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Abstract A phase I study was performed to establish
the optimum dose for combination therapy with infu-
sional cisplatin and irinotecan (CPT-11) in non-small-
cell lung cancer (NSCLC). The subjects were 20 patients
with a performance score of 0—2 with untreated ad-
vanced NSCLC. Cisplatin was administered by 5-day
continuous intravenous infusion at 20—25 mg/m2
per day. CPT-11 was administered by bolus infusion at
a starting dose of 20 mg/m2 on days 1 and 8 or
60 mg/m2 per day on day 1 alone, followed by serial
increments of 20 mg/m2. Since grade 4 granulo-
cytopenia was observed in two of the five patients
receiving 20 mg/m2 per day cisplatin (days 1—5) and
100 mg/m2 CPT-11 (day 1), and since one of them
developed severe pneumonia and sepsis associated with
the granulocytopenia, the regimen was considered to be
intolerable. In the same patient, grade 4 throm-
bocytopenia and grade 3 diarrhea were observed.
Therefore, the optimum dose appeared to be 20 mg/m2
per day (days 1—5) for cisplatin and 80 mg/m2 (day 1)
for CPT-11. The side effects were grade 2 diarrhea in
one of three patients, and grade 2 vomiting in three
patients, but grade 52 hemotoxicity was not ob-
served. This combined regimen resulted in a partial
response in 9 out of 19 assessable patients. The dose-
limiting factor in this combination therapy was granulo-
cytopenia, and a high efficacy rate was obtained.
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Introduction

Cisplatin-based chemotherapy can be used against ad-
vanced non-small-cell lung cancer (NSCLC), and a re-
sponse rate of 25—50% has been reported for a vari-
ety of combination chemotherapy regimens such as
cisplatin plus vindesine/vinblastine or etoposide and
cisplatin plus vindesine plus mitomycin C [1, 8]. How-
ever, complete responses are rarely attained, and the
effects on survival have not been clarified in advanced
NSCLC. Advances in the treatment of this disease will
be made only by discovering more active agents and
successfully including such drugs in rational combina-
tion chemotherapy regimens.

Irinotecan hydrochloride (CPT-11), a semisynthetic
derivative of camptothecin, has shown strong anti-
tumor activity against a wide range of tumors in vitro
[9, 14]. CPT-11 has also been found to be active
against NSCLC [4, 16], small-cell lung cancer (SCLC)
[10], leukemia, lymphoma [17] and colorectal cancer
[18, 21]. A response rate of 32% to CPT-11 for
NSCLC is encouraging [4].

Cisplatin is the most effective active agent for chemo-
therapy in advanced NSCLC. In addition, cisplatin is
gaining widespread acceptance as one of two or three
agents used in combination chemotherapy [2, 19].
There are several methods of administering cisplatin,
and some institutes including our hospital use a 5-day
continuous infusion (CI) [3, 20]. In previous study at
our institute, cisplatin CI was given as a single agent to
30 previously untreated patients with NSCLC, and
a high response rate, 40%, was obtained. Good clinical
results have been obtained for cisplatin CI, and al-
though the total dose is larger than for bolus adminis-
tration, CI is associated with less severe emesis and
renal toxicity [20], making cisplatin CI an effective and
safe treatment for NSCLC.

In preclinical studies, CPT-11 has shown no cross-
resistance and marked synergism with cisplatin [5—7].



Table 1 Dose escalation schedule

Dose Dose (mg/m2) No. of Total no. of
level patients courses

CPT-11 Cisplatin

1 20]2 25]5 3 5
2 20]2 20]5 3 7
3 40]2 20]5 3 6
4 60 20]5 3 7
5 80 20]5 3 7
6 100 20]5 5 8

To evaluate the potential therapeutic benefit of adding
CPT-11 to cisplatin and to further assess the toxicity of
CPT-11 in combination chemotherapy, we performed
a phase I clinical study in patients with advanced
NSCLC who had received no prior therapy. The pur-
poses of this study were (a) to determine the optimal
dose of CPT-11 in combination with a fixed dose of
cisplatin, (b) to further assess the toxicity of CPT-11 in
combination chemotherapy, and (c) to obtain prelimi-
nary evidence of the therapeutic activity in patients
with advanced NSCLC.

Materials and methods

Patient population

All patients with histologically or cytologically confirmed advanced
NSCLC were eligible for this phase I trial. None of the patients had
received prior therapy. Other eligibility criteria included expected
survival of 512 weeks, age (75 years, Eastern Cooperative On-
cology Group performance score of 0—2, measurable lesions, and
adequate hematological function (WBC54000/mm3, platelet count
5100 000/mm3, hemoglobin 510 g/dl), renal function (serum, cre-
atinine 41.5 mg/dl, creatinine clearance '60 ml/min), and hepatic
function (total serum bilirubin (1.5 mg/dl, glutamic oxaloacetic
transaminase and glutamic pyruvic transaminase less than twice the
normal range). The protocols used were approved by the ethical
committee of the Tochigi Cancer Center (Tochigi). Written informed
consent was obtained in every case stating that the patient was
aware of the investigational nature of this treatment regimen. Pre-
treatment evaluation included medical history, physical exami-
nation, complete blood count, bone marrow examination, serum
biochemical analyses, chest radiograph, electrocardiogram, and
urinalysis. All patients underwent a radionuclide bone scan, com-
puterized tomography of the brain and thorax, and ultrasonography
or computerized tomography of the abdomen. All patients were
admitted to the Tochigi Cancer Center Hospital during this trial.
Complete blood count, biochemical tests, serum electrolytes, uri-
nalysis, and chest radiographs were obtained weekly during this
phase I trial. Tests of measurable disease parameters such as com-
puterized tomography were repeated every 4 weeks.

Study design and treatment plan

All patients were hospitalized for the combined treatment with
CPT-11 plus cisplatin.

In the first part (level 1), the starting CPT-11 dose was 20 mg/m2
on days 1 and 8 (40 mg/m2 per course), and the dosage was increased
in subsequent increments of 20 mg/m2 (Table 1). The starting dose
(40 mg/m2 per course) was based on 1/10 (26.4 mg/m2) of the dose
which was lethal to 10% of mice tested or 1/3 (69.3 mg/m2) of the
low toxic dose in dogs on a single-dose schedule (data on file at
Daiichi Pharmaceutical Co. and Yakult Honsha Co.). CPT-11 was
kindly provided by Yakult Honsha (Tokyo, Japan), and Daiichi
(Tokyo, Japan). Three patients were entered. The dose of CPT-11 in
500 ml normal saline or 5% glucose was infused intravenously (i.v.)
over 90 min. Cisplatin (25 or 20 mg/m2) was given daily for 5 days by
i.v. CI. One-third of the daily dose was administered every 8 h
dissolved in 800 ml physiological saline [20]. Antiemetic drugs used
were metoclopramide (3 mg/kg per day, CI for 5 days), methylpredni-

solone (125 mg bolus infusion every 8 h, days 1—5), diphenhydra-
mine (30 mg orally, days 1—7) and alprazolam (1.2 mg orally, days
1—7). The course was repeated every 4 weeks.

In the second part (levels 2, 3), we studied dose escalation of
CPT-11 (days 1 and 8) with a fixed dose of cisplatin (20 mg/m2 per
day, CI, on 5 days) given every 4 weeks. The starting CPT-11 dose
was 20 mg/m2 and the dosage was then increased in increments of
20 mg/m2. Three patients each were entered at the first level and
second level (Table 1).

In the third part (levels 4—6), a successive cohort was used to study
the dose escalation of CPT-11 (day 1) with a fixed dose of cisplatin
(20 mg/m2 per day, CI, on 5 days), given every 4 weeks. The starting
CPT-11 dose was 60 mg/m2 and the dosage was then increased in
increments of 20 mg/m2. The starting dose of CPT-11 was deter-
mined at 60 mg/m2, because this dose, which was between
40 mg/m2, the total dose at the first level of the second part, and
80 mg/m2, the total dose at the second level, was considered to be
reasonable with regard to safety. The goal was to focus primarily on
the dose escalation of CPT-11. The hydration and antiemetics were
administered in the same way as in the first part.

We initially planned to treat three patients at each dose level. No
dose escalation was permitted in the same patient. The maximally
tolerated dose (MTD) was that at which either of the following was
produced in at least 50% of the patients treated: (a) nonhematologi-
cal toxicity of grade 53 or nausea and vomiting of grade 4, or
(b) the persistence of a nadir with an absolute granulocyte count of
(500/mm3 for 57 days. This was determined by carrying out
a complete blood count every other day when the leukocyte and
platelet count decreased to (2000/mm3 and 50 000/mm3, respec-
tively. The reason we decided to use granulocytopenia lasting 57
days as a dose-limiting factor was that we expected this regimen to
induce severe granulocytopenia, but that this would be manageable
under the careful supervision made possible by the hospital
setting. Recombinant human granulocyte colony-stimulating
factor (rhG-CSF) was not used in this trial. In addition, no pro-
phylactic measures such as antibiotic administration were taken
prior to the occurrence of fever associated with the
granulocytopenia.

Toxicity was graded according to the common toxicity criteria
[23]. Patients were treated for at least two cycles of therapy
unless disease progression or unacceptable toxicity was encountered
or the patient’s wishes intervened. No dosage modification was
made on the basis of bone marrow toxicity. In the case of stable or
progressive disease after two courses of treatment, subsequent ther-
apy was left to the discretion of the physician in charge of the
patient. The criteria for response were as follows. Complete response
was defined as the complete disappearance of all evidence of tumor
for at least 4 weeks. Partial response was defined as a '50%
reduction in the sum of the product of the two greatest perpendicu-
lar diameters of all indicator lesions for at least 4 weeks and no
appearance of new lesions or progression of any lesion. Disease
progression was defined as a 525% increase in tumor area or the
appearance of new lesions. All other circumstances were classified as
stable disease.
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Table 3 Toxicity of CPT-11 and infusional cisplatin (D¸¹ dose limitng toxicity, numbers in parentheses numbers of patients with grade
4 granulocytopenia lasting 57 days)

Dose No. of patients/no. of patients WBC Granulocytes Platelets Liver Diarrhea Nausea/ Alopecia
level with DLT (grade) (grade) (grade) (grade) (grade) vomiting

(grade)
(grade)

2 3 4 2 3 4 2 3 4 2 3 2 53 2 3 1 2

1 3/2 0 2 0 0 0 2 (2) 1 0 0 0 0 0 0 0 1 0 1
2 3/0 1 0 0 0 1 0 1 1 0 0 0 1 0 2 0 0 1
3 3/2 2 1 0 0 1 2 (2) 1 0 0 0 1 0 1 1 1 1 2
4 3/0 0 1 0 0 1 0 0 0 0 0 0 1 0 2 0 0 3
5 3/0 0 0 0 0 0 0 0 0 0 0 0 1 0 3 0 2 1
6 5/2 1 1 1 0 1 2 (2) 0 0 1 1 0 1 1 2 0 1 1

Table 2 Patient characteristics

No. of patients
Sex 20

Male 12
Female 8

Age (years)
Median 63
Range 43—74

Performance status
0—1 12
2 8

Stage
IIIB 3
IV 17

Histology
Adenocarcinoma 13
Squamous 6
Adenosquamous 1

Results

A group of 20 patients participated in this study be-
tween September 1992 and July 1993 and received 40
courses of the regimen. Table 2 shows the patient char-
acteristics. There were 8 women and 12 men, with
a median age of 63 years (range 43 to 74 years). Three
patients had stage IIIB disease and 17 stage IV disease.
A total of 40 courses of therapy were given, and all were
assessable for toxicity. The mean number of cycles
administered per patient was two, ranging from one to
three (one cycle in 3 patients, two in 14 patients, and
three in 3 patients). Table 1 shows the number of pa-
tients and courses per dose level.

Toxicity

Tables 3 and 4 show the side effects. In level 1,
granulocytopenia of grade 4 lasting for 57 days was
noted in two of three patients, but they had no infec-
tious complications. The regimen was considered to be

intolerable. In the second part, the dosage of cisplatin
was fixed at 20 mg/m2, and that of CPT-11 was in-
creased, but grade 4 granulocytopenia lasting for 57
days was observed in two of three patients at level 3.
They had no infectious complications. The regimen was
considered to be intolerable. In the third part, CPT-11
was administered only on day 1, and the dosage of
CPT-11 was increased. Grade 4 granulocytopenia last-
ing for 57 days was noted in two of five patients at
level 6, and one of them developed severe pneumonia
and sepsis associated with the granulocytopenia, so
that the regimen was considered to be intolerable.
Grade 4 thrombocytopenia and grade 3 diarrhea were
observed in the same patient.

At level 3, grade 4 diarrhea was observed in one of
three patients, and grade 3 vomiting and liver dysfunc-
tion associated with increases in transaminases were
noted in the same patient.

Table 4 shows granulocytopenia and diarrhea as
side effects. In the first course, the granulocyte count
was maintained at 2.0]103/mm3 at median nadir at
level 5. The median day until nadir and the median day
of recovery were slightly delayed in the levels 1—3
groups, in which CPT-11 was administered on days
1 and 8, than in the levels 4—6 groups, in which it was
administered on day 1 alone. In a total of 40 courses,
grade 53 diarrhea was observed in only 2 courses.
Grade 53 diarrhea developed on median day 10 (day 8,
12), and recovery was observed on median day 16 (day 14,
18). Diarrhea could be managed with loperamide HC1
in addition to i.v. fluid and electrolyte replacement.

No patients experienced tarry stool or grossly
bloody diarrhea. Finally, there were no treatment-
related deaths. The maximum tolerated dose (MTD) in
this study was 100 mg/m2 CPT-11 on day 1 combined
with cisplatin (20 mg/m2 per day, CI, on 5 days).

Response to treatment

Table 5 shows the therapeutic responses. One patient
was nonassessable for response. This patient was
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Table 4 Granulocytopenia and
diarrhea as major toxic effect at
each dose level

Dose level

1 2 3 4 5 6

No. of patients 3 3 3 3 3 5
No. of courses 5 7 6 7 7 8

Granulocyte counts in first course
No. of patients! 2 1 3 1 0 3
Nadir (]103/mm3)

Median 0.37 0.64 0.56 0.52 0.27
Range 0.25, 0.50 0.35—0.87 0—0.52

Day of Nadir
Median 18 21 19 15 17
Range 17, 19 17—22 12—22

Day of recovery"

Median 32 28 32 17 29
Range 26, 39 29—33 24—36

Diarrhea# 0 0 1 0 0 1

!Only patients suffering grade 2 or worse toxicity
"Granulocyte counts 52]103/mm3
#Number of courses which exhibited grade 3 or 4 diarrhea in all courses

Table 5 Therapeutic response
at each dose level (CR complete
response, PR partial response,
SD stable disease)

Dose No. of No. of patients responding Responders Response duration (days)
level assessable

patients CR PR SD No. % Median Range

1 3 0 2 1 2 66 68 68
2 3 0 1 2 1 33 66
3 3 0 1 2 1 33 129
4 3 0 1 2 1 33 102
5 3 0 3 0 3 100 84 44—100
6 4 0 1 1 1 25 60
Overall 19 0 9 8 9 47 83 44—129

removed from the study after one cycle of treatment for
granulocytopenia of grade 4 lasting 4 days and grade
3 diarrhea.

A complete response was not achieved in any patient.
A partial response was achieved in 9 of the 19 assess-
able patients. There was no clear relationship between
the dose of CPT-11 and the response to treatment. The
median duration of response was 11.5 weeks (range
6—18 weeks).

Discussion

CPT-11 is clearly effective against SCLC [10] and
advanced NSCLC [4, 16]. Cisplatin is also a most
effective active agent. In in vitro studies, combinations
of CPT-11 and cisplatin have been shown to be syner-
gistic [5]. The two drugs have different action mecha-
nisms, and the principal toxicities do not overlap. Com-
bination therapy with CPT-11 and cisplatin has also
been used against advanced lung cancer [11, 12, 22].

The current phase I study of CPT-11 in combina-
tion with a fixed dose of cisplatin (CI) was con-
ducted to determine the toxicity and morbidity
associated with this regimen in the treatment of pa-
tients with advanced NSCLC who had received no
prior therapy.

The toxicities of this regimen were leukopenia, espe-
cially granulocytopenia. In this study, we regarded an
absolute granulocyte count of (500/mm3 for 57
days as unacceptable toxicity. The duration of granulo-
cytopenia may be reduced by the use of rhG-CSF.
Since rhG-CSF was not used in this study, delay of
treatment due to granulocytopenia was noted in level
3 although no treatment-related deaths due to granulo-
cytopenia were observed. Concerning the diarrhea as
a toxicity of CPT-11 [4, 16, 18], grade 53 diarrhea
appeared in only two courses of a total of 40 courses
coincidentally with grade 4 granulocytopenia. Diar-
rhea of grade 53 was infrequent, probably because the
dose of CPT-11 was 10—25% of that used in the phase
I study, in which CPT-11 was administered weekly at
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100 mg/m2 [16]. Grade 53 diarrhea could be man-
aged by administration of 2—4 mg loperamide HCl daily
in addition to i.v. fluid and electrolyte replacement.

There are several methods of administering cisplatin,
and some institutes including our hospital have used
a 5-day continuous infusion [3, 20]. Good clinical
results have been obtained with cisplatin CI, and al-
though the total dose is larger than with bolus adminis-
tration, CI is associated with less severe emesis and
renal toxicity [19, 20], making cisplatin CI an effective
and safe treatment for NSCLC.

In a phase I trial of a combination of CPT-11 and
cisplatin reported by Masuda et al. [11, 12], cisplatin
was administered at 60 and 80 mg/m2 every 4 weeks.
Since it was administered at 20 mg/m2 per day on
5 consecutive days every 4 weeks in this study, the
dosage of cisplatin in this regimen was 1.67 and 1.25
times higher than that in the study of Masuda et al.

On the other hand, based on the assumption of dose-
efficiency relationship, CPT-11 could be combined with
high-dose cisplatin (25 mg/m2]5) at only 10%
(20 mg/m2 on days 1 and 8) of the dose intensity of
100 mg/m2 per week achieved as a single agent [16].
Therefore, we conducted the second and third parts of
the study on this regimen to focus primarily on the dose
escalation of CPT-11. The dose of CPT-11 combined
with cisplatin (20 mg/m2]5) was able to be increased
to 20% (80 mg/m2 on days 1) of the dose intensity of
the drug when given alone. This dose intensity of CPT-
11 (20%) was lower than that reported by Masuda et al.
(45%, 60%) [11, 12]. The low dose intensity of CPT-11
is considered to be at least partly due to an additive
myelosuppressive effect of the concomitant use of
cisplatin [11].

It is not clear which is more important, the dose
intensity of cisplatin or the dose intensity of CPT-11, in
the combination of cisplatin and CPT-11 in the man-
agement of the patients with advanced NSCLC [22].
Based on the assumption of a dose-efficacy relation-
ship, it is preferable for CPT-11 to be given in combina-
tion with cisplatin at a dose closer to the MTD of
CPT-11 when it is used as a single agent. Therefore, we
are currently conducting a further trial to determine
whether the use of rhG-CSF offers adequate protection
against leukopenia to allow further augmentation of the
dose intensity of CPT-11 combined with cisplatin [13].

Partial responses were observed in 9 of 19 assessable
patients. There was no clear relationship between the
dose of CPT-11 and the response to treatment [11].
Although a complete response was not achieved, a res-
ponse rate of 47% for this regimen is encouraging
[4, 11, 12].

In conclusion, CPT-11 combined with 100 mg/m2
cisplatin could be given at 20% of the dose intensity of
the drug when given alone. In this phase I study of 19
assessable patients with previously untreated NSCLC,
a partial response was achieved in 9 patients. The
major dose-limiting toxicity of this regimen was

granulocytopenia. We are conducting a further phase I
trial to investigate whether support with rhG-CSF
would permit further intensification of the CPT-11
dose in combination with a fixed cisplatin dose.
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