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Tabie I1. Hematalogical and non-hematological udverse events.

Adverse eveuts Level | Level 2 Level 3
{(n=3) (n=0) (n=5)
NCI-CTC grade | 2 3 4 1 2 3 4 i 2 3 4
Hematological
Lcukocytopenia 1 0 0 0 4] 0 1 0 [t} Y i 1
Neutropenia ] 0 0 0 o 0 1 0 0 0 0 2
Ancmia 0 0 ¢ 0 i 0 t Q 1 0 3 0
Thrombocytopenia 2 0 0 0 2 0 0 0 0 0 0 9
Non-hematological
Navsea/vomiting 2 0 0 0 2 0 4] 8 ] 0 0 0
Anorcxija 0 1 0 0 i 3 0 0 i 1 0 0
Fatigue 2 0 L 0 5 0 0 0 1 3 0 0
Stomatitis 2 0 0 0 6 0 0 0 0 0 3 0
Constipation ] { 0 0 1 i ¢ 0 f i 0 0
Diarrhca i 1 0 0 0 § f 0 2 1 0 0
ASTIALT ] 1 0 0 0 0 Y 0 n 0 0 0
Skin rash § 0 0 0 0 0 0 0 0 0 0 0
Pacumonia 0 0 6 0 0 0 0 0 0 0 0 0
Infection i ! 0 b} it} ! 0 0 0 0 0 0
Febrile neutropenia 0 0 0 0 0 0 1 ¢ 0 0 2 0

AST: aspartate aminotransferase; AL'T: alaninc aminotransferasc.

Results

Puatient characteristics. A total of 14 paticnts with a median
age of sixty-one years (range 31-76 years) were recruited
for this study. Patient characteristics arc listed in Table L
One patient was clinically diagnosed with primary ovarian
cancer and fotlowing oophorectomy, a Krukenberg tumor
with primary gastric cancer was diagnosed. Five patients
received prior chemotherapy. Two patients had uracil-
tegafur (UFT) and carboplatinfpaclitaxel as adjuvaat
therapy, respectively. Two patients had received
chemotherapy only, of systemic administration with
cisplatin/5-FU and irinotecan, or of intra-peritoneal
infusion with paclitaxel. Seven paticnts had not received
any prior treatment.

Sequence. of dose levels studied and DLTs. Three paticnts
started on level ! (S-1 80 mg/m%/day with docctaxel 15
mgfm?) and no DLTs werc observed (Table IT). The next
cohort of three paticnts received dose level 2 (S-1 80
mg/m¥day with docctaxef 20 mg/m?) and as one paticnt
expetienced grade 3 diarrhea and febrile neutropenia
{DLT), this group was expanded to six patients. None of the
three additional patients experienced DLT. The next cohort
of three patients received dose level 3 (S-1 80 mg/m¥/day
with docctaxel 25 mg/m?) and one patient experienced
grade 3 stomatitis and gradec 2 diarrhea (DLT), so this
group was expanded to six patients. Two additional patients
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experienced DLT (grade 3 stomatitis, febrile ncutropenia
and continuous grade 4 neutropenia). One of these patients
could not be trcated with docetaxel on day 8 in the Ist cycle
because of necutropenia. Thus, three of five patients had
DLTs at level 3. In these {ive patients, the most frequent
DLTs were stomalitis, febrile neutropcnia and continuous
neutropenia. Therefore, level 2 was considered as the
recommend dose for the phasc Il study. The median
number of cycles received per paticnt was two (range onc
to ninc). Dose intensities of S-1 and docetaxel were 48
mg/m%week and 12 mg/m%weck, respectively.

Adverse effects. All the patients were evaluated for adverse
effects which arc summarized in Table III. No grade 3
adverse cffects were observed at level 1 except for fatiguc
in one patient. One patient at level 2 had grade 3 diarrhea
with febrile neutropenia as DLT, however, no other grade
3 or non-hematological adverse effect was observed at the
level in the repeated cycle. No grade 4 hematological
adverse effects werc observed at level 1 or 2. At level 3, 3
out of 5 patients had grade 3 stomatitis and 2 of them also
had febrile neutropenia; furthermore, 3 out of 5 patients
had grade 3 anemia while {wo out of 5 patieats had grade 4
neutropenia.

Pharmacokinetics (PK) analyses. Blood samples for PK
analyses were available for 13 out of the 14 patients,
including all § patients at (he optimal dose level (20 mg/m?).
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Table V. Plasma concentrations of docetaxel.

Level 1 (n=3) Level 2 (u=5) Level 3 (n=5)
Cinax AUCy, AUCy 5 Cinax AUCy, AUChA Cinax AUCy, AUC, A
(ng/mL) {ngeh/mL) (ngeh/mL) (ng/ml}  (ngeh/mL} (ngeh/mlL) (ng/ml) (ogeh/mL) (ngel/mL)
Day 1 (-5-1) 205 238 - 521 522 616 591 83s 1547
Day 8 (+8-1) 240 308 - 597 547 581 379 555 1028
Cinaxs Maximum observed concentration; AUC: area under the concentration-time curve.
Table V. Plasma concentrations of FT, 5-FU, CDHP and Oxo.
FT 3-FU CDHP Oxo
Conax AUCh.a Cinax AUCyA Chax AUCH. A Criax AUC,.
(ng/mL) (ngeh/ml.) (ng/ml.} (ngeh/mL}) (ng/mL) {ngeh/mL) (ng/mL) (ngeh/ml)
Day 7 (n=8) 2526x615 151893144 151.3270.6  810.5x£349.3  299.8£175.8 134246243 76.1£21.] 414.2£118.8
Day 8 (n=8) 2509380  14882+2219 1564£62.7  765.0%304.4  307.54£149.5 1368.8537.2 93.8x46.4 491,02216.3

FT: tegafur; 5-FU: fluorouracil; CDHP: 5-chioro-2,d-dihydroxypyridine; Oxo: potassium oxonaic; Co,: maximum observed concentration; AUC:
arca under the concentration-lime curve; Valucs are expressed us mean % standard deviation (SD).
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Figure 2. Plasma concentrations of dacetaxel with and without administration of S-1 (day 1 vs. day 8).

The PK parameters for docetaxcl are shown in Table TV.
The plasma concentration of docetaxel with or without §-1
(day 1 vs. day 8) are shown in Figure 2. Although C,,,
AUG,.,, AUC, 5 of docetaxe! on day 8 werc slightly lower
than those of day 1, PK parameters for docetaxel were
equivalent between day 1 and day 8. The PK parameters for
FT, 5-FU, CDHP and Oxo arc shown in Table V. The
plasma concentration of FT, 5-FU, CDHP and Oxo with
administration or not of docetaxel (day 7 vs. day 8) are
shown in Figure 3. PK parameters of $-1 wete equivalent on
day 7 and on day 8. Thus, no drug interactions between S-1
and docctaxe] were observed.

Efficacy. Response and survival data were updated in
October 2006. Ten patients were assessable for tumor
response (Table VI}. Four patients were considered not
evaluable for response, because of early drop-out due fo
carly toxicity. Two paticnis were also considered not
evaluable for RECIST criteria, because there were only
primary tumors and no metastatic sitc (Table I). One
paticnt was considered not evaluable for response after
entry because there was only peritoncal dissemination and
no target lesion (Table VI). There were 2 partial responses
at level 2 and no complete response. The overall response
rate was 20% (2 out of 10). The responsc ratc at the
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Figure 3. Plasma concentrations of S-flworowcil {5-FU), tegafur (FT), potassium oxonate (Oxo), and S-chloro-2,4-dihydroxypyridine (CDHP} with

and without administration of docetaxel {day 7 vs. day 8).

recommended dose (level 2) was 50% (2 out of 4). The
disease control rate was 80% (8 out of 10). All fourteen
patients were assessable for survival (Figure 4). The median
survival time was 9.4 months and thc median time to
progression was 2.4 months. The median survival time at the
recommended dose (level 2) was 10.0 months.

Discussion

Current key drugs for the treatment of gastric cancer are
cisplatin, taxoids (paclitaxel and docetaxcl), irinotccan and
S-fluorouracil (5-FU) or its derivative drugs (such as
doxifluridine, capecitabine, tegafur and UFT). 5-FU-based
combinations are considered as a standard chemotherapy
for first-line treatment of advanced gastric cancer because
they provide survival benefit compared with best supportive
care (2-4) In western countries, triplet combinations such as
epirubicin/cisplatin/5-FU (ECF) or docetaxelfcisplatin/S-FU
(DCF) (29) regimens arc the current standard, howevcer,
they are sometimes not recommended practicatly becausc of
their severe hematological toxicity. S-1 is a novel oral
fluoropyrimidine derivative. Singlc use of S-1 has revealed
promising response in advanced gastric cancer with
acceptable sidc-cffects being stomatitis, fatigue, diarrhea
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Table VI. Twunor response.

Level Numberof CR PR SD PD  RR (%)
patients
1 2 0 0 2 0 0
4 0 2 1 H 50
3 4 0 0 3 i 0
Total 10 0 2 6 2 20

CR: complete response; PR: partial response; SD: stable disease, PD:
progressive disease; RR: rcsponsc rate; Tumor responses werce
evaluated using RECIST criteria.

and ncutropenia (14-16), but no hand-foot syndrome which
is frequently caused by capecitabine. Based on the clinical
aclivity of $-1 monotherapy, phase II studies of S-1 plus
cisplatin (17), S-1 plus irinotecan (18) and S-1 plus
docetaxel have been cvaluated. Several reports suggested
that there is synergistic anti-tumor effect between docetaxel
and both S-FU (30) and S-1 (31, 32).

This phase 1 study showed that combination therapy with
S-1 and weekly docetaxel is active in advanced and recurrent
gastric cancer and has an acceptable and manageable toxicity
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Figurc 4. Kaplan-Meier plot of log-rank analysis for overall swvival (OS)
Median lime 10 progression was 2.4 months.

profile. The recommended dose of docetaxel was 20 mg/m?
administered weekly (trcatment on days I, 8 and 15) in
combination with 80 mg/m2/day of $-1 for 3 weeks, repeated
every 5 weeks. Two investigations (33, 35) previously reported
a combination S-1 and once infusional docetaxel. In both
studies, the recommended dose of docetaxel was 40 mg/m? on
day 1 combined with full dosc $-1 (80 mg/m?) on days 1-14,
Although Tomiak et al. (36) rcported that such a regimen
could be repeated every 3 weeks, trcatment administration of
the next cycle was delayed for a median 7 days because of
neutropenia. Yamaguchi et al. (33) have described a similar
regimen which should be repeated every 4 weeks. Thus, the
real dosc intensities of S-1 and docetaxel of the previous
regimen werc 40 mg/m¥weck and 10 mg/m¥Aveek,
respectively. In the present study, expected dose intensities of
$-1 and docetaxel were 48 mg/m?/week and 12 mg/m%/week,
respectively, and were equivalent or higher than those of the
previous regimen. Moreover, the presented weekly docetaxcl
based regimen is convenient and can be applicd on an
outpatient basis. In a previous study, docetaxel was found to
modulate the level of metabolic enzymes of 5-FU and
produced a synergistic effect in a gastric cancer celf line (32),
however, in the present study, there were no drug-drug
interactions between S-1 and docetaxel.

DLTs with the presented combination were stomatitis
and febrile neutropenia. DLTs al the MTD dose level were
severe stomatitis. Diarrhea and stomatitis are similar DLT
profiles to that found with single use of S-1 and the addition
of docelaxe! renders this combination more scrious. Phasc
[T studies of S-1 monotherapy in patients with advanced
gastric cancer showed an overall response rate of 26-49%.
In combination S-1 with once infusional docetaxel, response
rates were 46-56%. In our study, the overall response rate

and time to progression (TTP). Median overall suwrvival time was 9.4 months.

was 20%, however, the response rate was 50% at the
recommend dose level. The disease control rate of 80% was
also promising. With a median survival time of 9.4 months,
a median time to progression of 2.4 months, and a median
survival time at the recommended dose of 10.0 months, the
survival benefit was considered favorable in comparison
with mecdian survival times of othcr regimens, such as
docctaxel (6-8 months), S-1 (7-8 months), ECF (10 months)
and DCF (10 months).

Conclusion

The combination of S-1 and weekly docetaxel is an active
and weli-tolerated regimen in patients with advanced gastric
cancer. This regimen can be applied on an outpatient basis,
maintaining the dose intensity of both drugs and reducing
neutropenia-based side-effccts. A phase I trial of the
regimen in patients with advanced anrd recurrent gastric
cancer is ongoing.
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Abhstract

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 Japancse 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 Oncelogy 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. Pharmacokinctic samples were collected
in courses 1 and 2.

Results  Eighleen patients were enrolled in the pres-
ent study. Three doses (1.5, 1.65, and 1.8 mg/m?) were
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cvaluated. Neutropenia was the principal DLT at
doses of 1.65 and 1.8 mg/mZ. 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/m?. Phlebitis, the
most frequent nonhematological toxicity, was improved
by administration of additional salinc after TZT-1027
administration. The MTD was 1.5 mg/m?, at which
DLT was not 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 paticnts 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/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 toxicities or neutropenia up to grade 2. TZT-1027
is a promising new tubulin polymerization inhibitor
that requires further investigation in phase 1T studies.

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

Introduction

TZT-1027 (N*(N,N-dimethyl-r-valyl)-N-[(1S,2R)-2-
methoxy-4-{(2S)-2-[(1R,2R)-1-methoxy-2-methyl-3-oxo0
-3-[(2-phenylethyl)aminopropyl]-1-pyrrolidinyl]-1-[(1S)-
I-mecthylpropyl]-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 auriculuria
{9, 17]. The chemical structurcs of TZT-1027 and
dolastatin 10 arec shown in Fig. {.

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 apainst p-glycoprotein (p-gp)-overexpressing
and breast cancer resistant protcin (BCRP) positive
cell lines established from colon cancer H116 and lung
cancer PC-6, and was more potent than vincristine,
paclitaxel, and docetaxel. The cfficacy 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 5-fluorouracil {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
dircct 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-
crisline and paclitaxel which are antimicrotubule agents
that have exhibited peripheral neurotoxicity in con-
trolled animal studies [14]. When doses of TZT-1027

O CHy0 OCH, O
TZT-1027
~ N NH
‘T\’g‘”*‘ IVT)i/\'V% /(EQ
o o OCH,0 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 (oxicily 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 ncutropenia as major toxicitics, All episodes
of grade 4 neutropenia occurred at doses of 1.5 mg/m?
or higher. Nonhemaltological 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 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 [
study in Japan, in which TZT-1027 had been adminis-
tered on days 1, 8, and 15; however, scveral 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 phase II studies of TZT-1027
was 2.4 mg/m? [2]. Phase 11 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- (o
4-weck coursc 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/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 neutropcnia,
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 protein, was
~Y5%. 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 courscs. 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-weck 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 design

The present study, an open-label, dose-escalating,
three-institution phase 1 study, was conducted in Japa-
nese paticnts 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 the rccom-
mended dose for the phase 11 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 patients at the MTD level to confirm
the appropriate recommended dose for phase I stud-
ics. TZT-1027 was given intravenously over 60 min
with 250 ml of saline on days | 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 cligibility

Paticnts with histologically or cytologically confirmed
solid tumors, which were refractory to standard ther-
apy or for which no cffective therapy was available,
were eligible to participate in the present study.
Other inclusion criteria included the [olowing: no
prior chemotherapy or radiotherapy within 4 weeks
of study entry (within 6 wecks for nitrosourcas,
carboplatin, and mitomycin C; and within 2 wecks for
local radiotherapy); not more than two previous
regimens of chemotherapy;, no previous wide-ficld
radiotherapy to >25% of the bone marrow; age
20-74 years; ECOG perlormance status, 0 or 1; lile
expectancy, at least 2 months; adequate bone marrow:
hemoglobin > 8.5 g/dl, absolute ncutrophil count
(ANC) > 1,500/mm?, platclct count > 100,000/mm®;
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 cjection fraction (LVEF), mea-
surcd by ultrasound cardiography (UCG), had to be
>60%. Patients with symptomatic brain metastases or
known ecxtensive bone marrow invasion were
excluded.
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Treatment and dose escalation

The dosc cscalation plan consisted of doscs of 1.5,
1.65, and 1.8 mg/m%. 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 defined as the highest dose at
which no morc than onc of six paticnts cxpericnced a
DLT during course 1.

The DLT was defined as follows: (a) grade 4 ncu-
tropenia with fever (>38.0°C)) or lasting S days or
longer; (b) platelet count < 25,000/mm?; (c) grade 3/4
nonhematological toxicity excluding nausea and
vomiting; (d) grade 3/4 nausea and vomiting with
intensive support carc: (c¢) inability to reccive TZT-
1027 on day 8 in course I, 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 < L.5mg/dl: (d) serum
creatinine < ULN.

Patients were withdrawn from the present study
when they exhibited disease progression or the next
coursc had to be delayed for more than 2 wecks duc to
any toxicity. The paticnts 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).

Trcatmcent asscssment

Bascline 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 trcatmcent. Routinc 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 Bazctt’s formula
(QTc = QT/RRY). LVEF was performed every two
courses. Tumor response was cvaluated after every
course by RECIST.
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Pharmacokinetic sampling and assay

The pharmacokinctics of TZT-1027 were evaluated on
day 1 in courses 1 and 2. Blood samples were collected
immediately before drip infusion, at 30 min alter 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 samplcs wcre centrifuged immediately 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 werc 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
modcl-independent  (noncompartmental) methods
(WinNonlin Professional 4.0.1; Pharsight Co., Moun-
tain View, CA). The pharmacokinetic parameters
included arca under the plasma concentration-time
curve extrapolated to infinity (AUC,,) calculated
using the linear trapezoidal rule and maximum
observed plasma concentration (C,,,,). Total clearance
(Cl,) was calculated as dos¢/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-lincar 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

"‘HIX) M

Results
Gecenceral

Eighteen paticnts, 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. Sixtcen paticnts (89%) had  previously
received cisplatin or carboplatin therapy, and 12
patients (67%) paclitaxel or docetaxel therapy. Six
patients (33%) had previously received radiotherapy.

@_ Springer
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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 laxanc 12
Radiotherapy 6
Tumar types

Lung 12
Thymoma 2
Rectal i
Gastric 1
Esophageal 1
Schwannoma 1

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 DL.Ts including febrile neu-
tropenia and grade 4 neutropenia lasting 11 days.
Three paticnts were then treated at a lower dose 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 coustipation, neuropathy, grade 4 neutro-
penia, and hyponatremia. The other patient developed
gradc 4 ncutropcnia and rcquired a dclay in starting
course 2 due to neutropenia. To confirm the MTD, addi-
tional six patients 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/m2. TZT-1027 was
well tolerated without grade 3 nonhematological toxic-
ity or ncutropenia 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 to febrile neutropenia and was treated with
granulocyte colony stimulating factor (G-CSF) and an
antibacterial ageni; the patient recovered on day 21
and was subsequently withdrawn from the present
study based on the investigator’s discretion. Another
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Table 2 Dose escalation scheme and DLTSs in course 1

Tnability to

Tnability to

Other grade 34

Febrile

ANC: <500/mm?
for >3 days

Number of patients

Number of
courses

Number of

patients

Dose

start course 2
up to day 29

g receive TZT-1027
on day 8

nonhematological

neutropenia

with any DLT/number

of paticnts

(mg/m?)

toxicities

\]

0

0

0/9
315

21
9

e

1.65
1.8

0

0

2/4

ANC absolute neutrophil count

# Patient with grade 3 pncumonia with neulropenia

® Patient with grade 3 constipation, neuropathy, grade 4 neutropenia, and hyponatremia

¢ Patient with grade 4 neutropenia
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patient developed a DLT, i.e., grade 4 neutropenia, at
1.8 mg/m? and withdrew in course 1 at his own request
duc to gradc 2 nausca and anorcxia. At 1.65 mg/m’,
two patients developed DLTs, had the next course that
was delayed due to neutropenia and pacumonia with
neutropenia, required G-CSF and/or antibacterial
agents, and recovered within 1 weck. 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/m? duc to gradc 4 ncutropenia in
course 2. Another patient developed DLTs at 1.65 mg/m?,
with grade 3 constipation, ncuropalhy, grade 4 neutro-
penia, and hyponatremia, and recovered with enemas,
laxatives, and IV fluids. This patient was subsequently
withdrawn from the present study based on the investi-
gator’s judgment. No treatment-related deaths were
obscrved.

Hematological toxicities

Ncutropenia 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 ncutropenia was observed at
doses of >1.65 mg/m? No significant neutropenia was
observed at 1.5 mg/m?, although most palients under-
went two or more courses. Both anemia and thrombo-
cytopenia were relatively mild. Thrombocytopenia was
only grade | in intensity and was obscrved in all five
patients. The median time to ANC nadir was 18 days
{range 14-22 days).

Nonhematological toxicities

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

In the present study, grade 2 phlebitis was obscrved
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 subscquent to phlebitis. On the other hand,
phlebitis was rarcly observed in European studies [2, 6,
18). In the present study, phlebitis alleviated when the
patient underwent additional flushing consisting of
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Table 3 Hematological toxicities

Dose Number of Number of Number of Neutropenia Ancmia Thrombocytopenia
(mg/m?) patients courscs 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 3-4 ] 2-4
.5 9 21 0 2(1) 4(4) 0 0 3(4) 5(4) 0 2(2) 0
1.65 3 9 2° 22 o 0 33 () 2(M 0 1(1) 0
1.8 4 5 0 0 0 () 22" o 2(2) 0 1(t) 0

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

Table 4 Nonhematological Loxicitics

Grade 1

Adverse events Grade2 Grade3 Grade4

Phlcbitis

Anorcxia

Nausca

Alopecia

Malaise

Pigmentation disorder
Constipation
Vomiting

Tenderness

Pain®

Peripheral neuropathy
Injection site reaction
Headache
Angiopathy

Diarrhea

Arthralgia

Hematuria

Pyrexia

Prnecumonia
Neutropenic infection

—
w O o

NN s

BRI DO NN — Lo e L0

1
[

Drug-related adverse evenls (totat number of patients: 18)
* Threc of four patients had infusion arm pain
® Neuropathy at baseline was grade |

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/m® Grade 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 al 1.65 mg/m? 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 paticnt was not
retreated. Apart from the above patient, there were
three paticnts 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 trcatcd at

N
’

3
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1.5 mg/m? 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
paticnt cxpericnced grade 1 hypertension after the first
treatment at 1.65 mg/m? The treatment of this patient
was interrupted due o 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 1.65 mg/m? during the study period. All patients
underwent 12-lead clectrocardiography (ECG) before
and after TZT-1027 administration. The [2-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 comparcd with those after administration,
and no significant QTc prolongation was obscrved.

Pharmacokinetics studies

The pharmacokinctics 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. 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 | and 2. None of Cl,
Tin» MRT, and V of TZT-1027 differcd between
courses 1 and 2 at various doses.

Figurc 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 werc 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 5 QT and QTc intervals (mean 4 SD) at baseline and after administration of TZT-1027 on days I and 8 in 3-week courses

Course 2

Course 1

Baseling

D& prior to D8 after

D2

jod

| after
administration®

D1 prior to

D& alter

DX prior to

D1 after

administration®

administration

administration

administration

administration®

administration®

11

11

11

12

17 17

17

iy

18

Number of data

357 4 14 35132 366 & 20

370 4 24 353 £ 14 374 4 20

356 4 23

360 &+ 29 351 26

356 4 24

(n)

QT (ms)

(330-390)
429 £ 20

(310-400)

428 £ 46

(330-380)

422

(350-420)
413 %25

(330-350)

(320410)
420 £ 20

(314-400)
428 £ 26

(300-400)

424 + 21

(300-420)
410 + 27

(320-400)

(min-max)
QTc (ms)P

(408-463)

(380-54Y)

%24

(3%5-469)

(377-461)

81)

3
(375

(392-454)

(380-469) 3

(396-469)

(373-457)

412434
(366-473)

(min-max)

D day

4 At the end of drip infusion

b Caiculated by Bazett’s correction
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Response evaluation

Fivc of 18 paticnts werc considered not to be cvaluable
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-fluorouracil with radiotherapy had a par-
tial response at 1.65 mg/mZ. Duration of treatment was
14 weeks. Six of 13 patients exhibited prolonged stable
discasc. Tumor shrink was obscrved in two of six
patienis evaluated as SD. A patient with NSCLC
underwent five courses at 1.5 mg/m? and showed a 21%
tumor reduction and a decrease in pleural cflusion.
Another patient with NSCLC at 1.65 mg/m? showed a
27% tumor reduction. Another patient with gastric
cancer in the 1.5 mg/m? group who had a metastatic
subcutancous mass was cvaluated as cxhibiting discasc
progression due 1o 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 anlicancer
agents. Although available antitubulin agents, includ-
ing taxanes and vinca alkaloids, are highly effective in
cancet therapy, their clinical uscfulpess is limited duc
to intrinsic or acquired resistance and systemic Loxici-
tics. Thus, it is important to develop new agents target-
ing at the tubulin/microtubule system that may be
clfective against tumors resistant Lo existing anticancer
agents and an improved toxicity profile. A number of
potent cytotoxic compounds have been discovered
over the past decadc, and candidatce 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 1 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-
valed 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 toxicitics of
the parent compound. In mice, intravenous injection of
TZT-1027 showed equivalent or greater eflicacy than
dolastatin 10. On the basis of the preclinical data, a
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Table 6 Pharmacokinetic parameters of TZT-1027 on day 1 in course |

Number
of patients

Dose

(mg/m?)

Conaxe 0EMI
(mean, cv%)

AUC,, ng Wml
{mean, cv%)

Clygr Mh/m?
(mean, cv%)

Vs l/m?
(mean, (cv%)

TiIZ' h
(mean, cv%)

9
5
4

1.5
165
1.8

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

427.8(31.9)
573.2 (45.4)
502.8 (10.7)

42 (483)
3.4 (46.3)
3.6 (10.4)

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

57(1L.7)
7.6 (32.8)
7.4 (30.5)

Chiot (1 /h/m?)

100
aL-AGP (mgddl)

5.0

Fig. 2 Correlation between al-AGP and the clearance of
TZT-1027

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 dctermined to be Iess than 2.1 mg/m?, and the rec-
ommended dose for phase I studies was considered to
be 1.8 mg/m? [13, 20]. In that study, however, 14 of 40
paticnts could not receive TZT-1027 on day 15 on
schedule due Lo toxicitics. Therelore, 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 cscalated to 2.7 mp/m®. Consc-
quently, the DLTs were neutropenia and infusion arm
pain. The rccommended dose for phase TT studies of
TZT-1027 was delermined to be 2.4 mg/m?.

In the previous phase I study in the Netherlands, the
recommended dose for phase I1 studies was 2.4 mg/m?.
Grade 3 neutropenia was obscrved in only 2 of >39
courses at 2.4 mg/m?. To standardizc the critcrion on
performance status with that in the Netherlands study
and to exclude the influence 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 differences between the pres-
cnt study and thc previous study in the Nctherlands
were predominant types of tumor (NSCLC versus sev-
eral tumors) and median age (66 versus 53 years old,
respectively). The pharmacokinetic profiles of TZT-1027

@_ Springer

288

were similar between the present study and the study in
the Netherlands. In the Netherlands study at 1.8 mg/m?,
AUC; Cuuo Ty and Cl, were 728.1ng h/ml,
240.4 ng/ml, 6.65 h, and 4.7 L/h, respectively. Tt seems
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 receive TZT-1027 on day 8 on schedule due to
neutropenia at 2.1 mg/m?, and one of four patients at
1.8 mg/m? in that study underwent no treatment on day
8 duc 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 toxicity.

In the present study, phicbitis was frequently
observed as compared with European studies. No sig-
nificant difference was found in the administration
schedule between the present study and the study in
the Netherlands. Other frequent nonhematological
toxicilics were anorcxia, nausca, 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 five
paticnts who were treated above the MTD (2.7 mg/m?).
Both patients had previously received oxaliplatin [18],
leading us to conjecture that oxaliplatin predisposcs
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 analogucs, 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-lcad 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 tower than
that in the European studies. However, a partial
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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 scen 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
rcduction 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 cflective for Japanese patients with
advanced solid tumors when administered on days |
and 8 in 3-week courses, possesses an improved safety
profile as compared with other dolastlatin analogues,
and is active at a tolerable dose.
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Methods: Patients in a randomized phase III study conducted in
western patients (Study-W1) received PEM 500mgm? or 900mg/m?
once every 3 weeks. Patients enrolled in a randomized phase 11 study
conducted in Japan (Study-J 1) received PEM 500mg/m? or 1000mg/
m? once every 3 weeks. Eligible patients in each of the studies had a
histologic or cytologic diagnosis of NSCLC and had been previously
treated. An established pharmacokinetic model was used to estimate
AUCGs from CrCL for patients in Study-WO that received PEM 500mg/
m? (N=265) and for patients in Study-J1. AUC was evaluated as a pre-
dictor of clinical efficacy (survival, TTPD, PFS) to identify ERRs. The
models included previously identified prognostic factors and inverse of
mean daily AUC over the treatment period as covariates.

Results: Study-W1 did not show a survival advantage for the 900mg/
m? (N=293) dose over the 500mg/m® (N=295) dose. Study-JI showed
PEM 500mg/m? (N=108) and 1000mg/m? (N=108) to have similar
efficacy for Japanese patients with previously treated NSCLC. Of

the efficacy ERRs evaluated for Study-W0 and Study-J1, AUC was
independently significant only for TTPD in Study-WO0 and was not
significant for other ERRs in either study (ERRs were not evaluated for
Study-W1). There is internal consistency between the Study-J1 clinical
results and the lack of ERRs for that study and external consistency
between the Study-W1 clinical results and the lack of survival ERR for
Study-Wo. ‘

Conclusion: Based on results available from two large randomized
clinical trials and the evaluation of exposure-response relationships
from a third trial, high dose PEM (900mg/mm? or 1000mg/m?) does not
offer an efficacy advantage over the currently approved 500mg/m? dose
for either western or Japanese patient populations.

PD4-3-5 Cytotoxic Chemotherapy U1, Tue, 16:00- 17:30

Phase Il study of oral TS-1 and gemcitabine in elderly patients
with advanced non-small-cell-lung cancer (NSCLC): Thoracic
Oncology Research Group Study 0502

Seki, Nobuhiko' Seto, Takashi? Okamoto, Hiroaki® Ogura, Takashi*
Shibuya, Masahiko® Takiguchi, Yuichi® Shinkai, Tetsu’ Masuda,
Noriyuki® Watanabe, Koshiro®

! Division of Medical Oncology, Tokai University School of Medicine,
Kanagawa, Japan ? Department of Thoracic Malignancy, National
Kyusyu Cancer Center, Fukuoka, Japan * Department of Respirology,
Yokohama Municipal Citizen's Hospital, Yokohama, Japan * Depart-
ment of Respiratory Medicine, Kanagawa Cardiovascular & Respira-
tory Center, Yokohama, Japan * Department of Respiratory Medicine,
Tokyo Metropolitan Komagome Hospital, Tokyo, Japan ¢ Department
of Respirology, Graduate School of Medicine, Chiba University, Chiba,
Japan? Department of Medicine and Thoracic Oncology, National
Hospital Organization Shikoku Cancer Center, Matsuyama, Japan
Department of Respiratory Medicine, Kitasato University School of
Medicine, Sagamihara, Japan

Background: Optimal treatment for elderly patients with NSCLC has
been under active investigation. This study evaluated the safety and
initial efficacy of a novel.combination regimen of oral fluoropyrimidine
TS-1 plus gemcitabine (GEM) for elderly patients (pts) with advanced
NSCLC. ‘

Methods: A phase I/H trial in 11 centers examined TS-1 and GEM
in pts with age > 70, stage HIB/IV previously untreated NSCLC. The
starting dose was 60 mg/day (day 1-14) for TS-1 and 800 mg/m? for
GEM (day 8, 15). GEM 1as increased to 1000 mg/m? at dose level 2

$456

12* World Conference on Lung Cancer

and TS-1 was increased to 80 mg/day at dose level 3. Phase 11 portion
of the study assessed the efficacy and tolerability of the combination
regimen at the dose determined in the phase I portion. The primary
endpoint was objective response rate. _
Results: Twenty two pts were enrolled in the phase 1 portion: 6 pts on
dose level 1, 10 on dose level 2 and 6 on dose level 3. Median age of
this group was 75 yrs (range 70-85). Dose limiting toxicities included
Gr. 4 neutropenia (2 pts) and Gr.3 skin toxicity (4 pts). The recom-
mended dose (RD) was TS-1 60 mg/day and GEM 1000 mg/m?, with
which 20 pts were subsequently treated in the phase II portion. The me-
dian age of 30 pts treated with the RD was 76 yrs (range 70-85). Grade
(Gr) 3/4 toxicities include neutropenia (12 pts; 7 with Gr 4), thrombo-
cytopenia (4 pts; 0 with Gr 4), skin toxicity (8 pts), thrombus (1 pt) and
peumonitis (2 pts). Nine patients (30%, 95% confidence interval [CI}

= 14 to 46%) had partial responses and 16 (53%, 95% CI =35 to 71%)
had stable disease. -

Conclusion: Encouraging antitumor activity and safety of TS-1 plus -
gemcitabine support further development of this combination therapy
for elderly patients with advanced NSCLC.
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A randomised phase Il study comparing two schedules of the 21-
day regimen of Gemcitabine and Carboplatin in advanced NSCLC

Surmont, Veetle E' Aerts, Joachim? Van Klaveren, Robertus’ Tan,
Youke? Vernhout, René' Van Meerbeeck, Jan®

! Department of Pulmonology, Erasmus MC-Daniel Den Hoed Cancer
Center, Rotterdam, The Netherlands * Department of Pulmonology,

St Franciscus Hospital, Rotterdam, The Netherlands * Department of
Respiratory Medicine, Ghent University Hospital, Ghent, Belgium
Background: Carboplatin AUC 5 d1-Gemcitabine 1250 mg/m? dl, 8
is an approved standard regimen in advanced NSCLC. Hematologic
toxicity is however frequent; thrombocytopenia is found in more than
40 % of cases, neutropenia in 20%. -

Aim: to investigate in two equally dose-dense regimens, whether the
toxicity of the Gemcitabine-Carboplatin combination could be reduced
by administering Carbopiatin on day 8 instead of day 1 and without
change in response rate.

Methods: Patients in arm A are treated with Gemcitabine (1250 mg/m?
days 1,8) and Carboplatin (AUC 5 day 1) Patients in arm B are treated
with Gemcitabine (1250 mg/m? days 1,8) and Carboplatin (AUC 5 day
8. ) Drugs are administered over a 21-day cycle, on an outpatient basis.
Toxicity and response are evaluated weekly and every second cycle,
respectively.

Statistics: The hypothesis of the study protocol is that regimen B
shows a decrease in toxicity of 50% without loss of response rates.
Toxicity is defined as a thrombocytopenia and/or neutropenia grade 1.
The Bryan and Day design allows to consider both response and toxic-
ity as primary endpoint. With an alpha of 0.10 and a power of 90% the
sample size was estimated to be 67 patients in each arm. An interim
analysis was performed after 54 included patients, 27 in each arm.

Results: A total of 71 patients were enrolled between April 2004 and
March 2006, before the study was prematurely stopped because data
showed a statistical significant difference in toxicity. Patient and dis-
ease characteristics for the 69 eligible patients are summarized in Table
I. Toxicity and response are reported in Table 2.

Copyright © 2007 by the International Association for the Study of Lung Cancer
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CLINICAL INVESTIGATION

PHASE IIT TRIAL OF SEQUENTIAL CHEMORADIOTHERAPY USING A NOVEL
HYPOXIC CELL RADIOSENSITIZER, DORANIDAZOLE (PR-350), IN PATIENTS WITH
LOCALLY ADVANCED NON-SMALL-CELL LUNG CANCER (WJTOG-0002)

Yasumasa NISHIMURA, M,D.,* Kazuniko NAKAGAWA, M.D.,! Kont Takepa, M.D.,1
MasaHRO Tanaka, M. D Yosummko Secawa, M.D., I Kavoko Tsumo, M. D
SaunicH NEGORO, M. D.,” Nosukazu Fuwa, M.D., o TOYOAKI Hma, M. D
Masaaki KawaHarA, M. D " Nosuyukt Katakams, M. D., KExo HROKAWA, M.D.," I
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Oncology and " Medical Oncology, Hyogo Medical Center for Adults, Akath, Japan; Departments of ** Radiation Oncology, and
HThoracic Oncology, Aichi CancerCemerl Nagoya, Japan; Depanment of } Res'pu'atory Disease, Kinki Central Hospual Osaka, Japan;
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Shiznoka Cancer Center, Naga-izumi, Japan; and ™ Marumo Hospital, Nagoya, Japan

Purpose: This Phase VI 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 chiemotherapy (CT) for locally
advanced non-small-cell lung cancer (NSCLC).

Metheods and Materials: Two cycles of cisplatin (80 mg/m ) and paclitaxel (180 mg/mz), or carboplatin (AUC = 6)
and pachitaxel (200 mg/m’) were given before RT of 60 Gy in30 fractions. In the Phase I portion, the starting dosage
of PR-350 was 10 daily administrations (2000 mg/n®) in combination with RT, and this nnmber was increased
in increments of 10 for successive gronps to 30 doses.

Resnlts: In total, 37 patlents were envolled. In Phase 1 (2 = 20), PR-350 could be administered 30 ﬁmes with con-
current thoraczc RT. Thus, in Phase Il (# = 17), PR-350 was administered 30 times. The major toxicity was radi-
ation pneumonitis, with Grade 3 or more pneumenitis noted in 6 patients (16% ) including 2 with treatment-related
deaths. However, no Grade 3 or more esophageal toxicily 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: Thoracic RT combined with 30 daily administrations of PR-350 after induction CT was well tolerated
and promising for locally advanced NSCLC. © 2007 Elsevier Inc.

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

INTRODUCTION

The standard treatment for patients with locally advanced
non-small-cell lung cancer (NSCLC) has become com-

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

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-

loco-regional control by thoracic RT is essential. Improved
loco-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 teatment for locally ad-
vanced NSCLC. However, acute toxicilies 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 tumozs 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 are-
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-nitroimidazole 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 1
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/mz) or placebo was infused immediately before intrao-
perative RT (25 Gy) in a total of 47 patients. Both groups
received postoperative external 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 locat control rate.

Because local control remains a problem for patients
with jocally 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 (PX)
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 after induction CT for treatment of locally advanced
NSCLC.

METHODS AND MATERIALS

Investigational design

This was a Phase I/ll, nonrandomized, multicenter study con-
ducted by the West Japan Thoracic Oncology Group (WITOG) in
compliance with Good Clinical Practice 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 pretreatment staging work-up included medical history,
physical examination, complete blood count, biochemical screen-
ing tests, chest radiography, bronchoscopy, computed tomography
of the thorax and upper abdomen. Brain CT or MRI, as well as
bone scans wese performed whenever possible. Positron emission
tomography (PET) was not performed because health insurance
did not cover PET at that time. Mediastinal lymph nodes of
more than 10 mm in the shortest diameter were regarded as malig-
nant nodes, and histologic proof of N2 or N3 status was not
required.

Major eligibility criteria at the first entry included 20--74 years
old, histologically, or cytologically proven NSCLC, surgically unre-
sectable stage 1JA and JOB, no prior therapy, an Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0 to 1, and
adequate organ functions. Patients with severe emphysema, chronic
bronchitis, or apparent findings of pulmonary fibrosis or interstitial
pneumonitis on chest radiography were excluded.

Major eligibility criteria at the second entry included an ECOG
performance status of O to 2, a white blood cell (WBC) count of
=3,000/uL, 2 platelet count of =75,000/uL, a creatinine leve] of
<1.5 mg/dL, a PaO, level of =70 mm Hg, a percent diffusion
Iung carbon monoxide (%Dy.co) 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 criterton on the RT field was relatively subjective and obscure,
it was commonly used in Japanese clinical trials for NSCLC to
exclude large thoracic RT fields (6).

Treatment plan

Figure 1 provides the design of the Phase I and Phase 1 por-
tions. In the Phase I trial, patients received tvo cycles of induction
CT consisting of cisplatin at 80 mg/m® and paclitaxe} at 180
mg/mz. Induction CT was repeated 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 U portion. Tox-
fcity 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 adjust-
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 accclerator photon beam of 4 MV or more. The primary tu-
mor and involved nodal disease received 60 Gy in 2-Gy fractions
over 6 weeks.
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Fig. 1. (a, b) Design of the irial: (a) Phase [ portion; (b) Phase II
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 protocol for RT was
prescribed by 2 two-dimensional treatment planning techniques,
and three-dimensional dose 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 target 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 to 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 hikum, and mediastinal nodal areas from
the paratracheal (#2) to subcarinal lymph nodes (#7). The contralat-
eral hilum was not included in CTV1. The supraciavicular areas
were not to be treated routinely, but could be treated when supracla-
vicular nodes were involved. CTV1 included a margin of 1 cm 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 withont involved nodes.
CTV2 included only the primary tumor and the involved lymph no-
des with a margin of 0.5 10 1 cm. The PTV margins for CTV were
0.5 to 1 em. Although field margins for PTV were not determined in
the protocol, appropriate ficld margins were added at each institu-
tion. The spinal cord was excluded from the fields for CTV2 by ap-
propriate methods such as the obligue 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 909 (33/37) of the
patients received thoracic RT censistent with the protocol guide-
lines. For 2 patients, the RT field was larger than the guidelines
allowed, whereas for 2 other patients, margins for target volume
were insufficient.

A novel hypoxic cell radiosensitizer, PR-350, developed by
POLA Chemical Industries Inc. (Yokohama, Japan), was used.
PR-350 (1000 mg) was dissolved in a solution of 50 ml. PR-350
at 2000 mg/m® was infused intravenously over 20 to 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 Phase ], the starting desage 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 to 8 new patients to 30 doses over 6 weeks.
Dose-limiting toxicities (DLTs) 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 10 8 patients showed DLTs, the dosage
of PR-350 was raised 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 fizst day
and the last day of administcation for 4 or 5 patients at each dose
level of the Phase I trial and 3 patients in the Phase I trial. PR-
350 levels in wine were also measured for 24 b before and after
the first infusion, 24 h after the last infuston, and 24-48 h after
the fast infusion. The concentration of PR-350 in serum and urine
samples was analyzed by high-perfarmance liquid chromatography.

Efficacy evaluation

The objectives of this trial were to evaliate a recommended dose
of FR-350 in the Phase [ portion, and to evaluate the local tumar
response rate in the chest (radiation portal), ovesall survival, and
toxicities associated with thoracic RT and PR-350 after induction
CT in the Phase I/ 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, every 4 weeks after 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 nedes
were evaluated separately. When both target lesions showed a com-
plete response (CR; complete disappearance of all known disease)
for more than 4 weeks, local tumor response was scored as CR. On
the other hand, when one of the two target lesions showed a partial
response (PR; 50% or more decrease in tumor size) for more than
4 weeks and the other target lesion showed CR, PR, or no change
(NC; less than 50% decrease, or less than 25% increase in tumor
size), local turnor 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 disease
(PD; a 25% or greater increase in tumor size, or the appearance
of new lesions in the radiation portal), Jocal tunor response 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 1, 2006. Overall survival rates were caleulated
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 Figuzre 2. A total of 41 patients with
unresectable stage HIA or IIIB NSCLC from 19 institutions
in Japan were enrolled in the first entry from August 2000
to November 2004, Duting the study period, accrual of
patients was stopped several times because of observation
period of toxicities for the level I (3 months) and level II
(7 months), and revision of the protocol for the Phase I por-
tion (18 months).

Of the 41 patients, 2 patients in the Phase I portion could
not enter into the second entry because of bleeding from gas-
tric ulcess during induction CT or withdrawal of consent. In
the Phase T portion, ! 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 I portion (10 doses of
PR-350), DLTs (Grade 3 skin rash and Grade 5 radiation
pneurnonitis) were noted for 2 patients. In the second level
(20 doses), DLT (Grade 5 radiation pneumonitis) was noted
for 1 patient. In the thixd level (30 doses), DLT (Grade 3 skin
rash) was noted for 1 patient. Thus, in the Phase I 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 (n = 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 (n = 3) or patient refusal of PR-350 (1 = 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 &11)

n=41 (ITT)
. Severe toxicities of CT (2{}

""““i Withdrawal of consent (1)
\CT could not be given (1 )-'

—nan
D,

“Tetmination of RT of 848 Gy (4)
60 Gy + <70% prescribed dose of PR-350 (5)
80 Gy + >= 70%-prescribed dose of PR-350 (28)

Ry gt

Fig. 2. Patient population in this trial, Of the 41 patients enxolled
in the first entry (intention to treat {ITT)), 37 patients were included
in the second entry (full analysis set {FAS]).

294

Volume W, Number W, 2007

Table 1. Patient and tumor characteristics
(fall analysis set; n = 37)

Gender (menfwomen) 3077

Age, y (mean and range) 61.8 (46-74)

PS (0/1) 12/25

Stage (IIA/HIB) 829

Histology:
Adenocarcinoma 17
Squamous cell carcinoma 16
Large-celi carcinoma 1
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 8%, whereas that for those whe
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 mediansurvival 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 diffexrence in the survival rate between stage
1IIA (n=8) and stage IIB (= 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 }4 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 Jevel 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.
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Fig. 3. Overall swvival rate for the 37 patients (full analysis set
{FAS]). MST = median survival time.



