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Abstract

Purpose The clinical relevance of prolonged trastuzumab
administration in combination therapy beyond progressive
disease (PD) has been suggested. Here, we examined
whether trastuzumab treatment is effective in combination
after failing to show antitumor activity as monotherapy in
HER2-positive human breast cancer xenograft models.
Methods We established trastuzumab PD models with
HER2-positive breast cancer xenograft models and com-
pared the antitumor activity of trastuzumab in combination
with a taxane versus monotherapy with a taxane in the
models subsequent to tumor progression under trastuzumab
monotherapy.

Results We established trastuzumab PD model using the
HER2-positive human breast cancer line MDA-MB-361
and KPL-4 in in vivo. In these models, trastuzumab at the
same dose as the initial treatment showed no significant
antitumor activity at 3 weeks after start of treatment. Re-
inoculated tumor tissues showing PD regained sensitivity to
trastuzumab. In the trastuzumab PD models, the HER?2 sta-
tus of the tumor tissues did not decrease. Also, the pAKT
level continued to decrease, as with the initial treatment,
and IGF-1R was not found to be up-regulated. Instead,
differences were observed in the gene-expression profiles of
the tumor tissues showing PD. Trastuzumab in combination
with G-CSF, which is expected to enhance antibody-
dependent cellular cytotoxicity (ADCC), showed signifi-
cant antitumor activity, even though the single agents alone
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showed no antitumor activity in the PD model. In the
MDA-MB-361 trastuzumab PD model, the combination of
trastuzumab with paclitaxel showed significantly more
potent antitumor activity compared with paclitaxel or doce-
taxel monotherapy. In the KPL-4 trastuzumab PD model as
well, trastuzumab showed significant antitumor activity in
combination with taxanes or capecitabine after PD had
developed in response to trastuzumab monotherapy.
Conclusion We established in vivo trastuzumab PD mod-
els, in which trastuzumab monotherapy ceases to have anti-
tumor activity during the treatment. The mechanisms of PD
with trastuzumab are considered to involve both reversible
changes in the gene expression profiles in tumor tissues and
a decrease of ADCC activity in the host. Our present results
demonstrated that trastuzumab showed antitumor activity
in combination with taxanes or capecitabine even though it
showed no antitumor activity as a monotherapy, suggesting
a clinical relevance of treatment with trastuzumab as a
combination therapy beyond PD.

Keywords Trastuzumab - Progressive disease -
Chemotherapy - Combination - ADCC - G-CSF

Introduction

HER?2 overexpression is reportedly a factor of poor progno-
sis in clinical breast cancers [1], and thus treatments target-
ing HER2 are expected to show survival benefit.
Trastuzumab (Herceptin®) is a humanized antibody specific
to HER2, which is used in the first-line treatment for
HER2-positive metastatic or early breast cancer. Clinical
results have demonstrated that therapies combining trast-
uzumab with standard chemotherapies such as taxanes
showed a survival benefit. However, the tumors of many of
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these patients develop progressive disease (PD) during such
therapies and often the treatment to which a patient has
developed PD is discontinued and another treatment is pre-
scribed. It has also been reported that the tumor tissues
remain HER2-positive even after developing PD to trast-
uzumab therapies. This is in line with a recent finding
that, in contrast to initial belief, trastuzumab does not
down-regulate HER?2 from the cell surface [2]. Taking into
consideration that HER?2 is a factor of poor prognosis, dis-
continuation of trastuzumab treatment is counterintuitive;
and yet there is no adequate scientific rationale to continue
the administration of trastuzumab. Here, we examined
whether trastuzumab treatment should be prolonged as a
combination therapy after showing no antitumor activity as
monotherapy in xenograft models. In vitro lines resistant to
trastuzumab have been established and their mechanisms of
resistance have been reported to be associated with dimin-
ished inhibition of pAKT, up-regulation of IGF-1R, and up-
regulation of PTEN [3-5]. The mechanism of trastuzumab
action, however, includes antibody-dependent -cellular
cytotoxicity (ADCC) in addition to the direct inhibition of
cell proliferation [6] and it has become clear that the in vivo
effects of other anticancer drugs in combination therapy
differ from the in vitro effects [6, 7]. To examine the mech-
anisms responsible for PD with trastuzumab, we attempted
to establish in vivo PD models that would show all the
mechanisms of trastuzumab activity.

Using these HER2-positive xenograft models, we inves-
tigated the combination therapies of trastuzumab with tax-
anes or capecitabine, standard treatments for clinical breast
cancer, after PD with trastuzumab as a single agent [8—11]
to demonstrate the clinical relevance of treatment with
trastuzumab after PD.

Materials and methods
Chemicals

Trastuzumab was provided by F. Hoffman-La Roche
(Nutley, NJ) as a freeze-dried powder and reconstituted
with distilled water and diluted with saline. Human immuno-
globulin G (IgG) was purchased from MP Biomedicals,
Inc. (Aurora, OH, USA) and was reconstituted with dis-
tilled water and diluted with saline. Docetaxel was synthe-
sized by Kanto Chemical Co., Inc. (Tokyo, Japan) as a fine
powder and was dissolved in saline containing 2.5% (v/v)
polysorbate 80 (Sigma-Aldrich Inc., St. Louis, MO, USA)
and 2.5% (v/v) ethanol. Paclitaxel was purchased from
Wako Pure Chemical Industries, Ltd (Tokyo, Japan) and
was dissolved in saline containing 5% (v/v) cremophol EL
(Sigma-Aldrich) and 5% (v/v) ethanol. Capecitabine was
provided by F. Hoffman-La Roche as a bulk powder and
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dissolved in 40 mM citrate buffer (pH 6.0) containing 5%
(w/v) gum arabic. G-CSF (genetical recombinant lenogra-
stim) produced by Chugai Pharmaceuticals Co., Ltd) was
diluted with 0.01% of polysorbate 20 in PBS.

Animals

Female 5-week-old BALB/c-nu/nu mice (CAnN.Cg-
Foxnl < nu >/CrlCrlj nu/nu) were obtained from Charles
River Japan (Yokohama, Japan). All animals were allowed
to acclimatize and recover from shipping-related stress for
1 week prior to the study. The health of the mice was moni-
tored by daily observation. Chlorinated water and irradiated
food were provided ad libitum, and the animals were kept
in a controlled light-dark cycle (12-12h). All animal
experiments were performed in accordance with the Guide-
lines for the Accommodation and Care of Laboratory Ani-
mals promulgated by Chugai Pharmaceutical Research
Center.

Tumors

The HER2-positive human inflammatory breast cancer cell
line KPL-4 [12, 13] was kindly provided by Dr. J. Kurebay-
ashi (Kawasaki Medical School, Kurashiki, Japan). KPL-4
was maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum
(FBS). The HER2-positive human breast cancer cell line
MDA-MB-361 was obtained from the American Type Cul-
ture Collection (Rockville, MD). An in vivo line of MDA-
MB-361 was established in our laboratory and maintained
in BALB/c-nu/nu mice after subcutaneous (sc) inoculation
of tumor pieces. Both cell lines were confirmed to be HER2
positive by IHC and FISH [14] diagnostic methods.

Establishment of the in vivo trastuzumab PD model

A piece of MDA-MB-361 tumor tissue was inoculated
subcutaneously into the right flank of each mouse. A sus-
pension of KPL-4 cells (5 x 10° cells/mouse) was
orthotopically transplanted into the second mammary fat
pad of female BALB/c-nu/nu mice. Several weeks after
tumor inoculation, mice were randomly allocated to control
and treatment groups after verification of tumor formation.
Administration of trastuzumab began when tumor volumes
had reached 0.2-0.3 cm® (designated as day 1). Trast-
uzumab was administered intraperitoneally (ip) once a
week (qw) for 3 weeks. To evaluate the antitumor activity
and tolerability of the test agents, tumor volume and body
weight were measured twice a week. The tumor volumes
(V) were estimated from the equation V= ab*2, where a
and b are tumor length and width, respectively. The
growth ratio of tumor volume was calculated to be the ratio
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of tumor volume on the evaluation day to that of the day
of the previous measurement. The percentage of tumor
growth inhibition (TGI%) was calculated as follows:
TGI% = {1 — (tumor volume of treatment group on evalua-
tion day — tumor volume of treatment group on day 1)/
(tumor volume of control group at evaluation day — tumor
volume of control group on day 1)} x 100. For the tumor
re-inoculation experiments, MDA-MB-361 tumor tissue
was resected after 3 weeks of trastuzumab treatment and 2-
mm square pieces of tumor tissue were then inoculated into
BALB/c-nu/nu mice by the same method as the initial
tumor inoculation.

Quantification of pAKT and IGF-1R in tumor tissues

Tumor tissues and blood were sampled at the start of treat-
ment (group a), after 3 weeks of trastuzumab treatment
(group c), and at the time the tumor volume reached that of
the trastuzumab-treated group (group b) to eliminate the
effect of tumor volume on efficacy. The tumor tissues were
pulverized in liquid nitrogen, lysed in cell extraction buffer
(BioSource, Flynn, CA) for 30 min, and then homogenized
with a potter homogenizer. The extracts were centrifuged at
150K x g for 10 min at 4°C. Aliquots of the clear lysates
were dispensed and stored at —80°C until the pAKT and
IGF-1R assays were carried out. ELISA of pAKT (Bio-
Source) or IGF-1R (BioSource) was performed following
the manufacturer’s protocol.

Comprehensive analysis of gene expression in the tumor
tissues

Tumor tissues were resected from xenograft models and
immediately frozen in liquid nitrogen. Total RNA was
extracted from the frozen tumor using Sepasol-RNA I
(WAKO, Osaka, Japan) and was purified with an RNease
column (Qiagen, Austin, TX). Total RNA (5 pg) was
reverse transcribed to cDNA with a T7-(dT)24 primer. Bio-
tin-labeled cRNA was first synthesized from cDNA using a
MEGAscript In Vitro Transcript Kit (Ambion, Austin, TX),
fragmented to an average size of 50-100 nucleotides by
incubating at 95°C for 35 min in 40 mM Tris—acetate (pH
8.1) containing 100 mM potassium acetate and 30 mM
magnesium acetate, and finally hybridized to murine Gene-
Chip 430A 2.0 Array (Affymetrix, Santa Clara, CA). The
hybridized cRNA probes were stained with streptavidin
R-phycoerythrin Molecular Probes™ (Invitrogen, Carlsbad,
CA) and then scanned with a confocal scanner (Affyme-
trix). The scanned data so obtained were normalized to
correct for small differences in the levels of the cRNA
probes and were processed for signal values using Affyme-
trix software (LIMS 5.0). We examined gene expression
profiles in four tumor tissues from each group (control,

human IgG-treated, and trastuzumab-treated). Signal intensi-
ties obtained from the GeneChip analysis were transformed
to logarithmic values. We selected genes from the criteria of
a minimum value >2 and more than two samples showing the
present response in each group and a CV >20% in all 12
samples from a data set of 54,613 arrays and then applied the
values of the selected genes to Eisen’s hierarchical clustering
software (http://rana.stanford.edu/software).

Combination of trastuzumab with chemotherapy
or G-CSF in the trastuzumab PD models

After the initial treatment with trastuzumab alone, mice
were re-randomized and allocated to the control group, the
trastuzumab group, the chemotherapy group, or the combi-
nation of trastuzumab with chemotherapy group. Each
group was, respectively, treated with human IgG and vehi-
cle of chemotherapy, trastuzumab and vehicle of chemo-
therapy, human IgG and chemotherapy, or trastuzumab and
chemotherapy. Trastuzumab was administered ip qw for
3 weeks similar to the initial treatment. Docetaxel was
administered intravenously (iv) once in 3 weeks (q3w).
Paclitaxel was administered iv qw. Capecitabine was
administered orally (po) once a day for 14 consecutive
days. The maximum tolerated dose (MTD) was defined as
half of the minimum toxic dose causing death (one mouse
out of six mice, LD17) or resulting in more than 20% of
body weight loss in a separate experiment. G-CSF was
administered sc once a day for 6 days.

Statistical analysis

The Mann—Whitney U test was used to detect the statistical
differences in tumor volume (P < 0.05) for the in vivo
experiments and Student’s ¢ test was used (P < 0.05) for the
in vitro experiments. The statistical analysis was carried out
using an SAS preclinical package (SAS Institute, Inc.,
Tokyo, Japan).

Results
Establishing a trastuzumab PD model

The HER2-positive breast cancer cell line MDA-MB-361
was inoculated into BALB/c-nu/nu mice, and trastuzumab
(30 mg/kg) was administered ip qw. Up to 1 week after the
start of administration, trastuzumab showed an inhibitory
effect on tumor growth in all of the animals but, as the treat-
ment continued, a decrease in growth inhibition appeared in
individual animals (Fig. 1a). The rate of tumor growth inhi-
bition also decreased during the administration of trast-
uzumab in these animals, and they were considered to have
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Fig. 1 Establishment of the trastuzumab progressive disease model of
MDA-MB-361. a Appearance of the progressive tumor during 3 weeks
of treatment with trastuzumab. Treatment with trastuzumab was start-
ed 52 days after the tumor inoculation. Mice were allocated to groups
of 8 mice for control human IgG and 16 mice for trastuzumab treat-
ment. Trastuzumab (30 mg/kg) and IgG (30 mg/kg) were administered
ip qw for 3 weeks. Data points: IgG (squares), trastuzumab (triangles).
Symbols represent the calculated ratio of the tumor volume versus the
1 week prior tumor volume. b Comparison of tumor volume ratio be-
tween PD tumor and tumor sensitive to trastuzumab treatment. Mean
values are shown as bars. Control IgG treatment (white bar), trast-
uzumab treatment (striped bar), mean of tumor with a volume ratio

become unresponsive to trastuzumab. The frequency of this
condition was 8 out of 16 mice during the period ranging
from 2 to 3 weeks after the start of administration. After
3 weeks of initial administration, the trastuzumab group
showed less tumor growth inhibition compared with the
group that had been switched to treatment with HulgG.
When divided by the tumor volume ratio on day 22 (1.4),
the ratio of resistant tumors was significantly higher than
that of tumors sensitive to trastuzumab (Fig. Ib). After
3 weeks of initial trastuzumab treatment, HER2 protein as
determined by IHC had remained positive (Fig. 1c). In the
investigation of the relationship between the size of the
cancer tumor and its responsiveness to trastuzumab, we
found an inhibitory effect on tumor growth when trast-
uzumab was administered to a tumor having the same vol-
ume as that of a tumor that had become unresponsive at
3 weeks after initial treatment (Fig. 1d). Based on our
results, we regarded the group of individuals that had
become unresponsive to trastuzumab monotherapy as trast-
uzumab PD models. A similar result was also observed in
the KPL-4 model.
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lower than 1.4 (S), mean of tumor with a volume ratio higher than 1.4
(R). ¢ Conservation of HER2 status beyond progressive disease after
treatment with trastuzumab. Herceptest® (HER2 IHC) of the tumor
tissues of MDA-MB-361. The method for IHC is described in the
“Materials and methods”. d Comparison of the antitumor activity of
trastuzumab between large and small tumor tissues. Treatment with
trastuzumab against small tumors or large ones was started 47 or
69 days after the tumor inoculation. Mice were randomly allocated to
groups of six mice each. Trastuzumab (30 mg/kg) and IgG (30 mg/kg)
were administered ip once a week for 3 weeks. Data points: control
1gG (cross marks), trastuzumab (closed triangles)

Changes in the tumor tissues of the trastuzumab PD model

To understand the mechanisms whereby tumor tissues
become unresponsive to trastuzumab, MDA-MB-361
tumor tissue that had received the initial treatment with
trastuzumab was re-inoculated into a different mouse. The
re-inoculated tumor was found to be sensitive to be trast-
uzumab (Fig. 2a). Therefore, it is unlikely that the tumor
tissue itself had been replaced with cells that had acquired
resistance to trastuzumab, or that irreversible changes had
occurred in the tumor tissues such as mutations of HER2-
related signals. We confirmed that the sensitivity to trast-
uzumab monotherapy was similar in both the tumor before
treatment (group a) and the control tumor tissue (group b)
having the same volume as the tumor that had become
unresponsive to trastuzumab. We then investigated the
changes in the tumor tissues among groups sensitive to
trastuzumab (groups a and b) and a refractory group (group
c). The levels of pAKT in tumor were decreased in the
trastuzumab PD tumors (group c), compared with the levels
in the control groups a and b; and the levels of IGF-1R in
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Fig. 2 Changes of HER2-related growth signals in tumor tissues
beyond trastuzumab progressive disease. a Tumor volume of trast-
uzumab-treated mice re-inoculated with the MDA-MB-361 tumor
grown under trastuzumab treatment on day 15. The original MDA-
MB-361 (left). Treatment with trastuzumab for original tumors or
re-inoculated ones was started 53 or 59 days after the tumor inocula-
tion. Mice were randomly allocated to groups of six mice each. Trast-
uzumab (30 mg/kg) and IgG (30 mg/kg) were administered ip once a
week for 3 weeks. Data bars: re-inoculated MDA-MB-361 (lef?).

PD tumors did not increase compared with the control
groups a and b. Comprehensive GeneChip analyses
(Fig. 2¢) revealed differences in the gene expression of the
(groups a, b, and c. Unsupervised hierarchical clustering
analysis was carried out using 55 genes selected from
microarray data according to the criteria described in
“Materials and methods”. Groups a, b, and ¢ were clustered
into each subgroup with the exception of one mouse. The
gene expression patterns of groups a and b were relatively
similar in comparison with group c, indicating that the gene
expression profiles of tumor tissues were associated with
trastuzumab sensitivity in MDA-MB-361.

Involvement of the immune system in the trastuzumab
PD model

The mechanism of the activity of trastuzumab involves
FCyR-mediated ADCC [6]. Based on a report that
G-CSF enhances the appearance of FCyR in nude mice
[15], we considered that G-CSF might enhance ADCC
activity. After 3 weeks of trastuzumab monotherapy in the
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Control (white), and trastuzumab (diagonal). b Levels of pAKT and
IGF1-R in the tumor tissues (n = 6), control group (white), and trast-
uzumab group (30 mg/kg/shot) (diagonal). ¢ Comparison of the gene
profiles between progressive disease tumors and control tumors. Mice
were randomly allocated to groups of four mice: before treatment (a),
control IgG (), and trastuzumab treated (c). Trastuzumab or IgG were
administered ip once a week for 3 weeks or 1 week. Tumor samples
were collected on the 1st day (a), 8 days after (b), or 22 days after treat-
ment (¢)

MDA-MB-361 model, mice were randomly reallocated
and trastuzumab was administered in combination with
G-CSF. The results showed that even though trastuzumab
or G-CSF monotherapy showed no antitumor effect, tumor
growth was significantly inhibited by the combination
therapy (Fig. 3).

Study of combining taxane anticancer drugs
in the trastuzumab PD model

After 3 weeks of trastuzumab monotherapy in the MDA-
MB-361 model, mice were randomly reallocated and
trastuzumab was administered in combination with either
paclitaxel or docetaxel. The results showed that even
though trastuzumab monotherapy showed no tumor inhibitory
effect, the combination groups showed significant antitumor
effects with paclitaxel (Fig. 4a) and with docetaxel
(Fig. 4b). In the KPL-4 model, the same results were found
(Table 1). We investigated the combination of trastuzumab
with capecitabine in the KPL-4 trastuzumab PD model.
Capecitabine combination therapy was significantly more
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Fig. 3 Antitumor activity of combinations of trastuzumab with G-CSF
in the MDA-MB-361 human breast cancer model. Combination
treatment was started 54 days after the tumor inoculation and 3 weeks
of treatment with trastuzumab. Mice were randomly allocated to
groups of ten mice each. G-CSF (300 mg/kg, po) was administered six
times a week for 4 weeks. Trastuzumab (30 mg/kg) and IgG (30 mg/
kg) were administered ip once a week for 3 weeks. Data points: mean
value + SD of tumor volume. Control IgG and vehicle (diamonds),
trastuzumab and vehicle (triangles), control IgG and G-CSF (open cir-
cles), and combination with trastuzumab and G-CSF (closed circles)
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Fig. 4 Antitumor activity of combinations of trastuzumab with tax-
anes in the MDA-MB-361 human breast cancer model. Combination
of trastuzumab with paclitaxel (a) or docetaxel (b). Previous treat-
ments with trastuzumab were started 52 and 48 days after the tumor
inoculation, respectively. After 3 weeks of treatment, mice were ran-
domly allocated to groups of ten mice each. Paclitaxel (60 mg/kg, iv)

@ Springer

effective than capecitabine alone, even in the PD model.
Therefore, even if the tumor becomes unresponsive to trast-
uzumab monotherapy, an added effect can be gained by a
regimen of trastuzumab in combination chemotherapy.

Discussion

Trastuzumab is an anticancer drug widely used for treating
HER2-positive metastatic breast cancers. Recently, it has
been suggested that prolonged administration of trast-
uzumab as a combination therapy beyond PD would be of
clinical relevance. In the present study, we demonstrated in
xenograft models that, even after showing a loss of antitu-
mor activity as a monotherapy, trastuzumab in combination
chemotherapy is an effective anticancer agent.

In the present study, we used in vivo murine xenograft
models of HER2 + breast cancer as the experimental
model. BT-474, KPL-4, and MDA-MB-361 have been
reported to be natural HER2-overexpressing breast cancer
xenograft models [12, 14, 16]. To eliminate the influence of
the hormone receptors, the PgR-positive BT-474 model
was not used and hormone receptor-negative KPL-4 and
MDA-MB-361 models were used. Although in clinical
practice trastuzumab is usually administered in combina-
tion with chemotherapies as the initial treatment, we estab-
lished a trastuzumab monotherapy PD model to avoid the

B. Docetaxel combination
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was administered once in 3 weeks. Trastuzumab (30 mg/kg) and IgG
(30 mg/kg) were administered ip once a week for 3 weeks. Data points:
mean value + SD of tumor volume. Control IgG and vehicle (circles),
trastuzumab and vehicle (open triangles), control IgG and taxane
(open squares), and combination with trastuzumab and taxane (closed
squares)
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Table 1 Antitumor activity of three combinations of trastuzumab
with capecitabine in the KPL-4 human breast cancer model

n Day 1 Day 22

Tumor volume at day 22 beyond trastuzumab progression disease

Control 8 567 £ 73 879 £+ 89
Trastuzumab 7 565 £ 52 836 £ 52
Capecitabine 8 545 £ 63 642 + 86*
Combination 8 551 £ 61 531 +91%°

Treatment was started 17 days after the tumor inoculation. After
3 weeks of treatment with trastuzumab, mice were randomly allocated
to groups of eight mice each. Capecitabine (90 mg/kg, po), was admin-
istered consecutively once a day for 14 days. Trastuzumab (40 mg/kg)
and IgG (40 mg/kg) were administered ip qw for 3 weeks. Data points:
mean value £ SD of tumor volume

4 Significantly different from the control group
® Significantly different from the capecitabine group

development of resistance to chemotherapy in this study
and to clarify whether trastuzumab administration should
be maintained in combination therapy after PD has devel-
oped with trastuzumab monotherapy.

Trastuzumab alone was initially effective in both of the
HER2-positive models; however, 3 weeks after the start of
administration, trastuzumab showed no significant antitu-
mor activity in spite of the fact that HER2 continued to be
overexpressed on the cell surface in the tumor tissues.
Ritter et al. [17] also reported of HER2-positive expression
remaining in their trastuzumab-resistant model. A possible
mechanism for the development of resistance to trast-
uzumab is a weakening of antitumor activity by a reduced
ability of trastuzumab to penetrate into tumors that have
grown larger during the initial treatment. In the present
study, however, trastuzumab initially showed antitumor
activity in large tumors, thereby contradicting the explana-
tion that large tumor volume as a mechanism of the PD that
occurs after initial treatment.

Another possible mechanism for the development of
resistance to trastuzumab in our preclinical models is the
reversible change in the tumor tissue together with
decreased ADCC activity in the host. Reversible changes in
PD tumors were indicated by the fact that the antitumor
activity of trastuzumab was restored when tumor tissue that
had become resistant to trastuzumab monotherapy was re-
inoculated into another mouse, suggesting that our model
for in vivo PD was different from the resistant cell line
established in vitro. In our models, PD with trastuzumab
could not be explained by the selection of a population of
resistant cells or an irreversible gene mutation. Further-
more, we observed neither attenuation of pAKT inhibition
nor up-regulation of IGF-1R in tumor tissue, both of which
have been reported as mechanisms of trastuzumab resis-
tance [4]. The gene expression profiles in the tumors with

PD, differed from the profiles in the tumor before PD had
developed. Therefore, changes other than pAKT or IGF-1R
might be involved in the PD mechanisms.

ADCC has been reported to play an important role in the
antitumor activity of trastuzumab [4, 6, 18]. Therefore, an
increase in ADCC activity would be expected to improve
the efficacy of trastuzumab. G-CSF is used as a supportive
treatment to improve neutropenia caused by chemotherapy
in cancer patients, and it has been reported to increase FcyR
expression in peripheral blood mononuclear cells [15, 19].
Because FcyR is important for ADCC, we examined the
combination effect of G-CSF with trastuzumab. Although,
neither G-CSF nor trastuzumab monotherapy alone showed
any antitumor effects in this model, the combination of
trastuzumab + G-CSF showed significantly stronger tumor
growth inhibition than even the initial trastuzumab mono-
therapy. These results suggest that G-CSF restored ADCC
activity and augmented the antitumor activity of trast-
uzumab in the PD model. G-CSF would be useful not only
as supportive care in clinical but also to potentiate the anti-
tumor activity of trastuzumab in combination therapy.

In the trastuzumab PD model, trastuzumab was compared
with chemotherapy alone, even though trastuzumab showed
no antitumor activity. Our results suggested that the trast-
uzumab combination therapy for HER-2 positive patients
continued even after the development of PD. The mecha-
nisms accounting for the combination effects of trastuzumab
and chemotherapy treatments in this model are not yet clear.
The antitumor activity of trastuzumab is possibly enhanced
by ADCC activity because it has been reported that taxanes
increase the TNF in macrophages and cancer cells by means
of an inflammatory effect [20, 21]. Capecitabine has not
been reported to augment ADCC activity, however, and thus
further investigations are needed to clarify the mechanisms
of the effects in combination with trastuzumab.

Our present results indicate that trastuzumab is able to
potentiate the antitumor activity of taxanes or capecitabine
even after it no longer shows antitumor activity as a
monotherapy in xenograft models, thus suggesting a
clinical relevance for cancer treatment with trastuzumab in
combination therapy beyond PD.
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