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A dose escalation study of teniposide (VM-26) plus cisplatin (CDDP) was carried out using recombinant human 
granulocyte colony-stimulating factor (rhG-CSF) in 46 previously untreated patients with advanced small cell 
lung cancer (SCLC). The dose of CDDP was 80 mg/m*/day intravenously (i.v.) (day 1) and VM-26 was escalated 
from 60 mg/m*/day to 80,100 and 120 mglm*/day i.v. X 5 days for four cycles. The dose of rhG-CSF was 90 pg/ 
m*/day subcutaneously for 13 days. The feasibility of the regimen at the starting dose level of VM-26 with or 
without rhG-CSF was initially examined in 10 patients chosen through random allocation. WHO grade 4 
neutropenia was observed in 17% (three out of 18 courses) of patients in the rhG-CSF group and in 63% (12 out of 
19 courses) of the control group (P < 0.01). The number of patients with febrile episodes (> 38°C) over the four 
courses of chemotherapy was 1 in the rhG-CSF group and 4 in the control group. According to these results, all 
36 patients received rhG-CSF in the dose escalation stage. The incidence of WHO grade 4 neutropenia at the 
dose levels of 60, 80, 100 and 120 mglm*/day of VM-26 was 66, 57, 76 and 85%, respectively (P > 0.1). The 
incidence of grade 4 thrombocytopenia was 19,31,18 and 46O/o, respectively (P > 0.1). The overall response rate 
was 100% in patients with limited stage SCLC and 83% in patients with extensive stage SCLC. The actual 
administered VM-26 dose per week at the dose level of 100 mg/m*/day was 1.6-fold higher than the planned 
starting dose (60 mg/m*/day) per week. At the dose level of 120 mg/m*/day, 50% of patients developed WHO grade 
4 leucopenia, which lasted longer than 1 week and 67% of the patients had WHO grade 3 or 4 diarrhoea. At this 
same dose, all patients had at least one febrile episode (> 38”C), and 1 patient died of cerebral bleeding with 
severe thrombocytopenia. The median survival time of all patients was 451 days (411 days, extensive disease; 497 
days, limited disease). VM-26 plus CDDP with rhG-CSF was active in previously untreated patients with SCLC. 
The recommended dose of VM-26 in combination with CDDP for a phase II study is 100 mg/m*/day for 5 days 
with rhG-CSF support. 
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INTRODUCTION 
SMALL CELL lung cancer (SCLC) accounts for approximately 
15% of all lung cancer in Japan. In patients with stage II, III and 
IV SCLC, intensive systemic chemotherapy is the first choice of 
treatment. Despite trials with various combinations of cytotoxic 
agents including non-crossresistant chemotherapy, survival of 
SCLC patients has not improved for several years [l-3]. An 
increase in the number of complete responses (CR) during initial 
treatment is considered to be essential for prolonging the survival 
of patients with SCLC [4, 51. 

Although prior reports on the therapeutic efficacy of tenipo- 

side (VM-26) in previously treated patients with SCLC have not 
been encouraging [&I 11, recent clinical trials have shown this 

agent to be highly active in untreated patients with SCLC 
[12-E]. Cytotoxicity and DNA damage studies in Chinese 
hamster ovary (CHO), L1210 and human lung cancer cell lines 
suggest that VM-26 may be more potent than etoposide [16-181. 
Although in vitro studies have shown the crossresistance of VM- 
26 and etoposide in lung cancer cell lines, this has not yet been 
proven clinically [ 19, 201. The efficacy of etoposide plus cisplatin 
(CDDP) for patients with SCLC has already been demonstrated 
f 1, 31, although there are very few reports on the possibility of 
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using VM-26 as a combination chemotherapy with CDDP. VM- 
26 combined with CDDP could achieve a better response than 
etoposide in previously untreated patients with SCLC. It has not 
yet been clarified whether the conventional dose of VM-26 was 
high enough to benefit patients with SCLC. In previous reports, 
neutropenia has been the dose-limiting toxicity resulting from 
VM-26 treatment [21-231. In evaluating recombinant human 
granulocyte colony-stimulating factor (rhG-CSF) as a means of 
shortening the duration of cytotoxic drug-induced neutropenia 
[24, 251, we determined the feasibility of using escalated doses 
of VM-26 plus CDDP with rhG-CSF for its antineoplastic effect. 
Our primary objectives were to assess toxicity and the maximum 
tolerable dose of VM-26 plus CDDP when used with rhG-CSF, 
and to examine the activity of the escalated dose of VM-26 plus 
CDDP in previously untreated patients with SCLC. 

Patients 
PATIENTS AND METHODS 

The eligibility criteria was as follows: histologically or cytolog- 
ically proven SCLC, age less than 76 years, no prior therapy, life 
expectancy longer than 6 weeks and measurable or evaluable 
lesions. Patients were required to have an Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) of O-3 and 
satisfactory organ function: white blood cell count > 4 x lo31 
mm3, haemoglobin > 10 g/d& platelet > 10 x 104/mm3, total 
serum bilirubin < 3 mg/dl, serum glutamic oxaloacetic trans- 
aminase (SGOT) and serum glutamic pyruvic transaminase 
(SGPT) < 2 x normal,serumcreatinine < 1.2 mg/dl. Patients 
with carcinomatous meningitis, life-threatening infections and 
concurrent radiotherapy, other than a single involved field, 
were excluded from this study. Patients with uncontrolled 
hypertension, evidence of clinically significant multifocal uncon- 
trolled arrhythmia, unstable angina, congestive heart failure 
(New York Heart Association grade III-IV) or a previous cancer 
within 5 years were also ineligible, as were patients enrolled in 
any other investigational drug study. 

Informed consent was obtained from all patients. The study 
was approved by the Institutional Review Board of the National 
Cancer Centre of Japan, and by those of each participating 
institute. Eligible patients were registered at the central office of 
the National Cancer Centre, Tokyo, and the clinical laboratory 
data of the individual patients were collected weekly by facsimile. 
The group held a regular monthly meeting at the National 
Cancer Centre, Tokyo. 

Patients were enrolled in this study after routine staging 
including chest X-ray, bronchoscopy, computed tomography 
(CT) of the chest, brain CT, abdominal ultrasonography or CT, 
bone scintigram, bone marrow aspiration examination and other 
clinical laboratory examinations. Disease extent was defined as 
follows: a lesion confined to the ipsilateral lung field, including 
ipsilateral supraclavicular lymph nodes, was defined as a limited 
disease (LD); disease beyond these limitations was defined as 
extensive disease (ED). Ipsilateral lung metastasis and cytolog- 
ically positive pleural effusions were also classified as ED. 
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Drug schedule and dosage 

VM-26 (Vumon) was supplied by Bristol-Meyers Co. 
(Troisdorf, Germany). The chemotherapy regimen consisted of 
CDDP 80 mg/m2 intravenously (i.v.) on day 1 and VM-26 on 
60 mg/m’/day i.v. on days I-5 as a starting dose level every 4 
weeks for four cycles. The starting dose and the schedule of VM- 
26 were determined from previous studies [ 10, 15, 211. This 
study consisted of two parts. In the initial stage, the feasibility 
of the regimen with or without rhG-CSF (KRN8601, Kirin and 
Sankyo Co., Tokyo, Japan) was examined. 10 patients were 
random&d to receive the starting dose level of VM-26 (60 mg/ 
m*/day) plus CDDP with or without rhG-CSF. The second stage 
of this study consisted of treating 36 patients with escalating 
doses of VM-26 plus CDDP and rhG-CSF. The dose level of 
VM-26 was escalated to 80, 100 and 120 mg/m*/day. rhG-CSF 
was given at a dose of 90 u.g/m2/day subcutaneously on days 
6-18. The dose of rhG-CSF used in this study was determined 
from a previous dose-escalation study of rhG+CSF in patients 
with advanced lung tumours [25]. If white blood cell counts 
increased over 3 x 104/mm3 after the nadir, the administration 
of rhG-CSF was stopped. 

If patients showed any abnormal laboratory findings, beyond 
the initial eligibility criteria after chemotherapy, the next cycle of 
chemotherapy was postponed until recovery of these laboratory 
parameters. No dose modification rule relating to haematological 
toxicity was scheduled, and no dose escalation was performed 
within the same patient. 

Ancillary therapy was as follows: after iv. prehydration with 
1 1 of 5% glucose in a 0.45% sodium chloride solution, CDDP 
was given i.v. over 30 min. Following the administration of 
CDDP, patients received 20% matmitol iv. at a rate of 50 ml/h 
over 6 h and 2000 ml of 5% glucose in a 0.45% sodium chloride 
solution, with 20 mEq of potassium per litre at a rate of 250 mll 
h. Metoclopramide (2 mg/kg) diluted in 100 ml of saline was 
given i.v. over 30 min, 0.5 h before and 1.5,3.5 and 5.5 h after 
CDDP treatment. Dexamethasone at a dose of 20 mg diluted in 
100 ml of saline was given i.v. over 30 min 1 h before CDDP. 
Two doses of 25 mg of promethazine in 100 ml of saline were 
given i.v. over 30 min, the first dose concomitantly with the 
dexamethasone and the second dose just after the third dose of 
metoclopramide. VM-26 was administered i.v. over 1 h in 
250 ml of 5% glucose solution. Platelets were transfused when 
the platelet count fell below 3 x 104/mm3 or when any bleeding 
became prominent. Packed red blood cells were transfused when 
the haemoglobin count fell below 8 g/d1 or the anaemia became 
symptomatic. Antibiotics were administered to febrile neutrop- 
enic patients as indicated. 

Evaluutia criteria for response 
According to the WHO criteria, CR was defined as the 

disappearance of all evidence of tumour for at least 4 weeks. 
Partial response (PR) was defined as a > 50% reduction of the 
sum of the products of the two greatest perpendicular diameters 
of each indicator lesion for at least 4 weeks, without progressive 
disease at other sites. Disease progression (PD) was defined as 
the appearance of new lesions or an increase in indicator lesions 
by > 25%. No change (NC) was any state of the disease between 
the PR and PD requirements. In patients with pleural effusion 
or atelectasis on chest X-ray films, after recovery from atelectasis 
or the disappearance of pleural effusion, when the lesion became 
measurable on chest CT or plain X-ray film, we evaluated the 
response according to WHO criteria. The CR indicators were 
the same as those for measurable disease. The response was 
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assessed after two cycles of chemotherapy; assessable patients 
had to have completed at least two courses of the regimen. The 
relative dose intensity for VM-26 was calculated as the dose 
actually administered per week divided by the planned starting 
dose per week over the scheduled four cycles of chemotherapy. 

After four cycles of initial chemotherapy, the response was 
evaluated by repeating the initial staging tests including bron- 
choscopy. LD patients who showed a response received thoracic 
irradiation (TRT) with a total dose of 50-60 Gy, 2 Gy/fraction/ 
5 days per week. If patients achieved CR or PR, no additional 
treatment was scheduled until there was evidence of relapse or 
disease progression. ED patients received two additional courses 
of chemotherapy for a total of six courses. If CR or PR was 
achieved, patients were followed until disease progression. TRT 
was a symptom relief modality for ED patients. If patients 
had brain metastasis but no clinical symptoms, they received 
chemotherapy instead of cranial irradiation. The second-line 
chemotherapy regimen after relapse was decided by the lead 
doctor at each institution. Duration of response and survival 
were recorded from the first day of treatment. 

Criteria for removal from study and the stopping rule 
Toxicity was evaluated using WHO toxicity criteria. Removal 

from the study was allowed if the patient experienced: objective 
PD after one course of therapy, unacceptable toxicity of any 
kind, WHO grade 4 haematological toxicity lasting longer than 
7 days, prolonged increased serum creatinine level (> 2.0 mg/ 
dl) after chemotherapy or patient’s refusal to continue therapy. 

If one third of the patients experienced WHO grade 4 haema- 
tological toxicity lasting more than 1 week, or if two-thirds of 
the patients showed WHO grade 3 non-haematological toxicity 
or any severe, uncontrollable side-effect, the study was to be 
closed. 

Statistical analysis 
The P value of the difference in the incidence of side-effects, 

such as neutropenia and febrile episode, was calculated using 
the x2 test. The P value of the difference of the mean blood cell 
counts from the base-line values was calculated using the paired 
Student’s t-test. Survival was analysed using the Kaplan-Meier 
method [26]. 

RESULTS 
From October 1988 until June 1990, a total of 46 patients 

were enrolled in this study. As an initial step, 10 patients were 
randomised to receive the starting dose level of VM-26 (60 mg/ 
m2iday) plus CDDP, with or without rhG-CSF. There were 2 
female patients in the rhG-CSF group, but no female patients in 
the group that did not receive rhG-CSF. There was no significant 
difference in distribution of patient characteristics such as age, 
PS and stage. There was no dose adjustment during this protocol 
study. 2 of the 5 patients receiving rhG-CSF experienced WHO 
grade 4 neutropenia in three of the 18 courses (17%). 4 of the 5 
patients not receiving rhG-CSF experienced WHO grade 4 
neutropenia in 12 of the 19 courses (63%) (P < 0.01). In 
patients receiving rhG-CSF, the mean neutrophil nadirs were 
significantly higher than in patients without rhG-CSF after the 
third and fourth cycle of chemotherapy (P = 0.01, P = 0.02, 

respectively, Fig. la). The duration of grade 3-4 neutropenia in 
the two patients groups, with or without rhG-CSF, was 4 ? 3 
versus 8 * 4 days (mean * S.D.) in the first cycle, and 0 versus 
7 * 3, 0 versus 14 5 7 and 2 versus 6 * 2 days following the 
second, third and fourth cycles, respectively. The duration of 

(b) Chemotherapy 

Cycle 

(c) Chemotherapy 
1 T 1 ! 

Cycle 

Fig. 1. Comparison of mean pretreatment and nadir values of absol- 
ute neutrophil count (ANC) in successive cycles. (a) VM-26 60 mgl 
m*/day with rhG-CSF --0--, without rhG-CSF --•--. * Sign&ant 
increment of the nadirs in patients receiving VM-26 with compared to 
those without rhG-CSF (P = 0.04, P = 0.02). (b) VM-26 60 mg/m’/ 
day + rhG-CSF --O-, 80 mdm*/day + rhG-CSF --•--. * Significant 
increment of the nadirs in the second cycle compared to those of 6rst 
cycle at the both dose levels (P = 0.005, P = 0.01). (c) VM-26 
100 mg/m*/day +rhG-CSF --O-, 120 mg/m?day + rhG-CSF --•-. 

neutropenia in patients not receiving rhG-CSF was prolonged 
significantly after each cycle (P < 0.04). The nadir of the 
platelet count after the fourth cycle of chemotherapy was 
significantly lower in patients without rhG-CSF (P = 0.02), but 
no difference was observed after the other cycles. There was no 
significant difference during any cycle in the haemoglobin nadirs 
of the two groups. The number of febrile episodes (> 38°C) 
during all chemotherapy cycles was one out of 18 cycles (5%) in 
the rhG-CSF group and five out of 19 cycles (26%) in the control 
group (P = 0.2). 1 patient in the rhG-CSF group and 4 in the 
control group experienced a febrile episode. The mean duration 
of febrile days (> 38°C) was 1 * 2 days in patients supported 
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with rhG-CSF and 5 + 5 days in patients without rhG-CSF 
treatment. Patients not treated with rhG-CSF received 3 + 3 
units of red blood cells compared to none for patients receiving 
rhG-CSF. The mean duration of treatment for four cycles was 
88 ? 4 days in patients with rhG-CSF support and 90 ? 6 
days without. However, these parameters were not statistically 
significant. Considering these results, we felt that the use of rhG- 
CSF support for the bone marrow was necessary for the safe 
administration of higher doses of VM-26. 

The second stage of this study consisted of treating 36 patients 
with escalating doses of VM-26 plus CDDP and rhG-CSF. 10 
patients were enrolled at each dose level except the highest 
(120 mg/m?day) (Table 1). After two cycles of chemotherapy, 1 
patient at the 60 mg/m*/day level was chosen to have surgery. 
Another patient had a transient stroke and an arrhythmia during 
the neutropenic period of the initial cycle of chemotherapy. 
After a similar episode in the third week, after the second cycle, 
the patient was removed from the protocol. 1 patient at the 
80 mg/m*/day dose level was removed from protocol because of 
non-cancerous pericarditis and enteritis before the fourth cycle. 
At the dose level of 100 mglm2/day, 1 patient was removed from 
the protocol prior to the third cycle of chemotherapy because of 
progressive disease. 

Haematological toxicity 
Incidence of neutropenia. Haematological toxicity is sum- 

marised in Table 2 and Fig. 1. The incidence of WHO grade 4 
neutropenia in this regimen was 21/32 courses (66%), 20/35 
courses (57%), 26134 courses (76%) and 1 l/l3 courses (85%) at 
the dose levels of 60, 80, 100 and 120 mg/m2/day, respectively. 
There were no significant differences in the incidence of grade 4 
neutropenia between the dose levels (P > 0.1). The duration of 
neutropenia (days of grades 3 and 4) at the dose levels of 60,80, 
100 and 120 mg/m2/day was 4 * 2, 5 * 2, 5 ? 3 and 6 2 3 
days, respectively, in the first cycle, and 1 + 2, 4 L 2, 3 ? 2 
and 5 t 3 days, respectively, following the second cycle. At the 
dose levels of 60, 80 and 100 mg/m*/day of VM-26 there was no 
significant prolongation of the duration of neutropenia during 

the third and fourth cycles of chemotherapy. At the dose level of 

Table 1. Patients’ characteristics 

60 
VM-26 dose (mglm2/day) 

80 100 120 

Sex 

Male 
Female 

Age (years) 
Median (range) 

PS(ECOG) 
O-l 
2-3 

Stage 
LD 
ED 

Sites of metastasis 
Lung 
Brain 
Liver 
Bone 
Others 

8 
L 

68(62-75) 

3 

3 

0 

0 

4 

3 

65(4&75) 64(39-74) 59(46-67) 

8 
2 

2 
8 

7 
3 

9 

4 
2 

6 
0 

3 
5 

I’S, performance status; LD, limited disease; ED, extensive disease. 

Table 2. Incidence of hamtatological toxicity with VM-26 + 
CDDP + rhG-C.SF regimen 

60 
VM-26 (mg/mz/day) 

80 100 120 

Neutrophil count 
1st cycle 9/10 lO/lO 8/10 616 
2nd cycle 319 419 819 314 
3rd cycle 517 419 618 112 
4th cycle 416 2/7 417 l/l 
Total (%) 21/32(66) 20/35(57) 26/34(76) 1 l/13(85) 

Haemoglobin 
1st cycle O/IO Oil0 0110 O/6 
2nd cycle 019 o/9 l/9 Of4 
3rd cycle 217 219 118 012 
4th cycle 116 217 117 O/l 

Platelet count 3/32(9) 4/35(11) 3/34(9) O/13(0) 
1st cycle 3/10 3110 l/l0 316 
2nd cycle o/9 l/9 Z/9 214 
3rd cycle 217 419 l/8 112 
4th cycle 116 317 217 O/l 
Total (%) 6/32( 19) 11/35(31) 6/34( 18) 6/13(46) 

Neutrophil count (< 500/mm3); haemoglobin (< 6.5 g/dl); platelet 
count(< 2.5 x 104/mm3). 

120 mglmllday, 1 patient developed grade 4 neutropenia which 
lasted for 10 days; this patient was removed from the study after 
the initial cycle. The number of febrile episodes (> 38°C) during 
all chemotherapy cycles was 15/32 (47%), 1 l/35 (31%), 13/34 
(38%), and nine out of 13 (69%) at the dose levels of 60,80, 100 
and 120 mg/m2/day, respectively. The total numbers of days 
with fever (> 38°C) were 2 t 3, 3 ? 3, 4 * 6 and 5 ? 4 days 
at each dose level of VM-26, respectively. There was no clear 
dose-dependency. 1 patient at the 100 mg/m2/day dose level was 
removed from the study because of a lung abscess during 
neutropenia which occurred in the initial cycle of chemotherapy; 
this complication was not fatal. 

Incidence of thrombocytopenia and anaemia. The incidences 
of WHO grade 4 thrombocytopenia in the dose escalation study 
were six out of 32 (19%), 11 out of 35 (31%), six out of 34 (18%) 
and six out of 13 courses (46%) at the dose levels of 60, 80, 
100 and 120 mg/m2/day, respectively. There was a significant 
difference between the platelet nadir af the 100 mg/m2/day dose 
level and that at the 120 mglm2/day dose level. At the dose level 
of 120 mglm*/day, 1 patient died of a cerebral haemorrhage 
which was associated with severe thromobocytopenia. This 
study was closed at the 120 mg/m?day dose level. 

The incidences of WHO grade 4 anaemia were three out of 32 
(9%), four out of 35 (1 lo/o), three out of 34 (9%) and none out of 
13 courses at the dose levels of 60, 80, 100 and 120 mg/m?day, 
respectively. The mean numbers of transfused packed red blood 
cells were 2 * 2,7 t 7,6 2 6 and 4 2 4 units per patient and 
the mean number of platelet units transfused was 11 * 24, 
23 ? 33 and 9 2 10 units per patient at the respective dose 
levels. These differences were not statistically significant. 

Non-haematological toxicity 
Incidence of non-haematological toxicity is summarised in 

Table 3. The renal toxicity of this regimen was transient and 
tolerable. The incidence of the elevation of serum transaminases 
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Table 3. Non-haematological toxicity of VM-26 + CDDP + rhG- 
CSF regimen 

Grade* VM-26 (mg/m*/day) 
60 80 100 120 

No. of patients 10 10 10 6 
Serum creatinine 1’ 2 2 2 1 

2 1 1 

Serum GOT, GPT 1 2 
2 1 2 1 1 
3 1 
4 1 

Nausea and vomiting 1 4 1 3 4 
2 5 3 3 2 
3 1 6 4 

Mucositis 1 3 1 4 1 
2 2 1 

Diarrhoea 1 1 1 
2 2 2 
3 1 1 2 2 
4 2 

*Grading by WHO toxicity criteria. GOT, glutarnic oxaloacetic transam- 
inase; GPT, glutamic pyruvic transaminase. 

was 25% (9/36 patients) but was not VM-26 dose dependent. At 
doses of 60 and 80 mg/m2/day, 2 patients were removed from 
the study because of an elevation of the serum transaminases. 
However, in these patients, serum hepatitis was strongly sug- 
gested. At the dose level of 100 mg/m2/day, 1 patient was 
removed from the protocol because of prolonged enteritis with 
dehydration occurring after the first cycle of chemotherapy. At 
the 120 mg/m2/day dose level, 67% of the patients experienced 
abdominal colicky pain and bloody diarrhoea. 1 patient experi- 
enced severe melaena after the first cycle of chemotherapy, and 
another patient experienced severe colitis after the second cycle 
of chemotherapy at this dose level. Diarrhoea with abdominal 
pain occurred in 39% of the patients and was thought to be dose 
dependent. The difference in the incidence of WHO grades 3 
and 4 diarrhoea between the dose level of 60 and 120 mg/m2/day 
was marginal (P = 0.07, Fisher’s probability test). At the dose 
level of 60 mg/m2/day, 1 patient developed urticaria immediately 
after the infusion of VM-26 at the beginning of the second 
course, the treatment was discontinued in this patient. 

Response 
In the first stage of the study l/l0 patients had NC, while the 

other 9 patients achieved PR, 4 in the group without rhG-CSF 
and 5 in the group receiving rhG-CSF. There was no significant 
difference in the response between the treatments with or 
without rhG-CSF. 

In the second stage, the dose escalation study with rhG-CSF, 
25 patients were evaluable for response (Table 4). Response 
rates were not clearly dose dependent in the dose range of VM- 
26 used, with one CR observed at each of the doses of 60,80 and 
120 mg/m2/day, and three CRs at the 100 mg/m2/day dose. In 
LD patients, the overall response rate was 100%; in evaluable 
ED patients, the overall response rate was 83%. The median 
response duration was 164 days (range 42-336). 

Table 4. Response to VM-26 + CDDP + rhG-CSF regimen 

VM-26 Stage CR PR NC PD NE* RR 
(mg/mz/day) (%) 

60 LD 1 6 0 0 0 100 
ED 0 1 1 0 1 50 

80 LD 1 1 0 0 0 100 
ED 0 6 1 0 1 86 

100 LD 1 2 0 0 0 100 
ED 2 3 1 0 1 83 

120 LD 0 1 0 0 0 100 
ED 1 2 0 0 2 100 

*NE, chemotherapy was administered for only one cycle. LD, limited 
disease; ED, extensive disease; CR, complete response; PR, partial 
response; NC, no change; PD, progressive disease; RR, response rate. 

Relative dose intensity and survival 
The actual interval periods of the four cycles of treatment 

were 98 * 7, 87 & 6 and 95 ? 9 days (mean * S.D.) at the 
dose levels of 60, 80 and 100 mg/m2/day, respectively, versus 
the planned 89-day schedule. The relative dose intensity actually 
administered was 0.9,1.4 and 1.6 at the dose levels of 60,80 and 
100 mg/m2/day compared to 1.0 of the planned initial dose 
(60 mg/m2/day). 

There are four disease-free survivors (median observation 
period 689 days, range 575-953). The median survival time of 
all patients enrolled in this study was 451 days. The median 
survival times were 411 days and 497 days in patients with ED 
and LD, respectively. 

DISCUSSION 
In this study, the activity of VM-26 in untreated SCLC 

patients was confirmed. Recently, Tummarello and coworkers 
[23] reported the efficacy of VM-26 in elderly patients with 
SCLC. They concluded that VM-26 at 60 mg/m2/day for 5 
consecutive days every 3 weeks was safe and effective with a low 
CR rate. Sorensen and coworkers [27] reported the results of 
a combination chemotherapy of carboplatin plus VM-26 for 
untreated ED SCLC patients. The dose of VM-26 was 60 mg/ 
m2/day, days l-5, and the dose of carboplatin was 200 mg/m2. 
The overall response rate was 51% with 9% CR. Although the 
sample size was small, the overall response rate of our study is 
comparable to that reported by other investigators using high 
dose regimens. It is of note that the median survival was 411 
days in ED patients which compares favorably to other reports. 
The concept of enhancing dose intensity in order to improve 
treatment of SCLC patients has been studied intensely [l-3]. 
Using meta-analysis, Klasa and coworkers [28] showed that the 
dose intensity and the outcome for patients do not correlate with 
conventional regimens such as etoposide plus CDDP (EP). Miles 
and coworkers [29] demonstrated the increase of CR rate using 
EP alternating with ifosphamide plus doxorubicin on a weekly 
schedule; however, the median survival was 54 weeks (LD, 58 
weeks; ED, 42 weeks), which is similar to standard therapy 
results. Ihde and coworkers [30] demonstrated no superiority in 
the efficacy of increased drug doses during the first 6 weeks of 
treatment in patients with ED SCLC, using high dose EP versus 
standard dose EP regimen. The haematological toxicity was 
significantly higher in the high dose EP regimen. Thus, the 
improvement of measurable outcome endpoints, such as pro- 
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longation of survival, in patients with high dose chemotherapy 
has not been confirmed yet [l-3, 51. 

Using CSFs that allow high dose chemotherapy regimens to 
be used safely is a very attractive idea [27, 311. However, Gurney 
and coworkers [32] were unable to show a significant difference 
in the occurrence of febrile episodes with moderately intensive 
chemotherapy with or without granulocyte-macrophage colony- 
stimulating factor (GM-CSF) support in patients with SCLC. 
Furthermore, actual dose escalation of cytotoxic agents was 
about 0.8-l .5 times the starting dose with CSF support [33-351. 
Our data support the use of rhG-CSF to reduce the depth of 
neutrophil nadir and duration of neutropenia. However, the 
benefit of using rhG-CSF decreased with the dose escalation of 
the chemotherapeutic agent. In recent studies thrombocytopenia 
has interfered with further dose escalation [33, 361. This study 
was performed to assess the feasibility of the dose escalating 
regimen with rhG-CSF support and, therefore, we could not 
evaluate the real clinical benefits of rhG-CSF, such as reducing 
antibiotics use or duration of hospitalisation. Other studies have 
shown the enhanced, ameliorative effect of rhG- or rhGM-CSF 
in the second cycle of chemotherapy compared to the first cycle, 
when combined with intensive chemotherapy [24, 371. Kaplan 
and coworkers [38] stated that the myelosupportive effect of 
GM-CSF after intensive chemotherapy was more notable during 
cycles two to six than after cycle one. Crawford and coworkers 
[24] also showed that neutrophil nadirs were higher in cycles two 
to six than in cycle one. In our study, similar results were seen 
at the dose levels of 60 and 80 mg/m2/day of VM-26 (Fig. 1). In 
future studies, the optimal dose and schedule of rhG- or rhGM- 
CSF need to be determined in order to clarify if “priming” with 
pre- or concurrent administration of rhG- or rhGM-CSF may be 
effective for ameliorating chemotherapy-induced neutropenia. 
The combination use of CSFs and circulating progenitor cells 
may be promising [39, 401. 

A few clinical studies have commented on the hepatotoxicity 
of VM-26 [41-43]. Approximately 1% of patients (1 l/1069) 
experienced liver dysfunction, although it was mild and transient 
[42]. We carefully reviewed the clinical data of patients who 
showed abnormal liver function, and they all received blood 
transfusions before there was an elevation of serum transamin- 
ases, which suggests the possibility of serum hepatitis. Iberti 
and coworkers [44] reported no hepatotoxicity in 30 non-SCLC 
patients treated at a VM-26 dose level of 100 or 120 mg/m2iday 
for 3 days plus CDDP 80 mg/m*, although l/14 and 3/15 patients 
experienced grade 2 or 3 diarrhoea. In our study, 67% of all 
patients showed grade 3 or 4 diarrhoea at the dose of 120 mgim? 
day for 5 days. The VM-26 dose-limiting factor was myelotoxic- 
ity, especially neutropenia and thrombocytopenia, but diarrhoea 
was also an intolerable side-effect at the higher dose levels. 

In conclusion, the VM-26 plus CDDP regimen with rhG-CSF 
was active in previously untreated patients with SCLC. The 
recommended dose of VM-26 for a phase II study in previously 
untreated patients is 100 mg/m2/day for 5 days in combination 
with cisplatin and rhG-CSF. The exact role of dose intensity 
chemotherapy for SCLC needs to be addressed in appropriately 
designed, randomised phase III trials. 
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What is the Place of Carboplatin in Paediatric 
Oncology? 

Frangois Doz and Ross Pinkerton 

INTRODUCTION 

THE FIRST experimental evidence of the cytotoxic effect of 
cisplatin was reported in 1965 [ 11. The use of this drug in 
paediatric oncology practice dates from the end of 1970s [2]. 
Its use is limited by cumulative toxicity (hearing and renal 
impairment) [3]. However, the high activity of this drug in 
numerous childhood tumours has made this drug an essential 
component of paediatric oncology practice. In an attempt to 

improve the therapeutic index, a number of platinum analogues 
have been synthesised. The main analogue used at present is cis- 
diaminodicarboxylato-cyclobutane-platin (carboplatin), whose 
indications in solid tumours of childhood are becoming more 
and more numerous. In this review we consider the pharmaco- 
dynamic characteristics and the pharmacokinetics of carboplatin 
compared to cisplatin, its current indications, toxicity and 
possible future use in children. 


