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Abstract: Background: HER-2 overexpression is an independent predictor for poor prognosis of breast cancer pa-
tients. Recently, extracellular domain of HER-2 (ECD) was found detectable in the serum of breast cancer patients. 
In this prospective study, we wonder whether ECD levels predict the clinical outcome of metastatic breast cancer pa-
tients. Methods: ECD were measured in 190 women with metastatic breast cancer. Chi-square test was performed 
to determine the relationship between ECD status and clinical outcomes. Kaplan-Meier curves were applied for 
survival analysis. Results: Elevated ECD levels were significantly associated with short-term response to Herceptin 
treatment. The median PFS was significantly longer in ECD-Low patients. The patients who remained low ECD levels 
or achieved low ECD levels after treatments have significantly longer PFS than those whose levels remained high or 
converted from low to high. Conclusions: Overall, our results support the clinical utility of measuring serum HER2 
ECD levels in patients with advanced breast cancer. Baseline and serial measurements of serum ECD levels are 
reliably predictive of clinical outcome of breast cancer patients. 
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Introduction

The human epidermal growth factor receptor-2 
(HER-2) proto-oncogene, also known as HER-2/
neu and c-erbB-2, encodes a growth factor 
receptor which has been found to play a signifi-
cant role in breast cancer [1]. The HER-2 gene 
is amplified or overexpressed in up to 30% of 
breast cancer patients. HER-2 overexpression 
is an independent predictor of shorter progres-
sion-free survival (PFS) and overall survival (OS) 
of breast cancer patients [2, 3].

HER-2 is composed of an extracellular domain 
(ECD) that includes the binding site for its 
ligands, a transmembrane domain, and the 
intracellular kinase domain. HER-2 ECD can be 
cleaved from the surface of breast cancer cells 
by matrix metalloproteases and released into 
the serum, where it is detectable using an 

enzyme-linked immunosorbent assay (ELISA) 
[4, 5]. Increased levels of HER-2 ECD (≥15 ng/
mL) can be detected in 30%-90% of patients 
with metastatic breast cancer (MBC) [6, 7]. As 
an easily accessible serum protein, HER-2 ECD 
is thus generating an increasing interest as a 
potential and clinically relevant new biomarker 
for breast cancer. Increased serum ECD con-
centrations was found to be an indicator of poor 
prognosis and poor response to chemothera-
peutic and hormonal treatment regimens [6-8]. 
However, a pooled analysis of four trials of 
Trastuzumab in metastatic breast cancer 
showed that there was no clear relationship 
between baseline ECD values and tumor 
response, and HER-2 ECD levels declined irre-
spective of treatment received and tumor 
response after initiating combination therapy 
[9]. Therefore, the utility of serum ECD values 
as a potential marker of tumor response or pro-
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HER2-positive metastatic 
breast cancer patients and 
whether changes in HER2 
ECD levels during treat-
ment correlate with PFS.

Methods

Patient selection

A total of 190 patients with 
metastatic breast carcino-
ma referred to Zhejiang Ca- 
ncer Hospital were recruit-
ed. Histological diagnosis 
was made at the Depart- 
ment of Pathology, Zhejiang 
Cancer Hospital. Before 
treatment, a 5-ml blood 
sample was drawn and cen-
trifuged at 1000×g for 5 
min. Serum was aliquoted 
in two parts and stored in 
polypropylene cryotubes at 
-80°C. All patients were 
provided written informed 
consent according to guide-
lines of the ethics commit-
tee of Zhejiang Cancer 
Hospital.

HER2 ECD testing

Serum samples were pro-
spectively collected from 
breast cancer patients 
before treatment (n=190) 
and at the time of evalua-
tion (n=46). Serum HER2 
ECD levels were deter-
mined with the ADVIA 
Centaur HER2/neu assay 
(Bayer Corporation, Tarry- 
town, NY) according to the 

manufacturer’s instructions. Levels of HER-2 
ECD >15 ng/mL are considered high ECD levels 
[5, 13, 14].

Statistical analysis

Continuous data were summarized using 
descriptive statistics. Student’s t test were 
used to analyze the difference. Chi-square test 
was performed to determine the relationship 
between ECD status and clinical parameters 

gression is currently a matter of debate, and it 
is a general opinion that this issue deserves 
further study in large prospective trials 
[10-12]. 

In this prospective analysis of a cohort of meta-
static breast cancer patients, we investigated 
whether HER-2 ECD measurements would be 
useful for clinical decision making. Specifically, 
we wonder whether baseline (pretreatment) 
ECD values can predict the clinical outcome of 

Figure 1. bECD and overall treatment response. A: bECD levels in patients with 
different treatment response (One Way ANOVA test, p=0.1365). B: Pro gression-
free survival (PFS) in patients with different bECD status (bECD low: n=130; 
bECD high: n=60; Log Rank test, p=0.0004). C: Progression-free sur vival (PFS) 
in HER-2-negative patients with different bECD status (bECD low: n=69; bECD 
high: n=20; Log Rank test, p=0.012). D: Progression-free survival (PFS) in HER-
2-positive patients with different bECD status (bECD low: n=61; bECD high: 
n=40; Log Rank test, p=0.0003). 

 

Table 1. Treatment responses according to the baseline level of 
soluble HER-2
Characteristic Low bECD (No.) High bECD (No.) Chi-Square p
Herceptin treatment
    ORR 30 14 0.0128
    SD 6 8
    PD 0 4
Overall response
    ORR 76 29 0.1435
    SD 41 19
    PD 13 12
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such as age, lymph node metastasis. Kaplan-
Meier curves were produced for PFS and medi-
an PFS were calculated from these curves. For 
models of ECD levels over time, statistical com-
parison of PFS was conducted for patient with 
remained low ECD levels or achieved low ECD 
levels (ECD LOW) compared with those whose 
levels remained above 15 ng/mL or converted 
from low to high elevated ECD levels (ECD 
HIGH).

Effects were considered significant if p<0.05. 
All analysis were two sided tests conducted 
using SPSS16.0 software.

Results

bECD and overall treatment response

As previously reported, we set the cutpoint at 
15 ng/mL as the upper limit of the normal 
bECD level to separate the cohort into two 
groups: bECD low and bECD high. Generally, 
bECD levels have no significant association 
with short-term treatment response (Figure 1A 
and Table 1). However, the long-term outcome 
was worse in bECD high patients. The 1-year 
survival, 2-year survival and 3-year survival 
were 50.5%, 25.3% and 23% in bECD low 
patients and 25.0%, 9.8% and 0% in bECD high 
patients. The median PFS was 12.3 months in 
bECD low patients (95% CI: 10.2-14.4, n=130) 
and 7.5 months in bECD high patients (95% CI: 
7.5-9.4, n=60) (Figure 1B, Log Rank test, 
p=0.0004). This effect is irrespective of tissue 
HER-2 expression since the median PFS of 
bECD low patients were significantly longer 
than that of bECD high patients in both HER-2 

negative and HER-2 positive groups (Figure 1C 
and 1D). In HER-2 negative group, the median 
PFS was 10.5 months in bECD low patients 
(95% CI: 7.7-13.9, n=69) and 5.5 months in 
bECD high patients (95% CI: 0-11.3, n=20) 
(Figure 1C, Log Rank test, p=0.012). In HER-2 
positive group, the median PFS was 13.0 
months in bECD low patients (95% CI: 10.3-
15.8, n=61) and 7.6 months in bECD high 
patients (95% CI: 6.2-9.1, n=40) (Figure 1D, 
Log Rank test, p=0.0003).

bECD and Herceptin treatment response

In addition, bECD levels were significantly asso-
ciated with short-term Herceptin response (One 
Way ANOVA test, p=0.0125; ORR: 19.6±2.4 ng/
mL; SD: 28.5±3.5 ng/mL; PD: 34.6±5.2 ng/
mL, Figure 2A). Patients with low bECD levels 
had a higher rate of ORR (Table 1). For patients 
without Herceptin treatment, the median PFS 
was 10.4 months (95% CI: 7.8-13.0, n=94) in 
bECD Low patients and 5.8 months (95% CI: 
1.6-9.6, n=34) in bECD high patients (Figure 
2B, Log Rank test, p=0.016). For patients 
received Herceptin treatment, the median PFS 
was 14.9 months (95% CI: 11.6-18.2, n=36) in 
bECD Low patients and 7.6 months (95% CI: 
5.7-10.2, n=26) in bECD high patients (Figure 
2C, Log Rank test, p=0.001).

Changes in ECD and long-term clinical out-
comes

In a cohort of 46 patients whose HER2 ECD lev-
els were monitored during treatment, 29 
patients remains low ECD levels, 12 patients 
convert from high to low, 2 patients convert 

Figure 2. bECD and Herceptin treatment response. A: bECD levels in patients with different response to Herceptin 
treatment (One Way ANOVA test, p=0.0125). B: Progression-free survival (PFS) in Herceptin-non-treated patients 
with different bECD status (bECD low: n=94; bECD high: n=34; Log Rank test, p=0.016). C: Progression-free survival 
(PFS) in Herceptin-treated patients with different bECD status (bECD low: n=36; bECD high: n=26; Log Rank test, 
p=0.001).
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from low to high, and 3 patients remains high 
ECD levels. The changes in serum ECD levels 
are not related with the treatment response 
(Figure 3A). Although the number of patients 
with ECD levels was small, the patients who 
remained low ECD levels or achieved low ECD 
levels after treatments have significantly longer 
PFS than those whose levels remained above 
15 ng/mL or converted from low to high regard-
less of treatment given (Log Rank test, p=0.019, 
Figure 3B). The median PFS was 14.7 months 
(95% CI: 7.8-21.5) and 6.4 months (95% CI: 5.0-
7.8), respectively. 

Discussion

The last two decades have witnessed the 
improvement in the management of breast can-
cer and persistent efforts have been underway 
to develop more tailored therapeutics. The suc-
cess utilization of HER-2 amplification or over-
expression as the therapeutic target and prog-
nostic marker has spurred increasing interests 
in identifying novel tissue or serum biomarkers 
that would guide the individualized therapy. 

Shortly after discovering the presence of HER-2 
ECD in the serum of breast cancer patients, it 
has been proposed as a novel biomarker to 
monitor treatment response and disease pro-
gression [15, 16]. In the present study, we 
found that baseline ECD levels significantly cor-
relate with clinical outcome. Patients with low 
HER-2 ECD levels have significantly longer PFS. 
This finding is supported by data from the 
N9831 trial and other studies that patients 

cer. However, the biological relevance and how 
ECD was released from HER-2-expressing 
breast cancer cells remain to be characterized. 
Clarifying its biological relevance may be help-
ful to define more subtypes of breast cancer for 
personalized therapy. Although the molecular 
mechanism is unknown, elevated bECD levels 
was found in patients with weak or negative 
HER-2 expression. It is possible that the release 
of ECD from the surface of tumor cells may con-
vert high HER-2 expression to low HER-2 
expression although the commonly used anti-
body for IHC was raised against the ICD of HER-
2. It have been well recognized that EGFR ICD 
can translocate into the nucleus where it can 
modulate gene transcription to promote tumor 
progression. If this is true, HER-2 ECD may rep-
resent a unique subtype of breast cancer that 
need more specific molecular typing and target 
therapy.

Interestingly, serum ECD levels change in the 
course of treatment. Despite a small scale, we 
observed that patients who remained low ECD 
levels or achieved low ECD levels have signifi-
cantly longer PFS than those whose levels 
remained above 15 ng/mL or converted from 
low to high regardless of treatment given. Our 
results are consistent with previous reports 
measuring serum HER2 ECD in Trastuzumab-
treated patients or non-Trastuzumab-based 
setting. The randomized (paclitaxel with place-
bo or lapatinib) phase III study EGF30001 
(n=579) showed that changes in ECD status 
correlates with patient outcome regardless of 
treatment given. ECD conversion from low to 

Figure 3. Clinical relevance of changes in ECD levels (cECD). A: Association 
of ECD changes with treatment responses (Chi-Square test, p=0.6270). ECD 
L means patients with ECD levels persistently low or converted from high to 
low. ECD H means patients with ECD levels converted from low to high. B: 
Progression-free survival (PFS) in patients with different cECD status (ECD L: 
n=41; ECD H: n=5; Log Rank test, p=0.019). 

with high ECD levels had a 
shorter survival [17-20]. 
However, these studies are 
controversial on the corre-
lation of bECD levels with 
short-term treatment res- 
ponse. We found that pa- 
tients with objective res- 
ponse to various treat-
ments generally have low 
bECD levels, indicating that 
bECD can be used for a bio-
marker to monitor treat-
ment response in addition 
to prediction long-term clin-
ical outcome. Therefore, 
elevated HER-2 ECD might 
represent a more progres-
sive subtype of breast can-
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high was associated with worse PFS and low 
ECD level or converting from high to low had 
better PFS than a consistently elevated ECD 
[16]. In a pooled analysis of seven medical 
institutions of first-line Trastuzumab therapy 
(with or without chemotherapy; n=307) in MBC, 
Ali et al reported that a 20% decrease of serum 
HER2 from baseline in the early weeks follow-
ing therapy initiation predicted for significantly 
increased objective response rate, prolonged 
time to progression, and longer survival to first-
line Trastuzumab therapy [21]. Lipton et al 
showed that a ≥20% decrease of serum HER2 
from baseline to as early as 4 weeks was asso-
ciated with prolonged PFS and higher ORR in 
patients (n=138) receiving lapatinib monother-
apy in the EGF20009 study [22]. Besides, an 
analysis of 158 patients with metastatic breast 
cancer suggested that increases over time of 
ECD/HER2 levels were strongly associated with 
poor survival [20]. Additionally, some other tri-
als in HER2-overexpressing metastatic breast 
cancer (MBC) also indicated that early changes 
in elevated baseline serum ECD before 
Trastuzumab-based treatment was predictive 
of good tumor response [15, 23-26].

Overall, our results support the clinical utility of 
measuring serum HER2 ECD levels in patients 
with advanced breast cancer. Baseline and 
serial measurements of serum ECD levels are 
reliably predictive of clinical outcome of breast 
cancer patients. Therefore, monitoring of 
serum HER-2 ECD levels in larger prospective 
clinical trials should be initiated to confirm its 
value in outcome prediction and individualized 
therapy.
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