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Abstract. Although trastuzumab deruxtecan improves the prog‑
nosis of patients with HER2‑low breast cancer, the characteristics 
and prognostic value of low HER2 status remains to be elucidated. 
A prospective database of patients with clinical stage I to III breast 
cancer who underwent surgery between September 2012 and 
October 2022 at Teikyo University Hospital (Tokyo, Japan) were 
analyzed. HER2 was evaluated using fluorescence in situ hybrid‑
ization assay, and HER2‑low and HER2‑negative was defined 
as HER2/CEP17 ratio ≥1.0, and <1.0, respectively. The median 
age and Ki67 score of the 1,024 patients were 56.0 years (range, 
23.0‑93.0 years) and 15.0% (range, 0.5‑99.0%), respectively. 
Overall, 908 (88.7%) patients were hormone receptor positive. 
Among all patients, 902 (88.1%) had HER2‑low tumors and 122 
(11.9%) had HER2‑negative tumors. Positive rates for estrogen 
receptor (ER) and progesterone receptor (PgR) were significantly 
higher in HER2‑low compared with HER2‑negative patients [ER: 
804 (89.1%) patients vs. 99 (81.1%) patients, P=0.021; PgR: 723 
(80.1%) patients vs. 86 (70.5%) patients, P=0.023]. The median 
Ki67 score was significantly lower in HER2‑low compared 
with HER2‑negative patients (14.5 vs. 18.5%; P=0.013). With 
a median follow‑up time of 46.2 months, the overall survival 
(OS) was significantly improved in HER2‑low compared with 
HER2‑negative patients (97.4 vs. 96.7%; P=0.029). Multivariate 
logistic regression analyses revealed that HER2‑low status was 
not an independent factor for OS. The findings of the present 
study suggest that HER2‑low status may not have a significant 
association with prognosis, despite a significant association 
between Ki67 and hormone receptor expression.

Introduction

The HER2 gene, located on the long arm of chromosome 
17, encodes a transmembrane tyrosine kinase receptor 

protein (1,2). Although normal breast epithelial cells 
have approximately 20,000 receptors per cell, the number 
of receptors is estimated to be about 2 million in HER2 
overexpressing breast cancer (1). The HER2 receptor 
has a tyrosine kinase within its intracellular domain. 
Upon dimerization, HER2 stimulates tyrosine kinase, 
resulting in the activation of signaling cascades. This 
cascade is involved in the proliferation, invasion, and 
metastasis of HER2 positive breast cancer (3). HER2 
overexpression was found in 15% of breast cancers and 
correlated with poor prognosis (4). Identification of 
the mechanism and aggressive feature of HER2 positive 
breast cancer has led to the development of trastuzumab, 
which has improved the prognosis of HER2 positive breast 
cancer.

NSABP‑B31 showed an improvement in disease‑free 
survival (DFS) and overall survival (OS) with trastuzumab 
in combination with adjuvant chemotherapy after surgery 
for HER2 positive early stage breast cancer (5). A reanalysis 
of HER2 expression in patients in this trial showed that 174 
of 1787 patients were HER2 negative, and further subgroup 
analysis showed an additive effect of trastuzumab in HER2 
negative patients [relative risk for DFS, 0.34; 95% confidence 
interval (CI), 0.14 to 0.80; P=0.014] (6). NSABP B‑47, a 
randomized trial of adjuvant chemotherapy in combination 
with or without trastuzumab for HER2‑negative patients 
showed no additive effect of trastuzumab [hazard ratio (HR), 
0.98; 95% CI, 0.76 to 1.25; P=0.85] (7).

HER2 negative breast cancer account for approximately 
80% of all breast cancers. Moreover, HER2 expression is 
observed in HER2 negative breast cancers, albeit at low levels 
(HER2‑low breast cancer) (8), accounting for approximately 
half of all breast cancer cases (9). Recently, trastuzumab 
deruxtecan was shown to improve the progression‑free 
survival (PFS) and OS of patients with HER2‑low breast 
cancer in DESTINY Breast04 trial. This new classification is 
very interesting and noteworthy. In addition, the DESTINY 
Breast06 trial showed that trastuzumab deruxtecan improve 
PFS in patients with HER2‑low breast cancer as well as 
HER2‑ultralow breast cancer. Nevertheless, the clinico‑
pathological features and prognosis of HER2‑low breast 
cancer remain poorly defined. Many other studies (3,7,10‑12) 
regarding the clinical characteristics of HER2‑low breast 
cancer have used immunohistochemistry (IHC) to determine 
HER2 status.
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In this study, we retrospectively analyzed the clinicopatho‑
logic characteristics and prognosis of HER2‑low breast cancer 
using fluorescence in situ hybridization (FISH). This is the 
first study to evaluate the HER2‑low status by FISH assay.

Materials and methods

Study design and population. A prospective database of patients 
with clinical stage I to III breast cancer who underwent surgery 
between September 2012 and October 2022 at Teikyo University 
Hospital was analyzed. Patients with pathologically diagnosed 
invasive carcinoma without HER2 amplification on presurgical 
core needle biopsy or surgical specimens were included. HER2 
gene amplification was evaluated by SRL Inc., Japan using the 
PathVysion HER‑2 DNA probe kit (Abbott Molecular Inc., 
IL). The PathVysion HER‑2 DNA probe kit consists of Locus 
Specific Identifier (LSI) HER‑2/neu spectrum orange DNA 
probe and Chromosome Enumeration Probe (CEP) 17 spectrum 
green DNA probe. The LSI HER‑2/neu DNA probe is a 226 Kb 
SpectrumOrange directly‑labeled, fluorescent DNA probe 
specific for the HER‑2/neu gene locus (17q11.2‑q12). The CEP17 
DNA probe is a 5.4 Kb SpectrumGreen directly‑labeled, fluores‑
cent DNA probe specific for the alpha satellite DNA sequence at 
the centromeric region of chromosome 17 (17p11.1‑q11.1). Tissues 
were fixed in 10% neutral buffered formalin solution for 24‑48 h, 
de‑alcoholized, and then paraffin‑embedded. Section slides were 
prepared with a thickness of 4 to 6 µm. Next, the samples were 
immersed in protease solution (37±1̊ C) for 10‑60 min for enzy‑
matic treatment, and then immersed in 10% neutral buffered 
formalin solution for 10 min at room temperature for fixation. 
After that, hybridization was performed. 10 µl of DNA probe 
was added to the sample and incubated at 37±1̊ C for 14‑18 h. The 
samples were washed by immersion in posthybridization wash 
buffer at 72±1̊ C for 2 min, and 10 µl of 4, 6‑diamidino‑2‑phenyl‑
indole counterstain was added for measurement. The signal was 
measured using a fluorescent microscope. The number of LSI 
HER‑2/neu and CEP17 signals in 20 nuclei were counted using 
a 63x or 100x objective lens. HER2‑low and HER2‑negative 
was defined as HER2/CEP17 ratio ≧1.0, and <1.0, respectively. 
Patients were considered hormone receptor (HR)‑positive if more 
than 1% of the infiltrating tumor cells showed immunostaining 
for estrogen receptor (ER) or progesterone receptor (PgR). 
Lymph node metastasis was assessed in presurgical core needle 
biopsy or surgical specimens. Pathologic complete response 
(pCR) was defined as ypT0/isN0.

Statistical analysis. To compare the patients' clinicopatho‑
logical characteristics, continuous variables are expressed as 
medians and categorical variables are expressed as numbers 
and percentages. Pearson χ2 test were used to compared 
categorical variables. Two‑sides P‑values of <0.05 were 
considered statistically significant. OS was defined as time 
from the date of surgery to time of death or last follow‑up. 
DFS was defined as time from the date of surgery to the date 
of disease recurrence or death or last follow‑up. Prognostic 
analysis was performed using the Kaplan‑Meier curves and 
the log‑rank test. Multivariate logistic regression analyses 
were used to identify independent prognostic factors. All 
statistical analyses were performed using the SPSS Statistics 
28.0.0.0 (IBM, Armonk, NY, USA).

Results

Clinicopathologic characteristics. The median age, tumor 
size, and ki67 of the entire 1024 patients was 56.0 years 
(range=20.0‑93.0), 2.0 cm (range=0.3‑15.0 cm), and 15.0% 
(range=0.5‑99.0%), respectively. 155 (15.1%) patients had 
lymph node metastasis. Additionally, 908 (88.7%) patients 
revealed HR positive (ER positive; 903 patients, PgR positive; 
810 patients). The number of HER2‑low and HER2‑negative 
patients was 902 (88.1%) and 122 (11.9%), respectively (Fig. 1).

No significant differences were observed between 
HER2‑low and HER2‑negative patients in factors of age, 
tumor size, clinical T stage, lymph node metastasis, nuclear 
grade, rate of neoadjuvant chemotherapy (NAC), and adju‑
vant therapy (Table I). Positive rates for ER and PgR were 
significantly higher in HER2‑low patients compared to 
HER2‑negative patients [ER: 804 (89.0%) patients vs. 99 
(82.0%) patients; P=0.021, PgR: 723 (80.2%) patients vs. 86 
(71.3%) patients; P=0.023]. The median ki67 was significantly 
lower for HER2‑low compared to HER2‑negative (14.5 vs. 
18.5%, P=0.013) patients.

NAC was performed on 197 patients, including 168 
HER2‑low and 29 HER2‑negative patients (Table II). Although 
the median ki67 was significantly higher for HER2‑negative 
compared to HER2‑low in patients treated with NAC (35.0 vs. 
30.0%, P=0.036), the pCR rates were not significantly different 
between the two groups [16.1% (27/168 patients) vs. 17.2% 
(5/29 patients), P=0.528].

Prognostic analysis. At a median follow‑up time of 46.2 months, 
the OS was significantly better in HER2‑low compared to 
HER2‑negative (97.4 vs. 96.7%, P=0.029, Fig. 2A) patient. 
DFS was not significantly different between the two groups 
(92.1 vs. 89.5%, P=0.294, Fig. 2B). In univariate analysis, 
lymph node metastasis, HR expression, HER2 status, nuclear 
grade, and ki67 were significantly associated with OS. In the 
multivariate logistic analysis, lymph node metastasis and HR 
expression were significantly associated with OS (Table III).

Among the HER2‑low patients, 23 cases had a HER2 copy 
number of ≥4.0, and 662 cases had <4.0. Meanwhile, among the 
HER2‑negative patients, one case had a HER2 copy number 
of ≥4.0, and 99 cases had <4.0. No significant difference was 
observed in the OS between the high copy number (≥4.0) and 
the low copy number (<4.0) (89.7 vs. 97.5% P=0.201, Fig. 3) 
group among the HER2‑low patients.

Among HR‑positive patients, HER2‑low and HER2‑
negative patients were 808 (89.0%) and 100 (11.0%), 
respectively. Among HR‑negative patients, HER2‑low and 
HER2‑negative patients were 94 (81.0%) and 22 (19.0%), 
respectively. There was no significant difference in the OS 
between HER2‑low patients and HER2‑negative patients in 
both HR positive and HR negative cases (HR positive: 98.2 vs. 
95.0%, P=0.332; HR negative: 92.4 vs. 83.3%, P=0.311, Fig. 4).

Discussion

In this study, the positive rates of ER and PgR were signifi‑
cantly higher, and the median ki67 was significantly lower 
in HER2‑low compared to HER2‑negative patients. With a 
median follow‑up time of 46.2 months, the OS was significantly 
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better in HER2‑low patients compared to HER2‑negative 
patients, and HER2‑low expression was not independently 
related factors for OS.

Schettini et al reported that HER2‑low tumors were more 
frequently found within HR‑positive disease compared to 
triple‑negative breast cancer (65.4 vs. 36.5%, P<0.001) (13). 
Tarantino et al reported that HER2‑low breast cancer 
patients had a significantly higher HR‑positive rate than 

HER2‑negative (90.6 vs. 81.8%, P<0.001) which is consistent 
with our study (89.6 vs. 82.0%, P=0.011) (10). Moreover, they 
analyzed the rate of HER2‑low breast cancer by ER expres‑
sion levels (negative, 0%; low, 1‑9%; moderate, 10‑49%; 
high, 50‑95%; very high, >95%) and found a positive corre‑
lation between ER expression and the rate of HER2‑low 
breast cancer (negative, 40.1%; low, 46.3%; moderate, 
55.2%; high, 57.8%; very high, 62.1%; P<0.001) (10). A study 

Table I. Patient characteristics.

  HER2‑low HER2‑negative
Characteristic Group (n=902) (n=122) P‑value

Median age, years (range)  56.0 (20‑93) 54.0 (23‑90) 0.286
Median tumor size, cm  2.0 1.9 0.546
cT stage, n (%) 1 482 (53.4) 66 (54.1) 0.955
 2 357 (39.6) 46 (37.7) 
 3 20 (2.2) 5 (4.1) 
 4 43 (4.8) 5 (4.1) 
Lymph node metastasis, n (%) Yes 134 (14.9) 21 (17.2) 0.468
 No 768 (85.1) 101 (82.8) 
Nuclear grade, n (%) 1 571 (63.3) 71 (58.2) 0.097
 2 141 (15.6) 20 (16.4) 
 3 126 (14.0) 25 (20.5) 
 Unknown 64 (7.1) 6 (4.9) 
Estrogen receptor, n (%) Positive 804 (89.0) 99 (82.0) 0.021
Progesterone receptor, n (%) Positive 723 (80.2) 86 (71.3) 0.023
Median Ki67 (%)  14.5 18.5 0.013
Neoadjuvant chemotherapy, n (%) Yes 168 (18.6) 29 (23.8) 0.160
 No 735 (81.5) 92 (75.4) 
Adjuvant therapy, n (%) Chemotherapy 141 (15.6) 19 (15.6) 0.894
 Endocrine 815 (90.4) 102 (83.6) 0.056
 Radiation 681 (75.5) 100 (82.0) 0.088

Figure 1. Distribution of HER2/CEP ratio in all patients.

https://www.spandidos-publications.com/10.3892/ol.2024.14838
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analyzing clinicopathologic characteristics of inflammatory 
breast cancer with HER2‑low also showed ER expressing 
tumors were more common in patients with HER2‑low 
vs. HER2‑negative (65 vs. 38%, P<0.01) (14). In addition, 
considering that the median ki67 was significantly lower in 

HER2‑low than in HER2‑negative (14.5 vs. 18.5%, P=0.013), 
HER2‑low was considered luminal‑like and HER2‑negative 
was considered triple negative breast cancer‑like. The 
PAM50 gene expression profile showed a lower percentage of 
basal‑like and higher percentage of luminal A in HER2‑low 
compared to HER2‑negative breast cancer patients (luminal 
A, 50.8 vs. 28.7%; basal‑like, 13.3 vs. 43.7%, P<0.001) (13). 
In other words, most of these studies showed that HER2‑low 
breast cancer is luminal‑like and HER2‑negative breast 
cancer is triple‑negative‑like. This finding is consistent 
with the significantly higher positive rate of ER and PgR 
in HER2‑low patients compared to HER2‑negative patients 
in our study. Therefore, luminal‑like feature might be one 
of the clinicopathologic characteristics of HER2‑low breast 
cancer.

There are various views on the prognostic impact of 
HER2‑low. Retrospective study of 3169 Japanese breast 
cancer patients without HER2 overexpression found no 
statistically significant differences between the prognosis of 
HER2‑low and HER2‑0 patients, regardless of HR status, 
although patients in the HER2‑low group tended to have 
better prognosis than those in the HER2‑0 group (5 year 

Table II. Patient characteristics of patients treated with neoadjuvant chemotherapy.

  HER2‑low HER2‑negative
Characteristics Groups (n=168) (n=29) P‑value

Median age, years  55.5 53.0 0.474
Median tumor size, cm  3.2 3.2 0.824
Lymph node metastasis, n (%) Yes 103 (61.3) 19 (65.5) 0.667
 No 65 (38.7) 10 (34.5) 
HR, n (%) Positive 105 (62.5) 14 (48.3) 0.148
 Negative 63 (37.5) 15 (51.7) 
Nuclear grade, n (%) 1.2 89 (53.0) 14 (48.3) 0.444
 3 70 (41.7) 15 (51.7) 
 Unknown 9 (5.4) 0 (0) 
Median Ki67 (%)  30.0 35.0 0.036
pCR rate (%)  16.1 17.2 0.528

HR, hormone receptor; pCR, pathologic complete response.

Figure 2. Kaplan‑Meier survival analysis for (A) OS and (B) DFS according to HER2 status. P‑values were obtained from the stratified log rank test. 
OS, overall survival; DFS, disease‑free survival.

Figure 3. Kaplan‑Meier survival analysis for OS according to HER2 copy 
number. Comparison of high (≥4.0) and low (<4.0) copy number in HER2‑low 
patients. OS, overall survival.
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OS: HR‑positive, 96.7 vs. 94.9%, P=0.215; HR‑negative, 
86.5 vs. 79.3%, P=0.152) (15). Another retrospective study 
of 804 primary breast cancer patients also confirmed no 
significant differences in progression‑free interval (PFI) 
between HER2‑low and HER2‑subtype (5 year PFI rate: 
HER2‑low/HR+ vs. HER2‑/HR+, 82.6 vs. 78.0%, P=0.65; 
HER2‑low/HR‑vs. HER2‑/HR‑, 63 vs. 65%, P=0.81) (16). 
Gampenrieder et al analyzed the prognostic value of low 
HER2 expression in metastatic breast cancer and reported that 
low HER2 expression was not associated with OS regardless 
of HR expression (11). A study analyzing clinicopathologic 
characteristics of inflammatory breast cancer (IBC) with 
HER2‑low reported that differences in OS were small, 
both among ER‑positive HER2‑negative vs. HER2‑low IBC 
(48 month OS: 80 vs. 81%, HR: 0.82, 95%CI:0.39‑1.73) and 
ER‑negative HER2‑negative vs. HER2‑low IBC (48 month 
OS: 34 vs. 47%, HR: 1.34, 95%CI: 0.74‑2.41) (14). Moreover, 
Mouabbi et al reported that progression‑free survival and 
OS were not statistically different between the patients 
with HER2‑low and HER2‑negative treated with targeted 

therapy (cyclin‑dependent kinase 4/6 inhibitors, everolimus, 
or alpelisib) plus endocrine therapy (17). Tarantino et al 
reported that patients with HER2‑low breast cancer had a 
significantly better OS than patients with HER2‑negative 
breast cancer. However, this significance disappeared 
when HR‑positive and HR‑negative were analyzed sepa‑
rately or when adjusted for menopausal status, HR status, 
tumor grade, and histology [HR‑positive, 1.34 (P=0.26); 
HR‑negative, 0.88 (P=0.65); overall, 1.14 (P=0.52)] (10). 
On the other hand, Park et al retrospectively analyzed 2452 
non‑metastatic triple negative breast cancer and revealed 
that OS was significantly better in patients with HER2‑low 
compared to HER2‑0 (HR: 0.698, 95%CI: 0.517‑0.943, 
P=0.019) (18). In our study, although OS was significantly 
better in HER2‑low, HER2‑low was not significant associ‑
ated factor for OS in multivariate analysis. The high rate 
of HR positivity in HER2‑low patients and the positive 
correlation between HER2 amplification and ER expres‑
sion suggest that HR status may be a confounding factor in 
prognosis.

Table III. Analysis of prognostic factor for OS.

  OS events, Univariate Multivariate logistic
  no. of events/ analysis regression analyses
Factor Group entire patients (%) P‑value P‑value

Age ≥56.0 years 21/529 (4.0) 0.125 
 <56.0 years 12/496 (2.4)  
Lymph node metastasis Yes 16/155 (10.3) <0.001 <0.001
 No 17/869 (2.0)  
HR Positive 20/908 (2.2) <0.001 0.005
 Negative 13/116 (11.2)  
HER2 Low 26/903 (2.9) 0.029 0.340
 Negative 7/121 (5.8)  
NG 1.2 17/803 (2.1) <0.001 0.231
 3 13/151 (8.6)  
Ki67  ≥15% 21/463 (4.5) 0.014 0.256
 <15% 8/458 (1.7)  

HR, hormone receptor; NG, nuclear grade.

Figure 4. Kaplan‑Meier survival analysis for overall survival of (A) HR‑positive and (B) HR‑negative patients according to HER2 status. HR, hormone receptor.

https://www.spandidos-publications.com/10.3892/ol.2024.14838
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Denkert et al performed a pooled analysis of a cohort 
study of patients with HER2 non‑amplified primary breast 
cancer who underwent NAC, and found a significantly 
higher pCR rate for HER2‑negative compared to HER2‑low 
across 2310 patients (39.0 vs. 29.2%, P=0.0002) (19). 
Tarantino et al analyzed inflammatory breast cancer and 
reported the higher pCR rate for HER2‑negative breast 
cancer compared to HER2‑low breast cancer (11 vs. 6%, OR: 
1.8, 95%CI:0.6‑5.3) (14). In our study, there was no signifi‑
cant difference in the pCR rate between the two groups (17.2 
vs. 16.1% vs., P=0.528). This could be attributed to a small 
number of patients in our study.

This study had several limitations, the most important 
limitation of this study is that the cutoff value for HER2‑low 
was defined as a HER2/CEP17 ratio ≧1.0. The definition of 
HER2‑low status using FISH assay requires careful consid‑
eration. In general, HER2‑low is defined as an IHC score of 
1+ or 2+ with negative FISH assay. Among 1024 cases in our 
study, HER2 status was evaluated by both IHC and FISH 
assay in 280 patients, and there was no significant correla‑
tion between IHC and FISH assay (HER2/CEP17 ratio; IHC 
0, 0.8‑1.7; 1+, 0.5‑1.7; 2+, 0.0‑1.7, P=0.118). In this study, 
HER2‑low was defined as HER2/CEP17 ratio ≧1.0 since 
copy number of HER2 is more than the CEP. The validity of 
this definition using FISH requires further investigation. The 
other limitation is that the data for this study was collected at a 
single site, so the results are exploratory. Moreover, our study 
was underpowered to find statistical significance due to the 
small sample size. Additionally, because of the short observa‑
tion period, caution is needed in interpreting the prognosis, 
especially considering that most of the patients in our study 
were HR positive. Therefore, this study is ongoing with addi‑
tional patients and an extended observation period. In the near 
future, more solid data will be provided.

Many other studies (3,7,10‑12) regarding the clinical 
characteristics of HER2‑low breast cancer have used IHC to 
determine HER2 status. To the best of our knowledge, this 
study is the only study evaluating HER2 status using FISH 
assay, and this new definition of HER2‑low is a strength of 
this study. In the future, this new definition may help guide 
treatment strategies for HER2‑low breast cancer.

In this analysis, HER2‑low patients had a significantly 
higher HR‑positive rate and lower median ki67 compared 
to HER2‑negative patients. Multivariate logistic regression 
analyses showed that HER2‑low status was not an independent 
factor for OS. These data suggested that HER2‑low may not be 
established as an independent subtype.
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