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Introduction
The prognosis of patients with human epidermal 
growth factor receptor 2 (HER2)-positive breast 
cancer (BC) is remarkably improved after anti-
HER2 therapy. In clinical practice, as there are no 
targeted drugs, low expression of HER2 has been 

classified as HER2-negative to guide treatment. 
However, the recent development of antibody–
drug conjugates (ADCs) has significantly improved 
the prognosis of patients with HER2-low BC.1,2 
Thus, HER2-low status in BC has received 
increasing attention worldwide.
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Abstract
Background: The use of antibody–drug conjugates for the treatment of advanced-stage human 
epidermal growth factor receptor 2 (HER2)-low expression in breast cancer (BC) has shown 
prominent curative effects, which has led to increased academic interest. However, the role of 
HER2-low expression in the prognosis of BC remains controversial.
Methods: We conducted a systematic search of the PubMed, Embase, and Cochrane library 
databases and several oncology conferences until 20 September 2022. We used fixed- and 
random-effects models to calculate odds ratio (OR) or hazard ratio (HR) with 95% confidence 
interval (CI) for overall survival (OS), disease-free survival (DFS), progression-free survival 
(PFS), and pathological complete response (pCR) rates.
Results: Overall, 26 studies encompassing 677,248 patients were included in the meta-
analysis. Patients with HER2-low BC showed significantly better OS than those with HER2-
zero BC in the overall population (HR = 0.90; 95% CI: 0.85–0.97) and hormone receptor-positive 
population (HR = 0.98; 95% CI: 0.96–0.99), whereas no significant difference was observed 
in the OS of the hormone receptor-negative population (p > 0.05). In addition, there was no 
significant difference in the DFS of the overall and hormone receptor-negative population 
(p > 0.05), but better DFS than those with HER2-zero BC in the hormone receptor-negative 
population (HR = 0.96; 95% CI: 0.94–0.99). There was also no significant difference in the PFS of 
the overall population, hormone receptor-positive, and hormone receptor-negative population 
(p > 0.05). Patients with HER2-low BC had a lower pCR rate after neoadjuvant treatment than 
those with HER2-zero BC.
Conclusions: Compared to patients with HER2-zero BC, those with HER2-low BC had better OS 
in the overall population and hormone receptor-positive population, DFS in hormone receptor-
positive population and lower pCR in the overall population. The biological differences between 
HER2-low and HER2-zero BCs, particularly in hormone receptor-positive patients, and the 
relationship between HER2-low expression status and prognosis need to be explored further.
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HER2 is a tyrosine kinase receptor that belongs to 
the human epidermal receptor family and is 
encoded by the ERBB2 gene.3 Current HER2 
status assessment relies on immunohistochemis-
try (IHC) and in situ hybridization (ISH). If the 
IHC result is 0 or 1+, the cancer is considered 
HER2-negative. In recent years, most of the pub-
lished data and ongoing clinical trials have defined 
HER2-low BCs as those with an IHC score of 1+ 
or 2+ with ISH result.4 Few studies have shown 
significant differences in clinical and pathological 
characteristics between patients with HER2-low 
and HER2-zero BC. For instance, patients with 
HER2-low BC have higher histological grading, 
are positive for hormone receptor, and have lower 
proliferation index-67 (Ki-67) expression than 
those with HER2-zero BC. Moreover, HER2-low 
tumors tend to have more mutations in PI3K–Akt 
signaling pathway-related genes than HER2-zero 
tumors.1,5

Patients with HER2-low BC account for approxi-
mately 45%–55% of all patients with BC.6 
Because the biological behavior and clinical char-
acteristics differ between patients with HER2-low 
and HER2-zero BC, researchers speculate that 
their prognosis may also be different. Many clini-
cal studies have investigated the difference in 
prognostic outcome between patients with 
HER2-low and HER2-zero BC but have shown 
inconsistent and contradictory results. Therefore, 
we conducted a meta-analysis to explore the rela-
tionship between prognosis and HER2 expression 
status.

Materials and methods

Study objectives
The primary endpoint was to compare the overall 
survival (OS) of patients with HER2-low and 
HER2-zero BC. In subgroup analysis, hormone 
receptor-positive and hormone receptor-negative 
patients were compared in the HER2-low and 
HER2-zero cohorts, respectively. The secondary 
endpoint was to compare the disease-free survival 
(DFS) and progression-free survival (PFS) of 
patients with HER2-low and HER2-zero BC and 
conduct hormone receptor-positive and hormone 
receptor-negative subgroup analysis similar to 
that performed for OS. We also compared the 
pathological complete response (pCR) rates of 
patients with HER2-low and HER2-zero BC fol-
lowing drug treatment.

Literature search
A systematic search for the relationship between 
HER2-low expression status and survival was con-
ducted using sources such as PubMed, Embase, 
the Cochrane library, American Society of Clinical 
Oncology (ASCO) Meeting, European Society for 
Medical Oncology Meeting, San Antonio Breast 
Cancer Symposium, and the American Association 
for Cancer Research Meeting. The search terms 
were ‘HER2-low’ or ‘ERBB2-low’ or ‘human epi-
dermal growth factor receptor 2 low’ and ‘breast 
cancer’ or ‘breast neoplasm’ and ‘prognosis’ or 
‘survival outcome’ and ‘overall survival’ or ‘dis-
ease-free survival’ or ‘progression-free survival’. 
Further details of the search strategy are shown in 
Supplemental eTable 1. Based on the latest defini-
tions of HER2 from the 2018 ASCO and College 
of American Pathologists, HER2-low expression 
status was defined as an IHC score of 1+ or 2+ 
and an ISH result of non-amplified status (ISH−), 
whereas HER2-zero expression status was defined 
as an IHC score of 0.7 The preliminary screening 
was performed by carefully reading the titles and 
abstracts of English manuscripts, before determin-
ing whether they could be included after reading 
the full text. Manuscripts were searched until 20 
September 2022. The Preferred Reporting Items 
for Systematic Reviews and Meta-analyses guide-
lines were used to conduct this meta-analysis.8

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) titles 
with HER2-low or HER2-zero in either early or 
advanced BC; (2) recorded odds ratios (OR) and 
hazard ratios (HR) with 95% confidence intervals 
(CI) of random survival data in the full text; and 
(3) either hormone receptor-positive or hormone 
receptor-negative data. The exclusion criteria 
were as follows: (1) meta-analyses, reviews, and 
duplicate studies and (2) only the comparative 
analysis of HER2 IHC score of 2+ versus 0/1+.

Data extraction
The data extracted for each study included the 
name of the first author, journal name, publica-
tion year of journal, type of study, sample size, 
median follow-up time, OS, DFS/recurrence-free 
survival (RFS; the DFS and RFS were combined 
into one category owing to their similar mean-
ings), PFS, and pCR rates. We also extracted 
data from hormone receptor-positive and hor-
mone receptor-negative populations of OS, DFS, 
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PFS, and pCR rates. The HRs and 95% CIs of 
the original data were clearly written in the results 
section in most articles. For some articles, we 
extracted the HRs and 95% CIs from Kaplan–
Meier curves using GetData Graph Digitizer soft-
ware. To ensure that the data were not duplicated, 
we chose to cite the peer-reviewed full text when 
the same patient population appeared in both the 
conference and the full text. Available data were 
independently extracted from each study by two 
authors (YT and ZL) and any disagreements 
were resolved through negotiation.

Statistical analysis
Review Manager 5.4 software was used to gener-
ate forest and funnel plots. The HRs and 95% 
CIs of the original data were used to analyze the 
OS, DFS, and PFS. The heterogeneity of the 
data was determined based on p values and I2 
value statistics. When p was <0.1 or I2 was >50%, 
the random-effects model was used; otherwise, 
the fixed-effects model was used (I2 < 50%, 
p > 0.1). A p value of <0.05 (two-side) was con-
sidered statistically significant, and I2 < 25%, 
I2 = 25–50%, and I2 > 50% were considered to 
indicate low, moderate, and high heterogeneity, 
respectively.9 Sensitivity analysis was used to 
assess the stability of the results.

Quality assessment
We used the Cochrane quality assessment tool to 
estimate the quality of the included studies. The 
risk of bias from six fields was determined, with 
each category comprising three levels, including 
‘low risk’, ‘unclear risk’, and ‘high risk’.

Results

Identification of relevant studies
Figure 1 showed the screening process of relevant 
studies. We screened 2107 articles and 12 meet-
ing abstracts, of which 26 were eventually 
included in the meta-analysis. All of the 26 stud-
ies were retrospective cohort studies and no pro-
spective studies were reported up until 20 
September 2022.

A total of 677,248 patients were included in our 
meta-analysis. Among them, 446,398 patients 
had HER2-low BC and 230,850 patients had 
HER2-zero BC. The main characteristics of the 
included studies are summarized in Table 1. Ta
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Comparison of OS between patients  
with HER2-low and HER2-zero BC
OS of the overall population.  In all, 14 studies3,4,12,15, 

18,20,22,23,25,26,28–30,32 (n = 81,486) were included to 
evaluate the OS of the overall population. The 
results demonstrated that patients with HER2-low 
BC had better OS than those with HER2-zero BC 
(HR = 0.90; 95% CI: 0.85–0.97; p = 0.003), despite 
considerable heterogeneity between the studies 
(p < 0.01; I2 = 93%) (Figure 2(a); Table 2).

OS of the hormone receptor-positive and hormone 
receptor-negative population.  We evaluated 15 
studies4,10,12–14,16,18,19,22,24,25–28; 7 new studies10,13, 

14,16,19,24,27 were included and 6 studies3,15,20,23,29,30 

were excluded from evaluation of the OS of the 
overall population.

The OS results for the hormone receptor-positive 
(n = 553,163) population were similar to those of 
the overall population; patients with HER2-low 
BC had better OS than those with HER2-zero 
BC (HR = 0.98; 95% CI: 0.96–0.99; p = 0.001), 
with high heterogeneity observed in the hormone 
receptor-positive population (p < 0.01; I2 = 62%). 
In the hormone receptor-negative population 
(n = 94,534), no significant difference in OS was 
observed between patients with HER2-low and 
HER2-zero BC (HR = 0.98; 95% CI: 0.95–1.01; 
p = 0.12), and high heterogeneity was observed in 

Figure 1.  PRISMA flow chart summarizing the study selection process.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analyses.
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Figure 2.  Forest plot of the OS of patients with HER2-low BC and HER2-zero BC in the overall population (a), hormone receptor-
positive population and hormone receptor-negative (b) population.
BC, breast cancer; HER2, human epidermal growth factor receptor 2; OS, overall survival.
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the hormone receptor-negative population 
(p < 0.01; I2 = 74%) (Figure 2(b); Table 2).

Comparison of DFS and PFS between patients 
with HER2-low and HER2-zero BC
DFS of the overall population.  A total of 13 stud-
ies3–5,12,15,17,18,20,22,26,28,31,30 comprising 41,858 
patients were included. No significant difference 
in DFS was observed between patients with 
HER2-low and HER2-zero BC (HR = 0.97; 95% 
CI: 0.92–1.02; p = 0.27), and high heterogeneity 
was observed in the overall population (p = 0.003; 
I2 = 59%) (Figure 3(a); Table 2).

DFS of the hormone receptor-positive and hor-
mone receptor-negative population.  In this sub-
group analysis, we assessed nine 
studies4,5,12,18,22,24,26–28 for the evaluation of DFS 
of the hormone receptor-positive (n = 34,522) 
and hormone receptor-negative (n = 7628) popu-
lations. To evaluate DFS, we included two new 
studies24,27 and excluded six studies3,15,17,20,31,30 
from those considered for the evaluation of DFS 
of the overall population. Patients with HER2-
low BC had better DFS than those with HER2-
zero BC in the hormone receptor-positive 
populations (HR = 0.96; 95% CI: 0.94–0.99; 
p = 0.003) as well as in the hormone receptor-
negative population (HR = 0.97; 95% CI: 0.94–
1.00; p = 0.08). There was low heterogeneity 

among studies included for the evaluation of 
DFS in the hormone receptor-positive and hor-
mone receptor-negative populations (hormone 
receptor positive: p = 0.32; I2 = 13% and hormone 
receptor negative: p = 0.42; I2 = 1%) (Figure 3(b); 
Table 2).

PFS of the overall population.  Three studies4,21,25 
(n = 15,392) were included to evaluate the PFS of 
the overall population. No significant difference 
in PFS was observed between patients with 
HER2-low and HER2-zero BC (HR = 1.06; 95% 
CI: 0.95–1.18; p = 0.34), with high heterogeneity 
observed among the studies (p = 0.07; I2 = 63%) 
(Figure 4(a); Table 2).

PFS of the hormone receptor-positive and hormone 
receptor-negative population.  Three studies4,10,25 
were included to determine the PFS of the hor-
mone receptor-positive (n = 13,321) and hor-
mone receptor-negative (n = 2987) population. 
We added one new study10 and excluded one 
study21 from those considered for the evaluation 
of PFS of the overall population. There was no 
significant difference in PFS between patients 
with HER2-low BC and HER2-zero BC in both 
the hormone receptor-positive and hormone 
receptor-negative populations (hormone receptor 
positive: HR = 1.00; 95% CI: 0.99–1.02; p = 0.79; 
and hormone receptor negative: HR = 0.98; 95% 
CI: 0.94–1.01; p = 0.15). Furthermore, there was 

Table 2.  Pooled HRs and 95% CIs for OS, DFS, PFS about HER2-low versus HER2-zero in this meta-analysis.

Outcome Population No. of 
studies

HR (95% CI) p Heterogeneity Effects 
model

I2 (%) Ph

OS Overall 14 0.90 (0.85–0.97) 0.003 93 <0.01 Random

Hormone receptor positive 15 0.98 (0.96–0.99) 0.001 62 <0.01 Random

Hormone receptor negative 15 0.98 (0.95–1.01) 0.12 74 <0.01 Random

DFS Overall 13 0.97 (0.92–1.02) 0.27 59 0.003 Random

Hormone receptor positive 9 0.96 (0.94–0.99) 0.003 13 0.32 Fixed

Hormone receptor negative 9 0.97 (0.94–1.00) 0.08 1 0.42 Fixed

PFS Overall 3 1.06 (0.95–1.18) 0.34 63 0.07 Random

Hormone receptor positive 3 1.00 (0.99–1.02) 0.79 0 0.63 Fixed

Hormone receptor negative 3 0.98 (0.94–1.01) 0.15 49 0.14 Fixed

CI, confidence interval; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; HR, hazard ratio; OS, overall survival; PFS, 
progression-free survival. Ph, p value of heterogeneity.
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no heterogeneity among the studies included for 
the evaluation of PFS in the hormone receptor-
positive population (p = 0.63; I2 = 0%), but mod-
erate heterogeneity was observed in the hormone 
receptor-negative population (p = 0.14; I2 = 49%) 
(Figure 4(b); Table 2).

Comparison of pCR rates between patients with 
HER2-low and HER2-zero BC
PCR rate of the overall population.  Eight stud-
ies5,11,12,15,17,26,27,30 comprising 2757 patients with 
HER2-low BC and 2952 patients with HER2-
zero BC were included to evaluate the difference 

Figure 3.  Forest plot of the DFS of patients with HER2-low BC and HER2-zero BC in the overall population (a), hormone receptor-
positive population and hormone receptor-negative (b) population.
BC, breast cancer; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2.
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in pCR rates. Patients with HER2-low BC had a 
lower pCR rate than those with HER2-zero BC 
(19.91% versus 30.18%; OR = 0.60; 95% CI: 
0.53–0.68; p < 0.001) (Figure 5).

Assessment of bias
The analysis of Cochrane risk assessment tools to 
estimate the risk of bias showed that the main 
problem we encountered in the evaluation was 
the high risk, as they had incomplete outcome 
data. Most of the studies were of moderate qual-
ity. The summary and funnel plot was used to 
estimate the publication bias were shown in 
Supplemental eFigure 2 and Supplemental eFig-
ure 3.

Discussion
To the best of our knowledge, this is the first 
meta-analysis to investigate the correlation 
between HER2-low and HER2-zero expression 
status and the prognosis of patients with BC. Our 
results demonstrated that patients with HER2-
low BC had better OS in the overall and hormone 
receptor-positive populations, better DFS in the 
hormone receptor-positive populations and lower 

pCR rates in the overall population than those 
with HER2-zero BC. Nevertheless, patients with 
HER2-low and HER2-zero BC had similar OS in 
the hormone receptor-negative population, simi-
lar DFS in the overall, and negative populations 
and similar PFS in the overall, hormone receptor-
positive, and receptor-negative populations.

Previous prospective and retrospective studies 
have compared the outcomes between HER2 2+/
ISH-negative patients and HER2 0/1+ 
patients.33–35 Novel ADCs such as trastuzumab 
deruxtecan have exhibited high activity in HER2-
low BCs, including IHC 1+ or IHC2+/ISH-
negative BC, and most recent studies also use 
these criteria. This meta-analysis also defined 
HER2-low-positive status as IHC 1+ or IHC2+/
ISH-negative and HER2-zero expression status 
as IHC 0 according to the ASCO/College of 
American Pathologists guidelines. As HER2-low 
BC accounts for approximately 50% of all BCs6 
and has significant heterogeneity,36 it is necessary 
to clarify the association of HER2-low and HER2-
zero expression status and with prognosis.

Considering that the included studies included 
both early- and metastatic-stage disease over a 

Figure 4.  Forest plot of the PFS of patients with HER2-low BC and HER2-zero BC in the overall population (a), 
hormone receptor-positive population and hormone receptor-negative (b) population.
BC, breast cancer; HER2, human epidermal growth factor receptor 2; PFS, progression-free survival.
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long period (1985–2021), we used OS, DFS, and 
PFS as survival indices. The better OS observed 
for patients with HER2-low BC than for those 
with HER2-zero BC has several possible explana-
tions. First, compared to patients with HER2-
zero expression status, those with HER2-low 
expression status presented with more favorable 
clinical and pathological characteristics, such as a 
higher proportion of hormone receptor positivity 
rates,12,16,22,24 lesser number of grade III tumors,37 
lower Ki-67 expression,37 lesser recurrences of 
central nervous system and visceral complica-
tions,22 and better performance status.32 Second, 
hormone receptor-positive patients with HER2-
low expression status were less likely to be older, 
have basal-like subtypes according to the PAM50 
intrinsic subtypes, and more likely to be proges-
terone receptor-positive and have the luminal A 
subtype compared to hormone receptor-positive 
patients with HER2-zero expression status; in 
contrast, hormone receptor-negative patients 
showed no such differences but had a higher pro-
portion of molecular apocrine-like profiles.18,19,31 
Third, HER2-low tumors harbor distinct clinical 
and molecular features, including reduced expres-
sion of TP53, increased expression of luminal-
related genes,16 reduced expression of androgen 
receptor,31 reduced expression of proliferation-
related genes and tyrosine kinase receptor 
genes,12,16 and increase in mutations in the PI3K-
Akt signaling pathway5 compared with HER2-
zero tumors. Lastly, patients with HER2-low 
expression status are more sensitive to some treat-
ments, such as CDK4/6 inhibitors and PI3K–Akt 
signaling inhibitors, than patients with HER2-
zero expression status, as they have a tendency to 

have HER2-enriched intrinsic subtypes and 
PI3K-Akt signaling mutations but less basal-like 
subtypes.5,6,21,38,39 Generally, these clinical, path-
ological, and molecular characteristics and the 
response to treatment are associated with hor-
mone receptor-positive expression. This strongly 
suggests that hormone receptor status plays a cru-
cial role in HER2-low BC and contributes to 
favorable clinical behavior and prognosis. In 
addition, the increased heterogeneity of PAM50 
intrinsic subtypes between HER2-low and HER2-
zero expression status in the hormone receptor-
positive population compared with that in the 
hormone receptor-negative population partly 
accounts for the differences in prognosis of the 
two hormone receptor expression subgroups. 
Nevertheless, not all HER2-low BC characteris-
tics are associated with better prognosis com-
pared with HER2-zero BC. Indeed, several 
studies have shown that compared with HER2-
zero expression status, HER2-low expression 
status is more common in patients who are over-
weight (body mass index ⩾ 25 kg/m2) and is char-
acterized by increased axillary lymph-node 
involvement, a higher proportion of stage IV dis-
ease,32 and higher histological grade.16,19 To date, 
the exact mechanisms underlying a favorable 
prognosis remain poorly understood.

Though the included studies are not identical in 
overall and subgroup analyses for DFS, patients 
with HER2-low and HER2-zero expression  
status showed similar DFS in the overall and hor-
mone receptor-negative populations. No differ-
ence in PFS was observed between patients with 
HER2-low and HER2-zero expression status in 

Figure 5.  Forest plot of the pCR of patients with HER2-low BC and HER2-zero BC in the overall population.
BC, breast cancer; HER2, human epidermal growth factor receptor 2; pCR, pathological complete response.
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both the hormone receptor-positive and hormone 
receptor-negative populations. However, this 
result should be interpreted with caution because 
only three studies were included in this analysis. 
When combining these survival indicators, the 
better OS of patients with HER2-low expression 
status is likely because the early-stage hormone 
receptor-positive population comprised a large 
sample size, considering that this was the group of 
patients that showed different prognoses com-
pared to those with HER2-zero expression 
status.

Moreover, patients with HER2-low expression 
status had a lower pCR to neoadjuvant treatment 
compared to those with HER2-zero expression 
status. This is likely related to the presence of 
more locally advanced tumors in patients with 
HER2-low expression status,16,39 a low Ki-67 
index, and lower proportion of grade III 
tumors28,40,41 than in those with HER2-zero 
expression status as well as therapy resistance 
due to cross-talk between hormone receptor 
signaling and HER2 signaling.42 Patients with 
both early and advanced stage BC were included 
in this meta-analysis, and advanced stage tumors 
were enriched for HER2-low expression com-
pared to early stage tumors, which was shown to 
be due to the fact that there is an evolution of 
HER2 expression from early to advanced stage, 
with a small percentage of HER2 low transform-
ing to HER2 zero, while the majority still trans-
formed from HER2 zero to HER2 low. In 
addition, HER2 expression is also upregulated in 
patients with advanced disease after multiple 
lines of therapy.4

The strengths of the study include the fact that 
this is the first available meta-analysis to investi-
gate the association of HER2-low and HER2-
zero expression status with prognosis in BC, with 
a large sample of patients, the adoption of new 
HER2 definitions, and the inclusion of multiple 
survival endpoints. However, this study also has 
several limitations. First, all of the included stud-
ies were retrospective in nature or were retrospec-
tive analyses of prospective studies that may have 
bias. Second, as the subgroup analyses included 
only few studies, the results should be interpreted 
with caution. Third, the included studies showed 
some heterogeneity considering the lack of stand-
ardized criteria for the IHC evaluation of HER2 
expression status, the difference in follow-up 
time, systemic treatment, and the extended study 
period.

Conclusions
The results of this meta-analysis demonstrate that 
compared to patients with HER2-zero BC, those 
with HER2-low BC had better OS in the overall 
and hormone receptor-positive populations but 
similar OS in the hormone receptor-negative popu-
lations. HER2-low BC had better DFS in the the 
hormone receptor-positive populations. In addition, 
patients with HER2-low expression status had simi-
lar DFS in the overall and hormone receptor-nega-
tive populations, similar PFS in the overall, hormone 
receptor-positive, and hormone receptor-negative 
populations, and a lower pCR rate in the overall 
population than patients with HER2-zero expres-
sion status. Further studies are needed to clarify the 
biological differences between HER2-low and 
HER2-zero BCs and the association between 
HER2-low expression status and prognosis.
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