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ABSTRACT

Purpose: The present study was designed to demon-
strate the association between HER2 and chemotherapy re-
sistance in patients with metastatic breast cancer.

Patients and methods: We performed a prospective
assessment of the predictive value of the circulating HER2
extracellular domain (ECD) in patients with metastatic
breast carcinoma using paclitaxel and doxorubicin. Serum
samples were collected from 45 patients with metastatic
breast carcinoma before first-line chemotherapy for meta-
static disease and the levels of circulating HER2 ECD
were measured using an enzyme immunoassay. Immuno-
histochemistry with anti-HER2 monoclonal antibody
CB11 was used to assess the expression of HER2 in the
primary tumors.

Results: When 450 fmol/ml was used as a cutoff, 18
patients (40%) had elevated HER2 ECD levels. Elevated
levels of circulating HER2 ECD were associated with the
expression of HER2 in the primary tumor tissue and with
the metastatic tumor burden (evaluated with the marker
CA 15-3; p = 0.032 and p = 0.002, respectively) but not
with variables such as menopausal status, stage at diagno-
sis, previous adjuvant therapy, or the number of metastatic
sites. The levels of circulating HER2 ECD correlated in-
versely with the response to treatment. The probability of
obtaining a complete response to chemotherapy was sig-
nificantly lower (p = 0.021) in patients with elevated
HER2 ECD levels (0%; 95% confidence interval, 0-13%)
in comparison with patients with non-elevated HER2
(26.9%; 95% confidence interval, 12-45%). In addition,
the duration of clinical response was significantly shorter
in patients with elevated HER2 ECD, in comparison with
the cases with non-elevated HER2 (7.5 versus 11 months;
p =0.035).

The abbreviations used are:

ECD : Extracellular domain.

CAF : Cyclophosphamide-Adriamycin-5-fluorouracil.

CMF : Cyclophosphamide-methotrexate-5-fluorouracil.
CALGB : Cancer and leukemia group B.

PAF : L-phenylalanine mustard-5-fluorouracil-doxorubicine.
Cl : Confidence interval.

Conclusion: In conclusion, elevated levels of circulat-
ing HER2 ECD in patients with metastatic breast cancer
correlate with reduced efficacy of a paclitaxel-doxorubicin
chemotherapy combination. We suggest that the poor re-
sponse rate associated with HER2 expression in advanced
breast cancer may not be reversed by aggressive chemo-
therapy alone.

Key Words: Metastatic breast cancer - Chemotherapy -
Circulating HER?2.

INTRODUCTION

Some genetic disorders in breast cancer have
been associated with a poor prognosis. One of
these disorders is the amplification of the HER2
oncogene [31]. The HER2 oncogene (also
named erB-2 and HER2/neu) codifies for the
HER2 oncoprotein (also called pl85erbB-2),
which has a structure of growth factor receptor
[12]. The HER2 ECD can be found in the circu-
lation [20,37]. Overexpression of the HER2 on-
coprotein in primary breast carcinomas [26] and
in serum [14] has been related to a higher re-
lapse rate.

The adverse prognostic effect of HER2
overexpression may be related to the resistance
to chemotherapy [29]. Two neoadjuvant (preop-
erative) chemotherapy studies (using mitoxan-
trone plus methotrexate and CAF/cyclo-
phosphamide-epirubicin-5-fluorouracil, respec-
tively) have found a negative association of
HER?2 expression with response [19,35]. Further-
more, in metastatic breast carcinoma, two retro-
spective studies have found an inverse relation-
ship between HER2 expression in primary
tumor tissue [36] or serum [13] and the response
to single agent mitoxantrone or cyclophospha-
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mide-Novantrone-fluorouracil, respectively. In
the adjuvant setting, the predictive value of
HER?2 is controversial [29]. Four studies using
CMF or CMF-like adjuvant chemotherapy (In-
ternational Breast Cancer Study Group Study
V, Intergroup 0011, Guy's/Manchester, and
Stockholm Breast Cancer Group) have shown
that tumors that overexpress HER2 have shorter
disease-free survival times than those with nor-
mal amounts of HER2 gene product [1,15,21,33].
No such lack of benefit was noted, however,
when conventional doses of adjuvant CAF
CALGB 8541 and its ancillary study 8869 [23],
PAF (National Surgical Adjuvant Breast and
Bowel Project Study B-11) [25], or a single cy-
cle of perioperative CAF (European Organiza-
tion for Research and Treatment of Cancer
study 10854) [8] were used.

This study was designed to report the clini-
cal outcome of 45 patients with metastatic
breast cancer treated with a chemotherapy com-
bination of paclitaxel and doxorubicin and ana-
lyzed for the expression of HER2 in the serum
and primary tumor tissue.

PATIENTS AND METHODS

Forty-five patients with metastatic breast
carcinoma were enrolled in the study between
August 1997 and August 1999.

Eligibility criteria:

1- Histopathologically proven breast carcino-
ma.

2- Measurable metastatic breast carcinoma.

3- No previous chemotherapy for advanced dis-
ease. Adjuvant anthracyclines was accepta-
ble if the total doxorubicin dose had not ex-
ceeded 300 mg/m2 and the disease free
interval was longer than 18 months.

4- Normal cardiac function, with a left ejection
fraction of at least 60% measured by echo-
cardiography.

5- Adequate hematologic, renal and hepatic
function.

6- Relatively good performance status (Eastern
Cooperative Oncology group index perfor-
mance status of 2 or better) [19].

A careful history, physical examination,
complete blood count, routine chemistry serum

CA 15-3, electrocardiogram, lipid profile, chest
X-ray, bone scan, liver ultrasound or C.T., con-
tralateral mammography and left ventricular
ejection fraction (LVEF) by echocardiography
were performed before starting treatment. To
monitor for cardiotoxicity, we evaluated LVEF
every three cycles. Blood counts and chemistry
were performed at the beginning of each 21-day
cycle of treatment. Liver ultrasound or C.T.,
chest X-rays and bone X-rays were repeated
every three cycles (in patients with liver, lung
and bone lesions, respectively) to document re-
sponse to therapy. When possible, paraffin
blocks from the primary breast carcinomas
were obtained and immunohistochemical analy-
sis was performed.

Treatment schedule:

Outpatient chemotherapy consisted of doxo-
rubicin (50 mg/m2, bolus) followed by a 3-hour
intravenous infusion of paclitaxel (175 mg/m2),
both administered on day 1. Cycles were re-
peated every 21 days when neutrophil and
platelet counts were greater than 1.5 x 109/L
and greater than 100 x 109/L, respectively.
Treatment was delayed for a maximum of 2
weeks until these counts were reached. Pacli-
taxel was infused 30 minutes after the adminis-
tration of a premedication consisting of dexa-
methazone 40 mg i.v. dexchlorpheniramine 5
mg i.v. and cimetidine 300 mg i.v.

In patients without prior adjuvant anthracy-
cline chemotherapy, the planned duration of
treatment was 10 cycles. Treatment was inter-
rupted if the disease progressed or significant
toxicities were observed. Doxorubicin was
withdrawn after reaching a cumulative dose of
350 mg/m2 (i.e. after the seventh cycle). Pa-
tients with prior adjuvant anthracycline therapy
received 3 cycles of doxorubicin and paclitaxel
(reaching a maximal cumulative doxorubicin
dose of 450 mg/m2), after which they continued
with paclitaxel alone until disease progression
or until the 10 cycles were completed.

Efficacy parameters used for this analysis
were objective response rate, as defined by
WHO criteria [25] and duration of response, de-
fined as the time elapsed from the achievement
of an objective response until disease progres-
sion.

HER?2 measurements:

Before treatment, a 10-ml blood sample was
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drawn and centrifuged at 1000-x g for 5 min.
Serum was aliquoted in two parts and stored in
polypropylene cryotubes at -20°C. The levels of
circulating HER2 were measured using a sand-
wich enzyme immunoassay, according to the
manufacture's instructions (Human neu quanti-
tative ELISA; Calbiochem) [6]. The HER2 ECD
values are expressed in fmol/ml. Immunostain-
ing for HER2 in primary carcinomas (Fig. 1)
was performed using the anti-c-HER?2 antibody
CB11 (Biogenex) at a dilution of 1:80 and a
streptavidin-biotin  detection system  (kit
LSAB2; DAKO) [37]. Development was per-
formed with diaminobenzidine, using Harris'
hematoxylin counterstain. Membrane HER2
staining was quantified in percentages (0-
100%). Cases were considered positive when
10% or more of tumor cells had intense mem-
brane staining [37]. HER2 expression was deter-
mined in primary tumor tissue of 40 cases.

Statistical methods:

The association of HER2 with clinical pa-
rameters was evaluated with the X2 test, using
the Mantel-Haenszel test to evaluate linear as-
sociations. Multivariate analysis of categorical
variables was performed using logistic regres-
sion. Correlations were performed using the
Spearman test. The Mann-Whitney U test was
used to test differences between mean values of
subgroups. To evaluate the duration of re-
sponse, the Kaplan-Meier estimation was used
and comparisons were made with the log-rank
test. For multivariate analysis of time-
dependent variables, the Cox proportional haz-
ards regression model was used. Data were en-
tered, checked and analyzed using EPI-INFO
(version 6.1) software package [11].

RESULTS

HER? levels in serum and tumor tissue:

Circulating HER2 ECD levels ranged from
155 to 38.871 fmol/ml (median, 427 fmol/ml).
Mean levels were 2085 fmol/ml, with a SE of
810 fmol/ml. When we used 450 fmol/ml as the
cutoff level, 18 patients had elevated levels of
HER?2 (40%) and 27 patients had non-elevated
values (60%).

To test the specificity of circulating HER2
ECD in advanced breast cancer, we determined
the expression of HER2 in 40 of the primary
breast carcinomas. As can be seen in Table (1),
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73% of patients expressing HER2 in the pri-
mary tumor showed elevated circulating HER2
ECD at relapse, whereas, 66% of the patients
with HER2 negative primary tumor were also
negative when they developed metastasis (p =
0.032).

Correlation of circulating HER2 ECD and
clinical parameters:

We performed correlations between circulat-
ing HER2 ECD and several clinical parameters.
The results are shown in Table (1). Menopausal
status, estrogen receptor status, stage at diagno-
sis (relapsing versus initially metastatic), previ-
ous adjuvant chemotherapy, dominant site of
metastases and the number of metastatic sites
did not correlate with HER2. However, elevat-
ed circulating HER2 ECD levels were signifi-
cantly associated with positivity of the tumor
marker CA 15-3 (p = 0.002), indicating that the
expression of HER2 in the serum is associated
with metastatic tumor burden in patients with
advanced breast carcinoma.

To study the association between circulating
HER2 ECD and tumor burden, we performed a
correlation analysis between the logarithmically
transformed values of HER2 and CA 15-3. We
observed a moderate correlation between HER2
ECD and CA 15-3, which was statistically sig-
nificant (r = 0.5; p < 0.001). In addition, pa-
tients with elevated circulating HER2 had high-
er CA 15-3 values compared with patients with
non-elevated HER2 (23.5 versus 34.7 units/ml;
p = 0.011). This confirms the association be-
tween the levels of circulating HER2 ECD and
the extent of metastatic breast cancer.

We assessed the relative importance of the
clinical variables and tissue HER2 on the eleva-
tion of circulating HER2 ECD. A logistic re-
gression analysis showed that only tissue HER2
(p =0.016) and CA 15-3 (p = 0.019) were inde-
pendent variables associated with elevated ser-
um HER2 ECD.

Correlation of circulating HER2 ECD and
treatment efficacy:

Treatment efficacy was evaluable in 44 pa-
tients with circulating HER2 measurement. One
patient was not evaluable for response (devel-
oped a hypersensitivity adverse event after the
second treatment). Table (2) shows that 0% of
the patients with elevated HER2 had a complete
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response (95% CI, 0-13%), whereas 26.9% of
patients with non-elevated HER2 had a com-
plete clinical response (95% CI, 12-45%). In ad-
dition, almost twice the proportion of patients
with elevated HER2 did not respond to therapy
when compared with the patients with non-
elevated HER2 (38.9 versus 22.2%; 95% CI,
19-59% and 10-41%, respectively). Therefore,
there was a statistically significant inverse rela-
tionship between the levels of circulating HER2
and the clinical response (p = 0.021). The effi-
cacy of treatment was evaluated using the dura-
tion of response. The overall median duration of
response was 10 months (95% CI, 7-12
months). When we compared the duration of re-
sponse in the patients with elevated or non-
elevated levels of circulating HER2 ECD, we
found that there were statistically significant
differences (7.5 versus 11 months; p = 0.035).
Fig. (2) illustrates that elevated circulating
HER2 ECD level are associated with a shorter
response duration. Cox analysis of the response
duration using HER2 ECD as a continuous vari-
able showed that HER2 ECD had a borderline
statistical significance (p = 0.06).

Because previous treatment with adjuvant
anthracyclines might have an impact on the in-
teraction of HER2 with the chemotherapy that
we used in the metastatic setting (paclitaxel and
doxorubicin), analysis of treatment efficacy was
performed, removing the 16 patients with past
anthracycline exposure. Again the duration of
response was shorter in the HER2 ECD-positive
patients than in the HER2 ECD-negative pa-
tients (6.4 versus 14.9 months; p = 0.07).

Correlation of treatment efficacy with tissue
HER? and CA 15-3:

Table (2) shows that there was a trend for
tissue HER2 expression to correlate inversely
with the response to treatment. However, the as-
sociation was not significant. On the other hand,
CA 15-3 levels in patients with advanced breast
carcinoma showed a significant inverse correla-
tion with the response to chemotherapy.

Multivariate analysis of treatment efficacy:

To assess the relative importance of circulat-
ing HER2 on treatment efficacy in comparison
with other variables, multivariate analyses was
done (Table 3). A logistic regression analysis
was performed first, using objective response
(response versus no response) as the dependent

variable The circulating HER2 level was the
only variable that showed a significant associa-
tion in the multivariate analysis (p = 0.03). Sec-
ond, a Cox regression analysis of the duration
of response was performed. This showed that of
the variables entered in the model, only circulat-
ing HER2 ECD retained statistical significance
in the multivariate analysis (p = 0.04). There-
fore, circulating HER2 ECD is a significant pre-
dictor of treatment efficacy that is independent
of other clinical variables.

Fig. (1): HER2 expression in tumor tissue was significant-
ly associated with its level in serum.
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Fig. (2): Response duration stratified by HER2 ECD status.
The Kaplan-Meier plot shows that patients with
elevated HER2 ECD (——) had shorter duration
of response than patients with non-elevated HER2
( ). The difference was significant using the
log-rank test (p = 0.035).
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Table (1): Correlation of circulating HER2 ECD and the expresion of HER2 in the corresponding primary tumors and clini-
cal variables.

Circulating HER22
p
Nonelevated, n (%) Elevated, n (%)

Tissue HER2:
Negative 19 (66) 10 (34) 0.032
Positiveb 327 8 (73)

Menopausal status:
Pre 10 (66.7) 5(33.3) NS¢
Post 17 (56.7) 13 (43.3)

Estrogen receptor status:
Negative 8(53.3) 7 (46.7) NS
Positive 19 (63.3) 11 (36.7)

Type of advanced disease:
Relapse 18 (60) 12 (40) NS
Initially metastatic 9 (60) 6 (40)

Adjuvant chemotherapy:
None 12 (52.2) 11 (47.8) NS
Without anthracyclines 8 (80) 2 (20)
With anthracyclines 7 (58.3) 541.7)

Number of metastatic sites:
1 15 (60) 10 (40) NS
>2 12 (60) 8 (40)

Dominant site of metastases:
Soft tissue 7 (53.8) 6(46.2) NS
Bone 5(83.3) 1(16.7)
Visceral 15 (57.7) 11 (42.3)

CA 15-3 levels:
Negative 19 (86.4) 3 (13.6) 0.002
Positive 8 (34.8) 15 (65.2)

a Elevated circulating HER2, > 450 fmol/ml.
b positive tumor HER?2, = 10% cells with intense membrane staining.
€ NS, not significant.

Table (2): Correlation of the response to chemotherapy with circulating HER2 ECD levels, tissue HER2 expression and the
levels of CA 15-3.

Circulating HER2 Tissue HER2 CA 15-3 levels
Objective response
Nonelevated Elevated Negative Positive Negative Positive
CR 7 (26.9%) 0 (0%) 5 (18%) 1 (9%) 6 (27.2%) 1 (4.3%)
PR 13 (50%) 11 (61.1%) 18 (64%) 6 (55%) 9 (40.9%) 15 (65.2%)
NR 6 (22.2%) 7 (38.9%) 5 (18%) 4 (36%) 7 (31.8%) 6 (26.1%)
p 0.021 0.219 0.043

Results given as n (%).
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Table (3): Multivariate analysis of response rate and durtion of response.

Response rate?

Duration of response

o Multivariate o Multivariate
Univariate Univariate
p Relative P Relative
riskb P riskb
Menopausal status (pre vs. post) 0.39 0.15 1.4(0.3-5.9) 0.74 0.81 1.0(0.3-3.1)
Type of advanced disease (relapse vs. initially 0.79 0.57 0.5(0.1-3.5) 0.83 095 12(04-34)
metastatic)
Adjuvant chemotherapy (None vs. non- 0.91 0.88 0.4 (0.1-1.3) 0.85 0.64 1.2 (0.6-2.3)
anthracycline vs. anthracycline)
Number of metastatic sites (1 vs. > 2) 0.32 0.35 0.9(0.2-3.2) 0.53 0.37 1.5(0.6-3.5)
CA 15-3 levels (< 30 vs. = 30 units/ml) 0.36 0.83  0.5(0.1-2.3) 0.03 0.21  2.0(0.7-5.6)
Circulating HER2 ECD (< 450 vs. 2450 fmol/ml)  0.01 0.03 3.0(0.6-13.3) 0.03 0.04 2.2(1.0-4.9)

a Response vs. no response. D Relative risk (95% CI).

DISCUSSION

HER?2 oncogene expression has been related
to an unfavorable prognosis in breast cancer
[26,31]. Several retrospective studies have sug-
gested that HER2 expression is associated with
a reduced efficacy of adjuvant chemotherapy
[29]. The present study has confirmed this point
in a different patient population by finding that
the level of HER2 ECD in the prospectively
collected sera of patients with metastatic breast
cancer correlates inversely with the response to
chemotherapy. In our study, we observed
marked differences in the probability of re-
sponse between patients with elevated circulat-
ing HER2 ECD and those with non-elevated
HER?2. In addition, the quality of the response
was affected by HER2 ECD level because the
duration of response was significantly shorter in
patients with elevated circulating HER2 ECD
than in patients with non-elevated HER2 ECD
(7.5 versus 11 months).

In the present study, we categorized the lev-
els of circulating HER2 ECD using 450 fmol/
ml as a cutoff. The proportion of patients with
elevated HER?2 in our study was identical to the
positivity rate that has been reported by other
authors in patients with metastatic breast cancer
using the same or similar ELISAs (43, 45 and
34%, respectively) [16,22,38].

Our results showing a relationship between
HER?2 ECD expression and resistance to chem-
otherapy which are consistent with several re-
ports in the adjuvant and neoadjuvant settings.
Retrospective analysis of adjuvant chemothera-
py in node-negative patients, such as the Inter-

national Breast Cancer Study Group study V
[15] and the Intergroup study 0011 [1] and in
node-positive patients, such as the Guy's/
Manchester [21], have shown that adjuvant
CMF chemotherapy has reduced efficacy in the
subset of HER2-positive patients. A study by
Fehm et al. [14] in node-positive breast carcino-
ma found that HER2 ECD-positive patients had
a worse outcome than HER2-negative patients
when treated with either adjuvant CMF or cy-
clophosphamide-Novantrone-fluorouracil. Two
recent prospective studies evaluated the effica-
cy of preoperative chemotherapy in relation to
HER?2 status [19,35]. In the study by Makris et
al. [19], the response rate was significantly low-
er in HER2-positive than in HER2-negative
cases (57 versus 93%; p = 0.007) and in the re-
port by Vargas-Roig et al. [35], 89% of HER2-
positive patients developed distant metastases,
whereas only 38% of the HER2-negative cases
did (p = 0.006). The results of the present study
were further supported by a study of Colomer et
al. [9] that was carried out in 53 patients with
metastatic breast cancer treated with a biweekly
combination of paclitaxel and gemcitabine. In
the latter study, the response rate to paclitaxel-
gemcitabine was 85% in HER2-positive pa-
tients and 40% in the HER2-negative cases (p =
0.003) while the duration of response was 6 and
10.5 months, respectively (p = 0.06) [9].

Other studies, in contrast, have not found an
association between HER2 expression and re-
sistance to chemotherapy. The CALGB study
8869 [23] evaluated three doses of adjuvant
CAF chemotherapy (standard, low, or very low)
in 396 cases with node-positive breast cancer.
They found that standard CAF was more active
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than the lower doses and that this was especial-
ly true in the HER2-positive cases. The Nation-
al Surgical Adjuvant Breast and Bowel Project
study B-11 [26] showed that PAF adjuvant treat-
ment in ER-negative, node-positive patients
was superior to L-phenylalanine mustard-5-
fluorouracil. An evaluation of HER2 expression
in this latter study [26] observed that the benefit
of PAF is restricted to HER2-positive patients.
Because some of the drugs in the CMF and L-
phenylalanine mustard-5-fluorouracil regimens
are identical to those in CAF or PAF, it has
been hypothesized that doxorubicin, the drug
that is not common in the comparative regi-
mens, may be more active in HER2-positive
cases. A recent update of CALGB study 8541-
8869, although validating the results in the 396
cases of the first report, has not been able to
replicate the results in an additional cohort of
595 patients [30]. Two published retrospective
studies, one in primary breast cancer [28] and
another in advanced breast cancer [24], have not
found a correlation between treatment response
to CAF and HER?2 tumor tissue expression. The
retrospective design of all of these studies and
the limitations of immunohistochemical analy-
sis in archival samples [7,28] may explain some
of the discrepancies observed and make the
point for prospectively designed trials when
evaluating biological endpoints.

In our study, we used a combination of dox-
orubicin and paclitaxel, two drugs that have
been suggested to be more active in HER2-
positive breast cancer [5,23,25,39]. HER2-
associated chemoresistance has been reported
to be independent of the multidrug resistance
gene mdr-1 [27,39] and recent animal experi-
ments using cells transfected with HER2 have
suggested that the lack of response to chemo-
therapy of HER2-positive tumors is related to
the rapid proliferation of the tumor cells that
survive the chemotherapy and not to an intrin-
sic resistance to chemotherapy [27]. In agree-
ment with these observations, a recent investi-
gation in which the apoptotic index was
measured in primary breast carcinomas before
and 24h after doxorubicin-containing chemo-
therapy showed that HER2-positive tumors
have a markedly reduced apoptotic response to
chemotherapy [2]. Therefore, the expression of
HER?2 may not indicate a pleiotropic resistance
to chemotherapy, but rather it represents a cel-
lular growth advantage that allows the regrowth
of tumor cells after treatment. This is consistent
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with the shorter duration of responses that we
observed in the patients with elevated circulat-
ing HER2 ECD.

In the present study, we observed a signifi-
cant association between circulating HER?2
ECD levels in the serum with the expression of
HER?2 in the primary tumor, although the assay
reagents used for the detection of HER?2 in the
serum and in the tumor were not the same. Our
results agree with the concordance indices for
HER?2 of 70-80% that have been reported with
variations in the diagnostic HER2 antibodies
[5,7]. In our series, circulating HER2 ECD lev-
els also correlated with an indicator of tumor
burden, the marker CA 15-3 [10], reflecting that
HER2 ECD serum levels depend on the amount
of metastatic tumor cells. This is in agreement
with the results of Krainer et al. [17], who found
a very similar correlation coefficient between
serum HER2 ECD and CA 15-3 in patients with
metastatic breast cancer. The detection of ele-
vated HER2 ECD levels in the absence of
HER?2 overexpression in the primary tumor tis-
sue reflects the different timeframes in the col-
lection of samples. Whereas HER2 was deter-
mined at the time of primary surgery, HER2
ECD was determined much later in the disease
course, when distant metastases were present. It
has been suggested that HER2 amplification
may be involved in the progression of breast
cancer from a hormone-dependent to a hor-
mone-independent phenotype. A study of multi-
ple biopsies of patients with advanced breast
cancer undergoing hormonal treatment showed
that HER2 amplification appeared (9-31 months
after the initiation of therapy) in 6 of 34 HER2-
negative patients [18].

Our data suggest that circulating HER2 ECD
levels may be a better indicator of resistance to
chemotherapy than the expression of HER2 in
the primary tumor. However, the small number
of patients in our study does not allow a defini-
tive conclusion. An advantage for the use of ser-
um samples over archival tissue in patients with
advanced breast carcinoma is that, in general,
serum samples may be obtained more easily af-
ter relapse. Therefore, the measurement of cir-
culating HER?2 in the serum may be more relia-
ble and reproducible than the measurement of
HER2 in archival paraffin blocks. Our study
cannot distinguish whether HER2 ECD predicts
for resistance to paclitaxel or to doxorubicin be-
cause we used the drugs in combination. The
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Eastern Cooperative Oncology Group study
1193 measured circulating HER2 in patients
with advanced breast cancer who received pac-
litaxel, doxorubicin, or the combination pacli-
taxel-doxorubicin. The results of this study will
provide important information on this issue
when published.

With the results obtained in our study, a rec-
ommendation for selecting conventional chem-
otherapy regimens in advanced breast cancer
based on HER2 status can not be justified. In
contrast, we suggest that the poor response rate
that is associated with HER2 expression might
be reversed with anti-HER?2-specific therapies,
an approach that has been effective in the labor-
atory [3,4] and in randomized clinical trials [32]
with monoclonal antibodies.

REFERENCES

1- Allred D.C., Clark G.M., Tandon A.K., Molina R.,
Tormey D.C., Osborne C.K., Gilchrist K.W., Man-
sour E.G., Abeloff M., Eudey L. and McGuire W.L.:
HER-2/neu in node-negative breast cancer: prognostic
signficance of overexpression influenced by the pres-
ence of in situ carcinoma. J. Clin. Oncol., 10: 599-
605, 1992.

2-  Archer C.D., Ellis P.A., Dowsett M. and Smith LE.: c-
erbB-2 positivity correlates with poor apoptotic re-
sponse to chemotherapy in primary breast cancer.
Breast Cancer Res. Treat., 50: 237-242, 1998.

3- Arteaga C.L., Winnier A.R., Poirier M.C., Lopez-
Larraza D.M., Shawver L.K., Hurd S.D. and Stewart
S.J.: p 185 c-erbB-2 signal enhances cisplatin-induced
cytotoxicity in human breast carcinoma cells: associa-
tion between an oncogenic receptor tyrosine kinase
and drug-induced DNA repair. Cancer Res., 54: 3758-
3765, 1994.

4- Baselga J., Norton L., Albanell J.,, Kim Y. M. and
Mendelsohn J.: Recombinant humanized anti-HER2
antibody (Herceptin) enhances the antitumor activity
of paclitaxel and doxorubicin against HER2/neu over-
expressing human breast cancer xenografts. Cancer
Res., 58: 2825-2831, 1998.

5- Baselga J., Seidman A.D., Rosen P.P. and Norton L.:
HER?2 overexpression and paclitaxel sensitivity in
breast cancer: therapeutic implications. Oncology
(Huntingt.), 11: 43-48, 1997.

6- Carney W.O., Hamer P.J., Petit D., Retos C., Greene
R., Zabrecky J.R., McKenzie S., Hayes D., Kufe D.,
DeLellis R., Naber S. and Wolfe H.: Detection and
quantitation of the human neu oncoprotein. J. Tumor
Mark. Oncol., 6: 53-72, 1991.

7- Charpin C., De Victor B., Andrac L., Amabile J., Ber-
geret D., LaVaut M.N., Allasia C. and Piana L.: p53
quantitative immunocytochemical analysis in breast
carcinomas. Hum. Pathol., 26: 159-166, 1995.

8-

10-

11-

12

13

14-

15-

16

17-

19-

Clahsen P.C., van de Velde C.J., Duval C., Pallud C.,
Mandard A.M., Delobelle-Deroide A., van den Broek
L., Sahmoud T.M. and van de Vijver M.J.: p53 pro-
tein accumulation and response to adjuvant chemo-
therapy in premenopausal women with node-negative
early breast cancer. J. Clin. Oncol., 16: 470-479,
1998.

Colomer R., Lombart A., Lluch A., Ojeda B., Barna-
das A., Caranana V., Fernadez Y., De Paz L., Guillem
V., Montero S. and Alonso S.: Biweekly paclitaxel
and gemcitabine in advanced breast cancer: Phase II
trial and predictive value of HER2 extracellular do-
main (ECD). Proc. Am. Soc. Clin. Oncol., 2000.

Colomer R., Ruibal A. and Salvador L.: Circulating
tumor marker levels in advanced breast carcinoma
correlate with the extent of metastatic disease. Cancer
(Phila.), 64: 1674-1681, 1989.

Dean A.G., Dean F.A. and Coulmbier D.: EPI-INFO
version 6.1: A word processing, database and statistics
program for epidemiology on microcomputers. Center
for disease control, Atlanta, Georgia, USA, 1994.

Dougall W.C., Qian X., Peterson N.C., Miller M.J.,
Samanta A. and Greene M.L.: The neu-oncogene: sig-
nal transduction pathways, transformation mecha-
nisms and evolving therapies. Oncogene, 9: 2109-
2123, 1994.

Fehm T., Maimonis P., Katalinic A. and Jager W.H.:
The prognostic significance of c-erbB-2 serum protein
in metastatic breast cancer. Oncology, 55: 33-38,
1998.

Fehm T., Maimonis P., Weitz S., Teramoto Y., Kat-
alinic A. and Jager W.: Influence of circulating c-
erbB-2 serum protein on response to adjuvant chemo-
therapy in node-positive breast cancer patients. Breast
Cancer Res. Treat., 43: 87-95, 1997.

Gusterson B. A., Gelber R. D., Goldhirsh A., Price
K.N., Save-Soderborgh J., Anbazhagan R., Styles J.,
Rudenstam C.M., Golouh R., Reed R., Martinez-Tello
F., Tiltman A., Torhorst J., Grigolato P., Bettelheim
R., Neville A.M., Burki K., Castiglione M., Collins J.,
Lindtner J. and Senn H.J.: Prognostic importance of c-
erbB-2 expression in breast cancer. J. Clin. Oncol.,,
10: 1049-1056, 1992.

Kath R., Hoffken K., Otte C., Metz K., Scheulen M.E.,
Hulskamp F. and Seeber S.: The neu-oncogene prod-
uct in serum and tissue of patients with breast carcino-
ma. Ann. Oncol., 4: 585-590, 1993.

Krainer M., Brodowicz T., Zeillinger R., Wiltschke C.,
Scholten C., Seifert M., Ernst Kubista E., Christoph
C. and Zielinski C.C.: Tissue expression and serum
levels of HER-2/neu in patients with breast cancer.
Oncology, 54: 475-481, 1997.

Lonn U., Lonn s., Ingelmann-Sundberg H., Nilsson B.
and Stenkvist B.: c-erbB-2/int-2 amplification appears
faster in breast-cancer patients receiving second-line
endocrine treatment. Int. J. Cancer, 69: 273-277,
1996.

Makris A., Powles T.J., Dowsett M., Osborne C.K.,
Trott P.A., Fernando ILN., Ashley S.E., Ormedod
M.G., Titley J.C., Gregory R.K. and Allred D.C.: Pre-



Wael H. El-Sawy, et al.

20-

21-

22-

diction of response to neoadjuvant chemoendocrine
therapy in primary breast carcinomas. Clin. Cancer
Res., 3: 593-600, 1997.

Mielke S., Meden H., Raab T., Wuttke W. and Kuhn
W.: Effects of interfering and influencing factors on
the analyses of pl105 (c-erbB-2/HER-2) oncoprotein
fragment in serum. Anticancer Res., 17: 3125-3227,
1997.

Miles D.W., Harris W.H., Gilett C.E., Smith P. and
Barnes D.: Effect of c-erbB2 and estrogen receptor
status on survival of women with primary breast can-
cer treated with adjuvant cyclophosphamide/
methotrexate/fluorouracil. Int. J. Cancer, 84: 354-359,
1999.

Molina R., Jo J., Filella X., Zanon G., Pahisa J.,
Muiioz M., Farrus B., Latre M.L., Escriche C., Estape
J. and Mallesta A.M.: c-erbB-2 oncoprotein, CEA and
CA 15.3 in patients with breast cancer: prognostic val-
ue. Breast Cancer Res. Treat., 51: 109-119, 1998.

23- Muss H.B., Thor A.D., Berry D.A., Kute T., Liu E.T.,

24-

25-

26-

Koemer F., irrincione C.T., Budman D.R., Wood
W.C., Barcos M. and Henderson I1.C.: c-erbB-2 ex-
pression and response to adjuvant therapy in women
with node-positive early breast cancer. N. Engl. J.
Med., 330: 1260-1266, 1994.

Niskanen E., Blomqvist C., Franssila K., Hietanen P.
and Wasenius V.M.: Predictive value of c-erbB-2,
p53, cathepsin-D and histology of the primary tumour
in metastatic breast cancer. Br. J. Cancer, 76: 917-
922, 1997.

Paik S., Bryant J., Park C., Fisher B., Tan-Chiu E.,
Hyams D., Fisher E.R., Lippman M.E., wickerham
D.L. and Wolmark N.: erbB-2 and response to doxo-
rubicin in patients with axillary lymph node-positive,
hormone receptor-negative breast cancer. J. Natl. Can-
cer Inst., 90: 1361-1370, 1998.

Paik S., Hazan R., Fisher E.R., Sass R.E., Fisher B.,
Redmond C., Schlessinger J., Lippman M.E. and King
C.R.: Pathologic findings from the National Surgical
Adjuvant Breast and Bowel Project: Prognostic signif-
icance of erbB-2 protein expression in primary breast
cancer. J. Clin. Oncol., 8: 103-112, 1990.

27- Pegram M.D., Finn R.S., Arzoo K., Beryt M., Pietras

R.J. and Slamon D.J.: The effect of HER-2/neu over-
expression on chemotherapeutic drug sensitivity in hu-
man breast and ovarian cancer cells. Oncogene, 15:
537-547, 1997.

28- Press M.F., Hung G., Godolphin W. and Slamon D.J.:

Sensitivity of HER-2/neu antibodies in archival tissue
samples: potential source of error in immunohisto-
chemical studies of oncogene expression. Cancer
Res., 54: 2771-2777, 1994.

29- Ross J.S. and Fletcher J.A.: The HER-2/neu oncogene

in breast cancer: prognostic factor, predictive factor
and target for therapy. Oncologist, 3: 237-252, 1998.

30-

31-

37

Rozan S., Vincent-Salomon A., Zafrani B., Validire
P., De Cremoux P., Bernoux A., Nieruchalski M.,
Fourquet A., Clough K., Dieras V., Pouillart P. and
Sastre-Garau X.: No significant predictive value of c-
erbB-2 or p53 expression regarding sensitivity to pri-
mary chemotherapy or radiotherapy in breast cancer.
Int. J. Cancer, 79: 27-33, 1998.

Slamon D.L., Clark G.M., Wong S.G., Levin W.J.,
Ullrich A. and McGuire W.L.: Human breast cancer:
correlation of relapse and survival with amplification
of her-2/neu oncogene. Science (Washington DC),
235:177-182, 1987.

32- Slamon D., Leyland-Jones B., Shak S., Paton V., Baja-

33-

monde A., Fleming T., Eiermann W., Wolter J., Ba-
selga J. and Norton L.: Addition of herceptin (human-
ized anti-HER?2 antibody) to first line chemotherapy
for HER2 overexpressing metastatic breast cancer
(HER2+/mbc) markedly increases anticancer activity:
a randomized, multinational controlled Phase III trial,
Proc. Am. Soc. Clin. Oncol., 17: 98, 1998.

Stal O., Sullivan S., Wingren S., Skoog I., Rutqvist
L.E., Carstensen J.M. and Nordenskjold B.: c-erbB-2
expression and benefit from adjuvant chemotherapy
and radiotherapy of breast cancer. Eur. J. Cancer,
31A:2185-2190, 1995.

Thor A.D., Berry D.A., Budman D.R., Muss H.B.,
Kute T., Henderson I.C., Barcos M., Cirrincione C.,
Edgerton S., Allred C., Norton L. and Liu E.T.: erbB-
2, p53 and efficacy of adjuvant therapy in lymph
node-positive breast cancer. J. Natl. Cancer Inst., 90:
1346-1360, 1998.

35- Vargas-Roig L.M., Gago F.E., Tello O., Martin de Ci-

36-

37-

vetta M.T. and Ciocca D.R.: c-erbB-2 (HER-2/neu)
protein and drug resistance in breast cancer patients
treated with induction chemotherapy. Int. J. Cancer,
84: 129-134, 1999.

Wright C., Cairns J., Cantwell B.J., Cattan A.r., Hall
A.G., Harris A.L. and Horne C.H.W.: Response to mi-
toxantrone in advanced breast cancer: correlation with
expression of c-erbB-2 protein and glutathione S-
transferases. Br. J. Cancer, 65: 271-274, 1992.

Wu J.T., Zhang P., Astill M.E., Lyons B.W. and Wu
L.H.: Identification and characterization of c-erbB-2
proteins in serum, breast tumor tissue and SK-BR-3
cell line. J. Clin. Lab. Anal., 9: 141-150, 1995.

38- Yamauchi H., O'Neill A., Gelman R., Carney W., Ten-

39-

ney D.Y., Hosch S. and Hayes D.F.: Prediction of re-
sponse to antiestrogen therapy in advanced breast can-
cer patients by pretretment circulating levels of
extracellular domain of the HER-2/c-neu protein. J.
Clin. Oncol., 15: 2518-2525, 1997.

Yu D., Liu B., Tan M., Li J.,, Wang S.S. and Hung
M.C.: Overexpression of c-erbB-2/neu in breast can-
cer cells confers increased resistance to taxol via mdr-
1-independent mechanisms. Oncogene, 13: 1359-
1365, 1996.



