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Abstract
Background

Human epidermal growth factor receptor 2 (HER2) low expressed breast cancer was considered as a
distinct subtype different from HER2 negative tumors. We investigated the clinicopathological features
and recurrence score (RS) of HER2-low and HER2- patients and their prognostic value in hormone
receptor (HR) positive breast cancer.

Methods

A total of 2,099 HR-positive primary female breast cancer patients between Jan 2009 and Jan 2019 were
collected and tumors with immunohistochemistry 1 + or 2 + with negative in situ hybridization results was
de�ned as HER2 low. We retrospectively compared the clinical and genetical features of HER2-low (n = 
1,732) and HER2- (n = 367) breast cancer and theirs impacts on disease-free survival (DFS).

Results

The HER2 low tumors had a higher ratio of concurrent estrogen receptor (ER) high expression than HER2-
patients both at protein level (ER > 90%: 78.2% vs 58.6%, p < 0.01) and mRNA level (Spearman R = 0.5 vs
0.3). Analysis about DFS showed no signi�cant difference between HER2 negative and low subgroups (5-
year DFS: 92.3% vs 93.3%, p = 0.83). However, RS range (cut-off: 18 and 30) didn’t maintain its predictive
value in HER2 low patients (p = 0.11) unlike that in HER2- group (p = 0.003). Further research for
respective gene suggested that proliferation related genes performed well in predicting DFS in HER2-
patients but lost its value in HER2 low group (p for interaction < 0.01). Contrarily, higher HER2 module was
associated with worse DFS only in HER2 low patients (p = 0.04).

Conclusion

Our study found that HER2 low expression couldn’t be a prognostic factor in HR + patients. HER2-low
patients had a higher proportion of ER high expressed tumors than HER2- ones did. The 21-gene assay
and its proliferation module might be less applicable to HER2-low patients compared with HER2- patients.

Introduction
Human epidermal growth factor receptor 2 (HER2) was an important prognostic and predictive factor for
breast cancer. In general, HER2 positive breast cancer could bene�t from anti-HER2 agents such as
trastuzuamb, pertuzumab, lapatinib, etc1–3, while HER2 negative tumors couldn’t. In addition to this
conventional binary classi�cation, evolving evidence has indicated HER2 intratumor and intertumor
heterogeneity4–6. Cases with immunohistochemistry (IHC) 1 + or 2 + with negative in situ hybridization
(ISH) results, which had been categorized as HER2 negative before, were re-classi�ed into a distinct new
subtype: HER2-low breast cancer7.
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About 45%-55% breast cancers were HER2 protein low expression8. So far, studies about these tumors
were insu�cient for clinicians to differentiate them from other traditional subtypes. Previous evidence
also contradicted with each other when investigating the survival outcomes of these patients9–12. The
result of NASBP B-47 suggested that HER2-targeted therapy didn’t produce effect on HER2 low breast
cancer13 and this subset was treated as luminal-like or triple negative subtype according to the hormone
receptor (HR) status. However, the recent emergence of novel anti-HER2 agents brought striking bene�t to
HER2 low metastatic breast cancer14,15 possibly due to the bystander killing effect16. Therefore, further
investigation might change the pattern of diagnosis and treatment of HER2-low breast cancer.

Approximately 50–80% of traditional HER2-negative breast cancer were HR-positive simultaneously11,17.
Importantly, previous analysis suggested that the difference between HER2 low expression and HER2
negativity had more clinical impact in HR + breast cancer than in triple negative breast cancer17. In the
past two decades, the 21-gene recurrence-score (RS)18 has provided prognostic information for
HR+/HER2- patients in clinical practice, including HER2-low tumors. Whether low expression of HER2
gene or protein would in�uence the predictive value of the clinicopathological factors and RS has been
never investigated before. Furthermore, two HER2 ampli�cation related genes, growth factor receptor
bound protein 7 (GRB7) and HER2, were important components of the RS assay, and they might play a
different role in tumors with HER2 low status or complete HER2 negativity. Since HER2-low breast cancer
began to come into sight as a separate entity, it is necessary to re-evaluate the prognostic roles of
traditional features and the use of RS in HR+/HER2-low breast cancer patients.

In our study, we attempted to make a comparison of basic clinicopathological factors between HER2-low
and HER2- breast cancer patients. We also analyzed the prognostic value of the RS for the survival
outcome of these two subgroups.

Patients And Methods
Patients

In total, clinical data of 2,099 HR-positive primary female breast cancer patients between Jan 2009 and
Jan 2019 was collected from Shanghai Jiao Tong University Breast Cancer Data Base (SJTU-BCDB).
Inclusion criteria were listed as follows: (1) estrogen receptor (ER) positivity with ≥ 1% immunoreactive
tumor cell nuclei determined by IHC test19; (2) detailed IHC and ISH results of HER2; (3) record of a 21-
gene test. The median follow-up time was 50.19 (range 2.54–120.00) months.

HER2 Status

HER2 negativity was de�ned as score 0 of IHC. HER2-low expression was de�ned as IHC 1 + or 2 + 
combined with non-ampli�cation of HER2 gene on �uorescence in situ hybridization. According to
American Society of Clinical Oncology (ASCO) guidelines20, HER2 non-ampli�cation was
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HER2/centromeric probe for chromosome 17 (CEP17) ratio < 2.0 with average HER2 gene copy number < 
6.0 signals/cell, or average HER2 gene copy number < 4.0 signals/cell regardless of the ratio.

21-gene Assay Testing

The 21-gene tests were performed using formalin-�xed, para�n-embedded tissue. Hematoxylin and
eosin-stained slides were depara�nized into two 10µm unstained sections using xylene followed by
ethanol21. RNA was extracted using the RNeasy FFPE kit (QIAGEN, Hilden, Germany). Total RNA content
was quanti�ed after con�rmed the absence of DNA contamination. Then, gene-speci�c reverse
transcription was conducted followed by standardized quantitative reverse transcriptase-polymerase
chain reactions (RT-PCR) in 96-well plates with Applied Biosystems (Foster City, CA) 7500 Real-Time PCR
system. The PCR cycling went as follows: 95◦C for 10 min for one cycle, 95◦C for 20 s, and 60◦C. We
used 18 and 30 as the cutoff of RS range18.

Statistical Analysis
We used disease-free survival (DFS) as our endpoint. DFS was de�ned as the length of time from the �rst
treatment for breast cancer to the time of �rst event as follows: local, regional or distant recurrence,
contralateral breast cancer, secondary malignancy or death as a result of any cause. The Kaplan-Meier
survival analysis, univariate and multivariate Cox regression analysis was performed in patients
according to different genetic risks and HER2 expression. All our tests were performed using R Studio
version 1.2.5019 based on R version 4.0.3.

Results

Baseline characteristics according to HER2 expression
The majority of 2,099 HR positive cases were HER2 low expressed tumor (n = 1,732, 82.5%). No
signi�cant difference was found when comparing the age, menopause status, histological grade,
progesterone receptor (PR status, American Joint Committee on Cancer (AJCC) stage, RS range and
treatment after surgery between HER2-low and HER2 negative subgroups (Table 1). The HER2 negative
subgroup had a higher proportion of speci�c pathologic types beyond invasive ductal and lobular cancer
(16.1% vs 10.5%, p = 0.01) and tumors with high histologic grade (p = 0.02). We also divided ER IHC
expression into two categories based on the median percentage of 90%. The HER2 low tumors showed a
higher ratio of concurrent ER high expression than HER2 negative patients (78.2% vs 58.6%, p < 0.01).
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Table 1
Basic Characteristics of 2,099 HR + breast cancer patients from SJTU-BCDB

Characteristics HER2 negative

n = 367

HER2 low

n = 1,732

p-value

Age

≤50

>50

110(30.0)

257(70.0)

562(32.4)

1,170(67.6)

0.39

Menopause status

Premenopausal

Postmenopausal

123(33.5)

244(66.5)

607(35.0)

1,125(65.0)

0.61

Pathology

IDC

ILC

others

294(80.1)

14(3.8)

59(16.1)

1,478(85.3)

72(4.2)

182(10.5)

0.01

Grade

I

II

III

Unknown

36(9.8)

173(47.1)

77(21.0)

81(22.1)

147(8.5)

1,027(59.3)

312(18.0)

246(14.2)

0.02

ER positivity(%)

<90

≥90

152(41.4)

215(58.6)

377(21.8)

1355(78.2)

< 0.01

PR

Positive

Negative

313(85.3)

54(14.7)

1,540(88.9)

192(11.1)

0.06

Ki67(%)

<20

≥20

213(58.0)

154(42.0)

951(54.9)

781(45.1)

0.30

Abbreviation: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, estrogen receptor;
PR, progesterone receptor; RS, recurrence score; AI, aromatase inhibitor; SERM, selective estrogen
receptor modulator; OFS, ovarian function suppression.
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Characteristics HER2 negative

n = 367

HER2 low

n = 1,732

p-value

pT

1

2–4

262(71.4)

105(28.6)

1,215(70.2)

517(29.8)

0.68

pN

0

1–2

313(85.3)

54(14.7)

1,448(83.6)

284(16.4)

0.47

RS

<18

18–30

>30

83(22.6)

185(50.4)

99(27.0)

361(20.8)

914(52.8)

457(26.4)

0.67

Endocrine therapy

AI(± OFS)

SERM(± OFS)

others

246(67.0)

120(32.7)

1(0.3)

1,114(64.3)

616(35.6)

2(0.1)

0.29

Chemotherapy

No

Yes

196(53.4)

170(46.6)

859(49.6)

872(50.4)

0.19

Radiotherapy

No

Yes

197(53.7)

169(46.3)

903(52.2)

828(47.8)

0.60

Abbreviation: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, estrogen receptor;
PR, progesterone receptor; RS, recurrence score; AI, aromatase inhibitor; SERM, selective estrogen
receptor modulator; OFS, ovarian function suppression.

The survival outcomes of patients according to different
HER2 status
A total of 146 DFS events happened during the follow-up period (33 and 123 in HER2 negative and low
subgroups respectively). The Kaplan-Meier curves (Fig. 1) revealed no signi�cant difference between
HER2 negative and low subgroups in HR + patients. We further performed survival analyses according to
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different RS, and the subpopulation treatment effect pattern plot (STEPP) analysis22 (Fig. 3) showed that
in patients with RS > 30, HER2 low subgroup showed a better DFS than HER2 negative subgroup. We
compared the predictive value of RS in HR + patients with different HER2 status (Fig. 2). Surprisingly, in
HER2 negative patients, the Kaplan-Meier curves showed signi�cant different survival outcomes between
patients with high risk and those with low/intermediate risk (p = 0.003). However, the recurrence score
was not signi�cantly correlated with survival outcomes in HER2 low patients (p = 0.11).

Univariate And Multivariate Analysis Of Clinicopathological
Predictors For Dfs
We further investigated the impact of clinicopathological factors on DFS in subgroups divided by HER2
status respectively (Table 2). In HER2 negative population, higher pN grade (hazard ratio = 2.59, 95% CI
1.08–6.26, p = 0.03) and RS > 30 (hazard ratio = 2.39, 95% CI 1.14–5.04, p = 0.02) was associated with
worse survival outcomes after adjustment. However, in patients with HER2 low tumors, higher RS and pN
stage lost their prognostic value both in univariate and multivariate analysis.
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Table 2
The impact of clinicopathological factors on DFS according to HER2 status

Factors Univariate Analysis p-value Multivariate Analysis p-value

HER2 negative

Age(y)

>50 vs ≤ 50

1.08(0.51–2.66) 0.85    

Menopause

Post vs Pre

1.37(0.65–2.88) 0.42    

Grade

III vs I-II

1.67(0.76–3.65) 0.20    

ER positivity(%)

≥90 vs < 90

0.46(0.21–1.02) 0.06 0.53(0.23–1.20) 0.13

PR status

Pos vs Neg

0.39(0.18–0.81) 0.01 0.62(0.28–1.39) 0.24

Ki67 positivity(%)

≥20 vs < 20

1.68(0.82–3.43) 0.16    

pT

2–4 vs 1

1.99(0.98–4.01) < 0.01 1.51(0.70–3.24) 0.29

pN

≥ 1 vs 0

2.84(1.24–6.49) 0.01 2.59(1.08–6.26) 0.03

RS

>30 vs ≤ 30

3.10(1.56–6.17) < 0.01 2.39(1.14–5.04) 0.02

Chemotherapy

No vs Yes

1.44(0.72–2.86) 0.30    

HER2 low

Age(y)

>50 vs ≤ 50

0.90(0.62–1.31) 0.60    

Menopause

Post vs Pre

0.91(0.63–1.30) 0.60    

Abbreviation: ER, estrogen receptor; PR, progesterone receptor; RS, recurrence score; HER2, human
epidermal growth factor receptor 2.
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Factors Univariate Analysis p-value Multivariate Analysis p-value

Grade

III vs I-II

1.73(1.15–0.62) 0.01 1.30(0.82–2.05) 0.27

ER positivity(%)

≥90 vs < 90

0.66(0.45–0.98) 0.04 0.52(0.23–1.19) 0.12

PR status

Pos vs Neg

0.76(0.47–1.24) 0.27    

Ki67 positivity(%)

≥20 vs < 20

1.71(1.20–2.45) < 0.01 1.47(0.93–2.34) 0.10

pT

2–4 vs 1

2.19(1.54–3.13) < 0.01 1.39(0.91–2.11) 0.13

pN

≥ 1 vs 0

1.15(0.70–1.91) 0.58 1.20 (0.68–2.10) 0.53

RS

> 30 vs ≤ 30

1.47(1.02–2.12) 0.04 0.86(0.49–1.52) 0.60

Chemotherapy

No vs Yes

1.44(1.00-2.06) 0.05 1.13(0.70–1.81) 0.62

Abbreviation: ER, estrogen receptor; PR, progesterone receptor; RS, recurrence score; HER2, human
epidermal growth factor receptor 2.

The distribution of genetic risks and gene expression between HER2 negative and HER2-low subgroups

We compared the expression of individual RS genes between HER2 low and negative groups. The results
showed no signi�cant difference of gene expression except for HER2 gene. The level of HER2 gene mRNA
was slightly higher in HER2 low subgroup than in HER2 negative one (Fig. 2).

The impact of RS modules on DFS according to HER2 status

We further evaluated the predictive roles of separate RS modules and genes in patients according to
HER2 status and observed different patterns (Table 4).
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Table 4 The impact of RS modules and genes on DFS according to HER2 status  

Factors HER2-negative p-value HER2-low p-value pinteraction

ER Module

 ER

 PgR

 Bcl2

 SCUBE2

 ER Module

 

1.20(0.88-1.65)

0.84(0.67-1.06)

0.88(0.58-1.32)

0.89(0.70-1.13)

0.84(0.58-1.21)

 

0.25

0.15

0.53

0.34

0.34

 

1.01(0.85-1.19)

0.97(0.87-1.08)

0.87(0.71-1.06)

0.97(0.86-1.09)

0.92(0.76-1.11)

 

0.95

0.55

0.16

0.56

0.38

 

0.36

0.30

0.67

0.39

0.52

Proliferation Module  

 Ki67

 STK15

 Survivin

 CCNB1

 MYBL2

 Prol Module

2.20(1.46-3.30)

1.85(1.26-2.72)

1.72(1.25-2.37)

1.48(0.90-2.44)

1.52(1.15-2.02)

7.22(2.49-20.93)

<0.01

<0.01

<0.01

0.12

<0.01

<0.01

1.02(0.88-1.19)

1.02(0.89-1.17)

1.06(0.89-1.26)

1.19(0.95-1.50)

1.08(0.90-1.28)

0.81(0.40-1.66)

0.80

0.78

0.53

0.14

0.41

0.57

<0.01

<0.01

0.03

0.64

0.12

<0.01

HER2 Module          

 GRB7

 HER2

 HER2 Module

1.39(1.04-1.87)

1.02(0.70-1.49)

1.32(0.71-2.48)

0.03

0.91

0.38

1.01(0.82-1.24)

0.99(0.81-1.23)

1.89(1.02-3.48)

0.92

0.98

0.04

0.27

0.76

0.32

Invasion Module

 MMP11

 CTSL2

 Inv Module

1.11(0.83-1.48)

1.39(1.06-1.83)

1.58(1.04-2.38)

0.49

0.02

0.03

1.20(1.04-1.39)

1.08(0.90-1.29)

1.30(1.05-1.61)

0.02

0.42

0.02

0.53

0.30

0.68

GSTM1 1.15(0.82-1.62) 0.43 0.85(0.70-1.02) 0.08 0.32

CD68 1.57(1.02-2.41) 0.04 1.02(0.80-1.30) 0.87 0.20

BAG1 1.13(0.73-1.77) 0.58 1.01(0.82-1.24) 0.96 0.99

 

In HER2 negative subgroup, most of the proliferation related genes played important parts in predicting
DFS, as well as the whole module. Although GRB7 in HER2 module acted as a possible predictor of



Page 11/19

poorer survival (hazard ratio = 1.39, 95%CI 1.04–1.87, p = 0.03), HER2 mRNA expression and HER2
module didn’t had signi�cant prognostic value. The increased invasion module score was also
associated with worse survival outcome. No signi�cance was association was found between ER module
and DFS.

In HER2 low subgroup, the proliferation related genes lost prognostic value. In addition, unlike in the HER2
negative subgroup, the higher score of HER2 module might predict increased risk of DFS events (hazard
ratio = 1.89, 95%CI 1.02–3.48, p = 0.04). The invasion module still served as a negative prognostic factor,
while the correlation between ER related genes and DFS was not obvious in HER2 low as in HER2
negative patients.

The interaction test for HER2 status and proliferation module showed that there were signi�cant
interactive effects of most proliferation related genes and HER2 status on DFS.

Discussion
Recently, the outstanding therapeutic effects of novel antibody-drug conjugates (ADCs) 14,15to HER2 low
expressed breast cancer had arouse the interest in this potential new subtype. Our study compared the
clinicopathological characteristics and 21-gene modules of HER2 low and HER2 negative subgroups of
HR + early breast cancer. We found that the expression of HER2 had a positive correlation with ER.
Although the distribution of genes and modules was almost similar between these two subgroups, the
proliferation had a better performance when predicting DFS in HER2- patients than in HER2 low patients.
Our results provided important suggestion for use of clinicopathological factors and 21-gene assay in
HER2-low patients.

The distributions of most of basic clinical and pathological features were similar in HER2 low and
negative patients. However, HER2 low breast cancer constituted a higher proportion of ER high expressed
tumors compared with HER2 negative subgroup. The expression data derived from tests of 21-gene
assay also showed a direct relation between HER2 and ER at the mRNA levels (supple Fig. 1). This was in
consistency with the previous evidence based on HER2 negative patients23. Furthermore, this correlation
was stronger in HER2-low cases than in pure HER2-negative ones (Spearman R = 0.5 vs 0.3).

In the analysis of survival outcomes, we noticed the possible protective effect of high ER expression24,25,
which was observed in plenty of studies. The Kaplan-Meier Curve showed no signi�cant difference was
found between HER2 low and negative patients. As a whole, despite that some of the previous �ndings
demonstrated that moderate HER2 expression might be an unfavorable prognostic factor for survival
outcome9,26, our study showed that HER2 status (low/negative) couldn’t be routinely used as an
independent prognostic factor in HR + breast cancer patients. Two recent studies also discovered that
HER2-low/HR + patients had similar survival outcomes compared with HER2-/HR + patients. Furthermore,
a recent research based on PAM50 subtype demonstrated that instead of low HER2 expression, it was
hormone receptor and its related genes expression that might be the actually dominated oncological
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driver for HER2-low/HR + breast cancer10. This subtype was found to make up for a dominated proportion
of luminal A/B breast cancer in current data. In addition, our study found its strong correlation with high
ER expression, which corresponded to the hypothesis above.

The 21-gene test was one of the most widely accepted assay for making treatment strategies in HR + 
breast cancer patients and the HER2-related module was an important part of 21 gene assay. As
expected, the expression of HER2 was higher in HER2 low patients than in HER2 negative patients. Higher
HER2 module also had an association with poor DFS in HER2 low patients, while we failed to �nd any
predictive value of HER2 gene expression in HER2- group. Of note, almost all of the proliferation related
genes were strong unfavorable prognostic factors only in HER2 negative patients. However, these factors
had no signi�cant predictive value in HER2 low patients. Further analysis for interaction con�rmed that
most of proliferation related genes, as well as the whole module, had different prognostic value with
HER2 status changed. An implication of this difference was that the recurrence score might somewhat
amplify the impact of proliferation related genes in HER2 low breast cancer.

We conducted survival analysis using RS cutoff points of 18 and 30 in HER2 negative and low patients
respectively to test whether the RS range maintained its prognostic value in HR + patients regardless of
HER2 status. The Kaplan-Meier curve of HER2 negative patients was in concordance with previous
results, which suggested that RS had a good performance as a DFS predictor in this cohort. Meanwhile,
when focusing on HER2 low patients, we noticed that no signi�cant difference was found between these
three subgroups. Further STEPP analysis showed an obvious survival disparity between HER2 low and
negative patients with RS > 30. It should be pointed out that the corresponding coe�cient of proliferation
module was the highest among the four modules in the RS algorithm18. We hypothesized that the 21-
gene assay was more applicable to HR+/HER2- patients than to HR+/HER2-low patients since the
proliferation module contributed predominantly to the recurrence score while its predictive value actually
varied according to different HER2 status. A stricter range of RS might compensate for the absence of
proliferation related predictability in HER2 low breast cancer.

Our study had several limitations. First, we conducted our study based on retrospective data which meant
that potential bias was unavoidable. Secondly, the follow-up time of our patients might be not long
enough for HR + breast cancer. We also limited our analysis to basic molecular subtypes and the 21-gene
assay. It might be better to incorporate the PAM50 subtypes. In addition, in subpopulation analysis, we
used 18 and 30 as cutoff points of RS because the majority of our patients was diagnosed and treated
before the 11/25 cutoff point from the TAILORx study27.

Conclusion
In conclusion, our study found that HER2 low expression couldn’t be used an individual prognostic factor
in HR + patients. HER2-low patients had a higher proportion of ER high expressed tumors than HER2
negative ones did. The 21-gene assay and its proliferation module might be less applicable to HER2-low
patients compared with HER2 negative patients, which should be noticed in clinical practice.
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Figure 1

Association between HER2 status and DFS in HR+ breast cancer patients.
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Figure 2

DFS of patients with different genetic risks in HER2 negative (A) and low (B) subgroups.

Figure 3

5-year DFS of subpopulation with different HER2 status by median RS
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Figure 4

The expression of RS genes in HER2 low and negative subgroup respectively.
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