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A phase I dose escalation study of multicyclic, dose-intensive
chemotherapy with peripheral blood stem cell support for small cell
lung cancer
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Summary:

A phase I dose-escalation study of multicyclic, ifosfam-
ide, carboplatin, and etoposide (ICE) with sequential
reinfusion of peripheral blood stem cells (PBSCs) was
conducted to determine the maximum-tolerated dose
(MTD) of ICE. Twenty-four patients with SCLC (LD:
6, ED: 18) were treated with ifosfamide (3000–
9000 mg/m2, 24-h infusion), carboplatin (300–
400 mg/m2), and etoposide (300 mg/m2) followed by sub-
cutaneous filgrastim (75mg/day) from day 4 to the day
of PBSC collection. PBSC were harvested when the
WBC count reached>5 3 109/l. The leukapheresis pro-
duct was cryopreserved and reinfused on day 4 of the
next cycle, which was started 48 h after the last PBSC
collection. The ifosfamide dose was escalated as follows:
3000 mg/m2 (level 1), 5000 mg/m2 (level 2), 7000 mg/m2

(level 3), 9000 mg/m2 (level 4). Patients with LD were
treated with concurrent radiotherapy at 1.5 Gy twice
daily for the initial 3 weeks to a total dose of 45 Gy and
MTD, defined separately. Patients were evaluated for
hematologic and non-hematologic toxicity, actual dose
intensities, as well as response to therapy. The
maximum-tolerated dose (MTD) was defined as the dose
level at which more than 5 days of grade 4 myelo-
suppression or non-hematologic toxicity greater than
grade 3 developed in two thirds of the patients. For ED
cases, MTD was level 4 and the recommended dose of
ifosfamide was 7000 mg/m2. For LD cases, the rec-
ommended dose of ifosfamide was 5000 mg/m2. The
dose limiting toxicity of multicyclic ICE was hemato-
logic toxicity and CNS toxicity which manifested as
ataxia. Tumor responses were seen in all patients, with
14 patients showing a complete response. The actual
total dose-intensity at the recommended dose level was
2.2 and 1.74, for ED and LD, respectively, compared
with previously reported ICE regimens. PBSC support
for dose-intensive ICE regimen permitted dose escal-
ation of ifosfamide with a mean interval of 16–17 days.
We conclude that this regimen is well tolerated, with
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Studies on a variety of tumors indicate that cytotoxic dose
intensity is an important determinant of treatment out-
come.1,2 Models of the development of cytotoxic drug
resistance suggest that maximal initial treatment will reduce
the risk of relapse.3,4 Although small cell lung cancer
(SCLC) is the histologic type most sensitive to combination
chemotherapy, the majority of SCLC patients relapse with
chemoresistant tumors. Circumvention of this secondary
chemoresistance has been addressed using different
treatment modalities.

In a recent study, patients with limited-disease SCLC
were randomly assigned to receive higher- or lower-dose
cyclophosphamide and cisplatin during the first course of
a cisplatin, etoposide, doxorubicin and cyclophosphamide
regimen followed by five additional cycles at standard
doses.5 A moderate increase in the cisplatin and cyclophos-
phamide doses during the first course resulted in a 17%
increase in 2-year survival. However, myelosuppression is
the limiting toxicity for this chemotherapy regimen.

For the majority of drugs, myelosuppression is the initial
dose-limiting toxicity. While hematopoietic growth factors
have been utilized to reduce the toxicity and improve deliv-
ery of the planned dose, only a modest increase in dose
intensity can be achieved.

Recently, peripheral blood stem cells (PBSCs) have been
used as a source of stem cells and shown to restore hemato-
poietic functions rapidly after PBSC autografting. High-
dose chemotherapy with PBSC rescue has been used for
leukemia and lymphoma, but for most chemosensitive solid
tumors, a single high-dose chemotherapy as late intensifi-
cation does not appear to prolong survival.6

Since adjustments of the dose of cytotoxic drugs, as well
as shortening of the intervals between courses, can increase
dose intensity, multicyclic chemotherapy may offer the
opportunity to maximize dose intensity of the treatment.7–9

This report describes the results of a phase I dose-escal-
ation study of multicyclic ICE chemotherapy supported by
sequential reinfusion of PBSCs for SCLC and defines the
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maximum-tolerated dose (MTD) for ICE administered in a
multicyclic fashion and the maximum actual dose intensity
in this regimen.

Patients and methods

Patients selection

Patients with histologically or cytologically documented,
SCLC without prior therapy were eligible for the study.
Each patient was required to meet the following criteria:
World Health Organization (WHO) performance status
(PS) of 0, 1, or 2;,70 years of age; the presence of
measurable disease; adequate renal function (creatinine
clearance>60 ml/min); adequate hepatic reserve (total bili-
rubin, serum AST and ALT,2.5 times normal), normal
bone marrow function (WBC count>3.53 109/l, platelet
count >1003 109/l, hemoglobin level>10 g/dl).

Patients with active concomitant malignancy, liver cir-
rhosis, active infection and severe heart disease were
excluded. Written informed consent was obtained from
each patient. Bone marrow aspirates were obtained before
beginning the therapy and patients with bone marrow
involvement were excluded.

Patient evaluation

Before beginning chemotherapy, patients were staged with
physical examinations, computed tomographic (CT) scans
of the brain, chest, and abdomen as appropriate for the
assessment of measurable disease, radionucleotide bone
scans and other radiographic examinations as necessary to
document measurable disease.

Treatment regimens

The chemotherapy regimen consisted of an escalating dose
of ICE (Table 1).

Patients were treated with four to six cycles of ICE fol-
lowed by subcutaneous injection of filgrastim (Kirin Brew-
ery, Tokyo, Japan) 75mg/day from day 4 to the day of
PBSC collection. This dose of G-CSF has been shown to
induce accelerating neutrophil recovery and effective mobi-
lization of PBSC.10,11 Ifosfamide was administered intra-
venously (i.v.) for 24 h on day 1, carboplatin i.v. on day

Table 1 Dose escalation schedule

Level Carboplatin Etoposide Ifosfamide
(×1 day) (×3 days) (×1 day)

1 300 100 3000
2 400 100 5000
3 400 100 7000
4 400 100 9000

Values are mg/m2.

1, and etoposide i.v. on days 1, 2 and 3 (Table 2). PBSCs
were harvested when the WBC count reached>5 3 109/l.
The leukapheresis product was cryopreserved and reinfused
on day 5 of the next cycle, which was started 48 h after
the last PBSC collection. The ifosfamide dose was
escalated from 3 g/m2 to 9 g/m2 along with the dosage of
carboplatin and etoposide (Table 1). Mesna was used as a
uroprotectant at 1.5 times the dose of ifosfamide and was
administered continuously over 36 h. LD patients were
treated with concurrent chest radiotherapy at 1.5 Gy twice
daily for 3 weeks to a total dose of 45 Gy, starting on day
1 of the initial chemotherapy.

Supportive care

Patients prophylactically received irradiated leukocyte-
filtered, single donor platelet concentrate transfusions if the
platelet count was less than 23 109/l, and 2 U of packed
RBC cells if the hemoglobin level was less that 7.0 g/dl.

PBSC collection and processing techniques

Leukapheresis was performed with a Fresenius AS 104
blood cell separator (Fresenius, Bad Homburg, Germany).
Ten liters of blood were processed daily at a flow rate of
70 ml/min on 2 consecutive days. After collection, each
leukapheresis product was suspended in 50% CP-1 (5%
dimethylsulfoxide (DMSO), 6% hydroxy ethyl starch;
Kyokuto, Nihonbashi, Tokyo, Japan), and 50% human
serum albumin and cryopreserved by simple immersion in
a 280°C freezer until the day of transplantation. An aliquot
of these cryopreserved samples was thawed and assayed for
the number of CD341 cells, as well as granulocyte colony-
forming units.20 The number of CD341 cells present in the
harvest product was assayed by direct immunofluorescence
(PE-8G12; Becton Dickinson, San Jose, CA, USA). For
assay of CFU-GM, the cells obtained (5 ml, 53 104/ml)
were plated in MEM Alpha Medium (Life Technologies,
Gaithersburg, MD, USA) containing 30% fetal bovine
serum, 1% bovine serum albumin, 0.9% methylcellulose,
0.1 mm 2-mercaptoethanol, 2 mm l-glutamine, recombinant

Table 2 Chemotherapy schedule

1st course
Day 1 2 3 4 5 6 7
Carboplatin (div) P
Etoposide (div) P P P
Ifosfamide (div) P
G-CSF 75mg/day (sc) P P P P

2nd–6th course
Day 24 232221 1 2 3 4 5 6
Carboplatin (div) P
Etoposide (div) P P P
Ifosfamide (div) P
G-CSF 75mg/day (sc) P P P P P P
PBSCC P P
PBSCT P

PBSCC= peripheral blood stem cell collection; PBSCT= peripheral blood
stem cell transplantation; G-CSF= recombinant human granulocyte
colony-stimulating factor.
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human (rh)-erythropoietin (3 IU/ml), rh-interleukin-3
(10 ng/ml), rh-granulocyte–macrophage colony-stimulating
factor (GM-CSF) (10 ng/ml), and rh-granulocyte colony-
stimulating factor (G-CSF) (10 ng/ml). The cells were incu-
bated in a CO2 incubator for 14 days and counted under
phase microscopy.

On the day of PBSC collection, peripheral blood was
obtained from some patients and analyzed for positive IMI
(immature myeloid information) using SE 9000 (Sysmex,
Hyogo, Japan).

Toxicity and response evaluation

Toxicity was graded using the WHO scale for acute and
subacute toxicity. A minimum of three patients was evalu-
ated per dose level. The maximum-tolerated dose (MTD)
was defined as the dose level that produced grade 4 myelo-
suppression (>5 days) or grade 3 to 4 non-hematologic
toxicity (excluding alopecia) in two thirds of patients. MTD
was evaluated on the first course of the regimen and on the
rest of the regimen separately. If none of the three patients
experienced dose-limiting toxicity (DLT), subsequent
patients were treated at the next dose level. If one of the
three patients experienced DLT, then more patients were
entered at the same dose level. In this study, patients were
only treated at higher dose-intensity levels when sustained
treatment at the previous level was shown to be tolerable.

Complete blood counts were performed at least twice
weekly, while routine chemistry, urine analysis and chest
X-rays were performed once a week during chemotherapy.

The standard response criteria used were as follows:
complete response (CR) was defined as the disappearance
of all measurable disease and complete disappearance of
all signs, symptoms, and biochemical evidence of tumor
activity for at least 4 weeks; partial response (PR) was
defined as a 50% or greater decrease in the product of the
perpendicular measurements of disease with no progression
in any lesion and no new lesions identified; no change (NC)
was defined as no evidence of progressive disease or any
measurable response less than a PR; progressive disease
(PD) was defined as a greater than 25% increase in the
product of the longest perpendicular diameters of any
measurable lesion or the appearance of new lesions.

Dose intensity

The actual dose intensity for each drug in the carboplatin,
ifosfamide, and etoposide regimen was calculated accord-
ing to the method of Hryniuk and Bush.12 Relative dose
intensity for each drug was defined as the ratio between the
actual dose intensity delivered for each drug and the dose
intensity previously reported for ICE chemotherapy.13 The
averaged relative dose intensity (ARDI) for each level was
obtained by calculating the mean of the relative dose inten-
sities for the three drugs.
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Table 3 Patient characteristics

Characteristic No. of patients

Age, years
Median 61
Range 43–69

Sex
Male 24
Female 0

Performance status (WHO)
0 2
1 16
2 6

Disease extent
LD 6
ED 18

Site of metastasis
Lung 6
Liver 4
Bone 4
Extrathoracic lymph nodes 4
Brain 3
Adrenal gland 2

LD = limited disease; ED= extensive disease.

Results

Patient characteristics

Patient characteristics are listed in Table 3. Twenty-four
patients (six with LD, 18 with ED) were entered into the
study between May 1995 and March 1997: three in level
1, 12 in level 2, six in level 3, and three in level 4. All
patients were male; the median age was 61 years (range,
43–69). WHO PS was as follows: two patients PS0, 16
patients PS1, and six patients PS2).

Toxicity and MTD determination

Toxicity was evaluated for all eligible patients. Since LD
patients were treated with concurrent radiotherapy, MTD
was defined separately. A total of 132 courses of ICE
chemotherapy were administered; all patients tolerated
from four (LD) to six (ED) courses of chemotherapy. For
the patients that experienced DLT, subsequent courses were
given at the dose level below that at which the DLT was
noted. The recommended dose of ifosfamide was deemed
to be 7000 mg/m2 because at 9000 mg/m2, all of the three
patients experienced DLT as defined by the protocol; in
two patients grade 3 CNS toxicity and in one patient grade
4 leukopenia persisted for over 5 days (Table 4). Dose-

Table 4 WHO grade 3 and 4 toxicity

Dose level Stage No. of patients
(No. of patients) WBC Platelets Hemoglobin CNS

Grade 3 4 3 4 3 4 3 4

Level 1 (3) ED 1 0 0 1 1 0 0 0
Level 2 (6) LD 3 3 2 4 4 2 0 0

(6) ED 2 3 0 4 1 3 0 0
Level 3 (6) ED 2 1 4 1 4 2 0 0
Level 4 (3) ED 0 2 0 3 3 0 2 0
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Table 5 Toxicity: support requirements

Parameter Level 1 Level 2 Level 3 Level 4
(n = 3) (n= 6) (n = 6) (n = 6) (n = 3)

ED LD ED ED ED

Platelets transfused
Mean (unit/cycle) 0.6 4.4 3.3 3.5 6.4
Range (unit/cycle) 0–10 0–40 0–40 0–30 0–20

Blood transfused
Mean (unit/cycle) 0.3 1.7 1.2 0.6 0.8
Range (unit/cycle) 0–6 0–4 0–4 0–4 0–4

limiting CNS toxicity, manifested as ataxia, was seen in
two out of three patients treated at dose level 4. CNS tox-
icity subsided upon fluid injection, steroid administration,
and discontinuation of ifosfamide.

Although ICE chemotherapy is a severely myelosup-
pressive treatment and the nadirs of WBC were frequently
less than 13 109/l, recovery was rapid with the exception
of only one patient who experienced hematologic DLT.

Although blood or platelet transfusions were required in
most patients, the mean units transfused per cycle were 0.9
and 3.7, respectively (Table 5).

No other clinically significant (grade 3 or 4) toxicity,
including nausea and vomiting, hemorrhagic cystitis, renal
toxicity, cardiac arrhythmia or hepatic toxicity, was
observed in the remaining patients. Moreover, no grade 3
or 4 infections occurred during leukopenia.

Level 4 was therefore defined as the MTD of ICE given
in this way: ifosfamide 9000 mg/m2, carboplatin
400 mg/m2, and etoposide in a total dose of 300 mg/m2.

Since dose level 3 was the recommended dose for ED
cases, dose escalation for LD cases was started from level
2. None of the six patients treated with dose level 2 and
concurrent radiotherapy experienced hematological toxicity
as defined by MTD criteria. Since three of six patients
experienced RTOG/EORTC grade 2 pulmonary toxicity
(severe coughing that required use of narcotic drugs and
mild respiratory distress), further dose escalation was dis-
continued. These respiratory symptoms disappeared 2 to 3
months after completion of the treatment.

Response

Response was assessable in all 24 eligible patients and
100% received an overall objective response, with a 58%
CR rate (Table 6). The tendency towards a higher CR rate
in level 3 and 4 compared with lower levels was noted.

Table 6 Response to cyclic ICE chemotherapy

Dose level Stage No. of CR (%) PR Overall
Patients response (%)

Level 1 ED 3 0 (0) 3 3 (100)
LD 6 5 (83) 1 6 (100)

Level 2 ED 6 3 (50) 3 6 (100)
Level 3 ED 6 4 (67) 2 6 (100)
Level 4 ED 3 2 (67) 1 3 (100)

Hematopoietic progenitors

Numbers of CFU-GM collected for reinfusion at each
chemotherapy cycle are shown in Figure 1. During cycles
1 to 3, more CFU-GM were collected by leukapheresis in
level 2 to 4 than in level 1. Although PBSCs were
efficiently mobilized in level 4 at cycle 1 to 3, the numbers
of CFU-GM collected at each cycle were decreased in sub-
sequent cycles. The optimal dose of ICE chemotherapy for
mobilization of PBSCs appeared to be levels 2 and 3, which
effectively mobilized hematopoietic progenitors into the
peripheral blood.

The positive IMI rate of peripheral blood on the day of
PBSC collection highly correlated with the CFU-GM
(r = 0.805) as well as with the CD34-positive count
(r = 0.825) of PBSC collected (Figure 2).

Dose intensity

The cytotoxic dose intensities for each drug are shown in
Table 7.

The mean chemotherapy interval at each level was 15 to
17 days and escalation of the dose of ifosfamide per cycle
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Table 7 Comparison of actual dose intensity

Stage Carboplatin Etoposide Ifosfamide ARDI

Level 1 ED 118 118 1181 1.46
Level 2 LD 150 112 1876 1.74

ED 171 128 2139 1.98
Level 3 ED 168 126 2786 2.12
Level 4 ED 154 116 2556 1.96
Smith IE et al13 LD, ED 79 59 1311 1.0
Pettengel Ret ED 150 180 2500 —
al9 (planned DI)

DI = dose intensity (mg/m2/week); ARDI= averaged relative dose
intensity.

resulted in prolongation of the treatment interval at dose
level 4. Since all of the three patients treated with level 4
experienced DLT as defined by the protocol, subsequent
courses were performed at dose level 3.

ARDI were 1.46, 1.98, 2.13, and 1.90 for level 1, 2, 3,
and 4, respectively. Treatment at level 3, defined as the
recommended dose, achieved the highest dose intensity.

Discussion

Combination chemotherapy is the accepted first-line ther-
apy for SCLC. Although no optimal regimen has been

Bone Marrow Transplantation

identified, combinations of cisplatin, carboplatin, etoposide,
ifosfamide or doxorubicin have been demonstrated to be
active.14–18 The combination of carboplatin-etoposide-
ifosfamide (ICE), used in the current study, has been
accepted world-wide as one of the standard chemotherapy
regimens in the treatment of SCLC.13,18

Despite these active regimens, curative therapy is only
available to a small minority of patients with limited dis-
ease SCLC, while treatment of extensive disease is virtually
always palliative. To overcome this situation, various stra-
tegies have been explored in an attempt to further improve
the efficacy of available regimens. These include strategies
to increase dose intensity by either dose escalation with or
without hematopoietic growth factors or late intensifi-
cation chemotherapy.19,21,22

High-dose chemotherapy with PBSC rescue has been
used for leukemias and lymphoma but for most chemosen-
sitive solid tumors, a single high-dose chemotherapy as late
intensification does not appear to prolong survival.

Some experimental models suggest that initial doses of
chemotherapy are disproportionately important in reducing
the probability of developing drug-resistant clones due to
subsequent dosing.3,4 Regular doses administered during
induction chemotherapy may allow the propagation and/or
emergence of chemo-resistant population of tumor cells.
Thus when high-dose chemotherapy is administered at the
end of the treatment, it is ineffective. If this is the case, it
would be reasonable to administer chemotherapy at the
highest dose for the shortest interval from the onset of
treatment.

Arriagada et al5 reported that higher initial doses of
cyclophosphamide and cisplatin improved disease-free and
overall survival in patients with limited small-cell lung can-
cer. In another randomized study, G-CSF was used with
VICE (ICE plus midcourse vincristine).21 Results of the
study demonstrated that a significantly higher dose intensity
was achieved in the G-CSF group over the control group.
Although the respective median survivals did not differ, the
proportion of patients alive at 2 years was 32% for those
who received the higher dose-intensity regimen with G-
CSF vs 15% for the controls. A similarly designed recent
randomized study also demonstrated that there was a sur-
vival advantage for the groups who received G-CSF.22 In
contrast, other investigators did not observe a difference in
clinical outcome.

Increased dose intensity can be effected by delivery of
a larger amount of drug, increasing the cumulative dose
while keeping the interval of the chemotherapy or shorten-
ing treatment intervals.

Since the primary objective of the current study was to
achieve maximum dose intensity, the treatment was
repeated after the shortest interval. As expected, the mean
treatment interval for the highest level (level 4) was longer
than for the lower levels. This prolongation was reflected
in dose intensity and level 3 achieved a higher dose inten-
sity than level 4. From the stand-point of both toxicity and
dose-intensity, dose level 3 was deemed to be the
recommended dose. As shown in Table 7, the averaged
relative dose intensity (ARDI) for level 3 was 2.12 when
compared with the dose intensity of a previously reported
ICE chemotherapy.13 In that trial, the response rate was
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more than 90%, while 6% of patients died of septicemia
secondary to severe myelosuppression.

Recently, peripheral blood stem cells (PBSCs) have been
used as a source of stem cells and have been shown to
restore hematopoietic functions rapidly after PBSC auto-
graft. Pettengellet al9 attempted to overcome the toxicity
using autologous stem cell transplantation and actual dose
intensity was doubled when compared with the ICE chemo-
therapy at 4-week intervals. The actual dose intensity of
level 2 and 3 of our study, calculated according to their
method, was 207% and 219%, respectively. Their actual
dose intensity was comparable to that of level 2 in our study
and level 3 achieved an even higher dose intensity with
less toxicity. The higher dose intensity in our study could
be explained in part by the difference of the schedule for
the peripheral blood stem cell collection. In our study,
PBSCs were not collected on a fixed schedule but rather
the timing was decided according to the peripheral blood
WBC count.

To determine the optimal timing for PBSC collection,
peripheral blood from some patients was obtained and ana-
lyzed for positive IMI on the day of collection. IMI has
been shown to be useful in the diagnosis of hematopoietic
malignancies as well as for evaluating the number of hema-
topoietic stem cells in peripheral stem cell collections. The
positive IMI index of peripheral blood on the day of PBSC
collection correlated highly with the CFU-GM (r = 0.805),
as well as with the CD34-positive count (r = 0.839) of
PBSCs collected. This result shows that the positive IMI
rate is useful for predicting the optimal timing for the
collection (Figure 2).

These favorable factors for collection allowed efficient
harvesting of stem cells, which would contribute to the
rapid recovery of myelosuppression in subsequent cycles
of the treatment. In fact, the treatment intervals between
cycles were not prolonged for later cycles at level 2 and 3.
In contrast, the intervals for level 4 were prolonged for the
latter half of the cycles. Level 2 (ifosfamide 5000 mg/m2)
and level 3 (ifosfamide 7000 mg/m2) doses of ICE chemo-
therapy induced stable mobilization of PBSCs, while level
1 (ifosfamide 3000 mg/m2), and level 4 (ifosfamide
9000 mg/m2) did not, indicating that there is a dose range
of ifosfamide for optimal mobilization of PBSCs
(Figure 1). The reduced number of CFU-GM found in the
later cycles for level 4 may have resulted from cumulative
chemotherapy damage to the stem cell or marrow stroma.

Thoracic radiotherapy administered in combination with
chemotherapy has been used in numerous trials and is con-
sidered standard treatment for limited stage SCLC.23–26 In
the current study, LD patients received thoracic radio-
therapy in combination with ICE chemotherapy. Although
the hematological toxicity of dose level 2 with concurrent
thoracic radiotherapy was tolerable, three out of six patients
experienced grade 2 pulmonary toxicity and further dose
escalation was not undertaken. Respiratory symptoms reco-
vered after completion of the treatment. Dose level 2
appeared to be the recommended dose for ICE concurrently
administered with radiotherapy.

Although the primary objective of the current study was
to define the MTD of ICE chemotherapy, survival of
patients was followed and the median survival of patients

with ED was 16 months. All of the LD patients are still
alive at a median follow-up period of 22 months.

In summary, the addition of peripheral blood stem cell
transplantation to ICE chemotherapy permitted dose escal-
ation with a median interval of 16 days. The maximum-
tolerated dose of ifosfamide was 9000 mg/m2 and the rec-
ommended dose was 7000 mg/m2. The dose-limiting tox-
icities were CNS toxicity and cumulative leukocytopenia.
Future studies that examine the survival benefit of multi-
cyclic ICE at the recommended dose will be important in
defining clinical usefulness.
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