This study recruited 65 (75.6%) patients with HR-positive 
breast cancer and 21 (24.4%) with TNBC. There were no 
statistically significant differences in pathological type, 
histological grade, hormone receptor status, Ki-67 index, 
neoadjuvant chemotherapy response, pathological stage, and 
pCR, recurrence, and metastasis rates between HER2-low 
and HER2-0 groups and between HR + subgroups. However, 
the pT and pN stages were statistically different in the TNBC 
group after neoadjuvant chemotherapy. The HER2-low 
subgroup showed an earlier T stage (p = 0.009). The ratio 
of N0 to N1 was 92.9% and 71.4% in the HER2-low and 
HER2-0 subgroups, respectively (p = 0.037) (Table 1). The 
Ki-67 index and median PR value were significantly lower 
in the HER2-low group after neoadjuvant chemotherapy 
(p = 0.002, p = 0.018). The IHC score of HER2 was altered 
in the HER2-low group, and the HER-2 (2+) score changed 
significantly (p = 0.002) (Table 2). Except for five patients 
with complete pathological remission and three postopera-
tive cases with missing parameter, 78 cases with complete 
pathological and immunohistochemical data before and after 
neoadjuvant chemotherapy were analyzed. The discordance 
rate of the HER2 score after neoadjuvant chemotherapy 
was 38.5%, mainly due to the change in IHC2 + status. We 
found that 7.7% of IHC2+ converted to IHC0 and 17.9% 
converted to IHC1+. Specifically, there were 21 cases of 
IHC0 before neoadjuvant chemotherapy, which remained 
IHC0 after neoadjuvant chemotherapy. There were 27 cases 
of IHC1+ before neoadjuvant chemotherapy, 2 (2.6%) of 
them converted to IHC0 after neoadjuvant chemotherapy, 
and 8 (10.3%) converted to IHC2+. There were 30 patients 
with HER2 (IHC2+) before neoadjuvant chemotherapy, 
6 (7.7%) of them converted to IHC0 and 14 (17.9%) con-
verted to IHC1+ after neoadjuvant chemotherapy (Fig. 1a). 
Besides, eight patients with HER2-low showed HER2-0 sta-
tus after neoadjuvant chemotherapy, with a discordance rate 
of 10.3%. (Fig. 1b).

Effect of HER‑2 status on pCR

According to the pCR definition, the pCR rate of HER2-low 
and HER2-0 groups after neoadjuvant chemotherapy was 
4.8% and 8.3%, respectively. The pCR rate of the HER2-
low group was half of that of the HER2-0 group, with no 
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statistical difference between the two groups (p = 0.914). In 
the HR + subgroup, the pCR rate was 5.9% in HER2-0 cases 
and 0% in HER2-low cases, with no statistical difference 
(p = 0.262). In the TNBC subgroup, the pCR rate was 14.3% 

in HER2-0 cases and 21.4% in HER2-low cases, with no 
significant difference (p = 1.000). Analysis of HR-positive 
and TNBC subtypes showed that HER-2 status did not affect 
the pCR rate (Fig. 2).

Table 2   Immunohistochemical changes of HER2-low and HER2-0 after neoadjuvant chemotherapy

Bold values are statistically signifificant (p＜0.05)

Her2-low (n = 62) Her2-zero (n = 24)

Pre-NAC2 Post-NAC3 Z/χ2值 P值 Pre-NAC Post-NAC Z/χ2值 P值

ER range (mean) 80.00 (5.00, 90.00) 80.00 (1.50, 90.00) − 0.756 0.45 80.00 (5.00, 90.00) 75.00 (0.00, 90.00) − 0.418 0.676
PR range (mean) 30.00 (0.00, 80.00) 10.00 (0.00, 60.00) − 2.375 0.018 0.00 (0.00, 65.00) 4.00 (0.00, 70.00) − 0.236 0.814
Ki-67 range (mean) 30.00 (20.00, 60.00) 17.50 (10.00, 42.50) − 2.545 0.011 50.00 (20.00, 75.00) 30.00 (10.00, 70.00) − 1.218 0.223
HER-2state (%) 14.525 0.002 / /
IHC 0 +  0 (0.0) 8 (12.9) 24 (100.0) 21 (87.5)
IHC 1 +  30 (48.4) 30 (48.4) 0 (0.0) 0 (0.0)
IHC 2 + /ISH- 29 (46.8) 18 (29.0) 0 (0.0) 0 (0.0)
IHC 2 + /ISH +  0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
IHC 2 + /no-ISH 3 (4.8) 1 (1.6) 0 (0.0) 0 (0.0)
Missing 0 (0.0) 5 (8.1) 0 (0.0) 3 (12.5)
ER (%) 0.065 0.799 0.002 0.967
 < 1% 14 (22.6) 14 (22.6) 9 (37.5) 8 (33.3)
 ≥ 1% 48 (77.4) 43 (69.4) 15 (62.5) 13 (54.2)
Missing 0 (0.0) 5 (8.0) 0 (0.0) 3 (12.5)
PR (%) 0.256 0.613 1.162 0.281
 < 1% 18 (29.0) 19 (30.6) 13 (55.2) 8 (33.3)
 ≥ 1% 44 (71.0) 38 (61.3) 11 (45.8) 13 (54.2)
Missing1 0 (0.0) 5 (8.1) 0 (0.0) 3 (12.5)
Ki-67 (%) 9.798 0.002 2.117 0.146
 < 20% 14 (22.6) 29 (46.8) 6 (25.0) 10 (41.7)
 ≥ 20% 48 (77.4) 29 (46.8) 18 (75.0) 12 (50.0)
Missing1 0 (0.0) 4 (6.4) 0 (0.0) 2 (8.3)

Fig. 1   a Evolution of HER2 expression. This Sankey diagram shows 
the evolution of HER2 expression from baseline biopsy to residual 
disease after neoadjuvant chemotherapy in patients failing to achieve 

pCR. b This Sankey diagram shows the evolution of HER2-zero and 
HER2-low convertion from baseline biopsy to residual disease after 
neoadjuvant chemotherapy in patients failing to achieve pCR
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Effect of HER‑2 status on recurrence and metastasis

The number of recurrent and metastatic cases was simi-
lar between the two groups but was higher in the HER2-0 
group (HER2-low 6/62, 9.7%; HER2-0 5/24, 20.8%), with 
no significant difference (p = 0.165). In the HR + and TNBC 
groups, there was no statistical difference in recurrence and 
metastasis rates between HER2-low and HER2-0 subgroups 
(p = 0.179, p = 1.000). In the HR + group, the recurrence and 
metastasis rates of HER2-low and HER2-0 subgroups were 
10.4% (5/48) and 23.5% (4/17), respectively. In the TNBC 
group, the recurrence and metastasis rates of HER2-low 
and HER2-0 subgroups were 7.1% (1/14) and 14.3% (1/7), 
respectively (Table 1).

Influence of HER‑2 status on DFS

There was no significant difference in DFS between the two 
groups. The DFS rates of HER2-low and HER2-0 groups 
at 6, 12, 24, and 36 months were 95%, 95%, 90.9%, and 
87.9%, and 100%, 90.5%, 79.2% and 79.2%, respectively 
(Fig. 3). The subgroup analysis showed no significant dif-
ference in DFS between HER2-low and HER2-0 subgroups 
in HR + and TNBC groups (p = 0.141, p = 0.637) (Fig. 4).

Discussion

The molecular typing of breast cancer originated from the 
2013 St. Gallen International Consensus on Breast Cancer. 
The HER-2 status was divided into HER-2 positive and 
HER-2 negative, and this dichotomy was reconfirmed by 

the 2017 American Society of Clinical Oncology/College 
of American Pathologists (ASCO/CAP). Previous literature 
has confirmed that only patients with HER-2 amplification 
could benefit from anti-HER-2 targeted therapy [13]. How-
ever, HER-2 could not be classified as positive or negative 
since it was always expressed in tumor tissues [14]. This 
dichotomy is currently challenged by the advent of anti-
body–drug conjugates (ADCs) [7, 15–17]. Clinicians are 
paying closer attention to whether HER2-low breast cancer 
can be defined as a new biological subtype.

In this study, the proportion of patients with HER2-low 
expression was 72.1%, which is higher than the reported 
33% to 64% in foreign literature [9, 18–21]. This differ-
ence might be related to the small number of samples and 
the high proportion of IHC1+. There was no clinical sig-
nificance between HER-2 IHC0 and IHC1+, which might 
have affected the accuracy of the pathologist’s scores [21]. 
However, our data were consistent with domestic reports 
that indicated a proportion of 72.0% HER2-low [22]. 
Semi-quantitative IHC was insensitive, and some research 
revealed that formalin fixation can decrease protein expres-
sion, leading to the incorrect interpretation of HER-2 IHC0 
and IHC1+, Moreover, ischemic time, fixation time, and the 
resection time from tissue blocks to unstained sections might 
be influencing factors [4, 23]. Although the IHC score of 
HER2 followed ASCO/CAP guidelines, its reproducibility 
could not be guaranteed, especially the IHC score of 0 or 1+. 
Moreover, recent literature has reported a poor agreement 
(< 70%) in the ERBB2 proficiency between cases of IHC0 
and IHC1+ [24]. Therefore, the specimen evaluations in this 
study were performed in strict accordance with the guide-
lines by an experienced breast pathologist to reduce errors. 
With the therapeutic benefit of ADCs in HER2-low breast 
cancer, the differentiation of IHC0 and IHC1 + of HER2 
needs urgent attention. New and more sensitive detection 
methods, such as fluorescence in situ hybridization (FISH), 

Fig. 2   Pathological response rates of HR-positive and TNBC sub-
types: HR-positive HER2-low (n = 0, 0 cases/48 cases) vs. HR-pos-
itive HER2-0 (n = 1, 1 case/17 cases); TNBC HER2-low (n = 3, 3 
cases /14 cases) vs. TNBC HER2-0 (n = 1, 1 case/7 cases) using Fish-
er's exact test

Fig. 3   DFS of HER2-low and HER2-0, KM survival curve was used 
to describe disease-free survival (DFS), and log-rank test was per-
formed
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reverse transcription-polymerase chain reaction (RT-PCR), 
and PAM50, are required to confirm our results.

HR-positive expression (HR+ accounted for 77.4% in the 
HER2-low group, which was consistent with previous find-
ings that reported a range of 65% to 83% [11, 19, 20]. There 
is also a crosstalk between the HER-2 and the ER pathways. 
A molecular analysis study on the expression characteristics 
of the PAM50 gene in HER2-low breast cancer found that 
the ERBB2 levels were higher in HR+/HER2-low tumors 
than in TNBC/HER2-low tumors [11]. Agostinetto et al. 
demonstrated that more than 50% of luminal breast cancer 
patients were HER2-low by PAM50 analysis, which is pos-
sibly due to the "luminal gene" being a tumor driver gene 
in these patients, while HER2 was not [20]. The above data 
indicated that the HR status is essential in HER2-low breast 
cancer patients.

This study showed that the general clinical characteristics 
of the two groups, such as median age of onset, menopau-
sal status, differentiation grade, and pathological type, were 
similar and did not exhibit any distinctive features, which 
were consistent with previous reports [25]. Moreover, these 
data were not statistically different among HR+ subgroups. 
However, the HER2-low cases in the TNBC group showed 
earlier T/N stage after neoadjuvant chemotherapy. Horisawa 
et al. [26] also concluded that HR-/HER2-0 had a larger 
tumor size than HR-/HER2-low (p = 0.002). Nevertheless, 
there were small TNBC cases included in our investiga-
tion, which might lead to result bias. The clinicopathologi-
cal characteristics of HER2-low and HER2-0 breast cancer 
were distinct due to the different HR statuses, especially in 
the TNBC subgroup, which might involve more complex 
mechanisms and need further in-depth study. The instability 

Fig. 4   a HR + subgroup, b 
TNBC subgroup), DFS of 
HER2-low and HER2-0, KM 
survival curve was used to 
describe disease-free survival 
(DFS), and log-rank test was 
performed
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of HER2 expression levels in primary and residual lesions 
of breast cancer after neoadjuvant chemotherapy has previ-
ously been reported [27, 28], mainly the conversion between 
IHC1+/2+ and IHC0 [29, 30]. Our study found that the 
HER2 status of residual lesions changed after neoadjuvant 
chemotherapy, mainly IHC2+, which led to the conversion 
from HER2-low to HER2-0 in eight patients (10.3%). In 
contrast, the IHC0 status was relatively stable. Our study 
confirmed the frequent transformation of HER2 status in pri-
mary and residual lesions after neoadjuvant chemotherapy. 
Therefore, it was necessary to identify and screen HER2-low 
breast cancer for appropriate treatment.

The pathological stages of HER2-low and HER2-0 cases 
were primarily below stage II after neoadjuvant chemother-
apy. The previously reported data were different. In a retro-
spective study of 72 cases of breast cancer, the proportion of 
stage III patients was 65.9% in the HER2-low group, while 
stage II was predominant in the HER2-0 group, accounting 
for about 61.3%. A significant difference between the two 
groups was also observed [19]. Previous data showed that 
Ki-67 was lower in the HER2-low group [21, 31]. Although 
there was no statistical difference in this study, the median 
Ki-67 value was significantly lower in the HER2-low group 
than in the HER2-0 group, which is possibly due to the 
higher Ki-67 values of TNBC. Besides, the proportion of 
HR + patients was higher in the HER2-low group. The Ki-67 
index and median PR value decreased significantly in the 
HER2-low group after neoadjuvant chemotherapy, which 
was consistent with previous reports [32], indicating that 
chemotherapeutic drugs could alter PR and Ki-67 expres-
sions. Therefore, reassessment of these two biomarkers after 
neoadjuvant chemotherapy can provide more valuable infor-
mation for the treatment response and prognosis of breast 
cancer patients.

This study showed no statistical difference in pCR 
rate between HER2-low and HER2-0 cases in the over-
all analysis or HR + /TNBC subgroup analysis. In the 
overall cohort, the HER2-0 cases showed a higher pCR 
rate than HER2-low cases, but the overall pCR rate was 
lower in the HR + group (1.5%, 1/65) than in the TNBC 
group (23.5%, 4/17), suggesting that HER-2 status and 
pCR rate were not significantly correlated and that the 
chemotherapy sensitivity depended on HR status rather 
than HER2 expression. Moreover, the high proportion 
of HR + in the HER2-low group could indirectly affect 
its PCR rate. This was consistent with previous reports 
that showed no statistical difference in pCR rates in sub-
groups stratified by HR status [19, 31]. In contrast, Den-
kert et al. reported that HR expression affects the overall 
pCR rate. Neoadjuvant chemotherapy had a considerably 
lower benefit rate in HER2-low patients compared with 
that in HER2-0 patients, with pCR rates of 29.2% and 
39.0%, respectively. In the subgroup analysis, the pCR 

rate varied across the HR + subgroups (17.5% vs. 23.6%, 
p = 0.024) but not between the TNBC categories [21]. 
However, in a retrospective study of 331 patients at the 
2020 San Antonio conference, there was no difference in 
the pCR rate between HER2-0 and HER2-low cases in the 
HR + group (8% vs 13%; p = 0.35). The pCR rate of the 
HER2-0 case was higher than that of the HER2-low case 
in the TNBC group, with no statistical significance (56% 
vs 39%; p = 0.09) [33]. In general, the pCR rate was lower 
in the HER2-low group, possibly due to the higher pro-
portion of HR + patients in the HER2-low group and the 
low response of HR + patients to traditional chemotherapy 
regimens. Therefore, more attention should be paid to the 
treatment regimens for HER2-low breast cancer patients.

Although the proportion of cases with recurrence and 
metastasis was higher in the HER2-0 group (20.8%) in 
this study, there was no statistical difference between the 
two groups, There was no difference in the recurrence and 
metastasis rates between HER2-low and HER2-0 sub-
groups in the HR + and TNBC groups. And, therefore, 
HER-2 status might not affect the prognosis. It remains 
controversial whether a HER2-low status might affect sur-
vival. Some literature reported that HER-2 status does not 
affect survival. Nevertheless, various evaluation indicators 
were used in other literature, such as recurrence-free sur-
vival (RFS), progression-free interval (PFI), disease-free 
interval (DFI), DFS, and overall survival (OS) [11, 19, 
20, 22]. Some literature has suggested that it was crucial 
to determine whether HER2-low or HER2-0 was affected 
by different prognoses in luminal or triple-negative breast 
cancer and that the breast cancer should be stratified by 
HR status. However, regardless of HR status, there was 
no difference in the 5-year DFS rate between HER2-low 
and HER2-0 [34]. In contrast, Denkert et al. analyzed the 
data from four prospective neoadjuvant clinical trials and 
concluded that DFS and OS were significantly different 
between HER2-low and HER2-0 groups. DFS and OS 
were significantly longer in HER2-low patients than in 
HER2-0 patients in the TNBC subgroup. Although not 
statistically significant, there were prolonged DFS and OS 
tendencies in the HER2-low patients in the HR + subgroup 
[21]. Similarly, Hong et al. [35] concluded that a HER2-
low status is a risk factor for postoperative recurrence or 
metastasis in TNBC patients with low DFS rates. In our 
study, the survival curve analysis showed that the DFS 
rate of early-stage HER2-0 is higher than that of HER2-
low, but there was no advantage after eight months. This 
is possibly due to that most HER2-low patients showed 
positivity for HR and were in the endocrine maintenance 
treatment stage, which delayed disease recurrence and 
metastasis. Therefore, an extended follow-up was required 
for further verification.
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Conclusion

HER2-low breast cancer accounted for about half of all 
breast cancers, and its role in clinical treatment decisions 
has received unprecedented attention with the publication 
of the DESTINY-BREAST 04 study. The above research 
found that low HER2 expression could not yet be an inde-
pendent biological subtype, which was consistent with our 
conclusion that low HER-2 expression had no significant 
effect on neoadjuvant efficacy in operable cancer. Moreo-
ver, there was a switch of HER2 status between primary 
and residual lesions after neoadjuvant chemotherapy, 
which could affect the HER2 subtypes between HER2-
low and HER2-0 subgroups. At present, HER2 detection 
mainly relies on IHC and ISH. However, the semi-quan-
titative detection of IHC0 and IHC1 + has some limita-
tions and lacks the gold standard for lower-limit detection 
of HER2-low. Therefore, how to accurately identify and 
screen the benefit population of ADCs deserves in-depth 
studies. Nevertheless, the study had the following short-
comings: small sample size, single-center retrospective 
study, short follow-up time, and only clinical data on DFS, 
recurrence, and metastasis. Future research will expand 
the sample size, prolong the follow-up period, and carry 
out multi-center cooperation to confirm our findings.
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