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Objective: The present study aimed to evaluate the clinicopathological characteristics and value of HER2-low
expression evolution in breast cancer receiving neoadjuvant chemotherapy (NAC).

Methods: Patients with HER2 negative breast cancer receiving NAC from January 2017 to December 2020 were
enrolled in this study. The clinicopathological characteristics, response to NAC, evolution of HER2 and prog-
nostic value were retrospectively analyzed.

Results: 410 patients were included. The proportion of HR positive disease in HER2-low cases was higher than in
HER2-zero population (75.8 % vs. 65.8 %, P = 0.040). No statistical significant difference in pCR rate was
observed between HER2-low and HER2-zero patients (33.8 % vs. 39.3 %, P = 0.290) when pCR was defined as
ypTis/OypNO. Exploratory analysis revealed that the pCR rate of HER2-low cases was significantly lower than
HER2-zero patients in the entire population (19.8 % vs. 33.3 %, P = 0.004) and HR positive population (12.6 %
vs. 29.9 %, P = 0.001) when pCR was defined as ypTOypNO. The evolution rate of HER2 expression after NAC
was 31.0 % in HER2-zero patients and 24.7 % in HER2-low patients. Compared with patients with HR positive
disease, patients with TNBC had higher evolution rate of HER2 expression after NAC (37.7 % vs. 23.6 %).
Significant association was observed between HER2 evolution with histology type and Ki-67 index in HER2-zero
patients and with lymph node involvement, HR status and Ki-67 index in HER2-low patients. Prognostic impact
of HER2 evolution was not observed.

Conclusions: HR positive and HR negative HER2-low breast cancer exhibit different clinicopathological features,
response to NAC and HER2 evolution after treatment.

1. Introduction

Human epidermal growth factor receptor (HER2) is abnormally
amplified and/or overexpressed in about 15-20 % of breast cancer.
HER2 mediates cellular signaling pathway involved in the proliferation
and differentiation of breast cancer cells by encoding transmembrane
glycoprotein, which act as an important driving gene for the tumori-
genesis and progression of breast cancer [1]. Anti-HER2 targeted ther-
apies, represented by trastuzumab, have significantly improved the
prognosis of HER2-positive breast cancer patients [2]. The positive

standard of HER2 was initially determined according to the therapeutic
effect of trastuzumab. The H0648g clinical trial suggested that the
benefit from trastuzumab was limited to the immunohistochemistry
(IHC) 3+ subgroup [3]. Subsequent studies such as M77001, N9831,
BCIRG006 and HERA confirmed that the benefit of trastuzumab was
limited to the in situ hybridization (ISH) positive subset [4-7].
However, from pathological perspective, the expression level of
HER2 is continuous, rather than a binary classification of absolute
positive and negative. Retrospective studies have shown that the pro-
portion of breast cancer with HER2 low expression is more than 50 %
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[8-10]. For these breast cancer with low HER2 expression, many pre-
vious studies have shown that traditional anti-HER2 targeted drugs have
no clinical benefits [11]. In the preliminary exploration of phase 1/2
studies such as DS8201-AJ101, trastuzumab deruxtecan (T-DXd)
showed positive anti-tumor activity for HER2-low metastatic breast
cancer [12,13]. The results of the Phase 3 DESTINY-Breast04 trial
revealed that T-DXd significantly improved the progression-free survival
(PFS) and overall survival (OS) of HER2-low metastatic breast cancer
[14]. The advent of novel anti-HER2 antibody-drug conjugates (ADC)
opened the new precision therapeutic pattern of breast cancer with low
HER2 expression, and pushed the concept of HER2-low breast cancer to
an unprecedented peak era.

As a highly heterogeneous disease, breast cancer exhibited signifi-
cant temporal and spatial heterogeneity. Especially in metastatic breast
cancer, it has been recognized that there is inconsistency in hormone
receptor (HR) and HER2 status between primary and metastatic lesions
[15-17]. The evolution of HER2 status (positive/negative) was also
identified in neoadjuvant chemotherapy (NAC) setting from previous
studies. Similarly, the state of low expression of HER2 may also change
during the progression of disease. However, the evolution of HER2 low
expression is rarely investigated so far in breast patients undergoing
NAC. The present study was conducted to assess the clinical character-
istics and value of HER2-low expression evolution in breast cancer pa-
tients receiving NAC.

2. Materials and methods
2.1. Patient

This was a retrospective study conducted in Henan Provincial Peo-
ple’s Hospital, that includes patients with HER2 negative breast cancer
who have received NAC from January 2017 to December 2020. The
criteria for patients inclusion in analysis: 1) histopathological confirmed
breast cancer; 2) HER-2 negative confirmed by IHC or fluorescence in
situ hybridization (FISH); 3) have received NAC and followed by surgery
after NAC. Patients who did not undergo surgery after NAC and those
with missing follow-up data were excluded.

2.2. Clinical and pathological characteristics

Clinical stage was determined by the seventh edition of American
Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM)
staging system. Estrogen receptor (ER) and progesterone receptor (PR)
were detected by IHC, and the cut-off value was set to >1 %. HR positive
was defined as ER or PR positive and HR negative was defined as ER and
PR both negative. The HER2 status was determined by the American
Society of Clinical Oncology/College of American Pathologists (ASCO/
CAP) guidelines for HER2 testing, including IHC 0, IHC 1+, or IHC 2+
and FISH negative. HER2-zero was defined as IHC 0, and HER2-low was
defined as IHC 1+, or IHC 2+ and FISH negative.

2.3. Neoadjuvant chemotherapy and efficacy evaluation

All the patients in this study received NAC. The programme for NAC
include: anthracycline and taxane-based regimens, taxane combined
with platinum regimens and others based on the recommendations of
the guidelines. During treatment, imaging examinations were performed
after every two cycles of in all patients to evaluate clinical efficacy
including ultrasound and MRI. The vast majority of patients underwent
surgery after completing all cycle of NAC. Pathological evaluation
criteria for pCR after NAC was determined as ypTis/OypNO, which was
defined as absence of invasive cancer in the breast (regardless of ductal
carcinoma in situ) and axillary lymph nodes. For patients who did not
achieve pCR, the HER2 status of residual disease was determined. In
addition, we also conducted exploratory analysis on another criteria
ypTOypNO, which was defined as absence of invasive or noninvasive
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cancer in the breast and axillary lymph nodes. The evolution rate means
the overall rate of HER2 discordance from primary breast cancer to re-
sidual breast cancer. Decision making for adjuvant therapy after neo-
adjuvant chemotherapy: decide whether to undergo radiotherapy based
on the initial clinical stage and surgical manner; HR positive patients
who have achieved pCR and those not achieving pCR receive adjuvant
endocrine therapy. Premenopausal patients undergoing ovarian func-
tion suppression (OFS) combined with aromatase inhibitor (AI), and
postmenopausal patients receive Al treatment. Due to the fact that
cyclin-dependent kinase (CDK) 4/6 inhibitors had not yet been recom-
mended by guidelines at the time, and thus HR + patients not achieving
PCR did not receive intensified treatment with CDK4/6 inhibitors. TNBC
patients who did not reach pCR received intensified treatment with
capecitabine.

2.4. Statistical analysis

The patients had regular inpatient or outpatient follow-up including
laboratory indexes and imaging examination. The follow-up deadline is
December 31, 2022. Disease free survival (DFS) was defined as from the
date of surgery to the date of locoregional relapse, distant relapse, death
or last follow-up. Overall survival (OS) was defined as from the date of
surgery to patient death or last follow-up. Difference between groups
were determined by Pearson’s chi squared test or Fisher’s exact test.
Survival curves of patients were estimated by the Kaplan-Meier method
and Log-rank test was performed for survival analysis. Multivariate Cox
proportional hazards regression analyses were used to determine inde-
pendent prognostic factors affecting DFS and OS in HR positive popu-
lation. All the statistical descriptive analyses were performed with SPSS
22.0 software (SPSS Inc., IL, US) software. P < 0.05 was considered
significant.

3. Results
3.1. Features of patient and treatment

The present study enrolled a total of 410 breast cancer patients
(Fig. 1). Features of patient and treatment are summarized in Table 1. In
the entire population, HER2 status in 117 (28.5 %) patients was HER2-
zero and in 293 (71.5 %) patients was HER2-low expression. Most pa-
tients analyzed in this study were locally advanced breast cancer, the
proportion of T3-4 and N2-3 were 31.5 % and 42.7 %, respectively. The
clinical stage in 185 (45.1 %) was stage II and in 225 (54.9 %) patients
was stage III. In this study, 299 (72.9 %) patients were HR positive breast
cancer, and the other 111 (27.1 %) patients were TNBC. The proportion
of HR positive patients in HER2-low breast cancer was higher than in
HER2-zero breast cancer patients (75.8 % vs. 65.8 %, P = 0.040).
Anthracycline and taxane-based treatment was the most common
regimen of NAC. The proportion of Ki-67 > 30 % in the entire population
was 76.6 %. After NAC, 81.7 % patients underwent mastectomy surgery,
only 20 patients (17.1 %) in HER2-zero and 55 patients (18.8 %) in
HER2-low breast cancer performed breast conserving surgery or im-
mediate breast reconstruction (IBR).

In the entire population, expect for HR status, there were no statis-
tically significant differences in histology type, clinical tumor size,
lymph node status, clinical stage, Ki-67 index, NAC regimen and oper-
ation between HER2-zero and HER2-low breast cancer. However, in
subgroup of TNBC and HR positive disease, HER2-zero and HER2-low
patients exhibited different clinicopathological characteristics. In
TNBC, although no statistical significance was found, the proportion of
T3-4 and N2-3 lymph node involvement in HER2-low were higher than
in HER2-zero breast cancer. And simultaneously, the proportion of
clinical stage III HER2-low patients in was higher than in HER2-zero
breast cancer (64.8 % vs. 40.0 %, P = 0.012). However, HER2-low
breast cancer patients in HR positive breast cancer exhibit lower
tumor burden, including lower proportion of T3-4 (29.3 % vs. 41.6 %, P
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Fig. 1. Flowchart of the patient queue.

Table 1
Patient and treatment characteristics.

Characteristic Total (n = 410) TNBC(n = 111) HR positive (n = 299)
HER2-zeron = HER2-low n = P HER2-zeron = HER2-low n = P HER2-zeron = HER2-low n = P
117 293 40 71 77 222
Age ( years, median ) 47 47 - 51 50 - 45 46 -
Histology type 0.716 0.936 0.627
IBC-NST 98 (83.8) 241 (82.3) 33(82.5) 59 (83.1) 65 (84.4) 182 (82.0)
Other 19 (16.2) 52 (17.7) 7 (17.5) 12 (16.9) 12 (15.6) 40 (18.0)
cT 0.324 0.269 0.047
T1-2 76 (65.0) 205 (70.0) 31 (77.5) 48 (67.6) 45 (58.4) 157 (70.7)
T3-4 41 (35.0) 88 (30.0) 9 (22.5) 23 (32.4) 32 (41.6) 65 (29.3)
cN 0.369 0.069 0.014
NO-1 63 (53.8) 172 (58.7) 30 (75.0) 41 (57.7) 33 (42.9) 131 (59.0)
N2-3 54 (46.2) 121 (41.3) 10 (25.0) 30 (42.3) 44 (57.1) 91 (41.0)
Clinical stage 0.292 0.012 0.003
I 48 (41.0) 137 (46.8) 24 (60.0) 25 (35.2) 24 (31.2) 112 (50.5)
111 69 (59.0) 156 (53.2) 16 (40.0) 46 (64.8) 53 (68.8) 110 (49.5)
HR 0.040 - -
Positive 77 (65.8) 222 (75.8) 0 (0) 0(0) 77 (100.0) 222 (100.0)
Negative 40 (34.2) 71 (24.2) 40 (100.0) 71 (100.0) 0 (0) 0 (0)
Ki-67 0.536 0.363 0.484
<30% 25 (21.4) 71 (24.2) 5(12.5) 4 (5.6) 20 (26.0) 67 (30.2)
>30 % 92 (78.6) 222 (75.8) 35 (87.5) 67 (94.4) 57 (74.0) 155 (69.8)
Chemotherapy 0.189 0.254 0.542
regimen
Anthracycline + 110 (94.0) 283 (96.6) 35 (87.5) 66 (93.0) 75 (97.4) 217 (97.7)
taxane
Platinum 2(1.7) 6 (2.0) 2 (5.0) 4 (5.6) 0(0) 2(0.9)
Others 5(4.3) 4149 3(7.5) 1(1.4) 2(2.6) 3(1.4)
Surgery 0.901 0.098 0.416
Mastectomy 97 (82.9) 238 (81.2) 38 (95.0) 58 (81.7) 59 (76.6) 180 (81.1)
Breast conserving 14 (12.0) 40 (13.7) 2 (5.0) 7 (9.9) 12 (15.6) 33 (14.9)
IBR 6 (5.1) 15 (5.1) 0(0) 6 (8.5) 6(7.8) 9(4.1)

IBC-NST, invasive breast cancer, no special type; HR, estrogen receptor; IBR, immediate breast reconstruction.

= 0.047), less lymph node metastatic burden (N2-3: 41.0 % vs. 57.1 %,
P =0.014) and earlier clinical stage (clinical stage III: 49.5 % vs. 68.8 %,
P = 0.003) than HER2-zero breast cancer patients. Other features of
patient and treatment were similar between HER2-low and HER2-zero
patients in both HR positive breast cancer patients and TNBC.

3.2. HER2 and efficacy of neoadjuvant chemotherapy

When pCR was defined as ypTis/OypNO, no statistical significant
differences in pCR rate were found between HER2-low and HER2-zero

breast cancer among the entire population (33.8 % vs. 39.3 %, P
0.290, Fig. 2), HR positive breast cancer patients (27.5 % vs. 33.8 %, P =
0.295) and TNBC (53.5 % vs. 50.0 %, P = 0.721).

In addition, another criteria of pCR which was defined as ypTOypNO
was also exploratively analyzed. In the entire population, 97 patients
achieved pCR and the pCR rate was 23.7 % with the pCR defined as
ypTOypNO. The pCR rate of HER2-low patients was significantly lower
than HER2-zero patients in the entire population (19.8 % vs. 33.3 %, P
= 0.004) and HR positive breast cancer patients (12.6 % vs. 29.9 %, P =
0.001). However, no significant differences in pCR rate were found
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Fig. 2. The pCR rate in the entire cohort, HR-positive disease and TNBC with different evaluation criteria for pCR after NAC, including ypTis/OypNO and ypTOypNO.

between HER2-low and HER2-zero breast cancer in TNBC (42.3 % vs.
40.0 %, P = 0.817).

3.3. Evolution of HER2 after neoadjuvant chemotherapy

In the entire population, 265 patients did not obtain pCR and evo-
lution of HER2 expression was analyzed before and after NAC in these
patients. In the entire population, the overall evolution rate of HER2
expression after NAC was 26.4 % (Fig. 3). Among the 71 HER2-zero
patients, 49 (69.0 %) cases remained HER2-zero, 19 (26.8 %) cases
transitioned to HER2-low expression, and the remaining 3 (4.2 %)

a

primary BC Residual disease

All

primary BC Residual disease

HR+/HER2-

HER2-zero HER2-low. HER2-positive

HER2 expression on primary breast cancer n%

HER2-zero 34(66.7) 14(27.5) 3(5.9) 51(24.1)
HER2-low 25(15.5) 128(79.5) 8(5.0) 161(75.9)
Alln,% 59(27.8) 142(67.0) 116.2) 212

patients transitioned to HER2-positive. The overall evolution rate of
HER2 expression after NAC was 31.0 %. Among the 194 HER2-low pa-
tients, 146 (75.3 %) cases remained HER2-low, 36 (18.5 %) cases
transitioned to HER2-zero, and the remaining 12 (6.2 %) patients
transitioned to HER2-positive. The overall evolution rate of HER2
expression after NAC was 24.7 %.

In patients with HR positive disease, the overall evolution rate of
HER2 expression after NAC was 23.6 %. Among the 51 HER2-zero pa-
tients, 34 (66.7 %) cases remained HER2-zero, 14 (27.5 %) cases tran-
sitioned to HER2-low expression, and the remaining 3 (5.9 %) patients
transitioned to HER2-positive. The overall evolution rate of HER2

HER2-zero HER2-low HER2-positive

HER2 expression on primary breast cancer n%

HER2-zero(71)  49(69.0) 19(26.8) 34.2) 71(26.8)
HER2-low(194)  36(18.6) 146(75.3) 12(6.2) 194(73.2)
Alln,% 85(32.1) 165(62.3) 15(5.7) 265

primary BC Residual disease

TNBC

| |HeR2 cxpression onvesidual disease after NAG n %

HER2-low

HER2-zero
HER? expression on primary breast cancer n%

HER2-positive

HER2-zero 15(75.0) 5(25.0) 0(0) 20(37.7)
HER2-low 11(33.3) 18(54.5) 4(12.1) 33(62.3)
Alln% 26(49.1) 23(43.4) 4(7.5) 53

Fig. 3. HER2 evolution from baseline biopsy to residual disease after NAC in the entire cohort (a), HR-positive disease (b) and TNBC (c).
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expression after NAC was 33.3 %. Among the 212 HER2-low patients,
128 (79.5 %) cases remained HER2-low, 25 (15.5 %) cases transitioned
to HER2-zero, and the remaining 8 (5.0 %) patients transitioned to
HER2-positive. The overall evolution rate of HER2 expression after NAC
was 20.5 %.

In TNBC, the overall evolution rate of HER2 expression was 37.7 %.
Among the 20 HER2-zero patients, 15 (75.0 %) cases remained HER2-
zero, 5 (25.0 %) cases transitioned to HER2-low expression, with no
patients transitioned to HER2-positive. The overall evolution rate of
HER2 expression after NAC was 25.0 %. Among the 33 HER2-low pa-
tients, 18 (54.5 %) cases remained HER2-low, 11 (33.3 %) cases tran-
sitioned to HER2-zero, and the remaining 4 (12.1 %) patients
transitioned to HER2-positive. The overall evolution rate of HER2
expression after NAC was 45.5 %.

3.4. Clinicopathological characteristics of HER2 evolution

The relationship between HER2 evolution and clinicopathological
characteristics was further analyzed. Among HER2-zero population,
significant association was observed between HER2 evolution with
histology type and Ki-67 index (Table 2). Compared with HER2 stable
cases, the proportion of pure invasive breast cancer (IBC-NST) was
higher in HER2 gain (HER2-zero transitioned to HER2-low and HER2-
positive) cases (100.0 % vs. 69.4 %, P = 0.009). Simultaneously, the
proportion of Ki-67 < 30 % was also higher in HER2 gain cases than
HER2 stable cases (40.9 % vs. 16.3 %, P = 0.025). In patients with HR
positive disease, patients with Ki-67 < 30 % were more prone to the
occurrence of HER2 evolution (52.9 % vs. 23.5 %, P = 0.036). In TNBC,
patients with T3-4 were more prone to the occurrence of HER2 evolution
(100.0 % vs. 11.8 %, P = 0.009).

Among HER2-low expression population, significant association was
observed between HER2 evolution with clinical lymph node involve-
ment, HR status and Ki-67 index (Table 3). The evolution rate of HER2
expression [HER2-low transitioned to HER2-zero (HER2 loss) and
HER2-positive (HER2 gain)] was much higher in cN2-3 (31.2 % vs. 18.8
%, P = 0.025), HR negative (45.5 % vs. 20.5 %, P = 0.010) and Ki-67 >
30 % (30.3 % vs. 9.6 %, P = 0.008) patients. In TNBC, patients, with
other histology type (85.7 % vs. 34.6 %, P = 0.047) and cT3-4 (50.0 %
vs. 40.0 %, P = 0.016) were more prone to the occurrence of HER2
evolution. In patients with HR positive disease, patients with N2-3 (25.0
% vs. 16.0 %, P = 0.014) and stage III (22.2 % vs. 18.3 %, P = 0.030)
were more prone to the occurrence of HER2 evolution.

Table 2
Clinicopathological characteristics of HER2-zero Expression Evolution.
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3.5. Survival analysis of baseline HER2 expression and HER2 evolution

Survival analysis was performed in the 265 patients who did not
obtain pCR. For baseline HER2 expression, in the entire population, the
5-year rate of DFS in HER2-low cases was significantly better than
HER2-zero breast cancer patients (83.1 % vs. 70.5 %, P = 0.003, Fig. 4a).
And the 5-year rate of OS in HER2-low cases was also significantly better
than HER2-zero breast cancer patients (88.1 % vs. 75.9 %, P = 0.002,
Fig. 4b). Similarly, HER2-low cases also showed better survival data of
DFS (85.5 % vs. 70.5 %, P = 0.005, Fig. 4c) and OS (89.6 % vs. 76.5 %, P
= 0.006, Fig. 4d) than HER2-zero patients in patients with HR positive
disease. Multivariate Cox proportional hazards regression analyses also
showed that HER2-low was independent prognostic factors affecting
DFS and OS in HR positive population (Supplementary Table 1). How-
ever, there were no statistically significant survival differences in DFS (P
= 0.540, Fig. 4e) and OS (P = 0.301, Fig. 4f) between HER2-low and
HER2-zero breast cancer in TNBC cohort. For the evolution of HER2, in
the HER2-zero population, no statistically significant differences in DFS
(65.6 % vs. 81.8 %, P = 0.413, Fig. 5a) and OS (71.3 % vs. 86.4 %, P =
0.273, Fig. 5b) were found between HER2 stable and HER2 gain cases.
And similarly, no statistically significant differences were observed be-
tween HER2 stable and HER2 gain cases with respect to HR positive
disease (Fig. 5c/d) and TNBC (Fig. 5e/f) subgroup. In the HER2-low
population, no differences were found in DFS and OS according to the
evolution of HER2, including HER2 stable, HER2 loss and HER2 gain
(Fig. 6).

4. Discussion

HER2 is the most important therapeutic target for solid tumors,
including breast cancer. In the past, breast cancer was divided into
HER2-positive and HER2-negative. HER2-positive breast cancer was
initially defined as breast cancer with HER2 overexpression caused by
ERBB2 gene amplification. The precise classification of HER2 positive
breast cancer accounts for about 15-20 % of all breast cancer, and has
evolved into a synonym for predicting the effectiveness of HER2 tar-
geted therapy such as trastuzumab. Anti-HER2 targeted therapies have
experienced the era of single target, dual target, tyrosine kinase inhibitor
(TKI) and ADC. Trastuzumab deruxtecan (T-DXd), a new generation
ADC drug, has a unique bystander effect and shows good efficacy in
breast cancer population with low expression of HER2. Approximately
50 %-60 % of breast cancers are scored as having low HER2 expression
by IHC, which had unique and differential biological behavior [18-21].

Characteristic Total (n = 71) TNBC(n = 20)

HR positive (n = 51)

HER2-stablen=49  HER2-gainn=22 P

HER2-stablen =15

HER2-gainn=5 P HER2-stablen=34 HER2-gainn=17 P

Histology type 0.009
IBC-NST 34 22 9
Other 15 0 6

cT 0.714
T1-2 29 12 15
T3-4 20 10

cN 0.406
NO-1 23 8 10
N2-3 26 14

Clinical stage 0.313

I 17 5 10

11 32 17

HR 0.495
Positive 34 17
Negative 15 5 15

Ki-67 0.025
<30% 8 9

>30 % 41 13 15

0.260 0.051
5 25 17
0 9 0

0.009 0.234
2 14 10
3 20 7

0.266 0.135
5 13 3
0 21 14

0.347 1.000
2 7 3
3 27 14
0 34 17
5 0 0

- 0.036
0 8 9
5 26 8

IBC-NST, invasive breast cancer, no special type; HR, estrogen receptor.
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Table 3
Clinicopathological characteristics of HER2-low Expression Evolution.
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Characteristic ~ Total (n = 194) TNBC(n = 33) HR positive (n = 161)
HER2- HER2-loss HER2-gain P HER2- HER2-loss HER2- P HER2- HER2-loss HER2- P
stable n = n=236 n=12 stable n = n=11 gainn =4 stable n = n=25 gainn=38
146 18 128
Histology 0.104 0.047 0.149
type
IBC-NST 121 30 7 17 7 2 104 23 5
Other 25 6 5 4 2 24 2 3
cT 0.278 0.016 0.734
T1-2 97 21 10 9 2 4 88 19 6
T3-4 49 15 9 9 0 40 6 2
cN 0.025 0.077 0.014
NO-1 82 17 14 4 2 68 13 0
N2-3 64 19 10 4 7 2 60 12 8
Clinical stage 0.201 0.472 0.030
I 63 15 2 2 58 13 0
1 83 21 10 13 9 2 70 12 8
HR 0.010 - -
Positive 128 25 8 0 0 0 128 25 8
Negative 18 11 4 18 11 4 0 0 0
Ki-67 0.008 0.150 0.066
<30 % 47 5 4 0 0 43 5 0
>30 % 99 31 12 14 11 4 85 20 8

IBC-NST, invasive breast cancer, no special type; HR, estrogen receptor.
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Fig. 4. Kaplan-Meier curve of DFS (a) and OS (b) in the entire cohort with different baseline HER2 status (HER2-low vs. HER2-zero). Kaplan-Meier curve of DFS (c)
and OS (d) in HR positive patients with different baseline HER2 status (HER2-low vs. HER2-zero). Kaplan-Meier curve of DFS (e) and OS (f) in TNBC with different

baseline HER2 status (HER2-low vs. HER2-zero).

However, one study shows that HER2-low vs HER2-0 do not differ from
the prognostic perspective in the metastatic BC setting [22]. Another
study emphasized the large biological heterogeneity of HER2-low BC,
and the need to implement reproducible and sensitive assays to measure
low HER2 expression [23]. But, some studies also showed that the
genomic landscape of HER2-low and HER2-0 tumors does not differ
significantly, apart from a higher ERBB2 copy count among HER2-low

tumors, and a higher rate of ERBB2 hemideletions in HER2-0 tumors
[24]. The consensus of clinical diagnosis and treatment of HER2-low
breast cancer state that although HER2-low breast cancer is expected
to become a new treatment subtype, but should not be considered a new
pathological molecular subtype [25,26]. However, this does not hinder
HER2-low breast cancer as a new direction of basic research and clinical
treatment of breast cancer.
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Our present study enrolled 410 HER2 negative breast cancer patients
receiving NAC, and HER2-low breast cancer accounted for a consider-
able proportion, reaching 71.5 %. The proportion of HR positive patients
in HER2-low breast cancer was higher than in HER2-zero breast cancer
patients, which was consistent with previous studies. The ratio of HER2-
low was proportional to the expression level of estrogen receptor. Some
studies have shown that most of the clinicopathological differences be-
tween HER2-low and HER2-zero breast cancer actually depend on the
HR expression level, and there was no significant difference between
HER2-low and HER2-zero breast cancer after correcting for HR status
[27]. However, our study did not support this view. In subgroup of TNBC
and HR positive disease, HER2-zero and HER2-low patients exhibited
different clinicopathological characteristics. In TNBC, HER2-low pa-
tients had a greater tumor burden. However, HER2-low patients
exhibited smaller tumor size, less node involvement and earlier clinical
stage in HR positive disease. And thus, our present study supported that
HER2-low breast cancer had unique clinicopathological features, and it
was proposed for the first time that the biological behavior of HER2-low
breast cancer was related to HR status in NAC setting.

Currently, whether HER2-low expression will affect the efficacy of
NAC for breast cancer is inconsistent [28-30]. A study summarized the
data of 1098 HER2-low and 1212 HER2-zero breast cancer patients who
received NAC in four prospective neoadjuvant clinical trials (Gepar-
septo; Geparocto; GeparX; Gain-2), which showed that the pCR rate of
HER2-low tumors was significantly lower than that of HER2-zero pa-
tients (29.2 % vs 39.0 %, p = 0.0002) [31]. However, another study
showed that there was no significant difference in pCR rate between
HER2-low and HER2-zero breast cancer patients receiving NAC [32]. In
our present study, with the pCR defined as ypTis/OypNO, no statistical
significant differences in pCR rate were found between HER2-low and

HER2-zero breast cancer among the entire population, HR positive
breast cancer patients and TNBC. However, the pCR rate of HER2-zero
patients was significantly lower than HER2-zero patients in the entire
population and HR positive disease with the pCR defined as ypTOypNO.
Therefore, we proposed for the first time that different criteria of pCR
need to be considered when evaluating whether HER2-low will affect
the response to NAC in breast cancer. This was attributed to that HER-2
low breast cancer had a higher proportion of ductal carcinoma in situ
(DCIS) in the residual disease after NAC, which also reflected the
different pathological response pattern of HER-2 low breast cancer to
NAC compared with HER2-zero breast cancer.

The pCR rate in HR-positive patients was 29.1 % (ypTis/OypN0) and
17.1 % (ypTOypNO), which seems to be higher than previous clinical
studies. For example, KEYNOTE-756 and CheckMate 7FL clinical studies
explored the clinical efficacy of immune checkpoint inhibitors (ICIs) in
HR positive breast cancer patients. The pCR rates of HR positive patients
receiving chemotherapy alone were 15.6 % and 13.8 %, respectively.
We speculate that there are two reasons. First, a considerable proportion
of patients exhibit residual intraductal carcinoma in the primary tumor
lesion in this study. We will continue to monitor the tumor response
patterns of HR positive patients in future research. Second, the results of
a Swedish breast cancer research group (241MO) released at the 2023
ESMO conference showed that there was no significant difference in OS,
distant disease-free survival, and pCR rate between ER negative and ER
low positive (1%-10 %) breast cancer patients. In the cohort of HR
positive patients of this study, 35 patients had ER low positive expres-
sion, which may affect the overall pCR of the population.

The state of HER2 can change as the disease progresses. A study
conducted on 512 patients with advanced TNBC by performing core
needle biopsy in different stages of the disease showed that the
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proportion of HER2-low disease increased with consecutive biopsies,
which ranged from 59 % (one biopsy), 73 % (two biopsies), 83 % (three
biopsies), 83 % (four biopsies), and 100 % (> five biopsies). About one-
third of HER2-zero patients transformed to HER2-low. Another study
demonstrated that 31.7 % of metastatic breast cancer patients transi-
tioned from HER2-zero to HER2-low during anti-HER2 targeted thera-
pies, and also observed heterogeneity in HER2 status within metastatic
lesions [17]. However, the evolution of HER2 status is rarely investi-
gated so far in breast patients undergoing NAC. A previous study have
suggested that the overall rate of HER2 evolution from baseline biopsy
to residual disease after NAC was 26.4 %, mostly represented by cases
switching from HER2-zero to HER2-low (8.9 %) and from HER2-low to
HER2-0 (14.7 %) [33].

The current study was performed in 265 patients failing to achieve
PCR to evaluate the evolution of HER2 expression from baseline biopsy
to residual disease after NAC.The overall evolution rate of HER2
expression after NAC was 26.4 %, including HER2-zero cases transi-
tioned to HER2-low and HER2-positive (31.0 %) and HER2-low cases
transitioned to HER2-zero and HER2-positive (24.7 %). Compared with
patients with HR positive disease, patients with TNBC had higher evo-
lution rate of HER2 expression after NAC (37.7 % vs. 23.6 %). Our study
demonstrated the high instability of HER2 expression from baseline to
residual disease, suggesting the importance of re-pathological assess-
ment of HER2 after NAC. Exploratory analysis of clinicopathological
characteristics and HER2 evolution revealed that patients with high
tumor burden were more prone to the occurrence of HER2 evolution,
which may be related to the higher tumor heterogeneity in these pa-
tients. In addition to metastatic breast cancer, novel ADC drugs such as
T-DXd have been moving forward to adjuvant and neoadjuvant thera-
pies. Our study on the evolution of HER2 after NAC provides valuable
insights for the design of clinical trials related to the application of ADC

drugs in non-pCR patients.

Previous studies suggested that HER2-low patients seem to have a
better prognosis, although this difference was relatively small. A retro-
spective study from the cancer database showed that in stage II — IV
TNBC and stage III — IV HR positive breast cancer, patients with low
HER2 expression had better OS [24]. Similarly, previous studies also
revealed that in patients receiving NAC, after adjusting for factors such
as tumor stage and HR status, low expression of HER2 was significantly
associated with longer OS [9]. We also performed survival analysis to
assess survival differences according to baseline HER2 status and HER2
evolution from primary to residual disease. Significantly improved in
both DFS and OS was observed in baseline HER2-low patients compared
with HER2-zero cases. It was worth noting that this survival difference
was related to HR status, the survival improvement observed only in HR
positive patients, rather than TNBC. However, evolution of HER2
expression from baseline biopsy to residual disease after NAC had no
prognostic influence, regardless of HER2 loss or HER2 gain. Our
research supported that intensive treatment was necessary for HER2
negative patients who did not obtain pCR after NAC.

Our present study has some limitations. First, a retrospective study
from a single center was the main limitation of our present work. Sec-
ond, the patients enrolled in the study were small. Third, the pathology
was retrospectively analyzed, which was neither revised nor centralized.
Fourth, all the patients enrolled were Asian ancestry and have not been
included in other ethnicities. Future prospective and confirmatory
studies are needed to evaluate the clinicopathological characteristics
and value of HER2-low expression evolution in breast cancer receiving
NAC.



Y. Shao et al.

5. Conclusion

In conclusion, we reported that HR positive and HR negative HER2-
low breast cancer exhibit different clinicopathological features,
response to NAC and HER2 evolution after treatment.
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