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Albstract

Background. SmithKline Beecham synthesized campto-
thecin analogs and identified nogitecan hydrochloride
(topotecan) with a broad spectrum of antitumor activity
and less toxicity than camptothecin. Because preclinical
and overseas clinical data indicated the antitumor effect of
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nogitecan hydrochloride with a 5-day repeat-dose schedule,
we carried out phase I studies in Japan to determine the
maximum tolerated dose (MTD), pharmacokinetics, and
antitumor effect of nogitecan hydrochloride.
Methods. Phase 1 studies of nogitecan hydrochloride given
by single and 5-day repeat dosing were carried out in pa-
tients with various solid tumors at 15 medical institutions
in Japan. Pharmacokinetic evaluations were performed for
both single and 5-day repeated dosing.
Results. The dose-limiting factor (DLF) was reversible
leucopenia, and the maximum tolerated dose (MTD) was
* "gher than 22.5mg/m” in the single-dose study. In the 5-day
peat-dose study, the DLF was also reversible leucopenia,
and the MTD was estimated to be 1.5mg/m* per day. The
plasma concentration of nogitecan hydrochloride increased
with increasing dose, and the half-life after single dosing
ranged from 3 to 5h. There was no evidence of accumula-
tion or delayed excretion during 5-day repeat dosing.
Conclusion. Based on these results and the finding that
there were responders among patients treated at 1.5 mg/m’
per day by 5-day repeat dosing in overseas studies, 5-day
repeat dosing of 1.2mg/m’ per day, one dose level lower
than the MTD, was selected for phase II studies in Japan.

Key werds Topoisomerase I inhibitor - Topotecan - Phase
I study

Introduction

The National Cancer Institute (NCI) in the United States
found the antitumor activity of an extract from Cam-
ptotheca acuminata, of Chinese origin, in the 1950s, and, in
1966, Wall and co-workers' isolated camptothecin, which
was found to be a selective topoisomerase I inhibitor.* In
the 1970s, the NCI conducted a clinical study of campto-
thecin, but terminated its development due to serious
toxicity.*

SmithKline Beecham synthesized camptothecin analogs
and identified nogitecan hydrochloride (topotecan) with a
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broad spectrum of antitumor activity and less toxicity than
camptothecin.”* Overseas, SmithKline Beecham started a
phase I study to determine the dosage and administration of
nogitecan hydrochloride in 1989, and 5-day repeat dosing
was selected as it was tolerated and was expected to be
effective against tumors.”

Because the preclinical and overseas clinical data indi-
cated the antitumor effect of nogitecan hydrochloride with
5-day repeat dosing, we carried out phase I studies in Japan.
This article reports the maximum tolerated dose (MTD),
pharmacokinetics, and antitumor effect of nogitecan
hydrochloride.

Patients and methods
Patients

A single-dose study and a 5-day repeat-dosing study were
conducted from January 1992 to April 1993 at the 15 medi-
cal institutions listed in Table 1.

Patients who met the following criteria were selected: (1)
patients with histologically or cytologically confirmed ma-
lignant solid tumors; (2) patients who did not respond to the
standard treatment or for whom there was no appropriate
treatment; (3) patients who had adequate organ function to
evaluate the adverse reactions of nogitecan hydrochloride
(4000/mm®> = WBC count =12000/mm® platelet count,
=100000/mm’; hemoglobin, =9.5g/dl; GOT, GPT, and al-
kaline phosphatase [ALP], <2 times the upper limit of their
respective normal ranges at each medical institution; total
bilirubin, =1.5 mg/dl; serum creatinine, < the upper limit of
the normal range at each medical institution); (4) patients
with a performance status (PS) of 0-2; (5) patients who had
a predicted life expectancy of 3 or more months; (6) patients

Table 1. Medical institutions and investigators

who had been off the previous therapy, with at least 2 weeks
having passed for biological response modifiers (BRMs),
hormone preparations, and metabolic inhibitors, and 4
weeks for other therapies; (7) patients aged from 15 to 75
years; (8) inpatients; (9) patients who had given their con-
sent to participate in the investigation; (10) patients with no
history of drug hypersensitivity; (11) patients with no symp-
toms associated with metastasis in the brain, no ascites, no
subileus, and no severe complication; and (12) patients who
were not pregnant or nursing or who would not be come
pregnants. Others whom the investigator considered ineli-
gible were excluded. Patients were registered at the central
registration center by telephone and the center confirmed
the eligibility of each patient. The study was monitored by a
Steering Committee, and updated information was pro-
vided to each investigator by letter from the chief investiga-
tor as needed.

Written informed consent was obtained from each pa-
tient. The studies were carried out according to the clinical
protocol reviewed and approved by the institutional review
boards of each medical institution in accordance with the
Declaration of Helsinki (1975).

Dosage and administration
Single-dose study

A starting dose of 5mg/m’ was selected because one-tenth
of the lethal dose (LD, in mice was 7.485 mg/m’.

5-Day repeat-dose study

A starting dose of 0.5mg/m’ per day was selected because
LD,, for 5-day repeat-dosing in mice was 1.38 mg/m® per day
and one-third of the toxic dose low (TDL) in dogs was 0.46-
1.3mg/m’ per day.

Medical institution Department

Principal investigator* and investigator

Nippon Medical School

Osaka Prefectural Habikino Hospital

National Kinki Central Hospital

The Center for Adult Diseases, Hyogo

Saitama Cancer Cenlter

Tsuboi Hospital

Kinki University School of Medicine

Research Institute for TBC and Cancer, Tohoku
University®

Teikyo University School of Medicine,
Mizonokuchi Hospital

Cancer Institute Hospital

Research Institute for Microbial Diseases,
Osaka University

Osaka City University Medical School

Okayama University Medical School

Tokyo Metropolitan Komagome Hospital

Hyogo College of Medicine

Respiratory Medicine
(now, Internal Medicine IV)
Internal Medicine
Internal Medicine
Obstetrics and Gynecology

‘Respiratory Medicine

Internal Medicine
Obstetrics and Gynecology
Clinical Cancer Chemotherapy

a

Internal Medicine

Medical Oncology
Surgery, Clinical Division

Surgery II

Internal Medicine II
Surgery

Internal Medicine 1V
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Fig. 1. Patient disposition
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Enrolled/treated cases Eligible cases Complete cases
Regimen | No. of Regimen | No. of Regimen | No. of
patients patients patients
Single doging | 21 Single dosing| 20 Single dosing| 19
5-day repeat 22 5-day repeat 20 S-day repeat 19
dosing dosing dosing
Total 43 Total 40 Total 38
Incomplete
cases
Regimen Reason No. of | Safety
patients
Single dosing |Early death (died of cancer) i Excluded
from
analysis
5-day repeat |Early death (died of cancer) 1 Excluded
dosing from
analysis
Ineligible cases
Regimen Reason No. of
patients
|| Single dosing | Complicated with subileus since before 1
study treatment (protocol violation
regarding exclugion criteria)
5-day repeat |Concomitant use of Maruyama vaccine 1
dosing  |(protocol violation regarding inclusion
criteria)
Suspected brain metastasis (protocol 1
violation regarding exclusion criteria)
Table 2. Patient characteristics
Baseline characteristics Single dosing 5-Day repeat dosing
No. of patients included in analysis 19 19
Age (years) 40-49 1 3
50-59 3 6
60-69 13 7
70-75 2 3
Range 45-73 40-75
Mean (SD) 63.1 (6.6) 61.3 (9.0)
Cancer class Lung cancer SCLC 0 1
NSCLC 11 9
Colorectal cancer 1 3
Rectal cancer 0 1
Colon cancer 0 1
Ovarian cancer 0 2
Cervical cancer 2 0
Uterine cancer 2 0
Breast cancer 2 0
Pharyngeal cancer 1 0
Pleural mesothelioma 0 1
Submandibular cancer 0 1
Previous therapy No 2 1
Yes 17 18

SCLC, Small-cell lung cancer; NSCLC, non-small-cell lung cancer

In both studies, the dose was to be increased according to
the modified Fibonacci’s method. Also, in the 5-day repeat-
dose study, the dose escalation plan was based on the results
of the preceding single-dose study. A higher dose level was
selected after safety evaluation at the previous dose level.

In the 5-day repeat-dose study, the safety was evaluated by
selecting the total dose not exceeding the highest dose given
by single administration.

Nogitecan hydrochloride was dissolved in 100ml of
physiological saline and administered intravenously by
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Table 3. Subjective/objective adverse drug reactions and laboratory abnormalities (single-dose study)

Dose (mg/m®) 5(ln) 10 (2n) 15(3n) 20 (4n) 22.5 (4.5n)

No. of patients 4 4 5 3 3

included in analysis

Grade Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4 GI G2 G3 G4 Gl G2 G3 G4
Nausea/vomiting 1 - 1 - 1 1 - 1 - -
Anorexia 1 1 - 1 - 1 2 - 1 - 1 -
Stomatitis 1

Dyspnea 1

Headache 1 1

Dull headache 1

Skin symptoms 1

Hematuria - - 1 - - -
Fever - 1 - 1 3 - 2 - 2 1 -
Fatigue 1 1 1 1 1 2

Alopecia - - 1 - 1 - 1 -
Weight decrease 1

Aggravated condition 1 1 1 1

Hemoglobin 2 1 1 1 1 1
WBC count L 1 1 1 1 1 1 i 1
Neutrophil count 1 L 1 1 2 1 1 1 1
Platelet count 1 1 1 1 1 1

GOT 1 1 1 1

GPT 1 1 1 1

ALP 2 1 1 2 1 1

Total bilirubin 1

BUN 2 1

Creatinine 1

Urinary protein 1 1

In = Smg/m’ at single dosing

drip infusion over a period of 30min. The test product
was provided by SmithKline Beecham Seiyaku (Tokyo,
Japan).

During the observation period, the concomitant use of
any drugs or therapies that may affect the evaluation of
nogitecan hydrochloride, such as anticancer drugs (includ-
ing hormones), BRMs, radiotherapy,surgery, and investiga-
tional drugs, was prohibited.

However, this was amended after granulocyte colony
stimulating factor (G-CSF) became available, so that a G-
CSF preparation could be administered only when a
patient developed grade 4 leukopenia.

Evaluation

The following parameters were examined: clinical findings
(body temperature, heart rate, respiration rate, body
weight, PS, subjective symptoms/objective signs), electro-
cardiography, chest X-ray, and laboratory tests (WBC
count, WBC classification, neutrophil count, red blood
cell count, hemoglobin, platelet count, total protein, albu-
min, GOT, GPT, ALP, lactate dehydrogenase [LDH],
total bilirubin, blood urea nitrogen [BUN], creatinine,
blood electrolytes, urinalysis, tumor markers). Adverse
drug reactions observed during the study were assessed
according to the “Grading of side effects” in the Criteria
for the evaluation of the clinical effects of solid cancer
chemotherapy established by the Japan Society of Clinical
Oncology."

The MTD was evaluated as the dose that led to grade 2,
3, or 4 non-hematologic toxicity and/or grade 3 or 4 hema-
tologic toxicity in two-thirds or more of the patients.

Tumor findings were obtained before study treatment
and whenever necessary after study treatment. Antitumor
effects were evaluated according to the Criteria for the evalu-
ation of the clinical effects of solid cancer chemotherapy
established by the Japan Society of Clinical Oncology.'®

Pharmacokinetics

Baseline and 0- to 48-h plasma concentrations and baseline
and 0- to 48-h urinary concentrations were determined by a
HPLC-fluorescence method in the single-dose study, and
these concentrations were determined on days 1 and 5 in
the 5-day repeat-dose study.

Pharmacokinetic parameters were calculated by the mo-
ment analysis method. The maximum plasma concentration
(Cuax) Was determined directly from the measured values.
The areas under the plasma concentration versus time
curves (AUC,,) were calculated by using the values be-
tween O and the last data point. The half-life (z,,), total body
clearance (CL), apparent steady-state volume of distribu-
tion (V,), and renal clearance (CLr) were calculated by the
following equations:

tp = —In2/k

CL = D/AUC,,

V, = CL X mean residence time (MRT)
CLr = Ae (mg)/AUC,,

_20_



No. of
days to
recovery*
20

235

No. of days
to nadir
10.5

10

14

11

Hemoglobin
(11.0-12.0)

(8.2-14.5)
12.1

11.0
(7.3-13.0)

10.1
(74-11.4)
115
117
(7.6-12.8)

Nadir
(g/dh)

No. of
days to
recovery’
12

14.5

15

No. of days
to nadir

7
7.5

Platelet count
(x10%mm’)
(9.6-22.1)

16.8
(9.7-24.0)

16.5
(4.7-13.9)

(3.0-22.6)
117
(5.7-19.3)

14.65
85

Nadir

No. of
days to
recovery’
11

14

17

No. of days
to nadir
7.5

14
14

Neutrophil count
(1276-5700)
(832-3203.5)
1743.63

1902
(512-2430)

(/mm®)
2893.5
(0-3111)
1260
(96-2952)
1976

Nadir

45

recovery’
9

No. of
days to
18

1

No. of days
to nadir

6.5
7.5

(1100-4100)

3800

(2800-4300)

(2900-9200)
4830

WBC count
Nadir
(/mm”)
5200

3600
(300-5200)
3000
(800-4300)

5.0

*No. of days from nadir to recovery, 24000/mm’ for WBC count, =2000/mm" for neutrophil count, =100000/mm’ for platelet count, and =9.5g/dl for hemoglobin

Table 4. Changes in WBC, neutrophil, and platelet counts, and hemoglobin (single-dose study)

Values are medians, with ranges (minimum to maximum) in parentheses

(mg/mt’ per day)

Dose
100
15.0
20.0
22.5
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where k is slopes of log regression curves of plasma con-
centrations versus time (calculated by extrapolation using
appropriate terminal points) and Ae (mg) is amount of
excretion.

Results
Patients and their characteristics

Patient disposition and characteristics are shown in Fig. 1
and Table 2, respectively.

Single-dose study

Nineteen patients were included in the safety analysis,
after the exclusion of 1 ineligible patient who had subileus
as a complication, and 1 patient who died of cancer,
who was regarded as an incomplete case. The majority
of patients, i.e., 11, had non-small-cell lung cancer. Of 17
previously treated patients, 15 patients had a history of
chemotherapy.

5-Day repeat-dose study

One patient with brain metastasis before the study treat-
ment and another who was treated continuously with
Maruyama vaccine were considered ineligible, and one
patient, who died of cancer soon after the study treatment,
was considered an incomplete case. After the exclusion of
these patients, 19 patients (complete cases) were included
in the safety analysis. Nine patients had non-small-cell
lung cancer, and 10 patients had some complications. Of 18
previously treated patients, 17 patients had a history of
chemotherapy.

MTD and dose-limiting factor (DLF)
Single-dose study

Table 3 shows the subjective/objective adverse drug
reactions and laboratory abnormalities reported in the
single-dose study, and Table 4 shows the changes in
WBC, neutrophil, and platelet counts, and hemoglobin.
Subjective/objective adverse drug reactions were nausea/
vomiting, anorexia, dyspnea, fever, and fatigue, most of
which were grade 1 or 2. Grade 3 or 4 adverse drug reac-
tions were seen for fatigue (two cases), alopecia (one case),
and aggravated condition (one case).

Grade 3 or 4 laboratory abnormalities were leucopenia,
neutropenia, anemia, and thrombocytopenia, and all of
them were reversible. The nadirs of WBC and neutrophil
counts decreased dose-dependently, and those at the high-
est dose of 22.5mg/m* were 3800/mm’ and 1976/mm”, re-
spectively. The numbers of days to nadir were similar at all
dose levels, being 6.5-9 days for the WBC count and 7-14
days for the neutrophil count. The nadir of the platelet
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Table 5. Subjective/objective adverse drug reactions and laboratory abnormalities (5-day repeat-dose study)

Dose (mg/m’ per day)

0.5 (1n)
No. of patients 4

0.75 (1.5n)
3

1.0 (2n) 1.2 (2.4n) 1.5 (3n)
3 4 5

included in analysis

Grade Gl G2 G3 G4 G G2 G3 G4

Gl G2 G3 G4 Gl G2 G3 G4 Gl G2 G3 G4

Nausea/vomiting - -
Anorexia 1 - 2 -
Diarrhea

Fever - 1 -
Fatigue 1

Impaired hearing

Alopecia - 1 -
Stomatitis

Weight decrease

Aggravated condition

Hemoglobin 1 1 2

WBC count 2
Neutrophil count 1 2
Platelet count 1 1

GQT
GPT 3 1

ALP 1
BUN 1

Creatinine 1

Urinary protein 1

—
—
—

—
[y
—

1 - 2 1 - 1 1 1 -
2 - 1 3 - 3 1 -

—
]

W= W W
—_

1n = 0.5mg/m’ at 5-day repeat dosing

count decreased approximately dose-dependently, and the
median value was 117000/mm’ at the highest dose. There

was no dose-dependent decrease in the nadir of the hemo-.

globin value. ,

Myelosuppression, including decreased hemoglobin,
and leucopenia, neutropenia, and thrombocytopenia, was
observed at the starting dose of Smg/m® and above. In par-
ticular, leucopenia and neutropenia were intensified with
increasing dose, but grade 3 or 4 anemia, leucopenia, and
neutropenia were observed in only one of three patients
treated at the highest dose of 22.5 mg/m”. It seemed that the
doses investigated in this study had not reached the MTD,
when we considered other laboratory data, subjective
symptoms, and objective findings. However, the dose was
not increased further, because the MTD was shown to be
22.5mg/m’ in the overseas clinical study, and overseas clini-
cal studies suggested that the 5-day repeat-dose, rather than
the single dose, was effective. Therefore, the MTD was
estimated to be =22.5 mg/m®.

5-Day repeat-dose study

Table 5 shows subjective/objective adverse drug reactions
and laboratory abnormalities in the 5-consecutive-day ad-
ministration study, and Table 6 shows changes in WBC,
neutrophil, and platelet counts, and hemoglobin. The inci-
dence and severity of subjective/objective adverse drug re-
actions increased with increasing dose. Grade 3 or 4 adverse
drug reactions were nausea/vomiting, anorexia, and fatigue.
Other subjective/objective adverse drug reactions were di-
arrhea, fever, impaired hearing, alopecia, stomatitis, weight
decrease, and aggravated condition, which were grade 1 or
2. Grade 3 or 4 laboratory abnormalities were leucopenia,
neutropenia, anemia, thrombocytopenia, and elevation of

ALP. The incidence and severity increased with increasing
dose, but all events were reversible.

At the highest dose, of 1.5mg/m? the median values for
WBC count and neutrophil count at nadir were 1400/mm’
and 481.14/mm’, respectively. The number of days to nadir
ranged from 12 to 15.5 for the WBC count and from 13 to
15 for the neutrophil count in all patients, findings which
were similar to those in the single-dose study. The number
of days to recovery was 21-28 for the WBC count (4000/
mm’), and 21-32.5 for the neutrophil count (2000/mm’).
The nadirs of the platelet count and hemoglobin decreased
dose-dependently, being 78000/mm” and 9.9 g/dl at the high-
est dose. The nadirs of the WBC, neutrophil, and platelet
counts, and hemoglobin, at the highest dose were lower
in the 5-day repeat-dose study than in the single-dose
study.

In three patients treated at 1.0mg/m’ per day, grade 3
or 4 hematological toxicity findings were leucopenia (two
cases) and neutropenia (three cases). Grade 4 neutropenia
was observed in one patient. All patients recovered without
treatment. Although the MTD was defined as the dose at
which grade 2 or above adverse drug reactions (grade 3 or
above for hematological parameters) occurred in two-
thirds or more patients, the dose was increased to 1.5 mg/m’
per day because all the above symptoms were reversible
without treatment, and because G-CSF support for
myelosuppresion was developed and widely used during the
study.

In five patients treated at 1.5mg/m’ per day, grade 3
or 4 hematological toxicity findings were leucopenia (four
cases), neutropenia (five cases), and thrombocytopenia
(two cases). Grade 4 leucopenia was observed in one pa-
tient, grade 4 neutropenia in three patients, and grade 4
thrombocytopenia in one patient. All symptoms resolved

,22,



Table 6. Changes in WBC, neutrophil, and platelet counts, and hemoglobin (5-day repeat-dose study)

Platelet count Hemoglobin

Neutrophil count

WBC count

Dose

(mg/m’ per day)

No. of

No. of days
to nadir

No. of Nadir

No. of days
to nadir

No. of Nadir

No. of days
to nadir

No. of Nadir

No. of days
to nadir

Nadir

days to

(g/dl)

days to

(x10%mm?)

days to

(/mm’)

days to

(/mm’)

recovery’

recovery®

recovery®

recovery”

15.5

11.5

20

135

12.9

15

2188

27.5

5.5

1

3500

0.5

(72-11.9)

(3.7-24.0)

10.5

(1144-3087.4)

621

(2100-5110)

2500

32

13

16

13

325

27

14

0.75

(8.5-10.8)
15 63

9.5

20

(5.0-12.5)
119

28

15

(522-3078)

15 28 684

(1800-3800)

1800

1.0

20

(8.5-9.6)
20.5

13

(5.1-17.5)

41

21

(238-780)

571.5

21.5

(1700-2000)

1500

12

(7.0-10.7)

(3.5-6.9)

(299-1054)

481.14

(900-1800)

1400

16.5

(1.7-13.0)

14 21
(20-585)

21

(200-2430)

1.5

Values are medians, with ranges (minimum to maximum) in parentheses

? for neutrophil count, =100000/mm’ for platelet count, and =9.5g/dl for hemoglobin

*No. of days from nadir to recovery, 24000/mm’ for WBC count, =2000/mm

183

without treatment, or with G-CSF, platelet, or blood
transfusion. In consideration of the hematological toxicity
findings observed at 1.5mg/m” per day and the data for
1.25mg/m* per day from an overseas clinical study, it was
decided to evaluate the safety by reducing the dose by 20%,
to 1.2mg/m’* per day. At 1.2mg/m’ per day, grade 3 or 4
leucopenia and neutropenia occurred in four and three of
four patients, respectively, and grade 3 or 4 thrombocytope-
nia occurred in three of four patients.

One patient died of sepsis resulting from cachexia, asso-
ciated with cancerous peritonitis, 9 days after single-dose
administration at 10mg/m”.

Pharmacokinetics
Single-dose study

Table 7 shows the pharmacokinetic parameters obtained
from the single-dose study. The plasma concentration of
nogitecan hydrochloride reached the maximum (C,,,) at
the end of infusion, and decreased in a biphasic pattern with
half-lives (¢,,) of 3-5h at all dose levels. In the urine, 40%—
60% of the administered dose was excreted by 24h after
dosing at all dose levels.

5-Day repeat-dose study

Table 8 shows the pharmacokinetic parameters obtained
from the 5-day repeat-dose study. The plasma concen-
trations of nogitecan and total nogitecan reached C,, at
the end of infusion both on day 1 and on day 5, and
decreased in a biphasic pattern. About 45%-60% of the
administered dose was recovered from the urine in 24h
after the start of repeat dosing on day 1 and day 5, suggest-
ing no accumulation or delayed excretion after the repeat
dosing.

Antitumor effects

Reduction in tumor size was not observed in any patients
treated once or for 5 consecutive days.

Discussion

As reported with camptothecin, nogitecan hydrochloride is
considered to inhibit DNA synthesis by binding reversibly
to DNA-topoisomerase I complex. In vitro, various tumor
cells were found to be sensitive to nogitecan hydrochloride,
and in vivo, the antitumor effects of nogitecan hydrochlo-
ride were shown against established human tumor cell lines,
such as small-cell lung cancer, non-small-cell lung cancer,
and ovarian carcinoma.'"’

Nogitecan hydrochloride belongs to the same class as
irinotecan hydrochloride (CPT-11), which has already been
approved in Japan, but the following differences between

_23_,
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Table 7. Pharmacokinetic parameters and urinary excretions after single administration of nogitecan HCI

Dose No. of patients Pharmacokinetic parameters
(mg/m®) included in
analysis Crrax AUC,, L CL V.,
(ng/ml) (ng-h/ml) (h) (ml/min) )]
Nogitecan

5 2 114.65 162.44 2.96 42.15 79.1

10 4 263.80 * 82.41 346.80 + 90.04 3.06 * 1.31 4434 + 15.86 834 + 29.7
15 5 395.07 + 291.55 644.43 = 318.17 4.58 + 1.47 40.88 = 25.58 105.8 = 40.9
20 3 443.49 * 167.92 832.28 *+ 165.93 4.54 + 0.19 38.48 + 13.01- 130.7 *= 53.9
22.5 3 836.33 + 740.09 1073.81 + 578.49 4.74 £ 0.26 34.62 + 18.81 112.8 = 83.3

Total nogitecan

5 4 174.09 * 16.93 610.24 + 237.71 541 £ 284 12.20 * 4.16 47.2 = 89
10 4 409.55 * 156.70 972.69 = 292.47 4.77 + 253 15.81 = 4.90 53.1 £ 185
15 5 552.72 + 315.16 1920.29 + 1040.48 6.61 +2.07 13.31 = 6.94 55.0 £ 17.1
20 3 810.47 + 123.04 2850.43 + 194.00 7.08 = 0.72 10.82 + 1.80 55.7 9.1
22.5 3 1152.10 + 758.08 2740.50 = 780.11 6.32 + 1.62 11.80 * 4.23 51.6 £ 213
Dose No. of patients Urinary excretion of total nogitecan
(mg/m*) included in analysis (% of dose)

0-24h 0-48h

5 4 442 = 15.6 46.8 £ 17.2
10 4 62.2 = 159 63.4 + 15.9
15 5 35.0 £ 209 38.0 + 22.7
20 3 613 £ 81 62.8 + 8.0
22.5 3 39.0 + 213 458

Values are means & SD

Nogitecan, nogitecan HCI (closed lactone ring form); Total nogitecan, nogitecan HCl (closed lactone ring form + open lactone ring form); Coa.
Maximum plasma concentration; ¢,,, half-life; CL, total body clearance; V,, apparent steady-state volume of distribution

the two agents have been noted, in terms of pharmacokinet-
ics and adverse drug reaction profiles. The DLFs of CPT-11
were myelosuppression and unforeseeable severe diar-
rhea,™" while reversible leucopenia is the only DLF for
nogitecan hydrochloride. The unchanged nogitecan hydro-
chloride exerts its antitumor effect, and is excreted pre-
dominantly via the kidneys. On the other hand, the active
entity of CPT-11, and its active metabolite, SN-38, are ex-
creted mainly in the bile, part of which is reabsorbed into
the intestinal tract.”" These facts indicate that the plasma
concentrations of CPT-11 and SN-38 are more variable, and
thus it is easier to predict the pharmacokinetics of nogitecan
hydrochloride.

We conducted the present single-dose phase I study be-
fore the start of the 5-day repeat-dose study, to investigate
the pharmacokinetics/pharmacodynamics (PK/PD) and to
create a dose escalation plan for the 5-day repeat-dose
study. Also, it was thought that the PK/PD and safety data
would be valuable for further investigation of other admin-
istration schedules, although the preclinical data suggested
that nogitecan hydrochloride was schedule-dependent, and
overseas clinical studies suggested that 5-day repeat-dosing,
rather than a single-dose, was effective.

Our 5-day repeat-dose study had been started before
G-CSF was introduced to medical practice, and while
our study was ongoing, G-CSF was approved and intro-
duced to medical practice. This changed the thoughts on
myelosuppresion induced by cytotoxic drugs. Therefore,

assessments of dose escalation and the MTD were made,
taking account of this change. At 1.2 and 1.5mg/m’ per day,
grade 3 or 4 hematological toxicity was observed in all
patients, and the numbers of patients with grade 3 or 4
leucopenia and neutropenia were similar. But grade 4 he-
matological toxicity was observed in two of four patients at
1.2mg/m* per day and in four of five patients at 1.5mg/m’
per day. At 1.5mg/m’ per day, grade 4 neutropenia and
thrombocytopenia were observed in three and one of five
patients, respectively, and at 1.2mg/m* per day, grade 4
neutropenia and thrombocytopenia were observed in two
and none of four patients, respectively.

In consideration of the hematological toxicity findings
being more severe at 1.5mg/m* per day than at 1.2mg/m’
per day, and in consideration that the MTD was estimated
to be 2.0mg/m’ per day in the overseas 5-day repeat-
dose study, and the overseas recommended dose was
1.5mg/m® per day, we estimated the MTD to be 1.5 mg/m’
per day and leucopenia to be the DLF of nogitecan
hydrochloride.

In our 5-day repeat-dose study, an antitumor effect
was not observed in any patients. However, there were
responders among patients treated at 1.5mg/m” per day
for 5 consecutive days in overseas studies.”* One dose
level lower than the MTD for nogitecan hydrochloride,
1.2 mg/m’ per day, by 5-consecutive-day administration, was
selected as a safe regimen with which to progress to phase II
trials.
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Table 8. Pharmacokinetic parameters and urinary excretion on day 1 and day 5 of 5-day repeat administration of nogitecan HCI
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Dose No. of patients Pharmacokinetic parameters
(mg/m’ per day) included in
analysis Chax AUGC,, I CL Ve
(ng/ml) (ng-h/ml) (h) (ml/min) o
Day 1 Nogitecan
1.0 2 58.27 56.79 2.34 23.46 28.2
12 5 36.98 = 20.46 46.91 * 16.98 2.69 + 1.07 42.74 = 21.54 62.4 = 209
1.5 4 86.12 * 67.62 84.23 = 29.53 2.51 + 0.99 29.34 £ 14.17 46.3 + 30.9
Total nogitecan
1.0 3 78.20 * 34.37 135.10 + 41.17 2.86 *+ 0.30 10.56 + 4.38 202 + 4.8
1.2 5 50.75 * 24.34 110.07 = 25.82 2.82 = 051 16.46 = 4.85 38.1 = 11.3
1.5 5 88.15 + 57.61 170.48 * 59.76 285 +1.29 13.70 * 4.66 327 x 115
Day 5 Nogitecan
1.0 2 47.13 70.43 3.28 21.84 423
1.2 5 3435 £ 17.84 54.65 *+ 24.01 4.25 = 2.87 35.68 *+ 12.45 80.5 + 23.0
1.5 3 39.51 £ 21.20 84.82 * 75.00 3.63 +226 40.32 * 26.64 84.5 + 54.9
Total nogitecan
1.0 3 53.97 + 3427 149.57 = 57.56 3.59 * 1.65 10.06 = 5.09 284 + 12.1
1.2 5 45.81 £ 1625 12532 + 37.18 3.65 =228 14.57 = 3.75 396 + 6.5
1.5 4 48.61 * 1543 168.13 * 99.26 318 £ 1.70 15.63 + 7.47 42,1 = 12.9
Dose No. of patients Urinary excretion of total nogitecan
(mg/m’ per day) included in analysis (% of daily dose) 0-24h
Day1l 0.5 4 66.5 = 19.7
0.75 3 68.1 £125
1.0 3 628 244
12 5498 = 11.5°
1.5 5 54.1 + 252"
Dose No. of patients 0-24h  0-48h
(mg/m’ per day) included in analysis
Day 5 0.5 4 610 +29.1 66.8 = 31.3°
0.75 362939 64.3°
1.0 3593114 62.5 = 12.1
12 5459 + 174 50.5 + 14.1
L5 5594 222 62.7 =229

Values are means + SD

Nogitecan, Nogitecan HCI (closed lactone ring form); total nogitecan, nogitecan HCl (closed lactone ring form) + nogitecan HCl (open lactone

ring form)
n=4
*n=3
‘n=2
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Phase III Study of Concurrent Versus Sequential Thoracic
Radiotherapy in Combination With Mitomycin,
Vindesine, and Cisplatin in Unresectable
Stage III Non-Small-Cell Lung Cancer

By Kiyoyuki Furuse, Masahiro Fukuoka, Masaaki Kawahara, Hideki Nishikawa, Yoshiki Takada, Shinzoh Kudoh,
Nobuyuki Katagami, and Yutaka Ariyoshi for the West Japan Lung Cancer Group

Purpese: A phase lil study was perfermed to deter-
mine whether concurrent or sequential treatment with
radietherapy (RT) end chemotherapy (€T) improves sur-
vival in unresectable stage Uil non-small-cell lung cancer
(NSCLC).

Patients ond Methodls: Patients were assigned to the
two treaiment arms. In the concurrent arm, chemother-
apy consisted of cisplatin (80 mg/m? on days 1 and 29),
vindesine (3 mg/m? en days 1, 8, 29, and 36), and
mitemycin (8 mg/m? on days 1 and 29). RT began en
day 2 at a dose of 28 Gy (2 Gy per fraction and 5
fractions per week for a total of 14 fractions) followed
by a rest period of 10 days, and then repeated. in the
sequential arm, the same CT was given, but RT was
initiated after completing €T and consisted of 56 Gy (2
Gy per fraction and 5 fractions per week for a total of 28
fractions).

Results: Three hundred twenty patients were en-
tered onto the study. Pretreatment characteristics were
well balanced between the freatment arms. The re-

N THE LAST DECADE, several randomized trials have
evaluated the use of chemotherapy with radiotherapy in

the treatment of patients with unresectable stage III non-
small-cell lung cancer (NSCLC).! Some trials that used
cisplatin-based chemotherapy showed small but definite
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sponse rafe for the concurrent arm was significantly
higher {84.0%) than that of the sequential arm (66%)
(P = .0002). The median survival duration was signifi-
cantly superior in patients receiving concurrent therapy
(16.5 months), as compared with those receiving se-
quential therapy (13.3 months) (P = .03998). Twe-, 3-,
4-, and 5-year survival rafes in the concurrent group
(34.6%, 22.3%, 16.9%, and 15.8%, respectively) were
better than those in the sequential group (27.4%, 14.7%,
10.1%, and 8.9%, respectively). Myelosuppression was
significantly greater ameng patients on the concurrent
arm than on the sequential arm (P = .0001).

Conclusion: In selected patients with unresectable
stage ll NSCLC, the concurrent approach yields a signifi-
cantly increased response rate and enhanced median
survival duration when compared with the sequential
approach.

J Clin Oncol 17:2692-2699. © 1999 by American
Society of Clinical Oncology.

improvements in survival compared with trials that used
radiotherapy.2* A patient-based meta-analysis of 3,033
patients in 22 randomized clinical trials was recently re-
ported.’ This analysis indicated a 9% reduction in the annual
risk of death, with a consequent improvement in 2-year
survival from approximately 16% to approximately 19%.
For the trials that used cisplatin-based chemotherapy, the
chemotherapy produced a 13% reduction in the risk of death.
The most convincing evidence is derived from induction
chemotherapy with vinblastine and cisplatin followed by
radiotherapy, and this treatment strategy is now an appropri-
ate option for selected patients with unresectable stage I
NSCLC. These data together suggest that sequential cisplatin-
based chemotherapy followed by radiotherapy is the current
standard therapy for unresectable stage III NSCLC.

In our prior trial, patients with locally advanced NSCLC
were randomized to chemotherapy with or without radio-
therapy.5 Median survival was similar in the two cohorts of
patients, but long-term survival was clearly superior in the
patients who received both cisplatin-based chemotherapy
and radiotherapy. Local relapse was greater in the patients
who were given chemotherapy alone. This trial provided
evidence that chemotherapy has an inadequate effect on
local tumor control. Radiotherapy to bulky disease in the

Journal of Clinical Oncology, Vol 17, No 9 (September), 1999: pp 2692-2699
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CONCURRENT VERSUS SEQUENTIAL RT AND CT IN NSCLC

thorax was thus an important part of combined-modality treat-
ment. We concluded that both chemotherapy and radiotherapy
are essential in the treatment of locally advanced NSCL.C.

Despite the superiority of combined treatments over
chemotherapy alone, the response rate for chemotherapy
followed by radiotherapy was still only 50%. In contrast, our
phase II study of concurrent radiotherapy and chemotherapy
with mitomycin (MMC), vindesine (VDS) and cisplatin for
unresectable stage III NSCLC showed a response rate of
87%, a median survival of 16 months, and a 2-year survival
rate of 37%.7 These results encouraged us to proceed with
further study.

We thus initiated a randomized trial to evaluate the
therapeutic significance of concurrent radiotherapy and
chemotherapy in combination with MMC, VDS, and cis-
platin (MVP regimen) compared with sequential therapy for
patients with unresectable stage III NSCLC.

PATIENTS AND METHODS
Patients

We entered 320 patients with histologically or cytologically con-
firmed unresectable stage II NSCLC. Staging for entry criteria was
performed according to the lung cancer staging system of the Interna-
tional Union Against Cancer.? Patients with T3NO or T3N1 disease and
pleural effusion were excluded. Eligibility criteria included age of
younger than 75 years; measurable or assessable lesions; Eastern
Cooperative Oncology Group (ECOG) performance status (PS) of 0 to
2; a required radiation field of less than one half of one lung; no prior
chemotherapy, thoracic radiotherapy, or thoracic surgery; and no active
concomitant malignancies. Patients with prior malignancies who had
been disease-free for more than 5 years were eligible. Patients also were
required to have no abnormal hematologic (leukocyte count = 4,000/
pL, platelet count [PLT] = 100,000/uL), hepatic (bilirubin < 1.5
mg/dL, AST/ALT < twice the upper limit of normal), renal (serum
creatinine < 1.5 mg/dL), pulmonary (partial pressure of arterial oxygen
= 70 mm Hg), and cardiac functions. All patients gave informed
consent to participate in the study.

Patients were staged with routine chest roentgenography, conven-
tional chest tomography; chest computed tomography scan (CT), CT
scan of the brain and abdomen, bone scintigraphy, and bronchoscopy.

Treatment Schedule

Patients were stratified by institute, PS, and stage and were then
randomly assigned to receive either MVP with concurrent radiotherapy
or MVP followed by radiotherapy.

In the concurrent schedule, chemotherapy consisted of VDS (3
mg/m? on days 1 and 8), cisplatin (80 mg/m? on days 1), and MMC (8
mg/m? on days 1). This chemotherapy was repeated every 4 weeks and
was administered in two courses. The dose was modified on the basis of
blood cell counts and renal function on the day of therapy. VDS was
administered at the full calculated dose unless the leukocyte count was
less than 2,000/pL or the PLT count was less than 50,000/uL on day 8 or
36 of therapy. If either the leukocyte count or PLT count were below
these levels, VDS administration was withheld until counts recovered,
at which time it was reinstituted at the full dosage. If the leukocyte count
was less than 3,000/pL or the PLT count was less than 75,000/uL. on day
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29, then chemotherapy was withheld until counts recovered. If grade 4
hematologic toxicity, according to World Health Organization (WHO)
criteria,® occurred during the first course, then doses of VDS and MMC
were reduced to 75%. Cisplatin was permanently discontinued at any
time when the serum creatinine level was greater than 2 mg/dL.

On day 2 of chemotherapy, radiation was begun using a linear
accelerator (= 4 MeV) or cobalt-60 at a dose of 2 Gy/fraction given 14
times for 3 weeks and then followed by a rest period of 10 days. The
dose was administered in five fractions per week; one fraction was
delivered each day from two opposing anteroposterior fields. After a
10-day rest period, radiation was again administered at a dose of 2 Gy
given 14 times for 3 weeks. The total dose of 56 Gy was administered to
a volume that included the primary tumor along with the involved hilar
and mediastinal lymph nodes with a 1.5-cm margin and around the
contralateral noninvolved hilar and mediastinal lymph nodes with 1-cm
margin. The supraclavicular fossa was included in the radiation port
only if it was clinically involved, and a total dose of 56 Gy was
administered. If it was possible to reduce the radiation field after
administering 40 Gy, then an additional 16 Gy was given to a reduced
field. The spinal cord was excluded from the irradiated volume at 40 Gy
by use of parallel, opposed oblique fields.

Patients in the sequential therapy group received the same chemother-
apy as patients in the concurrent therapy group. After completing two
courses of chemotherapy, patients received radiotherapy that consisted
of 56 Gy in 28 fractions of 2 Gy each (5 days each week, given over a
period of 5 weeks). Radiation fields and criteria of exclusion of spinal
cord were the same as in patients receiving the concurrent schedule.

If patients responded to chemotherapy (sequential) or chemoradiother-
apy (concurrent), then one or more cycles of chemotherapy were given
to patients after radiotherapy on both arms, if possible.

If grade 4 radiation-induced esophagitis occurred (according to
ECOG criteria), then radiotherapy was withheld until esophagitis
recovered to grade 3. If leukocyte count was grade 4, then radiotherapy
was withheld until it recovered to grade 3. Partial pressure of arterial
oxygen was measured every week, and if it worsened to 10 mm Hg or
greater, then radiotherapy was withheld until recovery; likewise, if body
temperature was greater than 38°C, then radiotherapy was withheld
until body temperature returned to normal.

Evaluation

To assess response and toxicity, all patients underwent a complete
blood cell count; blood chemistries (including AST, ALT, alkaline
phosphatase, lactate dehydrogenase, bilirubin, creatinine, and blood
urea nitrogen), urinalysis, and chest x-rays were performed once per
week during the treatment period. The follow-up study of the roentgeno-
graphic examination was usually performed with posteroanterior chest
x-ray on all patients every week until determination of response; if
lesions were not measurable on the posteroanterior chest x-ray, then
conventional tomography or CT scan was used.

Response and toxicity were evaluated according to WHO criteria,’
but grading of esophageal toxicity caused by radiation was defined
according to the ECOG criteria.!? Extramural reviewers evaluated the
eligibility, assessability, and response in each patient. A complete
response (CR) was defined as the disappearance of all measurable
lesions for at least 4 weeks. A partial response (PR) was defined as a
more than 50% deciease in the sum of the products of the greatest
perpendicular diameters of all measurable lesions for at least 4 weeks
without the development of new lesions. No change (NC) was defined
as a less than 50% reduction or less than 25% increase in the preducts of
the greatest perpendicular of ail the lesions without any evidence of new
lesions for at least 4 weeks. Progression of disease (PD) was defined as
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an increase of more than 25% or the appearance of new lesions.
Response in both arms was generally evaluated 1 month after complet-
ing radiotherapy, except for PD.

Study Design and Statistical Analysis

The trial was designed as a prospective, randomized, nonblinded
study. The central office stratified patients according to institutes, PS,
and stage and then randomly assigned the patients in each stratum to
receive either concurrent therapy or sequential therapy using a computer-
generated list.

A sample size of 320 patients was planned to provide a power of 80%
to detect an improvement in the 2-year survival rate (from 20% to 30%)
at a significance level for two-sided test with alpha of 0.05 and beta of
0.20. Survival was calculated from the date of randomization to death or
last follow-up evaluation. Actuarial survival curves were calculated by
the Kaplan-Meier method!! and were compared for statistical signifi-
cance using the log-rank test.!?

To assess differences between proportions, P values were calculated
with the ¥? test! and the Fisher's exact probability test'; the
Mann-Whitney U test was used to assess significant differences
between the two proportions.!® The influence of variables for survival
was studied by univariate and multivariate analyses. Multivariate
analysis of prognostic variables for survival was carried out using a
logistic regression model.!6 Survival was calculated from the date of
randomization until the date of death or last follow-up appointment.

RESULTS

Patient Characteristics

Between August 1992 and December 1994, 320 patients
were enrolled at the 27 institutions participating in this
study. Five patients were later found to be ineligible: two
patients had distant metastasis, one had severe anemia and
required blood transfusion, and one enrolled twice. Of the
315 eligible patients, one patient withdrew informed consent
after enrollment. Thus 314 patients were assessable for
survival, response, and toxicity.

The clinical characteristics of the patients are listed in
Table 1. Four patients were evaluated as T3NOMO or T3N1MO
disease by extramural review. All prognostic factors were
distributed equally between the two treatment arms.

Response

On the treatment arm in which patients received concur-
rent therapy, 131 patients had responses (84.0%; 95%
confidence interval, 78.22% to 89.73%), including four
patients (2.6%) with CR, 127 (81.4%) with PR, 17 (10.9%)
with NC, and five (3.2%) with PD; three patients (1.9%)
could not be evaluated for response. On the treatment arm in
which patients received sequential therapy, 105 patients had
responses (66.4%; 95% confidence interval, 59.09% to
73.82%), including two (1.3%) with CR, 103 (65.1%) with
PR, 41 (26.0%) with NC, and nine (5.7%) with PD; three
patients (1.9%) could not be evaluated for response. There
was thus a significant difference in response (CR + PR)
between the two arms (P = .0002).

FURUSE ET AL

Toble 1. Patient Charocteristics

Concurrent Sequential
Therapy (no. Therapy (no.
Characteristic of patients) of patients) P
No. of eligible patients 156 158
Age, years
Median 64 63 .8255
Range 40-75 39-75
Sex
Male 135 134 662
Female 21 24
Stage of disease
A 48 49 963
11133 108 109
PS
0 40 31 346
1 107 120
2 9 7
10% weight loss
No 139 136 416
Yes 17 22
Histology
Squamous cell 76 72 .520
Adenocarcinoma 66 68
Large cell 14 16
Other 0 2
TNM
T3N1-0MO 3 1 788
T1-3N2MO 41 43
T1-3N3MO 40 41
T4ANO-3MO 72 73
Supraclaviculor lymph node
Ipsilateral 20 16 745
Contralateral 4 5
Bilateral 5 3
Tumor location
Upper lobe 17 108 191
Other sites 39 50
Radiation equipment used
Cobalt-60 é 7 795
Linear accelerator 150 151

Abbreviation: TNM, American Joint Commitiee on Cancer tumor-node-
metastasis staging system.

Treatment Toxicity

Treatment-related toxicity of both treatment arms is listed
in Table 2. Myelosuppression occurred more frequently in
patients on the concurrent arm than the sequential arm (P =
.0001). The incidence of esophageal toxicity was identical
for patients on both treatment arms.

Survival

Survival analysis was performed after a median follow-up
period of 5 years in November 1998. Twenty-seven patients
are still alive and disease-free in the concurrent treatment
group, whereas 19 are alive and disease-free in the sequen-

__29,



CONCURRENT VERSUS SEQUENTIAL RT AND CT IN NSCLC

2695

Table 2. Toxicity (WHO grade) by Treatment Arm

Treatment Arm
Concurrent [n = 156) Sequential {n = 158}
1 2 3 4 ] 2 3 4 P
Hemoglobin 13 61 2 14 35 63 44 8 < ,0001
Leukocyte 0 2 35 119 7 28 82 39 < .,0001
Platelet 22 37 55 27 35 32 31 6 < .0001
AST 23 5 4 2 37 3 4 1 2416
ALT 36 1 5 2 42 10 4 1 9267
Serum creatinine 12 2 1 0 14 1 0 0 2416
Esophagitis 76 18 4 0 76 23 3 0 .9589
Stomatitis 23 5 1 0 22 1 0 0 1787,
Nausea/vomiting 47 55 34 2 44 60 30 4 9612
Diarrhea 39 6 2 0 37 6 1 0 6434
Pulmonary 6 2 1 1 8 1 1 ] .8598
Infection 32 27 5 0 33 21 3 0 2735
Peripheral neuropathy 21 5 0 0 22 2 1 3 7797

tial treatment group. The median survival duration among
patients in the concurrent group was 16.5 months, compared
with 13.3 months among patients in the sequential group
(Fig 1), demonstrating a significant difference between the
two groups (log-rank test, P = .03998). Survival rates in the
concurrent group of 64.1% at 1 year, 34.6% at 2 years,
22.3% at 3 years, 16.9% at 4 years, and 15.8% at 5 years
were better when compared with 54.8%, 27.4%, 14.7%
10.1%, and 8.9%, respectively, in the sequential group. If
patients with supraclavicular nodes were excluded from the
analysis, then the median survival duration of patients in the
concurrent group with disease confined to the thorax was
16.8 months, as compared with 13.8 months for those in the
sequential group (P .0185). In this selected group,
survival rates in the concurrent group were better at 65.1% at
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Fig 1. Overdll survival in pa-
tients with NSCLC according fo treat-
ment group.

Survival rate (%)

1 year, 36.5% at 2 years, 25.2% at 3 years, 19.4% at 4 years,
and 17.9% at 5 years, compared with 56.4%, 27.8%, 14.3%,
9.8%, and 7.1%, respectively, in the sequential group.

Five patients who had an apparent response after comple-
tion of radiotherapy and chemotherapy received surgery. Of
these five patients, two in the sequential group had a
complete resection and are alive 3 years and 4 years after
therapy. However, the remaining two patients in the concur-
rent group and one patient in the sequential group had
incomplete resection and died of recurrence 15, 16, and 33
months after therapy.

Multivariate analysis for each pretreatment variable was
performed. PS (0 + 1 v 2, P = .00097) and arm (concurrent
v sequential, P = .03998) were most significantly related to
survival. Age (< 65 v = 65, P = .94650), sex (male v

P=.03998

Concurrent

Sequential

0 [l
0
No. of Patients Alive
Concurrent 156

158

100

Sequential 86

7 years

3

54
43

34
23

25
16
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Table 3. First Site of Relopse
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female, P = 71105), disease extent (with v without supracla-

Concurrent Sequential vicular lymph node metastasis, P = .36316), and histology

Therapy Therapy (squamous cell v nonsquamous, P = .78291) were not

Site '::;::S o P'::e:fs % p significantly related to survival. The regression model
- showed that PS (P = .0008) and arm (P = .0340) were the

No. of patients 147 145 . . . . .

No. of relapse cases 17 704 120 828 550  only independent prognostic indicators for survival in this

Local 48 327 57 393 273  bopulation.

Alone 42 49
+ Distant 6 8 Relapse Sites

Brain 28 19.0 13 9.0 .018
Alone 25 12 The first relapse sites at the median follow-up time of 5
+ Other sites 3 1 years in 294 patients who had CR, PR, and NC after therapy

Supraclavicular LN 3 20 10 6.9 051 on both arms are listed in Table 3. Of 148 patients on the
Alone 1 8 . .

+ Other sites 2 2 concurrent arm, a first relapse occurred in 117 patients, and

Pleura 1 75 7 48 467 31 were disease-free. Of 146 patients on the sequential arm,
Alone 9 4 a first relapse occurred in 20 patients, and 25 were disease-
+ Other sites 2 3 free. Information regarding relapse for one patient who had

8 g relap p

Pulmonary 12 8.2 10 6.9 825 NC after therapy and died of lung cancer was not obtained.
Alone 8 9 . .

+ Other sites 4 . There was no difference between the two groups regarding

Bone 8 54 13 90 266  rateoflocal relapse. The incidence of brain metastasis on the
Alone 6 10 concurrent arm was significantly higher than that of the
+ Other sites 2 3 sequential arm (P = .018), but metastasis in supraclavicular

q p!

Adrencl 3 20 4 28 722 lymph node occurred more frequently in the sequential arm
Alone 2 2 (P = .0501)

+ Cther sites i 2 ) o . .

Liver 4 27 5 3.4 749 For these patients with measurable lesions, there was no
Alone 3 2 difference in failure-free survival between the two groups
+ Other sites 1 3 (8.3 v 8.0 months, P = .1518; Fig 2).

Abdomen 4 27 2 1.4 .684
Al 3 2 ,
+OO“:1 or sites 1 0 Treatment Delivery

Others 9 6.1 13 9.0 384 Table 4 outlines the delivery of treatment. One hundred
Alone . 7 ? forty-six (93.6%) of 156 patients assigned to the concurrent
+ Cther sites 2 4 . .

therapy arm and 151 (95.6%}) of 158 patients assigned to the

Abbreviation: LN, lymph nodes. sequential arm received chemotherapy delivered as defined

by the protocol (= two courses). Seventy-nine (59%) of 156
100
90
80

L)

9 70

S

o 60

= Fig 2. Failure-free survival

G 50 p=0.1518 among assessable patients accord-

"g 40 ing fo ireatment group.

B

30 Concurrent (n=148)
20 1 Ly g
10 Ll L a1
Sequential (n=145)
0 8 ] ] R A 2 =B
0 1 2 3 4 5 6 7 years
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Table 4. Treatment Delivery

Concurrent Therapy Sequential Therapy

{no. of patients) {no, of patients
Total no. of patients 156 158
No. of chemo- '
therapy courses
0 0 1
1 10 6
2 67 112
3 58 31
4 21 8
Mean 2.55 2.18
Radiation dose, Gy
< 56 20 27
56 129 120
> 56 7 11
Mean 54.3 553
Range 26-60 20-70

patients on the concurrent arm and 39 (24.7%) of 158
patients on the sequential arm received three to four courses
of chemotherapy. Thus patients treated with the concurrent
therapy were given more chemotherapy courses compared
with patients treated with the sequential therapy (P =
.0001). Patients in the concurrent therapy group and in the
sequential therapy group received a mean of 2.55 and 2.18
courses of chemotherapy, respectively.

On the other hand, 136 (87.2%) of 156 patients on the
concurrent arm and 129 (81.6%) of 158 patients on the
sequential arm received = 56 Gy of radiotherapy. The mean
dose in irradiation was identical on both arms (concurrent v
sequential, 54.3 v 55.3).

Accordingly, 128 (82.1%) of 156 patients on the concur-
rent arm and 131 (82.9%) of 158 on the sequential arm
received chemotherapy (= two courses) and radiotherapy
(= 56 Gy) delivered as defined by the protocol. Compliance
with protocol of chemotherapy and radiotherapy was accept-
able in that approximately 80% of patients received treat-
ment per protocol or with minor differences in protocol
delivery.

DISCUSSION

The combination of radiotherapy and chemotherapy using
cisplatin-based regimens has been extensively investigated
for application in locally advanced NSCLC. Recent trials
conducted by Le Chevalier et al,>'7 Dillman et al,®> and
Sause et al'® demonstrated a benefit in the sequential
approach.

The median survival time (13.4 months) and 2- and 3-year
survival rates (27.2% and 13.7%, respectively) in the
sequential group from our study seem similar to the results
observed in the trials of Dillman et al (median survival time,
13.7 months; 2- and 3-year survival rates, 26% and 24%,
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respectively),> Sause et al (median survival time, 13.8
months),'8 and Le Chevalier et al (median survival time, 12
months; 2- and 3-year survival rates, 21% and 1%).2 The
results of our trial further demonstrate a significant survival
advantage for the concurrent approach compared with the
sequential approach. The median survival duration in the
concurrent approach demonstrated an improvement of 3
months over that of the sequential approach (16.5 v 13.3
months), but the improvement in long-term (2 to § years)
survival rates in the concurrent approach was slightly better
(<< 10%}) when compared with the sequential approach.

The Radiation Therapy Oncology Group14 (73-01) previ-
ously reported a randomized study of various irradiation
doses and fractionation schedules in radiotherapy for
NSCLC.!? The 60-Gy continuous schedule was superior to
the same dose given in a split-course fashion. However, we
often experienced irregular interruption of radiotherapy in a
pilot study of concurrent continuous radiotherapy and the
MVP regimen. The main cause of this interruption in
radiotherapy was neutropenic fever. Thus in our phase Il and
current study, we chose regularly scheduled interruption (e,
split-course radiotherapy). In the current study, the incidence
of esophagitis was identical for the concurrent and the
sequential groups. However, Radiation Therapy Oncology
Group 92-04, using a continuous schedule in the concurrent
arm in a randomized phase II study comparing concurrent
with sequential chemotherapy/radiation for advanced
NSCLC, demonstrated that patients on the concurrent arm
experienced significantly more acute and chronic esophagi-
tis, although a twice-a-day fractionation schedule was
used.? The low incidence of esophagitis in our study may be
due to use of the split-course schedule in radiotherapy (grade
3 esophagitis in concurrent v sequential therapy, four of 156
patients v three of 158 patients). We believe that this
schedule might help lessen the toxicity associated with
concurrent radiotherapy and intensive chemotherapy and
make treatment more acceptable to patients.

The timing of chemotherapy relative to radiotherapy may
be important. Recently, we compared concurrent versus
sequential radiotherapy and chemotherapy for limited-stage
small-cell lung cancer (SCLC) in a randomized trial of 228
patients,?! and our results suggested improved outcome for
patients who receive concurrent therapy. The data supported
a policy of administering thoracic radiation soon after
initiation of chemotherapy for limited-stage SCLC.2? Thus
these trials for SCL.C and NSCLC may support the general
concept that early destruction of as many cancer cells as
possible by combined-modality treatment is a therapeutic
principle that may also apply to treatment of cancers other
than lung cancers??; these trials may also support the concept
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that direct enhancement of local control by simultaneous
chemotherapy and radiotherapy may improve both local and
long-term outcome.

In the delivery of chemotherapy in our current study,
patients who were treated with concurrent therapy received
significantly more chemotherapy courses (mean, 2.55
courses) when compared with patients treated with sequen-
tial therapy (mean, 2.18 courses). In a randomized trial by
Le Chevalier et al,” patients who received chemotherapy
followed by radiotherapy and who responded to chemother-
apy were given three additional chemotherapy courses after
radiotherapy. On the other hand, in the studies of Dillman et
al® and Sause et al'® with the same sequential approach, only
two chemotherapy courses were administered before radio-
therapy. Although no randomized study comparing the
administration of additional chemotherapy versus no admin-
istration of additional chemotherapy after radiotherapy has
been conducted, the survival results were identical among
the three trials (median survival time, 12 to 13.8 months).
No randomized trial has addressed the optimal duration of
chemotherapy in combined radiotherapy and chemotherapy
for locally advanced NSCL.C.

FURUSE ET AL

The incidence of myelosuppression was higher among
patients on the concurrent therapy arm than among patients
on the sequential therapy arm. Further studies with this
approach are warranted to improve toxicity. However, we
experienced three treatment-related deaths in the sequential
group and one in the concurrent group. This finding suggests
that the concurrent approach is acceptable for selected
patients with unresectable stage III NSCLC.

A 3-month improvement in median survival and better 2-
and 3-year survival rates observed in the concurrent radio-
therapy and MVP group are encouraging. At the same time,
because approximately 70% of the patients in this series
relapsed within 3 years, further improvements in the treat-
ment are still needed. More effective chemotherapy must be
developed and exploration of improved radiation therapy
must be conducted to increase the benefit of this approach.
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APPENDIX

Additional participating institutions and specialists from the West Japan Lung Cancer Group include the following: National Kinki Central
Hospital for Chest Diseases (M. Akira), Osaka Prefectural Habikino Hospital (T. Tada), Osaka City University (T. Nakazima), Kobe City General
Hospital (H. Fukuda), Osaka Medical Center Cancer and Cardiovascular Diseases (M. Chatani), Aichi Cancer Center (S. Fuwa), Gifu Municipal
Hospital (T. Sawa), Gifu University (K. Goto), National Kyoto Hospital (H. Asamoto), Kinki University (S. Nakajima), Osaka Teishin Hospital (K.
Komuta), Osaka General Hospital (S. Negoro), Hyogo Medical College (T. Igarashi), Wakayama Rosai Hospital (T. Hoso), Hiroshima University (M.
Yamakido), Kagawa Medical School (J. Takahara), Kagawa Prefectural Central Hospital (M. Kamei), Aso Izka Hospital (H. Yamamoto), Kumamoto
Chuo Hospital (E. Kinuwaki), National Minamikyushu Hospital (F. Iwami), Nagasaki Municipal Citizens Hospital (M. Nakano), Saseho City General
Hospital (J. Araki), Kumamoto Regional Medical Center (H. Senda), and Kyushu University (K. Nobutomo).
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Abstract

Recent experience with weekly administration of docetaxel has demonstrated less myelotoxicity and suggested that this regimen
holds promise for elderly patients at the high risk of myelosuppression. However, in this phase I trial of weekly docetaxel conducted
only in elderly patients (70 years old or more) with non-small cell lung cancer (NSCLC), the toxicity profile was markedly different
from that in previous reports. The dose-limiting toxicities were neutropenia, diarrhea and infection, all of which were observed at a
dose of 30 mg/m?*week and the maximum-tolerated dose by protocol definition was 30 mg/m*week. Although other hematological
and non-hematological toxicities observed in this treatment were generally moderate and were well tolerated by elderly patients with
NSCLC, the risk of myelosuppression still requires careful attention.

© 2002 Published by Elsevier Science Ireland Ltd.
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1. Introduction

Cisplatin-based chemotherapy is now considered
standard treatment for advanced or metastatic non-
small cell lung cancer (NSCLC) [1-5]. However, the
number of elderly NSCLC patients, who frequently
cannot undergo that treatment because of presence of
comorbidities, has recently been increasing. The Italian
study group reported that chemotherapy with vinorel-
bine was associated with longer survival than was best
supportive care in elderly NSCLC patients [6,7], and
Frasci et al. reported that a combined regimen of
vinorelbine and gemcitabine yielded better survival
than vinorelbine alone in elderly NSCLC patients on a
small sample size trial (120 patients overall), which was
interrupted by an interim-survival analysis [8]. Though,
a larger randomized trial performed on 700 patients
failed to demonstrate a similar survival benefit [9,10],

* Corresponding author. Tel.: +81-22-717-8539; fax: +81-22-717-
8549
E-mail address: akinoue@idac.tohoku.ac.jp (A. Inoue).

suggesting that the role of this non-platinum doublet
regimen for elderly patients is still controversial.

Docetaxel has demonstrated a high single-agent
activity in both chemo-naive and refractory NSCLC
[11-13]. The docetaxel dose in the majority of early
clinical trials was 100 mg/m? administered once every 3 *
weeks, however, more than 90% of patients receiving
this dose developed grade 3 or 4 neutropenia, and some
required hospitalization to treat neutropenic fever. Even
at a 60-mg/m* dose, grade 3 or 4 neutropenia was
observed in more than 80% of patients in the Japanese
trial [14].

Recent clinical trials have shown marked reductions
in myelosuppression when docetaxel was administered
on a weekly schedule [15,16]. In a phase I trial in
patients with advanced refractory tumors, the maximum
tolerated dose (MTD) of weekly docetaxel was 43 mg/
m?*week. Fatigue and asthenia were the dose-limiting
toxicities (DLTs), and grade 3 leukopenia was observed
in only 14% of patients [15]. A subsequent phase 11 trial
in elderly NSCLC patients used a docetaxel dose of 36
mg/m? administered weekly for 6 weeks. An 18%
response tate and moderate toxicities were reported
[16]. However, 49% of the patients included were less

0169-5002/02/$ - see front matier © 2002 Published by Elsevier Science Ireland Ltd.
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than 70 years old (the youngest patient was 55 years
old), and patients with good performance status (PS)
and those with poor PS (PS 2) were mixed up regardless
of their age in that trial. Thus, the safety of weekly
docetaxel for the elderly patients only have not yet been
reported.

This report describes results of a phase I trial of
weekly docetaxel in elderly (=70 years old) NSCLC
patients with a good PS.

2. Methods
2.1. Eligibility

Patients with histologically confirmed NSCLC un-
suitable for primary surgical treatment were enrolled in
the study. Other eligibility criteria included having
received <1 previous chemotherapy regimen, presence
of at least one measurable lesion, =70 years of age,
estimated life expectancy > 12 weeks, Eastern Coopera-
tive Oncology Group (ECOG) PS 0 or 1, adequate
hematopoietic reserve (absolute neutrophil count
(ANC) =>2000/u, platelet count > 100000/ul), ade-
quate hepatic and renal function, including serum
creatinine < 1.5 times the upper limit of normal,
creatinine clearance > 60 ml/min, serum bilirubin <
1.5 times the upper limit of normal, and aspartate
aminotransferase (AST) and alanine aminotransferase
(ALT) < 2.0 times the upper limit of normal. Patients
with symptomatic brain metastasis were ineligible.
Patients with severe comorbidity were also ineligible.
Signed informed consent forms were required for patient
inclusion. The protocol was approved by the review
board of each institution.

2.2. Dose escalation

Docetaxel was administered on days 1, 8, and 15 of
each 28-day treatment cycle. The starting dose level was
25 mg/mz; dose levels were escalated in 5 mg/m2
increments. Six patients were treated at each dose level,
and no intra-patient dose escalation was allowed.

On day | of each 28-day cycle, patients had to have an
ANC > 1500/pl and a platelet count > 75000/ul to
receive treatment. A treatment delay of up to 2 weeks
was permitted to allow recovery of blood counts to <
grade 1 toxicity level (National Cancer Institute Com-
mon Toxicity Criteria, NCI-CTC). Docetaxel was
administered on days 8 and 15 if the ANC was >
1000/pl and platelet count > 75000/ul; docetaxel was
not administered in the presence of grade 3/4 neutrope-
nia, >grade 2 thrombocytopenia, > grade 2 non-
hematologic toxicity other than nausea, vomiting,
alopecia, or fatigue, or > grade 3 nausea, vomiting,
alopecia, or fatigue.

2.3. Drug administration

Docetaxel was diluted in 250 ml of 5% glucose
solution and administered by 1-h intravenous infusion.
Premedication with corticosteroid was recommended.
No prophylactic granulocyte colony-stimulating factor
(G-CSF) or prophylactic antibiotic support was
planned.

2.4. Treatment evaluation

Complete and differential blood cell counts were
performed on days 1, 8, 15, and 21 of each 28-day
cycle. Biochemical analysis, including serum creatinine,
electrolytes, alkaline phosphatase, bilirubin, AST, ALT,
calcium, total protein, and albumin, was performed on
the same day.

Toxic effects were assessed according to NCI-CTC.
DLT was defined as toxicity during the first treatment
cycle consisting of grade 4 neutropenia, > grade 3 other
hematologic toxicity, > grade 2 non-hematologic toxi-
city other than nausea, vomiting, alopecia, and fatigue,
or failure to start the next treatment cycle on day 42.

The MTD was defined as the dose level at which at
least three patients experienced a DLT. All patients were
to continue treatment unless their disease progressed
and/or unacceptable toxicity occurred, the patient
refused further treatment, or the physician decided to
discontinue treatment.

Patients were evaluated for response according to the
new guidelines of the Worid Health Organization
(WHO), i.e. Response Evaluation Criteria in Solid
Tumors (RECIST). During treatment, tumor response
was assessed based on either clinical evaluation, com-
puted tomography scans, and/or ultrasound every two
cycles. Responding patients had tumor assessments
repeated 4 weeks after the initial determination of
response.

3. Results

Between May 2000 and February 2001, 11 patients
were enrolled in the study. Patient characteristics are
listed in Table 1. A total of 19 treatment cycles were
administered, with a median of two cycles per patient
(range, 1-2 courses). Six patients were treated at dose
level 1 (25 mg/m*/week) and 5 patients were treated at
dose level 2 (30 mg/m?/week). Three patients received
only one treatment cycle because of disease progression
(two patients) or the physician’s decision (one patient).
All patients were assessable for tumor response, and all
cycles were assessable for toxicity. At dose level 2, DLTs
were observed in three of five patients, and in accor-
dance with the protocol, patient accrual was stopped.

_36A



