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Abstract

Background TSU-68 is a novel multiple tyrosine kinase
inhibitor that inhibits vascular endothelial growth factor
receptor-2, platelet-derived growth factor receptor, and
fibroblast growth factor receptor. This open-label, non-
comparative, multicenter phase II study evaluated TSU-68
in combination with docetaxel in patients with metastatic
breast cancer that had relapsed within 1 year despite prior
treatment with an anthracycline-containing regimen.
Methods TSU-68 was orally administered on days 1-21,
and docetaxel was intravenously delivered on day 1. The
regimen was repeated every 21 days. Primary endpoint was
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objective response rate according to the RECIST guide-
lines version 1.0.

Results TSU-68 in combination with docetaxel produced
objective responses in 21.1% and clinical benefits in 42.1%
of the patients, respectively (1 complete response, 3 partial
response, and 4 stable disease for at least 24 weeks,
n = 19). Median time to progression was 148 days, and
median overall survival was 579 days. The common
adverse drug reactions were leukopenia, neutropenia, nail
disorder, malaise, dysgeusia, alopecia, and edema.
Conclusions TSU-68 in combination with docetaxel
showed a promising antitumor response with manageable
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toxicity in patients with anthracycline-resistant metastatic
breast cancer. Further studies are warranted in a different
population of breast cancer or other solid cancers.

Keywords Receptor tyrosine kinase inhibitor - Phase II
study - Anthracycline-resistant breast cancer

Introduction

Angiogenesis plays a vital role in the growth and
metastasis of solid tumors and vascular endothelial
growth factor (VEGF) has been implicated in patholog-
ical angiogenesis associated with tumors [1-3]. For
instance, bevacizumab, a humanized monoclonal anti-
body against the VEGF, plus chemotherapy showed a
significant increase in clinical response and prolongation
of time to disease progression as compared with che-
motherapy alone in a wide variety of cancers such as
colorectal cancer, non-small-cell lung cancer (NSCLC),
and breast cancer [4-8]. However, it has been revealed
that not only VEGF but also other endothelial growth
factors are critical in the induction and maintenance of
tumor angiogenesis. Through the platelet-derived growth
factor-BB (PDGF-BB)/PDGF receptor signaling pathway,
the contact between endothelial cells and pericytes and
smooth muscle cells stabilizes new blood. vessels, pro-
motes endothelial survival, and. inhibits endothelial cell
proliferation [9, 10]. PDGF-BB and. fibroblast growth
factor (FGF) are two frequently expressed non-VEGF
pro-angiogenic factors in tumors, and the expression
levels of these factors are correlated with cancer pro-
gression and metastasis [11]. Activated endothelial cells
in growing blood vessels are also important sources of
PDGF-BB production. Malignant tumor transition could
activate FGF secretion from tumor cells. Since FGF
modulates the PDGF signaling system in endothelial
cells, PDGF-BB' and FGF together promote primary
tumor growth in mice more than either of them could do
so alone [12].

TSU-68 is a novel multiple tyrosine kinase inhibitor that
competitively inhibits the adenosine triphosphate-binding
domain of Flk-1/KDR tyrosine kinase, PDGF receptor
tyrosine kinase, and FGF receptor tyrosine kinase. Animal
studies showed that TSU-68 has a strong antitumor effect
against several established human cancer xenografts as
well as a broad antitumor spectrum without apparent
adverse drug reactions [13-15]. In addition, TSU-68 in
combination with taxane has exhibited synergic efficacy
against established human breast cancer xenografts com-
pared to TSU-68 or taxane alone [16].

On the basis of the results of the animal studies and
three phase I studies with a dose-escalation design to

@ Springer

determine recommended dose and dosing schedule of
TSU-68 alone in patients with advanced solid tumor in
Japan [17], we conducted a single-arm, open-label, multi-
center phase II study to evaluate the efficacy and safety of
TSU-68 in combination with docetaxel in patients with
anthracycline-resistant metastatic breast cancer.

Patients and methods
Eligibility criteria

Female patients aged 20-75 years with histologically or
cytologically confirmed metastatic breast cancer that had
relapsed within 1 year (52 weeks) despite prior treatment
with an anthracycline-containing regimen for metastatic
disease or in the neo/adjuvant setting were eligible.
Patients who had metastatic breast cancer relapsed after
no less than 6 months (24 weeks) after completion of a
treatment with taxane in the neo/adjuvant setting were
allowed to be enrolled into the study but not mandated.
Patients were required to have at least one measurable
lesion according to the Response Evaluation Criteria for
Solid Tumors (RECIST) _version . 1.0 guidelines [187];
World Health Organization performance status (WHO PS)
of 0-2; adequate bone marrow, hepatic and renal function
[white blood cell (WBC) count at least 4,000/m® to no
greater than 12,000/m> or absolute neutrophil count at
least 2,000/m> platelet count at least 100,000/m’
hemoglobin level at least 9.0 g/dL; aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT) no
greater than 100 U/L; total bilirubin no greater than
1.5 mg/dL; serum creatinine no greater than 1.5 mg/dL];
no clinically significant electrocardiogram (ECG) abnor-
malities;. and life expectancy of at least 3 months
(90 days).

Patients were excluded if they had uncontrolled ascites,
pleural effusion, or pericardial fluid requiring drainage,
symptomatic brain metastasis, and active infection. Also
patients who had received chemotherapy except for a 5-FU
derivative agent and radiotherapy within 4 weeks of the
initiation of study treatment were excluded, as were
patients who had received immunotherapy, biological
response modifiers (BRMs), hormonal therapy, or a 5-FU
derivative agent within 2 weeks of the initiation of study
treatment.

Written informed consent had been obtained from all
patients before they were registered in this study. The study
protocol was approved by the institutional review board or
the ethical review board of respective study centers. This
study was conducted by following the guidelines of Good
Clinical Practice and in compliance with the Declaration of
Helsinki.
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Study design and treatment

This was open-label, non-comparative, multicenter phase II
study. Nineteen qualified patients were to be enrolled in the
study. This study did not have a multi-stage design based
on statistical methods; however, the tolerability of TSU-68
in combination with docetaxel was non-statistically eval-
vated in the initial 6 patients by an independent data
monitoring committee (IDMC) because this was the first
study to assess TSU-68 in combination with docetaxel in
patients with metastatic breast cancer. In addition, phar-
macokinetic analysis was also performed in the initial 6
patients. Enrollment of additional patients was placed on
hold until completion of tolerability confirmation of TSU-
68 in combination with docetaxel by the IDMC.

TSU-68 was orally administered at a dose of 800 mg
twice a day on days 1-21 and docetaxel was intravenously
delivered at a dose of 60 mg/m? which is a common
treatment dose for patients with metastatic breast cancer in
Japan, over 1 h on day 1. This regimen was repeated every
21 days. After completion of cycle 6, patients were
allowed to be treated with TSU-68 alone at the investiga-
tor’s discretion. The study treatment was continued until
the occurrence of unacceptable adverse drug reaction,
withdrawal of informed consent, disease progression, or
death.

Assessments

Tumor assessments by the investigator were performed at
baseline (within 4 weeks before the initiation of study
treatment) and every even cycle until disease progression
according to the RECIST guidelines version 1.0. Objective
response evaluated by the investigators was reviewed by an
independent review committee. Complete response (CR)
and partial response (PR) were confirmed at least 4 weeks
later. Stable disease (SD) was required to last at least
6 weeks. Time to progression (TTP) was defined as days
from the date of initiation of study treatment to disease
progression or death.

Baseline evaluations for safety assessment included
physical examination, vital signs, laboratory tests (hema-
tology, blood chemistry, and urinalysis), and ECG (12-
lead). Hematology and blood chemistry were performed
weekly in cycle 1, on day 8, and day 15 (if clinically
required) in the subsequent cycle, and at the end of the
cycle. Urinalysis was measured before each cycle, if clin-
ically required. Adverse drug reactions (ADRs) were gra-
ded according to the National Cancer Institute Common
Toxicity Criteria (NCI-CTC) version 2.0 [19]. The criteria
for cessation of TSU-68 or dose modification of docetaxel
were determined as follows. The dosage of TSU-68 should
not be decreased on shifting to the next cycle. If an adverse

reaction is observed during a cycle, TSU-68 should be
stopped. If any adverse reactions, such as febrile neutro-
penia of grade 3, thrombocytopenia of grade 3, and other
grade 2 toxicity, making it difficult to continue the
administration are observed during the previous cycle, the
dosage of docetaxel may be decreased to 50 mg/m? for the
next cycle.

Angiogenesis-related factors including plasma VEGF,
tissue plasminogen activator (t-PA), vascular cell adhesion
molecule-1 (VCAM-1), and plasma plasminogen activator
inhibitor-1 (PAI-1) were measured at baseline and the end
of cycle 1. Blood specimens were centrifuged at 5°C for
15 min at 3,000 rpm to separate plasma, which was col-
lected in plastic tubes and stored at —20°C until analysis.
Plasma VEGEF, t-PA, and VCAM-1 were measured by
enzyme-linked immunosorbent assay (ELISA). Line probe
assay (LPIA) was used to measure PAI-1.

Blood samples were collected on days 1 and 2 of
cycle 1 for PK analysis of TSU-68 and docetaxel plasma
concentrations using an ultraviolet high-performance liquid
chromatography (UV-HPLC) assay and a gas chromatog-
raphy—mass spectrometry assay, respectively, in initial 6
patients. Samples were collected at baseline, 1, 3, 4, 6, and
9honday1andl,2,and4 honday 2 after morning dosing
of TSU-68. Docetaxel was intravenously delivered after 1 h
of morning dosing of TSU-68 on day 1 only in cycle 1.
Parameters included area under the curve (AUC), maximum
concentration (Cpay), time to maximum concentration
(Timax), and elimination half-life (T/,). Noncompartmental
PK parameters (AUCq_;, AUCq_infinity, and T ) for TSU-68
and docetaxel were calculated using WinNonlin software
version 3.1 (Pharsight Corporation, California, USA) and
PhAST software version 2.3 (MDS Pharma Services,
Pennsylvania, USA), respectively.

Statistical analysis

Assuming a historical objective response rate of approxi-
mately 35% in Japanese patients with anthracycline-resis-
tant metastatic breast cancer [20], a sample size of 19
patients would provide 80% power for testing that the
objective response rate for TSU-68 in combination with
docetaxel was 60% or more (overall 1-sided significance
level of 0.05, exact binomial test). If 10 or more responses
were observed, then the lower bound of the 90% confi-
dence intervals (CI) would exclude 30%. CIs for parame-
ters to be estimated were calculated with a significance
level of 0.05. The exact 95% CI was calculated for
the efficacy variables. Primary endpoint was objective
response rate defined in the RECIST guidelines version 1.0.
Secondary endpoints included clinical benefit rate, defined
as an objective response (CR or PR) and SD for at
least 24 weeks, TTP, overall survival (OS), exploratory
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assessment of angiogenesis-related factors in plasma, and
safety of TSU-68 in combination with docetaxel. TTP was
analyzed by using the Kaplan—-Meier curves. Patients who
received at least one dose of study treatment were included
in a population for efficacy analysis.

Results
Patient characteristics

Nineteen patients were enrolled from February 2003
through January 2005. All patients who received the study
treatment at least once were included in full analysis set in
the efficacy and safety analyses. The baseline patient
characteristics are summarized in Table 1.

Hormone receptor status, estrogen receptor (ER) and
progesterone receptor (PgR), and HER2 status were
assessed according to the standard method used at
respective study centers. All 19 patients had been treated
with an anthracycline-containing regimen for metastatic
disease and/or in the neo/adjuvant setting. Two patients
had been treated with a taxane in the neo/adjuvant
setting.

Efficacy

The efficacy of TSU-68 was evaluated in 19 patients. TSU-
68 in combination with docetaxel produced objective
responses in 21.1% and clinical benefits (CR, PR, and SD
for at least 24 weeks) in 42.1% of all patients, respectively
(Table 2). Median TTP was 148 days (95% CI 85-246
days; Fig. 1) and median OS was 579 days (95% CI
449-899 days; Fig. 1). Median number of cycles was 6.6
(range 1-44+) and median duration of treatment was
20.1 weeks at this analysis. One patient was treated with
this combination chemotherapy for over 1,683 days and is
still continuing. Stratification according to hormone recep-
tor status and HER?2 status showed the response results as
follows: ER+ 4/15 (26%), ER— 0/4 (0%), PgR-+ 3/10
(30%), PgR— 1/9 (11%), HER2+ 0/1 (0%), and HER2—
4/18 (22%).

Pharmacokinetics

Pharmacokinetics (PK) and drug—drug interaction at
administration of TSU-68 in combination with docetaxel
were assessed in initial 6 patients in this study. PK
parameters of TSU-68 on day 1 were similar to those at
administration of TSU-68 alone in a phase I study in Japan
[17], suggesting no affect of docetaxel on the PK of TSU-
68 (Fig. 2; Table 3). PK parameters of docetaxel on day 1

_@_ Springer

Table 1 Patient characteristics

Characteristics Number of patients %
k (n=19)
Age (years)
Median (range) 54 (29-72)
<65 15 78.9
>65 4 21.1
WHO performance status
0 ‘ 16 84.2
1 ‘ 3 15.8
Menopausal status
Premenopausal 1 53
Postmenopausal 18 94.7
Dominant disease site
Soft tissue 4 21.1
Bone 4 21.1
Viscera : 11 57.9
ER status
+ 15 . 78.9
- 4 21.1
PgR status
+ 10 52.6
- 9 474
HER?2 status
14 12 63.2
24 0 0.0
34 1 53
- 6 31.6
Prior chemotherapy
Anthracycline-containing regimen 17 89.5
only
Anthracycline-containing regimen 2 10.5
and taxane ) )
Treatment setting of anthracycline-containing regimen
Neo/adjuvant setting only 4 21.1
For metastatic disease only 11 57.9
Both 4 21.1

ER estrogen receptor, PgR progesterone receptor, HER2 human epi-
dermal growth factor receptor-2

were also similar to those in a Japanese phase I study of
docetaxel [21].

Angiogenesis-related factors in plasma

Plasma spebimens were available in 17 of 19 patients and 4
factors (plasma VEGF, plasma t-PA, VCAM-1, and PAI-1;
Table 4) were assessed. No significant change in plasma
VEGEF, plasma t-PA, VCAM-1, and PAI-1 was observed at
the end of cycle 1 (p = 0.531, 0.991, 0.782, and 0.530,

respectively).
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Safety

The safety of TSU-68 in combination with docetaxel was
assessed in 19 patients. The compliance of TSU-68
administration was 89.5% (17/19 patients) in cycle 1
(21 days). Hematologic and non-hematologic ADRs that
commonly occuwrred in the patients are summarized by
grade in Table 5. The most common hematologic ADRs
were neutropenia (94.7%), leukopenia (94.7%), and
- hemoglobin decreased. Of 19 patients, 7 patients experi-
enced thrombocytopenia; however, no patient experienced
grade 3 or 4. Severe non-hematologic ADRs rarely
occurred, and they were mild or moderate in severity.
Three patients experienced rash (two patients with grade 2
and one patient with grade 1) and only one patient expe-
rienced grade 1 skin reaction. One patient experienced
grade 2 hypertension. No episode of death related to study
treatment occurred in 19 patients.

Table 2 Objective response

Overall responses n %

Objective response rate 4 21.1

Exact 95% confidence limits 6.1-45.6
Clinical benefit rate 8 42.1

Exact 95% confidence limits 20.3-66.5
Complete response (CR) 1 53
Partial response (PR) 3 15.8
Stable disease (SD) > 24 weeks 4 21.1
Stable disease 5 26.3
Progression of disease (PD) 3 15.8
Not evaluable (NE) 3 15.8
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Fig. 1 Kaplan-Meier curve for TTP and OS

Discussion

TSU-68 is a multiple tyrosine kinase inhibitor for VEGF
receptor-2, PDGF receptor, and FGF receptor. This open-
label, non-comparative, multicenter phase II study was
conducted in patients with metastatic breast cancer that had
relapsed within 1 year despite prior treatment with an
anthracycline-containing regimen, mainly as the second-
line treatment. In this situation, TSU-68 in combination
with docetaxel achieved clinical benefit in 42% of patients
and an objective response rate of 21%. It seems possible to
say that some combination effect is occurring, although a
comparative study is required to prove this. So far many
chemotherapy agents have been applied for the treatment
of breast cancer and it has been elucidated that the impact
on prognosis is limited in the situation of second- or third-
line therapy. In the first-line therapy, several studies have
shown a significant benefit of anti-angiogenesis therapy
plus chemotherapy in improving antitumor effect and
progression free survival when compared with chemo-
therapy alone. A representative result was reported from a
phase III study, which enrolled 722 patients and compared
the efficacy and safety of paclitaxel in combination with
bevacizumab with paclitaxel alone as initial treatment for
metastatic breast cancer, although no significant difference
in OS was observed [5]. Another phase III study comparing
docetaxel plus bevacizumab with docetaxel alone also
showed a similar result [6]. These results suggest that it is
possible to increase response and relapse-free survival with
a therapy targeting VEGF combined with cytotoxic che-
motherapy such as taxane, although it seems difficult to
produce an impact on OS.

As to safety, it is known well that bevacizumab
causes hypertension, bleeding, and thrombosis [4-8].
Sunitinib and sorafenib, which are VEGF tyrosine kinase
inhibitors, induce hand foot skin reaction [22, 23]. This

N=19
Median Overall Survival= 579 days
95% CI, 449 to 899 days

Overall Survival (%
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Fig. 2 Plasma concentrations 25 - . 1stdosing
of TSU-68 at morning dosing on ]
day 1-2 and PK parameters of

TSU-68/docetaxel on day 1
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Table 3 PK parameters of TSU-68 at morning dosing and docetaxel
on day 1

PK parameter TSU-68 (n.= 6) Docetaxel (n = 6)
Tnax (h) 3.00 + 0.0 -

Crnax (1tg/mL) 13.02 & 6.22 1.62 £ 0.74
AUCqinfinity (Hg W/mL) 58.30 + 28.60 1.91 £ 0.69

T () 2.40 + 0.75 9.31 4+ 6.95
Mean = SD

ADR and others commonly associated with other VEGF
inhibitors, e.g., hypertension, were observed in a few
patients and were mild or moderate in severity in the
present study. In addition, only one patient experienced
grade 2 hypertension. This unique safety profile of TSU-
68 may suggest insufficient inhibition of VEGF; how-
ever, it should be considered that major tyrosine kinase
inhibitors have often given rise to safety concerns, which
require frequent and rapid dose reductions, dose inter-
ruptions, and dose delays in the treatment when the
inhibitors are administered with other chemotherapy
agents or other molecular target agents [24-27]. Fur-
thermore, if there is an increase in the frequency of
unacceptable ADRs that prevent long-term treatment, it
would mean that the regimen does not sufficiently confer
its efficacy benefits. Although only 19 patients were
treated with TSU-68 in combination with docetaxel in
this study, no unexpected or unacceptable ADRs leading
to patients suffering or requiring difficult management
were observed. In this point, TSU-68 has an advantage

@ Springer

Time (h)

compared with other VEGF inhibitors. On the other
hand, a higher frequency of edema was observed in this
study, although this is a common ADR of docetaxel
itself. In phase I studies in Japanese patients with solid
tumor, edema was one of the common ADRs of TSU-68;
this ADR is also associated with imatinib, which inhibits
PDGF tyrosine kinase as well as Bcer-Abl [28]. The
biological mechanism of TSU-68-induced edema is still
unclear. However, as TSU-68 strongly inhibits PDGF
tyrosine kinase as well as VEGF [13], edema might be
associated with TSU-68.

PK study on drug-drug interactions confirmed that
docetaxel exhibited no effect of on the PK of TSU-68. The
result on day 1 was similar to that shown in a Japanese
phase I study of docetaxel [21].

It is known that anti-VEGF therapy could elicit an
increase in VEGF expression [29]. Nevertheless, we
detected no increase or decrease in the levels of plasma
VEGF. In addition, no significant change was observed for
plasma t-PA, VCAM-1, and PAI-1. We need to encourage
further careful analysis on the up- or downregulation of
angiogenesis-associated molecules; it is important to know
about the changes in VEGF and VCAM-1 induced by
TSU-68.

Thus, TSU-68 in combination with docetaxel was tol-
erable in patients with anthracycline-resistant metastatic
breast cancer. To evaluate if TSU-68 in combination with
docetaxel uniquely shows synergistic benefit compared
with docetaxel alone, further appropriate randomized phase
I study would be required in the future.



