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Abstract. Background: The primaiy objective of this study
was to determine the maximum tolerated dose (MTD), the
toxicity profile and the reconmmended dose (RD) for phase 11
of a combination of S-1 and weekly administration of
docetaxel. Patients and Methods: Patients with histologically
diagnosed recurrent or unresectable locally advanced gastric
cancer were enrolled. A fixed oral dose of 80 mg/m? S-1 was
given for 3 weeks. Docetaxel was infused intravenously on day
1, 8 and 15, repeated every 5 weeks. A pharmacokinetic study
was also performed. Resulis: A total of 14 patients were
enrolled. One dose-limiting toxicity (DILT) (grade 3 diarrhea
with febrile neutropenia) occwrred at level 2. DLTs occurred
in 3(5 patients at level 3, (grade 3 stomatitis, with febrile
neutropenia or continuous grade 4 neutropenia). The
pharmacokinetic study suggested no drug interactions. Overall
response and disease conirol rates were 20% and 80%,
respectively. The response rate at the RD (level 2) was 50%.
Overall survival was 9.4 months. Conclusion: RD was level 2
(80 mglm? of S-1 for 3 weeks and 30 mg/m? of docetaxel on
day I, 8 and 15, every 5 weeks). Dose intensities of S-1 and
docetaxel were 48 n1g/;n2/week and 12 mg/mz/week,
respectively. This regimen showed promising activity for
advanced gastric cancer.

The incidence and mortality of gastric cancer has been
declining, however, if remains one of the most common
causes of cancer related death (1). It is often diagnosed in
advanced stage or rccurrent disease, both of which is
incurable, and carries a dismal prognosis with a short
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median survival. The one year survival rate is approximately
50% in stage 1II gastric cancer patients, and 25% in stage
1V. Although gastric cancer has been regarded as a resistant
tumor, several clinical trials have revealed that some
chemotherapeutic agents are effective. 5-Fluorouracil (5-
FU)-containing regimens are considercd as standard
chemotherapy becausc they provide survival benefit and
improvement in quality of life compared with best
supportive carc (2-4). Hence in the 1980’s, many
combinations of drugs, 5-FU/doxorubicin/mitomycin (FAM)
(5), 5-FU/doxorubicin/methotrexate  (FAMTX) (6),
ctoposide/doxorubicin/cisplatin  (EAP) (7), epirubicin/
cisplatin/5-FU (ECF) (8), 5-FU/doxorubicin/cisplatin (FAP)
(9) and 5-FUfcisplatin (FP) (10, 11) were reported in
trcatment of gastric cancer. Although response rates were
improved by 40-70%, the survival advantage over single
agent 5-FU alone was not significant and severe adverse
cffeccts were observed (12). To improve efficacy of
chemotherapy against gastric cancer, development of novel
agents and combinations which have higher antitumor
activity with favorable safety profiles is crucial.

S-1, a fourth-generation oral fluoropyrimidine, is a
formulation of tegafur (FT), 5-chloro-2,4-dihydroxypyridine
(CDHP) and potassium oxonate (Oxo0) at a molar ratio of
1:0.4:1 (13). FT is the prodrug for cytotoxic {luorouracil
(FU) and CDHP prevents its degradation. CDHP is a
potent and competitive inhibitor of dihydropyrimidine
dehydrogenasc, which reduces the degradation of FU and
allows efficacious concentrations to enter the anabolic
pathway. The diarrheagenic property of FU is a result of its
phosphorylation in the intestine primarily by orotate
phosphoribosyltransferasc (OPRT). Oxo is a competitive
inhibitor for OPRT. Thus, the protective effect of Oxo is
due to its ability to reduce phosphorylation of FU. Thus,
onc component of S-1, CDHP, reduces the degradation of
cytotoxic FU, and another component, Oxo, potentially
reduces its GI toxicity. Phase II studies of S-1 monotherapy
in paticnts with advanced gastric cancer showed an overall
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response rate of 26-49% with the most relevant side-effects
being fatigue, diarrhea and neutropenia (14-16). Recently
phase II studies of S-1 plus cisplatin (17), or S-1 plus
irinotecan (18) have been evaluated and showed promising
responsc ratcs.

Docetaxel is a semisynthetic taxoid which enhances
microtubule assembly and inhibits the depolymerization of
tubulin (19); it has broad antitumor activilty against
malignancics. It demonstrated promising single-agent
efficacy in gastric cancer (20-23) and was therclore
investigated in different combination regimens. The
combinations of docetaxel with 5-FU (24), capecitabine (25,
26), irinotecan (27) and cisplatin (28) have demonstrated
- high efficacy. The triplet combination of docetaxel/cisplatin
and 5-FU has significantly prolonged overall survival
compared to cisplatin plus 5-FU (29). Thus, docetaxel is one
of the key drugs playing an integral part in routine
combination regimens against gastric cancer,

Based on the clinical activity of both docctaxel and S-1,
and the fact that there is no cross resistance or synergistic
anti-tumor effect between docetaxel and 5-FU (30) or S-1
(31, 32) in vitro and in vivo, two Japanese investigators
combined docetaxel and S-1 in a clinical trial (33-35). The
recommended dose of docetaxel was 40 mg/m? on day 1, in
combination with S-1 80 mg/m? on days 1-14, every 3-4
weeks, The total dose of docetaxel was restricted by
neutropenia, with around 70% of paticnts having grade 3 or
4 ncutropenia (33). The real dose intensities of S-1 and
docetaxcl were around 40 mg/m?/week and 10 mg/m%/wecek,
respectively. A weekly administration schedule of docetaxel
has been rcported as a safe and cffective treatment for
advanced gastric cancer (26, 36, 37). The aims of the present
study were to determine the maximum-tolerated dose
(MTD) of docctaxel with weekly administration in
combination with S-1 in order to achieve higher dose
intensitics of both drugs with a feasible toxicity profile and
to establish the recommended dose (RD) for Phase 11 trials.

Patients and Methods

Eligibility criteria. Patients, aged 20 to 75 years, with at least one
measurable Iesion of pathologically praven inoperable or recurrent
gastric cancer were enrolled. Inoperability was determined on the
basis of clinical evaluation, radiological imaging, laparoscopy or
laparotomy with failed resection. Patients who had no more than
two previous trcatment regimens not including taxanes (docetaxe!
or paclitaxcl) or S-1 were ¢ligible.

Other cligibility criteria werc: Eastern Cooperative Oncology
Group performance status 0 or 1; estimated life expectancy of at
least 3 months; adequate renal function (serum creatinine <1.5x
upper limit of the reference range (ULN)), adequate hepatic
function (serum bilirubin <1.5x ULN; transaminases <2.5x ULN)
and adequatc hematological function (hemoglobin >8 g/dl,
leukocytes >4,000/pd. and thrombocytes >100,000/ul.). No other
anti-tumor therapy was allowed 28 days prior to treatment.

Table 1. Patient characteristics.

Characteristics Number of paticats

Number of patients (evaluable) 14
Age, years; median (range) 61 (31-76)
Gender

Male 3]

Female 3
Performance status (ECOG)

0 2

1 12
Histology

Not assessable 2

Well-differentiated 0

Modcrately differentiated 3

Poorly differentiated : 9
Extent of discasc

Primary site only 2
Primary and mctastatic sites 9

Metastasis only 3
Previous treatment

None 7

Surgery alone 2

Surgery and adjuvant chemotherapy 2

Surgery and intra-peritoncal chemotherapy 1

Systemic chemotherapy alone !

Intra-peritoneal chemotherapy alone 1d

Eligibility also included the abifity to reliably tolerate and comply
with aral medication. Patient compliance was recorded using
chemotherapy diary cards. Pre-treatment evaluation included a
complete medical history and physical cxamination, basic
laboratory cvaluation and staging of the underlying malignancy
with ¢ither ultrasound, chest radiograph or computed tomography
(CT) scan.

Main exclusion criteria were follows: pregnancy or breast
feeding, symptomatic infectious discase, pulmonary fibrosis or
interstitial pncumonia, grade 3 or severe hemorrhage/blceding,
grade 2 or severe peripheral neuropathy, symptomatic peripheral
effusion or ascites, past history or allergic reaction to polysorbate
80, obstructive bowel disease or severe diarrhea, congestive heart
failure, uncontrolled angina pectoris, or arrhythmia, uncontrotled
diabetes or hypertension, symptomatic brain mctastasis and active
concomitant malignancy.

Patient characteristics are given in Table 1. This was a phase [
study, conducted at the Department of Medical Oncology, Kinki
University, Japan. This study was approved by the institutional
review board of Kinki University and all paticnts provided written
informed consent.

Drug administraiion. Patients received a dose of intravenous
docetaxel administered as a 60 min infusion on day 1, § and 15, and
oral S-1 administered at fixed dose of 80 mg/m?/day on days 1-21,
every 5 weeks (Figure 1), Patients were treated for at least two cycles
unless disease progression or unaceeptable toxicity was observed.
The initial starting dose of docetaxel was 15 mg/m? (levet 1) (Table
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Figure 1. Treatment schedule of combination therapy with S-1 and docetaxel. Administration of S-1 80 mgim?day orally from day 1-21, Administration
of docetaxel drip infusion within 60 min. on day 1, 8 and 15. At all dose levels, the administration cycle was repeated every 5 weeks.

11). Dose escalation was conducted in increments of 5 mg/m? up to
25 mg/m? (level 3). No intra-individual dose cscalation was
petformed. Docetaxel was only administercd on day 8 and 15 if
WBC and platelets were >2,000/jd and >75,000/ul, respectively, with
non-hematological toxicity <grade 3 and allergic reaction/
AST/ALT/pnecumonitis <grade 2. In case of grade 3 neutropenia or
thrombocytopenia, or grade 2 diarrhca or mucositis, S-1
administration was interrupted until recovery. Patients were not
allowed to cscalate or reduce the dosc of S-1. If any DLTs were
observed, docctaxel was reduced once by one dose level for
subsequent courses.

DLTs and MTD. Toxicities were evaluated according to the
National Cancer Institutc Common Toxicity Criteria (NCI-CTC)
version 2 (38). DLTs were defined as follows: (a) grade 4
neutropenia lasting 5 days or longer; (b) febrile neutropenia (grade
3 or 4 neotropenia with fever (238.5°C)); (¢) grade 4
thrombocytopenia; (d) grade 3 or 4 non-hematological toxicity
except for nausea, vomiting, anorexia and gencral fatigue; (e)
faiture to administer docctaxel on day 8; (f) failure to administer
docetaxel on day 15, cven if postponed for one week; and (g)
failure to administer S-1 for 14 days continuously during treatment.

Assessment of DLTs was conducted only in the first trcatment
cycle. Three patients per dose level were planned to be included. Tn
case of one DLT, three further patients were treated at that level.
MTD was defined as at least two out of three or three out of six
patients with DLT at a given dose level. Throughout this study, the
prophylactic administration of granulocyte colony-stimulating
factor (G-CSF) was not allowed.

Evaluation during therapy, Hematological and biochemical tests,
performance status and clinical assessment of symptoms were
monitored at least cvery weck. Tumor response was asscssed
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) (39). All partial or complete responses werc confirmed
for a minimum of 4 weeks. Patients were considered cvatuable for
response if they received at least one complete cycle of therapy,
unless treatment was stopped due to early toxicity. Time to
progtession and overall survival were estimated using the Kaplan-
Meier method.

Pharimacokinetics. The pharmacokinetics of docetaxel and $-1 were
studied during the first cycle of therapy. For docetaxel, 5 ml blood
samples were taken from cach patient at the following time-points:
prior to treatment, 30 min into the drug infusion, at the end of
docetaxel infusion, and 30 min, 1 h2 h, 3 h, 4 h; 7 h and 24 h after
the end of the infusion. For $-1. 5 ml blood samples were taken

Table 1. Dose escalation scheme and DLTs in course 1.

Level 1 2 3
Dose of docetaxet (mg/m?) 15 20 25
Dose of S-1 (mg/m?) 80 80 80
Number of patients 3 6 5
Mecdian number of 2(2-9) 2 (2-5) 1(1-2)
courses (range)

Number of patients with any 0/3 1/6 35
DLT/Number of patients

ANC: <500/mm? for >S5 days 0 0 2
Febrile neutropenia 0 12 2
Other grade 3-4 0 S L 3b
non-hematological toxicity

Inability to receive 0 0 I
docetaxel on day 8 or day 15

[nability 1o receive S-1 0 0 0

more than 14 days

ANC: absolute neutrophil count; 23Same patient with grade 3 diarrhea
with febrile neutropenia; PAll patienis with grade 3 stomatitis; ¢Cause
of ncutropenia.

from each patient at the following time-points: prior to dose, and |
h, 2 h, 4 h, 8 h and 24 h after dose. Initial administration of S-1 was
started at 8 h after the end of docctaxel infusion on day 1. To
cvaluate drug-drug interactions between docetaxel and S§-1, the
pharmacokinetic analysis of docetaxel was conducted on day 1 and
day 8, and that of §-1 was conducted on day 7 and day 8. On dayl
only, S-1 was administered in the cvening, after the blood
correction for pharmacokinetic analysis of docetaxcl at 7 h after
infusion. All blood samples were centrifuged immcdiately ard the
scparated plasma samples were frozen at -20°C until analysis. The
plasma samplcs were thawed at ambient temperature, then
vortexcd and centrifuged for 5 min at 3,000 rpm to remove fibrous
materials. Pharmacokinetic analysis for docetaxel was performed
according to Yoshida ef al. (34). Pharmacokinctic analysis for S-1
was carried out as described clsewhere {17).
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Table 1. Hematological and Non-hematological Adverse events.

Adverse events Level | Level 2 Level 3
(n=3) (n=6) (n=5)
NCI-CTC grade 1 2 3 4 1 2 3 4 1 2 3 4
Hematological
Leukacytopenia 1 0 4] 0 0 0 1 0 0 0 i 1
Neutropenia 1 0 ¢ 0 0 0 1 0 0 0 0 2
Ancmia 0 0 0 0 ] 0 ! 0 1 0 3 0
Thrombocytopenia 2 0 0 4} 2 0 0 Q 0 0 0 0
Non-hematological
Nausca/vomiting 2 0 0 0 2 0 0 0 0 0 0 0
Anorexia 0 I 0 0 1 3 0 0 1 1 0 0
Fatigue 2 0 i 0 5 0 0 0 1 3 0 0
Stomatitis 2 0 0 0 0 0 0 0 0 0 3 ¢
Constipation 1 1 0 0 1 1 0 0 i I 0 0
Diarrhea 1 1 0 0 0 1 1 0 2 1 0 0
AST/ALT 0 1 0 0 0 0 0 0 ¢ 0 0 0
Skin rash 1 0 0 0 0 0 0 0 ¢ 0 0 0
Pncumonia 0 0 0 0 0 0 0 0 0 0 0 0
Infection 1 i 0 0 0 1 0 0 0 0 0 0
Febrile neutropenia 0 0 0 0 0 0 1 0 0 0 2 0

AST: aspartate aminotransferase; ALT: alanine aminotransferase.

Results

Patient characteristics. A total of 14 patients with a median
age of sixty-onc years (rangc 31-76 years) were recruited for
this study. Patient characteristics are listed in Table 1. One
patient was clinically diagnosed with primary ovarian cancer
and following oophorectomy, a Krukenberg tumor with
primary gastric cancer was diagnosed. Five patients received
prior chemothcrapy. Two patients had uracil-tegafur (UFT)
and carboplatin/paclitaxel as adjuvant therapy, respectively.
Two patients had received chemotherapy only, of systemic
administration with cisplatin/5-FU and irinotccan, or of
intra-peritoneal infusion with paclitaxel. Seven patients had
not received any prior {reatment,

Sequence of dose levels studied and DLTs. Three palients
started on level 1 (S-1 80 mg/m¥day with docetaxel 15 mg/m?)
and no DLTs were observed (Table II). The next cohort of
three patients received dose level 2 (S-1 80 mg/m%day with
docetaxel 20 mg/mz) and as one paticnt experienced grade 3
diarrhea and febrile neutropenia (DLT), this group was
expanded to six paticnts. None of the three additional paticnts
experienced DLT. The next cohort of three patients received
dose level 3 (S-1 80 mg/m?/day with docetaxel 25 mg/m?) and
one patient experienced grade 3 stomatitis and grade 2
diarrhea (DLT), so this group was expanded to six patients.
Two additional patients experienced DLT (grade 3 stomatitis,
febrile ncutropenia and continuous grade 4 ncutropenia). One
of these paticnts could not be Lreated with docelaxel on day 8

in the 1st cycle because of ncutropenia. Thus, three of five
patients had DLTs at level 3. In these five patients, the most
frequent DLTs were stomatitis, febrile neulropenia and
continuous neutropenia. Thercfore, level 2 was considered
as thc rccommend dose for the phase 1I study. The
median number of cycles received pér patient was two
(range onc to ninc). Dose intensities of $-1 and docetaxct
were 48 mg/m?/week and 12 mg/m?%/week, respectively.

Adverse effects. All the patients were evaluated for adverse
effects which arc summarized in Table 11I. No grade 3
adverse cffects were obscrved at level 1 except for fatigue
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 cffects were observed at level 1 or 2. At level 3, 3
out of S patients had grade 3 stomatitis and 2 of them also
had fcbrile ncutropenia; furthermore, 3 out of 5 patients
had grade 3 anemia while two out of 5 patients had grade 4
neutropenia.

Pharmacokinetics (PK) analyses. Blood samples for PK
analyses were available for 13 of the 14 patients, including
all 5 patients at the optimal dose level (20 mg/m?). The PK
parameters for docetaxel are shown in Tabie 1V. The
plasma concentration of docctaxcl with or without S-1 (day
1 vs, day 8) are shown in Figurc 2. Although C,,., AUC,.,
AUC 4 of docetaxcl on day 8 were slightly lower than those
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Table V. Plasma concentrations of docetaxel.

Level 1 (n=3) Level 2 (n=5) Level 3 (n=5)
Conax AUCy, AUCqo.a Crax AUCy, AUCga Crax AUCy, AUCp 5
(ng/mL) (ngeh/mL) (ngeh/mL) (ng/mL)  (ngeh/mL) (ngeh/mL) {ng/mL)  (ngeh/mL) (ngeh/mL)
day 1 (-S-1) 205 238 - 521 522 616 591 835 1547
day 8 (+S-1) 240 308 - 597 547 581 379 555 1028
Ciax: maximum observed concentration; AUC: area under the concentration-time curve.
Table V. Plasma concentrations of F1, 5-FU, CDHP and Oxo.
Fr 5-FU CDHP Oxo
Crnax AUCo.p Crnax AUCgA Cona AUChA Crnax AUCop
(ng/mL}) (ngeh/mL) (ng/mL) (ngeh/mlL) {ng/mL) (ngsh/mL) (ng/mL) (ngeh/mL)
day 7 (n=8) 2526x615 151893134 1513%70.6  810.5+349.3  299.8+1758  1342.4%(6243 76.1x21.1 414221188
day 8 (n=8) 2509380  14882x2219 1564+62.7  765.0+304.4  307.5x1495 1368.8x537.2 93.8+46.4 491.0+216.3

FT tegafur; 5-FU: fluorouracil; CDHP: 5-chloro-2 4-dihydroxypyridine; O
area under the concentration-time curve; Values are expressed as mean *

Docctaxel (day 1: - §-¥)

¢ level 3 (n=5)
leved 2 (n=5)
—e— Jevel 1 (n=3)

Plasma concentration (ng/ml)

L

Time (h)

%0: potassium oxonate; Co: maximum observed concentration; AUC:
standard deviation (SD).

Docetaxel (day 8: + $-1)

g
g
= 1600 ®*  level 3{n=5).
.g *  level 2 (n=5)
E 100 —&= level 1 (n=3)
=
S
g 10 ¥
2
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Figurc 2. Plasma concenirations of docetaxel with and without administration of S-1 (day 1 vs. day 8).

of on day I, PK parameters for docetaxel were equivalent
between day 1 and day 8. The PK parameters for FT, 5-FU,
CDHP and Oxo are shown in Table V. The plasma
concentration of FT, 5-FU, CDHP and Oxo with
administration or not of docctaxel (day 7 vs. day 8) are
shown in Figure 3. PK parameters of §-1 were equivalent on
day 7 and on day 8. Thus, no drug interactions between S-1
and docetaxel were observed.

Ifficacy. Responsc and survival data were updated in

Oclober 2006. Ten patients were assessable for tumor
response (Table VI). Four paticnts were considered not
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cvaluable for response, because of early drop-out due to
carly toxicity. Two patients were also considered not
evaluable for RECIST crileria, becausc there were only
primary tumors and no metaslatic sitc (Table I). Onc
paticnt was considered not evaluable for response after
cntry because there was only peritoneal 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 response ratc at the
reccommended dose (level 2) was 50% (2 out of 4). The
discase control rale was 80% (8 out of 10). All fourtecn
patients were assessable for survival (Figurc 4). The median
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Figure 3. Plasma concentrations of 5-Fluorouracil (5-FU), tegafur (FT), potussiton oxonate (Oxoj, and S-chlora-2,4-dihydroxypyridine (CDHP) with and

withott administration of docetaxel (day 7 vs. day 8).

survival time was 9.4 months and the median time to
progression was 2.4 months. The median survival time at the
recommended dosc (levet 2) was 10.0 months,

Discussion

Current key drugs for the treatment of gastric cancer are
cisplatin, taxoids (paclitaxel and docetaxcel), irinotecan and
S-Fluorouracil (5-FU) or its derivative drugs (such as
doxifluridine, capecitabine, tegafur and UFT). 5-FU-bascd
combinations are considered as a standard chemotherapy
for first-line treatment of advanced gastric cancer because
they provide survival benefit compared with best supportive
carc (2-4) In western countrics, triplet combinations like
cpirubicin/cisplatin/5-FU (ECF) or dacetaxel/cisplatin/s-FU
(DCF) (29) regimens arc the current standard, however,
they arc somelimes not recommended practically because of
their severe hematological toxicity. S-1 is a novel oral
fluoropyrimidine derivative. Single use of S-1 has revealed
promising response in advanced gastric cancer with
acceptable side-cffects being stomatitis, fatigue, diarrhea
and neutropenia (14-16), but no hand foot syndrome which
is frequently caused by capecitabine. Based on the clinical
activity of S-1 monotherapy, phase II studies of S-1 plus

Table VI. Tumor response.

Level Number of  CR PR SD PD  RR (%)
paticnts
i 2 0 0 2 0 0
4 0 2 1 1 50
3 4 0 0 3 ] 0
Totat i0 0 2 6 2 20

CR: complete response; PR: partial response; SD: stable discase, PD:
progressive disease; RR: response rate; Tumor responses werc
evaluated vsing RECIST criteria.

cisplatin (17), S-1 plus irinotecan (18) and 5-1 plus
docetaxel have been cvaluated. Several reports suggested
that there is syncrgistic anti-tumor cffect between docetaxel
and both 5-FU (30) and S§-1 (31, 32).

This phase I study showed that combination therapy with
S-1 and weekly docetaxel is active in advanced and recurrent
gastric cancer and has an acceptable and managcable toxicity
profile. The recommended dose of docetaxel was 20 mg/m2
administered weckly (trcatment on days 1, 8 and -15) in
combination with 80 mg/m?/day of $-1 for 3 weeks, repeated
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Figure 4. Kaplan-Meicr plot of log-rank analysis for overall survival (0S}) and time to progression (TTP). Median overall survival time was 9.4 months.

Median time to progression was 2.4 months.

every 5 weeks. Two investigations (33, 35) previously reported
a combination S-1 and once infusional docetaxel. In both
studies, the recommended dose of docetaxcl was 40 mg/m? on
dayl combined with full dose S-1 (80 mg/m2) on days 1-14.
Although Tomiak er al. (36) reported that such a regimen
could be repeated every 3 wecks, treatment administration of
the next cycle was delayed for a median 7 days because of
ncutropenia. Yamaguchi ef al. (33) have described a similar
rcgimen which should be repeated every 4 weeks. Thus, the
rcal dose intensities of S-1 and docetaxel of the previous
regimen were 40 mg/m2/week and 10 mg/mZ/wcck,
respectively. In the present study, expected dose intensities of
S-1 and docctaxel were 48 mg/m2/week and 12 mg/m¥week,
respectively, and were equivalent or higher than those of the
previous regimen. Moreover, the presented weckly docetaxel
bascd regimen is convenient and can be applicd on an
outpaticnt basis. In a previous study, docetaxel was found to
modulate the ievel of metabolic enzymes of 5-FU and
produced a synergistic effect in a gastric cancer cell line (32),
however, in the present study, therc were no drug-drug
interactions between S-1 and docetaxel.

DLTs with the presented combination were stomatitis and
febrile neutropenia. DLTs at the MTD dose level were severe
stomatitis. Diarrhea and stomatitis arc similar DLT profiles
to that found with single usc of S-1 and the addition of
docetaxel renders this combination more serious. Phase 11
studics of $-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 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 median survival
times of other rcgimens, such as docetaxel (6-8 months), S-1
(7-8 months), ECF (10 months) and DCF (10 months).

Conclusion

The combination of S-1 and weekly docctaxel is an active
and well-tolerated regimen in patients with advanced gastric
cancer. This regimen can be applied on an outpatient basis,
maintaining the dose inlensity of both drugs, and reducing
ncutropenia-based side-cffects. A phase 11 trial of the
regimen in patients with advanced and recurrent gastric
cancer is ongoing.
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Abstract

Purpose To determine the maximum lolerated dose
(MTD), dose-limiting toxicity (DLT), and pharmacoki-
nctics of TZT-1027 (soblidotin), a dolastatin {0 ana-
logue, in Japanese paticnts with advanced solid tumors
when administered og days 1 and 8 in 3-weck courses.
Methods Eligible patients had advanced solid tumors
that failed to respond to standard therapy or for which
no standard therapy was available, and also met the
following criteria: prior chemotherapy <2 regimens,
Eastern Cooperative Oncology Group (ECOG) per-
formance status <1, and acceptable organ function.
The MTD was defined as the highest dose at which no
more than one of six patients experienced a DLT dur-
ing course 1. Pharmacokinetic samples were coliected
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/m?) were
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evaluated. Neutropenia was the principal DLT at
doses of 1.65 and 1.8 mg/m?. [n addition, one patient
also experienced grade 3 pneumonia with neutrope-
nta, 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 saline after TZT-1027
administration. The MTD was 1.5 mg/m? at which
DLT was not observed in a total of nine patients. The
pbarmacokinetic profile did not differ from that for the
European population. One palieat with metastatic
csophageal cancer achieved partial response, and cach
of two patients with non-small cell lung cancer had a
minor response,

Conclusions When TZT-1027 was administered on
days 1 and 8 in 3-week courses to Japanese patients,
the MTD was 1.5 mg/m? and was lower than Lhe value
of 2.4 mg/m? in European patients. However, antitu-
mor aclivity was observed at low doses. TZT-1027 was
toleraled 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 11 studies.

Keywords Dolastatin - TZT-1027 - Phase [ -
Antitubulin - Solid tumors

Introduction

TZT-1027 (N*-(N,N-dimethyl-L-valyl)-N-[(1S,2R)-2-
methoxy-4-{(28)-2-[(1 R,2R)-1-methoxy-2-methyl-3-0x0
-3-[(2-phenylethyl)amino]propyl]-1-pyrrolidinyl]-1-[(1S)-
1-methylpropyl]-4-oxobutyl]-N-methyl-.-valinamide) is a
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synthesized analogue of dolastatin 10, a compound
isolated from the marine mollusk Dolabella auricularia
[9, 17]. The chemical structures of TZT-1027 and
dolastatin 10 are shown in Fig. 1.

In in vitro studies, TZT-1027 exhibited time-depen-
dent cytotoxicity superior to that of other antitumor
agents against a variety of murine and human tumor
cell lines [19]. TZT-1027 also exhibiled antitumor
activity- against p-glycoprotein (p-gp)-overexpressing
and breast cancer resistant protein (BCRP) positive
cell lines established from colon cancer H116 and lung
cancer PC-6, and was more potent than vincristine,
paclitaxel, and docetaxel. The 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
proleins and the binding of GTP to tubulin [12}. In in
vivo studies, intravenous injection of TZT-1027 has
been shown (o 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 19, cisplatin, vin-
cristine, and S-fluorouracit [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 icading to hemorrhagic necrosis of tumor
{5, L1, 15]. TZT-1027 exerts antitumor activity through
dircet cytotoxicity, as well as selective blockade of
tumor biood 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 exhibited peripheral neurotoxicity in con-
trolled -animal studies [14]. When doses of TZT-1027

O CH;0 OCH; 0
TZT-1027
\IQ‘ j%‘ :(l(\} S
N NH ¥ E\ J
N e T r N
o] o OCH,0 QCHH30
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 ia rats and monkeys.

In Japan, a single-dose phase I study was conducled
at doses up to .35 mg/m?, but did not reach the MTD.
The major toxicity was neutropenia, and nonhemato-
logical toxicities included alopecia, malaise, and anor-
exia. Therefore, a repeated-dose study of TZT-1027 on
days 1, 8, and 15 in 4-week courses followed the single-
dose study in Japan. Toxicities were similar, with leuco-
penia and neutropenia as major toxicities. All episodes
of grade 4 neutropenia occurred at doses of 1.5 mg/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 I studies
were conducled. 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, several patients
could not reccive TZT-1027 on day 15 due to neutrope-
nia; the dose of TZT-1027 was escalaled to 2.7 mg/m?,
with neutropenia and infusion arm pain as DL'Ts. The
recommended dose for phase 1f studies of TZT-1027
was 2.4 mg/m?® [2]. Phase 11 studics are ongoing accord-
ing to-this schedule. Two other administration sched-
ules on day | in a 3-week course and on day | in a 3- to
4-week course were tested in Germany and Hungary,
respectively. In the German study, DLTs—including
neutropenia, fatigue, and short-lasting, reversible
peripheral neurotoxic syndrome—were observed at
3.0 mg/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 studies, 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 «l-acid glycoprotein, a major plasma protein, was .
~95%. In all studies, several patients exhibited a tumor
reduction.

Preclinical and clinical data indicated that a suitable
administration schedule for the present study would be
days 1 and 8 in 3-week courses. The purposes of the
present phase [ 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 courses in Japanese patients
wilh 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-cscalating,
three-institution phase I study, was conducted in Japa-
nese patients with solid tumors to assess the DLT5, lo
determine the MTD and preliminary antitumor activ-
ity, and to examine pharmacokinetics. A starting dose
of 1.8 mg/m® was chosen, since this is the recom-
mended dose for the phase U1 study based on the previ-
ous phase ! study in Japan, and TZT-1027 was
cxpected 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 appropriale recommended dose for phase 11 stud-
ies. TZT-1027 was given intravenously over 60 min
with 250 ml of saline on days 1 and 8 in 3-week courses,
The present study and the written consent form were
approved by the Institutional Review Board. Al
patients provided informed consent before study entry.
The present study was conducted in accordance with
the Good Clinical Practice Guidelines as issued by the
[uternational Conference on Harmonization and the
Declaration of Helsinki.

Patient eligibility

Patients 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 following: no
prior chemotherapy or radiotherapy within 4 weeks
of study entry (within 6 weeks for nitrosourcas,
carboplatin, and mitomycin C; and within 2 weeks for
local radiotherapy); not more than two previous
regimens of chemotherapy; no previous wide-field
radiotherapy to >25% of the bone marrow; age
20-74 years; ECOG performance status, ¢ or I; tife
expectancy, at least 2 months; adequate bone marrow:
hemoglobin > 8.5 g/dl, absolute neutrophil count
(ANC) = 1,500/mm°®, platelet count > 100,000/mm3;
and normal hepatic functions [secrum bilirubin < 1.5
mg/dl, and serum aspartate aminotransferase (ALT)
and alanine aminotransferase (AST) <2.5 times the
upper limit of normal (ULN), respectively]; and renal
function (serum creatinine < lower limit of normal).
The left ventricular ejection fraction (LVEF), mea-
sured by ultrasound cardiography (UCG), had to be
>00%. Paticnts with symptomatic brain metastases or
known extensive bone marrow invasion were
excluded.

Treatment and dose escalation

The dose cscalation plan consisted of doses of 1.5,
1.65, and 1.8 mg/m?. At least three patients were eval-
uated for the MTD at cach 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 dosc at
which no more than one of six patients experienced a
DLT during course i.

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 nausea and vomiting with
intensive support care; (¢) inability to receive TZT-
1027 on day § 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 difficuit to initiate administration;
and (f) inabitity to start course 2 up to day 29. Treat-
ment was resumed when meeting all the following cri-
teria: (@) ANC = 1,500/mm?; (b) platelets > 100,000/
mm% (¢} total bilirubin < L5 mg/dl; (d) serum
creatinine < ULN,

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

Treatment assessment

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

@ Springer
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Pharmacokinetic sampling and assay

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

Pharmacokinetic analysis

Pharmacokinetic analysis of the individual plasma and
urine concentration data was made using standard
model-independent  (noncompartmental) methods
(WinNonlin Professional 4.0.1; Pharsight Co., Moun-
tain View, CA). The pharmacokinelic parameters
included area under the plasma concentration-time
curve extrapolated to infinity (AUGC,,) calculated
using the lincar trapezoidal rule and maximum
observed plasma concentration (C,,,,,). Total clearance
(Clir) was calculated as dose/AUC;,. Volume of distri-
bution al sieady state (V) was calculated using clear-
ance and mean residence time. The terminal
elimination 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 used to assess the relationships
between hemaiological toxicity and pharmacokinetic
parameters (AUC;, and C..).

Results
General

Eighteen patjents, whose characteristics arc shown in
Table I, underwent 35 courses of TZT-1027 (median 2;
range 1-5) at three doses (Table2). All 18 patients
were assessable for loxicily in course . Almost alf
patients had already received two regimens of chemo-
therapy. Sixteen patients (89%) had previously
received cisplatin or carboplatin therapy, and 12
palients (67%) paclitaxel or docetaxel therapy. Six
patients (33%) had previously reccived 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
{ 16
Prior treatments
Chemotherapy i8
Number of regimens
1 2
2 16
Containing platinum 16
Containing taxanc 12
Radiotherapy 6
Tumor types
Lang - 2
Thymoma 2
Rectal 1
Gastric 1
Esophageal ]
Schwannoma i

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

Dosc-limiting toxicity

TZT-1027 was administered at three different doses
(Table2). At the first dosc of 1.§ mg/m?, two of four
patients experienced the DLTs including [ebrile neu-
tropenia and grade 4 neutropenia lasting Ll days.
Three patients were then trealed at a lower dose of
1.5 mg/m?, without DLT. Five patients werc then
treated at a dosc of 1.65 mgfm? Three of these five
patients expetienced 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 paticat developed
grade 4 ncutropenia and required a delay 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/m® TZT-1027 was

- well tolerated without grade 3 nonhematological toxic-

ity or neutropenia up to grade 2 (Table 3), confirming
that this dose was indeed the MTD. _

At 1.8 mg/m?, one patient developed a DLT on day
14 due to febrile neutropenia and was treated with
granulocyle colony stimulaling factor (G-CSF) and an
antibacterial agent; the patient recovered on day 21
and was subsequently withdrawn from the present
study based on the investigator's discretion. Another
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. 9 patient devcloped a DLT, i.e., grade 4 neutropenia, at
SE% 1.8 mg/m? and withdrew in course | at his own request
2373 due to grade 2 nausea and anorexia. At 1.65 mg/m?,
E g ‘é_ ot o two patients developed DLTSs, had the next course that
was delayed due to neutropenia and pneumonia with
neutropenia, required G-CSF andfor antibacterial
8 agents, and recovered within 1 week. The dose for
. - these patients was reduced to 1.5 mg/m? after course 1,
N and one of them subsequently required a further dose
g g i% reduction (o L35 mg/m? due to grade 4 neutropenia in
82| . course 2. Another patient developed DLTs at 1.65 mg/m?,
mEeyeTe with grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia, and recovered with enemas,
_'§3 laxatives, and IV fluids. This paticnt was subsequently
-3 withdrawn from the present study based on the investi-
F = gator's judgment. No treatment-related deaths were
g”::ﬁ ;% observed.
S8 %
Se2lo=o Hematological toxicities
% Neutropenia was the major DLT of TZT-1027. Hema-
25 Lological toxicities as functions of the total numbers of
53 patients and courses of TZT-1027 are shown in
e oo - Table 3. Grade 3 or 4 neutropenia was observed at-
doses of > 1.65 mg/m?. No significant neutropenia was
"z observed at 1.5 mg/m?, although most patients under-
£ . © went two or more courses. Both ancmia and thrombo-
.,50 z € cylopenia were relatively mild. Thrombocytopenia was
SR 2 only grade | in intensity and was obsctved in all five
Z5 oo g patienls. The median thne to ANC aadir was 18 days
:" (range 14-22 days).
=
. ;é g Nonhematological toxicitics
g3 2
é S‘: g Table 4 shows drug-related nonhematological toxicities
SA 2 observed in any course of treatment. The common
= 3e 8 jo, nonhematological toxicities were infusion reaction
ZiE= &l o he g & {phlebitis, injection site reaction, and infusion arm
g|ZzE%|Saa g iy pain), anorexia, malaise, nausea, vomiting, and consti-
§ g 'g pation. The most f{requently observed toxicity was
Sls 5 2 phiebitis. There were no relationship between all non-
213 2 € 2 hematological toxicities and doses.
<1E § _ 2 In the present study, grade 2 phlebitis was observed
g% 0 DR - g K 5 in 12 of 18 patients almost always on the next day of
g 3 ,§, E g administration and nearly cgmpletely d}sa;)_peared in
515 ZEg2 several days thereafter without medication. Four
|82 NI patients experienced grade 1 to 2 pain, three of whom
g E-2 238 % had infusion arm pain. None of these patients experi-
s |28 ane |y Z 2 e enced “redness” and “swelling” and had venous throm-
A 2% %% bosis subsequent to phlebitis. On the other hand,
SR £ g g g phlebitis was rarely obscrved in European studies [2, 6,
g g’ E" 8 o % &8 18]. In the present studly, phlebitis alleviated when the
A — o — N e £ v

patient underwent additional flushing consisting of
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Table 3 Hematological toxicilies

Dose Number of Numberof Number of Neutropenia Ancmia Throinbocytopenia
(mglmz) patients courses patients with  All courses (course 1) All courses {course 1) All courses (course 1)
dose reduction  Grade Grade Grade
i 2 3 4 i 2 3-4 1 2-4
1.3 9 21 0 2(l) 4(4) 0 0 @) 5@ 0 2(2) 0
1.65 5 9 2 22y © 0 33y I(H 2{1) 0 1(D) 0
1.8 4 5 0 0 0 (1) 202 0 2¢) 0 1(1) ]

" Dosc was reduced in onc patient twice
Y Febrile neutropenia developed in one patient

Table 4 Nonhematological toxicities

Grade! Grade?2 Grade3 Grade4

Adverse events

Phiebitis 2
Anorexia 6
Nausea 5
Alopecia

Malaisc

Pigmentation disorder
Conslipation . 3 1
Vomiting

Tenderness

Pain®

Periphieral neuropathy
Injection site reaction

Headache

Angiopathy

Diarrhea

Arthralgia

Hematuria

Pyrexia

Pacumonia 1
Neutrapenic infection l

MmN W s

! ib

N RN — W — W W

Drug-related adverse events (total number of patients: {§)
4 ‘T'hiree of four patients had infusion arm pain
® Neuropathy at bascline was grade 1

200-250 mi of saline over 30-60 min following adminis-
tration of TZT-1027.

Three patients expericnced peripheral ncuropathy
in course | at 1.5 to 1.8 mg/m? Grade 1 neuropathy
was observed in one patient at 1.8 mg/m®. Another
patient developed grade 2 neuropathy at .5 mg/m?
however, dose reduction was not required during
course 2. Another patient at 1.65 mg/m? worsened
from grade | neuropathy at baseline to grade 3 neurop-
athy with grade 3 constipation on day 3, with recovery
on day 13 and day 13, respectively; the paticnt was not
retreated. Apart from the above patient, there were
three patients with grade | ncuropathy 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 [, was treated
with G-CSF and an antibacterial agent, and recovered
within 1 week. Therefore, this patient was treated at
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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
patient experienced grade 1 hypertension after the first
treatment at 1.65 mg/m?. The treatment of this patient
was interrupted due to the DLTs including grade 3 con-
stipation, neuropathy, grade 4 ncutropenia, and hypo-
natremia. Another patient in the 1.65mg/m® group
sporadically experienced grade 1 ventricular arrhythmia
al 1.65 mg/m?® during the study period. All patients
underwent 12-lead electrocardiography (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 | and 2. The QTc intervals before administra-
tion were compared with those after administration,
and no significant QTc prolongation was observed.

Pharmacokinetics studies

The pharmacokinetics of TZT-1027 were assessed in
all patients on day 1 in course 1 (Table §). Twelve
patients receiving TZT-1027 on day | in course 2 were
also assessed. C,,,,, and AUGC;,, 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 L and 2. None of Cly,,
Ti» MRT, and V, of TZT-1027 differed between
courses 1 and 2 at various doses.

Figure 2 shows that Cl, tended to decrease with
increascs in the plasma concentration of «l-AGP
(¥ = 0.57). The correlation between C,,,, or AUC;,; and
the nadir for ANC were not clear due (o the small dose
range. No correlation was found between clearance
and body surface arca (BSA) (r=0.16).
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= Response evaluation
7 5 &
5 ’g 8885 Five of 18 patients were considered not 1o be evaluable
z g _ g\%;} é because treatment had ended during course 1 for rea-
ag|z /Y% sous other than disease progression. One patient with
g esophageal cancer who had previously received cis-
2% 5.5 glatin plus 5-fluorouracii with radiotherapy had a par-
§ 4 & i 3 i tial response at 1.65 mg/m?. Duration of treatment was
SE Hotg 14 weeks. Six of 13 patients exhibited prolonged stable
azilz 8¥g™ discase. Tumor shrink was observed in two of six
5 & patients cvaluated as SD. A patient with NSCLC
= ?j 3 ‘w‘i underwent five courses at £.5 mg/m® and showed a 2L%
~ H 2 f,'go, tumor reduction and a decrease in pleural eflusion.
a |= 3Y%¥ Another patient with NSCLC at 1.65 mg/m? showed a
2 % 27% tumor 1'eduction.7Anothcr patient with gastric
g 3 ) ﬁm = cagze: in the 1.5 mg/m~ griou? X/ho hz;qb'frl.me;a_stam
3 %@ S subcutancous mass was evaluated as exhibiting discase
E] f g H % :j% progression duc to the detection of a new lesion in a
i AaglsY Yz ™ cervical lymph node; however, the mass reduced with
= o necrosis on the next day after treatment, and the mass
s 3 3 5 = reduction rate was 29%.
g2 1m g + B oy XD
~|g|g:2 PRI
v S = +H 1 H (lQ
% Sla ":”E~ v BLge Discussion
3 a
g’ § - Tubulin is a well-cslablished target for anticancer
§ = § 3 = S T_r? agents. Although available antitubulin agents, includ-
& = g H ;l Ha ing taxanes and vinca alkaloids, are highly effective in
2 32|z g cancer therapy, their clinical usefulness is limited duc
2 - to intrinsic or acquired resistanice and systemic toxici-
= e o ties. Thus, it is important to develop new agents larget-
Zg 5 5 % 8 g%\ ing at the tubulin/microtubule syslem that may be
e E_g H % # 2 effective against tumors resistant to existing anticancer
B B3| wegt agents and an improved loxicity profile. A number of
§ s = potent cytotoxic compounds have been discovered
f_i 2 _or = % over the past decade, and candidate anticancer agents
2 He#y originating from marine life have been examined in
3 a = 228% human clinical trials. Of these compounds, dolastatin
= = 10 and dolastatin 15 have been extensively evaluated in
é g Y c}inical studies. An analogue of dolastatin 15, cemado-
2 =15 i;', 2 5’? 5 B tin, underwent several administration schedules of
gl2|5 é HgQ H g phase [ studies and showed a major DLT of neutrope-
E Slag|=e 8 L’l§ L) g nia, apart from cardiac toxicity and hyperteasion [(10].
2 - g A dolastatin 15 analogue tasidotin exhibited dose-lim-
5le 3, 8 oy 2 5 § iting toxicities including neutropenia, ileus, anc} cle-
2135 H % ﬁ;o 3 vated transaminase levels [l, 3]. Phase I studies of
£ 3 @ fLSE| £ 3 dolastatin 10 were performed, and its DLT was neutro-
g ; é ;5 penia (8, L6]. . ‘ . o
: g o L TZT-1():’27 is desng_nf:d with the g.oal of 1na1‘n§a-1nmg
o b e % § 2 potent antitumor activity and reducing the toxicities of
n 5 ZFEF 25 the parent compound. [n mice, intravenous injection of
3 t.Es5s|335 2 TZT-1027 showed equivalent or greater efficacy than
5 SE5E5E[Z35

dolastatin 10. On the basis of the preclinical data, a
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Table 6 Pharmacokinctic parameters of TZT-1027 on day | in course |

Number
of patients

Dose

Cosaes NE/OL
(mg/m?)

(mean, cv%)

AUC,, ng himl
(mean, cv%)

Clygpe Vhim?
(mean. cv%)

Ve lfm?

TIIZ! h
(mean, (cv%)

(mean, cv%)

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

427.8(37.9)
573.2 (45.4)
502.8 (10.7)

L3 9
1.65 S
1.8 4

42(483)
3.4 (46.3)
1.6 (10.4)

16.7 (46.1)
19.2(20.3)
22,6 (37.3)

57(1L7)
7.6 (32.8)
7.4 (30.5)

H) 4 r=10.57

6 4

Cot (LS

iv

0 v T — T T t v Y
) R 100 150 240

n=30

L AGE (mgfell,)

Fig. 2 Correlation between a1-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 determined (o be less than 2.1 mg/m?, and the rec-
ommended dose for phase II studies was considered to
be (.8 mg/m? [13, 20]. in that study, however, (4 of 40
patients could not receive TZT-1027 on day 15 on
schedule due to toxicitics. Therefore, a repeated-dose
study on days 1 and 8 in 3-week courscs was conducted
in patients with solid tumors in the Netherlands, in
whom TZT-1027 was escalated 1o 2.7 mg/m> Conse-
quently, the DLT's were neutropenia and infusion arm
pain. The recommended dose for phase 11 studies of
TZT-1027 was determined to be 2.4 mg/m?,

In the previous phase I study in the Netherlands, the
recommended dose for phase 1 studies was 2.4 mg/m?,
Grade 3 ncutropenia was observed in only 2 of >39
courses at 2.4 mg/m®. To standardize the criterion 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 Jimited in
the present study. The median value for the regimen of
pretrcalment was two courses in the both present and
Netherlands study. Major differences between the pres-
ent study and the previous study in the Netherlands
were predominant types of tumor (NSCLC versus sev-
cral tumors) and median age (66 versus 53 years old,
respectively). The pharmacokinetic profiles of TZT-1027
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were similar between he present study and the study in
the Netherlands. In the Netherlands study at 1.8 mg/m?,
AUC Coae Tiya and Cl,, were 728.1ng hml,
2404 ng/ml, 6.65 h, and 4.7 L/h, respectively. It secms
difficult to explain based on PK parameters alone why
the MTD in the present study differed from that in the
Netherlands. On the other hand, three of four patients
in the repeated-dose study on days 1, 8, and 15 in Japan
did not receive TZT-1027 on day 8 on schedule due to
neutropenia at 2.1 mg/m?, and one of four paticnts at
1.8 mg/m? in that study underwent no treatment on day
& due to neutropenia. Between Japanese and Euro-
pean patients receiving TZT-1027, therefore, a differ-
cnce appeared to cxist especially in the severity of
bone marrow toxicity. ,

In the present study, phlebitis 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 (requent nonhematological
loxicitics were anorexia, nauseca, alopecia, coustipa-
tion, and malaise sitnilarly to European studies. In con-
trast {o 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 { in 3-weck courses in Germany, neu-
rotoxicity as a DLT was observed with two of five
patients who were treated above the MTD (2.7 mg/m?).
Both patients had previously received oxaliplatin [18],
lcading us to conjecturc that oxaliplatin predisposes
neurotoxicity. In the present study, no patients had
been treated previously with oxaliplatin. The neuro- .
toxic influence of TZT-1027 after oxatiplatin should be
considered in preclinical studies.

In contrast to the above dolastatin analogues, little
cardiovascular toxicity was observed in the present
studly. Initial studies of cemadotin, a dolastatin 15 ana-
logue, revealed severe hypertension. In the present
study, therefore, we measured blood pressure and
pulse rate, and conducted the 12-lead ECG before and
aflter TZT-1027 administration for QT interval deter-
mination. Therc was no significant prolongation of the
QTcinterval 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 patient with metaslatic
esophageal cancer previously treated by radiochemo-
therapy. Antitumor activity in previously treated meta-
static NSCLC was also seen in (wo patients who
experienced a 21% tumor reduction, including a
decrease in pleural effusion during five courses, and a
27% tumor reduction. Metastatic subcutancous tumor
in gastric cancer patient reduced with necrosis on the
next day after TZT-1027 administration, with a tumor
reduction rate of 29%. Preclinical studies have demon-
strated the potent in vitro cylotoxicity 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 Japanesc patients with
advanced solid tumors when administered on days 1
and 8 in 3-weck courses, possesses an improved safety
profile as compared wilh other dolastatin analogues,
and is active at a tolerable dose.
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PHASE VIl 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)
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Purpose: This Phase /Tl 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 induetion chemotherapy (CT) for locally
advanced nan-small-cell lung cancer (NSCLC).

Methods and Materials: Two cycles of eisplatin (80 mg/m®) and paclitaxel (180 ing/m?), or carboplatin (AUC = 6)
and paclitaxet (200 mg/m”) were given before RT of 60 Gy in 30 fractions. In the Phase I portion, the starfing dosage
of PR~350 was 10 daily administrations (2600 mg/rnz) in combination with RT, and this number was jncreased
in increments of 10 for successive groups to 30 doses. .

Results: In total, 37 patients were enrolled. In Phase X (1 = 20), PR-350 could be administered 30 times with con-
current tharacic RT. Thus, in Phase II (n = 17), PR-350 was administered 30 times. The major toxicity was radi-
ation pneumonitis, with Grade 3 ox more pneumonifis 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 3¢ 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 indnction CT was well tolerated
and promising for locally advanced NSCLC. © 2007 Elsevier Inc.

Hypoxic cell radiosensitizer, Doranidazole, Non~small-celt tung cancer, Clinical {rial, 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, adeguate
loco-regional control by thoracic RT is essential. Improved

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

CT before thoracic RT is effective for patients with locally loco-xegional control and survival rates have been achieved

advanced NSCLC, as many such patients have micrometa- 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 dwing concurrent CRT than for RT alone or se-
quential CRT, concurrent CRT is not recommended for
eldexly 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 S0 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 tusnors 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 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 extemnal 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 befare 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 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 /Il tral was conducted
to assess the efficacy, safety, and pharmacokinetics (PK)
of PR-350 when admm:stered for 10 to 30 days at a daily
dose of 2000 mg/m® combined with conventiona! thoracic
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RT after induction CI‘ for treatment of locally advanced
NSCLC.

METHODS AND MATERIALS

Investigational design

This was a Phase i/Hl, nonrandomized, mulncemer study con—’ v
ducted by the West Japan Thoracic Oncology Group (WITOG) in
compliance with Goed Clinical Pract:ce 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, bischemical screen-
ing tests, chest radiography, bronchascopy, computed tomogmphy
of the 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 lymph nodes of
more than 10 mm in the shortest diameter were regarded as malig-
nant nedes, and histologic proof of N2 or N3 status was not
required.

Major eligibility criteria at the first emry included 2074 years
old, histologically, or cytologically proven NSCLC, surgically unre-
sectable stage [[A and [B, no prior therapy, an Eastern Coopera-
tive Oncolegy Group (ECOG) performance status of 0 to 1, and
adequate organ functions. Patients with severe emphysema, chronic
bronchitis, or apparent findings of pubmonary fibrosis or interstitial
pneumonitis on chest radiography were excluded.

Major eligibility criteria at the second entry included an ECOG
performance status of 0 to 2, a white blood cell (WBC) count of
=3,000/uL, a platelet count of =75,000/pL., a ereatinine level of
<1.5 mg/dL, a Pa0;, level of =70 mm Hg, a percent diffusion
lung carbon monoxide (%D 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 criterion on the RT field was relatively subjective and obscure,
it was commonly used in Japanese clinical trals for NSCLC to
exclude large thoracic RT fields (6).

Treatment plan

Figure 1 provides the design of the Phase [ and Phase H por-
tions. In the Phase I trial, patients received two cycles of induction
Cr consmmg of cisplatin at 86 mg/m?® and paclitaxel at 180
mg/m Induction CT was repeated 3 weeks later, Inductxon CcT
with carboplatin (AUC = 6) and paclitaxel (200 mg/m®) and
a 3-week interval was also permitted in the Phase I portion. Tox-
icity was graded using the National Cancer Instiite Common
Toxzicity 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.

Theracic RT combined with PR-350 was begun 3 to 5 weeksafter
completion of the induction CT when patients agreed to the protocol
and fulfilled the second entry criteria. Al patients were treated with
a linear accelesator photon beam of 4 MV or moze. The primary tu-
mor and invelved nodal disease received 60 Gy in 2-Gy fractions
over 6 weeks.



