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Abstract: This study aimed to analyze HER-2 zero or HER-2 low conversion in HER-2 negative patients after neoadju-
vant chemotherapy (NAC) and evaluate its prognostic significance. HER-2 negative patients with breast cancer with
residual disease after NAC and paired pre- and post-therapeutic HER-2 testing results were analyzed retrospectively.
HER-2 low, defined as immunohistochemistry (IHC) scores of 1+ or 2+/in situ hybridization (ISH), were not ampli-
fied. HER-2 zero is defined as an IHC score of O. A total of 571 patients were enrolled, including primary HER-2 zero
(n=201, 35.2%) and HER-2 low (n=370, 64.8%). The overall HER-2 change rate was 32.4%. Multivariable logistic
regression showed that patients with hormone receptor-positive status before NAC was significantly associated
with the conversion of HER-2 zero to low (OR=3.436, P < 0.0001). The median follow-up time was 50.0 months. In
patients who are primary HER-2 zero, HER-2 zero to low was significantly associated with better disease-free sur-
vival (DFS) than constant HER-2 zero (HR=0.49, P=0.01) after adjustment (4-year DFS 80.1% vs 55.7%, Log-rank
P=0.033). Subgroup analysis revealed that among patients who are primary HER-2 zero with hormone receptor-
positive, HER-2 zero to low had a significantly better DFS than constant HER-2 zero (Log-rank P=0.037). In contrast,
patients with hormone receptor-negative status did not. In conclusion, almost one-third of patients who are HER-2
negative underwent HER-2 zero or HER-2 low conversion after NAC. HER-2 zero to low conversion was associated
with better DFS in patients who are HER-2 zero. These results provide a valuable reference for the potential applica-
tion of anti-HER-2 ADC in an adjuvant setting for patients with residual disease after NAC.
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Introduction HER-2-targeting drugs such as trastuzumab [3].
With the development of anti-HER-2 antibody-
drug conjugates (ADC), trastuzumab deruxte-

can showed significant efficacy in patients with

Breast cancer is one of the most common can-
cers and a leading cause of cancer-related

deaths in women worldwide [1]. It is a highly
heterogeneous disease with significant biologi-
cal diversity and different clinicopathological
features and prognosis [2]. In clinical practice,
breast cancer can be molecularly classified
based on the estrogen receptor (ER), progester-
one receptor (PR), and human epidermal growth
factor receptor 2 (HER-2) status. For HER-2 sta-
tus, a dichotomy is typically used (positive or
negative), and HER-2-positive patients can use

HER-2 low, defined as a score of 1+ on immuno-
histochemistry (IHC) or as a score of 2+ and
negative results on in situ hybridization (ISH)
[4].

HER-2 low breast cancer, accounting for 45% to
55% of breast cancer patients, has emerged as
a novel therapeutic target for anti-HER-2 ADC,
but its prognostic significance remains unclear
[5, 6]. HER-2 status can shift during treatment,
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and there are disparities between primary and
recurrent breast cancers [7-10]. Notably, al-
terations in HER-2 status between positive and
negative have been observed after neoadju-
vant chemotherapy (NAC) [11, 12]. Niikura et al.
reported that 3.4% of patients initially diag-
nosed as HER-2 negative exhibited HER-2 posi-
tive status after NAC, while 21.4% of patients
had HER-2 conversion from positive to negative
status [13]. However, most studies have shown
that alterations in HER-2 status between posi-
tive and negative do not affect patient progno-
sis [14-16]. Currently, few studies are investi-
gating the conversion of HER-2 status between
HER-2 low and zero among patients who are
HER-2 negative pre- or post-NAC. Moreover, the
results regarding its prognostic impact from
existing studies are inconsistent [17, 18].

Our study aimed to analyze the conversion of
HER-2 status between low and zero in primary
HER-2 negative breast cancer after NAC, evalu-
ate the factors associated with this transition,
and explore its impact on prognosis.

Method
Study population

This multicenter retrospective study was per-
formed at three hospitals in China (Cancer
Hospital, Chinese Academy of Medical Scien-
ces, Beijing Chaoyang District Sanhuan Cancer
Hospital, and Cancer Hospital of Huanxing,
China). Patients were recruited if they met the
following inclusion criteria: 1) women aged > 18
years with pathologically diagnosed early inva-
sive breast cancer (clinical stage I-ll); 2) histo-
logically confirmed primary HER-2 negative; 3)
treated with NAC; 4) pathologically assessed
residual disease after surgery, defined as inva-
sive carcinoma of the breast or positive axillary
nodes; 5) HER-2 status of the residual disease.
Patients were excluded if any of the following
conditions were present: 1) recurrent or meta-
static breast cancer; 2) pathologically complete
response after surgery (ypTO/TisypNO); 3) no
survival follow-up information.

A total of 571 patients who were HER-2 nega-
tive receiving NAC with paired primary and
residual disease between July 2008 and August
2022 were included in the study. A flowchart is

presented in Supplementary Figure 1.

3860

Data collection and outcomes

Clinical and pathological data, including age,
histopathology, tumor size, nodal status, stage,
ER, PR, and HER-2 status were extracted. We
also collected neoadjuvant treatment informa-
tion from inpatient and outpatient medical
records. Clinical and pathological stages were
based on the seventh edition of the American
Joint Committee on Cancer Staging Manual
(AJCC 7t edition). Survival data were acquired
from medical records or telephone calls.

Pathology definition

The 2020 American Society of Clinical
Oncology/College of American Pathologists
(ASCO/CAP) guidelines were used to define ER
and PR, with a threshold of 1% of nuclei stain-
ing by IHC for the positive (= 1%) [19]. Hormone
receptor positivity (HR+) was defined as ER and
PR positivity, ER positivity and PR negativity, or
ER negativity and PR positivity. Hormone recep-
tor-negative (HR-) status was defined as ER- or
PR-negative. HER-2 negative was defined
according to the 2018 ASCO/CAP Guidelines
for tumors with IHC scores of O, 1+, or 2+/ISH
not amplified [3]. HER-2 low was defined as an
IHC score of 1+ or 2+/ISH not amplified, and
HER-2 zero was defined as an IHC score of O,
according to the 2023 European Society for
Medical Oncology expert consensus [20].

Survival definitions

The primary survival endpoint was disease-free
survival (DFS), which was defined as the time
from surgery to the first appearance of one of
the following invasive events: locoregional
recurrence, distant metastasis, new contralat-
eral or ipsilateral breast cancer, a second pri-
mary malignancy, or death from any cause. The
secondary endpoint was overall survival (0S),
defined as the time from neoadjuvant chemo-
therapy to death or the last follow-up [21].

Statistical analysis

Characteristics variables were shown in the
table. The chi-square test or the Fisher exact
test was used to compare categorical variables
(n/%), whereas the Student’s t test was per-
formed to compare continuous variables (mean
+ SD). Sankey plots were used to describe the
evolution of HER-2 expression. A Cohen kappa
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Figure 1. The evolution of HER-2 expression from primary to residual disease. A. The evolution in overall patients; B.
The evolution in hormone receptor positive patients; C. The evolution in hormone receptor negative patients.

analysis was used to assess the concordance
of HER-2 status between the primary and resid-
ual diseases. Bivariable logistic regression was
used to conduct a univariate analysis of the
factors related to HER-2 changes. Factors with
univariate P < 0.05 were included in the multi-
variate logistic models, and the corresponding
results were expressed in the table. Survival
outcomes, including DFS and OS, were estimat-
ed using the Kaplan-Meier (K-M) curve and
compared using the log-rank test. Multivariate
Cox regression models were used to identify
independent factors associated with survival
outcomes, as shown in the table. All tests were
two-sided, and a P value < 0.05 was consid-
ered statistically significant. Statistical analysis
was conducted using SPSS version 26.0 and R
software version 4.2.0.

Results

HER-2 changes from primary to residual
disease

The changes in HER-2 expression from primary
to residual disease in patients who are HER-2
negative are presented in Figure 1A. A total
of 571 patients with primary HER-2 negative
breast cancer with residual disease after NAC
were enrolled, including primary HER-2 zero
(n=201, 35.2%) and HER-2 low (n=370, 64.8%).
The overall HER-2 change rate was 32.4%,
HER-2 zero to low was 15.9% (n=91), HER-2 low
to zero was 15.4% (n=88), and HER-2 nega-
tive to positive changes were 1.1% (n=6). The
Cohen kappa value was 0.297. Among the 201
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patients with no HER-2 zero before NAC, 45.3%
(n=91) of patients showed HER-2 low after NAC.
Only 1 (0.4%) patient's HER-2 status trans-
ferred to positive. Among the 370 patients who
were HER-2 low before NAC, 23.8% (n=88)
showed HER-2 changes (low to zero) after NAC.
Additionally, 5 (1.4%) patients developed a
HER-2 positive status.

A total of 394 (69.0%) patients were HR+ and
177 (31.0%) were HR-. Changes in HER-2 ex-
pression according to hormone receptor status
are presented in Figure 1B and 1C. In the HR+
cohort, the HER-2 change rate was 32.5%
(n=128); 15.7% (n=62) of patients showed
HER-2 zero transfer to HER-2 low, and HER-2
low to HER-2 zero was 15.2% (n=60). A total
of 1.6% of the patients (n=6) had a HER-2 sta-
tus conversion from negative to positive. The
Cohen kappa value was 0.175. Similarly, in the
HR- cohort, 33.2% (n=57) of the patients
showed HER-2 transition. Of these patients,
16.4% (n=29) showed a conversion from HER-2
zero to HER-2 low, and 15.8% (n=28) showed
a switch in the opposite direction. The Cohen
kappa value was 0.349.

Baseline characteristics

The baseline characteristics of the overall pop-
ulation and groups are presented in Table 1. In
the HER-2 zero before NAC cohort, patients
with HER-2 changes (zero to low) were likely to
be hormone receptor-positive (68.1% vs 36.7%,
P < 0.0001) and had a higher proportion of
patients with Ki-67 < 20 (Ki-67 < 20, 27.5% vs
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Table 1. Baseline characteristics of the overall population

HER-2 zero before NAC HER-2 low before NAC

Characteristic Constantly ~ HER-2-zero HER-2-low to Constantly

HER-2 zero to HER-2-low p-value HER-2-zero HER-2 low p-value
N=109 N=91 N=88 N=277

Age at diagnosis
Median (range) 47 (25-75) 46 (26-75) 45 (21-74) 48 (24-77)
<35 18 (16.5) 19 (20.9) 0.724 16 (18.2) 42 (15.2) 0.368
36-49 44 (40.4) 34 (37.4) 37 (42.0) 101 (36.5)
>50 47 (43.1) 38 (41.8) 35 (39.8) 134 (48.4)

Menstruation status 0.906 0.329
Premenopausal 71 (65.1) 60 (65.9) 56 (63.6) 160 (57.8)
Postmenopausal 38(34.9) 31(34.1) 32 (36.4) 117 (42.2)

Clinical T stage 0.404 0.789
0-2 73 (67.0) 63 (69.2) 51 (57.9) 165 (59.6)

34 36 (33.0) 28 (30.8) 37 (42.1) 112 (40.4)

Clinical N stage 0.746 0.663

0 28 (25.7) 23 (25.3) 15 (17.0) 40 (14.4)
1 32(29.4) 33(36.3) 8 (20.5) 74 (26.7)
2 28 (25.7) 20 (22.0) 35 (39.8) 100 (36.1)

3 21(19.3) 15 (16.5) 0(22.7) 63 (22.7)

Clinical stage 0.267 0.957
Il 43 (39.5) 43 (47.3) 26 (29.6) 81(29.2)

11l 66 (60.5) 48 (52.7) 62 (70.4) 196 (70.8)

HR before NAC < 0.0001 0.008
Negative 69 (63.3) 29 (31.9) 28 (31.8) 51 (18.4)

Positive 40 (36.7) 62 (68.1) 60 (68.2) 226 (81.6)

Ki-67 before NAC 0.035 0.030
<20 17 (15.6) 25 (27.5) 18 (20.5) 94 (33.9)
> 20 87 (79.8) 61 (67.0) 65 (73.9) 180 (65.0)

Missing 5 (4.6) 5 (5.5) 5(5.7) 3(1.1)

Breast surgery 0.688 0.124
Mastectomy 95 (87.2) 81 (89.0) 75 (85.2) 252 (91.0)
Breast-conserving 14 (12.8) 10 (11.0) 13 (14.8) 25 (9.0)

Axillary node surgery 0.962 0.075
ALND 98 (89.9) 82(90.1) 81 (92.0) 269 (97.1)

SLNB 11 (10.1) 9(9.9) 7 (8.0) 8(2.9)

Miller-Payne grade 0.598 0.409
1-2 2(38.5) 29 (31.9) 34 (38.6) 107 (37.6)

3 5 (41.3) 46 (50.5) 36 (40.9) 127 (45.8)
4 5(13.8) 10 (11.0) 13 (14.8) 34 (12.3)
5 4(3.7) 3(3.3) 3(3.4) 3(1.1)
Missing 3(2.8) 3(3.3) 2(2.3) 6(2.2)

Pathologic T stage 0.581 0.266
ypTO 4(3.7) 3(3.3) 3(3.4) 5(1.8)
ypT1 55 (50.5) 42 (46.2) 34 (38.6) 127 (45.8)
ypT2 40 (36.7) 41 (45.1) 44 (50.0) 112 (40.4)
ypT3-4 10 (9.2) 5(5.5) 7 (8.0) 33 (11.9)

Pathologic N stage 0.283 0.205
ypNO 51 (46.8) 32(35.2) 24 (27.3) 3(19.1)
ypN1 26 (23.9) 32(35.2) 19 (21.6) 1(29.2)
ypN2 14 (12.8) 12 (13.2) 15 (17.0) 0 (21.7)
ypN3 18 (16.5) 15 (16.5) 30(34.1) 3(30.0)

3862 Am J Cancer Res 2024;14(8):3859-3872



Evolution and prognostic significance of HER-2 conversion

ypTNM stage 0.232 0.443
| 34 (31.2) 19 (20.9) 15 (17.0) 34 (11.9)
Il 42 (38.5) 43 (47.3) 27 (30.7) 95 (34.3)
1] 33(30.3) 29 (31.9) 46 (52.3) 149 (53.8)
HR after NAC < 0.0001 <0.0001
Negative 79(72.5) 32(35.2) 40 (45.5) 61 (22.0)
Positive 30 (27.5) 59 (64.8) 48 (54.5) 216 (78.0)
Ki-67 after NAC 0.001 0.058
<20 33(30.3) 49 (53.8) 44 (50.0) 171 (61.7)
> 20 75 (68.8) 41 (45.1) 42 (47.7) 102 (36.8)
Missing 1(0.9) 1(1.1) 2(2.3) 4(1.4)
Neoadjuvant therapy* 0.001 0.056
Anthracycline and taxane 42 (38.5) 59 (64.8) 52 (59.1) 196 (70.8)
Taxane and platinum 53 (48.6) 25 (27.5) 25 (28.4) 47 (17.0)
Anthracycline, taxane and platinum 7 (6.4) 0(0.0) 2(2.3) 3(1.1)
Anthracycline or taxane 5 (4.6) 5(5.5) 7 (8.0) 18 (6.5)
Endocrine therapy 0 (0.0) 0 (0.0) 0 (0.0) 6(2.2)
Others 2(1.8) 2(2.2) 2(2.3) 7(2.5)

We treated missing data as censored when performing chi-square analysis. *The rows of Anthracycline, taxane and platinum, Anthracycline or
taxane, Endocrine therapy and others were combined for x? test. Abbreviations: HR, hormone receptor; Ki67, Ki67 index; SLNB, Sentinel lymph
node biopsy; ALND, Axillary lymph node dissection; NAC, neoadjuvant chemotherapy.

15.6%, P=0.035). Among patients with HER-2
low before NAC, a higher proportion of hormone
receptor-negative tumors was observed in HER-
2-changed patients (low to zero) (31.8% vs
18.4%, P=0.008), and the Ki-67 level was rela-
tively high in patients with HER-2 changes (Ki-
76 > 20, 73.9% vs 65.0%, P=0.030). Regarding
the NAC regimen, patients with constant HER-2
zero were more likely to receive taxane and
platinum regimens than patients with HER-2
zero to low (48.6% vs 27.5%, P=0.001). No sig-
nificant differences were observed in other fac-
tors among the patients.

The baseline characteristics of the six patients
with HER-2 conversion from negative to posi-
tive are presented in Supplementary Table 1.
All the patients were hormone receptor-positive
before and after NAC. The Ki-67 index of the
residual disease in these patients was < 20.

Factors associated with HER-2 changes

Bivariable logistic regression analyses were
used to evaluate factors associated with HER-2
changes. Among the patients with HER-2 zero
before NAC, univariable analysis showed that
HR+ before NAC, Ki-67 < 20 before NAC, and
anthracycline and taxane neoadjuvant therapy
were found to be significantly associated with
HER-2 changes (zero to low). After multivaria-
ble adjustment, the results showed that HR+
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before NAC was related to the conversion of
HER-2 zero to HER-2 low (odds ratio [OR] 3.436;
P < 0.0001; Table 2).

In contrast to the HER-2 zero group, univariable
analysis in patients with HER-2 low before NAC
showed that HR before NAC, Ki-67 > 20 before
NAC, and those who received taxane and pla-
tinum neoadjuvant therapy were more likely to
have HER-2 transition (low to zero). However,
multivariable logistic regression analyses sh-
owed that none of the variables were signifi-
cantly association with HER-2 changes (low to
zero), including HR status (OR 0.755; P=0.409;

Supplementary Table 2).

Survival outcomes and prognostic factors

At the data cutoff of September 19, 2023, the
median follow-up time was 50.0 months (inter-
quartile range, 26.0-76.0 months). A total of
172 DFS and 72 OS events were observed.
According to HER-2 status before NAC, the
4-year DFS rates for patients with HER-2 zero
and HER-2 low were 67.0% and 69.5%, respec-
tively (Log-rank P=0.997). The 4-year OS rates
were 79.4% and 88.6%, respectively (Log-rank

P=0.135) (Supplementary Figure 2).

Univariate and multivariate analyses of DFS
and OS were performed separately for patients
with HER-2 zero and HER-2 low status before

Am J Cancer Res 2024;14(8):3859-3872
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Table 2. Bivariable logistic regression analysis of HER-2 status after NAC (HER-2 low versus HER-2

zero) among the patients with HER-2 zero before NAC

o Univariable Multivariable
Characteristic
OR 95% ClI p-value OR 95% ClI p-value

Age at diagnosis

<35 1

36-49 0.732 0.334-1.605 0.436

>50 0.766 0.353-1.660  0.499
Menstruation status

Premenopausal

Postmenopausal 0.965 0.537-1.734  0.906
Clinical T stage

0-2 1 0.733

3-4 0.901 0.496-1.639
Clinical N stage

0 1

1 1.255 0.602-2.619 0.544

2 0.870 0.392-1.927 0.731

3 0.870 0.367-2.059 0.751
HR before NAC

Negative 1 1

Positive 3.688 2.048-6.642 < 0.0001 3.436 1.746-6.762 < 0.0001
Ki-67 before NAC

<20 1 1

> 20 0.477 0.237-0.958  0.037 0.882 0.405-1.922  0.752
Neoadjuvant therapy

Anthracycline and taxane 1 1

Taxane and platinum 0.336 0.181-0.623  0.001 0.498 0.248-1.000  0.050

Others 0.356 0.132-0.958 0.041 0.381 0.135-1.080 0.070

NAC. In the HER-2 zero group, the pathological
N stage was an independent prognostic factor
for DFS and OS. Furthermore, HER-2 zero to low
was significantly associated with better DFS
(hazard ratio [HR] 0.49; P=0.01; Table 3) after
adjustment.

In the HER-2 low group, pathological N stage
and hormone receptor status were indepen-
dent prognostic factors for DFS and OS.
Furthermore, HER-2 changes (low to zero) did
not have a prognostic effect on survival out-
comes after adjustment (Supplementary Table
3).

Prognostic significance of HER-2 changes

To evaluate the potential prognostic impact of
HER-2 changes from primary to residual dis-
ease, we compared survival outcomes bet-
ween groups according to HER-2 status pre-
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and post-NAC, as well as hormone receptor sta-
tus. In the HER-2 zero before NAC cohort, the
4-year DFS rate of patients with HER-2 changes
(zero to low) was significantly better than that
of patients with HER-2 constant zero (80.1% vs
55.7%, Log-rank P=0.033). A similar result was
observed for OS outcomes; the 4-year OS rates
were 85.5% and 74.2%, respectively (Log-rank
P=0.048). We conducted further analyses
stratified by hormone receptor status before
NAC. In the HR- subgroup, there were no signifi-
cant differences in DFS and OS between the
two groups. However, in the HR+ subgroup,
patients with HER-2 low in residual disease had
significantly better DFS than those with con-
stant HER-2 zero (Log-rank P=0.037; Figure 2).

In the HER-2 low before the NAC cohort, there
were no significant differences in survival out-
comes between patients with HER-2 changes

Am J Cancer Res 2024;14(8):3859-3872
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Table 3. Univariable and multivariable analyses of patients with HER-2 zero before NAC

Disease-free survival Overall survival
Characteristic Univariable Multivariable Univariable Multivariable
OR 95% Cl p-value OR 95% Cl p-value OR 95% ClI p-value OR 95% Cl p-value
Age at diagnosis
<35 1 0.826 1 0.496
36-49 0.924 0.452-1.888 0.828 1.093 0.373-3.2 0.871
>50 1.104 0.560-2.173 0.776 1.618 0.593-4.418 0.348
Menstruation status
Premenopausal 1 1
Postmenopausal 1.228 0.732-2.062 0.437 1.325 0.643-2.73 0.445
Clinical T stage
0-2 1 1 1
34 1.738 1.045-2.890 0.033 1.155  0.650-2.051 0.624 1.893 0.935-3.830 0.076
Clinical N stage
Negative 1 1 1
Positive 2447 1.163-5.149 0.018 1.646  0.715-3.793 0.242 1.585 0.650-3.866 0.311
Ki-67 before NAC
<20 1
>20 1.442 0.745-2.792 0.278 1.587 0.601-4.195 0.352
NAC regimen
Anthracycline and taxane 1 0.685 1 0.168
Taxane and platinum 0.876  0.51-1.504 0.631 1.273 0.581-2.791 0.547
Others 1.271 0.561-2.88 0.566 2.537 0.964-6.678 0.059
Miller-Payne grade
1-2 1 0.708 1 0.382
3 0.94 0.55-1.606  0.822 1.008 0.472-2.153 0.984
4 0.565 0.216-1.478 0.245 0.501 0.112-2.24 0.366
5 1.015 0.239-4.305 0.983 2.828 0.627-12.759 0.176
Pathologic T stage
ypTO 1 0.04 0.308 1 0.09 1 0.091
ypT1 0.573 0.134-2.459 0.454 0.948  0.214-4.207 0.944 0.208 0.045-0.957 0.044 1.127 0.131-9.675 0.913
ypT2 1.062 0.253-4.461 0.935 1.326  0.313-5.619 0.702 0.401 0.091-1.77 0.228 2.058 0.25-16.953 0.503
ypT3-4 1.707 0.362-8.058 0.499 2.243 0.458-10.986 0.319 0.631 0.115-3.467 0.596 5.166 0.509-52.464 0.165
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Pathologic N stage

ypNO 1 0.002 0.029 1 0.126 1 0.003

ypN1 1.921 1.015-3.638 0.045 1.906  0.929-3.907 0.078 1.046  0.405-2.702 0.926 1.633 0.606-4.4 0.332

ypN2 0.869 0.294-2.569 0.799 0.690 0.224-2.127 0.519 1.027 0.286-3.685 0.968 2.28 0.611-8.509 0.22

ypN3 3.257 1.701-6.237 <0.001 2521 1.173-5.418 0.018 2,555 1.083-6.024 0.032 6.91 2.447-19.517 < 0.0001
HR after NAC

Negative 1 1 1

Positive 0.696 0.414-1.17 0.172 0.377 0.169-0.844 0.018 0.561 0.201-1.572 0.272
Ki-67 after NAC

<20 1 1 1

> 20 1.489 0.873-2.54 0.144 5.271 1.832-15.162 0.002 7.973 2.268-28.028 0.001
HER-2 status

Constant zero 1 1 1

Zero to low 0.57 0.337-0.964 0.036 0.490 0.285-0.843 0.010 0.477 0.224-1.014 0.054 0.51  0.219-1.184 0.117
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Figure 2. Kaplan-Meier curve showing disease-free survival (DFS) and overall survival (OS) of patients with HER-2 zero before neoadjuvant chemotherapy (NAC)
according to HER-2 changes. A. DFS of overall patients with HER-2 constant zero and HER-2 zero to low; B. DFS of hormone receptor positive patients with HER-2
constant zero and HER-2 zero to low; C. DFS of hormone receptor negative patients with HER-2 constant zero and HER-2 zero to low; D. OS of overall patients with
HER-2 constant zero and HER-2 zero to low; E. OS of hormone receptor positive patients with HER-2 constant zero and HER-2 zero to low; F. OS of hormone receptor
negative patients with HER-2 constant zero and HER-2 zero to low.

3867

Am J Cancer Res 2024;14(8):3859-3872



Evolution and prognostic significance of HER-2 conversion

(low to zero) and constant HER-2 low status.
The 4-year estimated DFS rates were 64.6%
and 71.8%, respectively, and the 4-year OS
rates were 87.5% and 89.3%. However, when
stratified according to hormone receptor sta-
tus, no differences were observed in terms of
OS and DFS in the HR+ and HR- subgroups
(Figure 3).

Discussion

Our study confirmed that HER-2 status is unsta-
ble and prone to change in primary patients
who are HER-2 negative after NAC. Moreover,
the alteration of HER-2 from zero to low exhib-
ited a favorable impact on prognosis among
patients with primary HER-2 zero, especially
the HR+ subgroup.

The status of HER-2 may undergo alterations
before and after NAC, as reported in previous
studies. In a study conducted by Kang et al.,
the discordance rate of HER-2 status among
patients who are HER-2 negative who received
NAC was 36.5% [17]. Our study demonstrated
an overall HER-2 change rate of 32.4%, which
aligns closely with their results. Miglietta et al.
observed the conversion of HER-2 from primary
to residual disease after NAC. However, the
study included patients who were both HER-2
positive and HER-2 negative, with a prevalence
of 8.9% for HER-2 zero to low and 14.8% for
HER-2 low to zero [18]. This finding underscores
the necessity of retesting the HER-2 status of
residual disease after NAC, as it can significant-
ly impact treatment decisions. For instance,
anti-HER-2 targeted therapy can only be select-
ed if the HER-2 status is converted to positive.

However, the specific mechanisms underlying
this change remains unclear. This may be due
to the temporal heterogeneity of HER-2 expres-
sion, the influence of treatment, or inconsisten-
cies in the pathologists’ interpretations. Most
experts agree with the heterogeneity hypothe-
sis in explaining changes in HER-2 expression
[22]. Previous research has reported that high-
er estrogen receptor expression is associated
with increased rates of HER-2 low disease [23,
24]. Our results demonstrate a correlation bet-
ween the conversion of HER-2 from zero to low
and HR+. In another study, patients with HR+
showed a higher probability of HER-2 transition
(zero to low) than those with HR- [17].
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An increasing number of studies have indicated
that there is no prognostic or biological differ-
ence between HER-2 low and HER-2 zero breast
cancers, and HER-2 low should not be consid-
ered an independent subtype [23, 25]. The
results of our study demonstrated that the
alteration of HER-2 from zero to low confers a
favorable prognosis among patients with pri-
mary HER-2 zero. To date, only one study inde-
pendently reported the prognostic significance
of HER-2 changes after NAC in primary HER-2
negative breast cancer. They reported that
HER-2 low to HER-2 zero was associated with
better OS and DFS compared to those with
constant HER-2 zero regardless of the estrogen
receptor [17]. Two additional studies included
patients with HER-2 negative and HER-2 posi-
tive who underwent NAC. Miglietta et al. report-
ed no DFS difference between the HER-2 con-
cordant group and HER-2 changed group
(concordant HER-2 zero vs HER-2 zero to low,
P=0.77; concordant HER-2 low vs HER-2 low to
zero, P=0.23) [18]. Zhu et al. found that among
patients who are ER-positive, patients who are
HER-2 zero to low had the lowest RFI, whereas
constant patients who are HER-2 low had the
highest RFI [26]. The different conclusions
drawn from these studies may be due to the
diverse populations and analytical perspec-
tives. Moreover, retrospective analysis of HER-2
status has unavoidable biases and limita-
tions making it difficult to reach a definitive
conclusion.

Our results showed that the expression of
HER-2 from zero to low had a better prognosis
than those patients with a constant HER-2 of
zero. Subgroup analysis revealed significant dif-
ferences in the hormone receptor-positive sub-
groups. As indicated in previous reports, among
hormone receptor-positive patients, patients
with HER-2 low had better survival than pa-
tients with HER-2 zero [6, 27]. This finding can
be interpreted in terms of molecular mecha-
nisms. Higher expression of luminal-related
genes was found in patients who are HER-2 low,
which may improve their response to endocrine
therapy [28]. Other researchers have also de-
monstrated that HER-2 low tumors show less
alteration in 17q peaks than HER-2 zero tumors
among hormone receptor-positive patients,
which may improve prognosis [22]. While our
study provides original insights, it also under-
scores the need for further investigation to elu-
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Figure 3. Kaplan-Meier curve showing disease-free survival (DFS) and overall survival (OS) of patients with HER-2 low before neoadjuvant chemotherapy (NAC)
according to HER-2 changes. A. DFS of overall patients with HER-2 constant low and HER-2 low to zero; B. DFS of hormone receptor positive patients with HER-2
constant low and HER-2 low to zero; C. DFS of hormone receptor negative patients with HER-2 constant low and HER-2 low to zero; D. OS of overall patients with
HER-2 constant low and HER-2 low to zero; E. OS of hormone receptor positive patients with HER-2 constant low and HER-2 low to zero; F. OS of hormone receptor
negative patients with HER-2 constant low and HER-2 low to zero.
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cidate the prognostic significance of HER-2
changes.

Patients with residual disease after NAC usual-
ly have a poor prognosis [29]. In contrast, ad-
juvant therapy for these patients can reduce
the risk of recurrence and improve prognosis,
such as adjuvant capecitabine for triple-nega-
tive breast cancer (TNBC) patients [30], adju-
vant olaparib for patients with BRCA mutations
[31], and trastuzumab emtansine for patients
who are HER-2 positive [32]. Ongoing studies
have explored the efficacy of ADC, such as
datopotamab deruxtecan and sacituzumab
govitecan, as adjuvant therapy for patients
with non-pathological complete response TNBC
after NAC. Currently, HER-2 low has emerged as
a novel target, and anti-HER-2 ADC has not
been approved for HER-2 low early breast can-
cer. Therefore, further clinical trials are war-
ranted to explore the potential application of
anti-HER-2 ADC in patients who are HER-2 low
with residual disease after NAC. Our findings
serve as a crucial point of reference for patients
with constant HER-2 low and those exhibiting
HER-2 low conversion, suggesting that both
groups can be candidates and are likely to
derive equal benefits from anti-HER-2 ADC
therapy.

This study’s findings should be considered in
light of these limitations. First, this was a retro-
spective study with unavoidable diagnoses and
selection errors, and the comparison of surviv-
al endpoints may have been statistically under-
powered. Second, there are subjective discrep-
ancies in the current interpretation of HER-2,
and the central laboratory did not review HER-2
status. Third, we should be aware of the hetero-
geneity of core needle biopsy, as it cannot pro-
vide a comprehensive representation of breast
cancer HER-2 status. However, our research
remains innovative in the investigation of ch-
anges in HER-2 expression within a neoadju-
vant cohort of patients with early breast can-
cer, which provides valuable insights into the
potential application of anti-HER-2 ADC in the
adjuvant setting among patients with residual
disease after NAC.

Conclusions
In conclusion, our study revealed the instability

of HER-2 expression from primary breast can-
cer to residual disease. This finding under-
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scores the necessity of retesting HER-2 status
in residual disease for the potential applica-
tion of anti-HER-2 ADC in the adjuvant setting
among patients with residual disease after
NAC. Furthermore, the expression of HER-2
from zero to low had a positive prognostic
effect on survival in patients with primary
HER-2 zero which needs to be further verified in
a large cohort.
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Breast cancer patients who received NAC
and surgery from July 2008 to January 2022
N=1580

A4

HER-2 negative breast cancer patients

N=939
1. 154 patients pCR W 1. 69 patients de novo IV
2. 53patients HER2 status < 2.76 patients have no access to acquire to
unknown J neoadjuvant information
3.7 patients have other malignant tumors
4.9 patients with contralateral breast cancer
v

HER-2 negative patients who have residual disease after surgery

N=571
A4 A
HER-2-zreo before HER-2-low before
NAC(N=201) NAC(N=370)
HER-2-zreo after HER-2-low after HER-2-positive HER-2-zero after HER-2-low after
NAC(N=109) NAC(N=91) after NAC(N=6) NAC(N=88) NAC(N=277)

Supplementary Figure 1. Flowchart of patient selection.

Supplementary Table 1. Baseline characteristics of patients with HER-2 positive tumors after NAC

Characteristic N=6

Menstruation status

Premenopausal 4

Postmenopausal 2
Clinical T stage

2 3

3 2

4 1
Clinical N stage

0 1

1 1

2 3

3 1
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Clinical stage

IIA 1

1B 1

1A 2

1B 1

e 1
HER-2 status before NAC

Zero 1

Low 5
HR before NAC

Negative 0

Positive 6
Ki-67 before NAC

<20 3

> 20 3

Missing
Breast surgery

Mastectomy 3

Breast-conserving 3
Axillary node surgery

ALND 5

SLNB 1
Miller-Payne grade

2 2

3 4
Pathologic T stage

ypT1 2

ypT2 4
Pathologic N stage

ypNO 1

ypN1 2

ypN2 1

ypN3 2
ypTNM stage

| 1

Il 2

1 3
HR after NAC

Negative 0

Positive 6
HER-2 after NAC

2+/FISH+ 5

3+ 1
Ki-67 after NAC

<20 6

> 20 0]

Missing
Neoadjuvant therapy

Anthracycline and taxane 5

Endocrine therapy 1
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Supplementary Table 2. Bivariable logistic regression analysis of HER-2 status after NAC (HER-2 zero
versus HER-2 low) among the patients with HER-2 low before NAC

o Univariable Multivariable
Characteristic
OR 95% ClI p-value OR 95% ClI p-value

Age at diagnosis

<35 1

36-49 0.962 0.483-1.913 0.911

>50 0.686 0.345-1.361 0.281
Menstruation status

Premenopausal 1

Postmenopausal 0.781 0.476-1.283 0.329
Clinical T stage

0-2 1

34 1.069 0.657-1.739 0.789
Clinical N stage

0 1

1 0.649 0.296-1.423 0.280

2 0.933 0.460-1.893 0.848

3 0.847 0.389-1.843 0.675
HR before NAC

Negative 1 1

Positive 0.484 0.281-0.831 0.009 0.755 0.388-1.471 0.409
Ki-67 before NAC

<20 1 1

> 20 1.886 1.057-3.363 0.032 1.698 0.939-3.068 0.080
Neoadjuvant therapy

Anthracycline and taxane 1 1

Taxane and platinum 2.005 1.130-3.558 0.017 1.471 0.733-2.953 0.278

Others 1.219 0.579-2.570 0.602 1.243 0.585-2.638 0.571
A 100 B

a0

Disease free Survival(%)

— Zero
---- Low

20—

Log-rank P=0.997

o0 | | 1 | |

60 -

.

Overall survival (%)

— Zero
--- Low
20

Log-rank P=0.135

1 1 | | | |

24 36 48 60
Time (months)
Number at risk
Zero
193
Low
349

141 111 90 68 54

268 pral 163 121 81

72

35

58

25 17

35 23

Number at risk
Zero

201 172
Low

370 309

138

266

36 48 60 72 84 96
Time(months)

106 80 66 47 34 25

221 169 116 76 55 39

Supplementary Figure 2. Kaplan-Meier curve showing disease-free survival (DFS) and overall survival (OS) of overall
patients according to HER-2 status before NAC. A. DFS of patients with HER-2 zero and HER-2 low. B. OS of patients
with HER-2 zero and HER-2 low.
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Supplementary Table 3. Univariable and multivariable analyses of patients with HER-2 low before NAC

Disease-free survival

Overall survival

Characteristic Univariable Multivariable Univariable Multivariable
OR 95% ClI p-value OR 95% Cl p-value OR 95% Cl p-value OR 95% ClI p-value
Age at diagnosis
<35 1 0.957 1 0.857
36-49 1.08 0.617-1.891 0.788 0.839 0.359-1.962 0.686
>50 1.032 0.594-1.793 0.011 0.789 0.340-1.829 0.580
Menstruation status
Premenopausal 1 1
Postmenopausal 0.878 0.598-1.289 0.507 0.512 0.256-1.022 0.058
Clinical T stage
0-2 1 < 0.0001 1 0.063 1 0.061
3-4 2.005 1.375-2.923 1502 0.977-2.308 1.803 0.973-3.340
Clinical N stage
Negative 1 0.069 1 0.073
Positive 1.746 0.958-3.184 3.677 0.887-15.241
Ki-67 before NAC
<20 1 1
> 20 1.283 0.841-1.957 0.248 1.794 0.814-3.957 0.147
Neoadjuvant therapy
Anthracycline and taxane 1 0.411 1 0.025
Taxane and platinum 1.295 0.805-2.081 0.286 2.569 1.299-5.079 0.007
Others 1.322 0.769-2.276 0.313 1.325 0.503-3.485 0.569
Miller-Payne grade
1-2 1 0.438 1 0.512
3 0.849  0.563-1.28 0.435 0.808 0.399-1.636  0.554
4 0.809 0.427-1.531 0.515 0.976 0.357-2.665 0.962
5 2.461 0.593-10.205 0.215 3.773 0.493-28.901 0.201
Pathologic T stage
ypTO 1 0.004 1 0.188 1 0.001 1 0.003
ypT1 0.348 0.083-1.455 0.148 0.613 0.139-2.701  0.518 0.224 0.029-1.729 0.151 0.723  0.087-6.002 0.764
ypT2 0.455  0.11-1.888 0.278 0.640 0.146-2.815 0.555 0.207 0.027-1.602 0.131 0.513 0.061-4.286 0.538
ypT3-4 0.917  0.213-3.95 0.907 1.117 0.236-5.290 0.889 0.797 0.102-6.218 0.829 2.618 0.292-23.491 0.390



Pathologic N stage
ypNO
ypN1
ypN2
yPN3

HR after NAC
Negative
Positive

Ki-67 after NAC
<20
> 20

HER-2 status
Constant zero
Zero to low

1.738
2.807
3.53

0.552

1.485

1.166
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0.873-3.46
1.395-5.649
1.873-6.655

0.371-0.823

1.015-2.172

0.757-1.796

< 0.0001
0.116
0.004

<0.0001

0.003

0.042

0.486

1.964
3.115
4.202

0.403

1.426

1.067

0.948-4.070

1.469-6.604

2.101-8.402

1

0.248-0.656

0.921-2.210

0.678-1.679

<0.0001
0.069
0.003
<0.001

< 0.0001

0.112

0.778

1
2.296
3.11
4.888

0.231

1.902

1.165

0.621-8.48
0.824-11.742
1.457-16.397

0.125-0.428

1.015-3.567

0.582-2.333

0.034

0.213

0.094
0.01

< 0.0001

0.045

0.667

1
4.225
5.774

13.137

0.096

0.963

1.008

0.894-19.961
1.136-29.358
2.921-59.084

0.041-0.224

0.446-2.077

0.487-2.086

0.001
0.069
0.035
0.001

< 0.0001

0.923

0.982




