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ABSTRACT
Background:  Temporal heterogeneity in human epidermal growth factor receptor 2 (HER2) status 
may be associated with the prognosis of breast cancer. We aimed to clarify the relationship of 
HER2-low transition during neoadjuvant therapy with survival outcomes under the new 
classification of HER2 status.
Methods:  This retrospective study was conducted based on the prospective database of breast 
cancer patients treated with neoadjuvant therapy from September 2013 to August 2020.
Results:  This analysis enrolled 185 patients, including 44 patients with HER2-zero tumours, 93 
patients with HER2-low tumours and 48 patients with HER2-positive tumours after neoadjuvant 
therapy. Nearly, 57.6% of HER2-zero tumours turned into HER2-low tumours after neoadjuvant 
therapy, while 25.0% of HER2-low patients changed to HER2-zero or HER2-positive tumours. We 
found that at least once diagnosis as HER2-low breast cancer was related to hormone receptor 
status (p  <  .001) and Ki-67 expression (p  =  .036). Patients ever diagnosed as HER2-low tumours 
had favourable clinicopathological features (less Ki-67 expression, lower pathological staging, etc.) 
as well as significantly better locoregional relapse-free survival (LRFS; p =  .007) and overall survival 
(OS; p  =  .026) compared with those never exhibiting HER2-low expression. Furthermore, the 
6-year OS rates were 94.2% (95% confidence interval (CI) 83.1–98.1), 88.7% (74.4–95.2) and 78.1% 
(65.4–86.6) for patients with stable, once and none HER2-low expression, respectively (adjusted 
HR, 0.514 [95%CI, 0.294–0.897], p  =  .019).
Conclusions:  Our study first indicated in patients across all expression levels of HER2 that stable 
or at least once HER2-low status may confer favourable attributes including less malignant 
biological behaviour and long-term survival benefit for breast cancer receiving neoadjuvant 
therapy.

KEY MESSAGES
•	 Stable or at least once HER2-low status may confer favourable attributes including less 

malignant biological behaviour and long-term survival benefit for breast cancer receiving 
neoadjuvant therapy.

•	 HER2-low expression was highly instable during disease evolution from primary lesion to 
residual tumour and was associated with hormone receptor status, which warrants HER2 
re-test in residual lesion, especially for patients with HER2-zero disease at initial diagnosis, so 
as to give a clear picture of not only prognostic significance but also treatment availability.

Introduction

Breast cancer is a highly heterogeneous disease, espe-
cially with the presence of intra-tumour heterogeneity 
such as temporal heterogeneity, which may associate 
with the prognosis of breast cancer. Several studies have 
been exploring whether heterogeneity exists in human 

epidermal growth factor receptor 2 (HER2) status during 
neoadjuvant therapy for breast cancer, and whether 
changes in HER2 status (positive to negative, negative to 
positive) affect long-term survival of these patients [1–3]. 
Recently, HER2 immunohistochemistry (IHC) 1+ and IHC 
2+/in situ hybridization (ISH) negative breast cancers 
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have been newly classified as HER2-low breast cancer 
[4], and HER2 status has evolved from binary (positive 
and negative) to ternary (positive, low and zero). 
Accordingly, increasing attention has been attracted on 
whether and how HER2-low status changes from base-
line (before neoadjuvant therapy) to post-surgery [5,6].

HER2-low breast cancer accounts for about 45–55% of 
all breast cancers, and many studies have demonstrated 
the prognostic value of HER2-low expression in patients 
undergoing neoadjuvant chemotherapy [7–9]. However, it 
is yet to be elucidated whether discordances in HER2-low 
expression during neoadjuvant therapy are associated 
with survival outcomes of breast cancer patients.

On these premises, we aimed to conduct a retro-
spective study based on prospective database to fur-
ther clarify the heterogeneity of HER2 status during 
neoadjuvant therapy and the relationship of changes in 
HER2-low expression with long-term prognosis of breast 
cancer under the newly classification of HER2 status.

Methods

Study population

This retrospective study was performed based on the 
prospective database of breast cancer patients treated 
with neoadjuvant therapy from September 2013 to 
August 2020 at Renji Hospital, School of Medicine, 
Shanghai Jiao Tong University. The majority of inclusion 
and exclusion criteria have been published in detail pre-
viously [10]. Female patients with histologically con-
firmed breast cancer (T1 N1–3 M0 or T2–4 N0–3 M0) 
and available HER2 status were included. In addition, 
patients were excluded if they achieved pathological 
complete response after neoadjuvant treatment. All 
patients received weekly paclitaxel based chemotherapy 
and underwent surgery as planned after neoadjuvant 
treatment. In brief, paclitaxel 80 mg/m2 was intravenously 
given on day 1, 8, 15 and 22, combined with cisplatin 
25 mg/m2 on day 1, 8 and 15 every 28  days for four 
cycles. For HER2-positive patients, trastuzumab based 
anti-HER2 treatment was recommended concurrently 
with neoadjuvant chemotherapy. Adjuvant treatment 
was tailored after surgery according to the guidelines at 
that time or at the discretion of physicians.

The baseline clinicopathological characteristics, patho-
logical information and follow-up data were prospec-
tively collected from patients’ medical records as 
described previously [10].

All the biopsy and surgical tissues were confirmed at 
the Department of Pathology, Renji Hospital. Tumours 
were considered hormone receptor positive if more 
than 10% of tumour cells exhibited immunostaining for 

ER or PR. HER2 positivity was defined as IHC 3+ or IHC 
2+ with amplification confirmed by fluorescent in  situ 
hybridization (FISH) based on the American Society of 
Clinical Oncology (ASCO)/College of American 
Pathologists (CAP) 2018 guideline [11]. As per recent 
consensus [4,12], HER2-low status was defined as IHC 
1+ or 2+ with a nonamplified FISH assay.

Outcomes

The outcomes in the study were disease-free survival 
(DFS), relapse-free survival (RFS), locoregional relapse-free 
survival (LRFS), distant relapse-free survival (DRFS) and 
overall survival (OS). DFS was defined as the time from 
surgery until the first occurrence of any relapse, second-
ary malignancy or death from any cause. RFS was calcu-
lated as the time from surgery to first appearance of 
locoregional, ipsilateral, contralateral, distant relapse or 
death from any cause. LRFS was estimated from surgery 
to first occurrence of locoregional relapse, or death, 
regardless of cause. DRFS referred to the time from sur-
gery to first event of distant relapse or death from any 
cause. OS denoted the time from surgery to death, irre-
spective of cause.

Statistical analysis

Correlations between HER2-low status and clinicopath-
ological parameters were evaluated using the 
chi-square, Yates’s correction or Fisher’s exact test for 
categorical variables, where appropriate. The continu-
ous variables were analysed using the Wilcoxon or 
Kruskal–Wallis test, where appropriate.

Associations between HER2-low status transition and 
clinicopathological variables during neoadjuvant therapy 
were tested via multivariate logistic regression controlling 
for hormone receptor status and Ki-67, and then evalu-
ated using odds ratios (ORs) with 95% confidence inter-
vals (CIs). Kaplan–Meier’s curves and log-rank test were 
estimated for different survival outcomes. Multivariate 
Cox proportional hazard models were applied to report 
hazard ratios (HRs) with 95%CIs. Multivariate analyses for 
survival outcomes were performed by adjusting age, 
HER2 status, hormone receptor status, Ki-67 expression, 
clinical staging and pathological staging.

Statistical tests were by default two-sided with a 
significance level of .05. All statistical analyses were 
conducted by RStudio v4.1.1 (http://www.R-project.org).

http://www.R-project.org
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Results

Among 304 patients who were screened between 
September 2013 and August 2020, 125 patients were 
excluded due to pathological complete response (n = 80), 
no sufficient tissue to assess the HER2 status by IHC or 
FISH (n  =  34) and indeterminate HER2 status in residual 
tumours (n  =  5). Finally, 185 breast cancer patients 
treated with neoadjuvant therapy were included in the 
analysis (Figure 1), including 44 patients with HER2-zero 
tumours, 93 patients with HER2-low tumours and 48 
patients with HER2-positive tumours after neoadjuvant 
therapy. The median follow-up interval was 5.01  years.

Changes in HER2 status during neoadjuvant therapy

HER2 status may change in breast cancer patients during 
neoadjuvant therapy (Figure 2). Among 76 patients with 
HER2-low tumours before neoadjuvant therapy, 25.0% 
(19/76) changed to HER2-zero (n  =  17) or HER2-positive 
tumours (n  =  2) after neoadjuvant therapy, with 21.1% 
(15/71) in the hormone receptor-positive subgroup and 
80.0% (4/5) in the hormone receptor-negative subgroup 
showing HER2 transition. Nearly, 57.6% (34/59) of 
HER2-zero breast cancers turned into HER2-low tumours 
after neoadjuvant therapy, of which 64.1% (25/39) were 
HER2-zero/hormone receptor-positive patients and 

45.0% (9/20) were HER2-zero/hormone receptor-negative 
patients; however, none of HER2-zero breast cancer con-
verted to HER2-positive breast cancer. HER2-positive 
tumours rarely changed into HER2-zero or HER2-low 
ones across neoadjuvant therapy, especially in the hor-
mone receptor-negative/HER2-positive patients.

Multivariate logistic regression analysis showed that 
changes in HER2-low status during neoadjuvant ther-
apy might be associated with hormone receptor status 
(among patients with HER2-low diseases before neo-
adjuvant therapy: OR, 0.067 [95%CI, 0.007–0.654], 
p  =  .020, Table 1A; among patients with HER2-low 
tumours after neoadjuvant therapy: OR, 0.057 [95%CI, 
0.007–0.483], p  =  .009, Table 1B). Besides, multivariate 
logistic regression analysis suggested that at least 
once diagnosis as HER2-low breast cancer (no matter 
before or after neoadjuvant therapy) was related to 
hormone receptor status (OR, 4.273 [95%CI, 2.032–
8.983], p  <  .001) and Ki-67 expression (OR, 0.505 
[95%CI, 0.267–0.955], p  =  .036; Table 1C).

Clinicopathological characteristics between 
different subgroups by HER2-low status

Patients diagnosed with HER2-low tumours before or 
after neoadjuvant therapy accounted for 60.5% 
(n  =  112). Of these, 50.9% (n  =  57) appeared constant 

Figure 1. D iagram of the study design. IHC: immunohistochemistry; FISH: fluorescent in situ hybridization; HER2: human epider-
mal growth factor receptor 2; NAT: neoadjuvant therapy. aHER2-positive patients were required to receive anti-HER2 target therapy 
concurrently.
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HER2-low status after neoadjuvant therapy, whereas 
49.1% (n  =  55) had a HER2 transition (low to zero or 
positive, or vice versa). The clinicopathological differ-
ences between patients ever or never diagnosed with 

HER2-low tumours (zero or positive) were mainly char-
acterized by more hormone receptor-positive status 
(p  <  .001), less Ki-67 expression (p  <  .001), lower histo-
logical grade (p  =  .033), as well as lower pathological 

Figure 2. C hanges in HER2 status from the primary tumour to residual lesion after neoadjuvant therapy. HER2: human epidermal 
growth factor receptor 2; NAT: neoadjuvant therapy.

Table 1A.  Multivariate logistic regression analysis of HER2 
status (change versus not change) among patients with 
HER2-low tumours before neoadjuvant therapy.
Characteristics OR 95%CI p Value

Hormone receptor 
(positive versus 
negative)

0.067 0.007–0.654 .020

Ki-67 (>30% versus 
≤30%)

1.705 0.546–5.329 .359

Abbreviations: HER2, human epidermal growth factor receptor 2; OR, odds 
ratio; CI, confidence interval. 
Note: Bold values indicate statistical significance.

Table 1B.  Multivariate logistic regression analysis of HER2 
status (change versus not change) among patients with 
HER2-low tumours after neoadjuvant therapy.
Characteristics OR 95%CI p Value

Hormone receptor 
(positive versus 
negative)

0.057 0.007–0.483 .009

Ki-67 (>30% versus 
≤30%)

1.150 0.437–3.028 .777

Abbreviations: HER2, human epidermal growth factor receptor 2; OR, odds 
ratio; CI, confidence interval. 
Note: Bold values indicate statistical significance.



Annals of Medicine 5

T stage (p  =  .033), pathological N stage (p  =  .012) and 
pathological staging (p  =  .010; Table 2). In addition, 
statistically significant differences were also observed 
among patients with concordant HER2-low breast can-
cer, those with HER2-low expression only once (before 

or after neoadjuvant therapy), and those who never 
showed HER2-low status in terms of hormone receptor 
status (p  <  .001), Ki-67 expression (p  <  .001), histolog-
ical grade (p  =  .028), pathological N stage (p  =  .018) 
and pathological staging (p  =  .031; Table 3).

Association of HER2-low status change with 
survival outcomes

Survival outcomes between patients with at least 
once or none HER2-low expression
Kaplan–Meier’s curves showed that patients ever diag-
nosed as HER2-low tumours had significantly better 
LRFS compared with those never exhibiting HER2-low 
expression (p  =  .007, Figure 3(A)), and multivariate Cox 
regression analysis revealed the same results (HR, 0.371 
[95%CI, 0.159–0.869]; p  =  .022, Figure S1). Furthermore, 
in the hormone receptor-positive subgroup, LRFS was 
also superior in patients with at least once HER2-low 
status for both univariate (p  =  .011, Figure 4(A)) and 
multivariate analysis (HR, 0.327 [95%CI, 0.123–0.869]; 
p  =  .025, Figure S2). This trend was not observed in the 
hormone receptor-negative subgroup (data not shown).

The OS outcome was also remarkably better for patients 
who had ever been diagnosed with HER2-low tumours 
compared with those who had never (p  =  .026, Figure 
3(B)). Multivariate Cox regression analysis demonstrated 
that at least once HER2-low expression was significantly 
associated with longer OS compared with the others (HR, 
0.389 [95%CI, 0.163–0.931]; p  =  .034; Figure  5). When ana-
lysed separately by hormone receptor status, superior OS 
outcome was observed for patients ever diagnosed with 
HER2-low breast cancers compared with the others in the 
hormone receptor-positive subset (univariate analysis: 
p  =  .013, Figure 4(B); multivariate analysis: HR, 0.325 
[95%CI, 0.123–0.864]; p  =  .024, Figure S3), rather than in 
the hormone receptor-negative subset (data not shown).

Survival outcomes among patients with stable, 
once and none HER2-low expression
Patients with stable, once and none HER2-low breast 
cancers exhibited significantly different LRFS (p  =  .019; 
Figure 6(A)). The LRFS outcome of patients with once 
HER2-low expression either before or after neoadju-
vant therapy was visually intermediate between the 
other two subgroups. Multivariate Cox regression anal-
ysis supported the above finding (HR, 0.502 [95%CI, 
0.289–0.872], p = .014). Similar trend was also observed 
in the hormone receptor-positive subgroup (univariate 
analysis: p  =  .033, Figure 7(A); multivariate analysis: 
HR, 0.496 [95%CI, 0.273–0.900], p  =  .021), rather than 
in the hormone receptor-negative subgroup (data 
not shown).

Table 1C.  Multivariate logistic regression analysis of at least 
once HER2 status among all the enrolled patients.
Characteristics OR 95%CI p Value

Hormone receptor (positive versus negative) 4.273 2.032–8.983 <.001
Ki-67 (>30% versus ≤30%) 0.505 0.267–0.955 .036
Abbreviations: HER2, human epidermal growth factor receptor 2; OR, odds 
ratio; CI, confidence interval.   
Note: Bold values indicate statistical significance.

Table 2. C linicopathological differences between patients ever 
or never diagnosed with HER2-low breast cancers.

Never (n  =  73) Ever (n  =  112) p Value

Age, years
  Mean  ±  SD 49.945  ±  10.629 52.795  ±  10.07 .067
  ≤50 39 (53.4%) 45 (40.2%) .077
  >50 34 (46.6%) 67 (59.8%)
Hormone receptor 

status
  Positive 43 (58.9%) 98 (87.5%) <.001
  Negative 30 (41.1%) 14 (12.5%)
Ki-67 index
  Median (IQR) 40 (30, 60) 30 (20, 40) <.001
  ≤30% 31 (42.5%) 72 (64.3%) .004
  >30% 42 (57.5%) 40 (35.7%)
Histological grade
  1 0 (0%) 1 (0.9%) .033
  2 37 (52.1%) 76 (68.5%)
  3 34 (47.9%) 34 (30.6%)
  NAa 2 1
Clinical T stage
  cT1 1 (1.4%) 0 (0%) .521
  cT2 16 (21.9%) 22 (19.6%)
  cT3 23 (31.5%) 43 (38.4%)
  cT4 33 (45.2%) 47 (42%)
Clinical N stage
  cN0 8 (11%) 22 (19.6%) .080
  cN1 53 (72.6%) 60 (53.6%)
  cN2 6 (8.2%) 15 (13.4%)
  cN3 6 (8.2%) 15 (13.4%)
Clinical staging
  IIA 2 (2.7%) 4 (3.5%) .615
  IIB 18 (24.7%) 19 (17%)
  IIIA 19 (26%) 33 (29.5%)
  IIIB 28 (38.4%) 41 (36.6%)
  IIIC 6 (8.2%) 15 (13.4%)
Pathological T stage
  ypT0b 13 (17.8%) 8 (7.1%) .033
  ypTis 1 (1.3%) 1 (0.9%)
  ypT1 38 (52.1%) 73 (65.2%)
  ypT2 18 (24.7%) 30 (26.8%)
  ypT3 3 (4.1%) 0 (0%)
Pathological N stage
  ypN0 37 (50.7%) 36 (32.1%) .012
  ypN1–3 36 (49.3%) 76 (67.9%)
Pathological 

staging
  0–I 30 (41.1%) 23 (20.5%) .010
  II 25 (34.2%) 55 (49.1%)
  III 18 (24.7%) 34 (30.4%)

Abbreviations: HER2, human epidermal growth factor receptor 2; SD, stan-
dard deviation; IQR: interquartile range; NA, not applicable. 
Note: Bold values indicate statistical significance.
aHistological grade could not be assessed in three patients.
bInvolved lymph nodes were used for pathology examination.

https://doi.org/10.1080/07853890.2024.2409343
https://doi.org/10.1080/07853890.2024.2409343
https://doi.org/10.1080/07853890.2024.2409343
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Table 3. C linicopathological differences among patients with none, once HER2-low and stable HER2-low status.
None (n  =  73) Once HER2-low (n  =  55) Stable HER2-low (n  =  57) p Value

Age, years
  Mean  ±  SD 49.945  ±  10.629 52.564  ±  10.451 53.018  ±  9.777 .183
  ≤50 39 (53.4%) 24 (43.6%) 21 (36.8%) .161
  >50 34 (46.6%) 31 (56.4%) 36 (63.2%)
Hormone receptor status
  Positive 43 (58.9%) 42 (76.4%) 56 (98.2%) <.001
  Negative 30 (41.1%) 13 (23.6%) 1 (1.8%)
Ki-67 index
  Median (IQR) 40 (30, 60) 30 (17.5, 45) 30 (20, 40) <.001
  ≤30% 31 (42.5%) 32 (58.2%) 40 (70.2%) .006
  >30% 42 (57.5%) 23 (41.8%) 17 (29.8%)
Histological grade
  1 0 (0%) 0 (0%) 1 (1.8%) .028
  2 37 (52.1%) 34 (63%) 42 (73.7%)
  3 34 (47.9%) 20 (37%) 14 (24.5%)
  NAa 2 1 0
Clinical T stage
  cT1 1 (1.4%) 0 (0%) 0 (0%) .368
  cT2 16 (21.9%) 13 (23.6%) 9 (15.8%)
  cT3 23 (31.5%) 24 (43.7%) 19 (33.3%)
  cT4 33 (45.2%) 18 (32.7%) 29 (50.9%)
Clinical N stage
  cN0 8 (11%) 10 (18.2%) 12 (21.1%) .239
  cN1 53 (72.6%) 28 (50.9%) 32 (56.1%)
  cN2 6 (8.2%) 9 (16.4%) 6 (10.5%)
  cN3 6 (8.2%) 8 (14.5%) 7 (12.3%)
Clinical staging
  IIA 2 (2.7%) 3 (5.6%) 1 (1.8%) .622
  IIB 18 (24.7%) 8 (14.5%) 11 (19.3%)
  IIIA 19 (26%) 19 (34.5%) 14 (24.5%)
  IIIB 28 (38.4%) 17 (30.9%) 24 (42.1%)
  IIIC 6 (8.2%) 8 (14.5%) 7 (12.3%)
Pathological T stage
  ypT0b 13 (17.8%) 6 (10.9%) 2 (3.5%) .113
  ypTis 1 (1.3%) 1 (1.8%) 0 (0%)
  ypT1 38 (52.1%) 34 (61.8%) 39 (68.4%)
  ypT2 18 (24.7%) 14 (25.5%) 16 (28.1%)
  ypT3 3 (4.1%) 0 (0%) 0 (0%)
Pathological N stage
  ypN0 37 (50.7%) 21 (38.2%) 15 (26.3%) .018
  ypN1–3 36 (49.3%) 34 (61.8%) 42 (73.7%)
Pathological staging
  0–I 30 (41.1%) 14 (25.5%) 9 (15.8%) .031
  II 25 (34.2%) 26 (47.3%) 29 (50.9%)
  III 18 (24.7%) 15 (27.2%) 19 (33.3%)

Abbreviations: HER2, human epidermal growth factor receptor 2; SD, standard deviation; IQR, interquartile range; NA, not applicable. 
Note: Bold values indicate statistical significance.
aHistological grade could not be assessed in three patients.
bInvolved lymph nodes were used for pathology examination.

Figure 3.  Kaplan–Meier’s survival analysis between patients with none or at least once HER2-low expression for locoregional 
relapse-free survival (A) and overall survival (B) in all the enrolled patients. HER2: human epidermal growth factor receptor 2.
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On the other hand, 6-year OS rates were 94.2% 
(95%CI 83.1–98.1) for patients with stable HER2-low 
expression, 88.7% (74.4–95.2) for those with once 
HER2-low status and 78.1% (65.4–86.6) for those with 
none HER2-low diseases, respectively (p  =  .063, Figure 
6(B)). Multivariate Cox regression analysis indicated 
that HER2-low status was an independent prognostic 
factor for OS among the three groups (HR, 0.514 
[95%CI, 0.294–0.897], p  =  .019; Table S1A). When anal-
ysed in the hormone receptor-positive subgroup, the 
number of HER2-low status was markedly associated 
with distinct OS (6-year OS rates were 94.2% [95%CI 
82.8–98.1] for stable HER2-low, 91.6% [75.8–97.2] for 
once HER2-low and 78.3% [62.3–88.1] for none 

HER2-low; univariate analysis: p  =  .040, Figure 7(B); 
multivariate analysis: HR, 0.495 [95%CI, 0.272–0.901], 
p  =  .021, Table S1B). However, we did not observe this 
trend in the hormone receptor-negative subgroup 
(data not shown).

Furthermore, reverse HER2 transition between 
HER2-low and HER2-zero expression in patients with 
once HER2-low breast cancers did not affect any of the 
survival outcomes (Figure S4).

Discussion

To the best of our knowledge, we investigated for the 
first time how transition between different HER2 

Figure 4.  Kaplan–Meier’s survival analysis between patients with none or at least once HER2-low expression for locoregional 
relapse-free survival (A) and overall survival (B) in the hormone receptor-positive patients. HER2: human epidermal growth factor 
receptor 2.

Figure 5.  Multivariate Cox regression analysis between patients with none or at least once HER2-low expression for overall survival 
in all the enrolled patients. HER2: human epidermal growth factor receptor 2; CI: confidence interval.

https://doi.org/10.1080/07853890.2024.2409343
https://doi.org/10.1080/07853890.2024.2409343
https://doi.org/10.1080/07853890.2024.2409343
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expression from initial diagnosis to the completion of 
neoadjuvant therapy affected the survival outcomes 
of  breast cancer patients under the trichotomization of 
HER2 status (HER2-positive, HER2-low and HER2-zero). 
Our study revealed that the presence of HER2-low 
expression before or after neoadjuvant therapy was 
associated with better prognosis, even when HER2-low 
status was instable.

HER2-low expression was highly instable during dis-
ease evolution from primary lesion to residual tumour, 
indicating the temporal heterogeneity of HER2-low sta-
tus. Similar to other studies [5,6,13], we found that 
HER2-low expression was strongly associated with hor-
mone receptor-positive status. Our study first suggested 
that HER2-low/hormone receptor-positive breast cancers 

were more likely to maintain stable HER2-low status 
compared with HER2-low/hormone receptor-negative 
tumours (hormone receptor-positive subgroup versus 
hormone receptor-negative subgroup: 78.9% versus 
20.0%) after neoadjuvant therapy. In contrast, HER2-zero/
hormone receptor-positive breast cancers were prone to 
conversion to HER2-low expression compared with 
HER2-zero/hormone receptor-negative tumours (hor-
mone receptor-positive subgroup versus hormone 
receptor-negative subgroup: 64.1% versus 45.0%). As fur-
ther suggested by the multivariable logistic regression 
analysis (hormone receptor-positive versus hormone 
receptor-negative: OR, 4.273 [95%CI, 2.032–8.983], 
p  <  .001), hormone receptor-positive breast cancers 
might have a susceptibility to HER2-low diseases. In this 

Figure 6.  Kaplan–Meier’s survival analysis among patients with stable, once and none HER2-low expression for locoregional 
relapse-free survival (A) and overall survival (B) in all the enrolled patients. HER2: human epidermal growth factor receptor 2.

Figure 7.  Kaplan–Meier’s survival analysis among patients with stable, once and none HER2-low expression for locoregional 
relapse-free survival (A) and overall survival (B) in the hormone receptor-positive subgroup. HER2: human epidermal growth factor 
receptor 2.
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context, re-testing of HER2 status was essential for resid-
ual disease, especially for patients with HER2-zero/hor-
mone receptor-positive breast cancer. Reassessment of 
HER2 status may increase their chances of HER2-low 
expression, and then of potential candidates for novel 
anti-HER2 targeting agents in the subsequent treatment.

Our study revealed that HER2-positive breast cancers 
exhibited stable HER2 status before and after neoadju-
vant therapy, and HER2-positive/hormone receptor- 
negative tumours rarely experienced loss of strong HER2 
expression, as supported by the results of previous stud-
ies [3,6,14,15]. Preclinical research found that gene 
expression was remarkably different between 
HER2-negative and HER2-positive cell lines. HER2-negative 
cells mainly showed low expression of cell–cell adhesion 
genes, high expression of epithelial–mesenchymal transi-
tion (EMT) genes and stem-cell-like/less differentiated 
gene expression patterns [16]. In contrast, the vast major-
ity of differentially expressed genes in HER2-positive 
breast cancers originated from the 17q12 DNA amplicon, 
where the HER2 gene is located [17].

Previous studies had confirmed that HER2-low 
breast cancer diagnosed by biopsy tissue prior to neo-
adjuvant therapy had lower Ki-67 level and histological 
grade compared with HER2-zero patients [7,8], but few 
studies have focused on patients who gained HER2-low 
expression after neoadjuvant therapy. Our study first 
showed that patients who appeared HER2-low expres-
sion at least once from initial diagnosis to the comple-
tion of neoadjuvant therapy had significantly lower 
Ki-67 level and histological grade than those who 
never exhibited HER2-low expression, even if 
HER2-positive status were taken into consideration. If 
patients could conserve stable HER2-low status from 
the primary tumour to residual disease, they were at 
even lower risk of aggressive behaviour. These findings 
implied that stable or at least once HER2-low status 
during neoadjuvant chemotherapy may serve as the 
promising biomarker for less malignant breast cancer.

Additionally, we also found that patients who pre-
sented at least once HER2-low expression during neo-
adjuvant therapy had significantly better LRFS and OS 
outcomes than patients who never exhibited HER2-low 
status, which was first reported with HER2-positive 
breast cancer included. Many previous studies explored 
the prognostic value of HER2-low status solely among 
HER2-negative patients, which showed that HER2-low 
breast cancer had significantly superior survival out-
comes compared with HER2-zero breast cancer in dif-
ferent treatment settings (neoadjuvant [7,8], adjuvant 
[18] and advanced [19] settings), even in systemic 
treatment-naive node-negative breast cancer [20]. Their 
work partially supported our conclusion that HER2-low 

expression might be an indicator of superior prognosis 
in breast cancer.

Several limitations still existed in our study. First, this 
was a single-centre retrospective study. However, all 
patients included in the analysis were collected from 
prospective databases. They had received similar neo-
adjuvant chemotherapy regimens, which may reduce 
the effect of treatment on tumour behaviour. Besides, 
single-centre pathology testing was more likely to 
maintain consistency in HER2 interpretation. Second, 
the sample size of this study is relatively small and we 
will continue to accumulate the cases for further verifi-
cation. Third, the median follow-up time in this study 
was only 5.01  years. However, most patients (96.8%) in 
our study were diagnosed with locally advanced breast 
cancer and were prone to early recurrence. Besides, the 
follow-up is ongoing for further analysis.

In conclusion, our study first indicated in patients 
across all expression levels of HER2 (HER2-zero, HER2-low 
and HER2-positive) that stable or at least once HER2-low 
status may confer favourable attributes including less 
malignant biological behaviour and long-term survival 
benefit for breast cancer receiving neoadjuvant therapy. 
What is more, we also corroborated dynamic change of 
HER2-low expression during neoadjuvant therapy and 
its association with hormone receptor status, which 
warrants HER2 re-test in residual lesion, especially for 
patients with HER2-zero disease at initial diagnosis, so 
as to give a clear picture of not only prognostic signif-
icance but also treatment availability.
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