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ABSTRACT

Background Children with high-risk neuroblasto-
ma have a poor outcome. In this study, we assessed
whether myeloablative therapy in conjunction with
transplantation of autologous bone marrow improved
event-free survival as compared with chemotherapy
alone, and whether subsequent treatment with 13-cis-
retinoic acid (isotretinoin) further improves event-
free survival.

Methods All patients were treated with the same
initial regimen of chemotherapy, and those without
disease progression were then randomly assigned to
receive continued treatment with myeloablative che-
motherapy, total-body irradiation, and transplanta-
tion of autologous bone marrow purged of neuro-
blastoma cells or to receive three cycles of intensive
chemotherapy alone. All patients who completed cy-
totoxic therapy without disease progression were then
randomly assigned to receive no further therapy or
treatment with 13-cis-retinoic acid for six months.

Results The mean (xSE) event-free survival rate
three years after the first randomization was signifi-
cantly better among the 189 patients who were as-
signed to undergo transplantation than among the
190 patients assigned to receive continuation che-
motherapy (34*4 percent vs. 22+4 percent, P=0.034).
The event-free survival rate three years after the sec-
ond randomization was significantly better among
the 130 patients who were assigned to receive 13-cis-
retinoic acid than among the 128 patients assigned
to receive no further therapy (46+6 percent vs. 29+5
percent, P=0.027).

Conclusions Treatment with myeloablative therapy
and autologous bone marrow transplantation im-
proved event-free survival among children with high-
risk neuroblastoma. In addition, treatment with 13-
cis-retinoic acid was beneficial for patients without
progressive disease when it was administered after
chemotherapy or transplantation. (N Engl J Med 1999;
341:1165-73.)
©1999, Massachusetts Medical Society.

EUROBLASTOMA, the most common

extracranial solid tumor of childhood,

has a long-term survival rate of only 15

percent.! At diagnosis the defining char-
acteristics of high-risk neuroblastoma include an age
of more than one year, metastases, amplification of
the MYCN oncogene, and histologic findings.2+ Re-
cent progress in the treatment of high-risk neuro-
blastoma may be due to the use of higher doses of
chemotherapy® and improved supportive care. Some
studies have attributed the improvement to the use
of myeloablative doses of cytotoxic therapy in con-
junction with autologous bone marrow transplanta-
tion.¢15 However, since none of these studies in-
volved a randomized comparison, selection bias may
have influenced the results.

Relapse remains common, despite the achievement
of a complete clinical remission with myeloablative
therapy and marrow transplantation, suggesting that
minimal residual disease is an important cause of
recurrence.! All-zrans-retinoic acid (tretinoin) and
13-cis-retinoic acid (isotretinoin) decrease prolifera-
tion and induce differentiation in neuroblastoma cell

From the Departments of Pediatrics (K.K.M.) and Radiation Oncology
(PS.), University of California School of Medicine, San Francisco; the De-
partments of Pediatrics (J.GV., R.C.S., C.P.R.) and Pathology (H.S., C.PR.),
University of Southern California School of Medicine and Children’s Hos-
pital, Los Angeles; the Department of Preventive Medicine, University of
Southern California School of Medicine, Los Angeles (D.O.S.); the De-
partment of Pediatrics, Children’s Hospital Medical Center, Cincinnati
(R.E.H.); the Department of Pediatrics, University of Minnesota School of
Medicine, Minneapolis (N.K.R.); the Department of Surgery, M.D. Ander-
son Hospital, Houston (C.T.B.); the Children’s Cancer Group, Arcadia,
Calif. (D.O.S., R.B.G.); and the Department of Pediatrics, University of
Pennsylvania School of Medicine, Philadelphia (G.M.B.). Address reprint
requests to Dr. Matthay at the Children’s Cancer Group, PO. Box 60012,
Arcadia, CA 91066-6012.

*Other investigators and institutions that participated in the study are
listed in the Appendix.

Volume 341 Number 16 1165



The New England

Journal of Medicine

lines, including some established from refractory tu-
mors, and may be effective against residual tumor cells
that are resistant to cytotoxic agents.1620 A phase 1
study of children with high-risk neuroblastoma found
that an intermittent schedule of high-dose 13-cis-
retinoic acid after bone marrow transplantation had
minimal toxicity, achieved levels that were effective
against neuroblastoma cell lines in vitro, and result-
ed in the clearing of tumor cells in bone marrow, as
determined by morphologic assessment, in 3 of 10
patients.2!

These promising results led to the present pro-
spective, randomized study in which a combination
of myeloablative chemotherapy, total-body irradia-
tion, and transplantation of autologous bone mar-
row purged of cancer cells was compared with in-
tensive nonmyeloablative chemotherapy in children
and young adults with high-risk neuroblastoma. The
study design also included a second randomization
to determine whether treatment with 13-cis-retinoic
acid after transplantation or chemotherapy further
improves event-free survival.

METHODS

Patients

Eligible patients included children and adolescents with newly
diagnosed high-risk neuroblastoma who were 1 to 18 years of age.
A total of 434 patients had Evans stage IV neuroblastoma; 72 had
stage III disease with one or more of the following: amplification
of the MYCN oncogene,? a serum ferritin level of at least 143 ng
per milliliter,22 and unfavorable histopathological findings2324; 1 had
stage II disease with amplification of MYCN (age, >1 year); 13
had stage I or II disease with bone metastases before therapy other
than surgery; and 19 had had stage IV disease with MYCN am-
plification for less than one year. Parents or guardians provided
written informed consent, and the study was approved by the ap-
propriate local institutional review boards. Enrollment began in
January 1991 and ended in April 1996.

Serum ferritin was measured by radioimmunoassay; levels of at

1st Randomization

Surgery
Radiotherapy

least 143 ng per milliliter were designated as unfavorable, and lev-
cls below 143 ng per milliliter were designated as favorable.?? Bi-
ologic features of the tumor including histologic findings and the
number of MYCN genes were determined centrally in the neuro-
blastoma reference laboratory of the Children’s Cancer Group.
Amplification of MYCN was measured by Southern blotting (from
1991 to 1993)% or on the basis of the pattern and intensity of
the MYCN protein on immunohistochemical and semiquantitative
polymerase-chain-reaction assays (from 1994 to 1996).26 One in-
vestigator reviewed all tumors and classified the histopathological
findings as favorable or unfavorable according to the method of
Shimada et al.2*

Treatment

All patients received initial therapy with cisplatin (60 mg per
square meter of body-surface area administered intravenously over
a period of six hours on day 0), doxorubicin (30 mg per square
meter intravenously on day 2), etoposide (100 mg per square meter
intravenously on days 2 and 5), and cyclophosphamide (1000 mg
per square meter intravenously on days 3 and 4) for five cycles
at 28-day intervals, plus surgery and radiotherapy for gross resid-
ual disease (Fig. 1). The requirements for the local control of dis-
case were identical for all patients. For the transplantation group,
the conditioning regimen consisted of carboplatin (1000 mg per
square meter) and ctoposide (640 mg per square meter) admin-
istered by continuous infusion over a period of 96 hours begin-
ning eight days before transplantation; melphalan (a bolus infusion
of 140 mg per square meter seven days before transplantation and
a bolus infusion of 70 mg per square meter six days before trans-
plantation); and total-body irradiation (333 cGy daily for the
three days before transplantation), followed by an infusion of
purged bone marrow (median dose, 2X108 mononuclear cells per
kilogram of body weight) on day 0 and then by granulocyte—
macrophage colony-stimulating factor (250 ug per square meter
per day intravenously). The continuation-chemotherapy group re-
ceived three cycles of cisplatin (160 mg per square meter), etopo-
side (500 mg per square meter), and doxorubicin (40 mg per
square meter), administered as a continuous infusion over a peri-
od of 96 hours and given simultaneously with a bolus injection
of ifosfamide (2500 mg per square meter on days 0 to 3) and mesna
(600 mg per square meter per dose every 3 hours for five doses),
followed by granulocyte colony-stimulating factor (5 ug per kil-
ogram subcutancously). The first randomization was performed
just before the third cycle of initial therapy, at week 8 of the
protocol (median, 60 days after diagnosis), and included patients

2nd Randomization

Myeloablative therapy
+ autologous bone
marrow transplantation

13-cis-
retinoic acid

Bone marrow
harvest

Initial Chemotherapy

Figure 1. Treatment Regimens.

No 13-cis-
retinoic acid

Chemotherapy

Continuation Therapy

The conditioning regimen for autologous bone marrow transplantation consisted of carboplatin, etoposide, melphalan, and total-
body irradiation. Details of the chemotherapy regimens are given in the Methods section.
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without disease progression. After transplantation or the end of
continuation therapy (week 34 of the protocol; median, 288 days
after diagnosis), patients without disease progression were ran-
domly assigned to receive six cycles of 13- cis-retinoic acid (160 mg
per square meter per day administered orally in two divided doses
for 14 consecutive days in a 28-day cycle) or no further therapy.
Clinical evaluations were performed at diagnosis and at the end
of induction therapy, continuation chemotherapy or transplanta-
tion, and 13- css-retinoic acid therapy. Responses were assessed with
use of the international criteria for the response to treatment of
neuroblastoma.?»28

Harvesting and Purging of Bone Marrow

Harvesting of bone marrow and purging were done at the neu-
roblastoma purging center of the Children’s Cancer Group just
before the fourth or fifth cycle of initial therapy, if a bone marrow
aspirate obtained one week earlier had less than 1 percent tumor
cells on morphologic and immunocytologic analysis (sensitivity
of assay, 1 tumor cell per 105 nucleated bone marrow cells).2? Bone
marrow was purged with the use of sedimentation, filtration, and
two cycles of immunomagnetic separation of neuroblastoma
cells.203031 None of the infused marrow preparations had detect-
able tumor cells on immunocytologic analysis.

Statistical Analysis

The design of the study called for two separate sequential ran-
domizations. Patients who had progressive disease before week 8
of the protocol were ineligible for the trial. Patients who had pro-
gressive or histologically confirmed disease at the completion of
cytotoxic therapy were ineligible for the second randomization.
Some patients who were ineligible for the first randomization be-
cause they were ineligible for transplantation were assigned in a
nonrandom fashion to receive continuation chemotherapy. If these
patients were free of detectable disease after chemotherapy, they
were eligible for the second randomization. They were not consid-
ered in the intention-to-treat analysis of the first randomization.

A permuted-block design was used for the random assignment
of approximately equal numbers of patients from each of two
strata (those with and those without metastatic disease) to trans-
plantation or continuation chemotherapy. The second randomiza-
tion was similarly balanced with respect to the numbers of patients
from each group of the first randomization and nonrandomized
patients who were ineligible for transplantation.

The study committee and investigators were unaware of pa-
tients’ treatment assignments, and the study was monitored by an
independent committee according to a group sequential monitor-
ing plan.32 Interim analyses were performed after the fourth, fifth,
and sixth years of enrollment. The study continued to completion,
because predefined early stopping criteria were not met. The
analysis described here was performed on February 4, 1999. Sim-
ilarities between patients in the two groups were assessed with
chi-square tests for homogeneity of proportions. Outcome analyses
used life-table methods and associated statistics.?3

Life-table estimates were calculated according to the Kaplan—
Meier procedure. The standard errors of the life-table estimates
of event-free survival and overall survival after three years of follow-
up were calculated according to the method described by Peto et
al.3* A two-sided test of proportions was performed by dividing
the difference in event-free survival by its standard error and com-
paring this value with the percentiles for a standard normal ran-
dom variable. The primary end point, prespecified by the protocol,
was event-free survival calculated from the time of randomiza-
tion. The events considered were disease progression, death from
any cause, and a second neoplasm, whichever occurred first. A
test of the significance of the differences in event-free survival at
three years was chosen over the customary log-rank statistic be-
cause there was a priori concern that the assumption of propor-
tional hazards underlying the log-rank statistic might be invalid for
two reasons. First, the initial randomization preceded transplan-
tation by a median of 4.3 months. During this interval, patients

in both groups were treated identically and thus had identical
risks. Second, it was anticipated that patients in the transplanta-
tion group would have a high risk of early, treatment-related
death, even if event-free survival was ultimately better in this group
than in the group assigned to receive continuation chemotherapy.
The comparison of treatment regimens was performed according
to the intention to treat.

RESULTS
Characteristics of the Patients

Of 560 patients who were assessed for the study,
539 were found to be eligible; of these, 379 patients
participated in the first randomization, and 258 par-
ticipated in the second randomization. Ineligible pa-
tients included 2 patients with incorrect diagnoses,
10 who did not meet the criteria for high-risk neu-
roblastoma, 1 with high bilirubin levels, and 8 for
whom the procedures of the local institutional re-
view board were inadequate. The stage of disease, age
of the patients, sites of metastases, biologic features,
and response to initial therapy were not significantly
different between the group of patients assigned to
transplantation and the group assigned to continua-
tion chemotherapy in the first randomization or be-
tween the group assigned to 13-cis-retinoic acid and
the group assigned to no further therapy in the sec-
ond randomization (Table 1). The group that was
nonrandomly assigned to chemotherapy differed from
the randomized population only in the higher per-
centage of patients with stage 111 disease (21 percent
vs. 12 percent, P=0.02) and the lower median age
(2.6 vs. 3.1 years, P=0.01).

Randomization and Actual Treatment Received

Of 539 eligible patients, 190 were randomly as-
signed to continuation chemotherapy and 189 to
transplantation, and 118 were nonrandomly assigned
to continuation chemotherapy. The remaining 42
patients never underwent randomization, because of
discase progression (16 patients), death (3), with-
drawal of parental consent (8), withdrawal from the
study at the request of their physicians (4), or sub-
stantial deviation from treatment (11). Of the 189 pa-
tients who were assigned to transplantation, 129 ac-
tually received a bone marrow transplant according
to the protocol and before disease progression (me-
dian interval from study entry to transplantation, 190
days; range, 154 to 264). Of the 190 patients who
were assigned to continuation chemotherapy, 150 ac-
tually received chemotherapy according to the pro-
tocol (median time from study entry to the start of
chemotherapy, 178 days; range, 143 to 261). Of the
100 patients who did not receive the treatment to
which they were randomly assigned, progressive dis-
case developed in 52 before they could receive the
assigned therapy (28 in the chemotherapy group and
24 in the transplantation group). Two patients died
after randomization but before receiving the assigned
treatment. The remaining 46 patients had a substan-
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TABLE 1. CHARACTERISTICS OF THE PATIENTS.*

CHARACTERISTIC FiIrsT RANDOMIZATION SECOND RANDOMIZATION
13-cis-
TRANSPLAN-  CONTINUATION RETINOIC NO
TATION CHEMOTHERAPY ACID THERAPY
(N=189) (N=190) (N=130)  (N=128)
number of patients
Age at diagnosis
<lyr 5 4 2 4
1-2 yr 44 45 29 28
>2yr 140 141 99 96
Stage of disease
11T 21t 24 23 171
Vi 168 166 107 111
Serum ferritin level
<143 ng/ml 66 66 50 49
=143 ng/ml 102 109 66 66
Unknown 21 15 14 13
Pathological findings on tumor analysis
Favorable 6 9 8 4
Unfavorable 120 128 81 82
Unknown 63 53 41 42
Amplification of MYCN
No 85 94 58 59
Yes 49 55 34 29
Unknown 55 41 38 40
Bone metastases
Absent 65 84 57 50
Present 124 106 73 78
Immunocytologic analysis of bone
marrow at diagnosis§
Negative 28 38 27 20
Positive 92 92 55 64
Unknown 69 60 48 44
Initial response
Complete 60 57 58 59
Very good partial response 38 35 28 28
Partial response 37 37 21 21
Stable disease or mixed response 14 20 13 7
Progressive disease 28 24 0 0
Unknown 12 17 10 13

*There were no significant differences between groups with respect to any characteristic after the

first or second randomization (P>0.05).

1This number also includes the one patient who was more than one year of age who had stage II

neuroblastoma with amplification of MYCN.

fIncluded in the group with stage IV neuroblastoma are nine randomized patients (five in the
transplantation group and four in the continuation-chemotherapy group) who were initially in stage
I or II but in whom bone metastases developed before therapy other than surgery.

§The assay had a sensitivity of 1 tumor cell per 10° nucleated bone marrow cells.

tial deviation from the protocol before disease pro-
gression as a result of a decision by their parents or
physicians (14 were assigned to chemotherapy and
32 to transplantation). Compliance with the proto-
cols of the first randomization among patients with-
out progressive disease was 86 percent. Regardless
of the actual subsequent treatment, all patients who
underwent randomization were included in all analy-
ses according to their assigned treatment.

A total of 319 patients completed cytotoxic ther-
apy without disease progression. Of this group, 130
were randomly assigned at week 34 to receive 13- cis-
retinoic acid and 128 to receive no further therapy.
Fifty-two percent of the patients who were randomly
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assigned to receive transplantation underwent the sec-
ond randomization; 55 percent of those who were
randomly assigned to chemotherapy underwent the
second randomization. The median times from trans-
plantation or the beginning of continuation chemo-
therapy to the beginning of 13- cis-retinoic acid ther-
apy were 97 and 115 days, respectively. In addition,
37 patients were nonrandomly assigned to receive 13-
cis-retinoic acid because of residual disease. The par-
ents of 24 patients declined to enroll their children in
the second phase, and these patients were excluded
from the analysis. Compliance with the protocol of
the second randomization was 98 percent; two pa-
tients in the 13-cis-retinoic acid group did not receive
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Figure 2. Probability of Event-free Survival among Patients Assigned to Bone Marrow Transplantation

or Continuation Chemotherapy.

Follow-up began at the time of the first randomization (eight weeks after diagnosis). The difference in
survival between the two groups was significant at three years (P=0.034).

treatment according to the protocol, and four patients
in the group assigned to no further treatment received
13-cis-retinoic acid.

Outcomes of Autologous Bone Marrow Transplantation
and Continuation Chemotherapy

The mean (£SE) event-free survival rate three years
after diagnosis was 30%2 percent, and the overall
survival rate during this period was 45*2 percent
for all 539 eligible patients. The median duration of
follow-up was 43 months (range, 2 to 89). For the
379 patients who underwent the first randomization,
the three-year event-free survival rate was 283 per-
cent, which was not significantly different from that
for all patients, nor from that for the 118 patients who
were nonrandomly assigned to chemotherapy (33+5
percent). The three-year event-free survival rate from
the time of the first randomization was 34+4 per-
cent among patients assigned to transplantation, a
value that was significantly higher than the rate of
22*4 percent among those assigned to continua-
tion chemotherapy (P=0.034) (Fig. 2). Overall sur-
vival in the two groups was not significantly differ-
ent, with three-year estimates of 43+4 percent for
patients assigned to transplantation and 44*4 per-
cent for those assigned to chemotherapy (P=0.87).
If event-free survival is analyzed only for the patients
who actually received their assigned treatment, the
three-year survival rate for the 129 patients who un-
derwent transplantation was 436 percent, as com-
pared with a rate of 27=*5 percent for the patients
who received continuation chemotherapy.

Effect of Subsequent Therapy with 13-cis-Retinoic Acid

The 3-year event-free survival rate (Fig. 3) of
46+6 percent for patients assigned to receive 13-cis-
retinoic acid was significantly better than the rate of
29+5 percent for those assigned to no further thera-
py (P=0.027) (median follow-up, 36 months; range,
5 to 80). Overall survival was not significantly difter-
ent between the two groups, with three-year esti-
mates for patients assigned to 13-cis-retinoic acid and
no further therapy of 56+6 percent and 50*+6 per-
cent, respectively (P=0.45).

Treatment with 13-cis-retinoic acid appeared to
benefit patients who received either a bone marrow
transplant or continuation chemotherapy (Fig. 4).
There was no evidence of an interaction between the
second-randomization treatment and the first-ran-
domization treatment (P=0.4). The estimated event-
free survival three years after the second randomiza-
tion for the patients assigned to receive transplantation
followed by 13-cis-retinoic acid was 55+10 percent,
as compared with 186 percent for those assigned
to chemotherapy only. Since these event-free survival
curves can only be shown from the time of the sec-
ond randomization, not all patients from the first
randomization were included. Caution in the inter-
pretation of these results is therefore necessary. For
the patients who were nonrandomly assigned to che-
motherapy (data not shown) and then randomly as-
signed to receive 13-cis-retinoic acid, the three-year
event-free survival rate was 53*11 percent and was
not significantly different from the rate among those
who were randomly assigned to no further therapy
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Figure 3. Probability of Event-free Survival among Patients Assigned to Receive 13-cis-Retinoic Acid
or No Further Treatment.

Follow-up began at the time of the second randomization (34 weeks after diagnosis). The difference
in survival between the two groups was significant at three years (P=0.027).

1.2 Chemotherapy, 13-cis-retinoic acid
=== Transplantation, 13-cis-retinoic acid
mmm Chemotherapy, no 13-cis-retinoic acid

0.8 mmm Transplantation, no 13-cis-retinoic acid

I

Probability of Event-free Survival
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Years after Second Randomization
No. AT Risk
Transplantation, 50 33 25 13 10 4 1
13-cis-retinoic acid
Transplantation, 48 28 18 1 6 5 1
no 13-cis-retinoic acid
Chemotherapy, 52 21 16 12 9 6 3
13-cis-retinoic acid
Chemotherapy, 53 26 13 7 6 4 2

no 13-cis-retinoic acid

Figure 4. Probability of Event-free Survival among Patients Who Entered Both Phases of the Study and
Who Were Randomly Assigned to Receive a Bone Marrow Transplant plus 13-cis-Retinoic Acid, Trans-
plant without 13-cis-Retinoic Acid, Continuation Chemotherapy plus 13-cis-Retinoic Acid, or Continua-
tion Chemotherapy without 13-cis-Retinoic Acid.

Follow-up began at the time of the second randomization (34 weeks after diagnosis). Overall event-
free survival was significantly better in the group treated with transplantation plus 13-cis-retinoic acid
than in the group assigned to continuation chemotherapy without 13-cis-retinoic acid (P=0.02).
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after nonrandom assignment to chemotherapy (31=*
11 percent, P=0.13).

Prognostic Factors

For all eligible patients, univariate analysis revealed
these adverse prognostic factors: stage IV disease (rel-
ative risk of death as compared with patients with
stage 1, 11, or III disease, 2.4; 95 percent confidence
interval, 1.7 to 3.4), amplification of MYCN (relative
risk as compared with patients without MYCN am-
plification, 1.3; 95 percent confidence interval, 1.2
to 1.5), unfavorable histopathological findings (rela-
tive risk as compared with patients with no unfavor-
able findings, 1.2; 95 percent confidence interval, 1.1
to 1.4), a serum ferritin level of at least 143 ng per
milliliter (relative risk as compared with patients with
a serum ferritin level of less than 143 ng per milliliter,
1.4; 95 percent confidence interval, 1.2 to 1.6), and
a partial response to initial chemotherapy (relative
risk as compared with patients with a complete or
nearly complete response, 1.3; 95 percent confidence
interval, 1.02 to 1.7). Among patients with stage IV
neuroblastoma, bone metastases at diagnosis (rela-
tive risk, 1.3; 95 percent confidence interval, 1.04 to
1.6) and the presence at diagnosis of more than 100
tumor cells per 105 normal nucleated bone marrow
cells (relative risk, 1.2; 95 percent confidence interval,
1.1 to 1.4) were also adverse factors. The event-free
survival among patients assigned to transplantation
was greater in every subanalysis than that among pa-
tients assigned to chemotherapy, but it was most
pronounced among the subgroup of patients who
were older than two years at diagnosis (P=0.01) and
among the subgroup of patients with amplification
of MYCN (P=0.03). The improved outcome among
patients with stage IV neuroblastoma who were as-
signed to receive 13-cis-retinoic acid was significant
among the subgroup of patients in complete remis-
sion at the end of initial chemotherapy (P=0.03), but
not among those in partial remission. For the sub-
group of patients with stage IV neuroblastoma, the
three-year event-free survival rate was 30*+4 percent
among those assigned to transplantation and 20+4
percent among those assigned to continuation chemo-
therapy (P=0.07); for those assigned to 13- cis-retinoic
acid the rate was 40*6 percent, as compared with a
rate of 25*5 percent for those assigned to no fur-
ther therapy (P=0.09).

Treatment-Related Toxicity and Deaths

During initial therapy, grade 3 or 4 toxic effects
(according to the common toxicity criteria of the
National Cancer Institute), most frequently hemato-
logic effects, occurred in 71 percent of patients. Sepsis
occurred in 17 percent of patients. During continu-
ation chemotherapy, grade 3 or 4 hematologic ef-
fects occurred in all patients. For patients who un-
derwent bone marrow transplantation, the median

time to hematologic recovery (as defined by an ab-
solute neutrophil count of more than 500 per cubic
millimeter) was 17 days. Serious infections and sep-
sis occurred in 52 percent and 28 percent of patients
assigned to chemotherapy, respectively, and in 53
percent and 26 percent of patients assigned to trans-
plantation, respectively. Grade 3 or 4 renal effects oc-
curred in 8 percent of patients assigned to continu-
ation chemotherapy, as compared with 18 percent of
patients assigned to transplantation. Patients assigned
to bone marrow transplantation had a higher inci-
dence of interstitial pneumonitis (10 percent, as com-
pared with 1 percent among those assigned to che-
motherapy) and veno-occlusive disease (9 percent
vs. 0 percent). The mean duration of hospitalization
was 45 days during the 12-week regimen of contin-
uation chemotherapy and 47 days in the group as-
signed to transplantation.

Grade 3 or 4 toxic effects, including elevations in
aminotransferase levels (2 percent of patients), renal
effects (2 percent), gastrointestinal effects (2 percent),
skin effects (cheilitis, dryness, and rash; 2 percent), in-
fection (12 percent), and hypercalcemia (1 percent),
occurred in a total of 17 percent of patients who
were randomly assigned to 13-cis-retinoic acid. The
hematologic effects (9 percent of patients) lessened
over time after the end of cytotoxic therapy and prob-
ably reflected preexisting myelosuppression. Hema-
turia, proteinuria, hypertension, and an elevated se-
rum creatinine level (maximum, 1.8 mg per deciliter
[159 wmol per liter]) developed in five patients, all
of whom had undergone transplantation and had re-
ceived 13-cis-retinoic acid. A syndrome of hyperten-
sion, hematuria, and proteinuria has been reported
after autologous bone marrow transplantation with-
out 13-cis-retinoic acid.35-%7

Second malignant neoplasms (two leukemias and
one clear-cell carcinoma) have occurred in three pa-
tients (one randomly assigned to transplantation, one
randomly assigned to continuation chemotherapy,
and one nonrandomly assigned to chemotherapy).
None of these patients had received 13-cis-retinoic
acid. Of the 323 patients who died, 301 had pro-
gressive disease and 22 died solely of treatment-
related causes. The median time from relapse to death
was shorter for the patients who were assigned to
transplantation than for those assigned to chemo-
therapy (137=21 days vs. 25549 days, P=0.005).
Only 8 percent of patients survived more than three
years after relapse. For the patients who underwent
the first-randomization treatment, there were more
treatment-related deaths from the transplantation
therapy (9 of 129) than from the continuation che-
motherapy (1 of 150, P=0.013). For the entire study
period, however, the numbers of treatment-related
deaths were not different statistically (transplantation
group, 6 percent; chemotherapy group, 3 percent;
P=0.32).
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DISCUSSION

In this randomized study of the treatment of pa-
tients with high-risk neuroblastoma, we found that
transplantation of purged autologous bone marrow
resulted in a significant improvement in event-free
survival as compared with intensive chemotherapy.
Moreover, as compared with no further therapy, sub-
sequent treatment with high-dose, pulsed 13-czs-ret-
inoic acid also improved event-free survival. Eighty-
five percent of the patients we studied had stage IV
disease and were older than one year of age at diag-
nosis. The group of 129 children who actually un-
derwent bone marrow transplantation had a signifi-
cantly higher three-year event-free survival rate than
the 150 patients who actually received continuation
chemotherapy (P=0.027). Although analysis accord-
ing to the treatment received is potentially biased
because of self-selection, the results of this analysis
and of the intention-to-treat analysis were generally
consistent with each other and with the results of
our previous nonrandomized study.!4

Other reports of concomitant but not random-
ized comparisons of transplantation and chemother-
apy have yielded mixed results.!23% A randomized
study found an advantage for autologous transplan-
tation, but it was limited by small numbers and the
method of selection, since randomization did not oc-
cur until the end of induction chemotherapy.?® In
our study, significant adverse prognostic factors were
similar to those previously reported.214.22.2440 The im-
provement in event-free survival among patients in
the transplantation group was also observed in the
subgroup of patients whose tumors had MYCN am-
plification or who were over two years of age.'* The
increased intensity of cytotoxic therapy beyond the
usual nonmyeloablative dose may account for the bet-
ter event-free survival in the transplantation group
than in the continuation-chemotherapy group, which
received repeated, lower doses of chemotherapy.

Although the three-year event-free survival rate
was significantly improved by autologous bone mar-
row transplantation, overall survival was similar for
both regimens. There was a significantly shorter in-
terval between relapse and death among patients
who relapsed after bone marrow transplantation than
among those who relapsed after chemotherapy (P=
0.005). However, virtually all relapses in cither group
resulted in death. Therefore, overall survival in this
study may ultimately parallel event-free survival.

In the second portion of the study, we examined
the effect of treatment with 13-cis-retinoic acid after
maximal reduction of the tumor with the use of che-
motherapy, radiotherapy, and surgery, with or with-
out transplantation. There was a significant improve-
ment in event-free survival among children who were
given 13-cis-retinoic acid, regardless of the type of
prior therapy. Our results suggest that 13- cis-retinoic
acid is most effective in patients with minimal resid-
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ual disease, because it did not appear to be effective
in patients with proven residual disease who were
nonrandomly assigned to receive 13-css-retinoic acid.
The greatest effect of 13-cis-retinoic acid in patients
with stage IV neuroblastoma was found among those
who had an initial complete response.

To estimate conservatively the effect of combining
transplantation and 13-cis-retinoic acid, we multi-
plied the 3-year event-free survival rate after the sec-
ond randomization (approximately 3.7 years after di-
agnosis) by the fraction of randomized patients who
reached the second randomization (55 percent in
the chemotherapy group and 52 percent in the trans-
plantation group). The resulting event-free survival
rate 3.7 years after the first randomization would be
29+7 percent in the group that underwent trans-
plantation and received 13-cis-retinoic acid therapy
and 11*4 percent in the group that received che-
motherapy alone (P=0.019). This estimate is con-
servative, because it ignores the possibility of contin-
ued event-free survival among patients who underwent
the first but not the second randomization. If these
patients are included (with the conservative assump-
tion that treatment with 13-cis-retinoic acid would
not have affected their outcome), the estimate of the
3.7-year event-free survival rate would increase to
38*6 percent in the group that underwent trans-
plantation and received 13-css-retinoic acid and to
17 *4 percent in the group that received chemother-
apy alone.

In conclusion, event-free survival among patients
with high-risk neuroblastoma was significantly better
with high-dose chemotherapy and radiotherapy fol-
lowed by transplantation of purged autologous bone
marrow than with chemotherapy alone. In addition,
treatment with 13-cis-retinoic acid further improved
the outcome among patients without progressive dis-
ease. These therapeutic approaches should form the
basis for the treatment of patients with high-risk neu-
roblastoma.
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APPENDIX

The following institutions and principal investigators participated in the
study: Group Operations Center, Arcadin, Calif. — W.A. Bleyer, A. Khayat,
H. Sather, M. Krailo, J. Buckley, D. Stram, and R. Sposto; University of
Michigan Medical Center, Ann Arbor — R. Hutchinson; University of Cal-
ifornin Medical Center, San Francisco— K. Matthay; University of Wisconsin
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Hospital, Madison — D. Puccetti; Children’s Hospital and Medical Center,
Seattle — J.R. Geyer; Rainbow Babies and Childven’s Hospital, Cleveland —
S. Shurin; Children’s National Medical Center, Washington, D.C.— G. Rea-
man; Children’s Hospital of Los Angeles, Los Angeles — P. Gaynon; Chil-
dren’s Hospital of Columbus, Columbus, Ohio — F. Ruymann; Columbin Col-
lege of Physicians and Surgeons, New York — H.L. Wexler; Children’s
Hospital of Pittsburgh, Pittsourgh — A K. Ritchey; Vanderbilt University
School of Medicine, Nashville — J. Lukens; Doernbecher Memorial Hospital
for Children, Portland, Oregg. — H.S. Nicholson; University of Minnesota
Health Sciences Center, Minneapolis— J. Neglia; Children’s Hospital of Phil-
adelphin, Philadelphin — B. Lange; Memorial Sloan-Kettering Cancer Cen-
ter, New York — P. Steinherz; James Whitcomb Riley Hospital for Children,
Indianapolis — P. Breitfeld; University of Utah Medical Center, Salt Lake
City — W.L. Carroll; University of British Columbia, Vancouver, B.C., Can-
adn — C. Fryer; Childven’s Hospital Medical Center, Cincinnati — R.
Wells; Harbor—-UCLA and Miller Children’s Medical Center, Torrance—Long
Beach, Calif. — J. Finklestein; University of Californin Medical Center, Los
Angeles — S. Feig; University of Iowa Hospitals and Clinics, Iowa City —
R. Tannous; Children’s Hospital of Denver, Denver — L. Odom; Mayo Clin-
ic and Foundation, Rochester, Minn. — G. Gilchrist; Izank Walton Killam
Hospital for Children, Halifax, N.S., Canada — D. Barnard; University of
North Carolina, Chapel Hill — S. Gold; University of Medicine and Den-
tistry of New Jersey, Camden — R. Drachtman; Children’s Mercy Hospital,
Kansas City, Mo. — M. Hetherington; University of Nebraska Medical Cen-
ter, Omahn — P. Coccia; University of Chicago Medical Center, Chicago —
J. Nachman; M.D. Anderson Cancer Center, Houston — B. Raney; Princess
Margaret Hospital, Perth, Australin — D. Baker; New York University Med-
ical Center, New York — A. Rausen; and Children’s Hospital of Orange
County, Orange, Calif. — V. Shen.
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