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Visual Abstract
IMPORTANCE Induction chemotherapy followed by high-dose therapy with autologous stem [= Editorial page 729
cell transplant and subsequent antidisialoganglioside antibody immunotherapy is standard of
care for patients with high-risk neuroblastoma, but survival rate among these patients
remains low.

Supplemental content

OBJECTIVE To determine if tandem autologous transplant improves event-free survival (EFS)
compared with single transplant.

DESIGN, SETTING, AND PARTICIPANTS Patients were enrolled in this randomized clinical trial
from November 2007 to February 2012 at 142 Children’s Oncology Group centers in the
United States, Canada, Switzerland, Australia, and New Zealand. A total of 652 eligible
patients aged 30 years or younger with protocol-defined high-risk neuroblastoma were
enrolled and 355 were randomized. The final date of follow-up was June 29, 2017, and the
data analyses cut-off date was June 30, 2017.

INTERVENTIONS Patients were randomized to receive tandem transplant with
thiotepa/cyclophosphamide followed by dose-reduced carboplatin/etoposide/melphalan
(n =176) or single transplant with carboplatin/etoposide/melphalan (n = 179).

MAIN OUTCOMES AND MEASURES The primary outcome was EFS from randomization to the
occurrence of the first event (relapse, progression, secondary malignancy, or death from any
cause). The study was designed to test the 1-sided hypothesis of superiority of tandem
transplant compared with single transplant.

RESULTS Among the 652 eligible patients enrolled, 297 did not undergo randomization
because they were nonrandomly assigned (n = 27), ineligible for randomization (n = 62), had
no therapy (n = 1), or because of physician/parent preference (n = 207). Among 355 patients
randomized (median diagnosis age, 36.1 months; 152 [42.8%] female), 297 patients (83.7%)
completed the study and 21 (5.9%) were lost to follow-up after completing protocol therapy.
Three-year EFS from the time of randomization was 61.6% (95% Cl, 54.3%-68.9%) in the
tandem transplant group and 48.4% (95% Cl, 41.0%-55.7%) in the single transplant group
(1-sided log-rank P=.006). The median (range) duration of follow-up after randomization

for 181 patients without an event was 5.6 (0.6-8.9) years. The most common significant
toxicities following tandem vs single transplant were mucosal (11.7% vs 15.4%) and infectious
(17.9% vs 18.3%).
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euroblastoma is a pediatric cancer of the developing
sympathetic nervous system that accounts for 10%
to 12% of deaths from malignancy in childhood.! It
arises in sympathetic ganglia or the adrenal glands with pro-
pensity to metastasize to lymph nodes, bone, bone marrow,
liver, and, rarely, to lungs and the central nervous system.
Forty-three percent of children diagnosed with neuroblas-
toma and enrolled in Children’s Oncology Group trials pre-
sent with high-risk disease, characterized by widespread
metastasis in patients older than 18 months and/or amplifica-
tion of the MYCN oncogene.! Standard of care for patients
with high-risk neuroblastoma includes multiagent chemo-
therapy induction and surgical tumor resection, consolida-
tive high-dose chemotherapy with autologous stem cell
transplant, posttransplant radiotherapy, and postconsolida-
tion treatment with biological agents and immunotherapy.?
This approach has resulted in improved overall survival (OS),
but relapses occur in 50% to 60% of patients,>> and more
than 90% of patients who relapse die of the disease.®®
Results of nonrandomized clinical trials suggested that
intensification of consolidation therapy using sequential or
“tandem” autologous transplant after induction therapy was
feasible and may improve outcome in patients with high-risk
neuroblastoma.'°12? Children’s Oncology Group trials demon-
strated collection of sufficient numbers of autologous periph-
eral blood stem cells (PBSC) to support tandem transplant
using a topotecan-containing induction regimen'® and
described the toxicity profile and feasibility of a tandem
high-dose chemotherapy regimen.!? These pilot trials pro-
vided the rationale for the current multicenter randomized
clinical trial, which included a uniform induction regimen
followed by randomization to receive high-dose chemo-
therapy and single or tandem autologous transplant for
patients without a defined contraindication to transplant.
The primary objective of this randomized clinical trial was to
determine whether intensifying consolidation treatment
with tandem transplant can improve event-free survival
(EFS) compared with single transplant.

Methods

Study Design

Patients were enrolled in the Children’s Oncology Group Study
ANBLO532 at 142 participating Children’s Oncology Group in-
stitutions (see the protocol in Supplement 1). The protocol and
amendments (Supplement 1 and Supplement 2) were re-
viewed and approved by the institutional review boards at each
enrolling center. Written informed consent was obtained from
the patient or guardian prior to enrollment and randomiza-
tion. The study was open to accrual from November 2007 to
February 2012. The final date of follow-up was June 29, 2017,
and the data cut-off date for analyses was June 30, 2017.

Participants

Eligible patients had newly diagnosed high-risk neuroblas-
toma, as defined by Children’s Oncology Group criteria,'*
including patients with International Neuroblastoma Staging
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Key Points

Question Does intensification of consolidation therapy using
tandem autologous transplant improve event-free survival for
patients with high-risk neuroblastoma?

Findings In this randomized clinical trial that included 652

eligible patients with high-risk neuroblastoma, tandem autologous
stem cell transplant vs single transplant resulted in 3-year
event-free survival of 61.6% vs 48.4%, a difference that was
statistically significant.

Meaning Tandem autologous transplant after induction
chemotherapy resulted in better event-free survival than single
transplant, but, because of the low randomization rate,

the findings may not be representative of all patients with
high-risk neuroblastoma.

System (INSS) stage 4 neuroblastoma who were older than 18
months; INSS stage 3 neuroblastoma who were older than 18
months with International Neuroblastoma Pathology Classifi-
cation (INPC) of unfavorable histology'>; INSS stage 2, 3, 4, or
4S neuroblastoma with MYCN amplification; and INSS stage
4 neuroblastoma diagnosed from age 12 to 18 months whose
tumors showed any unfavorable features (MYCN amplifica-
tion, unfavorable histology, diploidy, or data indeterminate).
Patients initially diagnosed with non-high-risk neuroblas-
toma (including stage 1) who had not received chemotherapy
and progressed to high-risk neuroblastoma were eligible.
Permitted prior therapy included emergency radiotherapy to
manage a life-threatening or organ function-threatening tu-
mor or 1 cycle of alternative chemotherapy before the deter-
mination of high-risk status. Enrollment criteria included reg-
istration in a companion biology study (Children's Oncology
Group Study ANBLOOBI); age 30 years or younger; adequate
kidney, cardiac, and liver function; and anticipated ability to
tolerate PBSC collection, based the on treating facility's guide-
lines for collection.

Randomization

Patients eligible for inclusion were randomized in a 1:1 ratio
prior to the start of consolidation therapy to receive single
transplant or tandem transplant. Randomization was bal-
anced for the following prognostic factors, resulting in 15 pos-
sible strata: tumor MYCN amplification, INSS stage at diagno-
sis, and response to induction therapy.>® Missing MYCN data
were considered “MYCN not amplified” for the purposes of ran-
domization. Randomization was conducted in block sizes of
2 to these strata; block size was not available in the protocol
or disclosed to study personnel, sites investigators, research
associates, or participants. Computer-generated randomiza-
tion occurred at the Children’s Oncology Group statistical of-
fice and institutions were informed of the unmasked treat-
ment assignment.

Interventions

The protocol therapy included 3 phases: induction,!?
consolidation,*!? and postconsolidation'®® (eFigure S1 in
Supplement 3). Induction therapy began with 2 cycles of
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topotecan/cyclophosphamide, after which patients under-
went PBSC collection followed by 4 alternating cycles of
cisplatin/etoposide and doxorubicin/cyclophosphamide/
vincristine.!® Surgical resection of the primary tumor (if not
performed at diagnosis) occurred after cycle 4 or 5. Disease
response was evaluated after cycle 2 and after completion of
induction chemotherapy.

Eligibility for consolidation therapy included no disease pro-
gression; no uncontrolled infection; recovery from induction
therapy toxicity; sufficient PBSC level (=4x10° CD34+ cells/kg);
and adequate kidney, cardiac, and liver function. Patients with
a more favorable prognosis!'®2! (patients aged 12-18 months
with INSS stage 4 neuroblastoma with a favorable histology,
hyperdiploid DNA content, and no MYCN amplification or pa-
tients aged >18 months with INSS stage 3 neuroblastoma with
no MYCN amplification and an unfavorable histology) were non-
randomly assigned to receive a single transplant. Their data do
not contribute to the analyses presented. Patients randomized
to the single transplant group received carboplatin, etoposide,
and melphalan using a previously published regimen,*'* with
dosing adjusted for patients with low glomerular filtration rate
and for patients who weighed less than 12 kg. Patients in the tan-
dem transplant group received cyclophosphamide/thiotepa
followed by dose-reduced carboplatin, etoposide, and melpha-
lan 6 to 10 weeks later'* (eTable S1in Supplement 3). Criteria for
receiving a second transplant included no clinical evidence of
neuroblastoma progression; available PBSC product; resolu-
tion of acute toxicity from the first transplant; adequate car-
diac, kidney, hematopoietic, and hepatic function; no uncon-
trolled infection; and no history of moderate or severe sinusoidal
obstruction syndrome during the first transplant. Participants
received PBSC infusion (at least 1x10° CD34+ cells/kg) follow-
ing completion of each high-dose chemotherapy regimen. Af-
ter recovery from the single or tandem transplant, patients re-
ceived radiotherapy to the primary site and sites of residual or
metaiodobenzylguanidine-positive metastatic sites detected at
the end of the induction therapy.

Patients without disease progression following consoli-
dation therapy received twice-daily oral isotretinoin for 14
days of each month for 6 months.'® Per protocol, patients
were strongly encouraged to enroll in 1 of 2 Children’s
Oncology Group trials (ANBLOO32 or ANBL0931), which
evaluated antidisialoganglioside (GD2) chimeric antibody
and cytokines immunotherapy'”!® in addition to isotreti-
noin. Outcome data were captured for patients enrolled in
these trials.

Outcomes

The primary outcome was EFS from the time of randomiza-
tion to the occurrence of the first event (ie, relapse, progres-
sive disease, second malignancy, or death), calculated within
the subgroup of randomized patients with high-risk neuro-
blastoma. Patients without an event were censored on the date
of last contact. Two additional primary outcomes were re-
sponse assessed at the end of the induction therapy and local
recurrence, which will be reported separately to allow for full
presentation of the interventions, clinical data, and out-
comes with comparisons to historical data (Supplement 1).
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There were 10 secondary outcomes (see the study protocol in
Supplement 1) that will be reported separately.

The post hoc outcomes were (1) OS time, defined as the
time from randomization until the time of death from any cause
(patients who were last reported alive were censored on date
of last contact); (2) EFS time from enrollment (or the begin-
ning of treatment for patients who underwent emergency treat-
ment before enrollment), calculated from the earliest date of
enrollment (or the beginning of treatment), until occurrence
of the first event for the overall cohort; and (3) EFS and OS time
from the start of postconsolidation immunotherapy within the
subgroup of patients assigned to receive postconsolidation im-
munotherapy in Children’s Oncology Group Study ANBL0O032
or ANBLO931.

Statistical Methods

Power Analysis and Sample Size Calculation

The study was powered to address the primary objective by
enrolling 664 patients, with an expected randomization rate
at the end of induction therapy of at least 50%, to yield 332
randomized patients and 80% power to detect a 12% differ-
ence in 3-year EFS from time of randomization using a 1-sided
log-rank test at a significance level of .05. A 12% difference in
EFS was deemed of clinical benefit and chosen based on con-
temporary clinical trial designs for high-risk neuroblastoma.*>
Accrual to the study was halted once the planned accrual goal
was met.

Statistical Analyses
The primary analysis was an intention-to-treat comparison of
EFS from randomization between single vs tandem trans-
plant groups using a 1-sided log-rank test. Patients were ana-
lyzed according to their assigned treatment group, and all ran-
domized patients were included in the comparison. Interim
monitoring of EFS for futility or superiority of the tandem trans-
plant group using Fleming-Harrington-O’Brien boundaries was
performed yearly starting after 20% of the expected events had
occurred. EFS curves were generated using the Kaplan-Meier
method,?? with point estimates reported at 3 years and
95% CI with standard errors calculated per the methods of
Peto et al.??

Post hoc analyses included (1) a comparison of OS rates for
the tandem transplant vs single transplant group using a
2-sided log-rank test; (2) a comparison of EFS and OS rates for
the tandem transplant vs single transplant group, using a
2-sided log-rank test, among the subgroup of patients who re-
ceived postconsolidation immunotherapy (EFS and OS curves
were generated as noted per methods described above); and
(3) identification of features independently prognostic of EFS
(within the context of the standard treatment for high-risk neu-
roblastoma) among previously validated neuroblastoma prog-
nostic features,?* including response after induction therapy
using International Neuroblastoma Response Criteria,?® INSS
stage (non-stage 4 vs stage 4), age (<18 months vs 18 months),
MYCN status (nonamplified vs amplified), and INPC histol-
ogy (favorable vs unfavorable). Multivariable Cox propor-
tional hazards models were fit using the Efron method of han-
dling-tied event times, and the assumption of proportionality

jama.com

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ on 03/12/2022


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.11642&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.11642
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.11642&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.11642
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2019.11642&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.11642
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.11642

Tandem vs Single Autologous Stem Cell Transplant and Event-Free Survival in High-Risk Neuroblastoma

Original Investigation Research

Table 1. Characteristics of Eligible Patients With High-Risk Neuroblastoma in a Study of the Effect

of Tandem Transplant vs Single Transplant on Event-Free Survival

No. (%)?

Tandem Transplant Single Transplant
Group (n = 179)

Characteristic Group (n = 176)

All Patients
(n=652)

Age at diagnosis, median (q1-gq3), mo 34.1(22.4-52.1)

37.3(23.0-51.8)

37.2(23.0-53.6)

Sex
Female 78 (44.3) 74 (41.3) 286 (43.9)
Male 98 (55.7) 105 (58.7) 366 (56.1)
MYCN oncogene
Amplified 83 (47.2) 81 (45.3) 249 (38.2)
Not amplified 74 (42.0) 76 (42.5) 327(50.2)
Unknown 19 (10.8) 22 (12.3) 76 (11.7)
Histology
Favorable 4(2.3) 5(2.8) 23(3.4)
Unfavorable 155 (88.1) 151 (84.4) 588 (86.2)
Unknown 17 (9.7) 23(12.8) 71(10.4)
INSS stage® Abbreviations: INSS, International
lor2 2(1.1) 2(1.1) 7(1.1) Neuroblastoma Staging System;
1, first tile; g3, third tile.
3 16 (9.1) 16 (8.9) 68 (10.4) d’first quartiie: 62, fhird quartie
@ Percentages were calculated on the
4s 1(0.6) 0 3(0.5) basis of patients with data available
4 157 (89.2) 161 (89.9) 574 (88.0) for the given characteristic.
Primary site PINSS?* stage 1and 2 includes
localized tumor with complete
Adrenal 87 (49.4) 72 (40.2) 277 (42.5) resection or incomplete resection
Abdominal, other 68 (38.6) 82 (45.8) 281 (43.1) with ipsilateral nonadherent node
Paraspinal, other 1(0.6) 2(1.1) 8(1.2) involvement; stage 3 includes
unresectable locoregional tumor
Thorax 11(6.3) 8 (4.5) 40 (6.1) infiltrating across midline or with
Other 9(5.1) 15 (8.4) 46 (7.1) direct extension into normal
= = structures or with contralateral
Response after cycle 2 induction chemotherapy node involvement; stage 4s s
At least partial response 80 (45.5) 83 (46.4) 255(39.1) localized primary tumor with special
No/mixed response 71(40.3) 63(35.2) 262 (40.2) metastatic dissemination limited to
liver, skin and bone marrow; stage 4
Progressive disease 2(1.1) 4(2.2) 28 (4.3) is any primary tumor with
Not evaluated or missing 23(13.1) 29(16.2) 107 (16.4) dissemination to distant sites
. . (except as defined for stage 4s).
Response after induction therapy ) s
© Response was revised after initial
Complete/very good partial response 85 (48.3) 91 (50.8) 277 (42.5) complete response, partial
Partial response 73 (41.5) 72 (40.2) 213 (32.7) response, and progressive disease.
No/mixed response 17 (9.7) 13(7.3) 79 (12.1) ¢ Participants underwent
— . . immunotherapy in Children's
Progressive disease 1€(0.6) 3°(1.7) 46 (7.1) Oncology Group Study ANBLOO32
Not evaluated/missing 0 0 37 (5.7) or ANBLO931,"'® which were
Immunotherapy? 121 (68.8) 129 (72.1) 373(57.2) dlinical trials investigating the use of
postconsolidation immunotherapy.
was tested by visual inspection of survival curves. INSS stage — EE———
and age were known for all patients, but patients with miss-  Results

ing end-induction response, MYCN status, or INPC were ex-
cluded from the Cox model.

For primary analyses, 1-sided P values less than .05 were
considered statistically significant and for post hoc analyses,
2-sided Pvaluesless than .05 were considered statistically sig-
nificant. Analyses were performed using SAS version 9.4 and
survival curves were generated using R software. Patients were
followed up for up to 10 years after study enrollment for oc-
currence of an event. Because of the possibility of type I er-
ror, findings from analyses other than the primary analysis
should be considered exploratory.
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Characteristics of Study Patients

Atotal of 665 patients were enrolled between November 2007
and February 2012 and 13 were deemed ineligible for enroll-
ment. The analytic cohort was composed of 652 eligible pa-
tients with a median age of 37.2 months at diagnosis (Table 1),
including 6 patients who had progressed from non-high-risk
disease to high-risk disease without intervening chemo-
therapy. One patient did not receive any therapy and 27 pa-
tients were nonrandomly assigned to the single transplant
group. Of the remaining patients, 62 were ineligible for
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Figure 1. Enroliment and Randomization of Patients in a Study of the Effect of Tandem Transplant
vs Single Transplant on Event-Free Survival in Patients With Neuroblastoma

665 Patients assessed for eligibility

13 Excluded (patients ineligible for enrollment)
10 Incomplete consent

—> 2 Wrong diagnosis

1 Not enrolled in required companion
biology study

652 Eligible patients enrolled

355 Randomized?

270 Excluded
207 Patients chose not to be randomized
122 Parent or patient chose not to continue
84 Physician determined patient should
go off protocol therapy
1 Withdrew consent
62 Patients ineligible for randomization
48 Progressive neuroblastoma during
induction
7 Died of toxicity during induction
3 Grade 4 organ toxicity
2 Unable to obtain adequate stem cells
1 Lost to follow-up
1 Enrolled in alternate Children’s
Oncology Group study
1 Patient did not receive protocol therapy

176 Patients randomized to receive
tandem transplant

179 Patients randomized to receive
single transplant

|

|

14 Discontinued protocol therapy
prior to start of consolidation
therapy

12 Physician determination
or family choice
2 Progressive disease

14 Underwent only 1 transplant
6 Toxicity
3 Physician determination

or family choice
3 Progressive disease
2 Death
148 Underwent tandem transplant?

|

10 Discontinued protocol therapy
prior to start of consolidation
therapy
7 Physician determination

or family choice
3 Progressive disease
169 Underwent single transplant?

176 Patients included in the
primary analysis

121 Patients assigned to undergo
immunotherapy included in
the post hoc analysis

179 Patients included in the
primary analysis

129 Patients assigned to undergo
immunotherapy included in
the post hoc analysis

2 Twenty-seven patients with
favorable characteristics were
nonrandomly assigned to receive
single transplant. Outcome for
patients nonrandomly assigned to
receive single transplant will be
reportedly separately.

®Thirty patients (14 in the single

transplant and 16 in the tandem
transplant group) discontinued

protocol therapy after receiving the

allocated intervention.

randomization and 207 did not undergo randomization be-
cause of physician or family preference (Figure 1). The random-
ization rate (355 of 652 patients [54.4%]) was slightly higher than
planned per protocol, yielding 355 eligible randomized pa-
tients (176 in the tandem transplant group and 179 in the single
transplant group). At the end of the induction therapy, 5 ran-
domized patients initially achieved complete response (n = 4)
or partial response (n = 1) but developed disease progression
prior to start of consolidation therapy (Figure 1).

Overall disease characteristics were similar between pa-
tients randomized and patients who were ineligible for or did
not undergo randomization, except for a higher percentage of
patients with MYCN-amplified neuroblastoma in the random-

JAMA August 27,2019 Volume 322, Number 8

ized cohort (52.2% vs 36.0%; P < .001) and a higher percent-
age of patients with a mixed response or no response at the end
of induction therapy in the patients who were not random-
ized (25.5% vs 8.6%; P < .001) (eTable S2 in Supplement 3).

Primary Outcome According to Randomization

Three-year EFS from enrollment or initiation of treatment for
all 652 eligible patients was 51.1% (95% CI, 47.1%-55.0%). Forty-
two eligible patients were lost to follow-up. For the 355 ran-
domized patients, the 3-year EFS from the time of random-
ization was 54.9% (95% CI, 49.7%-60.1%). The median (range)
duration of follow-up after randomization for 181 patients with-
out an event was 5.6 (0.6-8.9) years. EFS from the time of
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Figure 2. Estimates of Survival of Patients in a Study of the Effect of Tandem Transplant vs Single Transplant on Event-Free Survival in Patients

With Neuroblastoma

@ Event-free survival for all 355 randomized patients

Overall survival for all 355 randomized patients
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Years After Randomization Years After Randomization
No. at risk
Single transplant 179 129 93 86 80 55 31 16 179 152 136 122 109 74 36 18
Tandem transplant 176 135 115 105 96 72 38 19 176 156 133 126 112 82 47 23
Event-free survival for the 250 patients assigned to @ Overall survival for the 250 patients assigned to receive
receive postconsolidation immunotherapy postconsolidation immunotherapy
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Years After Initiation of Immunotherapy Years After Initiation of Immunotherapy
No. at risk
Single transplant 129 98 74 70 62 37 20 5 129 118 101 94 83 48 23 6
Tandem transplant 121 103 91 85 75 43 24 4 121 109 103 97 84 48 28 6

P values were calculated using a 1-sided log-rank test for the primary analysis
and a 2-sided log-rank test for the post hoc analyses. A, Median (interquartile
range [IQR]) duration of follow-up after randomization for patients without an
event was 5.6 (4.9-6.8) years and 3.9 (1.0 to 5.7) years for all patients. The bars
represent the 95% Cls for event-free survival at 3 years. B, Median (IQR)
duration of follow-up after randomization for patients still alive at the final

follow-up was 5.4 (4.9-6.8) years and 4.8 (2.1-6.0) years for all patients.

C, Median (IQR) duration of follow-up after initiating immunotherapy for
patients without an event was 5.1 (4.6-6.4) years and 4.4 (1.2-5.5) years for all
patients. D, Median (IQR) duration of follow-up after initiating immunotherapy
for patients still alive was 5.0 years [IQR, 4.6 to 6.4 years] and 4.7 years [IQR, 3.1
to 5.7 years] for all patients.

randomization was significantly higher (1-sided log-rank P = .006;
Figure 2A) for patients in the tandem transplant group. Three
years after randomization, the EFS for patients in the tandem
transplant group was 61.6% (95% CI, 54.3%-68.9%) and 48.4%
(95% CI, 41.0%-55.7%) for patients randomized to the single
transplant group. Twenty-one randomized patients were lost to
follow-up after completing protocol therapy (9 in the tandem
transplant group and 12 in the single transplant group). Thirty-
eight patients did not receive treatment according to their ran-
domized group and 30 patients did not complete therapy after
undergoing their assigned transplant (Figure 1), but were ana-
lyzed according to their randomized group.

Treatment-Related Morbidity and Mortality
The most commonly reported grade 3 or higher toxicities dur-

ing consolidation therapy, according to version 4 of the Na-

jama.com

tional Cancer Institute Common Terminology for Adverse
Events,?® were mucosal (12.9%) and infectious (17.4%), with rare
occurrence of sinusoidal obstructive syndrome (3.6%) (Table 2).
There were 17 deaths due to toxicity, 7 during induction
and 10 during consolidation therapy. Three deaths during in-
duction were due to infectious complications; 2, surgical com-
plications; 1, sinusoidal obstruction syndrome; and 1, cardiac
failure. Death during consolidation therapy occurred in 7 pa-
tients in the single transplant group and 2 in the tandem trans-
plant group. In the single transplant group, 4 deaths were
caused by sinusoidal obstructive syndrome; 2, sepsis; 1, mul-
tiorgan failure; and 1, symptoms suggestive of transplant-
related microangiopathy (thrombotic thrombocytopenic pur-
pura). In the tandem transplant group, 1 death was caused by
symptoms suggestive of transplant-related microangiopathy
and 1 by respiratory failure following the initial transplant.
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Table 2. Consolidation Nonhematologic Toxicity for Patients With
High-Risk Neuroblastoma Who Underwent Single or Tandem Transplant®

No. (%)

Tandem Transplant
Group (n = 162)

Single Transplant

Grade 3-5 Toxicity Group (n = 169)

Infection® 29 (17.9) 31(18.3)
Mucosal® 19(11.7) 26 (15.4)
Kidney? 0(0) 7(4.1)
Cardiac® 2(1.2) 6 (3.6)
Respiratory’ 8(4.9) 15 (8.9)
Bilirubin increased 2(1.2) 3(1.8)
Alanine aminotransferase or 9 (5.6) 15 (8.9)
aspartate aminotransferase

increased

Sinusoidal obstructive syndrome® 7 (4.3) 5(3.0)
Severe sinusoidal obstructive 2(1.2) 5(3.0)
syndrome”

Thrombotic thrombocytopenic 5(3.1) 5(3.0)
purpura related symptoms'

Toxic deaths 2(1.2) 7 (4.1)

2 Toxicities reported were based on definitions from version 4 of the National
Cancer Institute Common Terminology Criteria for Adverse Events.2® Grade
3-5 nonhematologic toxicities were reported during consolidation therapy in
at least 5% of the patients, plus additional toxicities of interest. Specific
toxicities were combined into general categories. Toxicity was analyzed for
patients who received any portion of the intended consolidation therapy.
Twenty-four patients (10 in the single transplant group and 14 in the tandem
transplant group) could not be evaluated for toxic effects (19 chose to stop
protocol therapy before starting consolidation therapy and 5 developed
progressive disease after randomization but before starting consolidation
therapy). Only the worst grade of toxic effect per patient per type is reported.

®Includes anorectal infection, catheter-related infection, enterocolitis
infectious, febrile neutropenia, infections and infestations, sepsis, skin
infection, and small intestine infection.

¢ Includes colitis, esophagitis, gastritis, gastric hemorrhage, lower
gastrointestinal hemorrhage, mucositis oral, oral pain, small intestinal
mucositis, typhlitis, diarrhea, abdominal pain, enterocolitis infectious, small
intestine infection, upper gastrointestinal hemorrhage, gastrointestinal pain,
gastrointestinal disorders, and pharyngolaryngeal pain.

9Includes increased creatinine and acute kidney injury.

¢ Includes cardiac arrest, heart failure, left ventricular systolic dysfunction, and
right ventricular dysfunction.

f Includes adult respiratory distress syndrome, bronchopulmonary hemorrhage,
dyspnea, hypoxia, pneumonitis, pulmonary hypertension, respiratory failure,
and respiratory thoracic and mediastinal disorders.

gIncludes patients with hyperbilirubinemia =2 mg/dL with grade 3 or higher
ascites, blood bilirubin increased, hepatic pain, hepatic failure, weight gain in
the setting of abnormal liver tests, portal hypertension, or hepatobiliary
disorders or patients with at least 2 of the following: ascites, hepatomegaly, or
weight gain >5% over baseline.

" Defined as an episode of sinusoidal obstructive syndrome accompanied by
any of the following: hepatic encephalopathy, grade 4 liver dysfunction/
failure, grade 3 or higher hypoxia, grade 3 or higher creatinine, requirement for
ventilatory support or dialysis not clearly attributable to another cause.

" Includes symptoms of encephalopathy, hypertension, vascular disorders,
hemolysis, and blood and lymphatic system disorders.

Post Hoc Analyses

For the 355 randomized patients, 3-year OS from the time of
randomization was 71.6% (95% CI, 66.8%-76.3%). Three-year
OS was not significantly different for patients in the tandem
transplant group (74.1% [95% CI, 67.5%-80.7%]) compared with
the single transplant group (69.1% [95% CI, 62.3% to 75.9%])
(P = .25; Figure 2B).
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Table 3. Post Hoc Multivariable Analysis of Features Predictive

of Event-Free Survival in Patients With High-Risk Neuroblastoma
in a Study of the Effect of Tandem Transplant vs Single Transplant
on Event-Free Survival®

Hazard Ratio 2-Sided

Features (95% CI) P Value

From Time of Enrollment (n = 498)°

INSS stage (stage 4 vs non-stage 4°) 1.96 .003
(1.25-3.06)

Age (218 mo vs <18 mo©) 0.71 11
(0.46-1.08)

MYCN status (amplified vs nonamplified®) 1.31 .06
(0.99-1.73)

INPC histology (unfavorable vs favorable®) 1.59 21
(0.77-3.27)

End-induction response 3.65 <.001

(other vs = partial response©) (2.76-4.83)

From Time of Randomization (n = 285)¢

Transplant treatment group 0.67 .02

(tandem vs single€) (0.48-0.94)

INSS stage (stage 4 vs non-stage 4°) 2.96 .004
(1.42-6.18)

Age (218 mo vs <18 mo©) 0.66 13
(0.39-1.13)

MYCN status (amplified vs nonamplified®) 1.10 .62
(0.75-1.63)

INCP histology (unfavorable vs favorable®) 1.83 .32
(0.56-6.00)

End-induction response 2.80 <.001

(other vs = partial response©) (1.74-4.51)

Abbreviations: INPC, International Neuroblastoma Pathology Classification;
INSS, International Neuroblastoma Staging System.

@ Results are presented from multivariable Cox models estimating event-free
survival in enrolled patients. Patients missing end-induction response, MYCN
status, or INPC histology were excluded from analyses; INSS stage, age, and
randomized treatment group were known for all patients. Of the 652 eligible
patients enrolled, 37 (5.7%) were missing end-induction response, 76 (11.7%)
were missing MYCN status, and 71 (10.4%) were missing INPC histology.

®Events/person-year = 0.15.

© The reference level for each feature. The hazard ratio is the increased risk of an
event compared with the reference level, where a hazard ratio >1 indicates
that the non-reference level has an increased risk of event.

dEvents/person-year = 0.14.

After completion of consolidation therapy, 250 of the 355
randomized patients (121 in the tandem transplant group and
129 in the single transplant group) were assigned to receive
isotretinoin plus anti-GD2 chimeric antibody and cytokines
(immunotherapy) in Children's Oncology Group trials
ANBLOO32 or ANBL0931.17*8 Three-year EFS and OS from the
time of initiating immunotherapy were higher in the tandem
transplant group compared with the single transplant group
(EFS: 73.3% [95% CI, 65.2%-81.3%] vs 54.7% [95% CI, 46.1%-
63.3%]; P = .004; Figure 2C) (OS: 84.0% [95% CI, 77.3%-
90.7%] vs 73.5% [95% CI, 65.8%-81.1%]; P = .04; Figure 2D).

In the multivariable Cox model of the overall enrolled co-
hort (n = 498 with complete data), EFS was statistically sig-
nificantly lower in patients with INSS stage 4 neuroblastoma
(P =.003) and in patients with poor response to induction
therapy (less than partial response; P < .001) (Table 3). In the
randomized cohort (n = 285 with complete data), the effect of
tandem transplant remained statistically significant after ad-
justment by end-induction response, INSS stage, age, MYCN
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status, and INPC histology (P = .02; Table 3). The assumption
of proportional hazards was upheld.

|
Discussion

Tandem autologous stem cell transplant resulted in statisti-
cally significantly better EFS compared with single trans-
plant in patients with high-risk neuroblastoma. Similar to pre-
vious trials of this disease,*'® an EFS primary end point was
chosen because it permits earlier identification of poor out-
come compared with OS and because there is a high likeli-
hood of fatal outcome associated with relapse.® Results of the
current study are consistent with earlier trials demonstrating
that induction chemotherapy followed by consolidation with
autologous transplant improved EFS compared with less in-
tensive consolidation,>'®?” and that further intensification of
consolidation benefits some patients.

The use of GD2-directed antibody combined with cyto-
kines and isotretinoin was found to be effective therapy for
eliminating minimal residual neuroblastoma that was present
after consolidation therapy'® and became a standard of care
for postconsolidation therapy. To provide data relevant to cur-
rent-day standard of care for high-risk neuroblastoma, a post
hoc analysis was performed among the randomized patients
who were also treated with postconsolidation immuno-
therapy. Tandem transplant was associated with improve-
ments in both EFS and OS, suggesting that a second trans-
plant might be effective in reducing the burden of disease at
the start of immunotherapy.

Neuroblastoma is one of only a small number of malignan-
cies in which tandem autologous transplant has been shown
tobe effective. This may be due to dose intensification with mul-
tiple chemotherapeutic agents rather than the effect of the
transplant of autologous stem cells. It is also possible that the
transplanted autologous immune effector cells are capable of
tumor recognition and killing following regimen-induced
changes, such as novel tumor-specific antigen presentation or
elimination of inhibitory tumor-associated macrophages in the
microenvironment. Other malignancies in which tandem or
multiple consolidations have shown efficacy are relapsed germ
cell tumors, multiple myeloma, and high-risk brain tumors
in pediatric patients.?®-3° Similar to neuroblastoma, germ cell
tumors and pediatric brain tumors are platinum-sensitive tu-
mors in which dose-escalated carboplatin has been used to treat
patients who had been previously exposed to cisplatin.! Asin
the management of neuroblastoma, myeloma treatment with
sequential dose-intensive cycles of therapy may be enhanced
by biologic therapies following transplant.>?

Quality of life for patients undergoing high-risk neuro-
blastoma therapy and their families is significantly compro-
mised given the frequent and prolonged hospitalizations.
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Therapy for high-risk neuroblastoma is expected to be asso-
ciated with long-term toxicities, including hearing impair-
ment, kidney dysfunction, second cancer risk, infertility, and
compromised growth.?*3> Future studies describing the preva-
lence of these and other long-term toxicities are necessary, and
it will be important to compare long-term outcomes in indi-
viduals who received single vs tandem consolidation. In ad-
dition, identification of new patient groups whose prognosis
ismore favorable, based upon newly identified clinical or bio-
logic features, may obviate the need for tandem consolida-
tion for some patients in the future.

Limitations

This study has several limitations. First, a substantial propor-
tion of patients were not randomized, largely due to parent or
physician preference, introducing a potential selection bias.
Second, while similar cumulative acute toxicity of tandem
transplant was observed following single or tandem trans-
plant, tandem transplant is associated with longer hospital stay
and therefore potentially greater medical expense.?® Third, a
post hoc analysis was performed to examine OS and found no
statistically significant difference in OS rate between patients
who underwent single vs tandem transplant. The study was
not powered to detect a difference in OS. Moreover, newer
therapies for relapsed neuroblastoma have emerged that may
prolong survival,®”-4° complicating the use of OS as a primary
end point. Fourth, the higher EFS rate associated with tan-
dem transplant is relevant only within the context of the total
therapy delivered. It is not known whether tandem trans-
plant will be beneficial when administered after other cur-
rently used induction regimens.>>#! Nearly 10% of patients in
the current study did not continue beyond induction be-
cause of progressive disease or death during induction, an in-
cidence similar to that reported for other induction regimens
and highlighting an important need for improvement in in-
duction approaches.?>%! In addition, Ladenstein and col-
leagues reported superior EFS in patients treated with a single
busulfan/melphalan transplant compared with patients treated
with carboplatin/etoposide/melphalan after a platinum-
intensive induction regimen.” It is possible that the benefit of
tandem transplant could be obviated or improved with other
induction or conditioning regimens.

.|
Conclusions

Among patients aged 30 years or younger with high-risk
neuroblastoma, tandem transplant resulted in a significantly
better event-free survival than single transplantation. How-
ever, because of the low yet anticipated randomization rate,
the findings may not be representative of all patients with high-
risk neuroblastoma.
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