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Abstract

Purpose To determine the maximum tolerated dose
(M'TD), 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 failcd to respond to standard thcrapy or for which
no standard therapy was available, and also met the
foltowing criteria: prior chemotherapy <2 regimens,
Eastern Cooperative Oncology Group (ECOG) per-
formance status <1, and acceptable organ function.
The MTD was defined 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./mz) were
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cvaluated. Ncutropenia was the principal DLT at
doses of 1.65 and 1.8 mg/m2 In addition, onc patient
also experienced grade 3 pneumonia with neutrope-
nia, and another patient experienced grade 3 consti-
pation, ncuropathy, grade 4 neutropenia, and
hyponatremia as DLTs at 1.65 mg/m% Phlebitis, the
most frequent nonhematological toxicity, was improved
by administration of additional salinc aftcr TZT-1027
administration. The MTD was 1.5 mg/m?, at which
DLT was nol observed in a total of nine patients. The
pharmacokinetic profile did not differ 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
MHNOT response.

Conclusions When TZT-1027 was administered on
days 1 and 8 in 3-weck courses Lo Japanese paticnts,
the MTD was 1.5 mg/m? and was lower than the value
of 2.4 mg/m? in European patients. However, antitu-
mor activity was obscrved at low doscs. TZT-1027 was
tolerated well at the MTD, without grade 3 nonhemato-
logical toxicitics or neutropenia up to grade 2. TZT-1027
is a promising new tubulin polymerization inhibitor
that requires (urther investigation in phase IT studies.

Keywords Dolastatin - TZT-1027 - Phase I -
Aantitubulin - Solid tumors

Introduction
TZT-1027 (N%(N,N-dimethyl-i ~valyl)-N-[(1S,2R)-2-
methoxy-4-[(2S)-2-[(1R,2R}-1-methoxy-2-methyi-3-oxo

-3-{(2-phenylcthyl)amino]propyl}-1-pyrrolidinyl]-1-{(1S)-
1-methylpropyl}-4-oxobutyl]-N-methyl-1.-valinamide) is a
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synthesized analogue of dolastatin 10, a compound
isolated from the marine mollusk Dolabella auricularia
[9, 17]. Thc chemical structures of TZT-1027 and
dolastatin [0 are shown in Fig. 1.

[n 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 protcin (BCRIP) positive
cell lines established from colon cancer HI116 and lung
cancer PC-6, and was more potent than vincristine,
paclitaxcl, and docetaxel. The efficacy 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 ol 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 efficacy superior or comparable
to that of reference agents, dolastatin 10, cisplatin, vin-
cristine, and S-fluorouracil {4, 7). In the xenograft mod-
els, furthermore, TZT-1027 reduced intratumoral
blood perfusion (rom 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 sclective blockade of
tumor blood flow, 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 cxhibited peripheral neurotoxicity in con-
trolled animal studies [14]. When doses of TZT-1027

0 CHy0 OCH,
TZT-1027
~ N NH
h,'j:lrw jim:d/y% /(EQ
(0] o} OCHZ0 OCHH30

Dolastatin 10

Fig. 1 Structural formulac of TZT-1027 and dolastatin 10
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were increased, on the other hand, myocardial toxicity
was observed in rats and monkeys.

In Japan, a single-dosc phasc T study was conducted
at doses up to 1.35 mg/m?, but did not reach the MTD.
The major loxicity was neutropenia, and nonhemalo-
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 ncutropcenia as major toxicitics. All episodes
of grade 4 neutropenia occurred at doses of 1.5 mg/m?
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/m? In Europe, three phase [ studies
were conducted. A repeated-dose study of TZT-1027
according to thc 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 1
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/m?,
with neutropenia and infusion arm pain as DLTs. The
recommended dose for phasc II studies of TZT-1027
was 2.4 mg/m? [2]. Phase TI studics are ongoing accord-
ing to this schedule. Two other administration sched-
ules on day | 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
3.0mg/m% 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/m? {6, 18].
In these studics, the major toxicitics 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 al-acid glycoprotein, a major plasma prolein, 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-weck 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-wcck courscs in Japancsc paticnts
with advanced solid tumors. The electrocardiogram
(ECG), including QTc interval prolongation, was
assessed to estimate cardiovascular side effects.
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Patients and methods
Study dcsign

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/m?* was choscn, sincc this is thc rccom-
mended dose for the phase II study based on the previ-
ous phase T study in Japan, and TZT-1027 was
expected to be effective at this dose.

After the MTD was decided, TZT-1027 was admin-
istered to three paticnts at the MTD level Lo confirm
the appropriate recommended dose for phase II stud-
ics. TZT-1027 was given intravenously over 60 min
with 250 ml of saline on days 1 and 8 in 3-weck 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 eligibilily

Paticnts with histologically or cytelogically confirmed
solid tumors, which were refractory to standard ther-
apy or for which no effective therapy was available,
were cligible to participate in the present study.
Other inclusion criteria included the [ollowing: 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-tield
radiotherapy to >25% of the bone marrow; age
2074 years; ECOG pertormance status, 0 or 1; life
expectancy, at least 2 months; adequate bone marrow:
hemoglobin > 8.5 g/dl, absolute neutrophil count
(ANC) > 1,500/mm?, platelet count > 100,000/mm?;
and normal hepatic functions [serum bilirubin < .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 normat).
The left ventricular ejection fraction (LVEF), mea-
sured by ultrasound cardiography (UCG), had to be
>60%. Patients with symptomatic brain metastases or
known cxtensive bone marrow invasion were
excluded.

980

Treatment and dose escalation

The dosc cscalation plan consisted of doses of 1.5,
1.65, and 1.8 mg/m?% At least three patients were cval-
uated for the MTD at cach dose. If one DLT was
ohserved 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 defined as the highest dose at
which no morc than one of six paticnts cxpcrienced a
DLT during course .

The DLT was defined as follows: (a) grade 4 neu-
tropenia with fever (>38.0°C) or lasting 5 days or
longer; (b) platelet count < 25,000/mm?; (c) grade 3/4
nonhematological toxicity excluding nausea and
vomiting; (d) grade 3/4 nauseca and vomiling with
intcnsive support carc; (¢) inability to receive TZT-
1027 on day 8 in course 1, which was defined as
ANC < 1,000/mm?, platelet count < 100,000/mm°, a
DLT by day 8, or the investigator or subinvestigator
assessed it to be difficult 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/mm?; (b) platelets > 100,000/
mm?® (c) total bilirubin < 1.5 mg/dl; (d) serum
creatinine < ULN.

Paticats were withdrawn from the present study
when they exhibited disease progression or the next
coursc had to be delayed for morc than 2 weeks duc 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 asscssment

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 trcatment. 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 | and 8 and on day 2 in courses 1 and 2, as
well as at the end of the study. The QT interval was
corrccted for heart ratc (QTc) with Bazett's formula
(QTc = QT/RR™). LVEF was performed every two
courscs. Tumor response was cvaluated after cvery
course by RECIST.
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Pharmacokinetic sampling and assay

The pharmacokinctics of TZT-1027 were cvaluated on
day 1 in courses 1 and 2. Blood samples were collected
immediately before drip infusion, at 30 min aflter 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:
0-6h and 6-24 h after the start of drip infusion. All
blood samples were centrifuged immediatcly after
sampling at 1,200xg 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 plasima 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 1o infinity (AUC,,,) caleulated
using the linear trapezoidal rule and maximum
observed plasma concentration (C,,). Total clearance
(Clyy) was calculated as dosc/AUC;,,. Volume of distri-
bution at steady state (V) was calculated using clear-
ance and mean residence time. The terminal
climination half-life (7;,) 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 uscd to asscss the relationships
between hematological toxicity and pharmacokinetic
parameters (AUC, and C,,,.)-

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 (Table2). 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.
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Table 1 Patient characteristics

Characteristics Number of patients

Number of patients {cvaluable)
Age. years; median (range)

18 (18)
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
Conlaining laxane 12
Radiotherapy 6
Tumor types '
Lung 12
Thymoma 2
Rectal 1
Gastric 1
Esophageal 1
Schwannoma t

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 different doses
(Table 2). At the first dose of 1.8 mg/m?, 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 dosc of
1.5 mg/m?, without DLT. Five patients were then
treated at a dose of 1.65 mg/m?. Three of these five
patients experienced the DLTs. One patient suffered
grade 3 pneumonia with neutropenia. Another patient
had grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia. The other patient developed
grade 4 ncutropenia and requircd a dclay in starting
course 2 due to neutropenia. To confirm the MTD, addi-
lional six paticnls were treated at a dose of 1.5 mg/m?,
and no DLTs were observed. Therefore, none of nine
patients experienced DLT at 1.5 mg/m? TZT-1027 was
well tolerated without grade 3 nonhematological toxic-
ity or neutropenia up to grade 2 (Table 3), confirming
that this dosc was indced the MTD.

At 1.8 mg/m?, one patient developed a DLT on day
14 due (o febrile neutropenia and was treated with
granulocyte colony stimulating factor (G-CSF) and an
antibacterial agent; the patient recovered on day 21
and was subscquently withdrawn from the present
study based on the investigator's discretion. Another
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e, patient developed a DLT, i.c., grade 4 neutropenia, at
i £ ';:, 1.8 mg/m? and withdrew in course 1 at his own rcqucs_‘)t
= § g duc to gradc 2 nausca and anorcxia. At 1.65 mg/m-,
g Sal _. two patients developed DLTs, had the next course that
S E was delayed due to neutropenia and pneumonia with
neutropenia, required G-CSF aund/or antibacterial
8 agents, and recovered within 1 week. The dose for
o these patients was reduced to 1.5 mg/m? after course 1.
i N « and one of them subscquently required a further dose
22 reduction to 1,35 mg/m? duc to grade 4 ncutropcnia in
'f_:z_ g g e course 2. Another patient developed DLTs at 1.65 mg/m?,
T - with grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia, and recovered with enemas,
T ?; la.xatives, and IV fluids. This patient was subscgucntly
- withdrawn [rom the present study based on the tnvesti-
E g . gator’s judgment. No treatment-related deaths were
g’é ?‘: obscrved.
SE8|ozs N
Hematological toxicitics
':5 Neutropenia was the major DLT of TZT-1027. Hema-
) é tological toxicities as functions of the total numbers of
% § paticnts and courses of TZT-1027 are shown in
&= = Table 3. Grade 3 or 4 neutropenia was observed at
doses of >1.65 mg/m? No significant ncutropenia was
"= observed al 1.5 mg/m?, although most patients under-
E o went two or more courses. Both anemia and thrombo-
% E‘ g cytopenia were relatively mild. Thrombocytopenia was
G 3 only gradc 1 in intcnsity and was obscrved in all five
Z5 e 3 patients. The median time to ANC nadir was 18 days
T S (range 14-22 days).
g
3 = Nonhematological toxicitics
"f‘: s .§ Table 4 shows drug-related nonhematological toxicities
'f-: S @ 2 obscrved in any course of trcatment. The common
~-15 E‘é P nonhematological toxicities were infusion reaction
2 Es & ..o s B (phlebitis, injection site reaction, and infusion arm
g8lzEs|3& 5 oy pain), anorcxia, malaise, nausea, vomiting, and consti-
= 2= pation. The most (requently observed toxicity was
Bls § S phlebitis. There were no relationship between all non-
2 3 2 < 3 hematological toxicities and doses.
§ £ 3 _ : .2:2' = . In the prcscr}l study, gradc 2 phichitis was obscrved
E|%° Now e 5§38 in 12 of 18 paticnts almost always on the next day of
-_E; § E «,‘;‘c~ g administration and nearly completely disappeared in
£l '_é é § § several days thereafter without medxcauon. Four
g 32 g9 % % patients experienced grade 1 to 2 pain, three of whorp
215 = 3 ERE: had infusion arm pain. None of these patients experi-
3 |% 8 awwlg 2 %" hid enced “redness” and “swelling” and had venous throm-
A R E bosis subscquent to phlebitis. On the other hand,
~ a é 5 g phlebitis was rarely observed in European studies {2, 6,
% 2 Er, -2 4 ::_ f—: E 18]. In the present study, phiebitis al!cvialed \'vh‘cn the
~1Qs —==1l<a2 =z 5 patient underwent additional flushing consisting of

@_ Springer

982



290

Cancer Chemother Pharmacol (2007) 60:285-243

Table 3 Hematological toxicities

Dose Number of Numberof Number of Neutropenia Ancmia Thrombocytopenia
(mg/m?) paticnats courses patients with  All courses (course 1) All courses (course 1) All courses (course 1)
dose reduction Grade Grade Grade
i 2 3 4 1 2 34 2-4
1.5 9 21 ) 2(1) 4(4) 0 0 3 5@ 2(2) 0
1.65 5 9 2° 2(2) 0 333 (N 2(1) 0 L(1) 0
1.8 4 5 0 0 0 I 2@ o 2(2) 0 L(1) 0

* Dose was reduced in one patient twice
® Febrile neutropenia developed in one patient

Table 4 Nonhcmatological toxicitics

Grade2 Grade3 Grade4

Adversc events Grade 1

Phicbitis

Anorexia

Nausea

Alopecia

Malaise

Pigmentation disorder
Constipation
Vomiting

Tenderness

Pain®

Peripheral neuropathy
Injection site reaction
Headache
Angiopathy

Diarrhea

Arthralgia

Hematuria

Pyrexia

Pneumonia
Neutropenic infection

PN RN
-

ll)

NNN.I\)N——-'.M—UJJ"—DJ

1
i

Drug-retated adverse events (total number of paticats: 18)
* Three of four paticnts had infusion arm pain
® Neuropathy at bascline was grade |

200-250 ml of saline over 30-60 min [ollowing adminis-
tration of TZT-1027.

Three patients experienced peripheral neuropathy
in coursc 1 at 1.5 to 1.8 mg/m* Gradc 1 ncuropathy
was observed in one patient at 1.8 mg/m% Another
patient developed grade 2 neuropathy at 1.5 mg/m?
however, dose reduction was not required during
course 2. Another patient at 1.65 mg/m? worsened
from grade 1 ncuropathy at baseline to grade 3 neurop-
athy with grade 3 constipation on day 5, with recovery
on day 13 and day 18, respectively; the paticnt 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/m? experienced pneumonia
with grade 3 neutropenia during course 1, was treated
with G-CSF and an antibacterial agent, and recovered
within 1 weck. Thercfore, this paticnt was treated at
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1.5 mg/m? bul 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
paticnt cxpcericnced grade 1 hypertension after the first
treatment at 1.65 mg/m” The treatment of this patient
was interrupled due to the DLTs including grade 3 con-
stipation, neuropathy, grade 4 neutropenia, and hypo-
natremia. Another patient in the 1.65mg/m® group
sporadically experienced grade 1 ventricular arrhythmia
at 1.65mg/m? during the study period. All patients
underwent 12-lcad clectrocardiography (ECG) before
and after TZT-1027 administration. The 12-lead clec-
trocardiograms had been evaluated by a medical expert
on ECG as well as the investigator. Table 5 shows the
QTc intervals after cach administration of TZT-1027 in
courses 1 and 2. The QTc intervals before administra-
tion were compared with those after administration,
and no significant QTc prolongation was obscrved.

Pharmacokinetics studies

The pharmacokinetics of TZT-1027 were assessed in
all paticnts on day 1 in course 1 (Table 6). Twelve
patients receiving TZT-1027 on day 1 in course 2 were
also assessed. C,,, and AUC; tended to increase with
dose. However, no statistically significant difference
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 first 24 h
after administration. Pharmacokinetic parameters
were compared between courses 1 and 2. None of Cl, .
Tiz MRT, and V of TZT-1027 differed between
courses 1 and 2 at various doses.

Figure 2 shows that Cl, tended to decrease with
increases in the plasma concentration of x1-AGP
(r = 0.57). The correlation between C,, or AUC;,;and
the nadir for ANC were not clear duc to the small dosc
range. No correlation was found between clearance
and body surface area (BSA) (r = 0.16).
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Table 6 Pharmacokinetic parameters of TZT-1027 on day 1 in course |

Number
of patients

Conax: Ng/ml
(mean, cv%)

Dose

(mg/m?)

AUC,,. ng h/mi
(mean, cv%)

V, tm?

{mean, {(cv%)

Cl,,,. Uhim?
(mean, cv%)

Tip b
(mcan, cv%)

1.5
1.65
1.8

9
5
4

186.0 (31.1)
211.3 (29.3)
200.3 (20.9)

4278 (31.9)
573.2 (45.4)
S02.8(10.7)

42 (48.3)
3.4 (46.3)
3.6 (10.4)

16.7 (46.1)
19.2 (20.3)
22.6 (31.3)

570117
7.6 (32.8)
7.4 (30.5)

r=057

Chiot (1 /hin?)

0 .
100
G1-AGP (mp/dL)

0
n =30

Fig. 2 Correlation be

tween 2{-AGP and the clearance of
TZT-1027 :

repealed-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 dcterminced to be less than 2.1 mg/m?, and the rec-
ommended dose for phase II studies was considered to
be 1.8 mg/m? [13, 20]. In that study, however, 14 of 40
patients could not receive TZT-1027 on day 15 on
schedule due 1o toxicitics. Therefore, a repeated-dose
study on days 1 and 8 in 3-week courses was conducted
in patients with solid tumors in the Nectherlands, in
whom TZT-1027 was cscalated to 2.7 mg/m% Consc-
quently, the DLTs were neutropenia and infusion arm
pain. The recommended dose for phase 1T studies of
TZT-1027 was detcrmined to be 2.4 mg/m?,

In the previous phase I study in the Netherlands, the
recommended dose for phase II studies was 2.4 mg/m?
Grade 3 neutropenia was obscrved in only 2 of >39
courscs at 2.4 mg/m?. To standardize the critcrion on
performance status with that in the Netherlands study
and to exclude the influence of the prior chemotherapy
Lo 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 differences between the pres-
cnt study and the previous study in the Netherlands
were predominant types of tumor (NSCLC versus sev-
cral (umors) and median age (66 versus 53 years old,
respectively). The pharmacokinetic profiles of TZT-1027
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were similar between the present study and the study in
the Netherlands. In the Netherlands study at 1.8 mg/m?,
AUCq Chax Tie and Cl, were 728.1 ng h/ml,
240.4 ng/ml, 6.65 h, and 4.7 L/h, respectively. It scems
difficult to explain based on PK parameters alone why
the MTD in the present study differed from that in the
Nctherlands. On the other hand, three of four paticnts
in the repeated-dose study on days 1, 8, and 15 in Japan
did not reccive TZT-1027 on day 8 on schedule duc to
neutropenia at 2.1 mg/m?, and one of four paticnts at
1.8 mg/m? in that study underwent no treatment on day
8 due to neutropenia. Between Japanese and Euro-
pean patients receiving TZT-1027, therefore, a differ-
cnce appearcd to cxist cspecially in the scverity of
bone marrow Loxicity.

In the present study, phlebitis was frequently
observed as compared with European studies. No sig-
nificant difference was found in the adminisiration
schedule between the present study and the study in
the Nctherlands., Other frequent nonhematological
toxicitics were anorcxia, nausca, alopccia, constipa-
tion, and malaise similarly to European studies. In con-
trast to other dolastatin analogues, such as a dolastatin
15 analogue tasidotin, increcased 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 five
paticnts who werc treated above the MTD (2.7 mg/m?),
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 influence 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. Tnitial 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 significant 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
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response was observed in a palient with metastatic
esophageal cancer previously treated by radiochemo-
therapy. Antitumor activity in previously trcated mcta-
static NSCLC was also seen in two patients who
experienced a 21% tumor reduction, including a
decrease in pleural effusion during five 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 studics have demon-
strated the potent in vitro cytotoxicity of TZT-1027
against several tumor cell lines and its in vivo antivas-
cular effects, 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 effective for Japancse paticnts with
advanced solid tumors when administered on days |
and 8 in 3-week courses, possesses an improved safety
profile as compared with other dolastatin analogues,
and is active at a tolerable dose.
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Yasumasa NisHIMURA, M.D.,* KazuHiko NAKAGAWA, M.D.,ir Kon TAKEDA, M.D.,'é'
MaAsSAHIRO TANAKA, M.D.,?’: Y OSHIHIKO SEGAWA, M.D.,“ Kayoko Tsuino, M.D.,ﬁ
SuunicHt NeGoro, M.D.,” Nosukazu Fuwa, M.D.,** Tovoaki Hioa, M.D.,
Masaaki Kawanara, M.D.,* Nosuvukr KAaTakami, M. D 5 Keko HIROKAWA, M. D, i
NosUYUKT YAMAMOTO, M.D., i Masanro Fukuoka, M.D.,! aND YuTtaka Artyossr, M.D.*

Dcpdnmcms of *Radiation Oncology and IMedical Oncology. Kinki University School of Mcdicine, Osaka-Sayama, Jdpd.ﬂ
Dcpartments of *Clinical Oncology and SRadiation Oncology, Osaka City General Hospital, Osaka, Japan; Department of Medicine
and Thoracic On(.ology, National Hospital Organization, Shikoku Cancer Center, Malsuyama, Japan; Departments of *Radiation
Onco]ogy and *Medical Oncology, Hyogo Medical Center for Adults, Akashl Japan; Departments of **Radiation Oncology, and
" Thoracic Oncology Aichi Cancer Center, Nagoya, Japan; Department of ¥ Respiratory Disease, Kinki Central Hosplml Osaka, Japan;
Division of ¥ Rcsptraloxy Mecdicine and ] Radlology, Kobe City General Hospudl Kobe, Japan; Division of *¥ Thoracic Oncology,
Shizuoka Cancer Center, Naga-izumi, Japan: and ™ Marumo Hospital, Nagoya, Japan

Purpose: This Phase I/II trial was conducted to assess the efficacy and safety of PR-350, a novel hypoxic cell radio-
sensitizer, when administered with thoracic radiation therapy (RT) after induction chemotherapy (CT) for locally
advanced non-small-cell lung cancer (NSCLC).
Methods and Materials: ’I\vo cycles of cisplatin (80 mg/m 2 and paclitaxel (180 mg/m ), or carboplatin (AUC = 6)
and paclitaxel (200 mg/m?) were given before RT of 60 Gy in 30 fractions. In the Phase I portion, the starting dosage
of PR-350 was 10 daily administrations (2000 mg/mz) in combination with RT, and this number was increased
in increments of 10 for successive groups to 30 doses.
Results: In total, 37 patients were enrolled. In Phase I (n = 20), PR-350 could be administered 30 times with con-
current thoracic RT. Thus, in Phase II (2 = 17), PR-350 was administered 30 times. The major toxicity was radi-
ation pneumonitis, with Grade 3 or more pneumonitis noted in 6 patients (16 %) including 2 with treatment-related
deaths. However, no Grade 3 or more esophageal toxicity was noted, and only Grade 1 peripheral neuropathy was
noted in 9 patients (24%). For all 37 patients, the median survival time (MST) and the 2-year survival rate were
15.9 months and 24 %, respectively. For 18 patients receiving 21 to 30 doses of PR-350, the MST and 2-year survival
rate were 20.9 months and 33%, respectively.
Conclusions: Theracic RT combined with 30 daily administrations of PR-350 after induction CT was well tolerated
and promiising for locally advanced NSCL.C. © 2007 Elsevier Inc.

Hypoxic cell radiosensitizer, Doranidazole, Non—-small-cell lung cancer, Clinical trial, Chemoradiation.

- INTRODUCTION static disease at presentation and ultimately develop
metastatic disease (1-4). However, induction CT did
not improve the local control rate by thoracic RT (3, 4).
To obtain long-term survival for the patients, adequate

loco-regional control by thoracic RT is essential. Improved

The standard treatment for patients with locally advanced
non—smali-cell lung cancer (NSCLC) has become com-
bined chemotherapy (CT) and radiotherapy (RT). Induction

CT before thoracic RT is effective for patients with locally
advanced NSCLC, as many such patients have micrometa-

Joco-regional control and survival rates have been achieved

clinically with the concurrent use of CT and RT for locally
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advanced NSCLC (4-7). At present, concurrent chemo-
radiotherapy (CRT) is the standard treatment for locally ad-
vanced NSCLC. However, acute toxicities are inevitably
increased during concurrent CRT (4-7). Because hemato-
logic and gastrointestinal toxicities are significantly more
common during concurrent CRT than for RT alone or se-
quential CRT, concurrent CRT is not recommended for
elderly patients or patients with a poor performance
status.

Hypoxic cells are 2.5 to 3.0 times less sensitive to radiation
than well-oxygenated cells (4. 8, 9). Tumors often include
hypoxic areas, which are a cause of radioresistance. One ap-
proach to conquering hypoxic cells is the use of hypoxic cell
radiosensitizers. These drugs mimic the effect of oxygen by
- increasing radiation damage. Nitroimidazoles such as miso-
nidazole and ethanidazole are highly effective at enhancing
the radioresponsiveness of tumors in rodents (4, 8-12). A
meta-analysis of 50 randomized clinical trials showed that
modifications of tumor hypoxia significantly improve the
loco-regional tumor control and overall survival achieved
with RT (11). Depending on the site of the tumor, treatment
benefits can be observed for head and neck tumors as well as
bladder tumors (11-13). A randomized clinical trial per-
formed by the Danish Head and Neck Cancer Study group
showed that a hypoxic radiosensitizer, nimorazole, improved
loco-regional control in head-and-neck cancer as well as a re-
duction of cancer-related deaths significantly (13). Based on
this positive result, the use of nimorazole becomes standard
practice for head and neck cancer in Denmark (12). However,
no significant improvement by a hypoxic cell sensitizer has
been found for lung cancer.

PR-350, a 2-pitroimidazole nucleoside analog doranida-
zole, is characterized by a very low level of toxicity, with
the 50% lethal dose in mice exceeding 5 g/kg, but an effi-
ciency similar to that of ethanidazole (14-17). In a Phase I
trial, no neurotoxicity was observed when PR-350 was ad-
ministered for 5 consecutive days at a daily dose of 800-
2000 mg/m? in combination with external RT for various
cancers (18). Thereafter, the efficacy of PR-350 combined
with intraoperative RT for locally advanced pancreatic can-
cer was tested in a randomized trial (19). PR-350 (2000
mg/m?) or placebo was infused immediately before intrao-
perative RT (25 Gy) in a total of 47 patients. Both groups
received postoperative cxternal RT (40 Gy/20 fractions)
without CT. No significant difference in the overall survival
rate was found between the two groups. However, the 2-year
survival rate was 18% for the PR-350 group and 4% for the
control group, suggesting that PR-350 improves the long-
term local control rate.

Because local control remains a problem for patients
with locally advanced NSCLC, PR-350 was added to a
sequential CRT regimen in an attempt to improve local
control, while maintaining the lower toxicity rate compared
with concurrent CRT. This Phase I/Il trial was conducted
to assess the efficacy, safety, and pharmacokinetics (PK)
of PR-350 when administered for 10 to 30 days at a daily
dose of 2000 mg/m*> combined with conventional thoracic
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RT atter induction CT for treatment of locally advanced
NSCLC.

METHODS AND MATERIALS

Investigational design

This was a Phase I/ll, nonrandomized, muiticenter study con-
ducted by the West Japan Thoracic Oncology Group (WJTOG) in
compliance with Good Clinical Praclice guidelines. The protocol
was approved by the institutional review boards or ethics commit-
tees of all participating institutions, and written informed consent
was obtained twice, before induction CT at the first entry and before
thoracic RT combined with PR-350 at the second entry.

Patient eligibility

The pretreatiment staging work-up included medical history,
physical examination, completc blood count, biochemical screen-
ing tests, chest radiography, bronchoscopy, computed tomography
of thc thorax and upper abdomen. Brain CT or MRI, as well as
bone scans were performed whenever possible. Positron emission
tomography (PET) was not performed because health insurance
did not cover PET at that time. Mediastinal tymph nodes of
more than 10 mm in the shortest diamcter were regarded as malig-
vant nodes, and histologic proof of N2 or N3 staus was not
required.

Major cligibility critetia at the first entry included 20-74 years
old, histologically, or cytologically proven NSCLC, surgically unre-
sectable stage IIIA and IIIB, no prior therapy, an Eastem Coopera-
tive Oncology Group (ECOG) performance status of 0 to 1, and
adeguate organ functions. Patients with severe emphysema, chronic
bronchitis, or apparcnt findings of pulmonary fibrosis or interstitial
preumonitis on chest radiography werc excluded.

Major eligibility criteria at the second entry included an ECOG
petformance staws of O to 2, a white blood cell (WBC) count of
=3,000/ul., a platelet count of =75,000/uL, a creatinine level of
<1.5 mgfdL, a PaO, level of =70 mm Hg, a percent diffusion
lung carbon monoxide (%D o) level of =60, and neuropathy of
Grade 0 or Grade 1. In addition, patients whose RT field exceeded
one half of the involved lung were excluded. Although this eligibil-
ity criterion on the RT ficld was relatively subjective and obscure,
it was commonly used in Japanese clinical trials for NSCLC to
exclude large thoracic RT fields (6).

Treatment plan )

Figurc 1 provides the design of the Phasc I and Phasc II por-
tions. In the Phasc I trial, patients received two cycles of induction
CT consisting of cisplatin at 80 mgfm? and paclitaxel at 180
mg/m®. Induction CT was rcpeated 3 weeks later. Induction CT
with carboplatin (AUC = 6) and paclitaxel (200 mg/m?) and
a 3-week interval was also permitted in the Phase IT portion. Tox-
icity was graded using the National Cancer Institute Common
Toxicity Criteria version 2.0. Treatment could be delayed no
more than 2 weeks to allow recovery from toxicity. Dose udjust-
ments of CT for toxicity were made according to guidelines stip-
ulated in the protocol.

Thoracic RT combined with PR-350 was begun 3 to 5 weeks after
completion of the induction CT when patients agreed to the protocol
and fulfilled the second entry criteria. All patients were treated with
a linear accelerator photon beam of 4 MV or more. The primary tu-
mor and involved nodal discase reccived 60 Gy in 2-Gy fractions
over 6 weeks.
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Fig. 1. (a, b) Design of the trial: (a) Phasc 1 portion; (b) Phase IT
portion.

At the start of this multi-institutional study, three-dimensional
treatment planning system using computed tomography was not
available at many institutions. Therefore, the protocoi for RT was
prescribed by a two-dimensional treatment planning techniques,
and three-dimenstonal dosc constraints for both planning target vol-
ume {(PTV) and normal risk organs were not defined in the protocol.
The RT doses were specified in the center of the 1arget volume, and
calculated assuming tissue homogeneity without correction for lung
tissues after the example of Radiation Therapy Oncology Group
(RTOG) at that time. No immobilization devices were used, and
the position of patients was verified by portal films.

The initial 40 Gy was delivered 1o clinical target volume 1
(CTV1), and the final 20 Gy was delivered to a reduced volume
defined as clinical target volume 2 (CTV2). CTV1 included the
primary tumor, ipsilateral hilum, and mediastinal nodal arcas from
the paratracheal (#2) to subcarinal lymph nodes (#7). The contralat-
cral hilum was not included in CTV1. The supraclavicular areas
were not 1o be treated routinely, but could be treated when supracia-
vicular nodes were involved. CTV1 included a margin of 1 ¢m for
gross tumor volume (GTV) consisting of the primary tumors and
the involved lymph nodes =1 cm in the shortest diameter, although
no margin was added for lymph node areas without involved nodes.
CTV2 included only the primary tumor and the inveolved lymph no-
des with a margin of 0.5 to | ecm. The PTV margins for CTV were
0.5 to 1 cm. Although ficld margins for PTV were not determined in
the protocol, appropriate field margins were added at each institu-
tion. The spinal cord was excluded from the fields for CTV2 by ap-
propriate methods such as the oblique opposing method. Portal films
were obtained at the first time of each treatment plan, but weekly
verification was not mandatory.

Quality assurance of thoracic RT including review of simulation
films, portal films, and RT dose data was conducted throughout the
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trial by one of the authors (Y.N.). Approximately 90% (33/37) of the
patients reccived thoracic RT consistent with the protocol guide-
fines. For 2 patients, the RT field was larger than the guidelines
allowed, whereas for 2 other patients, margins for target volume
were insufficicnl.

A novel hypoxic cell radiosensitizer, PR-350, devcloped by
POLA Chemical Industries Inc. (Yokohama, Japan), was used.
PR-350 (1000 mg) was dissoived in a solution of 50 ml. PR-350
at 2000 mg/m* was infused intravenously over 20 10 30 min before
thoracic RT daily. Thoracic RT was given within 10 to 40 min of
the end of infusion. Among the 770 sessions, violation rates for
the duration of infusion and time interval were 5.8% (45/770) and
3.0% (23/770), respectively.

In Phasc I, the starting dosage of PR-350 was 10 daily doses in
combination with thoracic RT for the first 2 weeks, and the number
of administrations of PR-350 was escalated in increments of 10 for
successive groups of 6 1o 8 new patients 1o 30 doses over 6 weeks.
Dose-limiting toxicities (DL.Ts) were defined as Grade 4 leucopenia
or neutropenia, thrombopenia of <20,000/uL, esophagitis of Grade
4 or more, or other nonhematologic toxicities of Grade 3 or more.
When one third or less of 6 to 8 paticnts showed DLTs, the dosage
of PR-350 was raiscd to the next level.

Venous blood samples were collected before, immediately after,
and 1.5, 3, 5,7, and 24 h after the infusion of PR-350 on the first day
and the last day of administration for 4 or 5 patients at each dose
level of the Phase 1 trial and 3 patients in the Phase 1T trial. PR-
350 levels in urine were also measured for 24 h before and after
the first infusion, 24 h after the last infusion, and 24-48 h after
the fast infusion. The concentration of PR-350 in scrum and urine
samples was analyzed by high-performance liquid chromatography.

Efficacy evaluation

The objectives of this trial were to evaluate a recommended dose
of PR-350 in the Phase I portion, and to evaluate the local tumor
response rate in the chest (radiation portal), overall survival, and
toxicitics associated with thoracic RT and PR-350 after induction
CT in the Phase I/IT portion,

Local tumor response in the radiation portal was evaluated using
CT scans obtained at baseline, after each induction CT, at 32 to 40
Gy of thoracic RT, cvery 4 weceks afier the completion of thoracic
RT to the 20th week of the RT. Tumor response was determined
using World Health Organization Criteria for Reporting Cancer
Treatment by extramural evaluation. In this analysis, responses of
the two target lesions of primary tumors and mediastinal nodes
were evaluated separately. When both targei lesions showed a com-
plete response (CR; compiete disappearance of all known discase)
for more than 4 weeks, local tumor response was scored as CR. On
the other hand, when one of the (wo target lesions showed a partial
response (PR; 50% or more decrease in tumor size) for more than
4 weeks and the other 'largcr lesion showed CR, PR, or no change
(NG, less than 50% decrease, or less than 25% increase in tumor
size), local tumor response was scored as PR. When both target
lesions showed NC, local tumor response was scored as NC.
When one or more target lesions showed progressive discase
(PD; a 25% or greater increase in wmor size, or the appearance
of new lesions in the radiation portal), local tumor respouse was
scored as PD.

Survival time was defined as the period from the first day of in-
duction CT to death. All patients were followed for a minimum of
24 months. The final date for inclusion of survival data in the anal-
ysis was December |, 2006. Overall survival ratcs were calcutated
using the Kaplan-Meier estimates.
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RESULTS

Patient characteristics and compliance

A diagram explaining the number of patients enrolled and
analyzed is provided in Figurc 2. A total of 41 patients with
unresectable stage IIIA or IIIB NSCL.C from 19 institutions
in Japan were enrolled in the first entry from August 2000
to November 2004. During the study period, accrual of
patients was stopped several times becausc of observation
period of toxicitics for the level 1 (3 months) and level I
(7 months), and revision of the protocol for the Phase If por-
tion (18 months).

Of the 41 patients, 2 paticnts in the Phase [ portion could
not enter into the second entry because of bleeding from gas-
tric ulcers during induction CT or withdrawal of consent. In
the Phase II portion, 1 patient died of tumor bleeding during
induction CT, and induction CT was not indicated for another
patient because of glaucoma. Thus, the remaining 37 patients
(full analysis set [FAS]) were enrolled into the second entry.
Pretreatment characteristics of the FAS are presented in
Table 1.

In the first level of the Phase 1 portion (10 doscs of
PR-350), DLTs (Grade 3 skin rash and Grade 5 radiation
pnecumonitis) were noted for 2 patients. In the second level
(20 doses), DLT (Grade 5 radiation pneumonitis) was noted
for 1 patient. In the third level (30 doses), DLT (Grade 3 skin
rash) was noted for 1 patient. Thus, in the Phase IT portion
(n = 17), PR-350 was administered 30 times.

Thoracic RT was terminated before 60 Gy for 4 of the
37 patients because of progressive disease (# = 2) and pneu-
monia {(n = 2). For 5 patients, full-dose RT of 60 Gy and
<70% of the planned PR-350 doses were combined because

of acute toxicities (» = 3) or patient refusal of PR-350 (i = 2)..

For the remaining 28 patients, PR-350 at 70% or more of the
planned dose could be combined with thoracic RT of 60 Gy.

Local response and survival
According to the extramural assessments, CR and PR were
achieved by 8% (3/37) and 68% (25/37) of patients, respec-

Patient population (Phase I &1I)

15t Entry

n=41 (ITT)
Induction CT

L Severe toxicities of CT (2) )
4 “~ 1 Withdrawal of consent (1) !

i CT could not be given (1)/}
2nd Entry n=37 (FAS)
PR-350 + RT -

v

5"~Terminalion of RT of 8-48 Gy (4)
i 60 Gy + <70% prescribed dose of PR-350 (5)
: 60 Gy + >= 70% prescribed dose of PR-350 (28)

Fig. 2. Patient population in this trial. Of the 41 patients enrolled
in the first entry (intention to treat [ITT}), 37 patients were included
in the second entry (full analysis set [FAS])).
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Table 1. Patient and wumor characteristics
(full analysis sct; n = 37)
Gender (inen/women) 3077
Age, y (mean and rangce) 61.8 (46-74)
PS (0/1) 12125
Stage (ITIA/TTIB) 8/29
Histology:
Adenocarcinoma 17
Squamous cell carcinoma 16
Large-cell carcinoma i
Unclassified carcinoma 3

tively. Thus, the overall response rate (CR+PR) was 76%
{28/37). The response rate for patients who received PR- -
350 21 to 30 doses was 89%, whereas that for those who
received 2 to 20 doses was 63%. The difference in tumor re-
sponse was not significant.

Figure 3 shows the Kaplan-Meier survival curve for the
37 patients. The median survival time (MST) was 15.9 months,
and overall survival rates at 2 and 3 years were 24% and 18%,
respectively. The MSTs and survival rates were also analyzed
according to clinical stage and actual doses of PR-350. There
was no significant difference in the survival rate between stage
IIIA (n= 8) and stage IIIB (17 = 29). The MST and 2-year sur-
vival rate for 18 patients receiving 21 to 30 doses of PR-350
were 20.9 months and 33%, respectively, whereas those for
19 patients who received 2 to 20 doses were 13.7 months
and 16%, respectively (Fig. 4a). However, this trend was not
observed when compared with their intended prescribed
dose (10 and 20 doses vs. 30 doses) of PR-350 (Fig. 4b).
The MST and 2-year survival rate for 14 patients enrolled in
the 10 and 20 doses levels were 15.9 months and 21%, respec-
tively, whereas those for 19 patients in the 30 doses level were
14.9 months and 26%, respectively.

Toxicities

Tables 2 and 3 show hematologic and nonhematologic
toxicities after the second entry, respectively. A major
hematologic toxicity for most patients was lymphopenia.

f4 — L
1 MST: 15.9 months
.8 W\ ’ 2-year survival 24% -
\ 3-year survival 18%
.6 2

%o “1

4 4 1\ =
29 &"——WWL ‘ 1
T |
0 4 .

T~ S s ame a0 o e +———7

0 10 20 30 40 50 60 10

months

Fig. 3. Overall survival ratc for the 37 patients (full analysis set
{FAS]). MST = median survival time.
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Fig. 4. (a, b) Overall survival rates according to the actual doses of
PR-350. No significant difference between the two groups. (b) Over-
all survival rates according to the intended prescribed doses of
PR-350. MST = median survival timc.

The incidence of Grade 3 or more lymphopenia was 78%.
However, only a few patients showed Grade 3 or more leuco-
penia or anemia. A major nonhematologic toxicity was radia-
tion pneumonitis, and Grade 3 or more pneumonitis was noted
in 6 patients (16%) including the 2 with treatment-related
deaths. For 1 of the 2 patients with treatment-related deaths,
the initial RT field exceeded one half of the involved lung,
which violated the guidelines for RT ficlds. For the other pa-
tient with treatment-related death, extramural review revealed

Table 2. Hematologic toxicities afier the second entry
(full analysis sev, n = 37)

Grade of toxicities Gl G2 G3 or more
Leukocytes 12 (32%) 9 (24%) 2 (5%)
Lymphopenia 0 (0%) 6 (16%) 29 (78%)
Neutrophils 6 (16%) 9 (24%) | (3%)
Hemoglobin 2 (5%) 12 (32%) 3 8%
Platelets 11 (30%) 0 (0%) 1 (3%)
AST 9 (24%) I (3%) 1 (3%)
ALT 9 (24%) 3 (8%) 2 (5%)
Creatinine 1 (3%) 0 (0%) 0 (0%)
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Table 3. Nonhematologic toxicities after the second entry
(full analysis set; n = 37)

Grade of toxicitics Gl G2 G3 or more
Radiation pneumonitis 7(19%) 5 (14%) 6% (16%)
Skin rash 5 (14%) 3 (8%) 3 (8%)
Peripheral neuropathy 9 (24%) 0 (0%) 0 (0%)
Radiation dermatitis 18 (49%) 4 (11%) 0 (0%)
Dysphagiafesophagitis 25 (68%) 6 (16%) 0 (0%)
Febrile neuiropenia 0 (0%) 0 (0%) 1 3%)
Edema 3 (8%) 1 (3%) 1 (3%)

* Two patients with treatment-related deaths were included.

apparent pulmonary fibrosis on his chest radiography before
weatment, which was a violation of the eligibility criteria.

During induction CT, Grade | or 2 peripheral neuropathy
was observed in 26 patients, and at the start of second entry
17 patients (46%) had only Grade | peripheral neuropathy.
After the second entry, Grade 1 peripheral neuropathy was
prolonged for 3 of the 17 patients. Newly developed periph-
eral neuropathy of Grade 1 was noted in 6 patients. In total,
peripheral ncuropathy of Grade | was noted in 9 patients
(24%). Allergic skin rash of Grade 3 or less was observed
in 11 patients (30%). Skin rash was scen out of RT field,
and scored differently from radiation dermatitis. Notably,
no Grade 3 or more esophageal toxicity was noted.

Pharmacokinetic study

Figure 5 shows changes in the serum concentration of PR-
350 in the first and the last sessions. After both sessions,
PR-350 was rapidly cleared by the kidney, and no accumula-
tion was observed even after the 30th session. Similarly, no
cumulative effect was demonstrated after the 10th and 20th
sessions (data not shown).

DISCUSSION

In the Phase I portion of this trial, thoracic RT combined
with 30 daily administrations of PR-350 at 2000 mg/m? after
induction CT was well tolerated. As a single dose or five
daily doses of PR-350 at 2000 mg/m” has been shown to
be safe in previous clinical trials (18, 19), dose escalation

300

~4— Initia} session
280 § ] )
~f~ Last session

200

—
h
=3

160 - 30 times {n=5)

Concentration (pg/mL)

h
=1

-
25

Time (hr)

Fig. 5. Changes in serum concentration of PR-350 in the first
and the last (30th) session. Means and standard errors are shown.
PR-350 was rapidly ctcared in both sessions, and no accumulation
of PR-350 was observed in the 30th session.
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was started from 10 doses of PR-350 in this study. As DLTs,
radiation pneumonitis or skin rash of Grade 3 or more was
noted in one third or less of 6 to 8 patients at each level,
and so 30 daily administrations of PR-350 at 2000 mg/m’
was determined as the recommended dosage in the Phase
It portion of the trial.

A major hematologic toxicity was lymphopenia, although
other hematologic toxicitiecs were mild (Table 3). A major
nonhematologic toxicity was radiation pnecumonitis includ-
ing two patients with TRD. Grade 3 or higher radiation pneu-
monitis was observed in 6 patients (16%). A similar rate of
radiation pneumonitis is reported by a retrospective study
at the National Cancer Center Hospital in Japan (20). In
that analysis, severe radiation pneumonitis of Grade 3 or
more was noted in 13% of 191 patients with lung cancer
treated by CRT or RT alone between 1988 and 1998 (20).
On the other hand, a less than 2% incidence of Grade 3 or
higher pulmonary toxicity was reported for both sequential
and concurrent CRT groups in a Japanese Phase I trial for
locally advanced NSCLC using the same eligibility criterion
on RT fields (6). It is unclear why pulmonary toxicity in the
trial was so low. However the low total RT dose of 56 Gy
may have contributed to that.

Because 3D RT planning was not available, it was impos-
sible to correlate toxicity parameters with dose—volume his-
togram {DVH) information in this study. Although it can
not be excluded that PR-350 enhances the effects of radiation
on normal lung tissues, we consider that the relatively high
incidence of radiation pneumonitis is attributable to our for-
mer two-dimensional RT technique. Extramural review of
RT films revealed that two TRDs might have been atiribut-
able to a violation of protocol guidelines for RT fields or
a violation of eligibility criteria on pulmonary discase. To
evaluate the effect of PR-350 on radiation pneumonitis, an
additional Phase II trial with a thrce-dimensional RT method
may be required.

Neither Grade 3 or more esophageal toxicity, nor Grade 2
or more peripheral neuropathy, was noted. In the PK study,
no accumulative effect was observed even after the 30th
dose (Fig. 5). The major limitation of 2-nitroimidazoles in-
cluding misonidazole and ethanidazole is neuropathy ({0~
12, 21, 22). For head-and-neck cancer, randomized clinical
trials comparing RT plus ethanidazole and RT alone have
been reported (21, 22). In these trials, ethanidazole at 2000
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mg/m? given three times weekly for 17 doses was combined
with RT, and peripheral neuropathy of Grade 1 1o 3 was noted
in 24% to 28% of patients. In the present trial, PR-350 at 2000
mg/m? was given five times weekly for 10 to 30 doses, and
only peripheral neuropathy of Grade | was noted in 24% of
patients. Thus, PR-350 is apparently less neurotoxic than
cthanidazole.

The overall response rate in the RT field was 76% (28/37).
For patients who received 21 to 30 doses of PR-350, the over-
all response rate was as high as 89%. The MST and 2-year
survival rate for FAS were 15.9 months and 24%, respec-
tively. This result is well in the range of values for sequential
CRT for locally advanced NSCLC (3, 6. 7). In the FAS,
patients treated with suboptimal doses of PR-350 (10 or
20 doses) were included in the Phase T portion. Although the
analysis according to the intended prescribed doses of PR~
350 did not show the difference in survival rate (Fig. 4b),
the MST and 2-year survival rate for 18 paticnts actually re-
ceiving 21 to 30 doses of PR-350 were 20.9 months and 33%,
respectively (Fig. 4a). These values are well compatible with
those for concurrent CRT (6, 7). This Phase II result is prom-
ising because a survival rate similar to that for concurrent
CRT was obtained by daily administration of PR-350 with
an incidence of acute toxicities as low as that for sequential
CRT.

At present, concurrent CRT is the standard treatment for
locally advanced NSCLC. However, acute toxicities are
inevitably more common during concurrent CRT (4-7).
So, concurrent CRT is not recommended for elderly patients
ot patients with a poor performance status. The low inci-
dence of hematologic toxicities and radiation esophagitis
in this study has special significance for these patients.
The results of this Phase /IT study support the hypothesis
that adding PR-350 to sequential CRT may decrease the
rate of local recurrence without a significant increasc in
toxicity. Similarly, a promising clinical result obtained by
adding a radiosensitizer, efaproxiral, to sequential CRT
has been reported (23). Therefore, the present strategy of
sequential CRT combined with PR-350 is a promising
approach for locally advanced NSCLC, and a randomized
study should be pursued. Furthermore, PR-350 may also
be an ideal candidate for incorporation into concurrent
CRT, as it could potentially increase the efficacy of concur-
rent CRT without increasing the toxicitics.
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Amrubicin was given by daily intravenous injection at
45 mg/m’/day for three consecutive days, repeated at
3 week intervals. Each patient received at least three
treatment cycles. Results: Sixty-two patients were enrolled
in this study. Of the 62 registered patients, 60 were eligible
and assessable for efficacy, and 59 for toxicity, Overall
response rate was 18.3% (95% confidence interval [CI], 9.5
to 30.4%) and median survival time was 8.2 months (5%
Cl, 6.7 to 10.4 months). Major toxicity was myelosuppres-
sion, with incidences of grade 3 or 4 toxicity of 78.0% for
neutropenia, 54.2% for leukopenia, 30.5% for anemia, and
28.8% for thrombocytopenia. Non-hematological toxicities
with a greater than 50% incidence were anorexia (69.5%),
nausea/vomiting (55.9%), and alopecia (75.9%), but were
relatively mild, with grade 3 toxicities observed in only one
patient cach (1.7%). Conclusion: Amrubicin was an active,
well-tolerated agent in the treatment of NSCLC.

Keywords Amrubicin - Anthracycline - Non-small-cell lung
cancer - Phase I study

Introduction

Non-small-cell lung cancer (NSCLC) is already a leading
cause of cancer-related deaths worldwide, with an incidence
which is increasing. Current therapeutic options are
unsatisfactory, however, and development of novel, more
effective antitumor agents has been sought.

Amrubicin is a novel, totally synthetic 9-aminoanthracy-
cline, (+)-(7S,9S5)-9-acetyl-9-amino-7-[(2-deoxy-f3-b-
ervthro-pentopyranosyl)oxy]-7,8,9,10-tetrahydro-6,
11-dihydroxy-5,12-naphthacenedione hydrochloride, with a
similar structure to doxorubicin (Fig. 1) [1].

An impottant characteristic of amrubicin is that it is a pro-
drug which is converted to the active metabolite, amrubici-
nol, via reduction of its C-13 ketone group to a hydroxy
group by carbonyl reductase [2]. In vitro studies have shown
that the cytotoxic activity of amrubicinol is 20 to 220 times
more potent than that of its parent compound, amrubicin, and
has closely similar potency to doxorubicin [3], The efficacy
and toxicity of amrubicin is therefore Jargely dependent on

C-CH" Y o-CH OH
O‘O‘ e O‘O‘ mon
O OH 5) H3CO O OH
Amrubicin Doxorubicin

Fig. 1 Chemical structures of ammubicin and doxorubicin
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the tissue distribution of amrubicinol. Among results to
date, amrubicin showed more potent antitumor activity than
doxorubicin in several human tumor xenografts implanted
in nude mice [4], and antitumor activity was closely
reflective of the tumor concentration of ammubicinol {5].
The acute toxicity profile of this agent is qualitatively
comparable to that of doxorubicin [6], but it has rarely been
shown to cause the delayed-type toxicity observed with
doxorubicin, particularly cardiotoxicity [7. 8], nor did it
exacerbate doxorubicin-induced myocardial toxicity in
dogs [8]. Amrubicin and amrubicinol are weak DNA
intercalaters and potent inhibitors of topoisomerase II (9].

Clinically, amrubicin showed substantial activity against
NSCLC in an early phase II study of single intravenous
injection of 120 mg/m? every 3 weeks, with a partial
response (PR) rate in 5 of 20 previously untreated paticnts
(25%; 95% CI, 8.7 to 49.1%) [10]. An additional phase I-II
study for NSCLC was conducted by daily intravenous
administration for three consecutive days [11], on the basis
of experimental findings that amrubicin showed better
efficacy in a divided treatment schedule than in a singlc
injection [12]. The maximum tolerated dose was set at
50 mg/m*/day and the recommended dose for the phase II
study was 45 mg/m?/day. Overall response rate in the phase
-1 study was 25.0% (95% CI, 10.7 to 44.9%), with scven
PRs in 28 previously untreated patients. These reproducible
response rates of more than 20% in two clinical studics
suggest that amrubicin may be a promising agent in the
treatment of NSCLC, in contrast to doxorubicin which
shows only marginal activity against NSCLC [13].

Here, we conducted one of two phase II studies with an
identical protocol and monitoring to assess the efficacy and
safety of amrubicin by daily intravenous administration for
three consecutive days in previously untreated patients with
advanced NSCLC.

Patients and methods
Eligibility

This study investigated patients with histologically or
cytologically confirmed unresectable NSCLC in stages
HIA, TIB, and IV. Eligibility criteria included no prior
treatment, measurable lesions, an ECOG performance status
of 0 to 2, an estimated life expectancy of at lcast 2 months,
and age less than 75 years. Adequate organ function was
also required, with a WBC count >4,000/uL. platclet count
2100,000/uL, hemoglobin level 210 g/dL, AST and ALT<
100 U/L, total bilirubin level 1.5 mg/dL, serum creatinine

Jevel £1.2 mg/dL, ECG within normal limits. and lcft

995

ventricular ejection fraction (LVEF, echocardiogram)
>60%.



