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Abstract
Purpose To determine the maximum tolerated dose
(MTD), dose-limiting toxicity (DLT), and pharmacoki-
netics of TZT-1027 (soblidotin), a dolastatin 10 ana-
logue, in Japanese patients with advanced solid tumors
when administered on days 1 and 8 in 3-week courses.
Methods Eligible patients had advanced solid tumors
that failed to respond to standard therapy or for which
no standard therapy was available, and also met the
following criteria: prior chemotherapy ·2 regimens,
Eastern Cooperative Oncology Group (ECOG) per-
formance status ·1, and acceptable organ function.
The MTD was deWned as the highest dose at which no
more than one of six patients experienced a DLT dur-
ing course 1. Pharmacokinetic samples were collected
in courses 1 and 2.
Results Eighteen patients were enrolled in the pres-
ent study. Three doses (1.5, 1.65, and 1.8 mg/m2) were

evaluated. Neutropenia was the principal DLT at
doses of 1.65 and 1.8 mg/m2. In addition, one patient
also experienced grade 3 pneumonia with neutrope-
nia, and another patient experienced grade 3 consti-
pation, neuropathy, grade 4 neutropenia, and
hyponatremia as DLTs at 1.65 mg/m2. Phlebitis, the
most frequent nonhematological toxicity, was improved
by administration of additional saline after TZT-1027
administration. The MTD was 1.5 mg/m2, at which
DLT was not observed in a total of nine patients. The
pharmacokinetic proWle did not diVer from that for the
European population. One patient with metastatic
esophageal cancer achieved partial response, and each
of two patients with non-small cell lung cancer had a
minor response.
Conclusions When TZT-1027 was administered on
days 1 and 8 in 3-week courses to Japanese patients,
the MTD was 1.5 mg/m2 and was lower than the value
of 2.4 mg/m2 in European patients. However, antitu-
mor activity was observed at low doses. TZT-1027 was
tolerated well at the MTD, without grade 3 nonhemato-
logical toxicities or neutropenia up to grade 2. TZT-1027
is a promising new tubulin polymerization inhibitor
that requires further investigation in phase II studies.

Keywords Dolastatin · TZT-1027 · Phase I · 
Antitubulin · Solid tumors

Introduction

TZT-1027 (N2-(N,N-dimethyl-L-valyl)-N-[(1S,2R)-2-
methoxy-4-[(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-oxo
-3-[(2-phenylethyl)amino]propyl]-1-pyrrolidinyl]-1-[(1S)-
1-methylpropyl]-4-oxobutyl]-N-methyl-L-valinamide) is a
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synthesized analogue of dolastatin 10, a compound
isolated from the marine mollusk Dolabella auricularia
[9, 17]. The chemical structures of TZT-1027 and
dolastatin 10 are shown in Fig. 1.

In in vitro studies, TZT-1027 exhibited time-depen-
dent cytotoxicity superior to that of other antitumor
agents against a variety of murine and human tumor
cell lines [19]. TZT-1027 also exhibited antitumor
activity against p-glycoprotein (p-gp)-overexpressing
and breast cancer resistant protein (BCRP) positive
cell lines established from colon cancer H116 and lung
cancer PC-6, and was more potent than vincristine,
paclitaxel, and docetaxel. The eYcacy of TZT-1027 has
been attributed to its inhibitory activity on tubulin
polymerization. TZT-1027, believed to interact with
tubulin in the same domain as the vinca alkaloid-bind-
ing region, inhibits the polymerization of microtubule
proteins and the binding of GTP to tubulin [12]. In in
vivo studies, intravenous injection of TZT-1027 has
been shown to potently inhibit the growth of P388 leu-
kemic cells and several solid tumors in mice and to
increase life span, with eYcacy superior or comparable
to that of reference agents, dolastatin 10, cisplatin, vin-
cristine, and 5-Xuorouracil [4, 7]. In the xenograft mod-
els, furthermore, TZT-1027 reduced intratumoral
blood perfusion from 1 to later than 24 h after adminis-
tration, thus leading to hemorrhagic necrosis of tumor
[5, 11, 15]. TZT-1027 exerts antitumor activity through
direct cytotoxicity, as well as selective blockade of
tumor blood Xow, resulting in remarkable antitumor
activity. In animal toxicology studies, TZT-1027 had no
or little neurotoxic potential in marked contrast to vin-
cristine and paclitaxel which are antimicrotubule agents
that have exhibited peripheral neurotoxicity in con-
trolled animal studies [14]. When doses of TZT-1027

were increased, on the other hand, myocardial toxicity
was observed in rats and monkeys.

In Japan, a single-dose phase I study was conducted
at doses up to 1.35 mg/m2, but did not reach the MTD.
The major toxicity was neutropenia, and nonhemato-
logical toxicities included alopecia, malaise, and anor-
exia. Therefore, a repeated-dose study of TZT-1027 on
days 1, 8, and 15 in 4-week courses followed the single-
dose study in Japan. Toxicities were similar, with leuco-
penia and neutropenia as major toxicities. All episodes
of grade 4 neutropenia occurred at doses of 1.5 mg/m2

or higher. Nonhematological toxicities were mild and
did not exceed grade 2 in most patients. Neutropenia
was observed as a DLT [13, 20], and the recommended
dose was 1.8 mg/m2. In Europe, three phase I studies
were conducted. A repeated-dose study of TZT-1027
according to the administration schedule on days 1 and
8 in 3-week courses was performed in the Netherlands.
This schedule was chosen based on the previous phase I
study in Japan, in which TZT-1027 had been adminis-
tered on days 1, 8, and 15; however, several patients
could not receive TZT-1027 on day 15 due to neutrope-
nia; the dose of TZT-1027 was escalated to 2.7 mg/m2,
with neutropenia and infusion arm pain as DLTs. The
recommended dose for phase II studies of TZT-1027
was 2.4 mg/m2 [2]. Phase II studies are ongoing accord-
ing to this schedule. Two other administration sched-
ules on day 1 in a 3-week course and on day 1 in a 3- to
4-week course were tested in Germany and Hungary,
respectively. In the German study, DLTs—including
neutropenia, fatigue, and short-lasting, reversible
peripheral neurotoxic syndrome—were observed at
3.0 mg/m2. On the other hand, the Hungarian study,
enrolling exclusively patients with non-small cell lung
cancer, was conducted at doses up to 5.6 mg/m2 [6, 18].
In these studies, the major toxicities were neutropenia,
nausea, vomiting, constipation, alopecia, and injection
site pain. The pharmacokinetics of TZT-1027 in these
studies appeared linear. The rate of TZT-1027 binding
to �1-acid glycoprotein, a major plasma protein, was
»95%. In all studies, several patients exhibited a tumor
reduction.

Preclinical and clinical data indicated that a suitable
administration schedule for the present study would be
days 1 and 8 in 3-week courses. The purposes of the
present phase I study were to assess the DLTs, to
determine the MTD, to observe preliminary antitumor
activity, and to study the pharmacokinetics of TZT-1027
that was administered intravenously over 60 min on
days 1 and 8 in 3-week courses in Japanese patients
with advanced solid tumors. The electrocardiogram
(ECG), including QTc interval prolongation, was
assessed to estimate cardiovascular side eVects.Fig. 1 Structural formulae of TZT-1027 and dolastatin 10
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Patients and methods

Study design

The present study, an open-label, dose-escalating,
three-institution phase I study, was conducted in Japa-
nese patients with solid tumors to assess the DLTs, to
determine the MTD and preliminary antitumor activ-
ity, and to examine pharmacokinetics. A starting dose
of 1.8 mg/m2 was chosen, since this is the recom-
mended dose for the phase II study based on the previ-
ous phase I study in Japan, and TZT-1027 was
expected to be eVective at this dose.

After the MTD was decided, TZT-1027 was admin-
istered to three patients at the MTD level to conWrm
the appropriate recommended dose for phase II stud-
ies. TZT-1027 was given intravenously over 60 min
with 250 ml of saline on days 1 and 8 in 3-week courses.
The present study and the written consent form were
approved by the Institutional Review Board. All
patients provided informed consent before study entry.
The present study was conducted in accordance with
the Good Clinical Practice Guidelines as issued by the
International Conference on Harmonization and the
Declaration of Helsinki.

Patient eligibility

Patients with histologically or cytologically conWrmed
solid tumors, which were refractory to standard ther-
apy or for which no eVective therapy was available,
were eligible to participate in the present study.
Other inclusion criteria included the following: no
prior chemotherapy or radiotherapy within 4 weeks
of study entry (within 6 weeks for nitrosoureas,
carboplatin, and mitomycin C; and within 2 weeks for
local radiotherapy); not more than two previous
regimens of chemotherapy; no previous wide-Weld
radiotherapy to >25% of the bone marrow; age
20–74 years; ECOG performance status, 0 or 1; life
expectancy, at least 2 months; adequate bone marrow:
hemoglobin ¸ 8.5 g/dl, absolute neutrophil count
(ANC) ¸ 1,500/mm3, platelet count ¸ 100,000/mm3;
and normal hepatic functions [serum bilirubin · 1.5
mg/dl, and serum aspartate aminotransferase (ALT)
and alanine aminotransferase (AST) ·2.5 times the
upper limit of normal (ULN), respectively]; and renal
function (serum creatinine ·  lower limit of normal).
The left ventricular ejection fraction (LVEF), mea-
sured by ultrasound cardiography (UCG), had to be
¸60%. Patients with symptomatic brain metastases or
known extensive bone marrow invasion were
excluded.

Treatment and dose escalation

The dose escalation plan consisted of doses of 1.5,
1.65, and 1.8 mg/m2. At least three patients were eval-
uated for the MTD at each dose. If one DLT was
observed in a cohort, a total of six patients were
enrolled at that dose. The dose escalation was discon-
tinued when two or more of six patients experienced a
DLT. The MTD was deWned as the highest dose at
which no more than one of six patients experienced a
DLT during course 1.

The DLT was deWned as follows: (a) grade 4 neu-
tropenia with fever (>38.0°C) or lasting 5 days or
longer; (b) platelet count < 25,000/mm3; (c) grade 3/4
nonhematological toxicity excluding nausea and
vomiting; (d) grade 3/4 nausea and vomiting with
intensive support care; (e) inability to receive TZT-
1027 on day 8 in course 1, which was deWned as
ANC < 1,000/mm3, platelet count < 100,000/mm3, a
DLT by day 8, or the investigator or subinvestigator
assessed it to be diYcult to initiate administration;
and (f) inability to start course 2 up to day 29. Treat-
ment was resumed when meeting all the following cri-
teria: (a) ANC ¸ 1,500/mm3; (b) platelets ¸ 100,000/
mm3; (c) total bilirubin · 1.5 mg/dl; (d) serum
creatinine ·  ULN.

Patients were withdrawn from the present study
when they exhibited disease progression or the next
course had to be delayed for more than 2 weeks due to
any toxicity. The patients were subsequently treated at
the dose one level below the level at which the DLT
occurred. Toxicity was assessed using the National
Cancer Institute Common Toxicity Criteria (version
2.0).

Treatment assessment

Baseline assessment, including a complete medical his-
tory, physical examination, vital signs, ECOG perfor-
mance status, blood counts, serum biochemistry, and
urinalysis, was conducted to assess patient eligibility
and had to be completed within 7 days before the start
of treatment. Routine biochemistry, hematology, and
urinalysis were performed weekly during the treatment
course and within 72 h prior to its start. ECG, as well as
blood pressure and pulse rate monitoring were per-
formed immediately before and at the end of drip infu-
sion on days 1 and 8 and on day 2 in courses 1 and 2, as
well as at the end of the study. The QT interval was
corrected for heart rate (QTc) with Bazett’s formula
(QTc = QT/RR0.5). LVEF was performed every two
courses. Tumor response was evaluated after every
course by RECIST.
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Pharmacokinetic sampling and assay

The pharmacokinetics of TZT-1027 were evaluated on
day 1 in courses 1 and 2. Blood samples were collected
immediately before drip infusion, at 30 min after the
start of the drip infusion, at the end of the drip infu-
sion, and at 30 min and 1, 2, 4, 6, 8, and 23 h after drip
infusion. Urine was collected at the following intervals:
0–6 h and 6–24 h after the start of drip infusion. All
blood samples were centrifuged immediately after
sampling at 1,200£g for 15 min at 4°C, and the plasma
was stored at ·-20°C until analysis. Concentrations of
TZT-1027 in plasma and urine were determined
according to a validated method of high-performance
liquid chromatography/mass spectrometry. The lower
limit of quantitation was set to 0.25 ng/ml.

Pharmacokinetic analysis

Pharmacokinetic analysis of the individual plasma and
urine concentration data was made using standard
model-independent (noncompartmental) methods
(WinNonlin Professional 4.0.1; Pharsight Co., Moun-
tain View, CA). The pharmacokinetic parameters
included area under the plasma concentration–time
curve extrapolated to inWnity (AUCinf) calculated
using the linear trapezoidal rule and maximum
observed plasma concentration (Cmax). Total clearance
(Cltot) was calculated as dose/AUCinf. Volume of distri-
bution at steady state (Vss) was calculated using clear-
ance and mean residence time. The terminal
elimination half-life (T1/2) was calculated using concen-
tration data in the terminal log-linear phase. All com-
putations used the actual sampling times.
Pharmacokinetic variables are reported as mean § SD.
The nadir for ANC was used to assess the relationships
between hematological toxicity and pharmacokinetic
parameters (AUCinf and Cmax).

Results

General

Eighteen patients, whose characteristics are shown in
Table 1, underwent 35 courses of TZT-1027 (median 2;
range 1–5) at three doses (Table 2). All 18 patients
were assessable for toxicity in course 1. Almost all
patients had already received two regimens of chemo-
therapy. Sixteen patients (89%) had previously
received cisplatin or carboplatin therapy, and 12
patients (67%) paclitaxel or docetaxel therapy. Six
patients (33%) had previously received radiotherapy.

Non-small cell lung cancer (NSCLC) was the most
common tumor type in the present study.

Dose-limiting toxicity

TZT-1027 was administered at three diVerent doses
(Table 2). At the Wrst dose of 1.8 mg/m2, two of four
patients experienced the DLTs including febrile neu-
tropenia and grade 4 neutropenia lasting 11 days.
Three patients were then treated at a lower dose of
1.5 mg/m2, without DLT. Five patients were then
treated at a dose of 1.65 mg/m2. Three of these Wve
patients experienced the DLTs. One patient suVered
grade 3 pneumonia with neutropenia. Another patient
had grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia. The other patient developed
grade 4 neutropenia and required a delay in starting
course 2 due to neutropenia. To conWrm the MTD, addi-
tional six patients were treated at a dose of 1.5 mg/m2,
and no DLTs were observed. Therefore, none of nine
patients experienced DLT at 1.5 mg/m2. TZT-1027 was
well tolerated without grade 3 nonhematological toxic-
ity or neutropenia up to grade 2 (Table 3), conWrming
that this dose was indeed the MTD.

At 1.8 mg/m2, one patient developed a DLT on day
14 due to febrile neutropenia and was treated with
granulocyte colony stimulating factor (G-CSF) and an
antibacterial agent; the patient recovered on day 21
and was subsequently withdrawn from the present
study based on the investigator’s discretion. Another

Table 1 Patient characteristics

Characteristics Number of patients

Number of patients (evaluable) 18 (18)
Age, years; median (range) 66 (47–74)
Gender
Males 16
Females 2

Performance status (ECOG)
0 2
1 16

Prior treatments
Chemotherapy 18
Number of regimens 
1 2
2 16

Containing platinum 16
Containing taxane 12
Radiotherapy 6

Tumor types
Lung 12
Thymoma 2
Rectal 1
Gastric 1
Esophageal 1
Schwannoma 1
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patient developed a DLT, i.e., grade 4 neutropenia, at
1.8 mg/m2 and withdrew in course 1 at his own request
due to grade 2 nausea and anorexia. At 1.65 mg/m2,
two patients developed DLTs, had the next course that
was delayed due to neutropenia and pneumonia with
neutropenia, required G-CSF and/or antibacterial
agents, and recovered within 1 week. The dose for
these patients was reduced to 1.5 mg/m2 after course 1,
and one of them subsequently required a further dose
reduction to 1.35 mg/m2 due to grade 4 neutropenia in
course 2. Another patient developed DLTs at 1.65 mg/m2,
with grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia, and recovered with enemas,
laxatives, and IV Xuids. This patient was subsequently
withdrawn from the present study based on the investi-
gator’s judgment. No treatment-related deaths were
observed.

Hematological toxicities

Neutropenia was the major DLT of TZT-1027. Hema-
tological toxicities as functions of the total numbers of
patients and courses of TZT-1027 are shown in
Table 3. Grade 3 or 4 neutropenia was observed at
doses of ¸1.65 mg/m2. No signiWcant neutropenia was
observed at 1.5 mg/m2, although most patients under-
went two or more courses. Both anemia and thrombo-
cytopenia were relatively mild. Thrombocytopenia was
only grade 1 in intensity and was observed in all Wve
patients. The median time to ANC nadir was 18 days
(range 14–22 days).

Nonhematological toxicities

Table 4 shows drug-related nonhematological toxicities
observed in any course of treatment. The common
nonhematological toxicities were infusion reaction
(phlebitis, injection site reaction, and infusion arm
pain), anorexia, malaise, nausea, vomiting, and consti-
pation. The most frequently observed toxicity was
phlebitis. There were no relationship between all non-
hematological toxicities and doses.

In the present study, grade 2 phlebitis was observed
in 12 of 18 patients almost always on the next day of
administration and nearly completely disappeared in
several days thereafter without medication. Four
patients experienced grade 1 to 2 pain, three of whom
had infusion arm pain. None of these patients experi-
enced “redness” and “swelling” and had venous throm-
bosis subsequent to phlebitis. On the other hand,
phlebitis was rarely observed in European studies [2, 6,
18]. In the present study, phlebitis alleviated when the
patient underwent additional Xushing consisting ofT
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200–250 ml of saline over 30–60 min following adminis-
tration of TZT-1027.

Three patients experienced peripheral neuropathy
in course 1 at 1.5 to 1.8 mg/m2. Grade 1 neuropathy
was observed in one patient at 1.8 mg/m2. Another
patient developed grade 2 neuropathy at 1.5 mg/m2;
however, dose reduction was not required during
course 2. Another patient at 1.65 mg/m2 worsened
from grade 1 neuropathy at baseline to grade 3 neurop-
athy with grade 3 constipation on day 5, with recovery
on day 13 and day 18, respectively; the patient was not
retreated. Apart from the above patient, there were
three patients with grade 1 neuropathy at base line;
their disorder did not worsen during the study period.

One patient at 1.65 mg/m2 experienced pneumonia
with grade 3 neutropenia during course 1, was treated
with G-CSF and an antibacterial agent, and recovered
within 1 week. Therefore, this patient was treated at

1.5 mg/m2 but again experienced pneumonia without
neutropenia during course 2. The patient recovered
within 1 week but was not retreated.

Cardiovascular toxicities such as grade 1 hyperten-
sion and ventricular arrhythmia were observed. One
patient experienced grade 1 hypertension after the Wrst
treatment at 1.65 mg/m2. The treatment of this patient
was interrupted due to the DLTs including grade 3 con-
stipation, neuropathy, grade 4 neutropenia, and hypo-
natremia. Another patient in the 1.65 mg/m2 group
sporadically experienced grade 1 ventricular arrhythmia
at 1.65 mg/m2 during the study period. All patients
underwent 12-lead electrocardiography (ECG) before
and after TZT-1027 administration. The 12-lead elec-
trocardiograms had been evaluated by a medical expert
on ECG as well as the investigator. Table 5 shows the
QTc intervals after each administration of TZT-1027 in
courses 1 and 2. The QTc intervals before administra-
tion were compared with those after administration,
and no signiWcant QTc prolongation was observed.

Pharmacokinetics studies

The pharmacokinetics of TZT-1027 were assessed in
all patients on day 1 in course 1 (Table 6). Twelve
patients receiving TZT-1027 on day 1 in course 2 were
also assessed. Cmax and AUCinf tended to increase with
dose. However, no statistically signiWcant diVerence
was found among doses. Renal clearance was a minor
route of TZT-1027 elimination, since only 1–5% of the
dose was excreted unchanged in urine in the Wrst 24 h
after administration. Pharmacokinetic parameters
were compared between courses 1 and 2. None of Cltot,
T1/2, MRT, and Vss of TZT-1027 diVered between
courses 1 and 2 at various doses.

Figure 2 shows that Cltot tended to decrease with
increases in the plasma concentration of �1-AGP
(r = 0.57). The correlation between Cmax or AUCinf and
the nadir for ANC were not clear due to the small dose
range. No correlation was found between clearance
and body surface area (BSA) (r = 0.16).

Table 4 Nonhematological toxicities

Drug-related adverse events (total number of patients: 18)
a Three of four patients had infusion arm pain
b Neuropathy at baseline was grade 1

Adverse events Grade 1 Grade 2 Grade 3 Grade 4

Phlebitis 12
Anorexia 4 6
Nausea 3 5
Alopecia 8
Malaise 6 1
Pigmentation disorder 5
Constipation 3 1
Vomiting 3 1
Tenderness 4
Paina 3 1
Peripheral neuropathy 1 1 1b

Injection site reaction 3
Headache 1 1
Angiopathy 2
Diarrhea 2
Arthralgia 2
Hematuria 2
Pyrexia 2
Pneumonia 1
Neutropenic infection 1

Table 3 Hematological toxicities

a Dose was reduced in one patient twice
b Febrile neutropenia developed in one patient

Dose 
(mg/m2)

Number of 
patients

Number of 
courses

Number of 
patients with 
dose reduction

Neutropenia 
All courses (course 1) 
Grade

Anemia 
All courses (course 1)
Grade

Thrombocytopenia 
All courses (course 1) 
Grade

1 2 3 4 1 2 3–4 1 2–4

1.5 9 21 0 2 (1) 4 (4) 0 0 3 (4) 5 (4) 0 2 (2) 0
1.65 5 9 2a 2 (2) 0 0 3 (3) 1 (1) 2 (1) 0 1 (1) 0
1.8 4 5 0 0 0 1 (1) 2 (2)b 0 2 (2) 0 1 (1) 0
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Response evaluation

Five of 18 patients were considered not to be evaluable
because treatment had ended during course 1 for rea-
sons other than disease progression. One patient with
esophageal cancer who had previously received cis-
platin plus 5-Xuorouracil with radiotherapy had a par-
tial response at 1.65 mg/m2. Duration of treatment was
14 weeks. Six of 13 patients exhibited prolonged stable
disease. Tumor shrink was observed in two of six
patients evaluated as SD. A patient with NSCLC
underwent Wve courses at 1.5 mg/m2 and showed a 21%
tumor reduction and a decrease in pleural eVusion.
Another patient with NSCLC at 1.65 mg/m2 showed a
27% tumor reduction. Another patient with gastric
cancer in the 1.5 mg/m2 group who had a metastatic
subcutaneous mass was evaluated as exhibiting disease
progression due to the detection of a new lesion in a
cervical lymph node; however, the mass reduced with
necrosis on the next day after treatment, and the mass
reduction rate was 29%.

Discussion

Tubulin is a well-established target for anticancer
agents. Although available antitubulin agents, includ-
ing taxanes and vinca alkaloids, are highly eVective in
cancer therapy, their clinical usefulness is limited due
to intrinsic or acquired resistance and systemic toxici-
ties. Thus, it is important to develop new agents target-
ing at the tubulin/microtubule system that may be
eVective against tumors resistant to existing anticancer
agents and an improved toxicity proWle. A number of
potent cytotoxic compounds have been discovered
over the past decade, and candidate anticancer agents
originating from marine life have been examined in
human clinical trials. Of these compounds, dolastatin
10 and dolastatin 15 have been extensively evaluated in
clinical studies. An analogue of dolastatin 15, cemado-
tin, underwent several administration schedules of
phase I studies and showed a major DLT of neutrope-
nia, apart from cardiac toxicity and hypertension [10].
A dolastatin 15 analogue tasidotin exhibited dose-lim-
iting toxicities including neutropenia, ileus, and ele-
vated transaminase levels [1, 3]. Phase I studies of
dolastatin 10 were performed, and its DLT was neutro-
penia [8, 16].

TZT-1027 is designed with the goal of maintaining
potent antitumor activity and reducing the toxicities of
the parent compound. In mice, intravenous injection of
TZT-1027 showed equivalent or greater eYcacy than
dolastatin 10. On the basis of the preclinical data, aT
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repeated-dose study of TZT-1027 on days 1, 8, and 15
was conducted in Japan. The DLT according to the
administration schedule was neutropenia. The MTD
was determined to be less than 2.1 mg/m2, and the rec-
ommended dose for phase II studies was considered to
be 1.8 mg/m2 [13, 20]. In that study, however, 14 of 40
patients could not receive TZT-1027 on day 15 on
schedule due to toxicities. Therefore, a repeated-dose
study on days 1 and 8 in 3-week courses was conducted
in patients with solid tumors in the Netherlands, in
whom TZT-1027 was escalated to 2.7 mg/m2. Conse-
quently, the DLTs were neutropenia and infusion arm
pain. The recommended dose for phase II studies of
TZT-1027 was determined to be 2.4 mg/m2.

In the previous phase I study in the Netherlands, the
recommended dose for phase II studies was 2.4 mg/m2.
Grade 3 neutropenia was observed in only 2 of >39
courses at 2.4 mg/m2. To standardize the criterion on
performance status with that in the Netherlands study
and to exclude the inXuence of the prior chemotherapy
to an extent possible, selection criteria were limited in
the present study. The median value for the regimen of
pretreatment was two courses in the both present and
Netherlands study. Major diVerences between the pres-
ent study and the previous study in the Netherlands
were predominant types of tumor (NSCLC versus sev-
eral tumors) and median age (66 versus 53 years old,
respectively). The pharmacokinetic proWles of TZT-1027

were similar between the present study and the study in
the Netherlands. In the Netherlands study at 1.8 mg/m2,
AUCinf, Cmax, T1/2, and Cltot were 728.1 ng h/ml,
240.4 ng/ml, 6.65 h, and 4.7 L/h, respectively. It seems
diYcult to explain based on PK parameters alone why
the MTD in the present study diVered from that in the
Netherlands. On the other hand, three of four patients
in the repeated-dose study on days 1, 8, and 15 in Japan
did not receive TZT-1027 on day 8 on schedule due to
neutropenia at 2.1 mg/m2, and one of four patients at
1.8 mg/m2 in that study underwent no treatment on day
8 due to neutropenia. Between Japanese and Euro-
pean patients receiving TZT-1027, therefore, a diVer-
ence appeared to exist especially in the severity of
bone marrow toxicity.

In the present study, phlebitis was frequently
observed as compared with European studies. No sig-
niWcant diVerence was found in the administration
schedule between the present study and the study in
the Netherlands. Other frequent nonhematological
toxicities were anorexia, nausea, alopecia, constipa-
tion, and malaise similarly to European studies. In con-
trast to other dolastatin analogues, such as a dolastatin
15 analogue tasidotin, increased ALT or AST was rare.

In a previous study according to an administration
schedule on day 1 in 3-week courses in Germany, neu-
rotoxicity as a DLT was observed with two of Wve
patients who were treated above the MTD (2.7 mg/m2).
Both patients had previously received oxaliplatin [18],
leading us to conjecture that oxaliplatin predisposes
neurotoxicity. In the present study, no patients had
been treated previously with oxaliplatin. The neuro-
toxic inXuence of TZT-1027 after oxaliplatin should be
considered in preclinical studies.

In contrast to the above dolastatin analogues, little
cardiovascular toxicity was observed in the present
study. Initial studies of cemadotin, a dolastatin 15 ana-
logue, revealed severe hypertension. In the present
study, therefore, we measured blood pressure and
pulse rate, and conducted the 12-lead ECG before and
after TZT-1027 administration for QT interval deter-
mination. There was no signiWcant prolongation of the
QTc interval at any time point.

Dose intensity in the present study was lower than
that in the European studies. However, a partial

Fig. 2 Correlation between �1-AGP and the clearance of
TZT-1027
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Table 6 Pharmacokinetic parameters of TZT-1027 on day 1 in course 1

Dose 
(mg/m2)

Number 
of patients

Cmax, ng/ml 
(mean, cv%)

AUCinf, ng h/ml 
(mean, cv%)

Cltot, l/h/m2 
(mean, cv%)

Vss, l/m
2 

(mean, (cv%)
T1/2, h 
(mean, cv%)

1.5 9 186.0 (31.1) 427.8 (37.9) 4.2 (48.3) 16.7 (46.1) 5.7 (11.7)
1.65 5 211.3 (29.3) 573.2 (45.4) 3.4 (46.3) 19.2 (20.3) 7.6 (32.8)
1.8 4 200.3 (20.9) 502.8 (10.7) 3.6 (10.4) 22.6 (37.3) 7.4 (30.5)
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response was observed in a patient with metastatic
esophageal cancer previously treated by radiochemo-
therapy. Antitumor activity in previously treated meta-
static NSCLC was also seen in two patients who
experienced a 21% tumor reduction, including a
decrease in pleural eVusion during Wve courses, and a
27% tumor reduction. Metastatic subcutaneous tumor
in gastric cancer patient reduced with necrosis on the
next day after TZT-1027 administration, with a tumor
reduction rate of 29%. Preclinical studies have demon-
strated the potent in vitro cytotoxicity of TZT-1027
against several tumor cell lines and its in vivo antivas-
cular eVects, e.g., disruption of the tumor vasculature.

In conclusion, the present study showed that TZT-
1027, a synthetic analogue of the natural marine prod-
uct dolastatin 10, is eVective for Japanese patients with
advanced solid tumors when administered on days 1
and 8 in 3-week courses, possesses an improved safety
proWle as compared with other dolastatin analogues,
and is active at a tolerable dose.
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