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Abstract
Background Novel antibody‒drug conjugates (ADC) have shown great efficacy in HER2-low advanced breast cancer. 
However, the clinical features of HER2-low disease still need to be clarified. The current study aims to evaluate the 
distribution and dynamic change in HER2 expression in patients with disease recurrence and the clinical outcome of 
those patients.

Methods Patients with pathologically diagnosed relapsed breast cancer between 2009 and 2018 were included. 
Samples were considered HER2-zero when the immunohistochemistry (IHC) score was 0, HER2-low when the IHC 
score was 1 + or 2 + with negative fluorescence in situ hybridization (FISH) results, and HER2-positive when the IHC 
score was 3 + or the FISH results were positive. Breast cancer-specific survival (BCSS) was compared among the three 
HER2 groups. Changes in HER2 status were also evaluated.

Results A total of 247 patients were included. Among recurrent tumors, 53 (21.5%) were HER2-zero, 127 (51.4%) were 
HER2-low, and 67 (27.1%) were HER2-positive. The HER2-low subtype represented 68.1% of the HR-positive breast 
cancer group and 31.3% of the HR-negative group (P < 0.001). This three-group classification of HER2 status was 
prognostic in advanced breast cancer (P = 0.0011), with HER2-positive patients having the best clinical outcome after 
disease recurrence (P = 0.024), while only marginal survival advantages were observed in HER2-low patients versus 
HER2-zero patients (P = 0.051). In the subgroup analysis, the survival difference was observed only in patients with 
HR-negative recurrent tumors (P = 0.0006) or with distant metastasis (P = 0.0037). The overall discordance rate of HER2 
status between primary and recurrent tumors was 38.1%, with 25 (49.0%) primary HER2-zero patients and 19 (26.8%) 
HER2-positive patients shifting to HER2-low at recurrence.

Conclusion Nearly half of the advanced breast cancer patients had HER2-low disease, which indicates a poorer 
prognosis than HER2-positive disease and marginally better outcomes than HER2-zero disease. During disease 
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Introduction
Human epidermal growth factor receptor 2 (HER2), 
encoded by ERBB2, serves as an important prognostic 
biomarker as well as a therapeutic target in breast can-
cer [1–3]. The HER2-positive subtype only represents 
15–20% of all breast cancers [3, 4]. The majority of breast 
tumors are HER2-negative, defined as an immunohisto-
chemistry (IHC) score of 0, 1+, or 2 + with a negative in 
situ hybridization (ISH) result according to the Ameri-
can Society of Clinical Oncology/College of American 
Pathologists (ASCO/CAP) guidelines. Recently, a new 
classification termed “HER2-low” breast cancer has 
emerged [5].

Based on the HER2 testing algorithm, HER2-low breast 
cancer includes tumors with low (IHC 1+) or moderate 
(IHC 2 + with negative ISH) HER2 expression [5]. This 
type accounts for 45–55% of all cases [5] and exhibits dif-
ferent biological features from the HER2 completely neg-
ative (IHC 0) subtype [6–8]. HER2-positive breast cancer 
is an aggressive phenotype with high recurrence rates 
and inferior survival outcomes. However, ambiguous 
data support that HER2-low status has unique prognostic 
or predictive value [7]. In early-stage breast cancer, the 
NSABP B-47 trial demonstrated that those patients failed 
to gain benefit from trastuzumab in addition to adju-
vant chemotherapy [9]. Regarding their long-term clini-
cal outcomes, no unanimous conclusion can be drawn 
[6, 8, 10, 11]. On the other hand, in the advanced setting, 
survival data for HER2-low patients are still lacking. In 
clinical practice, the HER2-low subtype shares the same 
treatment strategy with luminal-like or triple-negative 
breast cancer.

However, the low level of HER2 expression could still 
provide a potential therapeutic target for this entity in 
the metastatic setting. In laboratory research, a novel 
antibody-drug conjugate (ADC) showed promising anti-
tumor activity in HER2-low breast carcinoma [12–14]. 
In subsequent phase I clinical trials, ADCs resulted in 
an objective response rate (ORR) of 30–40% in HER2-
low advanced breast cancer patients, possibly due to the 
bystander killing effect [15, 16]. As a consequence, phase 
III clinical studies are being conducted to compare the 
efficacy of HER2-targeting ADCs with chemotherapy in 
this newly defined disease subtype [17, 18], which had 
revealed a new opportunity for anti-HER2 treatment34.

To date, limited research has focused on the clinical 
outcome of HER2-low recurrent breast cancer. Discor-
dance in HER2 status between the tumor at first diag-
nosis and recurrence has rarely been reported since 

HER2-low was considered as a subtype. The current 
study aimed to evaluate the distribution of HER2 expres-
sion in recurrent breast cancer, to assess the survival data 
of those patients, and to illustrate the evolution of HER2 
status during disease progression.

Materials and methods
Study population
Breast cancer patients who received surgical treatment at 
Ruijin Hospital from Jan. 2009 to Dec. 2018 and had con-
firmed disease recurrence were retrospectively reviewed. 
Those undergoing radiology-guided biopsy or resection 
of the recurrent lesion were included. The exclusion cri-
teria were as follows: (1) recurrent tumors diagnosed 
as pure ductal carcinoma in situ (DCIS) or mesenchy-
mal tumors; (2) unknown IHC results for tumors at first 
diagnosis and recurrence; and (3) unknown fluorescence 
in situ hybridization (FISH) results for HER2 if the IHC 
result was 2+. Data on clinicopathological features, treat-
ment schedule, and disease outcome were retrieved from 
the Shanghai Jiao Tong University Breast Cancer Data-
base (SJTU-BCDB).

Outcome endpoint
Standardized Definitions for Efficacy End Points (STEEP) 
version 2.0 were used as a reference when selecting the 
outcome endpoint [19]. Breast cancer-specific survival 
(BCSS) was calculated from the date of the first recur-
rence until the date of death from breast cancer. Locore-
gional recurrence (LRR) included ipsilateral invasive 
tumor recurrence in the breast or chest wall and ipsi-
lateral node recurrence in the axilla, supraclavicular, or 
internal mammary regions. Distant metastasis (DM) 
included bone metastasis, visceral metastasis, and soft 
tissue metastasis. Contralateral breast cancer (CBC) only 
refers to invasive tumors. For patients with two or more 
sites of disease recurrence, the type of the first site of 
recurrence will be recorded.

Pathological assessment, IHC, and FISH
The pathological evaluation was performed at the path-
ological department of Ruijin Hospital by at least two 
experienced pathologists. IHC analysis was conducted 
on 4  μm formalin-fixed, paraffin-embedded tissue sec-
tions with the procedure detailed in our previous study 
[20]. Positivity of hormone receptor (HR), including ER 
and PR, was defined as ≥ 1% of tumor cells having nuclear 
staining.

progression, one-fifth of tumors convert to HER2-low entities, and the corresponding patients may benefit from ADC 
treatment.
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Evaluation of HER2 expression referred to the latest 
version of ASCO/CAP guidelines at the time of diag-
nosis, which had been released in 2007 and updated in 
2013 and 2018 [4, 21, 22]. For tumors with HER2 IHC 
2+, dual-probe FISH tests were further performed on 
the same specimen by using the PathVysion HER2 DNA 
FISH Kit (Vysis Inc, Downers Grove, IL). HER2-positive 
referred to an IHC score 3 + or an IHC score of 2 + with a 
positive FISH result. HER2-negative tumors were further 

classified according to IHC and FISH results. HER2-zero 
referred to an IHC score of 0. HER2-low referred to an 
IHC score of 1 + or an IHC score of 2 + with negative 
FISH.

Statistical analysis
Clinicopathological characteristics were compared 
among the HER2-zero, HER2-low, and HER2-positive 
groups by the chi-square test or Fisher’s exact test if 
necessary. The distribution of continuous variables was 
compared using Kruskal‒Wallis test. Survival outcomes 
were compared among groups by using Kaplan‒Meier 
curves with the log-rank test. Cox regression models 
were applied to calculate the hazard ratio with a 95% 
confidence interval (CI). Statistical analyses were con-
ducted using R software (version 4.0.5). A two-sided 
P value < 0.05 was considered to indicate statistical 
significance.

Results
Clinicopathological characteristics
A total of 247 patients were included (Figure S1), and the 
baseline characteristics of recurrent tumors are shown 
in Table 1. The median time between the primary diag-
nosis and the biopsy or resection of the recurrent lesion 
was 30.5 months. The median age at recurrence was 54 
(range 26 to 93) years, with 157 patients (63.6%) older 
than 50 years at the time of recurrence. Among the 254 
recurrence site samples, 89 (36.0%) were LRR, 92 (37.2%) 
were distant metastasis, and 66 (26.7%) were CBC sam-
ples. A total of 31 patients (12.6%) had disease recurrence 
within 1 year after the first diagnosis, 68 patients (27.5%) 
had recurrence between 1 and 2 years, and 148 (59.9%) 
patients relapsed beyond 2 years. HR-positive tumors 
accounted for 54.7% (135) of all tumors. The median 
staining rate of Ki-67 remained 30% in the recurrent 
tumors, and 38.1% (94) of the tumors had Ki-67 > 30%.

Overall, 53 (21.5%) samples of recurrent tumors were 
HER2-zero, 127 (51.4%) samples were HER2-low, and 67 
(27.1%) samples were HER2-positive (Fig.  1). There was 
no significant difference in terms of age at recurrence 
(P = 0.268), BCFI (P = 0.217), site of biopsy or resection 
(P = 0.973) or Ki-67 index (P = 0.267) among the three 
HER2 groups. When categorized by the type of relapse, 
HER2-zero, HER2-low, and HER2-positive tumors repre-
sented 21.3%, 53.9%, and 24.7% of patients with LRR and 
18.2%, 56.1%, and 25.8% of patients with CBC, respec-
tively. Among patients with DM, 23.9% were HER2-zero, 
45.7% were HER2-low, and 30.4% were HER2-positive 
(P = 0.703). When further using HR status to group breast 
cancer into subtypes, the HER2-zero, HER2-low, and 
HER2-positive subtypes comprised 17.0% (23), 68.1% 
(92), and 14.8% (20) of HR-positive recurrent tumors, 
respectively. However, the above three HER2 subtypes 

Table 1 Patients’ characteristics according to HER2 status of the 
relapsed site

Total
n (%)

HER2-
zero
n (%)

HER2-low
n (%)

HER2-
positive
n (%)

P-
value

Age at recurrence 
(Median, range)

0.268

54 
(26–93)

54 
(30–93)

54 (26–88) 52 (28–77)

Age at recur-
rence (years)

0.227

≤ 50 90 19 (21.1) 41 (45.6) 30 (33.3)

> 50 157 34 (21.7) 86 (54.8) 37 (23.6)

BCFI 
(months)

0.217

< 12 31 5 (16.1) 14 (45.2) 12 (38.7)

12–24 68 20 (29.4) 31 (45.6) 17 (25.0)

> 24 148 28 (18.9) 82 (55.4) 38 (25.7)

Type of the 
first relapse

0.703

LRR 89 19 (21.3) 48 (53.9) 22 (24.7)

DM 92 22 (23.9) 42 (45.7) 28 (30.4)

CBC 66 12 (18.2) 37 (56.1) 17 (25.8)

Site of biopsy 
or resection

0.973

Ipsilateral 
breast

34 8 (23.5) 17 (50.0) 9 (26.5)

Chest wall 35 8 (22.9) 20 (57.1) 7 (20.0)

Lymph node 20 3 (15.0) 11 (55.0) 6 (30.0)

Contralateral 
breast

66 12 (18.2) 37 (56.1) 17 (25.8)

Lung 21 6 (28.6) 11 (52.4) 4 (19.0)

Liver 26 6 (23.1) 11 (42.3) 9 (34.6)

Bone 18 4 (22.2) 9 (50.0) 5 (27.8)

Others 27 6 (22.2) 11 (40.7) 10 (37.0)

HR status of relapse 
site

< 0.001

Positive 135 23 (17.0) 92 (68.1) 20 (14.8)

Negative 112 30 (26.8) 35 (31.3) 47 (42.0)

Ki-67 index of re-
lapsed site@

0.267

≤ 30% 124 22 (17.7) 69 (55.6) 33 (26.6)

> 30% 94 24 (25.5) 43 (45.7) 27 (28.7)
@ 29 patients had unknown Ki-67 index for relapsed site

Abbreviation: BCFI = Breast cancer-free interval, LRR = local-regional recurrence, 
DM = distant metastasis, CBC = contralateral breast cancer, HR = hormone 
receptor
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accounted for 26.8% (30), 31.3% (35), and 42.0% (47) of 
HR-negative tumors, respectively (P < 0.001, Fig. 1).

Survival outcomes based on HER2 status at the site of 
relapse
The median follow-up time after disease recurrence was 
23.3 (range, 0.5 to 97.9) months. A total of 57 deaths 
from breast cancer were observed in the whole popula-
tion, and there were 18 deaths (34.0%), 30 deaths (23.6%), 
and 9 deaths (13.4%) in patients with recurrent tumors 
of the three HER2 subtypes. A significant difference in 
BCSS was observed when patients grouped by the HER2 
status of recurrent lesions (P = 0.0011, Fig. 2). Univariate 
Cox analysis demonstrated that HER2-positive patients 
had better BCSS than HER2-low patients (hazard 

ratio = 0.422, 95% confidence interval [CI] = 0.199–0.892, 
P = 0.024), while the survival difference between the 
HER2-zero and HER2-low groups was only marginally 
significant (HR = 1.797, 95% CI = 0.997–3.239, P = 0.051).

When the patients were further categorized by HR 
status, the survival difference among HER2 groups was 
only seen in those with HR-negative recurrent lesions 
(P = 0.0006) but not in those with HR-positive recurrent 
lesions (P = 0.065, Fig.  3). Moreover, there was a signifi-
cant survival difference among HER2 groups in patients 
who had distant metastasis (P = 0.0039) but not in 
patients who had LRR (P = 0.26) or CBC (P = 0.33, Fig. 4).

Patients with HER2-positive recurrent tumors were 
then excluded from the analysis. Overall, HER2-low 
breast cancer tended to present a survival advantage 
(P = 0.053). When patients were stratified by HR status or 
type of relapse, no subgroup showed a significant survival 
difference between the HER2-negative and HER2-low 
cohorts (Figure S2).

Exploratory analysis of HER2 status evolution and its 
impact on survival
The evolution of HER2 status between paired samples at 
diagnoses and recurrence is shown in Fig.  5. The over-
all rate of HER2 discordance was 38.1% (94 out of 247). 
After disease recurrence, 20 out of 51 (39.2%) patients 
with HER2-zero primary samples and 19 out of 71 
(26.8%) patients with HER2-positive primary breast can-
cer samples showed a shift to HER2-low status. More-
over, 83 out of 125 (66.4%) HER2-low tumors remained 
the same status.

The rate of HER2 conversion was 40.0% in the HR-pos-
itive cohort and 35.7% in the HR-negative breast cancer 

Fig. 2 Kaplan-Meier survival analysis
Comparison of Breast cancer-specific survival among three HER2 groups

 

Fig. 1 HER2 immunochemistry and fluorescence in situ hybridization showing representative cases for scoring
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cohort (P = 0.697, Figure S3). When grouped by the type 
of recurrence, 27.0% of patients with LRR and 30.4% of 
patients with DM had a shift in HER2 status, while 42 
out of 66 (63.6%) patients with contralateral breast can-
cer had change in HER2 status (P < 0.001, Table S1, Figure 
S4).

Clinical outcomes were then evaluated according to 
the dynamic HER2 status during disease progression. 
The shift in HER2 status between primary and recurrent 
tumors did not affect BCSS (P = 0.61, Figure S5). Sub-
group analysis demonstrated that only in cases of LRR 
did patients with concordant HER2 status have better 
survival than those who exhibited a change in HER2 sta-
tus (P = 0.016).

Discussion
In the current study, we described the distribution spec-
trum of HER2 expression in 247 patients with recurrent 
breast cancer. HER2-low breast cancer comprised 51.4% 
of the recurrent lesions, with a higher frequency in the 
HR-positive cohorts. Patients with HER2-low relapsed 

breast cancer had better survival than those with HER2-
zero disease. Moreover, patients with HER2-positive 
recurrent tumors had the best clinical outcome after 
disease recurrence. During disease progression, the dis-
cordance rate of HER2 status was 38.1%, and 17.8% of 
tumors shifted to HER2-low status, and these patients 
may need more aggressive treatment after disease 
relapse.

The new term “HER2-low” brings a paradigm shift in 
the traditional binary categorization of HER2 status, 
which further dissects the heterogeneity within breast 
cancer [7]. In this work, 51.4% of recurrent lesions 
were HER2-low tumors, consistent with previous evi-
dence. In early disease settings, recent research reported 
that HER2-low patients had a heavier tumor burden 
and lower Ki-67 index than HER2-zero patients [6, 8]. 
Genetic characteristics, including TP53, PIK3CA, ESR1, 
and PAM50 intrinsic subtypes, are also altered between 
HER2-zero and HER2-low breast cancer [6–8]. However, 
the NSABP B-47/NRG Oncology trial showed that addi-
tional trastuzumab based on adjuvant therapy cannot 

Fig. 4 Kaplan-Meier survival analysis according to the type of relapse
 Comparison of post-recurrence breast cancer-specific survival among three HER2 groups in patients with LRR (A), DM (B), and CBC (C)

 

Fig. 3 Kaplan-Meier survival analysis according to HR status
Comparison of post-recurrence breast cancer-specific survival among three HER2 groups in HR-positive (A), and HR-negative (B) patients
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bring survival benefit for HER2-low patients, despite 
a certain amount of targetable HER2 [9]. Thus, in clini-
cal practice, HER2-low early-stage breast cancer is cur-
rently treated as the HER2-negative entity. Our study 
focused on the advanced disease setting, and we found 
that a higher proportion of HER2-low cancer was seen in 
the HR-positive cohort. A similar scenario was reported 
by Miglitta et al. (53.8% vs. 36.2%) [23]. A possible rea-
son is that the crosstalk between growth factors and 
estrogen signaling pathways could not only promote cell 
growth and proliferation but could also enhance resis-
tance to endocrine therapy [24]. The interdependence 
between two pathways also has important implications 
for treatment, as blocking one pathway can lead to the 

upregulation and activation of another, leading to drug 
resistance [25, 26].

Overall, there is a lack of prospective data to support 
the prognostic value of the HER2-low subtype [6, 7, 10]. 
Since the benefit from novel ADCs for the HER2-low 
entity was mainly observed in patients with advanced 
disease, our study demonstrated the clinical outcomes 
of recurrent breast cancer using a three-group HER2 
classification system. We found that HER2-positive 
breast cancer patients had the best survival after dis-
ease recurrence. This echoed the results from BCIRG 
005/006, which showed better overall survival for HER2-
positive patients treated with trastuzumab than tra-
ditional HER2-negative groups [27, 28]. Meanwhile, 

Fig. 5 Evolution of HER2 status
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Grinda et al. demonstrated that the overall survival of 
HER2 + metastatic has been dramatically improved in 
the past decades, which may attribute to the advances 
in precise HER2-directed therapies. Moreover, when 
separated by the type of first recurrence, we noticed that 
only in patients with distant recurrence, was the survival 
among the three HER2 groups differ significantly. The 
plausible reason was that therapeutic strategies for LRR 
or CBC were with curative intention, whereas the thera-
peutic goals of metastatic breast cancer were improving 
the length and quality of life, which can better reflect the 
influence of tumor biology on prognosis. The specific 
anti-HER2 agent administered could affect these results. 
This could also to some extent indicate that HER2-low 
patients require more aggressive treatment after disease 
recurrence. Moreover, we found that the survival differ-
ence between patients with HER2-low and HER2-zero 
recurrent disease was not significant, but the HER2-
low cohort tended to have better survival. The survival 
observations for these patients are still in conflict those 
in studies in early-stage breast cancer. The results from 
The Cancer Genome Atlas as well as the cBioPortal for 
Cancer Genomics demonstrated that the HER2-low 
subgroup and HER2-zero subgroup had no significant 
survival difference [7, 8]. However, a pooled analysis of 
large cohorts in clinical trials showed that patients with 
HER2-low tumors had significantly better survival than 
those with HER2-zero tumors [6]. These findings suggest 
once more that current data are insufficient to define the 
HER2-low subgroup as an individual breast cancer sub-
type with a distinct prognosis. Further studies with larger 
populations and longer follow-up are eagerly awaited, 
and these studies should distinguish between the luminal 
and triple-negative subgroups to eliminate the impact of 
endocrine treatment.

The rate of HER2 status discordance between breast 
cancer tumors at first diagnosis and recurrence was 38.1% 
in this work, similar to the results from Miglietta et al. 
[23]. When only considering the dichotomous classifica-
tion of HER2 status (negative vs. positive), the majority of 
patients with discordance (22.0%) were excluded, and our 
result was consistent with previous studies (a 10–15% dis-
cordance rate) [29, 30]. The inconsistency may be attrib-
uted to intratumor heterogeneity of the primary lesion 
[31], the stochastic changes induced by bidirectional 
interactions between cells and the extracellular matrix 
[32], or the emergence of new subclones under selective 
pressure, including treatment [33]. Moreover, we noticed 
that a total of 44 (17.8%) cases shifted to HER2-low sta-
tus after disease recurrence. These included 49.0% of 
primary HER2-zero tumors and 26.8% of primary HER2-
positive tumors. Recent studies have suggested that novel 
ADCs harboring a higher drug-to-antibody ratio (DAR) 
and/or cleavable linkers may facilitate the killing not only 

of bystander HER2-positive cells but also of neighbor-
ing non–antigen-expressing cells, potentially overcom-
ing the intratumor heterogeneity in HER2 expression. 
Trastuzumab deruxtecan (T-DXd; formerly DS-8201a), 
composed of trastuzumab and a topoisomerase I inhibi-
tor, could yield about an ORR of 37% with a median dura-
tion of response (DoR) of 10.4 months in 54 HER2-low 
breast cancer patients with disease refractory to standard 
therapies [16]. Similar results were observed with trastu-
zumab duocarmazine (SYD985), another HER2-targeting 
ADC with a cleavable linker-duocarmycin payload. Based 
on the above, phase III clinical trials are ongoing to com-
pare the novel ADCs with chemotherapy of the physi-
cian’s choice in HER2-low advanced disease [17, 18]. Our 
results indicated that nearly one-fifth of patients might 
potentially benefit from the revolutionized anti-HER2 
approach after disease relapse, especially those with pri-
mary HER2-zero tumors. From another point of view, 
HER2 conversion during disease progression encouraged 
the pathological reassessment of local-regional or meta-
static recurrence to provide rational evidence for subse-
quent treatment.

To our knowledge, after the introduction of the HER2-
low breast cancer classification, there has been limited 
research focused on the prognosis of recurrent breast 
cancer or HER2 status evolution during disease progres-
sion. There are also potential limitations to our work. 
First, the small sample size is a shortcoming that cannot 
be ignored. Second, selection bias was inevitable since 
we only included patients with paired samples for the 
primary and recurrent tumors. Moreover, patients were 
retrospectively collected over a long period of nearly ten 
years, and the treatment paradigm had changed greatly, 
which may have an influence on the clinical outcomes. 
Thus, when analyzing the survival of patients, the treat-
ment strategies after disease relapse should be further 
taken into account. Last but not least, there was a lack of 
data based on gene expression, and such data may pro-
vide a clearer picture of disease heterogeneity and war-
rant exploration in the future.

In conclusion, HER2-low tumors accounted for 
approximately 50% of recurrent and metastatic breast 
cancer and comprised more of the HR-positive subtype. 
HER2-positive relapsed breast cancer was associated 
with the best clinical outcome after disease recurrence, 
whereas the survival difference was only marginally bet-
ter in the HER2-low group than in the HER2-zero group. 
HER2 status was not stable during disease progression, 
with approximately one-fifth of patients exhibiting a shift 
to HER2-low status. Those patients warrant more aggres-
sive treatment after disease relapse, which needs further 
research.
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