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Clinical usefulness of human epidermal growth
factor receptor-2 extracellular domain
as a biomarker for monitoring cancer status
and predicting the therapeutic efficacy
in breast cancer
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We assessed the clinical usefulness of human epidermal growth factor receptor-2 extracellular domain (HER2ECD) as a
biomarker for detecting cancer and monitoring disease status and for predicting the efficacy of anticancer treatment
in breast cancer. Five-hundred and eighty serum samples from 252 patients with breast cancer were examined for the
concentration of HER2ECD to compare with conventional tumor markers (CEA, CA15-3, NCC-ST439 and BCA225). Also, in
19 patients with HER2-overexpressed advanced or recurrent breast cancer who were treated with trastuzumab, clinical
outcomes were evaluated retrospectively to determine whether their serum HER2ECD levels predict clinical responses.
The proportion of patients with elevated HER2ECD levels was 15.1%, which was compatible with those with elevated
conventional marker levels. In patients with HER2-overexpressed breast cancer, the positive rate of HER2ECD was
significantly higher (24.1%) than those of conventional markers (7.4-12.9%), suggesting the usefulness of HER2ECD for
detecting cancer in this population. HER2-overexpressed patients responding to trastuzumab (12 of 19 patients) showed
significantly higher serum HER2ECD level (p = 0.033) and longer time to progression (TTP) (p = 0.039) and overall survival
(OS) (p = 0.031) than did patients not responding (seven patients). Furthermore, higher response rates were observed
in patients with elevated HER2ECD levels than in patients without elevated HER2ECD levels (91.3 vs. 14.3%, p = 0.032),
whereas there was no difference in survival between the two groups. The results suggest that HER2ECD is a useful
biomarker not only for detecting breast cancer recurrence but also for predicting tumor responses to trastuzumab.

Introduction marker levels are not always elevated when cancer has developed

or relapsed.? Novel tumor markers that are more sensitive to

Biomarkers are useful for early detection of cancer by screening
and for monitoring cancer status in patients during and after
anticancer treatment as tumor markers. In breast cancer, CEA,
CA15-3, NCC-ST439 and BCA225 are now clinically available

tumor markers in daily clinical practice. However, these tumor
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cancer status are needed. Furthermore, some biomarkers such
as hormone receptor, HER2 gene and Ki67 proliferation param-
eters have a crucial role in predicting prognosis of cancer patients
and the efficacy of anticancer therapeutics.** HER2 gene prod-
uct is a transmembrane receptor tyrosine kinase glycoprotein of
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Table 1. Clinicopathologic features of patients with breast cancer studied

All patients
No. patients 252
Median age 59.1
0 13
1 63
Stage 2 84
3 27
4 orrec. 66
HR-positive (%) 180 (71.4)
Ductal carcinoma (%) 194 (91.9)

*p =0.0015, when compared with HER2-negative patients.

approximately 185 kDa that belongs to the HER family includ-
ing the human epidermal growth factor receptor (EGFR).”®
HER?2 protein is activated by phosphorylation of tyrosine resi-
dues, resulting in the regulation of cell growth and differentiation
through signaling cascades.”'® Amplified HER2 gene or overex-
pressed HER2 protein is observed in approximately 15-30% of
primary breast cancers and these patients showed short survival
or poor prognosis.'"?

Trastuzumab is a humanized mouse monoclonal antibody
that binds to the extracellular domain of the HER2 molecule."
It has been clinically approved as the world’s first humanized
monoclonal antibody breast cancer therapeutic agent in 1998
by the US Food and Drug Administration (FDA), and it was
subsequently approved in Japan for use in a metastatic setting
in 2001 and in an adjuvant setting in 2008."" Administration of
trastuzumab in combination with anticancer cytotoxic agents has
shown good therapeutic efficacy in HER2-overexpressed meta-
static breast cancer.'®

Immunohistochemistry (IHC) and fluorescent in situ hybrid-
ization (FISH) are commonly used to determine the HER2 over-
expression in breast cancer tissue."”** However, a tumor sample
cannot always be obtained to examine HER2 status, especially in
patients with recurrent or metastatic breast cancer. HER2 extra-
cellular domain (HER2ECD), which is shed from the whole
HER2 molecule on breast cancer cells, has been detected in sera
of patients with breast cancer.””*” The Siemens Serum HER?2 test
measures the serum concentration of this protein using a CLIA
method.?"?? Since the measurement of serum HER2ECD levels
is a simple, noninvasive and reproducible method, we assessed
its availability as a biomarker for indicating the efficacy of anti-
cancer treatment or for monitoring cancer status including pro-
gression or regression of cancer. According to a systemic review
by Carney et al.,*** the positive rates of serum HER2ECD in
primary and metastatic breast cancer were 18.5% (0-38) and
43% (23-80), respectively. These results are compatible with
the positivity of other conventional tumor markers. A systemic
review by the National Academy of Clinical Biochemistry
(NACB),” however, showed that serum HER2ECD level has
lower sensitivity in monitoring cancer status as a tumor marker
than does CA15-3 or CEA. As a prognostic factor, elevated serum
HER2ECD level indicates a poor prognosis, i.e., short overall
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CLINICAL STUDY

HER2(-) HER2(+) HER2(?)
17 85 50
58.1 59.0 69.5

5 7 1

29 17 17

39 31 14

12 14 1

32 17 17
94 (81.3) 48 (56.5)* 38(78.0)
86 (86.9) 68 (97.1) 40(95.2)

and disease-free survival.?® It has also been reported that elevated
serum HER2ECD level predicted resistance to hormonal ther-
apy and chemotherapy.?’?’ However, whether serum HER2ECD
level predicts the efficacy of trastuzumab has been controver-
sial,***" more precise evaluation is needed to determine whether
HER2ECD is a clinically useful biomarker for monitoring can-
cer status or predicting tumor responses in breast cancer.

In this study, serum HER2ECD levels were measured in
patients with primary and metastatic breast cancers by using the
Siemens Serum HER2 test to compare the ability of HER2ECD
level to reflect cancer status with the abilities of serum levels of
conventional tumor markers including CA15-3, NCC-ST439,
BCA225 and CEA. Also, the ability of HER2ECD to predict the
therapeutic efficacy of trastuzumab was assessed by comparing its
levels in patients with HER2-overexpressed advanced or relapsed
breast cancer responding to trastuzumab regimens and patients
not responding to the regimens.

Results

Positivity of patients with elevated tumor marker levels. Five
hundred and eighty blood samples from 252 patients with pri-
mary, recurrent or metastatic breast cancer were examined for
serum levels of HER2ECD and conventional tumor markers, i.e.,
CEA, CAI5-3, NCC-ST439 and BCA225. Clinicopathologic
features of the patients are shown in Table 1. The patients were
divided into three groups according to HER2 status in the pri-
mary or metastatic tumor. There was no information on HER2
status in 50 patients because most of the patients had been
referred to our hospital from local hospitals in which they had
received an operation for their primary breast cancer and their
HER?2 status had not been tested, and because some of the
patients received an operation in our hospital when HER2 test-
ing was not approved in Japan and resected samples from those
patients were not available for the test. Furthermore, most of the
patients had small metastatic lesions (< 1 c¢m in size) or lesions
located at sites, such as the liver, lung, mediastinal node and
bone, in which minimally invasive biopsies such as biopsy by a
transbronchial or transcutaneous approach were not indicated.
Median age of the patients was 59.1 y (34—88). Since the HER2-
unknown group has the smallest number of patients, it included
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Table 2. Percentages of patients with elevated levels of each tumor marker

all HER2(-)
CEA 18 23.2
CA15-3 15.3 14.8
NCCST439 14.6 17.9
BCA225 10.9 8.7
HER2ECD 15.1 8.7

SThe positive rate was compared with that in the HER2-negative patients.

HER2(+) p value® HER2(?) p value®
9.4 0.047 224 0.533
13.3 0.427 20.4 0.29
10.5 0.197 12.9 0.663
7.6 0.44 15.8 0.272
23.5 0.027 14 0.294

a I @
a N 8 3 = 3

% patients positive for tumor markers >
o

CEA

% patients positive for tumor markers (7JJ

2

% patients positive for tumor markers O
>
o

% patients positive for tumor markers D

Figure 1. Percentages of patients with elevated levels of each tumor marker. Percentages of patients with elevated levels of each tumor marker were
calculated by clinical stages in all patients (A) and in HER2-negative (B), HER2-overexpressed (C) and HER2-unknown patients (D).

only one patient each in clinical stages 1 and 3. Hormone receptor
(HR)-positive patients accounted for 71.4% of all of the patients
examined. The proportion of patients with HR-positive tumors
in the HER2-positive group, however, was much lower than
that in the HER2-negative group (56.6 for HER2-positive vs.
81.3% for HER2-negative patients; p = 0.0015, Table 1). Table 2
shows percentages of patients with elevated serum levels of each
marker. Patients with elevated HER2ECD levels accounted for
15.1% of all patients, being compatible with data from other con-
ventional tumor markers (10.9-18.3%). The positivity of each
tumor marker was calculated in all patients divided into groups
according to HER2 status in the primary or metastatic tumor
(Table 2). The percentage of patients with elevated CEA levels in
the HER2-positive group was significantly lower than that in the
HER2-negative group (p = 0.047). In contrast, the percentage of
patients with elevated HER2ECD levels in the HER2-positive
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group was much higher than that in the HER2-negative group
(p = 0.027). Figure 1A shows the percentages of patients with
elevated levels of each tumor marker by clinical stages. Positive
rates of all of the tumor markers increased with advance in dis-
ease stage. Serum levels of HER2ECD, CA15-3 and NCCST439
were elevated in less than 10% of the patients with stage 0. This
finding was thought to be due to either non-specific detection or
unrelated lesions producing these markers. However, the reason
could not be determined from the clinical data in this study. In
the HER2-negative patients, the percentage of patients with ele-
vated HER2ECD levels was much lower than the percentages of
patients with elevated levels of other markers (Fig. 1B). However,
it should be noted that patients with HER2ECD-elevated recur-
rent or metastatic cancer in this group accounted for 22.6%
of the patients in this group. In the HER2-positive group, in
contrast, the percentage of patients with elevated HER2ECD

Volume 14 Issue 1

. Do not distribute

lI0Science

©2012 Landes B



levels was significantly higher than the percentages of patients
with elevated levels of other markers (Fig. 1C). In the HER2-
unknown group, although the population of this group was too
small to evaluate the positivity of tumor markers, the percent-
age of patients with HER2ECD-elevated recurrent or metastatic
breast cancer was compatible with that of patients with elevated
levels of other markers (Fig. 1D). Figure 2 shows percentages of
patients with elevated levels of at least one tumor marker includ-
ing conventional markers and HER2ECD compared with those
of patients with elevated levels of at least one conventional marker
by clinical stages. Although adding HER2ECD to the conven-
tional markers did not affect the detection rates of patients with
elevated levels of at least one tumor marker in all patients or in
the HER2-negative patients, it raised the positive rates from 50
to 71.4% in stage 3 and from 43.8 to 81.2% in recurrent or meta-
static stage in the HER2-positive patients (Fig. 2). Similar results
were obtained in the HER2-unknown group (data not shown).

Serum levels of HER2ECD were compared in the three
HER2 status groups. HER2ECD level in HER2-positive
patients was significantly higher than that in HER2-negative
patients (16.6 + 26.8 vs. 11.4 = 3.3 ng/ml, p = 0.037, data not
shown). HER2ECD level in HER2-unknown patients was also
higher, but the difference was not statistically significant (14.2 +
13.9 ng/ml, p = 0.088, data not shown).

Predictive factors for responses to trastuzumab treatment
in HER2-overexpressed breast cancer. Nineteen patients with
advanced or recurrent HER2-overexpressed breast cancer were
treated with trastuzumab regimens. Twelve of these patients
showed clinical responses including complete response (CR) and
partial response (PR) to the treatment, and the remaining seven
patients did not respond. All of the patients who responded to the
treatment showed markedly reduced levels of HER2ECD within
a month after the initiation of treatment (data not shown).
Clinicopathologic features of the patients were shown in Table
3. In both responders and non-responders, more than a half of
the patients received a combination of trastuzumab and taxanes
(either paclitaxcel or docetaxel). To determine which factors were
responsible for tumor responses to trastuzumab, we compared
the clinicopathologic factors in responders and non-responders
(Table 4). Although age, number of metastatic sites and hormone
receptor status in the tumor were not different between the two
groups, there were statistically significant differences in positive
rates of elevated HER2ECD levels, serum HER2ECD levels
and percentages of cancer cells positive for HER2 protein in the
tumor between responders and non-responders (91.7 vs. 14.3%
in positive rates of elevated HER2ECD levels, p = 0.006; 50.1 +
65.6 vs. 10.8 + 5.3 ng/ml in serum HER2ECD levels, p = 0.032;
81.1 + 14.6% vs. 53.4 = 21.0% in percentages of HER2-positive
cancer cells, p = 0.019). When clinical outcomes were compared
in the two groups, median TTP and OS were significantly pro-
longed in responders compared with those in non-responders
(TTP: 17.3 vs. 5.0 mo, p = 0.039; OS: p = 0.061, Fig. 3A and B).
To determine whether HER2ECD status predicts clinical out-
comes of patients with HER2-overexpressed breast cancer who
were treated with trastuzumab regimens, we compared ORR,
TTP and OS between patients with and those without elevated
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Figure 2. Effects of using HER2ECD in addition to conventional mark-
ers on detection rates of breast cancer. Percentage of patients with
elevated levels of at least one tumor marker including conventional
markers and HER2ECD was compared with percentages of patients with
elevated levels of at least one conventional tumor marker by clinical
stages. Detection rates were compared in all patients (A) and in HER2-
negative (B) and HER2-overexpressed patients (C).
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Table 3. Clinicopathologic features of patients with HER2-overexpressed advanced or recurrent breast cancer who received trastuzumab regimens

Pts. no Age No. metastatic site HR status* %HER2+ cells HER2ECD (ng/ml) Regimen® Response
1 39 1 N 100 34.2 PAC/H CR
2 48 2 P 68 46.7 X/H CR
3 61 2 P 68 23.6 PAC/H CR
4 82 2 N 66 29.6 S1/H PR
5 63 4 P 82 479 VINO/H PR
6 40 2 P NT* 24.4 X/H PR
7 38 3 N NT 19 PAC/H PR
8 59 1 N 98 51.7 PAC/H PR
9 51 1 P 72 11.8 PAC/H PR
10 59 1 N 95 409 PAC/H PR
n 57 1 N NT 17 PAC/H PR
12 46 4 P NT 254.1 DOC/H PR
13 69 1 P 42 6.9 PAC/H SD
14 54 3 N 38 22 X/H PD
15 41 3 N 47 5.6 DOC/H PD
16 52 4 N NT 9.9 PAC/H PD
17 69 2 N 50 9.5 H alone SD
18 54 1 P 90 11.1 X/H SD
19 76 2 N NT 10.4 PAC/H PD
*P, positive; N, negative. *Not tested. SPAC, paclitaxcel; DOC, docetaxel; X, capecitabine; H, trasutumab.
Table 4. Comparison of clinicopathologic factors in patients responding to and those not responding to trastuzumab regimens
Responders Non-responders p value
N 12 7
age 53.6+12.6 59.3+12.3 0.353
No. metastatic site 20%1.1 228+ 11 0.3

HR-positivity (%) 6 (50%) 2 (28.6%) 0.447

HER2ECD positivity (%) 11 (91.7%) 1(14.3%) 0.006

%HER2-positive cells 81.1+14.6 53.4+21.0 0.019

HER2ECD level (ng/ml) 50.1 £65.6 10.8+5.3 0.032

HER2ECD levels. As a result, ORR was significantly higher in
patients with elevated HER2ECD levels than in patients without
elevated HER2ECD levels (91.7 vs. 14.3%, p = 0.032). However,
there was no significant difference in median TTP or OS between

the two groups (Table 5).
Discussion

In this study, we assessed the ability of HER2ECD to detect
breast cancer and to monitor cancer status as a tumor marker
by comparing its serum level with those of conventional tumor
markers (CEA, CA15-3, NCC-ST439 and BCA225). Positive
rate of HER2ECD in all patients with breast cancer studied was
15.1%, which was compatible with those of other markers rang-
ing from 10.9-18.3% (Table 2). In HER2-negative patients,
positive rate of HER2ECD was much lower in each clinical
stage than those of other markers (Fig. 1B). Thus, this marker
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did not contribute to increase in detection rates of breast can-
cer as a tumor marker in this subset. In contrast, positive rate
of HER2ECD in HER2-positive patients, especially in patients
with clinical stages of 3 or 4 and in patients with recurrent cancer,
were significantly higher than those of other markers (Fig. 1C). It
should be noted that seven (22.6%) of the patients with HER2-
negative metastatic or recurrent breast cancer showed elevated
HER2ECD levels (Fig. 1B), suggesting that the disseminated or
relapsed tumors were derived from HER2-overexpressed cancer
cells in the primary tumor in which HER2-negative cells were
dominant or that primary cancer cells without HER2 overex-
pression might transform into HER2-overexpressed cells when
the patients relapse. However, we could not rule out the possibil-
ity of aberrant production of HER2 protein in the liver resulting
from reactions to nonmalignant hepatic disorders or metastatic
tumors. Molina et al. reported that serum levels of HER2ECD
were elevated in 40—60% of patients with nonmalignant hepatic
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tively (Fig. 2C). Therefore, HER2ECD is
thought to be useful for detecting recur-
rence or monitoring disease status in

HER2-overexpressed breast cancer. In

Figure 3. Comparison of clinical outcomes in patients responding to and patients not responding
to trastuzumab regimens. TTP (A) and OS (B) were compared between patients with HER2-
overexpressed advanced or recurrent breast cancer responding to and patients not responding to
trastuzumab regimens.

terms of early detection of breast cancer
by this marker, whereas the marker level
was elevated in 7.7% of patients with noninvasive breast cancer
and the levels had decreased to the normal level after operation
in all of the patients, it seemed unlikely that HER2ECD released
from noninvasive breast cancer cells is detectable in sera. Also, we
could not exclude the possibility of non-specific detection by the
marker or of external production of HER2 protein such as that
in non-breast malignancies or inflammatory diseases. Kashiwaba
et al. examined HER2ECD levels in sera from 123 healthy
donors* and determined the cutoff level to be 15.2 ng/ml. They
reported that only one of the donors examined showed a serum
level of HER2ECD above the cut-off level, suggesting that this
marker level is not commonly elevated in the general population.
Trastuzumab is a humanized monoclonal antibody directed
against the HER2 gene product and has shown favorable clinical
efficacy in HER2-overexpressed breast cancer.’**” The combi-
nation of trastuzumab and anticancer cytotoxic agents is a gold
standard for treatment of HER2-overexpressed breast cancer in
adjuvant as well as metastatic settings. However, although the
majority of HER2-overexpressed patients have responded to
this trastuzumab regimen, patients do not always show good
responses despite high levels of HER2 expression in the tumor.
As one of the mechanisms of the acquisition of resistance to
trastuzumab by cancer cells, increase in truncated HER2 mol-
ecules (HER2p95) by shedding HER2ECD in which epitopes
of trastuzumab are situated has been reported.®® Thus, due to the
neutralization of trastuzumab by free HERECD in sera and the
loss of epitopes for trastuzumab on the HER2 protein, cancer
cells are thought to acquire resistance to trastuzumab. In this
study, more than 90% of HER2-overexpressed patients who
showed tumor responses to trastuzumab regimens (Table 4). In
contrast, only one of the seven patients who did not respond to
the regimen had elevated HER2ECD levels. This finding seems
to be contradictory with the mechanism described above. We do
not have any data from this study that can explain the discrep-
ancy, but we speculate that the amount of administered trastu-
zumab antibody is sufficient to bind to all of the free HER2ECD
in sera and that the excess amount of the antibody binds to
HER?2 protein before this HER2ECD is shed from the whole
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Table 5. Comparison of clinical outcomes in patients with and those
without elevated HER2ECD levels

HER2ECD(+) HER2ECD(-) p value
N 12 7
Response rate 91.7 14.3 0.032
Median TTP (M) 16 (2-33) 5(2-27) 0.221
Median OS (M) NC* (3-49) 34 (5-41) 0.226

*Not calculated.

HER2 molecule, resulting in decrease in truncated HER2p95,
which accelerates phospholyration of tyrosine residues in the
molecule. This mechanism has been proved by Molina et al.¥
Data obtained by comparing clinicopathologic factors of HER2-
overexpressed patients responding to and those not responding
to trastuzumab regimens suggest that highly expressed HER2
protein in the tumor and elevated serum HER2ECD levels may
be essential for obtaining favorable responses to the regimen. A
comparison of clinical outcomes in responders and non-respond-
ers showed that both TTP and OS were significantly prolonged
in responders compared with those in non-responders (Fig. 3A
and B). Also, to determine whether HER2ECD is useful as a
biomarker for predicting responses to trastuzumab, we compared
clinical outcomes in HER2-overexpressed patients with and
without elevated HERECD levels who were treated with trastu-
zumab regimens (Table 5). Patients with elevated HER2ECD
levels showed a significantly higher response rate than that of
patients without elevated HER2ECD levels (91.7 vs. 14.3%, p
= 0.032). However, there was no difference in either TTP or OS
between the two groups. The results suggest that elevated serum
HER2ECD levels may predict clinical responses to trastuzumab,
but do not predict survival of patients who were treated with
trastuzumab regimens. This might be partly because the number
of patients studied was too small and the duration of follow-up
of patients was too short for precise evaluation. There has been a
review article concerning the usefulness of HER2ECD by Leary
et al.® They suggested that HER2ECD is useful for detecting
breast cancer regardless of HER2 status. However, the proportion
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of breast cancers detected by serum HER2ECD levels varied
across the studies from 3-34% and from 23-62% in primary
and metastatic breast cancer, respectively. The diversity in the
positivity of HER2ECD elevation was due to the variety of cut-
off levels and unselected population examined. In this study, we
determined the proportion of patients with HER2-overexpressed
breast cancer who showed elevated serum HER2ECD levels in
each clinical stage and compared the proportion with that of
patients with HER2-normal breast cancer. More than half of
patients with HER2-overexpressed stage 3 or recurrent or meta-
static breast cancer showed elevated levels of HER2ECD, sug-
gesting the usefulness of HER2ECD for detecting relapse of
breast cancer after an operation or for monitoring cancer status
during or after treatment in neoadjuvant or metastatic settings.
In terms of the usefulness of this biomarker as a predictor of
benefit from trastuzumab regimens in metastatic settings, many
studies addressing HER2ECD levels in patients with metastatic
breast cancer who were treated with trastuzumab regimens dem-
onstrated no correlation between baseline HER2ECD levels and
benefit from trastuzumab-based treatment. For example, some
investigators have reported that low levels of HER2ECD were
predictable in tumor responses to trastuzumab. In contrast, some
have reported that high levels of HER2ECD predicted tumor
responses. Thus, the usefulness of HER2ECD as a predictor of
benefit from trastuzumab remains to be determined. The results
of this study are compatible with data obtained by Kostler et al.,?’
suggesting that high HER2ECD levels predict high response
rates. Prospective studies with a larger number of patients and
for a longer duration of follow-up are needed to obtain a final
conclusion about the usefulness of HER2ECD as a predictive
biomarker for survival effects of trastuzumab-based therapeutics.

In conclusion, HER2ECD is useful for detecting breast cancer
recurrence and monitoring disease status as a tumor marker, and
addition of this marker to conventional tumor markers increases
detection rates of HER2-overexpressed metastatic or recur-
rent breast cancer from 50% to more than 80%. Furthermore,
HER2ECD is expected to be useful for predicting at least tumor
responses to trastuzumab regimens as a predictive biomarker in
patients with HER2-overexpressed breast cancer.

Materials and Methods

Serum samples. Five-hundred and eighty serum samples were
obtained from 252 patients with primary breast cancer (stages
0-3) and recurrent or metastatic breast cancer who were treated
at the Department of Respiratory, Breast and Endocrine Surgery
of Kagawa University Hospital from July 2007 to December
2011. All of the patients were diagnosed with breast cancer by
histological examination of specimens from the primary or meta-
static lesions. Clinical staging of the patients was determined on
the basis of findings by imaging tests including mammography,
sonography, CT (CT), magnetic resonance imaging (MRI) and
bone scan or physical examination. Blood samples to examine
serum levels of tumor markers were obtained at the time of initial
diagnosis of primary or recurrent breast cancer. Serial measure-
ments were done in patients with advanced or recurrent breast
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cancer while they received anticancer therapeutics including
cytotoxic or molecular-targeting agents. Patient characteristics
are shown in Table 1.

Measurements of serum tumor marker levels. Serum
HER2ECD levels were measured as described previously** by
the ADVIA Centaur Serum HER2 test (Siemens Healthcare
Diagnostics) using the ADVIA Centaur XP system, which is a
fully automated, chemiluminescence immunoassay. Results are
available in approximately 18 min.

Serum levels of CA15-3, CEA, NCC-ST439 and BCA225
were measured using the CA15-3 RIA kit TFB (TFB, Inc.) on
the ARC950 instrument (Hitachi-Aloka Medical, Ltd.), the
Abbott CEA assay on the Abbott ARCHITECT 1 2000SR
(Abbott Japan Co., Ltd.), the NCC-ST439-EIA kit (Kainos Co.)
on AP-X (Kyowa Medex Co., Ltd.) and the BCA225-EIA kit
(Medical and Biological Laboratories Co.) on SJ eia Auto Reader
III (Eidia Co., Ltd.), respectively. The cut-off values for serum
HER2ECD, CA15-3, CEA, NCC-ST439 and BCA225 were
15.2 ng/mL, 30.0 U/ml, 5.0 ng/ml, 7.0 U/ml and 160.0 U/ml,
respectively. Each cut-off value was determined according to the
manufacturer’s instructions.

HER?2, estrogen receptor (ER) and progesterone receptor
(PgR) status. HER2 expression in the tumor samples was tested
by IHC using a Hercep Test kit (DAKO). The HER2 IHC score
is based on the intensity of membrane staining, ranging from 0
(negative) to 3+ (strong positive). A score of 2+ on IHC was fur-
ther evaluated by FISH in which the tissue slide was hybridized
using the PathVysion HER2 DNA probe kit (Abbott) according
to the manufacturer’s instructions. Patients with either HER2
IHC sore of 3+ or FISH score greater than 2.0 were indicated
for trastuzumab-based therapy. The patients were divided into
three groups by status of HER2 expression in the tumor, HER2-
positive, -negative or -unknown. Patients with HER2IHC score
of 0 and 1+ were referred to as HER2-negative and patients with
HER?2 score of 2+ and 3+ were referred to as HER2-positive.

Testing for tissue ER and PgR status was performed with
Ventana CONFIRM anti-ER (SP1) and anti-PgR (1E2) mono-
clonal antibody kits, respectively, according to the manufacturer’s
instructions. Patients with positively stained cancer cells of > 1%
in the primary tumor were determined to be ER- or PgR-positive.

Evaluation of therapeutic efficacy. Tumor responses were
assessed by physical examination, CT or MRI according to the
Response Evaluation Criteria in Solid Tumors (RECIST) every
2-3 mo during the treatment. A complete response (CR) was
defined as the absence of evidence of disease, a partial response
(PR) was defined as a reduction in the sum of diameters of tar-
get lesions by 30% or more, and a progressive disease (PD) was
defined as an increase in the sum of target lesions by 20% or
more or the presence of a new lesion. Tumor marker levels were
examined once a month while the patients received treatment.

Statistical analysis. We used the U-test by Mann-Whitney or
standard chi-square procedures for comparison of two groups.
The effect of baseline characteristics on the risk of progression or
death was calculated using Kaplan-Meier survival analysis and
the log-rank test of significance. A 95% confidence interval (CI)
for the median of each variable was computed using the method
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of Brookmeyer and Crowley. We defined p < 0.05 as significant;
all p values were two-sided. SPSS statistical software system

(SPSS Inc.) was used for all calculations.

the guidelines of the Ethics Committee at Kagawa University
Hospital and conformed to the provision of the Declaration of
Helsinki in 1995. We received informed consent from all of the

study patients.
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