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Flgure 1. Serum concentrations of lapatinib at each dose level as detected
on (A) Day | and (B) Day 21.

Steady-state serum concentrations of lapatinib generally
increased with dose, 820 £ 448 ng/ml at 1200 mg dose level
and 1899 + 1356 ng/ml at 1600 mg dose level (Table 3).
Both concentrations exceeded the half maximal inhibitory
concentration values for in vitro tumor growth (14). The
median #,; after repeat dosc was 16.9 h (range, 15.1-34.3)
at 1200 mg dose level and 26.2 h (range, 12.9-48.3) at
1600 mg dose level.

The fraction of urinary excretion of lapatinib was <0.1%
of the dose, suggesting that none or negligible amount of
drug is excreted in urine.

Comparison of on-treatment C,, and AUC,_ 54 values
obtained in Japanese and western patients are shown in
Fig. 2 (43,44).

ErFicacy

Among 24 patients, the best overall response was assessed as
partial response (PR) in two patients (8.3%), stable disease
(SD) in 12 patients (50.0%), progressive disease in eight
patients (33.3%) and indeterminate in two patients (8.3%).
Of the two patients with PR, the first was a 73-year-old
man with NSCLC (squamous cell carcinoma) with prior doc-
ctaxel and gemcitubine treatment, who received lapatinib
900 mg/day. PR was assessed by CT scan with 41% shrink-
age on Day 49. Time to progression was 191 days. The
second patient was a 55-year-old woman with trastuzumab-
resistant breast cancer (invasive ductal carcinoma; hormone
receptor-negative, ErbB-2 34-). Disease progressed after
doxorubicin and cyclophosphamide/docetaxel therapy, was
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Day 21 (our study. Japancse puticnts) and Days 14 sad 20 (US studics,
westem patients).

stable with doxifluridine, and progressed with trastuzumab.
Following treatment with lapatinib 1600 mg/day, the mor
shrank by 41% on Day 21. Time to progression was 133
days.

Among the patients with SD, three (two with NSCLC and
one with colorectal cancer) were stabilized for >6 months
and three (two with NSCLC and one with cervical cancer)
were stabilized for 3—6 months and therefore were con-
sidered as having a durable response.

DISCUSSION

The dual ErbB-1/-2 inhibitor lapatinib taken orally once daily
for =21 days was well tolerated at doses of 900—1600 mg in
Japanese solid tumor patients. Adverse events were mostly
mild in nature, and only four grade >3 drug-related adverse
events were noted, in three patients (three events of Grade 3
diarrhea and one Grade 3 y-GTP increase). No NCI-CTC
Grade 4 adverse events were observed. Grade 1-2 diarrhea
occurred in some patients other than those who experienced
Grade 3 diarrhea; for these, supportive therapy was given and
fully recovered in all cases. Grade 1/2 drug-related nausea
and vomiting were experienced only by patients at higher
dose levels of lapatinib, with Grade 2 symptoms only seen at
1800 mg dose level.

The types and incidences of drug-related adverse events in
Japanese patients were similar to those reported from studics
conducted in healthy voluntesrs (18) and two overseas Phase
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I studies, the latter including a parallel study in western
patients that used similar dose administration and
dose-escalation schedules (43,44). In that study as well as in
ours, diarrhea and rash were the most frequently noted
drug-related adverse events. Adverse events were generally
mild (Grade 1-2), transient and reversible on dose delay or
interruption. Headache, which was common in western
patients (18), was reported only by one patient at 1600 mg
dose level. 1800 mg/day was considered as MTD, at which
Grade 3 diarrhea and v-GTP increase were observed.

Skin-related adverse events of lapatinib were similar to
those reported for other agents that target ErbB-1; rash is
also a common adverse event associsted with the ErbR-1
tyrosine kinase inhibitors gefitinib (46—49) and erlotinib
(7.50), as well as the anti-ErbB-1 antibody cetuximab (51),
Patients who received these medications also experienced
diarrhea (7,46—50). These adversc cvents occurred at a
similar frequency in our study as in two overseas Phase |
studies (43,44).

Apart from one event of y-GTP increase, no Grade >3
abnormal laboratory test suggestive of liver dysfunction
was noted. Therefore, drug-related liver abnormality was
genenlly less frequently seen with lapatinib compared with
gefitinib (48.49).

Hematologic toxicity was uncommon and limited to cases
of anemia. This finding is similar to those of the Phase I bio-
marker study (44) and studies of gefitinib (48,49,52).

None of the patients developed interstitial lung disease,
which is an adverse event reportedly associated with gefiti-
nib (53,54) and occurs in 5.8% of Japanese patients (55).
However, because of the limited number of patients in our
study. further studies are required to assess safety of lapati-
nib in this regard.

Cardiotoxicity is s known adverse event associated with
trastuzumab therapy and might be related to ErbB-2 inhi-
bition (2,56); however, we found no evidence of drug-related
cardiac dysfunction in our study.

PK parameters such a8 Cynge and AUC;_34 in this study
were analyzed and their means and 95% confidence intervals
compared with those obtained al similar doses (900—
1800 mg) in two overseas Phase | studics (43,44). As can be
seen in Fig. 2, the values were comparable among the three
studies. However, large inter-patient variations were noted,
especially in Japanese patients, and these might have con-
tributed to higher mean values, On the other hand, no clear
pharmacokinetic differences were apparent between Japanese
and non-Japanese subjects, suggesting that values obtained
overseas can be extrapolated to the Japanese population.

The dose recommended for further clinical studies outside
Japan, 1500 mg/day, can be used for Phase 11 studies in
Japan. We base this recommendation on the similar PK pro-
files of lapatinib in Japanese and western patients, evidence
of antitumor activity at doses of >900 mg/day, and an MTD
of 1800 mg/day,

Ta conclude, lapatinib, taken continuously as once-daily
oral therapy at 900—1600 mg, was well tolerated in Japanese
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patients with solid tumors, The safety and PK profiles shown
in this study are similar to those in Phase [ studies conducted
in westem patients, Phase 11 studies to determine the efficacy
of lapatinib against a range of tumors are now In progress.
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Phase | study of TZT-1027, a novel synthetic
dolastatin 10 derivative and inhibitor of tubulin
polymerization, given weekly to advanced solid
tumor patients for 3 weeks
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TZT-1027 is a novel synthetic dolastatin 10 derivative that inhibits
tubulin polymerization. A phase | study was conducted to determine
the maximum tolerated dose (MTD) of TZT-1027, and to assess its
pharmacokinetic profile in Jap patients with ad ed solid
t followi ion of the drug kly for 3

prolong the survival of the animals, and its antitumor efficacy
has been shown to be superior or comparable to that of the
reference agents dolustatin 10, cisplatin, vincristine, and 5-
Auorouracil ™ Furthermore, in xenograft models, TZT-1027 reduced
intraft 4l blood perfusion | to >24 h after its administration,

-

Eligible patients had advanced solid tumors that failed to respond
to standard therapy or for which no standard therapy was available,
and met the following criteria: performance status <2 and acceptable
organ function, The MTD was defined as the highest dose at
which more than two-thirds of the patients experienced grade 4
hematological toxicity or grade 3/4 k logical icity
during weekly TZT-1027 administration for 3 weeks. Forty patients
were enrolled in the present study. Twelve doses between 0.3 and
2.1 mg/im? were evaluated. Grade 4 penia was the principal
dose-limiting toxicity (DLT), At a dose of 2.1 mg/m’, two patients
developed DLT: one patient developed grade 4 P grade
3 myalgia, and grade 4 constipation, and the other one developed
grade 4 neutropenia and grade 3 constipation, At a dose level of
1.8 mg/m?, toxicity was acceptable and no DLT was observed. The
area under the curve and maximum concentration of TZT-1027
tended to increase linearly with the dose, The DLT observed
were neutropenia, myalgla, and constipation, and the MTD was
2.1 mg/m?, The recommended dose for a phase Il study was determined
to be 1.8 mg/m! for the drug administered weekly for 3 weeks.
(Cancer Sci 2009; 100: 316-321)

ZT-1027 (N[N, N-dimethyl-v-valyl}-N-(] 1S,2R |-2-methoxy-
44[28)-2[IR, 2R}-1-methoxy-2-methyl-3-oxo-3[2-phenylethyl}-
amino)propyl)- 1 -pyrrolidinyl)-1-([18)-1-methylpropyl)-4-oxobutyl)-
N-methyl-L-valinamide) is a synthetic analog of dolastatin
10, a compound isolated from the marine mollusk Dolabela
anricularia'? The chemical structures of TZT-1027 und
dolastatin 10 are shown in Figure |
In in vitro studies, TZT-1027 was found to exhibit time-
dependent cytotoxicity superior to that of many other antitumor
agents against a variety of murine and human tumor cell lines "
TZT-1027 exhibited antitumor activity against p-glycoprotein-
overexpressing cell lines established from colon cancer H116
and breast cancer-resistant protein-positive cell lines estublished
from lung cancer PC-6, and was more potent than vincristine,
paclituxel, and docetaxel against these cell lines. The efficacy of
TZT-1027 has been attributed to its inhibition of tubulin polym-
erization, TZT-1027, which is believed to interact with the same
domain on tubulin as the vinca alkaloid-binding region, inhibits
the polymerization of microtubule proteins and the binding
of GTP to tubulin.¥ In in vivo studies, intravenous injection of
TZT-1027 has been shown to potently inhibit the growth of
P388 leukemic cells and several solid tumors in mice, and to

Cancer Sci | February2009 | vol 100 | no.2 | 316-321

thereby producing hemorrhagic necrosis of the wmors. ™ Thus,
TZT-1027 exerts its antitumor activity both through direct
cytotoxicity and by selective blockide of mmor blood fow, resulting
in marked antitumor activity. In animal toxicalogy studies, TZT-
1027 exhibited little or no neurotoxic potential, in marked contrast
to vincristine and paclituxel, which are untimicrotubule agents
thut huve been shown in controlled animal studies to exert
peripheral neurotoxicity.” However, at high doses of TZT-1027,
myocurdial toxicity was observed in ruts and monkeys. It was
estimuted thut the drug exerts its effects in a time-dependent
manner because of the pattern of its cytocidal effects. The
results of assessment in murine models of P388 leukemia and
B16 melanoma indicate that simple dosing at short intervals
would be the most suituble dosing schedule.

On the basis of this consideration, single dosing (u session of
1-h intravenous drip infusion followed by a 4-week period of
observation) wus conducted first in hunums as a phase I study,
and the present study was planned on the basis of the data from
the single-dosing study. The previous single-dose phase I study
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Fig. 1. Structural formulae of TZT-1027 and dolastatin 10.
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involved 23 patients and was conducted using doses in the range
of 0.15-1.35 mg/m’. The major hematological toxicity was
nentropenia (all patients = grade 3). Nonhematological toxicities
included anorexia, maluise, nausen, and alopecia. The maximum
tolerated dose (MTD) was not determined. One patient with
surcoma showed partial response (PR), Three patiepts with
non-small-cell lung cancer (NSCLC) showed a >50% tumor
reduction; however, this did not sutisfy the critenia for PR, as the
duration of the response was short.!"™

The present study, a phase | repeated-dose administration
study of TZT-1027, was conducted according to a schedule
consisting of weekly administration of the drug for 3 weeks
followed by a 4-week observation period.

Patients and Methods

Study design. The present study, un open-label, dose-escalating
phase | study, wus conducted in Japanese putients with solid
tumaors 1o determine the MTD, identify the recommended dose
for phase II studies, and assess the pharmacokinetic profile of
TZT-1027. The study and the written consent form were
approved by the Institutionul Review Board. All patients
provided informed consent before study entry. The study was
conducted in accordance with the Good Clinical Practice
Guidelines und the Declaration of Helsinki.

Patient eligibility. Putients with histologically or cytologically
confirmed solid wmors that were refractory to standard therapy
or for which no effective therupy was availuble were eligible o
participate in  the present study. Other inclusion criteria
included: no prior chemotherupy or radiotherapy within 4 weeks
of swdy entry (within 2 weeks of study entry in the case of
hormone drugs and antimetabolites); uge =15 years and 75 years:
Eastern Cooperative Oncology Group (ECOG) performance
status £2; life expectancy ut least 3 months; sdequate bone
marrow function with hemoglobin 29.5 p/dL, white blood cell
(WBC) count 4000- 12 000/mm’, snd platelet count =100 000/mm'’;
normal hepatic function with serum bilirubin S1.5 mg/dL. and
serum aspartare aminotrunsferase and alanine aminotransferase
<2.0 times the upper limit of the respective normal ranges: und
adequate renal function with serum creatinine < the upper limit
of the respective normul runge. All patients signed a written
informed-consent form. Exclusion criteria included the presence
of symplomatic brain metastuses or pulmonary fibrosis, history
of severe cardine disorder (including severe atrial or ventricular
arrhythmia or heart block), and pregnancy.

Treatment and dose escalation. TZT-1027 was given intravenously
over 60 min in 250 mL saline. TZT-1027 was administered three
times at weekly intervals (days |, 8, and |5). The 4-week period
after the third inistration was designated as the observation
period. The second and third administrations were conducted
after confirmation of a WBC of 3000/mm* or more and neutrophil
count of 1500/mm’ or more. When these parameters did not
meet the above-described criteria, the administration was delayed
until they met the criteria; if, however, the criterin were not
met even after 2 weeks of the final administration, the drug
administration was discontinued altogether. If wmor regression
was recognized and the patients recovered from udverse
events by 4 weeks after the third administration (on day 15),
re-administration at the same dose wus allowed. Patients in
whom the three weekly administrations of TZT-1027 failed for
reisons other than dose-limiting toxicity (DLT) were replaced.

The starting dose was 0.3 mg/m’, and the dose was increased
up to 2.1 mg/m’ (Table 1). The totul dose of the three sessions
(0.3 mg/m* x 3) was lower than 1.05 mg/nv’, which was lower
than the 1,35 mg/m’ used in the single-dose study. The safety of
the maximum dose used (i.e. 1.35 mg/m°) was confirmed in the
single-dose phase 1 study carried out prior to the present study
in Jupan. According to the dose-escalation plan shown in Table 1.
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Table 1. Number of TZT-1027 administrations

Number of
administrations

2

Dose of
TZ1-1027
(mgdm®)

0.30
045
0.60
075
0.90
105
1.20
135
1.50
1.65
1.80
210
Total

Number
of patients

Babowww B W W
av-—=Dooo=—=00o0co0oC
MN~DO=0O0ODO0OOCDODOO

[ TTTR ™ I PR R TR R P

3
w
B

'One patient had five administrations.

the dose was increased gradually © the muximum allowable
dose (MAD). MAD was defined as the dose at which grade 3 or
more severe hematotoxicity or grade 2 or more severe cardiug,
hepatic, renal, or pulmonary toxicity appeared in two-thirds of
patients. The MAD was reached at a dose of 1.5 me/m’; however,
it was judged that estimation of the MTD is required for estimation
of the recommended dose for phase 11 studies. Under approval
by the Efficucy Safety Assessment Committee, the dose could
be increased according to the protocol.

Maximum tolerated dose was defined as the minimum dose
which DLT appeared in at least two-thirds of the patients, and
the recommended dose was defined as one dose level lower than
the MTD. DLT was defined as follows: (i) grude 4 neutropenia;
(i) grade 4 leukopenia; (iii) grade 4 thrombocytopenia; and (iv)
prude 34 non-hematologicul toxicity, excluding nausea and vomit-
ing. When grade 4 leukopenia was confirmed, administration of
granulocyte colony stimulating factor (G-CSF) was allowed.
When grade 4 thrombocytopenia uppeared, plateler ransfusion
was allowed.

Toxicity was assessed using the Adverse Drug Reaction
Criteria of the Japun Society for Cancer Therapy."" The criteria
ure approximately similar to the Common Toxicity Criteria adopted
by the National Cancer Institution in the USA,

Treatment assessment. Baseline assessment, including a complete
medical history, physical exumination, vital signs, ECOG
performunce status, blood counts, serum biochemistry, and
urinalysis, was conducted to assess patient eligibility and had to
be completed 5 days before the start of treatment.

During the TZT-1027 administmtion period and the subsequent
4-week observation period, routine biochemistry, hematology,
und urinalysis were camied out weekly. Electrocardiograms
were recorded before the first administrtion and after the third
administration of TZT-1027, and at the end of the observation
period. The left ventricular ejection fraction wus assessed before
TZT-1027 udministration, after the third administration of the
drug, and 2 weeks into the observation period. Chest X-rays
were oblained at least twice: before the start of treatment and
the end of the observation period. Imaging examinations, including
computed tomography, were obtained as necessary for evaluating
the antitumor effects of the diug. Tumor response was evalnated
according to Criteria for the Evaluation of Direct Effects of
Solid Cancer Chemotherapy of the Japan Society for Cancer

ﬂlcrnpy.'”'

sampling, assay, and analysis. The pharmacokinetic
profile of TZT-1027 was evaluated after the first und third
udministration. Blood samples were collected immediately
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before the drip infusion, at the end of the drip infusion, and 3.
6. and 24 h afier the drip infusion. All blood sumples were
centrifuged immediately after sampling at 2 000 g for 10 min
at 4°C, and the plasma samples were stored at —20°C until
analysis. Plasma concentrations were determined using the liguid
chromutography-mass spectrometry method.

Pharmacokinetic analysis of duta from individual plasma samples
was made using standird model-independent (non-compantmentul )
methods. The following pharmacokinetic paramelers were
caleulated: area under the curve (AUC), maximum concentration
(C,..), half-life (T,,), mean residence time, und total clearance.

Results

Patient characteristics. The demographic characteristics of the
patients are shown in Tuble 2. Forty patients (28 men and 12
women) with a mediun age of 60 years were enrolled in the
present study. The most frequently encountered tumor type wis
NSCLC.

All putients were included in the assessment of safety. The
patients in whom TZT-1027 could be administered only once or
twice for reasons other than DLT were considered to be unevaluable
for DLT and replacement patients were added for administrution
of the same dose. TZT-1027 could be udministered three times
in 34 patients.

The drug was administered only twice in Two patients;
administration was discontinued because of DLT in one of these
patients (1.65 mg/m®), and because of increased wmor size in the
other patient (2.1 mg/m’). Drug admimstration was discontinued
after the first administration in four patients because of DLT in
two of these patients (2.1 mg/m?) and lack of fulfillment of the
hematological criteria for further drug adminmstration (neatrophil

Table 2. Patient characteristics

Characteristic n
Patients 40
Sex
Male 28
Female 12

Median age (years)
Performance status
0
1
2
Tumor type
Lung
Soft tissue
Esophagus
Pancreas
Colorectum
Thymoma
Mesothelloma
Stamach
Breast
Carcinoid
Bile duct
Rectum
Duodenum
Pharynx
Mediastinum
Previous treatment
Chemotherapy
Radlotherapy
Surgery
Combination

60 (range 25-74)

16
18
6

-

- ot o NN WSS

w
wm N WD

ns
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count <1500/mm’ or WBC count <3000/mm’) in the remaining
two patients at 1.05 and 1.8 mg/m®, respectively.

Dose-limiting toxicity. As shown in Table 1. 12 different doses
of TZT-1027, ranging from 0.3 to 2.1 mg/n’, were administered.
Three to four patients were treated at euch dose.

Dose-limiting toxicity appeared in two patients at 2.1 mg/y.
One was 1 59-year-old man with malignant mediastinal mmor
who developed grude 4 neutropeniz/leukopenia, gride 3 myalgia,
and grade 4 constipation. He had received chest radiotherapy as
pretreatment. On day 4 after drug administration, he developed
grude 3 myalgia. On day 5 after drug administration, ileus
appenred. On day 8 he developed dee 4 leukopenia (700/min’)
and grade 4 neutropenia (272/mm’). On days 9-12, G-CSF was
administered, with improvement of the leukopenia and nevtropenia.
The myalgia and ileus subsided on days | | and 20, respectively,
The other patient was a 73-year-old male patient with NSCLC
who developed grade 3 constipation and grade 4 neutropenia.
He had received chest radiotherupy and docetaxel administration
us pretreatment, On day 8 after the drug administration, grade 4
nentropenia was detected. On day 9, grade 3 constipation occurred.
On duys 8-12, G-CSF was administered, with improvement of
the neutropenii. The constipation also subsided on day 16,

As DLT appeared in two-thirds of the putients at 2.1 mg/m?®,
the dose was determined to be the MTD. At 1.8 mg/nv’, which
was one dose level lower than 2.1 mg/m’, no patients were noted
with DLT, and the toxicity wus also within the tolerted range.
Based on these observations, this dose was judged as the recom-
mended dose for phase 11 studies. DLT in other putients included
grade 4 neutropenii. which occurred in one patient after three
administrations of TZT-1027 at 1.5 mg/n, and in one patient
after two administrations of TZT-1027 wt 1.65 mg/m’. None of
the paticnis developed febrile neutropeniu. There were no
treatment-related deaths.

Hematological toxicities, Neutropenia was the major DLT of
TZT-1027. Hematological toxicities as u function of the total
numbers of patients and courses of TZT-1027 are shown in
Tuble 3. Grade 4 neutropenia was observed ut doses of 1.5 mg/
m’, The severity grade of neutropenia tended to increase with
increased dose. G-CSF was used in only fwo patients who
developed DLT at 2.1 mg/m’, whereas the neutrophil count
improved spontaneously in the other patients. Both anemia and
thrombocytopenia were relatively mild. There was only one
event of grade 3 thrombocytopenia at u dose of 2.1 mg/nr,

Nonhematological toxicities. Table 4 shows the overall drug-
reluted non-hematological toxicities observed. The common
non-hematological toxicities were milaise, nausea, vomiting, and
constipation. The most frequently observed toxicity was malaise,
and phiebitis was rare in the present study. The DLT were grade
3/4 constipation and grade 3 myalgia at a dose of 2.1 mg/m’,
Concerning the myalgin, grade 2 myalgia wis recorded in
another patient at 2.1 mg/m?, Three patients developed peripheral
neuropathy, grade | at 1.35 und 1.65 mg/nv’, and grade 2 at
2.1 mg/m’, There were no cases of cardiovasculur toxicity.

Pharmacokinetic studies. The pharmacokinetics of TZT-1027
were assessed in all patients at the first administration and in
34 patients ut the third administration. The pharmacokinetic
parameters determined during the first and third administrations
of TZT-1027 are shown in Table 5. The maximum plasma
TZT-1027 concentration occurred at the end of the 1-h infusion.
The plusma concentrations during the third adminisiration
were almost the sume as those during the first administration.
No evidence of accumulation was observed during the third
administration,

The C,,, and AUC tended to increase with the dose, whereas
the changes in 7, did not show any dose-dependent tendency
(Table $; Fig. 2). The correlation between pharmacokinetics
(AUC and C,,) and hemarological toxicity (decrease in the
percentage neutrophil count from baseline) showed that the

doi: 10.11114,1349- 7005.2008 01023.x
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Table 3. Hematological toxicities

Hemogiobin

Leucopenia Neutropenia decreased Thrambocytopenia

Doseimohw’) | Hopstients Grade Grade Grade Grade
1 2 3 “ | 2 1 [ 1 2 3 1 2 3 4

0.30 1 1 1
0.45 4 1 1 1 1
0.60 3 1 1 2 1 1
0.75 3 1 1 1
0.90 1 3 \ 1 1
1.05 4 2 1 . 3 \ 1
1.20 3 2 1 2 1 3 1
1.35 3 2 1 2 1 2 1
1.50 3 1 1 1 1 1 1 1
1.65 3 1 1 1 1 1 1
1.80 4 3 1 1 1 2 1 1 1
2.10 a 2 1 1 2 1 1
Total a0 " 12 7 1 3 12 8 4 ] 12 £ 2 0 1 0
Table 4. Nonh gital toxicities reported most frequently (>5%)

Malaise MNauseaomiting Alopecia Constipation Philebitis
Dose (mg/m?) No. patients Grade Grade Grade Grade Grade

i 2 3 4 1 2 3 1 2 3 1 2 3 4 2 3 4
0.30 3 1
0.45 a 1 1
0.60 3 1
0.75 3 1 1 1
0.90 3 2
1.05 4 2 2 1
1.20 3 1 1
1.35 3 1 1 1
1.50 3 1 1 2
1.65 3 2 1 1
1.80 4 1 1 1
2.10 4 3 1 1 1
Total 40 1”2 1 0 0 7 2 0 8 0 0 1 0 1 ' 3B o 0
Table 5. P kinetic par of TZT-1027 at the first administration
. (=Y L) AUC (ng mL) cl,,, (Whim?) Ty (h) MRT (h)

Dose (mg/r) No. patients u‘&“&'&; Mean (CV%) Mean (CV%) Mean (CV%) Mean (CV%)
0.30 E 213 (24.4) 49.1 (24.3) 6.4 (27.0) 3.4 (7.6) 2.4 (16.0)
0.45 4 443 M.7 125.4 (86.0) 6.9 (92.8) 37(21.8) 1.2 (35.5)
0.60 3 46.6 (43.0) 132.1 (65.5) 5.8 (50.3) 4.1 (20.4) 3.1(262)
0.75 3 522 (57.7) 153.0 (77.6) 2.2 (66.0) 39(31.2) 2.1(26.1)
0.90 3 80.5 {46.5) 209.6 (60.0) 5.4 (52.3) 33(325) 2.4 (24.6)
1.05 4 1239 (19.3) 4011 (37.5) 2.9 (30.1) 5.8 (44.8) 46 (59.3)
1.20 3 103.2 (40.8) 276.7 (57.4) 5.4 (54.3) 39 (4. 2.8 (40.9)
135 3 112.4 (22.0) 3252 (17.7) 43(19.1) 4.8 (15.4) 31 (4.8)
1.50 3 219.1 (27.2) 652.9 (28.3) 25 (33.9) 56 (25.2) 16 (166)
1.65 3 177.3 (38.9) 527.7 (30.2) 33215 5.1 (22.1) 315(27.8)
1.80 4 2336 (34.9) 7312 (a5.8) 2.8 (40.1) 5.4 (16.0) 3.7 (287)
2.10 4 246.5 (36.3) 991.8 (50.8) 2.5 (37.8) 78(282) 6.9 (41.5)

AUC, area under the curve; €, maximum concentration; Cl,, total clearance; MRT, mean residence time; T, half.life.

neutrophil count tended 1o decrease as AUC and C,, increased  vincristine, doxorubicin plus etoposide regimen, gemcitabine
(r = 0.58 and 0.58, respectively). plus vinorelbine, and thoracic radiation at 40 Gy showed PR at

Response evaluation. The antitumor activity was assessed in 1.5 mg/m’. Although administration of TZT-1027 was discontinued
all patients, with 16 patients showing no change. One patient with  after the fifth administration (see Discussion) in this patient due
invasive thymoma who had previously received the cisplatin, 1o DLT (grade 4 neutropema), the duration of PR was 183 days.
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Fig. 2. Correlation between dose and maximum concentration (C_,)
at the first administration,

Discussion

Cellulur tubulin is o well-estublished target for anticancer ugents.
Although currently uvailuble antitubulin agents, including the
tuxanes and vinca alkaloids, are highly effective unticancer
agents, their clinical usefulness is limited due to their high rates
of intrinsic or ucquired resistunce and systemic toxicities. Thus,
it is important to develop newer agents targeting the whulin and
microtubule system that may be effective against tumors resistant
to the existing anticancer agents and having an improved
toxicity profile. A number of potent cytotoxic compounds huve
been discovered over the past decade, and candidate anticancer
agents originating from marine life have been examined in
human clinical trials. OF these compounds, dolastatin 10 and
dolustatin 15 have been evaluated extensively in clinical studies,
Cemadotin, an unalog of dolustatin 15, was evaluated in phase |
studies by several administration schedules and was found to
cuuse neutropenia as a major DLT, apart from cardiac toxicity
and hypertension.'"" Tasidotin, another dolastatin 15 analog, was
also found to be associated with the DLT of neutropeniu,
ileus, and elevated rransaminase levels."*'™* Phase 1 studies of
dolastatin 10 revealed that the drug coused neutropenia as a
DLTI lnam

TZT-1027 was developed with the goal of obtaining the potent
antitumor activity of the parent compound, but with reduced
toxicity. In mice, intravenous injection of TZT-1027 showed
efficacy equivalent to or greater than thut of dolastatin 10. A the
beginning of the | study, there were only duta from u
single-dose study in humans. Thus, the present study was the
first repeated-dose phase 1 study conducted in humans, For this
reason, TZT-1027 was, us a rule, administered three times at
weekly intervals. The administration period was followed by u
4-week period of observation with the aim of confirming recovery
of the patients from any toxicity. The administration was judged
1o be beneficial in the patients in whom no serious (oXicity was
noted and tumor regression was recognized after the three
administrations. The drug was allowed to be continued even
after the 4-week observation period only in the above patients.
Because one patient with invasive thymoma experienced T0%
tumor regression during the 4-weck observation peniod, it wus

administered twice more until the patient developed the DLT of
grade 4 neurropenia. This patient showed tumor regression by
approximately 80% at the muximum, which confirmed PR.

The most frequently encountered DLT was grude 4 neutropenia,
which either resolved spontuncously without treatment or could
be reversed by administration of G-CSFE. Other DLT included
grade 4 leukopenia, grade 3 myalgin, and grade 3 and 4 constipation.
However, peripheral neurological disturbance was mild, and it was
considered that the toxicity of this antitubular agent resembled
that of the vinca alkaloids rather than that of the taxunes, With
regard 1o the pharmacokinetics, the AUC and € increased
with the dose. It was considered from the blood concentrations
of the drug after the first und third administrations that the drug
did not show accomulation.

On the basis of the results of the present study, some repeated-
dose phase I studies were conducted afier the present study. In
the Netherlunds, a repeated-dose study on days | und 8 of o
3-week course was conducted in putients with solid umors, The
dose of TZT-1027 was escalated to 2.7 mg/m?, which produced
neutropenia and infusion arm pain us DLT. The recommended
dose of TZT-1027 for phase Il studies was determined to be
2.4 mg/m* "™ In Japan also, a phase | study was conducted with
the drug administered on days | und B of a 3-week course,
Eighteen patients were enrolled in the study. Neutropenia wus
the principal DLT. Phlebitis was the most frequently encountered
non-hematological toxicity. The recommended dose was
determined to be 1.5 mg/m’, This recommended dose wus lower
than that determined in the phase 1 study in the Netherlunds.'™'

The recommended dose determined in the present study was
1.8 mg/m’, which is also lower than that determined in the
Netherlunds study. The results of the pharmacokinetic parameters
of TZT-1027 were similar between the present study and the
Netherlands study. Therefore, it might be difficult to explain the
difference in the recommended dose from the point of view of
only pharmacokinetics. The possible difference might be the
severity of bone mirrow toxicity. In the present study, three of
four patients at 2.1 mg/m* und one of four patients at 1.8 mg/m*
could not receive TZT-1027 administration on day 8 on schedule.
In u phase 11 study of TZT-1027 carried out in patients with
treated soft-tissue sarcoma in the USA,"" the dose used was
2.4 mg/m. Dose reduction to 1.8 mg/m® wus required in
approximately 40% of the patients, suggesting that 2.4 mg/m’
muy be a slightly high dose for patients who have received
chemotherapy.

Some reports have shown that TZT-1027 exerts both considerable
vascular effects and a direct cytotoxic effect, resulting in its
strong antitumor activity,”**"" and that TZT-1027 enhances the
antitumor effect of jonizing radiation.”” Clinical development
of TZT-1027 in the future may include systemic treatment as a
new anticancer drug with antiangiogenesis effects, and simulta-
neous combined use of the drug with radiation as a radiation
sensitizer.

In conclusion, in the present study the MTD and recommended
dose of TZT-1027, a synthetic analog of the natural marine
product dolustatin 10, were determined to be 2.1 and | .8 mg/m’,
respectively, for Japaese putients with advanced solid tumors,
with the drug administered on days |, 8, and 15, TZT-1027
showed less neurotoxicity than other tubulin inhibitors. These
results suggest that TZT-1027 might be a promising new tubulin
polymerization inhibitor that is generally well toleruted when
administered on 4 weekly dosing schedule.
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Phase I/l Pharmacokinetic and
Pharmacogenomic Study of UGTTAT
Polymorphism in Elderly Patients With
Advanced Non-Small Cell Lung Cancer Treated

With Irinotecan

N Yamamoto', T Takahashi', H Kunikane?, N Masuda®, K Eguchi”, M Shibuya®, Y Takeda®, H Isobe’,

T Ogura® A Yokoyama® and K Watanabe’

This phase |l study investigated the recommended dose (RD) of irinotecan (CPT-11) by dose escalation in elderly (=70 years)
chemotherapy-naive Japanese patients with advanced non-small cell lung cancer. UGT1A1*28 and *6 polymorphisms and
pharmacokinetics were also investigated. Thirty-seven patients received the RD, 100 mg/m? of intravenous CPT-11, on days
1 and 8 of each 3-week cycle in phase Il. The overall response rate was 8.1%. The median survival time was 441 days, and
time to progression was 132 days, A significant correlation was observed between the incidence of grade 3/4 neutropenia
and area under the time-concentration curve (AUC) values of SN-38, A reduction in AUC ratios (AUC,, ., /AUC, ;g)and a
rise in incidence of grade 3/4 neutropenia were observed with increase in polymorphism. The regimen was well tolerated
and provided good disease control and promising survival effects, An analysis of the influence of UGTTAT*28and "6
polymorphisms provides useful information for the prediction of CPT-11-related hematological toxicity.

Lung cancer is the most common fatal cancer in Japan and in
Western countries.” The majority of cases of advanced non-
small cell lung cancer (NSCLC) are found among patients
aged >65 years, and the number of such cases is predicted to
rise wilh increases in the numbers of the elderly.?
Chemotherapy has been shown to yield better results than
best supportive care in NSCLC patients in terms of survival and
quality of life.* Platinum -based regimens containing a third
generation agent, including irinotecan (CPT-11), taxanes,
gemcitabine (GEM), and vinorelbine (VNR), have been the
mainstream treatment for patients with NSCLC.3 However, these
regimens have been associated with high toxicity while provid
ing no survival benefit in elderly patients. Several prospective
randomized trials have investigated optimal chemotherapy in
patients aged 270 years with advanced NSCLC.5 "L he regimens
investigated have included VNR monotherapy,® GEM plus

VNR vs. VNR alone,” VNR vs. GEM vs. VNR plus GEM.*and
docetaxel (DOC) vs. VNR.? 1he results of Lhe Elderly Lung
Cancer Vinorelbine Italian Study (ELVIS) led to the recommen-
dation that VNR monotherapy be used as first-line therapy in
elderly patients with advanced NSCLC." On the basis of these
studies, and given that GEM is less active than VNR, many
researchers now recommend VNR monotherapy.

CPT-11 is a semi-synthetic caumptothecin derivative with
topoisomerase |-inhibiting activity.'" ' CPT-11, a prodrug, is
converted to its active metabolite, SN-38 (7-cthyl-10- hydroxyca-
mptothecin), by carbaxylesterase, which is 100- to 1,000-fold more
cytotoxic than CPT-11. Further hepatic metabolism by undine
diphospho-glucuranosyl-transferases (UGTs) converts SN-38 to
its inactive metabolite, SN-38 glucuronide (SN-38G).!%-1=

Phase 11 clinical studies on CPT 11 conducted in NSCLC
patients have included a comparison we made of CPT-11
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monotherapy, 4 cisplatin: plus vindesine group (VDS-P), and
a cisplatin-plus- CPT-11 (1P) group.'* The response rate in
the CPT- 11 monotherapy group ina subset of elderly patients
(aged 70-75 years) in that study was 40.0%, similar to that in the
VDS-P group (43.5%). Moreover, the response rate was higher
inthe IP group (60.9%) than in those undergoing cither ol the
other two regimens. Interestingly, survival ime was betier in the
CPT-11 monotherapy group (44.3 weeks) than in the VDS-P
group (35.7 weeks), As for adverse events in this subset of elderly
patients, although the incidence of diarrhea tended to be higher
in the CPT-11 monotherapy group, leukopenia, neutropenia,
nausea/vomiting, and anorexia were all mild. Because these
lindings suggesied that CPT-11 monotherapy might be a use-
ful regimen in elderly patients with NSCLC, the regimen was
investigated in this prospective study.

Severe CPT- 11-associated dinrrhea and myelosuppression have
been reported as dose-limiting toxicities (DLTs),' "* These effects
correlate significantly with the arca under the time-concentration
curve (AUC) values of CPT-11 and its active metabolite SN-38
and glucuronized SN-38."%'* Amang UGT isoforms, UGTIAL is
believed to be responsible for SN-38 glucuronidation and is also
thought to be involved in the large inter-individual variations
scen in SN-38 pharmacokinetics.'® Several studies have reported
a correlatien between the adverse effects of CPT-11 and the pres-
ence of UGT1A] polymorphisms including UGTIA 28 and
UGTIA 1'6.)-" Ethnic difTerences have also been reported in
the distribution of these polymorphisms, with higher incidences
of UGTIAI"6 occurring in Asians (including Japanese) than in
Caucasians. ™ This suggests that UGTIA 1 polymorphism |s
an important determining factor in the efficacy and toxicity of
CPT-11 and that pharmacogenetics-guided dosing of CPT-11
may help to individualize the dose of CPT-11 and moderate its
toxicity in cancer patients.

We performed phase | and [l studies involving CPT 11 mono-
therapy on days 1 and 8 of a 3-week cycle in elderly patients with
NSCLC to determine the DLT, maximum-talerated dose (MTD),
and recommended dose (RD) and to investigate the antitumor etfect
and safety of the RD. Further, a prospective analysis of UGTIA!
mutations was performed, and we investigated the relationship
between the presence of these polymaorphisms and the occurrence
of adverse events. We also analyzed the variation in the pharma-
cokinetics of CPT-11 and its metabolites in elderly patients.

RESULTS

Patient characteristics

Between April 2003 and March 2006, 46 patients with stage 111B/
IV NSCLC were enrolled. In the averall study population, 76% ol
the patients (35 of 46) had stage 1V disease, and 69.5% (32 of 46)
had adenocarcinoma. Twelve patients were enrolled and treated
in phase 1. Six patients were treated at dose level | (60 mg/m?),
three patients at dose level 2 (80 mg/m?}, and three patients at
dose level 3 (100 mg/in?). DLT of persistent grade 2 leukopenia
was observed in one patient at dose level 1, and an additional
three patienis were envolled at this dose level. No further DLTs
were observed in these patients or in patients receiving 80 or
100 mg/m?, Therefore the MTT) was nol reached in this study,
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and the RD was setat 100mg/m, in accordance with the study
protocol described in "Methods”

In phase 11, 34 additional patients were treated at 100 mg/m”,
making a total of 37 patients treated with the RD. ohic | shows
the selected baseline demographics and disease characteristics
of the patients treated with the R There were 25 men and 12
woinen, with a median age ol 76 years (range: 71-88).

The median number of treatment cycles in phase 11 was 4.0
(range: 1-18); 37.8% of patients (14 of 37) received hive or more
cycles, and the percentage of patients with 6-month or longer
treatment was ~22%, The relative dose intensity was 90.0%,
Twenty-five of the 37 patients went on to second-line therapy
comprising gefitinib (in 7 patients, 28%), diflerent regimens ol
CPT-11 (7 patients, 28%), carboplatin/paclitaxel (4 patients,
16%), DOC (3 patients, 12%), GEM (3 patients, 12%), and 5-1/
cisplatin (1 patient, 4%).

Response and survival

All 37 patients (including 3 pavenisin phase [) who received the RD
were evaluated 1o determine the overall response rate. The overall
response rate was 8.1% (complete response (CR): 0, partial respanse
(PR): 3; 3/37, 95% confidence interval: 1.7-21.9), and the disease
control rate was 21.6% (8/37, 95% conlidence inlerval: 9.8-38.2),
The median survival time (MST) was 441 days alter o median
follow-up of 440 days, and the |-year survival rate was 56.8%
(Figure 1). The median time 1o progression (171'P) was 132 days,

Toxicity

In phase [, persistent grade 2 leukopenia was observed in one
patient who received treatment at level 1, and the second cycle
could not be started until day 30, This adverse event was there:
fore regarded as a DLT. Adverse events that occurred in phase
ITare summarized in Valile 2. The most frequently observed
hematological toxicity (grade 3/4) was neutropenia (27.0%).

Table 1 Demographics of patients treated withirinotecan
100 mg/m?

Characteristic No. of p_aljerm IN=37) %
Sex .
Male 25 68
Female 12 32
Age tyears)
Median 760
Range 71-88
Performance status
0 1 30
1 16 70
Histology
Adenocarcinoma 25 68
Other 12 32
Stage
g 10 7
w 27 73
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Figure 1 Elderly patients with advanced NSCLC treated with innotecan.

(a) Kaplan-Meier averall survival curve and (b) time-to-progression curve.

Table 2 Summary of ac_lwrse eventsin phase Il {all courses)
CPT-11 dose: _1_@mg_.fm'lN: 37)

Adverse event, patients Any event Grade 3/4 (%)
Leukopenia 26 b 9(243)
Neutropenia 28 10(27)
Anemia 27 4(10.8)
Thrombocytopenia 1 1(2.7)
Febrile neutropenia (1] 0(0)
Diarrhea 28 380
Nausea 23 4(10.8)
Vomiting 13 (1101}
Anorexia 3 9{24.3)
Fatigue 14 1027

Adverse cvents were assessed using Mational Cancer Institute Commaon Toxicity
Critenia

Erequently observed nonhematological toxicities (grade 3/4)
included nausea (10.8%), anorexia {(24.3%), and diarrhea (8.1%).
Grade 4 toxicity (neutropenia) occurred in one patient who
received treatment at level 3. Treatment-related death occurred
in one patient, due to interstitial pneumonia.

Relationship of UGT1A41%6 and *28 polymorphisms

to pharmacokinetics and toxicity of CPT-11

The analysis of UGT1A 1 genotypes was performed in the
36 patients who had provided informed consent, and their
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Figure 2 Comparison of area under the time-concentration curve (AUC)
ratios by type of polymorphism in 36 patients treated with 100 mgim?
of irinolecan. The pharmacakinetic prolile of irinotecan was affected o
similar extents by *28 heterozygous and "6 heterozygous mutations,
and by "6 homozygous and "6/*28 heterozygous mutations. The lines
indicate geometiic mean and the y-axis represents the log scale.

Table3 Relationships between polymorphisms and adverse
events and pharmacokinetic profile by type of UGT1A1
polymarphism

UGT1A1'28 0r UGT1A1 6 mutation

No mutation  Single Double
(n=20) tn=11) (n=5) P
Adverse events (no. of patient (%))
Leukopenia grade 3or 4
First cycle 0(0 %) 3(27%)  2(40%)  0.006*
All cycles 3(15%) 3(27%)  3(60%)  0.048"
Neutropenia grade 3 or 4
Firstcycle 1{5%) 2(18%)  2({40%) 0.039*
Nl eycles 3(15%) 3(27%) 4(B0%)  0.008°
AUCratio® 23.009 12949 3233 0.001°
Adverse vents were a { using Mational Cancer Institute C 'lmi(;w
Criteria,

janckheere Terpstra test, "AUC ratio = AUC,, o AUC,, - “Cochran-Armitage test

polymorphisms are categorized and listed in Vigure 2.
Double mutations of UGTIA 128 and *6 (*6/*6 and *28/°6)
were detected in 5 of 36 patients (14%), and single mutations
of UGT1A1*28 or *6 were found in 11 of 36 patients (31%).
No mutation was detected in 20 of 36 patients (55.6%). No
UGT1A1*28/°28 was found in homozygous patients
Pharmacokinetic analyses were performed in the first cycle
of treatment at a dosage of 100 mg/m?, and the AUCy 350/
AUCgy 44 ratios of the UGTIA1°28 and *6 polymorphisms
were compared (Figure 2). The AUCqy 450/ AUCy 34 Was
23.009 in the wild-type group. In the single-mutation group,
the AUC ratios were 12,837 and 13.247 in *28 heterozy-
gous and *6 heterozygous patients, respectively. In the dou-
ble-mutation group, the ratios were 3,198 and 3.256 in "6
homozygous and *6/*28 heterozygous patients, respectively.
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Table 4 Relationship between adverse events and
pharmacokinetic profile during the first cycle of irinotecan
treatment

Pharmacokinetic Spearman’s rank
Adverse event parameter correlation p (P value)
Leukopenia CPTTAUC, 0463 (<0.001)
CPTE,,, 0384 (0.001)
SN3BAUC, _, 0.542(<0.001)
SN-38C,,, 0513 (<0.001)
Neutiopenia CPT-11 AU, 0.449(<0.001)
CPENC,,, 0314(0017)
SN-38 AUC, 0.587 (<0,001)
SN-38C_ ., 0.591<0.001)

AUC, area under the time-concentration cure; €, peak plasma concentration,
CPT-11, inotecan
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Figure 3 Correlation b P and ph profile

(@) CPT-11 AUC, _, and (b) SN-38 AUC,, _, The lines indicate geometric
mean and the y axis represents the log scale. AUC, area under the time
concentration curve,

The AUCy 14/ AUC,. 4, ratio was highest in the wild-
type group, lower in the single-mutation group, and least
in the double-mutation group. Although the number of
patients was insufficient to establish statistical significance,
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the AUC 440,/ AUC, 4 matios of *6 heterozygous patients
were neatly equivalent to those of *28 heterozygous patients,
and those of *6 homozygous patients were nearly equivalent
ta those of “6/°28 heterozygous patients.

The association of UGT1A 1728 and "6 polymorphisms with
grade 3/4 hematological toxicity or AUC ratio was investigated
during the first cycic of therapy. Signiticant correlations were
observed between UGTIA 128 and *6 polymorphisms and AUC
ratio (P = 0.001) and between UGTIA 128 and *6 polymor-
phisms and grade 3/4 hematological toxicity ( Tabile 3). When
the same association was examined through all cycles, a similar
correlation between the incidence of grade 3/4 hematotoxicity
and polymorphisms was observed (! hiv 1),

‘The relationship between adverse events and pharmacokinetic
profile was further analyzed (<100 1), All five paramelers
correlated well with the frequency of grade 3/4 leukopenia
and neutropenia (P < 0.001). The correlation between neu-
tropenia and pharmacokinetic profile (CPT 11 AUC,_ and
SN-38 AUC,,_, ) isshown in ['ipure = Both of these param-
eters correlated with neutropenia (CPT-11 AUC, i P =049
(P <0.001),SN-38 AUC, , < p=0.587 (P < 0.00] )). The phar-
macokinelic parameters of SN-38 appeared to correlate more
significantly than those of CPI- 1.

DISCUSSION

In this study, CPT-11 was administered on days | and 8 every 3
weeks in elderly patients (aged >70 years) with NSCLC, and the
DLI, MTD, and RD were determined. The eflicacy and safety
of this regimen were investigated at the RD. In addition, the
resulls were compared prospectively with the results of phar-
macokinetic analysis and exploratory analysis of UGTIAI gene
polymorphisms.

The results showed low antitumor effect for CPT-11 (response
rate, 8.19). The disease control rate was 21.6%. However, the
TTP in this study was 132 days. This was longer than that
observed in the phase 111 study we conducted. Although the
incidences of grade 3 or higher leukopenia, neutropenia, and
anorexia were >20%, other adverse events occurred less fre-
quently, and tolerability was accepiable. Also, the median num-
ber of treatment courses was four, and 22% of the patients were
able to undergo prolonged treatment (more than eight courses).
Almost all the doses of CPT- I | were administered as planned
{dose intensity, 90%), and 25 patients were able to proceed
to second-line therapy. As a result, an MST of 441 days was
achieved. Because the MST was longer than predicted at the
start of this study, the median follow-up time was also longer
(440 days). These findings suggest that the regimen tested in this
study is feasible and appropniate in elderly patients.

The high tolerahility of this regimen contrasts with the
results of a phase 11 comparative study of DOC monotherapy
vs. VNR monotherapy in elderly patients (West Japan Thoracic
Oncology Group Trial 9904)” conducted in Japan at around the
same tune. The response rate ol 8.1% in our study was lower
than that achieved with DOC monotherapy (22.7% in the West
Japan Thoracic Oncology Group study). However, the survival
time (14.3 months) was better in our study than that reported
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i the West Japan Thoracic Oncology Group study. Moreover,
the incidences of grade 3/4 neutropenia and leukopenia were
83 and 58%, respectively, with DOC,” which were higher than
those in this study. These results indicaie thin this CPT-11 regi-
men should be considered as an option for first-line therapy in
elderly patients with NSCLC.

To the best of our knowledge, this is the first prospective study
with NSCLC patients that has explored the association between
UGTIAL polymorphisms and the clinical effects of CPT-11
treatment. The AUCg 1 /AUCy 1 ratios were 23.009 in the
wild- type group, 12.837 and 13.247 in the single-mutation group,
and 3.198 and 3.256 in the double-mutation group, with the AUC
ratio decreasing from wild-type o single-mutation to double-
mutation groups. Furthermore, the individual AUC ratios in *6
heterozygous patients were similar to those in *28 helerozygous
patients, and those in “6 homozygous patients were similar lo those
in *6/*28 heterozygous patients, although the number of patients in
this study was too small to establish statistical signilicance,

Among the adverse events occurring during the first course
al treatment, a correlation was observed between the incidence
of grade 3/4 leukopenia or neutropenia and the AUC and peak
plasma concentration of SN -38, as has been reported previously in
relation to serious adverse reactions.'”"'? "I he results also showed
that the incidence of grade 3/4 leukopenia and neutropenia was
lowest in the wild-type group, higher in the single-mutation
group, and highesl in the double-mutation group of UGTIA L.
We consider our classification of polymorphisms of UGT1A L as
single-mutation and double-mutation appropriate.

The 100 mg/m? dose of intravenous CPT-11 on days 1 and 8
every 3 weeks was well tolerated in this prospective phase 11 study.
“Ihese results suggest that this CPT-11 regimen should be consid-
ered as one of the options for first-line therapy in elderly patients
with NSCLC. A phase 111 study has been scheduled 1o clarify the
effect of UGTIA 1 mutations on response to CPT-11 therapy.

METHODS

Eligibility criteria. Chemotherapy- and radi apy-naive pal
with histologically or cytologically proven stage HIB/IV NSCLC were
enrolled. Other eligibility criteria included age 270 years; measurable
and assessable disease; Eastern Cooperative Oncology Group per-
[ormance status of 0-1; an expecied survival durstion of 212 weeks;
adequate bone marrow function (Jeukocyte count 4,000~ 12,000/mm;
hemoglobin concentration 29.5 g/d}; platelet count = 100,000/mm?*);
serum creatinine at or below the institutional upper limits of normal
level: total bilirubin level <1.5 mg/dl; nnd aspartate aminotransferase
and alinine aminotransferase levels <100 TU Laboratory tests were
performed within 7 days of enrollment in the study. Exclusion criteria
included the presence of symptomatic brain metastasis or apparent
dementia; active cancomitant mali Y ive pleural elfusion or
ascites; uctive infection; severe heart disease or elevated electrocardio
gram abnormality; uncontrolled diabetes mellitus; ileus; pulmonary
fibrosis: diarrhea; or bleeding tendency. Written informed consent was
obtained from all the participants. Institutional Review Roard approval
was obtained for the study protocol at each institution.

Treatment schedule. CPT-11 was administered intravenvusly over 1.5 h
on days 1 and 8 of each Y-week cycle. In the phase [ study, the start-
ing dose, 60 mg/m* (level 1), was increased in 20- mg/m? increments to
100 mg/m? (level 3), The dosage of 100 mg/im* was used as the upper
limit because this is the approved dosage for NSCLC in Japan. Dose
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escalation was carried out on the basis of toxicities encountered during
evele 1 of therapn. A cohort of at least three patiems was treated at cach
Jose Tevel, 1 nune of the et three patents expericnced DETs, the dose
was escalated 1o the next level, 1P ene of the three patienis experienced
DTy, additional patients were enrolled at the same dose level 1o a total
ol least six patients The M was defined as the dose levl below the
one at which an least 33% of the patients experienced DTS, defied ax
febirile neutropenia (nentrophil count <1,000/mm? and fever 23857°C),
grade 4 neutropenia lasting >4 days, grade 3 or 4 leukopenia or anemin,
grade 3 or 4 thrumbocytopenio, or nonhematological toxicity (except
electrolyte abnormality, nouses, anorexia, fatigue, or alopecia). A delay in
the secomd G- 11 administration of >7 diys during the st eycle or >4
weeks between cycles was also categoriaed asa DEE The RIY was defined
as the dose level below the MTD. 1f the MTD was not achieved al 100 mg/
m?, then 100mg/ny’ was considered Lo be the RD because this is the dose
that is used in clinical practice lor nonelderly NSCLC patients.

Evaluation. In the phase 11 study, the ellicacy and toxicity of CPT-11
monotherapy were evaluated at the RD. Tumor size was assessed by
compuicd omography al intervals of 26 weeks. Tumor response was
categorized as CR, PR, stable di or progressive discase according
1o Response Evaluation Criteria in Solid Tumors.** Response rate was
defined as CR plus PR, Disease control rate was defined as CR plus PR
plus stable disease, including "shown no progression for 6 months” In
order to be assigned o stats of PR, the change in tumor size had to be
confirmed by repeal assessments perfornied na less than 4 weeks aller
the criteria for response are firsst mel As for stable discase, it had to
be confirmed by an assessment performed it keast once afler siudy enroll-
ment but not earlier than 6 weeks. All tumor assessments were carried out
by an investigator, and subsequently reviewed by the extermal response
review committee, Toxicity was graded in accordance with the National
Cancer Institute Commaon Toxicity Crileria, version 2 (ref. 24),

Pharmacokinetic assay. Venous blood lor pharmacokinetic analysis was
collected in sodium-heparinized and -evacuated tubes on day | of cycle
1, befure CPT- 11 infusion. at the end of infusion, and at 1, 2,4,7, and
20 after infusion. The concentrations of unchanged CIME-11, SN-38,
and SN-38G in plasma were determined using high-performance liquid
chl‘mmat(;graph}r‘xi and the AUC,_, and peak plasma concentration
were calculated nsing WinNonlin Version 4.1 (Pharsight, Mountain
View, CA), The AUC ratio of SN-38G 1o SN=38 (AUC, 44 /AUCyy )
was calculated as a surrogate marker for UGTIA L activity involved in
SN-38 glucuronidation.

UGT1A1 genotyping assay. UGTIA I polymorphisms were catego
rized into three groups: wild-type (*1/°1), homozygous (*28/°28,
"6/76. *28/°6), and heterozygous (*1/°28, *1/°6). Ando et al.2° have
reported that serious adverse events are associated with double-
heterozygous ( *28/46) as well as homozygous (*28/°28, *6/°6) poly-
morphisms. Sai et al.” also showed that the AUC ., o/AUCy 14
ratio in patients with *28/°6 was similar to that in patients with
*28/*28 and significantly lower than that in patients in the wild-type
Bmup.” On the basis of these two reports, we defined patients with
UGTIA 128/ 6—nalong with those having the homozygous geno-
type of UGTIA1*28/°28 or UGTIA1*6/*6—as the double-mutation
group. Patients with the heterozygous genotype of either UGTIA 128
or UGTIA "6 were deflined as the single-mutation group, Patients
with no UGTIA 128 or UGTIA L6 mutations were defined as the
no-mutation group.

Genomic DNA was extracted from the peripheral blood
mononuclear cells of the 3 patients who received the RD in phase
1 and from 33 patients in phase 11, One patient did not consent to
analysis of UGT1A 1 genotype. For genotyping of UGTIA 176 polymor-
phisin, products were amplified by direct PCR sequencing tsing the
primer 3-AAGTAGGAGAGGGUGAACL- ¥ as described in ref 26.
Genotyping for the UGTIA 128 polymorphism was performed by sub-
jecting amplified products 1o gel electrophoresis and deteemining the
product size by migration rate, depending on the number of bases.
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Statistical analysis. In the phasc 11 study, the primacy end point was the
responise rate. Secondary end polits included survival time and 1 vear
survival rate, For achieving the £15% confidence interval under an
expecied response rate of 25%, a total sample size of 33 patients was
calculated as being required for the study:

Study IMILES] phase il randomized (nal J Notl Congerinyl, 95, 36-372
12003}

Kudoh, S et ol Phase il study of docetaxel compared with vinoeelbine in
eigerly patients with advanced non- small-cell lung cancer: results of the
West Japan Thoracic Oncology Group Trial IWITOG 9904). 4. Cln. Oncol 24,
1657-3663 (2006},

Ihe 95% confidence interval for (reatment response was estimated 10 Mathifssen, RH. evof. Clinical ph ki and metabolsm of innotecan
according to F-distribution. Overall survival and cumulative TTP were {CFT-11). Clin, Cancer Rrs. 7, 2182-2194 (2001).
determined using the Kaplan-Meier method. Overall survival tine was 11, Ma.M¥. &Mcleod KL Lessons | d fram the i bol
cateulaied from the lirst day of therpy until the death of the patient or pathweay. {ure Med Chem 10,4149 (2003)
the last ity that the patient wiss known (o be alive. TTP was defined as 12 Mathijssen, RH_etal. i y genatype analysis 1o predict
the perind from the Grst day of treatment 1o the date of (1) first evidence 3 Wﬂmgﬂa‘!‘!ﬁlm Cmc;:n !l:;a-r!!!i (2003). Y.
“loxicily requi i - 13 Negor. 5. etol Randomised phase il trial of innotecan com
:l;:l glm:‘;ml:;: I“Huonllmmiun SHRmNO S (8] PR cisplatin for advanced non-small-cell lung cancer. Br. 4 Cancer 88, 335-14)
The Gochran- Armilage trend test was used for analyeing the trend ol m.ﬁnﬂwﬂmm hisebics of HinGtican. Gl PREITMOSKGL 23,
grade 34 adverse events across polymuorphism types. Spearman’s runk 245-259 (1997),
correlation test was used to assess the relationship between the grade of 45 deForni M.ctal Phase Jand pharmacokinetic study of the campiothecin
henatologival toxicily and the pharmacokinetic profile in the firs eycle ininotecan, administered on o weekly sehedule in cancer patlents.
In this ussessment, the grade according o the National Cancer Institute Cancer Res. 58,4347-4354 (1994)
Commmon Toxicily Criteria was used as the continuous variable, The asso 16 lyer, L et al Genetie precisposition to the metabolism of winotecan (CPT-11)

ciation between pharmacokinetic profiles and the type of polymarphism
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Abstract

Masahiro Fukuoka,* and Kazuhiko Nakagawa'

Purpose: To evaluate the efficacy and toxicity of combination therapy with the oral fluoropyrimi-
dine formulation 5-1and irinotecan for patients with advanced NSCLC.

Experimental Design: Chemotherapy-naive patients with advanced NSCLC were treated with
i.v. irinotecan (160 mg/m?) on day 1 and with oral S-1 (80 mg/m?) on days 11014 every 3 weeks.
Results: Fifty-six patients (median age, 63 years; range, 40-74 years) received a total of 286
treatment cycles (median, 5; range, 1-16). No complete responses and 16 partial responses were
observed, giving an overall response rate of 28.6% [95% confidence interval (35% ClI),
17.3-42,2%]. Twenty-four patients (42.9%) had stable disease and 12 patients (21.4%) had pro-
gressive disease as the best response. The overall disease control rate (completa response + par-
tial response + stable disease) was thus 71.4% (95% Cl, 57.8-82.7%). Median progression-free
survival was 4.9 months (95% Cl, 4.0-6.4 months), whereas median overall survival was
15 months. Hematologic toxicities of grade 3 or 4 included neutropenia (25%), thrombocytopenia
(3.6%), and anemia (3.6%), with febrile neutropenia being observed in four patients (7.1%). The
most common nonhematologic toxicities of grade 3 or 4 included anorexia (14.3%), fatigue
(8.9%), and diarrhea (8.9%). There were no deaths attributed to treatment.

Conclusions: The combination of S-1and irinotecan is a potential alternative option with a favor-
able toxicity profile for the reatment of advanced NSCLC. This nonplatinum regimen warrants

further evaluation in randomized trials.

Non -small cell lung cancer (NSCLC) is the leading cause of
death related to cancer worldwide (1). Platinum-based chemo-
therapy is the standard first-line treatment for advanced NSCLC
based on the moderate improvement in survival and quality of
life it confers compared with best supportive care alone (2-4).
The poor outlook even for patients with advanced NSCLC who
receive such treatment has prompted a search for new
chemotherapeutic agents and combination regimens.
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S$-1 is an oral fluorinated pyrimidine formulation that com-
bines tegafur, 5-chloro-2,4-dihydroxypyridine (CDHP), and
potassium oxonate in a molar ratio of 1:0.4:1 (5). Tegafur is a
prodrug that generates 5-fluorouracil (5-FU) in blood largely as
a result of its metabolism by cytochrome P450 in the liver.
CDHP increases the plasma concentration of 5-FU through
competitive inhibition of dihydropyrimidine dehydrogenase,
which catalyzes 5-FU catabolism (6). CDHP also attenuates the
cardiotoxic and neurotoxic effects of 5-FU by reducing the
production of flucro-p-alanine, the main catabolite of 5-FU (7,
8). Oxonate reduces the gastrointestinal toxicity of 5-FU. After its
oral administration, oxonate becomes distributed selectively
to the small and large intestine, where it inhibits the
phosphorylation of 5-FU to fluoropyrimidine monophosphate
catalyzed by orotate phosphoribosyltransferase within gastroin-
testinal mucosal cells, thereby reducing the incidence of diarhea
(9). In a phase II trial of S-1 as a single agent for treatment
of advanced NSCLC, a response rate of 22% and a median
survival time of 10.2 months were obtained in 59 patients
without prior chemotherapy (10). Few severe gastrointestinal or
hematologic adverse events were reported (10). Moreover, a
phase II trial of 5-1 plus cisplatin in advanced NSCLC patients
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(3]

revealed a response rate of 47% and a median survival time of
11 months (11).
Irinotecan is an inhibitor of DNA topoisomerase 1. It has

shown activity as a single agent in first-line chemotherapy for
advanced NSCLC (12). Weekly administration of irinotecan
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Translational Relevance

Non - small cell lung cancer (NSCLC) is the leading
cause of cancer-related deaths worldwide, The dismal out-
look for patients with advanced NSCLC treated with avail-
able therapies has prompted a search for new and more
mens. S-1is a new oral fluorinated pyrimidine formulation
that combines tegafur, 5-chloro-2,4-dihydroxypyridine,
and potassium oxonate and has been found to exhibit
marked antitumor activity in recent clinical trials with can-
cer patients, including those with NSCLC, We have now ex-
amined the therapeutic efficacy and toxicity of the
combination of S-1and irinotecan in chemotherapy-naive
patients with advanced NSCLC, We found this drug combi-
nation 1o be active, with a response rate of 28.6%, median
progression-free survival of 4.9 months, and median over-
all survival of 16 months, values that compare favorably
with those reported for phase Il studies of standard
platinum-based doublet chemotherapy, Furthermore, tox-
icities were manageabile, and in most instances, treatment
could be continued in the outpatient setting. Our data indi-
cate that the combination of S-1 and irinotecan is a promis-
ing alternative for treatment of advanced NSCLC. This
nonplatinum regimen warrants further evaluation in ran-
domized trials.

(100 mg/m?) for 3 weeks followed by 1 week of rest yielded
a response rate of 20.5% and a median survival time of
10.6 months in 132 patients with advanced NSCLC (13).

$-1 and irinotecan have both shown single-agent activity
against a wide range of solid tumors, including NSCLC, and the
combination of these two agents has manifested synergistic
effects in tumor xenograft models in vive (14). A phase | study
examined administration of irinotecan at a dose of 150 mg/m’?
on day 1 and of §-1 at 80 mg/m? per day from days 1to 14 of a
21-day cycle (15); it found no difference in pharmacokinetic
variables for the two drugs relative to the expected values for §-1
or irinotecan administered as single agents. A subsequent phase
11 study in patients with advanced colorectal cancer showed that
this combination was well tolerated and had marked antitumor
activity (16). The safety or effectiveness of the combination of
$-1 and irinotecan in patients with advanced NSCLC has not
previously been reported.

We now present the results of a multicenter phase I1 trial of
§-1 in combination with irinotecan for patients with previously
untreated advanced NSCLC. The aims of this study were 1o
determine the objective tumor response rate, overall and
progression-free survival, and toxicity profile for such treatment.

Materials and Methods

Patient eligibility. The criteria for patient eligibility included a
diagnosis of NSCLC confirmed either histologically or cywologically,
clinical stage IV or IIB (including only patients with no indications for
turaljve radiotherapy, such as lhmr with malignant pleural effusion,

1 di ination, lignant pericardial effusion, metastatic
lesions in the same lobe of the primary lesion, or involvement of
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contralateral mediastinal ot hilar lymph nodes), measurable disease, no
prior chemotherapy, an age range of 20 to 74 y, an Eastern Cooperative
Oncology Group performance statis of 0 or 1, and a projected life
expectancy of at least 3 mo. Other eligibility criteria for organ function
included 3 leukocyte count of =3,000/mm’, a neutrophil count of
21,500/mm’, a platelet count of z100,000/pl, a serum bilirubin
concentration of <1.5 mg/dL. serum aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) levels of <2.5 times the upper
normal limit, a normal serum creatinine level, and either a panial
pressure of arterial oxygen of 265 torr or a peripheral oxygen saturation
of 292%. Main exclusion criteria included active concomitant of any
malignancy, symptomatic brain metastasis, interstitial pneumonia,
watery diarthea, obstructive bowel disease, heart failure, uncontrolled
diabetes mellitus, active infection, and a past history of drug allergy.
Written informed consent was obtained from all patients, and the study
protocol was approved by the institutional ethics committee of each of
the participating Institutions.

Study design and treatment. This was a multicenter, open-label,
single-arm, phase 11 study. The primary end point of the study was the
response rate, which determined the sample size. We chose a 35%
response rate as a desimble target level and a 20% response rale as
uninteresting with an = error of 0.05 and a power of 0.8, resulting in a
requirement for 50 pati Allowing for a | ineligibility rate of
10%, we planned to enroll 55 patients.

Each treatment cycle consisted of the oral administration of 5-1
(40 mg/m?) twice daily for 2 wk, with a 90-min iv. infusion of
itinotecan (150 mg/m?) on day 1 followed by a drug-free interval of 1
wh. 5-1 was available as capsules containing 20 or 25 mg of tegafur.
Patients were assigned based on body surface area to receive one of the
following oral doses of 5-1 twice daily: 40 mg (body surface area < 1.25
m?), 50 mg (1.25 = body surface area < 1.50 m®), or 60 mg (body surface
area = 1.50 m?). Courses of treatment were repeated every 21 d until the
occurrence of tumor progression or unacceptable woxicity, refusal of the
patient, or a decision by the physician to swp treatment.

If laboratory variables changed after the stant of treatment so that
they no longer met the eligibility criteria for the study, subsequent
courses of treatment were withheld until the abnormality bad resolved.
If the abnormality had not resolved within 43 d, the patient was
excluded from the study. The doses of both 5-1 and irinotecan were
reduced in the event of any of the following toxicities during the
previous treatment cycle: neutropenia of grade 4 for >7 d, febrile
neutropenia, thrombocytopenia of grade 24, and nonhematologic
toxicity of grade 23. §-1 was reduced in subsequent courses from 60,
50, or 40 mg twice daily to 50, 40, and 25 mg twice daily, respectively.
The dose of irinotecan was reduced by 25 mg/m? for subsequent
courses. Once lowered, the doses of 5-1 and irinotecan were not
increased.

Bualuation. Tumor resp was i acc g to the
Response Evaluation Criteria in Solid Tumors (17). Tumors were
measured by computed tomography within 2 wk before the first cycle
of wreatment and then every 4 wk. Patients were evaluable for response
if they had a baseline exam and at least one follow-up exam and had
received at least one cycle of A central radiological review
was done to determine the eligibility of pati and the resp to
treatment. Response was confirmed at least 4 wk (for a complete or
partial response) or 6 wk (for stable disease) after it was first
documented. Progression-free survival was defined as the time from
registration until objective tumor progression or death. Patients whose
Ji had not prog d at the time of discontinuation of the study
treatment continued to be assessed until progression was documented.
If a patient died without documentation of disease progression, the
patients was considered to have had wmar progression at the time of
death, unless there was sufficient documented evidence 1o condude
otherwise. Overall survival was defined as the time from registration
until death from any cause. Progs free and Il survival as
well as the Iy survival rate were estimated by the Kaplan-Meier
method.
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Table 1. Characteristics of the 56 eligible patients
Characteristic No. patients
Median age, y (range) 63 (40-74)
Sex

Male 46 (82%)

Female 10 (18%)
Performance status (ECOG)

0 20 (36%)

1 36 (64%)
Stage

s 16 (29%)

w 40 (71%)
Histology

Adenocarcinoma 30 (54%)

Squamous cell carcinoma 21 (38%)

Adenosquamous cell carcinoma 1 (1.8%)

Large cell carcinoma 1(1.8%)

NSCLC, not specified 3 (5.4%)
Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Adverse events were graded according to the National Cancer
Institute Common Toxicity Criteria (version 3). All patients who
received one dose of chemotherapy were assessable for toxicity, A
clinical and laboratory assessment was done at least every 2 wk.

Results

Patient characteristics. Between February and June 2006, a
total of 59 patients were enrolled in the study at the 14
participating centers. Three patients did not receive treatment:
one patient withdrew her consent, and two patients had a fall
before treatment onset that resulted in a reduction in
performance status. These three patients were thus not included
in the analysis. The remaining 56 patients (46 men and 10
women) were eligible for the current analysis and their
characteristics are summarized in Table 1. Their median age
was 63 years, with a range of 40 to 74 years, Histologic analysis
revealed that 30 patients (54%) had adenocarcinoma and 21
patients (38%) had squamous cell carcinoma. Forty patients
(71%) had stage IV disease and the other 16 patients had stage
IIB disease (including 12 patients with malignant pleural
effusion).

Treatment administered. Patients received a median of five
cycles of treatment (range, 1-15), with 37 patients (66%)
completing at least four cycles. Overall, 286 cycles of
chemotherapy were delivered. The mean relative dose intensi-
ties of $-1 and irinotecan were 91% and 98%, respectively.

Table 2. Overall response rate (Response
Evaluation Criteria in Solid Tumors criteria) by
independent radiologic assessment

Response No. patients (%)

Complete response 0(0)

Partial response 16 (2B.6)

Overall response 16 (28.6; 95% CI, 17.3-42.2)
Stable disease 24 (42.9)

Disease progression 12 (21.4)

Not evaluable 4 (7.1%)
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Dose reductions were uncommon and were necessary accord-
ing to the study protocol in only eight cycles (2.8% of total
cycles) because of diarrhea in three patients, anorexia in two
patients, vomiting in two patients, and an increase in serum
ALT and AST levels in one patient. Treatment administration
was delayed for at least 1 week because of toxicity in 12 cycles
(4.2% of total cycles); the major causes of delayed administra-
tion were insufficient bone marrow function (six cycles with a
leukocyte count of <3,000/mm” and one cycle with a platelet
count of <100,000/ul) and nonhematologic toxicity (two
cycles with fever in the absence of neutropenia, two cycles
with an increase in serum ALT and AST levels, and one cycle
with diarrhea).

Response and survival. Four patients were not evaluable for
response: three patients withdrew from the study after one
treatment cycle and one patient did not have a measurable
target lesion. There were 16 partial responses and no complete
responses, yielding an overall response rate of 28.6% (Table 2).
Twenty-four patients (42.9%) had stable disease, yielding an
overall disease control rate (complete response + partial
response + stable disease) of 71.4% [95% confidence interval
(95% Cl), 57.8-82.7%). Twelve patients (21.4%) had progres-
sive disease as the best response.

All 56 treated patients were assessable for progression-free
survival and overall survival. With a median follow-up time of
14.9 months (range, 1.4-20.1 months), 25 patients were still
alive. The progression-free survival curve is shown in Fig. 1; the
median progression-free survival was 4.9 months (95% ClI, 4.0-
6.4 months). The curve for overall survival is shown in Fig. 2;
the median overall survival time was 15 months (95% CI could
not be estimated) and the 1-year survival rate was 63% (95%
ClI, 50-75%). No correlation was apparent between overall
survival and sex, age, histology, disease stage, or smoking status.

Toxicity. The adverse events observed for all 56 treated
patients are summarized in Table 3. The most frequently
observed hematologic toxicity of grade 3 or 4 was neutropenia
(14 cases, 25%). Four patients (7.1%) developed febrile
neutropenia. Anemia or thrombocytopenia of grade 3 or 4
was less frequent, each occurring in 3.6% of patients. Non-
hematologic toxicities were generally mild in intensity. The
most common nonhematologic toxicities of grade 3 or 4 were
anorexia (14.3%), fatigue (8.9%), diarrhea (8.9%), vomiting
(3.6%), and an increase in serum ALT or AST levels (3.6%).
Treatment was discontinued because of toxicity in only two of

Progression-free survival
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Fig.1. Kaplan-Meier analysis of progression-free survival for ol B6 treated patients.
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Fig. 2. Kaplan-Meler analysis of overall survival for all 56 treatod patients.

the 56 patients (3.6%): in one patient because of pneumonitis
(grade 3) and in the other because of prolonged anorexia
(grade 3) and fatigue (grade 3). The patient with pneumonitis
developed fever with hypoxemia after the fourth course of
treatment. A computed tomographic scan of the chest revealed
new ground-glass opacities distributed diffusely in both lungs.
The patient responded well to steroid therapy and improved.
No treatment-related deaths were observed.

Discussion

Platinum-based doublet chemotherapy is the standard of
care for most patients with advanced NSCLC (2 -4). However,
there continues to be reluctance on the part of both patients
and treating physicians to accept the toxicity of platinum-based
therapy given the associated small gain in survival. Active
therapies with improved toxicity profiles are clearly needed in
this setting. Since the introduction of active third-generation
agents (docetaxel, paclitaxel, gemcitabine, vinorelbine, and
irinotecan), many clinical trials have been undertaken to
evaluate nonplatinum regimens based on these drugs in the
hope that platinum analogues could be eliminated from the
treatment of advanced NSCLC. A recent meta-analysis showed
that these newer nonplatinum regimens are valid options for
the treatment of advanced NSCLC because of their shown
activity and good toxicity profiles (18). Currently, however,
there is no single best treatment regimen for advanced NSCLC.

As first-line chemotherapy for advanced NSCLC, the oral
fluoropyrimidine formulation S-1 administered as a single
agent showed a response rate of 22% and a median survival
time of 10.2 months with toxicities that were generally mild
(10). Combinations of S-1 with other active agenis with a
different mechanism of action are being investigated with the
aim of achieving a greater clinical benefit. Irinotecan and
fluoropyrimidines were shown not to induce cross-resistance in
both experimental and clinical settings (19). Preclinical studies
have also found that the combination of irinotecan and 5-FU
has antitumor activities that are additive to synergistic (20).
Furthermore, a possible molecular mechanism for synergistic
cytotoxicity of S-1 and irinotecan has been suggested by the
observation that irinotecan reduces thymidylate synthetase
activity in wmor xenografts and thereby facilitates the
antitumor effect of S-1 (14). Recent phase Il studies have
shown that combination treatment with 5-1 and irinotecan is
highly active with acceptable toxicity in patients with advanced
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colorectal cancer or gastric cancer (16, 21). However, the
activity of this combination in patients with NSCLC has not
previously been documented.

We have now assessed the efficacy and safety of combined
reatment with §-1 and irinotecan in patients with previously
untreated advanced NSCLC. We found the combination to be
active, with a response rate of 28.6%, median progression-free
survival of 4.9 months, median overall survival of 15 months,
and 1-year survival rate of 63%. Previous phase 11l studies of
platinum-based doublets for the treatment of advanced NSCLC
showed response rates of 17% to 33%., a median time to
progression or progression-free survival of 3 to 5 months, and a
median overall survival time of 7 to 14 months (22-25).
Although there are limitations to comparisons of the resulis
from different studies, the efficacy data in our study compare
favorably with those reported in these previous phase 11 studies
of platinum-based doublets.

The S-1-irinotecan regimen was well tolerated in the patients
of the present study. With regard to hematologic toxicity,
neutropenia of grade 3 or 4 occurred in only 25% of all treated
patients without the prophylactic administration of granulocyte
colony-stimulating factor. Anemia and thrombocytopenia of
grade 3 or 4 were each observed in only two patients (3.6%).
These results compare favorably with the toxicity profiles
reported for platinum-based combinations in previous studies
with NSCLC patients, in which higher frequencies of neutro-
penia (~80%), anemia (-20%), and thrombocytopenia
(=23%) of grade 3 or 4 were observed (22-24). The only
nonhematologic toxicity of grade 3 or 4 encountered in >10%
of patients in the present study was anorexia (14.3%). Although
irinotecan and S-1 have each been shown to increase the
frequency of severe diarrhea, the incidence of diarrhea of grade
3 in the present study was only B.9%, consistent with the
findings of a recent phase 11 study of the combination of §-1
and irinotecan administered according to the same doses and
schedule in patients with advanced colorectal cancer (16).

Table 3. Toxicity for all 56 treated patients
according to the National Cancer Institute
Common Toxicity Criteria (version 3)
Toxicity Grade Grade >3 (%)
2 3 _ .5 &
Leukopenia 9 10 S5 0 8.9
Neutropenia £ T ax 2 25,0
Anemia 529 9 1 3.6
Thrombocytopenia 3.2 e 3.6
Febrile neutropenia NA NA 4 O 7.1
Anorexia 25 10 8 0 14.3
Fatigue 15 5 9 3 8.9
Diarrhea g2 ‘W &b 8.9
Nausea - JEC T SRR 1.8
Vomiting 12 4 o 3.6
Stomatitls 7 6 0 0 0
Rash [ ARE T TR 0
Hyperbllirubinemia 12 6 0 0 0
Elevation of AST/ALT 18 3 2 0 3.6
Elevation of creatinine 2 1 0o o (1]
Preumonitis ol 0. iRy 1.8
Abbreviation: NA, not applicable.
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