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Pharmacokinetic sampling and assay

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

Pharmacokinetic analysis

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

Results
General

‘Eighteen patients, whose characteristics are shown in
Table 1, underwent 35 courses of TZT-1027 (median 2;
range 1-5) at three doses (Table2). All 18 patients
were assessable for toxicity in course 1. Aimost all
patients had already received two regimens of chemo-
therapy. Sixteen patients (89%) had previously
received cisplatin or carboplatin therapy, and 12
patients (67%) paclitaxel or docetaxel therapy. Six
patients (33%) had previously received radiotherapy.
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Table 1 Patient characteristics

Characteristics Number of patients

Number of patients (evaluable) 18 (18)
Age, years; median (range) 66 (47-74)
Gender

Males 16
Females

Performance status (ECOG)

0 2
1 16
Prior treatments

Chemotherapy 18

Number of regimens

1 2
2 16

Containing platinum 16

Containing taxane 12
Radiotherapy 6
Tumor types

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

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/m2, two of four
patients experienced the DLTs including febrile neu-
tropenia and grade 4 neutropenia lasting 11 days.
Three patients were then treated at a lower dose of
1.5 mg/m?, without DLT. Five patients were then
treated at a dose of 1.65 mg/m%. Three of these five
patients experienced the DLTs. One patient suffered
grade 3 pneumonia with neutropenia. Another patient
had grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia. The other patient developed
grade 4 neutropenia 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
granulocyte colony stimulating factor (G-CSF) and an
antibacterial agent; the patient recovered on day 21
and was subsequently withdrawn from the present
study based on the investigator’s discretion. Another
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o~ patient developed a DLT, i.e., grade 4 neutropenia, at
2 g8 1.8 mg/m? and withdrew in course 1 at his own request
z ?3 E due to grade 2 nausea and anorexia. At 1.65 mg/m?
£z ‘3 two patients developed DLTs, l'lad the next course tk‘lat
=e 3| o%e was delayed due to neutropenia and pneumonia w1‘lh
neutropenia, required G-CSF and/or antibacterial
Py agents, and recovered within 1 week. The dose for
= these patients was reduced to 1.5 mg/m? after course 1,
2 N and one of them subsequently required a further dose
z's% reduction to 1.35 mg/m? due to grade 4 neutropenia in
;é § E course 2. Another patient developed DLTs at 1.65 mg/m?,
SE&lo%o with grade 3 constipation, neuropathy, grade 4 neutro-
penia, and hyponatremia, and recovered with enemas,
i laxatives, and 1V fluids. This patient was sut;seguentl.y
1 §° withdrawn from the present study based on the investi-
e gator’s judgment. No treatment-related deaths were
& ES observed.
= 0=
L o0
<3
588|ono Hematological toxicities
2 Neutropenia was the major DLT of TZT-1027. Hema-
o & tological toxicities as functions of the total numbers gf
= ‘E patients and courses of TZT-1927 are shown in
& 2 oo - Tabie 3. Grade 3 or 4 neutropenia was obse_rYed at
doses of >1.65 mg/mz. No significant neut.ropema was
" observed at 1.5 mg/m?, although most.patlents under-
E - went two or more courses. Both anemia and thr(?mbo-
2z E cytopenia were relatively mild. Thrombocytopema was
Vs % only grade 1 in intensity and was observed in all five
LZ)V{-2 S patients. The median time to ANC nadir was 18 days
<= se- E’ (range 14-22 days).
o
c
g g Nonhematological toxicities
2 e .
§ g 3 Table 4 shows drug-related nonhematological toxicities
Ei 3 3 observed in any course of treatment. The common
g e‘% ‘E nonhematological toxicities were infus‘ion .reactxon
3 £ E E : o 8 (phlebitis, injection site reaction, ar?c‘l infusion arm
21255 | 383 5 X pain), anorexia, malaise, nausea, vomiting, ar?d‘ consti-
£ & £ pation. The most frequently observed toxicity was
E — 3 é phiebitis. There were no relationship between all non-
S g “w .-; 5 hematological toxicities and doses. -
ElEd 3 : © In the present study, grade 2 phlebitis was observed
é 28 Nown |z '% % 5 in 12 of 18 patients almost always on th'e next dac)lr gf
£ 2 E 3=y ? administration and nearly c.omplelely d‘lsap.peare in
z - = 2 g 3 several days thereafter without medication. Four
é § v § - o3 patients experienced grade 1 to 2 pain, thr'ee of whorp
'—E t8 % é % ?'Q had infusion arm pain. Noge 2f these patients t:,}):pe;:
E z i cn< | g pagier Pt enced “redness” and “swelllr}g. and had venous h1"0 '
g % 5% % bosis subsequent to phlebn?s. On the oths‘r ;n6,
2 < S EEE phlebitis was rarely observed 1n‘E_urcl>lpe'(.1nts;u WIEZIE -
z |3 gu v S E E :«; 18). In the present study? Phlebl[ls alleviated v hen the
El8E it I patient underwent additional ﬂushmg. consisting
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Table 3 Hematological toxicities

Dose Number of Number of Number of Neutropenia Anemia Thrombocytopenia
(mg/m?) patients courses patients with  All courses (course 1) All courses (course 1) All courses (course 1)
dose reduction Grade Grade Grade
1 2 3 4 1 2 34 1 2-4
15 9 21 0 2(1) 44 0 0 3(4) 5(4) 0 2(2) 0
1.65 5 9 2 2(2) © 0 3G 1M 2(1) 0 1(1) 0
1.8 4 5 0 0 0 1) 20 0 2(2) 0 1(1) 0

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

Table 4 Nonhematological toxicities

Adverse events Grade | Grade2 Grade3 Graded

Phlebitis 12
Anorexia 6
Nausea 5
Alopecia

Malaise

Pigmentation disorder
Constipation 3 1
Vomiting

Tenderness

Pain®

Peripheral neuropathy
Injection site reaction
Headache
Angiopathy

Diarrhea

Arthralgia

Hematuria

Pyrexia

Pneumonia 1
Neutropenic infection 1

L Noo W s

NN — W —Wh W
—

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

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 neuropathy
was observed in one patient at 1.8 mg/m?. Another
patient developed grade 2 neuropathy at 1.5 mg/m?
however, dose reduction was not required during
course 2. Another patient at 1.65mg/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 patient was not
retreated. Apart from the above patient, there were
three patients with grade 1 neuropathy at base line;
their disorder did not worsen during the study period.

One patient at 1.65 mg/m? experienced pneumonia
with grade 3 neutropenia during course 1, was treated
with G-CSF and an antibacterial agent, and recovered
within 1 week. Therefore, this patient was treated at
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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/mz. The treatment of this patient
was interrupted due to the DLTs including grade 3 con-
stipation, neuropathy, grade 4 neutropenia, and hypo-
natremia. Another patient in the 1.65mg/m? group
sporadically experienced grade 1 ventricular arrhythmia
at 1.65mg/m? during the study period. All patients
underwent 12-lead electrocardiography (ECG) before
and after TZT-1027 administration. The 12-lead elec-
trocardiograms had been evaluated by a medical expert
on ECG as well as the investigator. Table 5 shows the
QTc intervals after each administration of TZT-1027 in
courses 1 and 2. The QTc intervals before administra-
tion were compared with those after administration,
and no significant QTc prolongation was observed.

Pharmacokinetics studies

The pharmacokinetics of TZT-1027 were assessed in
all patients on day 1 in course 1 (Table 6). Twelve
patients receiving TZT-1027 on day 1 in course 2 were
also assessed. C,, and AUC,  tended to increase with
dose. However, no statistically significant difference
was found among doses. Renal clearance was a minor
route of TZT-1027 elimination, since only 1-5% of the
dose was excreted unchanged in urine in the first 24 h
after administration. Pharmacokinetic parameters
were compared between courses 1 and 2. None of Cl,,
T\, MRT, and V of TZT-1027 differed between
courses 1 and 2 at various doses.

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

Dose Number
(mg/m?) of patients

Conax» Ng/ml
(mean, cv%)

AUC; (., ng h/m]
(mean, cv%)

Clyoo Vh/m?
(mean, cv%)

V., im?

(mean, (cv%)

Ty h
(mean, cv%)

1.5 9
1.65 5
1.8 4

186.0 (31.1)
2113 (29.3)
200.3 (20.9)

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

4.2 (48.3)
3.4 (46.3)
3.6 (10.4)

16.7 (46.1)
19.2 (20.3)
22.6 (37.3)

5.7(11.7)
7.6 (32.8)
7.4 (30.5)

10 1 r=0.57

Cltot (L/h/in?)

0 50 100 150 200
n=30 ol-AGP (mg/dl)

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 determined to be less than 2.1 mg/m?, and the rec-
ommended dose for phase 11 studies was considered to
be 1.8 mg/m? [13, 20]. In that study, however, 14 of 40
patients could not receive TZT-1027 on day 15 on
schedule due to toxicities. Therefore, a repeated-dose
study on days 1 and 8 in 3-week courses was conducted
in patients with solid tumors in the Netherlands, in
whom TZT-1027 was escalated to 2.7 mg/m?. Conse-
quently, the DLTs were neutropenia and infusion arm
pain. The recommended dose for phase Il 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 I studies was 2.4 mg/m?.
Grade 3 neutropenia 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 excilude 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-
ent study and the previous study in the Netherlands
were predominant types of tumor (NSCLC versus sev-
eral tumors) and median age (66 versus 53 years old,
respectively). The pharmacokinetic profiles of TZT-1027
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were similar between the present study and the study in
the Netherlands. In the Netherlands study at 1.8 mg/m?,
AUC,; Chue Ty and Cl, were 728.1 ng h/ml,
240.4 ng/ml, 6.65 h, and 4.7 L/h, respectively. It seems
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/mz, and one of four patients at
1.8 mg/m? in that study underwent no treatment on day
8 due to neutropenia. Between Japanese and Euro-
pean patients receiving TZT-1027, therefore, a differ-
ence appeared to exist especially in the severity of
bone marrow toxicity.

In the present study, phlebitis was frequently
observed as compared with European studies. No sig-
nificant difference was found in the administration
schedule between the present study and the study in
the Netherlands. Other frequent nonhematological
toxicities were anorexia, nausea, alopecia, constipa-
tion, and malaise similarly to Euro'pean 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
patients who were treated above the MTD (2.7 mg/m?).
Both patients had previously received oxaliplatin [18],
leading us to conjecture that oxaliplatin predisposes
neurotoxicity. In the present study, no patients had
been treated previously with oxaliplatin. The neuro-
toxic influence of TZT-1027 after oxaliplatin should be
considered in preclinical studies.

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

Dose intensity in the present study was lower than
that in the European studies. However, a partial
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response was observed in a patient with metastatic
esophageal cancer previously treated by radiochemo-
therapy. Antitumor activity in previously treated meta-
static NSCLC was also seen in two patients who
experienced a 21% tumor reduction, including a
decrease in pleural effusion during five courses, and a
27% tumor reduction. Metastatic subcutaneous tumor
in gastric cancer patient reduced with necrosis on the
next day after TZT-1027 administration, with a tumor
reduction rate of 29%. Preclinical studies have demon-
strated the potent in vitro cytotoxicity of TZT-1027
against several tumor cell lines and its in vivo antivas-
cular effects, e.g., disruption of the tumor vasculature.

In conclusion, the present study showed that TZT-
1027, a synthetic analogue of the natural marine prod-
uct dolastatin 10, is effective for Japanese patients with
advanced solid tumors when administered on days 1
and 8 in 3-week courses, possesses an improved safety
profile as compared with other dolastatin analogues,
and is active at a tolerable dose.
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Abstract. Background: The primary objective of this study
was 1o determine the maximum tolerated dose (MTD), the
toxicity profile and the recommended dose (RD) for phase I1
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. Results: A total of 14 patients were
enrolled. One dose-limiting toxicity (DLT) (grade 3 diarrhea
with febrile neutropenia) occurred 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 control 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 mg/m? of S-1 for 3 weeks and 20 mg/m? of docetaxel on
day 1, 8 and 15, every 5 weeks). Dose intensities of S-1 and
docetaxel were 48 mg/m?/week and 12 mg/m?|week,
respectively. This regimen showed promising activity for
advanced gastric cancer.

The incidence and mortality of gastric cancer has been
declining, however, it remains one of the most common
causes of cancer-related death (1). It is often diagnosed in
advanced stage or recurrent disease, both of which are
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 III 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 considered as standard
chemotherapy because they provide survival benefit and
improvement -in quality of life compared with best
supportive care (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-FU/cisplatin (FP) (10, 11) were reported in the
treatment 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
effects 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 (Oxo) at a molar ratio of
1:0.4:1 (13). FT is the prodrug for cytotoxic fluorouracil
(FU) and CDHP prevents its degradation. CDHP is a
potent and competitive inhibitor of dihydropyrimidine
dehydrogenase, which reduces the degradation of FU and
allows efficacious concentrations to enter the anabolic
pathway. The diartheagenic property of FU is a result of its
phosphorylation in the intestine, primarily by orotate
phosphoribosyltransferase (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,
one 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 patients 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
response rates.

Docetaxel is a semisynthetic taxoid which enhances
microtubule assembly and inhibits the depolymerization of
tubulin (19); it bas broad antitumor activity against
malignancies. It demonstrated promising single-agent
efficacy in gastric cancer (20-23),and was thereforg
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 thé key drugs playing an integral part in routine
combination regimens against gastric cancer.

Based on the clinical activity of both docetaxel 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 or 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 patients having grade 3 or
4 neutropenia (33). The real dose intensities of S-1 and
docetaxel were around 40 mg/m?/week and 10 mg/m?/week,
respectively. A weekly administration schedule of docetaxel
has been reported as a safe and effective treatment for
advanced gastric cancer (26, 36, 37). The aims of the present
study were to determine the maximum-tolerated dose
(MTD) of docetaxel with weekly administration in
combination with S-1 in order to achieve higher dose
intensities of both drugs with a feasible toxicity profile and
to establish the recommended dose (RD) for Phase II trials.

Patients and Methods

Eligibility criteria. Patients, aged 20 to 75 years, with at least one
measurable lesion of pathologically proven 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 treatment regimens not including taxanes (docetaxel
or paclitaxel) or S-1 were eligible. '
Other eligibility criteria were: 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 adequate hematological function (hemoglobin >8 g/dl,
leukocytes >4,000/uL and thrombocytes >100,000/uL). No other
anti-tumor therapy was allowed 28 days prior to treatment.

2658

Table 1. Patient characteristics.

Characteristics Number of patients

Number of patients (evaluable) 14
Age, years; median (range) 61 (31-76)
Gender
Male 11
Female 3
Performance status (ECOG)
0 ' 2
1 12
Histology
Not assessable 2
Well-differentiated 0 -
Moderately differentiated 3
Poorly differentiated 9
Extent of disease :
Primary site only 2
Primary and metastatic sites 9
Metastasis only 3
Previous treatment
None 7
Surgery alone 2
Surgery and adjuvant chemotherapy 2
Surgery and intra-peritoneal chemotherapy 1 .
Systemic chemotherapy alone 1
Intra-peritoneal chemotherapy alone 1

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

Main exclusion criteria were follows: pregnancy or breast
feeding, symptomatic infectious disease, pulmonary fibrosis or
interstitial pneumonia, grade 3 or severe hemorrhage/bleeding,
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, uncontrolled
diabetes or hypertension, symptomatic brain metastasis and active
concomitant malignancy.

Patient characteristics are given in Table I. This was a phase 1
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 patients provided written
informed consent.

Drug administration. Patients received a dose of intravenous docetaxel
administered as a 60 min infusion on day 1, 8 and 15, and oral S-1
administered at a 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 unacceptable toxicity was observed. The initial
starting dose of docetaxel was 15 mg/m? (level 1) (Table II). Dose
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Figure 1. Treatment schedule of combination therapy with S-1 and docetaxel. Administration of S-1 80 mg/m?/day orally from day 1-21. Administration
of docetaxel was given by drip infusion within 60 min. on day 1, 8 and 15. At all dose levels, the administration cycle was repeated every 5 weeks.

' [

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

DLTs and MTD. Toxicities were evaluated according to the
National Cancer Institute 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 neutropenia with fever (=38.5°C)); (c) grade 4
thrombocytopenia; (d) grade 3 or 4 non-hematological toxicity
except for nausea, vomiting, anorexia and general fatigue; (e)
failure to administer docetaxel on day 8; (f) failure to administer
docetaxel on day 15, even 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 treatment
cycle. Three patients per dose level were planned to be included. In
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 every week. Tumor response was assessed
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) (39). All partial or complete responses were confirmed
for a minimum of 4 weeks. Patients were considered evaluable for
response if they received at least one complete cycle of therapy,
unless treatment was stopped due to early toxicity. Time to
progression and overall survival were estimated using the Kaplan-
Meier method.

Pharmacokinetics. The pharmacokinetics of docetaxel and S-1 were
studied during the first cycle of therapy. For docetaxel, 5 ml blood
samples were taken from each 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 h 2 h,3 h, 4 h, 7 h and 24 h after
the end of the infusion. For S-1, 5 m] blood samples were taken
from each patient at the folowing time-points: prior to dose, and

Table I1. Dose escalation scheme and DLTs in course 1.

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

Number of patients with any 0/3 1/6 3/5
DLT/Number of patients

ANC: <500/mm3 for >5 days 0 0 2
Febrile neutropenia 0 12 2
Other grade 3-4 0o’ 18 3b
non-hematological toxicity

Inability to receive 0 0 1€
docetaxel on day 8 or day 15

Inability to receive S-1 0 0 0

more than 14 days

ANC: absolute neutrophil count; 8Same patient with grade 3 diarrhea
with febrile neutropenia; bal patients with grade 3 stomatitis; “Due to
neutropenia. :

1h,2h,4h,8hand 24 h after dose. Initial administration of S-1
was started at 8 h after the end of docetaxel infusion on day 1. To
evaluate drug-drug interactions between docetaxel and S-1, the
pharmacokinetic analysis of docetaxel was conducted on day 1 and
day 8, and that of S-1 was conducted on day 7 and day 8. On dayl
only, S-1 was administered in the evening, after the blood
correction for pharmacokinetic analysis of docetaxel at 7 h after
infusion. All blood samples were centrifuged immediately and the
separated plasma samples were frozen at —20°C until analysis. The
plasma samples were thawed at ambient temperature, then
vortexed and centrifuged for 5 min at 3,000 rpm to remove fibrous
materials. Pharmacokinetic analysis for docetaxel was performed
according to Yoshida et al. (34). Pharmacokinetic analysis for S-1
was carried out as described elsewhere (17).
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Table ITl. Hematological and non-hematological adverse events.

Level 1
(n=3)

Adverse events

Level 2 Level 3

NCI-CTC grade 1

Hematological
Leukocytopenia
Neutropenia
Anemia
Thrombocytopenia

Non-hematological
Nausea/vomiting
Anorexia

“Fatigue
Stomatitis
Constipation
Diarrhea
AST/ALT
Skin rash
Pneumonia
Infection
Febrile neutropenia

N O -
cooo
cooco
cooo

Qe OO ~=NNDON
O OO = OO~
CTCOOCOO0OCO =00
OO0 0O OOOCOO

N =0 o
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[ = NPT N
(=3 — -}
o= 00
(=R =T~ -}
O WO
OO N =

O'—‘OOOMH.OOWO
OO0 O OO0
COCOOODODODOOC
QO OO ON MO -~
OO OO mOWmOO
NOOOOCOCOWOOO
COoOCcCOoOoOoOQCOOoCOCOO

AST: aspartate aminotransferase; ALT: alanine aminotransferase.

Results

Patient characteristics. A total of 14 patients with a median
age of sixty-one years (range 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 chemotherapy. Two patients had uvracil-
tegafur (UFT) and carboplatin/paclitaxel as adjuvant
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 patients had not received
any prior treatment. "

Sequence of dose levels studied and DLTs. Three patients
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/m?) and as one patient
experienced 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 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
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experienced DLT (grade 3 stomatitis, febrile neutropenia
and continuous grade 4 neutropenia). One of these patients
could not be treated with docetaxel on day 8 in the 1st cycle
because of neutropenia. Thus, three of five patients had
DLTs at level 3. In these five patients, the most frequent
DLTs were stomatitis, febrile neutropenia and continuous
neutropenia. Therefore, level 2 was considered as the
recommend dose for the phase II study. The median
number of cycles received per patient was two (range one
to nine). Dose intensities of S-1 and docetaxel were 48
mg/m?/week and 12 mg/m?%/week, respectively.

Adverse effects. All the patients were evaluated for adverse
effects which are summarized in Table III. No grade 3
adverse effects were observed 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 effects were 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 two out of 5 patients had grade 4
neutropenia.

Pharmacokinetics (PK) analyses. Blood samples for PK
analyses were available for 13 out of the 14 patients,
including all 5 patients at the optimal dose level (20 mg/m?).
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Table 1V. Plasma concentrations of docetaxel.

Level 1 (n=3) Level 2 (n=5) Level 3 (n=5)
Cppax AUCq, AUCy. A Cinax AUCy, AUCyA Cinax AUCy, AUCy A
(ng/mL) (ngeh/mL) (ngeh/mL) (ng/mL) (ngeh/mL) (ngeh/mL) (ng/mL) (ngeh/mL) (ngeh/mL)
Day 1 (-5-1) 205 238 - 521 522 616 59 835 1547
Day 8 (+S-1) 240 308 - 597 547 581 379 555 1028
Ca Maximum observed concentration; , AUC: area under the copcentration-time curve.
Table V. Plasma concentrations of FT, 5-FU, CDHP and Oxo.
FT 5-FU CDHP Oxo
Cmax AUCy 5 Cruax AUCo.A Cmax AUCy A ~ Cpiy AUGCy A
(ng/mL) (ngeh/mL) (ng/mL) (ngeh/mL) (ng/mL) (ngeh/mL) (ng/mL) (ngeh/mL)
Day 7 (n=8) 2526+615 151893184 151.3+70.6 810.5%349.3 299.8+175.8 1342.4+624.3 76.1x21.1 414.2x118.8
Day 8 (n=8) 2509+380 148822219 156.4£62.7  765.0£304.4  307.5+149.5 1368.8%537.2 93.8+46.4 491.0+216.3

FT: tegafur; 5-FU: fluorouracil; CDHP: 5-chloro-2,4-dihydroxypyridine; Oxo: potassium oxonate; Cp,,,: maximum observed concentration; AUC:
area under the concentration-time curve; Values are expressed as mean * standard deviation (SD).
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Figure 2. Plasma concentrations of docetaxel with and without administration of S-1 (day 1 vs. day 8).

The PK parameters for docetaxel are shown in Table IV.
The plasma concentration of docetaxel with or without S-1
(day 1 vs. day 8) are shown in Figure 2. Although C_,,,,
AUC, , AUCy 5 of docetaxel on day 8 were 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 are 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 S-1 were equivalent on
day 7 and on day 8. Thus, no drug interactions between S-1
and docetaxel 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 to
early toxicity. Two patients were also considered not
evaluable for RECIST criteria, because there were only
primary tumors and no metastatic site (Table I). One
patient was considered not evaluable for response after
entry 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 rate at the
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Figure 3. Plasma concentrations of 5-fluorouracil (5-FU), tegafur (FT), potassium oxonate (Oxo), and 5-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 the 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 docetaxel), irinotecan and
5-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 docetaxel/cisplatin/5-FU
(DCF) (29) regimens are the current standard, however,
they are sometimes 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-effects being stomatitis, fatigue, diarrhea

2662

Table VI. Tumor response.

Level Number of CR PR SD PD RR (%)
patients

1 2 0 0 2 0 0

2 ’ 4 0 2 1 1 50

3 4 0 0 3 1 0

Total 10 0 2 6 2 20

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

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 11 studies of S-1 plus
cisplatin (17), S-1 plus irinotecan (18) and S-1 plus
docetaxel have been evaluated. Several reports suggested
that there is synergistic anti-tumor effect 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 manageable toxicity
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Figure 4. Kaplan-Meier plot of log-rank analysis for overall survival (OS) and time to progression (TTP). Median overall survi‘;al time was 9.4 months.

Median time to progression was 2.4 months.

profile. The recommended dose of docetaxel was 20 mg/m?
administered weekly (treatment on days 1, 8 and 15) in
combination with 80 mg/m?/day of S-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 dose S-1 (80 mg/m?) on days 1-14.
Although Tomiak et al. (36) reported that such a regimen
could be repeated every 3 weeks, treatment 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 dose intensities of S-1 and docetaxel of the previous
regimen were 40 mg/m¥week and 10 mg/m¥/week,
respectively. In the present study, expected dose intensities of
S-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 docetaxel
based regimen is convenient and can be applied 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 cell 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 at 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 docetaxel renders this combination more serious. Phase
1I 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

was 20%, however, the response rate was 50% at the
recommend dose level. The disease tontrol 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 regimens, 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 docetaxel 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 intensity of both drugs and reducing
neutropenia-based side-effects. A phase II trial of the
regimen in patients with advanced and recurrent gastric
cancer is ongoing.
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PHASE V/II 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 I/II trial was conducted to assess the efficacy and safety of PR-350, a novel hypoxic cell radio-
sensitizer, when administered with thoracic radiation therapy (RT) after induction chemotherapy (CT) for locally
advanced non-small-cell lung cancer (NSCLC).

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

Results: In total, 37 patients were enrolled. In Phase I (n = 20), PR-350 could be administered 30 times with con-
current thoracic RT. Thus, in Phase I (n = 17), PR-350 was administered 30 times. The major toxicity was radi-
ation pneumonitis, with Grade 3 or more pneumonitis noted in 6 patients (16 %) including 2 with treatment-related
deaths. However, no Grade 3 or more esophageal toxicity was noted, and only Grade 1 peripheral neuropathy was
noted in 9 patients (24%). For all 37 patients, the median survival time (MST) and the 2-year survival rate were
15.9 months and 24 %, respectively. For 18 patients receiving 21 to 30 doses of PR-350, the MST and 2-year survival
rate were 20.9 months and 33%, respectively.

Conclusions: 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, Chemoradiation.

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

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

bined chemotherapy (CT) and radiotherapy (RT). Induction loco-regional control by thoracic RT is essential. Improved -

CT before thoracic RT is effective for patients with locally loco-regional control and survival rates have been achieved
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advanced NSCLC (4-7). At present, concurrent chemo-
radiotherapy (CRT) is the standard treatment for locally ad-
vanced NSCLC. However, acute toxicities are inevitably
increased during concurrent CRT (4-7). Because hemato-
logic and gastrointestinal toxicities are significantly more
common during concurrent CRT than for RT alone or se-
quential CRT, concurrent CRT is not recommended for
elderly patients or patients with a poor performance
status.

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

PR-350, a 2-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 external RT for various
cancers (18). Thereafter, the efficacy of PR-350 combined
with intraoperative RT for locally advanced pancreatic can-
cer was tested in a randomized trial (19). PR-350 (2000
mg/m?) or placebo was infused immediately before intrao-
perative RT (25 Gy) in a total of 47 patients. Both groups
received postoperative 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 I/II trial was conducted
to assess the efficacy, safety, and pharmacokinetics (PK)
of PR-350 when administered for 10 to 30 days at a daily
dose of 2000 mg/m2 combined with conventional thoracic

RT after induction CT for treatment of locally advanced
NSCLC.

METHODS AND MATERIALS

Investigational design

This was a Phase I/II, nonrandomized, multicenter study con-
ducted by the West Japan Thoracic Oncology Group (WJTOG) 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 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 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 IIIA and IIIB, 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, a platelet count of =75,000/uL, a creatinine level of
<1.5 mg/dL, a PaO, 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 trials for NSCLC to
exclude large thoracic RT fields (6).

Treatment plan

Figure 1 provides the design of the Phase I and Phase II por-
tions. In the Phase I trial, patients received two cycles of induction
CT consisting of cisplatin at 80 mg/m? and paclitaxel at 180
mg/m?. Induction CT was repeated 3 weeks later. Induction CT
with carboplatin (AUC = 6) and paclitaxel (200 mg/mz) and
a 3-week interval was also permitted in the Phase II portion. Tox-
icity was graded using the National Cancer Institute Common
Toxicity Criteria version 2.0. Treatment could be delayed no
more than 2 weeks to allow recovery from toxicity. Dose 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 accelerator 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 trial: (a) Phase I 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 a 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). CTV! included the
primary tumor, ipsilateral hilum, and mediastinal nodal areas from
the paratracheal (#2) to subcarinal lymph nodes (#7). The contralat-
eral hilum was not included in CTV1. The supraclavicular 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 without involved nodes.
CTV2 included only the primary tumor and the involved lymph no-
des with a margin of 0.5 to 1 cm. The PTV margins for CTV were
0.5 to 1 cm. Although field margins for PTV were not determined in
the protocol, appropriate field margins were added at each institu-
tion. The spinal cord was excluded from the fields for CTV2 by ap-
propriate methods such as the oblique opposing method. Portal films
were obtained at the first time of each treatment plan, but weekly
verification was not mandatory.

Quality assurance of thoracic RT including review of simulation
films, portal films, and RT dose data was conducted throughout the
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trial by one of the authors (Y.N.). Approximately 90% (33/37) of the
patients received thoracic RT consistent 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 1, the starting dosage of PR-350 was 10 daily doses in
combination with thoracic RT for the first 2 weeks, and the number
of administrations of PR-350 was escalated in increments of 10 for
successive groups of 6 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 to 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 first day
and the last day of administration for 4 or 5 patients at each dose
level of the Phase I trial and 3 patients in the Phase II trial. PR-
350 levels in urine were also measured for 24 h before and after
the first infusion, 24 h after the last infusion, and 24°48 h after
the last infusion. The concentration of PR-350 in serum and urine
samples was analyzed by high-performance liquid chromatography.

Efficacy evaluation

The objectives of this trial were to evaluate a recommended dose
of PR-350 in the Phase I portion, and to evaluate the local tumor
response rate in the chest (radiation portal), overall survival, and
toxicities associated with thoracic RT and PR-350 after induction
CT in the Phase I/II 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 nodes
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 tumor response was scored as PR. When both target
lesions showed NC, local tumor response was scored as NC.
When one or more target lesions showed progressive disease
(PD; a 25% or greater increase in tumor size, or the appearance
of new lesions in the radiation portal), local tumor 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 calculated
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 Figure 2. A total of 41 patients with
unresectable stage ITIA or IIIB NSCLC from 19 institutions
in Japan were enrolled in the first entry from August 2000
to November 2004. During the study period, accrual of
patients was stopped several times because of observation
period of toxicities for the level I (3 months) and level 1I
(7 months), and revision of the protocol for the Phase II por-
tion (18 months).

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

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

n=41 (ITT)

Severe toxicities of CT (2) |
‘ Withdrawal of consent (1)
v CT could not be given (1)

n=37 (FAS)

Termination of RT of 8-48 Gy (4)
60 Gy + <70% prescribed dose of PR-350 (5)
. 60 Gy + >= 70% prescribed dose of PR-350 (28)

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

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

Gender (men/women) 30/7

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

PS (0/1) 12/25

Stage (IIA/IIB) 8/29

Histology:
Adenocarcinoma 17
Squamous cell carcinoma 16
Large-cell 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 89%, whereas that for those who
received 2 to 20 doses was 63%. The difference in tumor re-
sponse was not significant.

Figure 3 shows the Kaplan-Meier survival curve for the
37 patients. The median survival time (MST) was 15.9 months,
and overall survival rates at 2 and 3 years were 24% and 18%,
respectively. The MSTs and survival rates were also analyzed
according to clinical stage and actual doses of PR-350. There
was no significant difference in the survival rate between stage
1A (n = 8) and stage IIIB (n = 29). The MST and 2-year sur-
vival rate for 18 patients receiving 21 to 30 doses of PR-350
were 20.9 months and 33%, respectively, whereas'those for
19 patients who received 2 to 20 doses were 13.7 months
and 16%, respectively (Fig. 4a). However, this trend was not
observed when compared with their intended prescribed
dose (10 and 20 doses vs. 30 doses) of PR-350 (Fig. 4b).
The MST and 2-year survival rate for 14 patients enrolled in
the 10 and 20 doses levels were 15.9 months and 21%, respec-
tively, whereas those for 19 patients in the 30 doses level were
14.9 months and 26%, respectively.

Toxicities

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

MST: 15.9 months
.84 2-year survival 24% -
3-year survival 18%
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Fig. 3. Overall survival rate for the 37 patients (full analysis set
[FAS]). MST = median survival time. -
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Fig. 4. (a, b) Overall survival rates according to the actual doses of
PR-350. No significant difference between the two groups. (b) Over-
all survival rates according to the intended prescribed doses of
PR-350. MST = median survival time.

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

Table 2. Hematologic toxicities after the second entry
(full analysis set; n = 37)

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

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

* Two patients with treatment-related deaths were included.

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

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

Pharmacokinetic study

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

DISCUSSION

In the Phase I portion of this trial, thoracic RT combined
with 30 daily administrations of PR-350 at 2000 mg/m? after
induction CT was well tolerated. As a single dose or five
daily doses of PR-350 at 2000 mg/m?* has been shown to
be safe in previous clinical trials (18, 19), dose escalation
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Fig. 5. Changes in serum concentration of PR-350 in the first
and the last (30th) session. Means and standard errors are shown.
PR-350 was rapidly cleared in both sessions, and no accumulation
of PR-350 was observed in the 30th session.



