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Relapse of high-risk neuroblastoma (HR-NB) is deemed invariably fatal yet increasing numbers of HR-NB patients
achieve a second complete/very good partial remission (CR/VGPR), hence the urgency to find a successful consolidative
therapy. Identifying efficacy in patients without assessable disease, however, is problematic. We report the first study
providing outcome data for this group of patients with poor prognosis. To prevent another relapse, HR-NB patients in
second or later CR/VGPR received the anti-GD2 murine antibody 3F8 plus granulocyte-macrophage colony-stimulating
factor plus isotretinoin in a Phase II trial. Upon meeting the target aim for progression-free survival (PFS) in the initial
cohort of 33 patients, the trial was amended to allow patients who developed human anti-mouse antibody (HAMA) to
receive rituximab to ablate HAMA with or without low-dose maintenance chemotherapy until immunotherapy could
resume. For the total of 101 study patients, 5-year PFS and overall survival (OS) rates were 33% § 5% and 48% § 5%,
respectively. Among the 33 long-term progression-free survivors, 19 had MYCN amplification, 19 had previously
received anti-GD2 immunotherapy plus isotretinoin (as first-line therapy), and 15 never received maintenance
chemotherapy. In a multivariate analysis of prognostic factors, only absence of minimal residual disease in bone
marrow after 2 cycles of immunotherapy and before initiation of isotretinoin or anti-HAMA therapy was significantly
favorable for both PFS and OS. Therefore, long-term PFS is possible for HR-NB patients who achieve at least a second
CR/VGPR and receive consolidation that includes anti-GD2 immunotherapy plus isotretinoin, even if the patients
received these biological treatments before relapse. Results from this prospective study will aid in the development of
future Phase II studies for this growing ultra high-risk patient population.

Introduction

Standard treatment for high-risk neuroblastoma (HR-NB)
includes myeloablative therapy with autologous stem-cell trans-
plantation (ASCT), isotretinoin, and anti-GD2 monoclonal anti-
body (mAb).1 Before the routine use of immunotherapy, 3-5
year progression-free survival (PFS) rates in national studies were
20-40%,2-6 even with inclusion of patients with what is now
known to be intermediate-risk NB.7 The randomized study of
the Children’s Oncology Group showed significantly better out-
come in patients treated post-ASCT with the anti-GD2 chimeric

mAb ch14.18 plus granulocyte-macrophage colony-stimulating
factor (GM-CSF) plus interleukin-2.8 Nevertheless, relapse
remains common and carries a dismal prognosis,9-17 and has
been deemed to be “invariably fatal” in a recent review.1 Adverse
prognostic factors for duration of survival post relapse include
short time to first relapse andMYCN amplification.11,13-17

The murine IgG3 anti-GD2 mAb 3F8 localizes selectively
to NB.18 In Phase II studies19-21 and in the adjuvant set-
ting,22,23 3F8 caused pain and urticaria without delayed tox-
icities. Immunosuppressive chemotherapy prevented early
emergence of human anti-mouse antibody (HAMA).24
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As with other anti-GD2 mAbs,25,26 activity was noted against
NB in bone marrow (BM), but not against soft tissue tumor
or progressive disease (PD). The ability to mount a HAMA
response was consistently correlated with long-term survival,
possibly related to the anti-idiotype network or induction of
a host antitumor response.27,28

Osteomedullary NB is an attractive target for mAb-medi-
ated immunotherapy because the BM compartment contains
tumoricidal macrophages and is immersed in blood. These
conditions optimize the accessibility of NB cells to mAb and
leukocyte effector cells, bypassing the common limitation of
immunotherapy, namely poor trafficking into a bulky tumor.
Early response of minimal residual disease (MRD) in BM
was a significantly favorable prognostic factor for 3F8 used to
consolidate first complete/very good partial remission
(CR/VGPR).23 In successive trials, 5-year PFS improved
from 44% with 3F8 alone to 62% with 3F8 plus GM-CSF,
results that underscore the antineoplastic advantage of GM-
CSF activation of myeloid effectors.21,23,29

We now report the first study centered on anti-GD2mAb plus
GM-CSF for consolidation of second or later CR/VGPR. In
fact, to our knowledge no prior report has presented outcome
data with any kind of therapy for HR-NB patients in second or
later CR/VGPR. This group of patients is now increasing in
numbers because of better salvage treatments, hence the urgency
to find successful consolidative treatments. However, identifying
efficacy in patients without assessable disease can be difficult.
Results from the prospective study reported herein will be useful
in the development of future Phase II studies of this ultra high-
risk patient population.

Results

Clinical characteristics
The 101 patients had a median age of 6.1 (range, 1.5–20.8)

years at study entry, 44/97 (45%) had MYCN-amplified NB,
100 had Stage 4 disease at diagnosis or relapse, and one had
MYCN-amplified Stage 3 disease at diagnosis and relapse. The
time from diagnosis to first relapse was <12 months in 14 (14%)
patients, 12–24 months in 55 (54%) patients, and >24 months
in 32 (32%) patients. All patients received HR-NB induction
regimens.5,6,30,31 Therapy before relapse included isotretinoin in
85 (84%) patients and anti-GD2 mAb in 51 (50%) patients. Sites
of relapse were osteomedullary (BM and/or bone) (nD34), osteo-
medullary plus soft tissue (n D 31), or soft tissue (n D 36). Sal-
vage therapy for relapse before enrollment in this study included
alkylators (temozolomide, cyclophosphamide) in 100 (99%)
patients, topoisomerase II inhibitors (irinotecan, topotecan) in
99 (98%) patients, and investigative therapies in 40 (40%)
patients (Table 1). At study entry, disease status was 15 CR, 82
VGPR, and 4 patients with abnormal skeletal uptake in 123I-
metaiodobenzylguanidine (MIBG) scan (in retrospect, these 4
patients should not have been enrolled, but nevertheless were
included in the analysis; all four had rapid progressive disease
[PD]).

Outcome
At 5 years, progression-free survival (PFS) was 33% § 5%

and overall survival (OS) was 48% § 5% (Fig. 1). Median PFS
was 1.28 years (95% confidence interval [CI] 0.77, 2.97), with
37/101 patients censored for progression. Among the 33 progres-
sion-free survivors, 19 had MYCN-amplified NB, 19 were previ-
ously treated with anti-GD2 MAb plus isotretinoin (as first-line
therapy), 15 never received temozolomide maintenance, and 5
were enrolled in the third or later CR/VGPR. Three of these 33
patients were censored: 1 was enrolled on chimeric antigen-recep-
tor T-cell therapy at 26 months and 2 started therapy for second-
ary leukemia at 34 and 69 months, respectively. All 3 remained
disease-free and off all oncologic therapy at 115, 114, and 51
months from study entry, respectively.

Four patients died while in continuous second CR/VGPR at
14 months (pneumonia), 26 months (an accident), 28 months
(complications of treatment for secondary malignancy), and 49
months (pulmonary fibrosis).

Table 1. Salvage therapy for relapse before enrollment of 101 study
patients

Radiotherapy (local) 91 (90%)
Irinotecan24,32,33 81 (80%)
Topotecan24,31,34,35 69 (68%)
Temozolomide32,33 68 (67%)
High-dose cyclophosphamidea 65 (64%)
Surgical resection of disease 49 (49%)
High-dose cisplatin or carboplatinb 31 (31%)
Investigative therapy 40 (40%)
131I-MIBG 6 (6%)
Autologous stem cell transplantation 5 (5%)

a140 mg/kg or 4200 mg/m2 per course.6,24
bcisplatin 200 mg/m2 per course; carboplatin �1000 mg/m2 per
course.6,33,36

Figure 1. Progression-free survival and overall survival of all 101 patients
enrolled on the 03–077 protocol for consolidation of second or later
complete/very good partial remission.
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Univariate and multivariate analyses of prognostic factors
Risk factors for survival were tested in univariate analyses

(Table 2). Variables at diagnosis included age,MYCN, serum lactate
dehydrogenase, bone metastases, and BM involvement by histology.
Variables at study entry included time to first relapse, isolated relapse
in the central nervous system (CNS), prior anti-GD2mAb treatment,
second versus third or later CR/VGPR, and pre-MRD. Post-enroll-
ment variables includedHAMA, rituximab treatment, temozolamide
maintenance, and post-MRD. Isolated CNS relapse and negative
post-MRD were significantly favorable for both PFS and OS.
HAMA-positivity was significantly favorable for OS.

As HAMA-positivity was associated with rituximab and temo-
zolomide maintenance, the effect of HAMA was highly con-
founded by these treatments. Therefore, to estimate their

independent effects in a multivariate model, rituximab and main-
tenance were tested as time-dependent variables (Table 2). In the
subset of 76 patients who were HAMA-positive, when PFS and
OS were recalculated from time of HAMA, rituximab was not
significantly associated with PFS (P D 0.92) and was marginally
significant for OS (HR D 0.47, 95% CI 0.22, 1.02, P D 0.055),
whereas maintenance was significantly associated with improved
PFS (HRD0.3, 95% CI 0.14, 0.73, P D 0.007) and marginally
with OS (HR D 0.5, 95% CI 0.22, 1.03, P D 0.059).

Variables with univariate P < 0.05 were included in the mul-
tivariate model (Table 3). Since rituximab treatment and temo-
zolomide maintenance were confounded by the HAMA effect,
they were not included in the multivariate model. Variables that
were no longer significant in the multivariate setting were consid-

Table 2. Univariate analyses of patient and tumor characteristics for survival

Variable Description N

PFS OS

No. of events P-value No. of events P-value

All Patients 101 64 ¡ 54
Age at diagnosis, median (range) 3.3 (0.03 – 13.1) 101 64 0.285 54 0.230
MYCN amplification yes 44 24 0.34 20 0.29

no 53 36 32
unknown 4 4 2

LDH at diagnosis >1500 26 16 0.88 14 0.45
�1500 43 29 21
unknown 32 19 19

Bony metastasis yes 78 50 0.97 41 0.53
no 23 14 13

Bone marrow metastasis yes 79 50 0.91 44 0.47
no 22 14 10

Time to first relapse <12 m 14 8 0.97 7 0.97
12–24 m 55 35 31
>24 m 32 21 16

Isolated CNS relapse yes 20 6 0.001 7 0.02
no 81 58 47

Prior history of 3F8 or ch14.18 no 51 33 0.50 30 0.18
yes 50 31 24

Remission#C h/o 3F8 2nd no h/o 3F8 42 28 0.78 25 0.61
2nd h/o 3F8 46 29 22
�3rd no h/o 3F8 9 6 5
�3rd h/o 3F8 4 3 2

Remission # 2nd 88 55 0.41 47 0.76
3rd 13 9 7

Pre-MRD no 67 41 0.41 32 0.06
yes 34 23 22

Post-MRD no 70 39 <0.001 31 <0.001
yes 25 22 20
unknown 6 3 3

HAMA yes 76 42 0.180 35 0.006
no 25 22 19

Rituximab* yes 30** 15 0.92 9 0.06
no 46 27 26

Maintenance chemotherapy* yes 25*** 7 0.007 9 0.059
no 51 35 26

Note. h/o, history of; LDH, lactate dehydrogenase.
*Rituximub and maintenance (temozolomide) chemotherapy were tested as time-dependent variables in the cohort of HAMA-positive patients only, where
PFS and OS were calculated from time of HAMA.
**Rituximab cleared HAMA in 16 of these patients within 90 d.
***Event-free survivors received 1–5 cycles of either temozolomide monotherapy48 or irinotecan/temozolomide.32
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ered for exclusion and stepwise regression was used to determine
the final model. In the final multivariate model, negative post-
MRD (Fig. 2) and isolated CNS relapse correlated with signifi-
cantly better PFS. Negative post-MRD (Fig. 3) and HAMA-pos-
itivity were independent significant predictors of better OS.

Toxicity
As previously described in detail,20,21,23 3F8/GM-CSF had

manageable toxicities, therefore treatment was administered out-
patient and 3F8 dosage was never reduced. Common side effects
associated with 3F8 in the 451 cycles administered in this study
were grade 2 generalized pain and urticaria. Five patients came
off the study and were hospitalized because of adverse events: 2
with grade 2 anaphylactoid reactions to 3F8 (in cycles 3 and 4);
2 with grade 3 hypertensive episodes (in cycles 11 and 12); and
one with grade 3 posterior reversible encephalopathy syndrome
without sequelae (one day after cycle 11). Thirty-one patients
completed the protocol therapy without PD or adverse events.
Two patients developed grade 2 hives following GM-CSF injec-
tions (in cycles 3 and 10). Common side effects of isotretinoin
were grade 1–2 dry skin and cheilitis.

Discussion

This study suggests that up to one-third of HR-NB patients
who achieve a second or later CR/VGPR can become long-term
progression-free survivors with consolidation that includes anti-
GD2 mAb and isotretinoin with or without low-dose mainte-
nance chemotherapy. This observation applies even to patients
whose prior therapy included an anti-GD2 mAb and isotretinoin,
a noteworthy point given that both of these biological agents are
now standard treatment for newly-diagnosed HR-NB.1

This trial was devised after it became clear that 3F8 was safe,
with acceptable acute toxicities (which allowed outpatient treat-
ment) and without delayed toxicities (a serious concern in heavily
prior-treated patients), and active against chemoresistant NB in
BM.19,20,22 These features meant that this immunotherapy would
have limited impact on quality of life andmight help reverse the dis-
mal prognosis of relapsed HR-NB seen with the traditional treat-
ment modalities of chemotherapy, local radiotherapy, and surgery.

For this prospective trial, the gold standard randomized
design was deemed impractical because of concerns that, in the
grave setting of relapse, families might not agree to forego a safe
outpatient treatment that had showed encouraging anti-NB
activity in prior studies. Also, with such a poor outcome in past

Table 3:Multivariate analysis of prognostic factors for survival

PFS OS

Prognostic Variable HR HR HR P HR HR 95% lower boundary HR 95% upper boundary P

Early post-treatment MRD 2.729 1.595 4.669 < 0.001 3.513 1.98 6.23 < 0.001
Isolated CNS relapse (Y vs. N) 0.307 0.131 0.718 0.006 0.558 0.246 1.266 0.163
HAMA 0.485 0.267 0.882 0.018

Figure 2. Strong association between minimal residual disease status
after 2 cycles of 3F8 therapy (post-MRD) and progression-free survival
probability (P < 0.001).

Figure 3. Strong association between minimal residual disease status
after 2 cycles of 3F8 therapy (post-MRD) and overall survival probability
(P < 0.001).
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experience, historical controls were considered valid for a single-
arm study designed with the aim of improving prognosis. Thus,
the trial was implemented with the reasonable expectations that
(1) these ultra high-risk patients might benefit from the protocol
therapy, and (2) clinical and biological data would prove useful
for prognostication.

When the study was designed in 2003, we based statistics on
long-term PFS rate <5% after relapse. This figure was derived
from the widely held view that relapse of HR-NB was “uniformly
fatal,”10 although only a single large study with supportive data
was available: The European NB Study Group found a 2-year
OS (which is always better than PFS) of 8% from the date of
relapse for patients aged >1 year with Stage 3–4 NB diagnosed
from 1982–1992.9 Subsequent reports presented confirmatory
data about the dismal prognosis post-relapse: 5-year OS rates
after relapse were 0% and 11%, respectively, in 2 single institu-
tional studies of HR-NB patients treated in the 1990s to early
2000s;11,12 5% and 8%, respectively, for Stage 4 disease (no age
cut-off) in the Italian experience (1979-2004)13 and the Interna-
tional NB Risk Group (INRG) database (1990–2002);14 <10%
for HR-NB in German trials (1990–2007);15 and 12.6% in the
United Kingdom (1990–2010).17 In the large INRG experi-
ence,14 patients with MYCN-amplified stage 4 at any age and
MYCN-non-amplified stage 4 at age >18 months were not con-
sidered to be “salvageable after relapse.”

None of the previous reports, including those cited above,
include data on PFS or OS of patients who achieved second or later
CR/VGPR. The current report covering the 03–077 study provides
clean outcome data that can be used as controls in clinical trials of
this growing patient population. Most study patients were referred
from other hospitals in the United States and beyond because no
clinical trials were available elsewhere for patients without assessable
disease after salvage therapy for relapse. The study population was
not only large, but was typical of relapsed patients with respect to
the following characteristics: (1) 45% had amplifiedMYCN, similar
to the 44% incidence in a recent report on newly-diagnosed HR-
NB;6 (2) patients had been monitored at centers with expertise in
pediatric oncology so the relapses were as expected, with the large
majority occurring � 24 months from initial diagnosis and involv-
ing osteomedullary and/or soft tissue disease;9-13,15-17 (3) although
patients were referred after starting salvage therapy, which limited
our input regarding the latter, post-relapse treatment before study
entry in all but 2 patients included standard anti-NB alkylators
(cyclophosphamide, temozolomide) and topoisomerase II inhibi-
tors (topotecan, irinotecan); and (4) investigative therapies, which
are often used for relapse, were received by 40% of the 03–077
patients before enrollment on this trial (Table 1).

Although the ability to mount HAMA has been correlated
with favorable outcome,23 the presence of HAMA could acceler-
ate blood clearance and limit the 3F8 drug effect, therefore 3F8
treatments were deferred until the HAMA titer became negative.
After meeting the study’s target aim for 2-year PFS using only
3F8/GM-CSF plus isotretinoin, the protocol was amended such
that HAMA-positive patients could receive rituximab with or
without outpatient maintenance chemotherapy. Anti-NB activity
of the latter could have contributed to the duration of PFS, as

suggested by analysis of the subset of patients who were HAMA-
positive, but several observations made it unlikely that this mini-
mal therapy accounted for the cure: (1) 15/33 long-term progres-
sion-free survivors never received maintenance; (2) MRD-
negativity after 2 cycles of 3F8/GM-CSF (before maintenance)
significantly correlated with PFS and OS, supporting a key role
for this immunotherapy in these patients, similar to findings in
patients in first CR/VGPR;23 and (3) abundant past experience,
including inferior results with maintenance chemotherapy in 2
national randomized trials,2,4 strongly suggests that conventional
chemotherapy is not curative for HR-NB.

In patients with no evidence of disease by standard evalua-
tions, MRD assays can serve as a measure of NB sensitivity to
this immunotherapy. Indeed, given the significantly prognostic
MRD findings after 2 cycles (Table 3), early MRD response may
allow rapid recognition of treatment efficacy in future trials and
provide guidance about whether to continue immunotherapy in
a given patient.

HR-NB relapse has long been viewed as tantamount to even-
tual death from PD or toxicity of salvage therapy.1 Developments
in the past decade, however, as evidenced by data in the current
report, suggest that the equivalence between relapse and disease-
related death may no longer hold true. A critical step toward cure
of relapse is achieving second CR/VGPR. Tumor burden might
be significantly reduced by surgery and high-dose salvage conven-
tional chemotherapy regimens,33,36 supplemented by local radio-
therapy and relatively non-toxic systemic therapies that are non-
cross-resistant with prior treatments and have anti-NB activity.
Examples include investigative agents1 (e.g., fenretinide37 and
crizotinib38), and targeted radiotherapy using 131I-MIBG or
radiolabeled mAbs.39,40 Immunotherapy with anti-GD2mAbs
might eradicate remaining MRD, as has been documented in
patients in first CR/VGPR23 and as shown now in the current
report on second or later CR/VGPR. Success against isolated
CNS relapse (Tables 2 and 3), which historically heralded a
rapid demise,41 supports the curative potential of the above strat-
egy. Other interventions, including vaccines, are expected to bol-
ster immunotherapeutic attack against chemoresistant NB.42,43

In conclusion, long-term PFS occurred in patients who
achieved second or later CR/VGPR of HR-NB and received
consolidation with anti-GD2 mAb and isotretinoin with or
without low-dose maintenance. This 03–077 trial had limita-
tions as noted above, namely non-randomized design, paucity
of historical data for controls, and variability in clinical char-
acteristics and salvage therapies of study patients. Nonethe-
less, we suggest that the 03–077 experience supports a change
in mind-set: no longer should relapse of HR-NB be consid-
ered an invariably lethal event, but rather a curative strategy
should be applied. Achieving a minimal disease state (CR/
VGPR) after relapse remains a challenge but may be facili-
tated through close monitoring of disease status: asymptom-
atic, limited relapse may be more amenable to control than
symptomatic, widespread, and bulky relapsed disease.44

Greater anti-NB activity is a possibility with new generations
of antibody-based immunotherapy26,45,46 and other targeted
therapies.40

www.tandfonline.com e1016704-5OncoImmunology



Patients and Methods

Patients
This report covers all 101 patients enrolled (2003–2010) on

the Memorial Sloan Kettering Cancer Center protocol 03–077
[ClinicalTrials.gov NCT00072358] for the treatment of HR-NB
in second or later CR/VGPR by the International NB Response
Criteria (INRC).47 Major organ toxicity had to be grade �2 by
Common Terminology Criteria for Adverse Events Version 2.0
(CTCAEv2.0), although neutrophil count �500/ml and platelet
count �10,000/ml were acceptable. Informed written consents
for this trial were obtained following institutional review board
rules.

Study design
This prospective Phase II trial used 3F8 (prepared as

described18), GM-CSF (Leukine, Immunex), and isotretinoin
with the aim of preventing another relapse. When this trial was
devised in 2003, the long-term PFS rate after relapse was
<5%,9,10 therefore the null hypothesis was that the 2-year PFS
rate is 1% and the alternative hypothesis was that it is 15%.
Simon’s two-stage optimal design was used with a power of 90%
and a of 5%. For a total of 33 subjects, 18 were to be accrued
during stage 1 and 15 during stage 2. The trial would stop early
if none of the first 18 patients survived 2 y without relapse. Oth-
erwise, the trial would continue until 33 patients were accrued.
Treatment would be considered promising if � 2 patients experi-
enced 2-year relapse-free survival. When this target aim was suc-
cessfully achieved, the study was amended to continue enrolling
patients, with the rationale that (1) the protocol treatment prom-
ised to benefit this ultra high-risk group for whom no other Phase
II clinical trials were available; (2) adding patients would generate
a large experience appropriate for a robust multivariate analysis of
prognostic factors; and (3) results would be more compelling
with a large cohort. Patient accrual continued until a successor
study was opened.

Protocol treatment
Immunotherapy cycles comprised GM-CSF alone for 5 days,

followed by 3F8 plus GM-CSF, with 3F8 at 100 mg/m2/cycle.
GM-CSF was administered subcutaneously and 3F8 was infused
intravenously over 30 minutes, as described.21,23 These cycles
were separated by 2- to 4-week intervals through cycle 4; subse-
quent cycles were separated by 6- to 8-week intervals through 24
months from study entry. Immunotherapy was deferred only if
the patients formed elevated HAMA titers (measured as
described previously27). Isotretinoin at 160 mg/m2/day £
14 days for 6 courses2,23 was administered between cycles of
3F8/GM-CSF, beginning after cycle 2 (or after cycle 1 if
HAMA-positivity delayed initiation of cycle 2). Toxicity was
graded by CTCAEv2.0.

After achievement of the target aim involving the initial
cohort of 33 patients treated solely with 3F8/GM-CSF plus iso-
tretinoin (see above), the trial was amended. To avoid treatment
delays, patients who became HAMA positive before cycle 3 of
3F8 could receive a cycle of rituximab (375 mg/m2 on days 1

and 14) with or without cyclophosphamide (750 mg/m2 on day
15) to ablate HAMA.21 Pending a return to HAMA negativity,
these patients could also receive chemotherapy that entailed rela-
tively modest hematologic and non-hematologic toxicity, either
temozolomide alone (75 mg/m2/day £ 42 days)48 or irinotecan
(50 mg/m2/day)/temozolomide (150 mg/m2/day) £ 5 days.32

Extent-of-disease evaluations
Disease status was assessed every 3 months for �24 months by

histology of BM aspirates and biopsies obtained from bilateral
posterior and bilateral anterior iliac crests, 123I-MIBG scan, and
computed tomography or magnetic resonance imaging of
chest/abdomen/pelvis and head.44 Disease status was defined by
INRC,47 modified to incorporate 123I-MIBG findings as follows:
CR: no evidence of NB, including normal 123I-MIBG scan;
VGPR: volume of primary mass reduced >90%, normal
123I-MIBG scan, BM(¡) by histology, normal catecholamine
levels; PD: new lesion or >25% increase in an existing lesion.

Detection of MRD
Quantitative reverse transcription-polymerase chain reaction

(sensitivity: one NB cell/106 normal cells) was used to assess
MRD, as described previously.23 The MRD marker panel
included cyclin D1 (CCND1), ISL LIM homeobox 1 (ISL1),
paired-like homeobox 2b (PHOX2B), and GD2 synthase
(B4GALNT1). MRD was measured in BM aspirates pooled
from bilateral posterior and anterior iliac crests (i.e., 4 sites with
2–2.5 mL/site) before treatment (pre-MRD) and after 2 cycles of
3F8 (post-MRD).

Statistical analysis
PFS and overall survival (OS) from the first dose of 3F8

to PD, death, or last day of follow up were calculated by the
Kaplan-Meier method. Four patients who died from unre-
lated causes were censored for progression, but were still con-
sidered events. Log-rank test was used to determine the
univariate association between prognostic variables and PFS
or OS. Multivariate Cox regression model was fitted with
variables that had a univariate P value < 0.05. Three varia-
bles—HAMA, rituximab, and temozolomide chemotherapy—
were analyzed as time-dependent covariates. Stepwise regres-
sion was used to select a final multivariate model. All analysis
was performed using R version 3.0.2 (http://cran.us.r-project.
org/) together with the survival package.
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