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Phase I Study of Irinotecan in Pediatric Patients

With Malignant Solid Tumors

Hideo Mugishima, M.p., Tadashi Matsunaga, M.p., Keiko Yagi, M.D., Keiko Asami, Mm.D.,
Jun-ichi Mimaya, M.p., Sachiyo Suita, M.p., Tomoko Kishimoto, M.D.,
Tadashi Sawada, M.p., Yoshiaki Tsuchida, M.D., and Michio Kaneko, M.D.

Purpose: To determine the dose-limiting toxicity, maximum tol-
erated dose, and potential efficacy of irinotecan in children with
refractory malignant solid tumors.

Patients and Methods: In the present phase I clinical trial, 28
patients received irinotecan 50 to 200 mg/m? per day by intrave-
nous 2-hour infusion over the course of 3 days, repeated once after
an interval of 25 days. Fifty-one treatment courses were adminis-
tered to these patients.

Results: Dose-limiting toxicities were observed at the dose of
200 mg/m? per day for 3 days. Diarrhea and hematopoietic tox-
icities were the dose-limiting factors, and the former required sup-
port with intravenous fluid administration, The occurrence of
vomiting was variable. Decreases in clinical tumor marker levels
were observed in the majority of patients who received two cycles
of irinotecan 80 mg/m? per day to 200 mg/m? per day over the
course of 3 days, and partial response was attained in four patients
who received irinotecan in two cycles of 140 mg/m? per day to
200 mg/m?® per day over the course of 3 days, Pharmacokinetic
studies showed that the plasma concentration of irinotecan and its
active metabolite SN-38 ranged from 93 to 2,820 ng/mL. and 5.2 to
34.8 ng/mL, respectively, during 3-day infusions of irinotecan
200 mg/m?® per day. The mean clearance of irinotecan was
14.54 L/h per m? (range 8.45-20.83 L/h per m3).

Conclusion: The maximum tolerated dose was determined to be a
dose of irinotecan between 160 mg/m? per day and 180 mg/m? per
day administered over the course of 3 consecutive days on an
inpatient basis, repeated once after 25 days off, and our results
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indicate that irinotecan is a promising anticancer agent that is
worthy of phase II trials in pediatric solid tumors.

Key Words: Irinotecan—Phase I study—Advanced neuroblas-
toma—Pediatric solid tumors.

Camptothecin (CPT), an alkaloid with a novel ring struc-
ture, was first isolated from the Chinese tree Campto-
theca acuminata. A water-soluble derivative of CPT,
7-ethyl-10-{4-[1-piperidino}-1-piperidino}-carbonyl-
camptothecin hydrochloride trihydrate (irinotecan, CPT-
11}, was subsequently synthesized (1), and it has been re-
ported that irinotecan is active against lymphoma, gastric
cancer, small cell lung cancer, non-small cell lung cancer,
cervical cancer, epithelial ovarian cancer, colorectal cancer,
and desmoplastic round blue cell tumor (2-10). Irinotecan
and topotecan (11) inhibit DNA topoisomerase I, which is
an essential nuclear enzyme that relaxes torsionally strained
duplex DNA, enabling replication and transcription,

The in vivo activity of irinotecan has been determined in
xenograft models of pediatric tumors, including neuroblas-
toma (12-18), primitive neurcectodermal tumor (12,15),
rhabdomyosarcoma (13), and others. Because of this activ-
ity, two previous phase I trials of irinotecan in children were
conducted in France and in the United States (19,20}, The
authors had started a pediatric phase I study of irinotecan in
May 1996 in which irinotecan was administered by 3-day
intravenous infusion to children with refractory malignant
solid tumors, including advanced neurcblastoma, and we
now present the results of it.

PATIENTS AND METHODS

Participating institutions and investigators (Appendix)
were carefully selected from members of the Study Group
of Japan for Treatment of Advanced Neuroblastoma based
on their full experience in the treatment with high-dose
chemotherapy of the group (21,22).

Patients aged from 3 to 19 (median 8) years at the time
of diagnosis of histologically confirmed solid tumors that
were deemed to be treatment failures on conventional treat-
ment were eligible for this trial (Table 1). Other eligibility
criteria included a life expectancy of at least 3 months,
Eastern Cooperative Oncology Group (ECOG) performance
status of 0 to 1 (23,24), at least 4 weeks since and recovery
from the toxic effects of previous chemotherapy, hemoglo-
bin count >8.0 g/dL, granulocyte count >1,200/mm?3, and



H. MUGISHIMA ET AL,

TABLE 1. Patient characteristics
Male/female 14/14
Age, years

Median 8

Range 3-19
Diagnosis

Neuroblastoma 26

Leiomyosarcoma 1

Primitive neuroectadermal tumor |

platelet count >70,000/mm>. Other requirements included
normal liver function (bilirubin <1.5 mg/dL, aspartate
transaminase and alanine transaminase less than twice the
normal level), adequate renal function (serum creatinine
<1.2 mg/dL). Patients with active infection, diarrhea, intes-
tinal obstruction, pleural fluid or ascites, pneumonitis or
pulmonary fibrosis, uncontrollable diabetes, and allergic re-
action were excluded from this study. It was originally
planned to evaluate three patients at each dosage level and
to increase the dose to the next level when toxicities de-
scribed later in this article were observed in none or only
one of the three patients. However, when the first two pa-
tients showed no toxicities, the dose was increased to the
next level. There was no intrapatient increase of dosage.
Written informed consent for participation was obtained
from all patients or their guardians, and the study protocol
approved by the institutional review boards of all partici-
f)ating institutions. .

Patients at each dosage level were evaluated for nonhe-
matopoietic toxicity with the ECOG common toxicity cri-
teria (25) and for hematopoietic toxicity with a table of
hematopoietic toxicities modified by the current study
group from the ECOG criteria (Table 2). The idea of this
modification derived from the fact that all of the patients in
the current study were recipients of prolonged high-dose
chemotherapy and their granulocyte and platelet counts
were only slightly more than 1,200/mm® and 70,000/mm?>,
respectively. The maximum tolerated dose (MTD) was de-
fined as the dose level less than that which caused three or
more (50% or more) of six patients to experience grade 4
hematopoietic or grade 3 nonhematopoietic toxicity, ex-
cluding vomiting, and it should also be the dose that patients
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tolerated without significant difficulty and without any in-
tensive support. The treatment course was repeated once
after an interval of 25 days in the absence of dose-limiting
toxicity. This schedule of administrating irinotecan over the
course of 3 consecutive days for two courses with 25 days
off was chosen for two reasons based on our basic and
clinical studies: first, it was presumed that repeated admin-
istration over the course of 3 days might be more effective
than single bolus injection on 1 day (12,14); and second, we
preferred administration of irinotecan every 4 weeks in
clinical setting, as we did in previous clinical trials (21,22),
and hoped the 3-day course of irinotecan could be used
twice in the future protocols. Assessment of toxicities after
the first of the two courses placed more importance on dose
increase than assessment after the second course. Patients
were removed from the study if there was evidence of pro-
gressive disease.

All treatment was conducted on an inpatient basis, Iri-
notecan was administered over the course of 3 consecutive
days by 2-hour intravenous infusion. The starting dose
was 60 mg/m? per day x 3 days, and the dosages were in-
creased to 70 mg/m? per day x 3 days, 80 mg/m? per day x
3 days, 90 mg/m? per day x 3 days, 100 mg/m? per
day x 3 days, 120 mg/m? per day x 3 days, 140 mg/m?
per day x 3 days, 160 mg/m*® per day x 3 days, 180 mg/m?
per day x 3 days, and 200 mg/m® per day x 3 days.

Before enrollment in this phase I study, participating
investigators were requested to obtain an informed consent
from the patient or the guardian, to complete a form with
pertinent information about each patient, and to send it to
the coordinating office at the University of Tsukuba,
Tsukuba, Japan by facsimile for approval for entry. Irino-
tecan was purchased from Yakult Honsha, (Yakult Honsha,
Tokyo, Japan) and from Daiichi Pharmaceutical (Daiichi
Pharmaceutical, Tokyo, Japan) and distributed to individual
participating investigators from the Gunma Children’s
Medical Center, Gunma, Japan, on entry approval. Irinote-
can was predissolved in a solvent at a concentration of
40 mg/2 mL and was stored in vials, Irinotecan in vials is
stable at room temperature, and it was further diluted at the
time of administration to patients, No particular selection of

TABLE 2. Nonhematopoietic toxicities of the ECOG common loxicity criferia (25) and hematopoierr'c-toxfcftfes modified

from the ECOG common toxicity criteria for the present study

Grade 0 1 2 3 4
Serum aspartate transaminase <1.5xnL 1.5-2xnL 2.1-5xnL >5 x nL —
Alkaline phosphatase <1.5 x nlL 1.5-2xnlL 21-5xnL »5 x nL —
Bilirubin <1.5x nL 1.5-2 x nL 21-5xnL »5 x nL —_
Nausea and vomiting Nona Nausea Controllable Intractable —
Diarrhea None 2-3 times 4-6 times 7-9 times >10 times
increase increase increase increase
in stoo) in stool in stoo! in steol,
bloody stool
White blood cell count (x10%mm?®) >4.0 3.9-25 24-15 1.4-0.5 <0.4
Granulocyle count (x10%mm?) >2.0 1.9-1.3 1.2-08 0.7-0.3 <0.2
Platelet count (x10%mm?) >100 99-70 69-40 33-20 <19

nL, upper border of the normal ranges at individual institutions.
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patients was made, and patients were enrclled according to
the order of the time of entry.

Before the study, a complete history of each patient was
performed and each underwent a physical examination, in-
cluding documentation of measurable lesions. Laboratory
studies included complete blood cell counts, serum biliru-
bin, aspartate transaminase, alanine transaminase, creati-
nine, and others. To assess toxicities, the time of onset and
degree of nausea, vomiting, diarrhea, anorexia, alopecia,
anemia, leukopenia, granulocytopenia, thrombocytopenia,
and abnormalities of liver and kidney function were re-
corded.

Blood samples for pharmacockinetic studies were col-
lected in heparinized tubes immediately before the start of
infusion, immediately after infusion (approximately 2 hours
from the start of infusion), at 4, 8, and 22 hours after infu-
sion on days 1 and 3 of each 3-day course. All samples were
immediately centrifuged, and the sera were stored at —80°C
until assay. Specimen processing, extraction, and high-
performance liquid chromatography for quantification of to-
tal CPT-11 and SN-38 were performed at the Bio Medical
Laboratories, Tokyo, Japan, using a modification of the pre-
viously reported method (18,26}, The diluted samples were
applied to a C18 cassette of an advanced automnated sample
processor {Analytichem International, Harbor City, CA,
U.S.A)). A high-performance liquid chromatography col-
umn (LC-4A; Shimadzu Seisakusho, Kyoto, Japan) was
linked to the advanced automated sample processor and
a C18 reverse-phase column (LiChrosorb RP-18; 25 x
0.4 cm; Merck, Darmstadt, Germany) with an RP-18 pre-
column was used for chromatography. The mobile phase
consisted of acetonitrile/ethanol per 0.8% ammonium car-
bonate {2:1:1 volume-to-volume ratio) and acetonitrite/water
(1:2 volume-to-volume ratio) for CPT-11 and SN-38, re-
spectively, The flow rates and column temperatures were
1.0 mL/min and 50°C for CPT-11 and 1.5 mL/min and 60°C
for SN-38. A fluorospectromonitor (Model RF-535; Shi-
madzu Seisakusho) was set at an excitation wavelength of
373 nm for CPT-11 and at 540 nm for SN-38. The peak

heights were integrated by a data processor (Chromatopac
C-RIBS; Shimadzu Seisakusho).

Pharmacokinetic parameters were calculated by the non-
compartmental analysis with WinNonlin (Pharsight Corp.,
Mountain View, CA, U.S.A.). Response to irinotecan was
classified as complete response, partial response, stable dis-
ease, and progressive disease, as originally categorized in
the World Health Organization handbook (27). For ex-
ample, partial response was defined as at least 30% decrease
in the longest diameter or at least 50% decrease in the
largest area by two-dimension measurements at 4 weeks.

RESULTS

A total of 51 3-day courses were administered to the 28
patients enrolled in this study, and all patients were evalu-
able for response and toxicity. Diarrhea and myelosuppres-
sive toxicity were dose-limiting, and myelosuppression in-
volved all marrow hematopoietic lineages (Table 3). The
occurrence of vomiting was variable and was not dose-
limiting (Table 3). Diarrhea and myelosuppression were
more intense after the second course than after the first
course in six of 23 patients who received two courses of
irinotecan, less intense after the second course in one of the
23 patients, and were approximately of the same intensity in
the remaining 16 patients, irrespective of the course.

Abnormalities in the liver function test results were ob-
served in four of the 28 patients. They were observed in one
patient who received irinotecan 60 mg/m? per day or
200 mg/m? per day over the course of 3 days and in two
patients who received irinotecan 180 mg/m? per day over
the course of 3 days. Grade 2 abnormality of serum aspar-
tate transaminase (Table 2) was observed in three patients:
grade 1 abnormality of serum alkaline phosphatase in one,
but serum bilirubin was normal in all of them. As a matter
of course, abnormalities in the liver function test results
were of grade 1 or 2, and not dose-limiting at all in the
current study. Vomiting of grade 2 and 3 was observed in 17
of the 28 patients but was not so severe as that in the case

TABLE 3. Nadir of leukocytes, granulocytes, and platelets, and number of grade 4 hematopoietic and grade 3
nonhematopoietic toxicities by irinotecan dose

Dosage No. of No. of Leukocyte Granulocyte  Platelet nadir  Grade 4 hematopoietic  Grade 3 nonhematopoietic
(mg/m2 x 3d) patients courses nadir {fmm® padir {mm3  {(x10%mm%) toxicity/course toxicity (diarrhea)/course
60 3 6 1,300-3,400 616-1,107 66~155 0/6 0/6
70 3 5 1,000-2,600 492-792 38-247 o5 0/5
B0 5 10 720~3,500 86-1,278 20~153 2°10 010
80 2 4 200-4,100  1,040~1,394 7~118 24 0/4
100 2 4 1,100~1,700 348-663 37~128 0/4 0/4
120 2 3 1,400-2,800 574~1,300 27-96 0/3 0/3
140 2 4 1,300-2,300 266-884 41-90 0/4 2+/4
160 2 4 500-1,000 35~296 16~31 2t/4 14
180 4 5 500~1,400 110~-539 27-67 2/5 1/5
200 3 6 200-1,200 0-144 5~112 4/6 2/6

“One of the two grade 4 or 3 toxicities was seen afler the second course.

1Both were seen after the second course.
1This was seen after the second course.
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of administration of cis-platinum or high-dose cyclophos-
phamide. Other complications were of minor degree in all.
There were no deaths within 30 days after the last course of
irinotecan treatment.

The dose-limiting toxicity was found in more than 50%
of the patients who received the dose of irinotecan of
200 mg/m? per day administered over the course of 3 con-
secutive days, repeated once after 25 days off. All of the
first three patients already experienced grade 4 hematopoi-
etic or grade 3 nonhematopoictic toxicity, excluding vom-
iting, and it was already certain that 50% or more of the
patients at this dose level experienced such toxicities,
whether there were three patients or six patients. After find-
ing that the dose of 180 mg/m? per day is the dose level
immediately below the level at which more than 50% ex-
perienced dose-limiting toxicity, two more patients were
enrolled at this dose to find the MTD of irinotecan in chil-
dren. As a result, we could observe toxicities in two patients
with the dose of 160 mg/m? per day for 3 days and in four
patients with the dose of 180 mg/m? per day for 3 days.
Among these six patients (nine courses), grade 4 hemato-
poietic toxicities were found in four of nine courses, and
grade 3 nonhematopoietic toxicities (diarrhea) in two of the
nine courses. Nevertheless, the degree of the hematopoietic
toxicities was relatively minor; it was found that the nadir of
granulocyte count ranged from 35/mm’® to 539/mm’® (me-
dian 261/mm®) and that of platelet count ranged from 16 x
10*%mm? to 67 x 10%/mm> (median 31 x }0°/mm?’) in these
nine courses of the treatment. The authors found that all
hematopoietic and nonhematopoietic toxicities observed in
these six patients are tolerable in so far as the children are
treated on an inpatient basis, and the MTD for hospitalized
children was defined to be a dose of irinotecan between
160 mg/m? per day and 180 mg/m? per day administered for
3 consecutive days. Also of note is that the nadir of granu-
locyte count ranged from O/mm’ to 144/mm*® (median
88/mm?®) and that of platelet count ranged from 5 x 10*%/mm?
to 112 x 10%/mm? (median 15 x 10*mm?) in six courses of
the three patients who received irinotecan 200 mg/m? per
day for 3 days.

Pharmacokinetic studies were attempted in 12 patients,
but only successfully conducted in seven patients who re-
ceived different doses of irinotecan (Table 4), and showed
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that the plasma concentration of irinotecan and its active
metabolite SN-38 ranged from 93 to 2,820 ng/mL and 5.2 to
34.8 ng/mL, respectively, during infusions of 200 mg/m?
per day of irinotecan over the course of 3 days (Fig. I).
Plasma CPT-11 and SN-38 levels of the patients were
higher on day 3 than they were on day 1, being in the dose
range from 80 mg/m® per day over the course of 3 days to
200 mg/m? per day over the course of 3 days (Fig. 1). The
mean clearance of irinotecan was 14.54 L/h per m? (range
8.45-20.83 L/h per m%), and the mean half-life was 6.95
hours (range 4.29-11.16 hours). Higher area-under-the-
curve values of irinotecan and SN-38 were observed when
the dose of irinotecan increased (Table 4).

Decreases in levels of tumor markers such as urinary
vanillylmandelic acid and homovanillic acid were observed
in the majority of the patients who received more than iri-
notecan 80 mg/m? per day over the course of 3 days (Table
5). However, it appeared that the response depended not
only on the dose but also on the aggressiveness of the re-
fractory disease, and there was a general tendency for more
patients to show responses with higher doses (Table 5). A
partial response consisting of a significant decrease in tumor
size (27) and in tumor marker levels was observed in four
children who received irinotecan 140 mg/m? per day over
the course of 3 days, 160 mg/m? per day over the course of
3 days, and 200 mg/m? per day over the course of 3 days,
respectively. Three of these four patients were children with
advanced neuroblastoma, and the remaining one patient had
leiomyosarcoma (Table 5).

DISCUSSION

In this phase I study of irinotecan in children, entry was
originally open to children with all kinds of malignant solid
tumors, but 26 (92.9%) of the 28 children were patients with
advanced neuroblastoma, presumably because this phase I
study was conducted among member institutions of the
Study Group of Japan for Treatment of Advanced Neuro-
blastoma (Appendix). Patients generally tolerated the infu-
sion without difficulty on an inpatient basis. Myelosuppres-
sion and diarrhea were found to be dose-limiting factors,
and the dose-limiting toxicity dose was concluded to be
200 mg/m” per day over the course of 3 consecutive days.

TABLE 4. FPharmakokinelic studies of irinotecan in seven patients

Patients 1 2 3 4 5 6-1 6-3 7-1 7-3
Dose of irinotecan A A A A B C C C c
CPT-11
Half-life (h) 11.16 4.90 7.1 7.83 8.33 4,29 5.16 6.63 7.01
AUC (pg x h/mL) 3.83 7.10 4.25 3.36 6.35 11.97 17.89 10.42 13.56
Ciearance {L/h x m?) 13.05 8.45 1413 20.83 12.59 16.70 11.18 19.20 14.75
Vdss {(L/m?) 154.2 58.5 141.7 177.5 87.9 56.5 51.1 135.2 99.1
SN-38
Half life (h) 8.25 7.40 8.29 8.42 5.59 13.85 17.74 16.43 10.39
AUC {ng x h/mL) 49.5 163.5 108.9 178.2 175.3 319.0 504 1836 325.5

6-1, day 1 of patient 6; 6-3, day 3 of patient 6, A, 60-80 mg/m?® per day; B, 90 mg/m? per day; C, 180-200 mg/m? per day; AUC, area under

curve; Vdss, volume distribution.
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FIG. 1. Plasma concentration profiles of CPT-11 {A) and SN-38 (B) are shown. The patient was administered 200 mg/m® irinotecan for 3
consecutive days. Samples were taken during the second of the lwo courses. Arrow indicates time of 2-hour intravenous administration of

irinotecan.

There have been other concurrent phase I trials of irino-
tecan for children (19,20,28), but the mode of administra-
tion differed from ours. Vassal et al, {29) reported that the
MTD of irinotecan for children was 600 mg/m?® when ad-
ministered as a 120-minute intravenous infusion every 21
days. They further reported that 350 mg/m? is the MTD in
adults undergoing the same administration schedule (19).
Furman et al. (20) admmistered irinotecan more consecu-
tively and found an MTD of irinotecan 20 mg/m?® per day
for 5 days, repeated once after 2 days off (total: 10 days of
administration). A Yapanese phase I study of irinotecan in
adults reported that the MTD could be >250 mg/m* when
administered as a single intravenous infusicn, but did not
report the upper limit of the tolerated dose (30). It appears
unreasonable to suggest a recommended dose for further
studies without confirming the actual MTD.

Mean irinotecan clearance of 14.54 L/h per m® (range
8.45-20.83 L/h per m?) from our study is comparable with
data reported by Vassal (29), who noted an irinotecan clear-

TABLE 5. Antitumor activity of irinotecan by dose

Number of
PR SD{TMtl) SD PD ND

Dose
(mg/m? x 3 d)

60
70
a0
90
100
120
140
160
180
200

No. of patients

1 1 1

i
1

GBEBMDPODNDNNOWW
T =t = N =N

2 1

PR, partial response; SD(TMt 1), stable disease but with tran-
sient decrease in tumor marker levels; SD, stable disease; PD, pro-
gressive disease; ND, not definitive.
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ance in children (mean + SD, 18.9 + 9.1 L/hr per m?) and in
adults (15 L/h per m?). Values of area under the curve of
irinotecan and SN-38 were higher compared with those data
reported by Furman et al. (20). In the current study, the
values of area under the curve of irinotecan and SN-38
showed a general tendency to increase in accordance with
dose increase of irinotecan (Table 4).

The different modes of administration were designed for
phase I trials, either based on the experimental results (13,
16,20,28) or with future use in clinical protocols in mind, as
in the current study. Though the present authors were con-
ducting this phase I study, Zamboni et al. (31) found that in
an in vivo study, greater antitumor activity was observed
after oral administration of irinotecan than after intravenous
administration. One of the present authors and his cowork-
ers (18) were able to confirm those results (31), but it was
only after the present phase I study already started in May
1996. We found that a nearly eight-fold dose could be ad-
ministered to mice crally and that higher plasma levels of
irinotecan and SN-38 were prolonged in mice administered
irinotecan orally compared with those administered it intra-
peritoneally (18). The 3-day course of administration was
originally designed in the current study, hoping that sus-
tained high-plasma levels of irinotecan and SN-38 could be
achieved for 3 days because of a cumulative effect. Qur
pharmacokinetic study presented informative data for the
future clinical study. It was shown that increased plasma
levels of both irinotecan and SN-38 returned to the nearly
normal ranges 22 hours after infusion on day 1, and these
values were slightly higher on day 3 (Fig. 1). However, we
consider, based on our own in vivo study (18) and on studies
by others (20,31), that sustained high levels of CPT-11 and
SN-38 would be desirable for tumor regression, and we
wish that infusion of irinotecan for longer than 2 hours be
explored in future.
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Significant clinical effects of irtnotecan were observed in
four patients with refractory leiomyosarcoma and neuro-
blastomas who received 140 mg/m2 per day, 160 mg/m2 per
day, and 200 mg/m? per day for 3 days, respectively, re-
peated once after 25 days off. Rosoff and Bayliff (10) re-
cently reported a successful response to irinotecan in two
patients aged 16 years and 18 years with desmoplastic round
blue cell tumors, who received irinotecan 50 mg/m? per day
for 5 days. They reported that the tumors became stable
after five cycles and two cycles of the 5-day course, respec-
tively (10). The results reported by others (10,20} and our
present results appear to encourage the clinical use of iri-
notecan for patients with advanced neuroblastoma and other
pediatric solid tumors.

Myelosuppression and diarrhea were generally, but not
always, more intense after the second course of irinotecan
administration rather than after the first course in the current
study, even though the criteria for starting the second cycle
was the same as that for starting the first cycle. We do not
know the reason, and the pharmacokinetics study showed
no cumulative effects because plasma levels of irinotecan
and SN-38 returned to zero levels at the start of the second
cycle (Fig. 1). As a matter of course, antitumor efficacy of
two courses of irinotecan is greater than that of a single
course. The recommended dose for pediatric phase II trials
could be a dose between 160 mg/m? and 180 mg/m? over
the course of 3 days, repeated once at an interval of 25 days.

We regret that we increased in increments of 10% to 18%
as opposed to the standard 25% to 30%. Because of this,
interpatient variability was likely to exceed such narrow
dose increments, as it is clearly shown in Table 4 that area
under the curve was sometimes greater in patients who
received lower-dose CPT-11 by an increment of 10 to
20 mg/m? per day
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Intensified Chemotherapy Increases the Survival
Rates in Patients With Stage 4 Neuroblastoma With

MYCN Amplification

Michio Kaneko, M.D., Yoshiaki Tsuchida, m.p., Hideo Mugishima, m.D.,
Naomi Ohnuma, M.D., Keiko Yamamoto, M.D., Keisei Kawa, M.D.,
Makoto Iwafuchi, M.D., Tadashi Sawada, M.D., and Sachiyo Suita, M.D.

Purpose: Patients with high-risk neuroblastoma who have mul-
tiple copies of MYCN fare much worse than do those without
MYCN amplification; however, it has not been clarified whether
intensified chemotherapy with or without blood stem cell trans-
plantation can alter the extremely poor prognosis of patients with
amplified MYCN.

Methods and Results: Between 1985 and 1999, 301 patients older
than age 12 months with stage 4 neuroblastorna were treated. From
Tanuary 1985 to February 1991, 80 patients with stage 4 neuro-
blastoma with and without MYCAN amplification uniformly
received induction chemotherapy with regimen A, (cyclophospha-
mide 1,200 mg/m? and vincristine 1.5 mg/m? on day 1, tetra-
hydropyranyl [THP]-Adriamycin 40 mg/m* on day 3, and cisplatin
90 mg/m* on day 5). Among 22 patients with MYCN amplification,
nine (40.9%) achieved a complete remission and seven (31.8%)
underwent stem cell transplantation. Of 58 patients without MYCN
amplification, 43 (74.19) achieved a complete remission and 14
(24.1%) underwent stem cell transplantation. The S-year relapse-
free survival rates were 23.2% for stage 4 patients with MYCN
amplification and 33.3% for those without MYCN amplification (P
= (1.029), the 5-year overall survival rates were 32.8% for stage 4
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patients with MYCN amplification and 42.8% for those without
MYCN amplification (P > 0.05). From March 1991 to June 1998,
patients with stage 4 neuroblastoma who had 10 or more copies of
MYCN were treated with regimen A; (cyclophosphamide 1,200
mg/m? per day on days 1 and 2, THP-Adriamycin 40 mg/m? on
day 3, etoposide 100 mg/m? per day on days 1 to 5, and cisplatin
25 mg/m?® per day on days 1 to 5); those with fewer than 10 copies
of MYCN received regimen new A, (cyclophosphamide 1,200
mg/m? on day 1, THP.Adriamycin 40 mg/m? on day 3, etoposide
100 mg/m? per day on days 1 to 5, and cisplatin 90 mg/m? on day
5), which is similar in intensity to regimen A,. Among 88 patients
with MYCN amplification, 63 (71.6%) achieved a complete remis-
sion and 63 (71.68%) underwent stem cell transplantation. Of 133
patients without MYCN amplification, 93 (69.9%) achieved a com-
plete remission and 71 (53.4%) underwent stem cell transplanta-
tion. The 5-year relapse-free survival rates were 36.0% for stage 4
patients with MYCN amplification and 32.2% for those without
MYCN amplification (P > 0.03), the S-year overall survival rates
were 34.0% for stage 4 patients with MYCN amplification and
38.9% for those without MYCN amplification (P > 0.05). The
difference in relapse-free survival rates was significantly different
(P = 0.003) between patients with MYCN-amplified tumor treated
before (regimen A ) versus after 1991 (regimen A,).
Conclusions: With the use of the more intensive induction regi-
men A, plus blood stem cell transplantation for MYCN-amplified
patients, survival curves for those with or without MYCN ampli-
fication now appear similar. Higher doses of chemotherapy may
ameliorate the effect of MYCN amplification in patients with high-
risk neuroblastoma.

Key Words: Neuroblastoma—MYCN amplification—High-dose
chemotherapy.

n 19835, Seeger et al. (1) reported that multiple copies of

the MYCN oncogene were associated with rapid progres-
sion of neuroblastomas. They reported that patients with
stage 4 tumors with MYCN amplification had the most rapid
disease progression and that the 9-month progression-free
survival rate was 0% in patients whose tumors contained 10
or more copies of the MYCN oncogene. As a result, it was
conjectured that amplification of the MYCN oncogene might
play a key role in determining the aggressiveness of neuro-
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blastomas. Since that first report, attempts have been made
to determine the mechanism of rapid progression of tumors
with MYCN amplification. It was found that MYCN-MAX
heterodimers form when there is an excess of the protein
encoded by MYCN, and that this heterodimeric protein com-
plex activates transcription of several genes likely involved
in cellular proliferation (2,3).

In 1990, we reported clinical results comparable with
those of Seeger et al. (1) but with improved survival rates
for patients with both MYCN-amplified and nonamplified
neuroblastoma. We concluded that stage 4 neuroblastoma
patients with amplified MYCN did not always die, but that
their prognosis was still worse than that of those without
MYCN amplification {(4). Improved survival rates for pa-
tients with neuroblastoma with MYCN amplification were
recently reported by others {5,6) and by us (7). According to
Matthay et al. (6), the 3-year relapse-free survival rates after
the first randomization were 27% for all patients, 34 + 4%
for those assigned to autologous bone marrow transplanta-
tion, and 22 = 4% for those assigned to continuation che-
motherapy.

In 1991, we decided to administer more intensive che-
motherapy to patients with neuroblastoma who were older
than age 12 months and had amplification of MYCN to
improve the clinical results in this group and to investigate
the role of MYCN oncogene amplification in the prognosis
in the high-dose chemotherapy setting. No other protocol
has stratified the treatment of patients with stage 4 neuro-
blastoma based on MYCN amplification status.

PATIENTS AND METHODS

All 301 children older than age 12 months with stage 4
neuroblastoma treated at 40 institutions in Japan (see Ap-
pendix} between January 1985 and June 1999 were enrolled
and analyzed. The staging workup included bone scan, bone
marrow status, catecholamine and ferritin levels, Japanese
pathology classification, and MIBG scanning, if available.
Clinical stage was classified or reclassified according to the
International Neuroblastoma Staging System (8). The Japa-
nese pathology classification is different from the Shimada
classification (9) or the Shimada system (10), but the current
study enrolled patients with histology of neuroblastoma and
ganglioneuroblastoma by the Japanese classifications,
which are equivalent to neuroblastoma (undifferentiated,
poorly differentiated, and differentiating) and ganglioneu-
roblastoma (intermixed and nodular) by the Shimada system
(10).

The induction chemotherapy regimens used are summa-
rized in Table 1. From January 1985 to February 1991, all
stage 4 patients uniformly received induction chemotherapy
with six cycles of regimen A |, whether MYCN was ampli-
fied or not {(4,11). Between March 1991 and June 1999,
regimens designated A; and new A, were used. Pretreat-
ment biopsy was required for all patients, and all stage 4
patients received one cycle of regimen new A, while await-
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TABLE 1.
January 1985 to February 1991

Chemotherapeutic regimens

Regimen A,
Cyclophosphamide® 1,200 mg/m? on day 1
Vincristine 1.5 mg/m? on day 1
THP-Adriamycin 40 mg/m? on day 3
Cisplatin 80 mg/m? on day 5

March 1991 to June 1998

Regimen A;
Cyclophosphamide® 1,200 mg/m? per day on days 1 and 2
THP-Adriamycin 40 mg/m? on day 3
Etoposide 100 mg/m? per day on days 1to 5
Cisplatin 25 mg/m? per day on days 1 to 5 (continuous)
Regimen new A,
Cyclophosphamide* 1,200 mg/m? on day 1
THP-Adriamycin 40 mg/m? on day 3
Etoposide 100 mg/m? per day on days 1 to 5
Cisplatin 90 mg/m? on day 5

*Administered as intravenous infusion over the course of 6 hours.
THP-Adriamycin = tetra-hydropyranyl Adriamycin (Nihon Kay-
aku, Tokyo, Japan).

ing the results of Southern blot analysis of the MYCN on-
cogene. When the tumor was found to contain 10 or more
copies of MYCN, patients received five courses of regimen
A, unti] a total of six cycles was reached. In patients with
less than 10 copies of MYCN, further courses of regimen
new A, were administered until a total of six cycles was
reached.

Throughout the study, radical surgery was performed af-
ter the third and before the sixth cycle of chemotherapy.
After completing six cycles of induction chemotherapy with
these regimens, patients received continuation chemo-
therapy or myeloablative preconditioning regimens and then
autologous bone marrow transplantation (ABMT) or periph-
eral blood stem cell transplantation (PBSCT), as reported
previously (12). The preconditioning regimen most fre-
quently used included melphalan 140 mg/m? and 90 mg/m?
on successive days, cisplatin 90 mg/m®, and tetrahydro-
pyranyl Adriamycin 45 mg/m?, with or without etoposide
200 mg/m? for 4 days (Table 2). The next most frequently
used preconditioning regimen consisted of melphalarn 180
mg/m* with or without etoposide 200 mg/m? for 4 days.
Total body irradiation to a total of 10 Gy was administered
at institutional discretion. Researchers were encouraged to
perform ABMT/PBSCT on patients with MYCN amplifica-
tion when in complete remission (4,12).

Amplification of the genomic DNA sequence of MYCN
was determined (I3) using the Southern blot technique at
the Special Reference Laboratories, Tokyo, Japan. DNA (10

2} was digested completely with EcoRI, electrophoresed
in 0.8% agarose gel, and blotted onto a nylon filter mem-
brane (Zeta-Probe; Bio-Rad, Hercules, CA, U.S.A.) using
the standard Southern blot method. Hybridization was per-
formed with an EcoRI fragment containing the first exon of
the human MYCN gene. The probe was labeled with o phos-
phorus-32 dCTP,



M. KANEKO ET AL.

TABLE 2. Conditioning regimens for ABMT/PBSCT

Conditioning regimen P
Melphalan 140 mg/m? on day -5, 90 mg/m? on day -4
Cisplatin 90 mg/m? on day -7
THP-Adriamycin 45 mg/m?2 on day -6
+Etoposide 200 mg/m? per day on days -9 to -6
+Total body irradiation 10/3 Gy on days -3, -2, -1

Conditioning regimen Q
Meiphalan 180 mg/m? on day -4
+Etoposide 200 mg/m? per day on days -8 to -5
+Total body irradiation 10/3 Gy on days -3, -2, -1

Conditloning regimen R (HIMEC)
Melphalan 100 mg/m? on days -5 and -4
Etoposide 100 mg/m? per day on days -8 to -4
Carboplatin 300 mg/m? per day on days -8 to -4
+Total body irradiation 10/3 Gy on days -3, -2, -1

Conditioning regimen S*

Regimen 5-1:

lfosfamide 2.5 g/m? per day on days -8 to -4

MESNA 100% rescue on days -8 to -4

Melphalan 140 mg/m? on day -3, 70 mg/m? on day -2
Regimen 8-2:

Busulfan 5 mg/m? per day on days -7 to -4

Thiotepa 400 mg/m? on days -3 and -2

THP-Adriamycin = tetra-hydropyranyl Adriamycin (Nihon Kay-
aku, Tokyo, Japanj).
*Regimen used as tandem ABMT/PBSCT.

Data on the 301 patients were collected in March 2000,
and the clinical results of patients with MYCN-amplified or
nonamplified neuroblastoma treated before and after March
1991 were compared. The x* test, Cochran-Armitage trend
test, and Fisher exact method were used for statistical analy-
ses. P < 0.05 was regarded as significant.

CHEMOTHERAPY FOR MYCN-AMPLIFIED NEUROBLASTOMA 615

RESULTS

The median foltow-up periods were 64.8 months for
patients treated before March 1991 and 37.9 months for
patients treated after March 1991. Twenty-two MYCN-
amplified (mean age, 3 years 11 months) and 58 noa-
amplified patients (mean age, 4 years 7 months) were en-
rolled in the study between January 1985 and February
1991, all receiving induction chemotherapy with regimen
A[. Radical surgery was performed in 14 (63.6%) of the 22
patients with MYCN amplification and in 52 (89.7%) of the
58 patients without it (Table 3). These 80 patients experi-
enced myelosuppression and other complications of induc-
tion chemotherapy, as shown in Table 4. Nine (40.9%) in
the former group achieved a complete remission (14}, com-
pared with 43 (74.1%) in the latter group. In 7 (31.8%) of
the 22 patients with MYCN amplification, ABMT/PBSCT
was performed, compared with 14 (24.1%) of the 58 with-
out it. The 5-year overall survival rates for the groups are
shown in Figure 1. The overall survival rate of patients with
nonamplified wmors was superior to that of those with
MYCN-amplified tumors. However, because of two deaths
from progressive disease after 120 months in the former
group, the statistical difference in survival became insignifi-
cant (P = 0.062). The 5-year relapse-free survival rates
were 23.2% for stage 4 patients with MYCN amplification
and 33.3% for those without it (Fig. 2). The difference in the
survival rate between the two groups was statistically sig-
nificant (P = 0.029).

There were 88 MYCN-amplified patients (mean age, 2
years 8 months) and 133 nonamplified patients (mean age,

TABLE 3. Stage 4 patients older than age 12 months: response rates after completion of first six cycles of chemotherapy
and 5-year survival rates

January 1985 to

January 1985 to March 1981 to March 1891 to

February 1991 February 1991 June 1939 June 1999
MYCN amplification Yes No Yes No
induction regimen Ay Ay As new A,
No. of patients 22 58 a8 133
Age range 1yOm—8y9m 1yOm=-13y8m 1yCm=-11y11m 1yOm-18y5m
Mean age 3y1im 4yTm 2y8m 4y5m
Mate/female 14/8 32/26 54/34 83/50
No. of pts (%) with radical surgery” 14 (63.6) 52 (89.7) 71 (80.7) 99 (74.4)
No. of CR (%) 9(40.9) 43 (74.1) 63 (71.8) 93 (69.9)
No. of PR (%) 9(40.9) 12 (20.7) 21 (23.9) 31 (23.3)
No. of SD (%) 1(4.5) 2 (3.4) 2{2.3) 6 (4.5)
No. of PD (%) 3(13.6) 1(1.7) 2{2.3) 3(2.2)
No. of pts with ABMT/PBSCT (%) 7(31.8) 14 (24.1) 63 (71.6) 71 (53.4)
No. of pts receiving conditioning regimens P, Q, R, and 8 P:5 P:.7 P:23 P: 19
(see Table 2} g2 R: 6 Q: 12 Q8
S 1 R; 24 R: 39
S 4 S:5
5-year relapse-free survival (%) 23.2*" 33.3" 36.09 32.2
5-year overall survival (%) 3284 42.8 34.04 389
*Total resection plus subtotal resection.
1P = 0.029.
1P = 0.003.
§P = 0.022.

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease after WHO (14).
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FIG. 4. Relapse-free survival rates for stage 4 patients older than 12 months with and without MYCN amplification treated after March 1891
with induction chemotherapy regimens A; and new A,, respectively (P = 0.849). Time was measured from the starl of treatment.

pan, but the incidence of advanced neuroblastoma did not
decrease much, and referrals to participating institutions had
increased during the 15 years of the studies.

Seeger et al.’s (1) reported 9-month progression-free sur-
vival rates were 61%, 47% and 0% in stage 1V (15) neuro-
blastoma patients whose tumors had one, three, and 10 or
more copies of MYCN, respectively (P < 0.0001). Their
results were based on chemotherapeutic regimens in use
more than 15 years ago, and the treatment of high-risk neu-
roblastoma has recently improved in the United States-(6)
and Japan (7). Thirteen (24%) of 55 stage 4 patients with

amplified MYCN survived disease-free for more than 66
months in a study by Kawa et al. (7). Matthay et al. (6)
achieved significantly improved survival rates and reported
that the 3-year relapse-free survival rates after the first ran-
domization were 27% for all patients, 34 = 4% for those
undergoing ABMT, and 22 + 4% for those receiving con-
tinuation chemotherapy., They used a single protocel for
patients with stage 4 neuroblastoma with and without
MYCN amplification and concluded that there was still a
difference in survival between these two groups (P = 0.03).
This indicates that MYCN amplification affects survival in
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FIG. 5. Relapse-free survival rates for stage 4 patients older than 12 months with and without MYCN amplification treated with autologous bone
marrow transplantation or peripheral blood stem cell transplantation when in complete remission (P = 0.585). Time was measured from the

second randomization.
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therapy, including ABMT/PBSCT. No other group has used
different protocols for patients with stage 4 neuroblastoma
based on MYCN amplification status. Improvement in the
clinical results of stage 4 patients with MYCN amplification
after high-dose chemotherapy and ABMT/PBSCT strongly
suggests that further basic studies are needed to determine
the effects of cyclophosphamide or other agents on the mo-
lecular mechanism of progression of tumors with MYCN
amplification.

The prognosis for patients with stage 4 neuroblastoma
without MYCN amplification remains poor (13,16,17).
There are a few reasons why. One reason is that current
assessments of MYCN amplification status are based on the
Southern blot technique as originally performed in this tu-
mor (1,18). However, two reports on neuroblastoma cell
lines showed that MYCN-nonamplified tumors sometimes
express MYCN mRNA and MYCN protein, presumably be-
cause of the prolonged half-life of this protein in some
turnors (19,20). Strictly speaking, assessment of MYCN am-
plification and expression status should be based not only
on Southern blotting but also on demonstration of the pres-
ence of MYCN protein. One report (21) indicated that ex-
pression of MYCN protein without amplification might oc-
cur only in a few patients with stage 4 neuroblastoma. There
may be other, unknown reasons for this. For example, the
implication of 3 to 9 copies of MYCN in stage 4 neuroblas-
toma should also be taken into account. Alternatively, other
unknown or known genetic factors such as abnormalities on
chromosomes 2q, 9q, 11q, 14q, and 17q may play a role
(22-26). The results in stage 4 MYCN-nonamplified patients
are so dismal that we started in June 1998 to treat MYCN-
nonamplified stage 4 patients with regimen A;. However,
MYCN-amplified stage 4 patients are now being treated ei-
ther with regimen A, or regimen D (ifosfamide 2,800
mg/m? per day and etoposide 120 mg/m? per day on days 1
through 3).

The current study showed that intensified chemotherapy
improved relapse-free survival rates for children older than
12 months with stage 4 MYCN-amplified neurcblastoma,
The 5-year relapse-free survival rate increased from 23.2%
to 36.0%. In the Kaplan-Meier survival curves (Figs. 3,4),
high-dose chemotherapy appears to have abolished the ef-
fects of MYCN amplification. Nevertheless, the clinical re-
sults remain unsatisfactory. It is possible that new therapies,
such as regimen A,, merely delay relapse rather than con-
tribute to a truly improved survival rate. Further innovative
treatment of patients with stage 4 MYCN-amplified neuro-
blastoma is awaited, as are additional basic studies on the
mechanism by which the progression of MYCN-amplified
stage 4 neuroblastoma is altered by high-dose chemo-
therapy.
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