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abstract

PURPOSE Anti-GD2 monoclonal antibody (mAb) has proven efficacy in high-risk neuroblastoma (HR-NB). A
small phase I GD2/GD3 vaccine trial (n 5 15) described long-term survival and a favorable safety profile
among patients with a history of disease progression (PD). The kinetics of mounting antibody response to
vaccine and its prognostic impact on survival are now investigated in a phase II study (ClinicalTrials.gov
identifier: NCT00911560).

PATIENTS AND METHODS One hundred two patients with HR-NB who achieved remission after salvage therapies
were enrolled in this trial. They received seven subcutaneous injections of GD2/GD3 vaccine spanning 1 year plus
oral b-glucan starting at week 6 after the third dose of vaccine. Serum anti-vaccine antibody titers were quantified by
enzyme-linked immunosorbent assay. Single nucleotide polymorphisms (SNPs) were determined by quantitative
polymerase chain reaction. Kaplan-Meier and landmark Cox Regression models were used for survival estimates.

RESULTS Patients had a history of one (63%), two (21%), or three to six (16%) episodes of PD. 82% of them
progressed following anti-GD2 mAb (m3F8/dinutuximab/naxitamab) therapy. Vaccine-related toxicities were self-
limited injection–associated local reactions and fever without any. grade 3 toxicities. The progression-free survival
(PFS) was 32%6 6%, and the overall survival (OS) was 71%6 7%at 5 years. Serum anti-GD2 (immunoglobulin G1
[IgG1] and IgM) and anti-GD3 (IgG1) titers showed notable increases following the initiation of b-glucan at week 6.
There was an association between IgG1 titer and SNP rs3901533 of dectin-1, the b-glucan receptor. Multivariable
analyses showed that anti-GD2-IgG1 titer$ 150 ng/mL by week 8 was associated with favorable PFS and OS, while
having prior episodes of PD and the time from last PD to vaccine were associated with PFS.

CONCLUSION GD2/GD3 vaccine plus b-glucan elicited robust antibody responses in patients with HR-NB with
prior PD. Higher anti-GD2-IgG1 titer was associated with improved survival.

J Clin Oncol 39:215-226. © 2020 by American Society of Clinical Oncology

INTRODUCTION

For children with high-risk metastatic and/or relapsed
neuroblastoma, survival remains poor and long-term
morbidities are common.1-3 Immunotherapy holds prom-
ise not just for the treatment of chemorefractory disease but
also in improving long-term survival without additive
toxicities. With the integration of anti-disialoganglioside
(GD)2 monoclonal antibody (mAb) into the standard of
care, 50%-60% of children with high-risk neuroblastoma
(HR-NB) are long-term survivors.4,5

Successful vaccines could induce a protective anti-
tumor immune response. Unlike protein antigens,
GD2 and GD3, the carbohydrate antigens prevalent in
NB, are poorly immunogenic, thus requiring strong
and safe immune adjuvants.6 However, adjuvants for
cancer vaccines currently in use or in development are
all parenteral7,8 and do not fulfill all the benchmarks for
efficacy: high seroconversion rates, robust and rapid

immunoglobulin G (IgG) response, impact on disease
outcome, and sustained immunological memory.9

To boost helper T cells, vaccines can be conjugated to
highly immunogenic protein scaffolds like keyhole limpet
hemocyanin (KLH)10 or the nontoxic diphtheria toxin
CRM19711 and then combined with subcutaneous (sc)
immune adjuvants like Quillaja saponaria (QS)-21.12,13

Despite conjugating GD2 to KLH, no anti-GD2 response
was induced using adjuvant monophosphoryl lipid A.14

QS-21 plus ganglioside-KLH in patients with sarcoma
induced mostly the immunoglobulin M (IgM) response15

without clinical benefit (ClinicalTrials.gov identifier:
NCT01141491). Other vaccines targeting GM2 in mel-
anoma,16 Globo H in breast cancer,17,18 and MUC1 in
ovarian cancer19 have also failed to meet expectations. A
commondenominator was insufficient quality or quantity
of antibody response.
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We previously reported a phase I trial of GD2/GD3 vaccine
in 15 patients with HR-NB and a history of disease pro-
gression (PD) treated in second or later remission.20 With
9.6 years of median follow-up, 14 of 15 patients are long-
term survivors. The absence of any neurotoxicity was
particularly reassuring given the expression of GD2 in both
the central and the peripheral nervous systems and the
well-documented neuropathic pain and neuropathies seen
with anti-GD2 mAb therapy. Given the limitations of KLH
and QS-21 alone, oral yeast b-glucan21,22 was added as an
additional adjuvant. Glucans are polymers containing
b-1,3-linked and b-1,4-D-glucose molecules with 1,6-
linked side chains.23,24 Being a major fungal cell wall
carbohydrate, glucan can activate several receptors on
immune cells, including dectin-1 receptor (C-type lectin
domain family 7 member A [CLEC7A]) on dendritic cells
and macrophages.25 The human CLEC7A intronic single
nucleotide polymorphisms (SNPs) rs3901533 and rs7309123
were associated with susceptibility to and severity of invasive
fungal infections.26,27We previously showed that oralb-glucans
could enhance antibody-dependent cell-mediated cytotoxicity
(ADCC) of anticancer antibodies.28-31 Good manufacturing
practice (GMP) grade 1,3-1,4 (ClinicalTrials.gov identifier:
NCT00492167) and 1,3-1,6 (ClinicalTrials.gov identifier:
NCT00037011) purified b-glucans, administered orally, have
proven to be safe in patients.32

Here, we report the results of a phase II trial of the GD2/
GD3 vaccine in an expansion cohort of 102 patients with
HR-NB in remission and a history of one or more epi-
sodes of PD. The kinetics of the anti-vaccine antibody
response to sc KLH-conjugated GD2/GD3 plus QS21
was evaluated, with oral b-glucan being given from week
6 to the end of treatment. We also analyzed the impact
of prognostic factors on survival and the possible role
of dectin-1 receptor SNP as a biomarker of antibody
response.

PATIENTS AND METHODS

Patient Eligibility

Patients with HR-NB staged by the International Neuro-
blastoma Staging System33 in clinical remission and assessed
by the International NeuroblastomaResponse Criteria (INRC)33

were enrolled on the Memorial Sloan Kettering Cancer
Center (MSK) Protocol 05-075 (ClinicalTrials.gov identifier:
NCT00911560) if they had a history of PD. Prior therapy
had to be completed $ 21 days before enrollment. Eligibility
criteria included MYCN-amplified stage 3 or 4 NB of any
age and MYCN-nonamplified metastatic disease diagnosed
at$ 18 months of age, absolute lymphocyte and neutrophil
counts each$ 500/mL, major organ toxicity# grade 3, and
neurologic status # grade 1. Institutional Review Board–
approved informed consents were obtained from patients or
their guardians. Patients who previously received GD2/GD3
vaccine were excluded from this analysis.

Protocol Study Design

GD2/GD3 vaccine treatment schedule and the source of
vaccine and b-glucan were identical to those in the phase I
trial.20 In brief, patients were given seven sc vaccine in-
jections (week 1-2-3-8-20-32-52) plus oral b-glucan
starting at week 6 at 40 mg/kg/d, 14 days on/14 days off, for
a total planned 13 cycles. Each injection consisted of 30 mg
of GD2 and 30 mg of GD3, which were stabilized as lac-
tones, conjugated to KLH, and then mixed with OPT-821
(an analog of QS-21) at 150mg/m2.20 The primary end point
for the expansion cohort was progression-free survival
(PFS) after the fourth dose of vaccine (week 8). Secondary
end points were anti-GD2 and anti-GD3 antibody re-
sponses and their correlation with PFS and overall survival
(OS), with PFS and OS starting from the first dose of
vaccine. Toxicities were evaluated and scored using
CTCAEv3.0 for 24 months after starting treatment or until
PD, whichever was earlier.

CONTEXT

Key Objective
Can children with high-risk neuroblastoma learn to make their own antitumor antibodies?
Knowledge Generated
Combining subcutaneous GD2/GD3 conjugate vaccine with oral b-glucan adjuvant was found to be safe and effective in

inducing antibody response that correlated with dectin-1 receptor single nucleotide polymorphism rs3901533, a po-
tential biomarker. In this phase II outpatient pediatric cancer vaccine trial among 102 patients with prior disease
progression and significant prior chemotherapy, persistent anti-GD2 and anti-GD3 antibody responses could be rapidly
induced, whereas high anti-GD2 immunoglobulin G1 titer was independently correlated with favorable progression-free
survival and overall survival, without causing any neuropathic pain or neuropathy.

Relevance
This antineuroblastoma vaccine can potentially be a treatment alternative if anti-GD2 monoclonal antibody therapy is

unsuccessful or unavailable. Since disialogangliosides GD2 and GD3 are expressed on other pediatric and adult solid
tumors, this vaccine strategy deserves further investigation.
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Disease Evaluation

Computed tomography and/or magnetic resonance imaging
plus scintigraphic studies (123I-metaiodobenzylguanidine
scan) were performed at enrollment and then every 10-12
weeks through 24 months. Bone marrow (BM) aspirates and
biopsies from bilateral posterior and anterior iliac crests for
histology and pooled heparinized aspirates for minimal re-
sidual disease (MRD) were assessed. The response was
evaluated by INRC.33

Blood Collection and Quantitation of Serum Anti-Vaccine

Antibody by Enzyme-Linked Immunosorbent Assay

Patients had blood draw pretreatment, at ~ weeks 3, 6, 9,
20, 32, 44, and 52 and at ~3 months interval postvaccine.
Sera were collected, frozen at 220°C for batch analyses, and
quantified by enzyme-linked immunosorbent assay (ELISA).

Anti-GD2-IgG1. GD2 at 20 ng/well was coated on 96-well
microtiter plates, blocked with 0.5% bovine serum albumin
(BSA) for 1 hour at room temperature (RT), and washed
before incubation with patient serum diluted in 0.5%
BSA. After 2.5 hours at 37°C and washing, peroxidase-
conjugated mouse antihuman IgG1 was added. After
incubation at 4°C for 1 hour and washing, chromogen
o-phenylenediamine and substrate H2O2 were added for
30-minute incubation at RT. Color reaction was stopped
using H2SO4, and optical density was read using an
ELISA plate reader at 490 nm. Using anti-GD2 antibody
Hu3F8-IgG1 as standard, the assay sensitivity was
0.6 ng/mL.

Anti-GD2-IgM. Assay was similar to the anti-GD2-IgG1
ELISA, with the exception of using a high-IgM titer human
serum to generate a standard curve, plus the addition of
peroxidase-conjugated mouse antihuman IgM as the
secondary antibody. IgM titer was expressed in U/mL with a
detection limit of 0.3 U/mL.

Anti-GD3-IgG1. GD3 at 20 ng/well was used to coat
microtiter plates for the anti-GD3-IgG1 assay. The chimeric
IgG1 anti-GD3 K6G antibody was used as the standard.
Antibody titer was expressed in ng/mL with a detection limit
of 8 ng/mL.

Anti-KLH-IgG1. KLH at 250 ng/well was used to coat
microtiter plates. The standard was a human serum with
high levels of anti-KLH-IgG1. Antibody titer was expressed
in U/mL with a detection limit of 1.25 U/mL.

MRD Detection

Quantitative reverse transcription-polymerase chain reac-
tion to detect BM MRD was used as previously described.5

Dectin-1 (CLEC7A) Polymorphism Genotyping

40 ng of genomic DNA was used for SNP genotyping of
rs16910526, rs7309123, and rs3901533 using the Ap-
plied Biosystems Sequence detection system 7300 as
follows: an initial holding step of 10 minutes at 95°C, 40
cycles of 15-second denaturation at 92°C, and annealing

plus extension for 1minute at 60°C. Allelic discrimination of
dectin-1 was identified using the ABI Sequence Detection
System software.

Biostatistics

Survival rates using time from either the first dose of vaccine
or week 8 through PD or death (PFS) or through death only
(OS) were estimated using the Kaplan-Meier method and
compared using the log-rank test. Patients alive without
event were censored on the date of last follow-up. The
potential follow-up duration was estimated using the re-
verse Kaplan-Meier method.34 Cox proportional hazards
models were used for prognostic analyses. To be able to
assess the impact of the antibody response at week 8 from
starting vaccine, a landmark approach was used in the Cox
models using 8 weeks as the landmark time, ie, PFS and OS
were restricted to postweek 8 survivals. Prognostic im-
pacts were expressed as hazard ratio (HR) (95% CI).
Wilcoxon signed-rank tests were used to compare titer at
different time points. Kruskal-Wallis tests were used for
association studies between antibody titer from the ini-
tiation of b-glucan at week 6 to the end of therapy or PD
and dectin-1 SNP.

RESULTS

Patient Characteristics

One hundred two patients with prior PD enrolled from
December 2012 to September 2018 are subjects of this
analysis. Prior administered therapies including induction
chemotherapy, second-line therapy for refractory disease,
myeloablative therapy with stem-cell transplant, anti-GD2
mAb immunotherapy, and salvage therapy for their last
episode of PD before vaccine are summarized (Appendix
Table A1, online only). Twenty-two percent of patients had
MYCN-amplified tumors, 93% had BM and/or skeletal
metastases at diagnosis and/or PD, and 5% had CNS
metastasis at their last PD (Table 1). The median time from
diagnosis to the first PD was 23.8 m. For 17% of the pa-
tients, the time from diagnosis to first progression was
36 months. However, PFS and OS for this cohort were not
statistically different from patients who relapsed earlier than
36 months. Thirty-seven percent of patients had $ two
episodes of PDs before enrollment, and 82% progressed
despite receiving anti-GD2 mAb (m3F8, dinutuximab, or
naxitamab) immunotherapy before their last PD. The
median time from the last episode of PD to vaccine was
13.0 m with 58% . 12 m. Before vaccine therapy, 86 of
102 patients were consolidated with anti-GD2 mAb at a
median time from mAb to vaccine of 7 m. All BM samples
before vaccine enrollment were negative for MRD.

Patient Outcome

The median follow-up was 3.4 years (range, 0.4-7.3). The
PFS was 76.5% 6 4.2%, and the OS was 99% 6 1.0%
at 6 months from the initiation of vaccine treatment.
At 2 years, the PFS was 45.3% 6 5.0% and the OS was
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88.4%6 3.3% and 32.2%6 6.4% and 70.7%6 6.7% at
5 years, respectively (Fig 1A). As detailed in Table 2, pa-
tients with one episode of PD prior to study entry had better
PFS and OSwhen comparedwith thosewith. 1PD (Figs 1B
and 1C). Favorable PFS but not OS was noted among
patients who responded to mAb before their last PD, when
compared with patients who progressed despite receiving
mAb (Figs 1D and 1E). It was notable that the prolonged
response to last salvage therapy ($ 12 m to vaccine) was
highly prognostic to survival outcomes (Figs 1F and 1G).

In our cohort, 61 of 102 patients had PD after vaccine
treatment, including 22 single site relapses. Forty-one
remained alive with 16 achieving remission after further
therapies that included anti-GD2 mAb and GD2/GD3
vaccine (Appendix Table A2).

Toxicity

Grade 1 or 2 pain at injection sites was common. There
were no related serious adverse events including. grade 3
toxicities, hospitalizations, neuropathy, neuropathic pain,
ophthalmoplegia, or capillary leak syndrome. Toxicities
related to vaccine and b-glucan are tabulated in Appendix
Table A3. Fever was managed with antipyretics for , 48
hours, and all clinical toxicities lasted, 1 week from onset.
All laboratory abnormalities were self-limited, and no long-
term toxicities were reported.

Anti-Vaccine Antibody Response

The anti-GD3 IgG1 response was observed early (Fig 2C),
showing statistically significant increase after the admin-
istration of oral b-glucan initiated at week 6. A similar
pattern was observed for the anti-GD2 IgM response
(Fig 2D). Anti-GD2 IgG1 titer (Fig 2A) rose steadily to
plateau above 600 ng/mL at vaccine doses six and seven.
This IgG response persisted, although diminishing over
months when vaccine and b-glucan were stopped among
62 patients who completed all seven vaccine doses
(Fig 2B). This kinetics contrasted with the peak anti-
GD2-IgG1 titer of ~100 ng/ml among six patients with
melanoma receiving a comparable vaccine treatment that
did not include oral b-glucan (Fig 2E).35

When anti-GD2-IgG1 week 8 titer (after the initiation of
b-glucan) was dichotomized using the third quartile at
150 ng/mL, the antibody response was found to be
prognostic for PFS and OS (Table 2; Figs 3A and 3B),
respectively. This cut point for seroconversion was chosen
because it was the in vitro humanized anti-GD2 antibody
concentration to achieve maximal ADCC and complement-
mediated cytotoxicity. In contrast, neither the induction of
anti-GD3-IgG1 titer (Figs 3C and 3D) nor anti-GD2-IgM titer
(Figs 3E and 3F) by week 8 was prognostic for PFS and OS,
respectively. Anti-GD2-IgG1 titer did not correlate with anti-
GD3-IgG, anti-GD2-IgM, or anti-KLH-IgG1, suggesting that
the prognostic importance of anti-GD2 IgG1 seroconversion
was independent of the global vaccine response (Appendix
Fig A1).

TABLE 1. Patient Characteristics and Survival Outcome
Characteristic N 5 102a

Sex

Male 62 (61%)

Female 40 (39%)

Age (years) at DX 4.58 6 4.39

, 18 mo 7 (7%)

$ 18 mo 95 (93%)

NB stage (INSS)33

3 1 (1%)

4 101 (99%)

Amplified MYCN 22 (22%)

Metastasis at DX or PD

BM 86 (84%)

Skeletal 94 (92%)

No BM and no skeletal 7 (7%)

Months from DX to first PD 25.6 6 15.2 (median 23.8)

, 18 mo 34 (33%)

18-36 mo 51 (50%)

. 36 mo 17 (17%)

Prior PD

1 64 (63%)

2 21 (21%)

3 9 (8.8%)

4 4 (3.9%)

5 2 (2.0%)

6 2 (2.0%)

Metastatic sites at last PD

BM or skeletal 64 (63%)

Soft tissue 19 (19%)

BM or skeletal plus soft tissue 14 (14%)

CNS 4 (3.9%)

CNS plus soft tissue 1 (1.0%)

#anti-GD2 mAb failure before last PDb

0 18 (18%)

1 62 (61%)

2 15 (15%)

3 6 (5.9%)

Months from last PD to vaccine 15.1 6 8.2 (median 13.0)

, 12 mo 43 (42%)

12-24 mo 45 (44%)

. 24 mo 14 (14%)

Disease event 61 (60%)

Survival event 20 (20%)

Abbreviations: BM, bone marrow; DX, diagnosis; INSS, International
Neuroblastoma Staging System; mAb, monoclonal antibody; NB,
neuroblastoma; PD, disease progression.

aMean 6 SD; N (%).
bOne patient did not receive any mAb.
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FIG 1. Survival outcome after vaccine therapy among 102 patients with high-risk neuroblastoma with prior disease progressions
(PDs); progression-free survival (PFS) and overall survival (OS) (A); PFS (B) andOS (C) according to the number of episodes of PD
prior to achieving CR and study enrollment; PFS (D) and OS (E) with respect to having successful anti-GD2monoclonal antibody
(m3F8, dinutuximab, or naxitamab) before their last PD; and PFS (F) and OS (G) according to the duration of response to last
salvage therapy ($ 12 m to vaccine). Survival time started from the first dose of vaccine. The shaded areas represent 95% CIs.
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Univariable and Multivariable Prognostic Analyses

Univariable models identified the following statistically
significant prognostic factors for both PFS and OS: time
from last PD to vaccine and the induction of anti-GD2-IgG1
titers by week 8 (Table 2). The variables Prior PD and Prior
mAb failure before last PD were associated with PFS but not
OS. Consolidating patients with mAb before vaccine was
not associated with improved outcome, likely because of
vaccine therapy overriding mAb’s influence.

By including variables with P , .20 in the univariable
analysis to the multivariable model, several variables were
independently associated with favorable survival outcome:
Anti-GD2-IgG1 titer $ 150 ng/mL by week 8 for PFS and
OS. Having only one prior episode of PD and $ 12 m from
last PD to vaccine was associated with improved PFS.

Association Between Antibody Response with Dectin-1

(CLEC7A) Single Nucleotide Polymorphism

Given the adjuvant effect of oral b-glucan (Fig 2), three
SNPs of dectin-1, the receptor for b-glucan, were corre-
lated with the antibody titer from week 6 after the initiation
of b-glucan until the end of treatment or PD. SNP
rs3901533 had an association with anti-GD2 and anti-GD3
IgG1 titers (P 5 .020 and P 5 .042, respectively), but
not anti-GD2-IgM (P 5 .87) nor anti-KLH-IgG1 (P 5 .053)
(Figs 4A-D). No association with antibody titer was ob-
served using SNP rs7309123 (P 5 .10) or rs16910526
(P 5 .82) (Appendix Fig A2).

DISCUSSION

Based on the long-term survival with favorable safety profile
of our earlier phase I trial of 15 patients, this phase II
expansion cohort of 102 patients with HR-NB with negative
marrow MRD provided additional information on survival
spanning 61 years and the kinetics of anti-vaccine anti-
body response. We identified the importance of eliciting
anti-GD2 IgG1 antibody in improving outcome and the
possible role of dectin-1 receptor SNP as a biomarker of the
antibody response. The absence of pain and neurological
adverse events typically seen with anti-GD2 mAb therapies
was notable, suggesting an antibody concentration
threshold for such sequelae and qualitative differences
between the polyclonal antibody response to the vaccine
and monoclonal anti-GD2 therapy.

Active immunity has theoretical advantages over mAb
therapy. The induced response to vaccine is polyclonal,
and autoimmune epitopes could potentially be avoided
because they were either already deleted or tolerized.
Polyclonal antibody responses could exploit the cooperative
antibody effect not possible with mAb. More importantly,
the continuous presence of antitumor antibody, in contrast
to bolus injections of mAb, could improve antitumor control.
This is of particular importance if GD2 expression in
neuroblastoma waxed and waned.36 Success in building
ganglioside-specific B cell memory should ensure a rapid

recall response if tumors were to recur. These anti-
ganglioside immune responses might prevent the emer-
gence of other GD2(1) or GD3(1) tumors during the
patient’s lifetime, since soft tissue sarcoma, osteosarcoma,
melanoma, and small-cell lung cancer all have abundant
expression of GD2 and GD3.37,38

Conjugating the carbohydrate disialogangliosides GD2 and
GD3 to the protein carrier KLH and combining with sc OPT-
821 was insufficient for a robust IgG response.15 In the
current study when oral b-glucan was initiated at week 6,
both IgM and IgG1 titers rose, peaking within months.
Compared with a historical control group of patients with
melanoma receivingGD2 vaccinewithoutb-glucan (Fig 2E),35

the anti-GD2-IgG1 titer increase was notable. This IgG re-
sponse was an independent predictor of PFS and OS
(Table 2), although it did diminish after vaccine and b-glucan
were completed. Our study confirmed that carbohydrate
epitopes like ganglioside GD2 and GD3 could be rendered
immunogenic, stimulating not just IgM but also the IgG1
antibody response in children. The observation that young
children, recovering from repeated damage of their immune
system by high-dose chemotherapy, were able to mount an
effective anticarbohydrate antibody response was reassuring.

Although the induction of anti-GD2-IgG1 was prognostic of
patient outcome, neither anti-GD2-IgM, anti-GD3-IgG1, nor
anti-KLH response showed any association with survival.
Anti-GD2 IgM has limited antitumor properties, and KLH is
not expressed on neuroblastoma and hence the lack of
benefit from either. However, the absence of benefit of anti-
GD3 antibody was surprising, since its presence on neu-
roblastoma was detected by immunohistochemistry in
previous studies.38 This suggests that either GD3 was
downregulated among these relapsed HR-NBs or anti-GD3
antibodies were not sufficiently high or active.39-41

Both GD2- and GD3-associated IgG1 titer correlated with
SNP rs3901533 of dectin-1, suggesting the possible role of
dectin-1 receptor in seroconversion via the adjuvant effect of
oral b-glucan. The anti-GD2 IgM response, which was T
helper independent, had no correlation with SNPs. Neither
GD2 nor GD3 alone could activate helper T cells; hence, a
helper effect had to be provided by KLH, the carrier protein.
Unlike anti-GD2 or anti-GD3 titers, SNP association with anti-
KLH IgG1 was trending toward statistical significance. This
was likely a result of the effect size by dectin-1 SNP, being
much more relevant for weak immunogens like GD2 or GD3
than for powerful T cell antigens like KLH. SNP rs3901533
could potentially be a biomarker for response to this carbo-
hydrate vaccine.

In our previous report of anti-GD2mAbm3F8 plus GM-CSF
of 101 patients in clinical remission after PD, relapse
was typically followed by death, such that OS and PFS
converged by year 5.42 When PD was isolated to CNS43 or to
single bone sites, long-term PFS was possible. In our
current experience with vaccine given to patients with
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TABLE 2. Univariable and Multivariable Models (Landmark From Week 8; N 5 101)
PFS Univariable Multivariable

Variable HR 95% CI P HR 95% CI P

Age at diagnosis (per 1 year) 0.99 0.93 to 1.06 .76

MYCN amplification .12

Nonamplified Ref.

Amplified 0.57 0.28 to 1.16

Prior PD .01 .03

1 PD Ref. Ref.

. 1 PD 1.90 1.14 to 3.17 1.79 1.07 to 3.00

Months from diagnosis to first PD 1.00 1.00 to 1.00 .75

Months from last PD to vaccine .007 .02

, 12 mo Ref. Ref.

$ 12 mo 0.49 0.30 to 0.82 0.54 0.30 to 0.90

Prior mAb failure before last PD (1 patient without prior mAb) .05

None Ref.

$ 1 failure 2.30 0.99 to 5.37

Consolidation with mAb before vaccine .24

No consolidation Ref.

Consolidation 0.68 0.36 to 1.29

Anti-GD2 IgG1 titer by week 8 .007 .007

Titer , 150 ng/mL Ref. Ref.

Titer $ 150 ng/mL 0.38 0.18 to 0.77 0.37 0.18 to 0.76

OS

Age at diagnosis (per 1 year) 0.97 0.82 to 1.16 .77

MYCN amplification .46

Nonamplified Ref.

Amplified 0.63 0.18 to 2.16

Prior PD .06 .06

1 PD Ref. Ref.

. 1 PD 2.38 0.96 to 5.87 2.36 0.95 to 5.82

Months from diagnosis to first PD 1.00 1.00 to 1.00 .53

Months from last PD to vaccine .05

, 12 mo Ref.

$ 12 mo 0.39 0.15 to 0.99

Prior mAb failure before last PD (1 patient without prior mAb)

None Ref. .20

$ 1 failure 3.70 0.49 to 27.8

Consolidation with mAb before vaccine .28

No consolidation Ref.

Consolidation 0.57 0.20 to 1.59

Anti-GD2 IgG1 titer by week 8 .04 .04

Titer , 150 ng/mL Ref. Ref.

Titer $ 150 ng/mL 0.13 0.02 to 0.94 0.13 0.02 to 0.95

NOTE. One of the 102 patients was excluded from analyses because patient progressed on vaccine before receiving b-glucan. Variables with P , .20 in
univariable analysis were entered in the multivariable model. Bold indicates statistical significance (P # .05).
Abbreviations: HR, hazard ratio; mAb, monoclonal antibody; OS, overall survival; PD, disease progression; PFS, progression-free survival.
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HR-NB who achieved clinical remission after PD, instead
of OS and PFS curve convergence, there was a clear
separation at least through year 5 from the start of
vaccine therapy (Fig 1A).

Despite our optimism regarding the results of this trial, it
must be emphasized that it was a single-arm single-
institution study with potential for selection bias. Patients
with different numbers of prior episodes of PD and ther-
apies were included, even though we did find that patients
with only one episode of PD had better PFS. Because

patients with HR-NB have now routinely received mAb
therapy as their standard of care before receiving vaccine
therapy, it was not easy to tease out their potential influence
on vaccine efficacy, especially when a large subset had
further consolidation with mAb right before vaccine. The
relative importance and interaction of these two modes of
immunotherapy can only be addressed in future studies.
Given the limitation of single-arm studies, a randomized
trial of GD2/GD3 vaccine following uniform upfront regimen
should yield a more definitive verdict on its efficacy.
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FIG A1. Anti-GD2-IgG1 titer by week 8 did not correlate with the week 8 titers of anti-GD3-IgG1 (A), anti-GD2-IgM
(B), and anti-KLH-IgG1 (C). KLH, keyhole limpet hemocyanin; R, correlation coefficient.

1

10

100

1000

10000
SNP rs7309123

An
ti-

GD
2 

Ig
G1

 T
ite

r (
ng

/m
L)

C/C C/G G/G

A

A/A A/C C/C
1

10

100

1000

10000
SNP rs16910526

An
ti-

GD
2 

Ig
G1

 T
ite

r (
ng

/m
L)

B

FIG A2. No association was observed between anti-GD2-IgG1 titer with SNP rs7309123 (A) and rs16910526 of
dectin-1 polymorphism (B) (N 5 101). Antibody titer for individual patients was measured from the initiation of
b-glucan at week 6 to the end of vaccine treatment or disease progression. Average antibody titer over time was
tabulated for each patient. Statistics was performed using Kruskal-Wallis test. One patient was excluded from this
analysis because of progression before receiving b-glucan. SNP, single nucleotide polymorphism.
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TABLE A1. Prior Treatment Details (N 5 102)
Induction Chemotherapy N Reference

ANBL0532 (ClinicalTrials.gov identifier: NCT01798004) 50 a

N8 (ClinicalTrials.gov identifier: NCT00040872) 13 b

COG A3973 (ClinicalTrials.gov identifier: NCT00004188) 10 c

Rapid COJEC (ClinicalTrials.gov identifier: NCT01704716) 9 d

ANBL12P1 (ClinicalTrials.gov identifier: NCT01798004) 5

ANBL0531 (ClinicalTrials.gov identifier: NCT00499616) 4 e

ANBL09P1 (ClinicalTrials.gov identifier: NCT01175356) 3 f

N7 (ClinicalTrials.gov identifier: NCT00002634) 3 g

ANBL1232 (ClinicalTrials.gov identifier: NCT02176967) 1

CCG A3961 (ClinicalTrials.gov identifier: NCT00499616) 1 h

Cyclophosphamide/topotecan 1 i

Cyclophosphamide/vincristine/sacarbazine 1

OPEC 1 j

Salvage Therapy After Last PD N Reference

hu3F8 6 GMCSF 49 k

Radiation therapy, IORT, and CSI 47

Temozolomide/irinotecan (T/I) 44 l

Ifosfamide/carboplatin/etoposide 39 m

Surgery 28

Cyclophosphamide (C)/topotecan, C 27

ch14.18/GMCSF/IL2 or ch14.18/GMCSF/T/I 23 4,n

Cyclophosphamide/topotecan/vincristine 20 o

3F8/GMCSF 16 p

MIBG or MIBG/I/V 14 q

BAT/avastin, carboplatin, CART, cisplatin/VP16, gemcitabine/
oxaloplatin, hu14.18-IL2/GMCSF, lutathera, topotecan/vincristin/
doxorubicin, topotecan, VP16

10

Cyclophosphamide/irinotecan/vincristine, T, V, and I 9 o,r

Small molecules 9

COG, NANT, 5D/5D, and Carbo/T/I 7 x,y

IO8H9 or IO3F8 6 43

NK/3F8/hu3F8/arming 3 s,t

hu3F8/GMCSF/T/I 1

Myeloablative therapy with autologous SCT 1

(continued on following page)
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TABLE A1. Prior Treatment Details (N 5 102) (continued)
Second-Line Therapy N Reference

Temozolomide/irinotecan (ClinicalTrials.gov identifier: NCT00311584) 16 l

Cyclophosphamide/topotecan/vincristine 13 o

Cyclophosphamide/irinotecan/vincristine 9 o,r

MIBG 7 q

Cyclophosphamide/topotecan 6

Difluoromethylornithine (DFMO) 5 u

Ifosfamide-carboplatin-etoposide 4 m

Small molecules 3

Surgery 3

N7 (ClinicalTrials.gov identifier: NCT00002634), N8 (ClinicalTrials.gov
identifier: NCT00040872)

2 p

3F8/NK (ClinicalTrials.gov identifier: NCT00877110) 2 s

Cytoxan/doxorubicin/vincristine (ClinicalTrials.gov identifier:
NCT00040872)

2

3F8/glucan (ClinicalTrials.gov identifier: NCT00492167) 1 32

Temozolomide/irinotecan/cytoxan/etoposide/avastin 1

Topotecan/vincristin/doxorubicin (ClinicalTrials.gov identifier:
NCT00392340)

1

External beam radiation 1

Myeloablative Therapy With SCT N Reference

Carboplatin/etoposide/melphalan (ClinicalTrials.gov identifier:
NCT00567567)

27 v

Busulfan/melphalan (ClinicalTrials.gov identifier: NCT01798004) 18 v

Tandem (ClinicalTrials.gov identifier: NCT00567567) 5 a

Thiotepa/carboplatin regimen (ClinicalTrials.gov identifier:
NCT00002515)

2 w

Thiotepa/melphalan/fludarabine (Allogeneic SCT) 1

(continued on following page)
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TABLE A1. Prior Treatment Details (N 5 102) (continued)
Anti-GD2 mAb Immunotherapy N Reference

ANBL0032 (ClinicalTrials.gov identifier: NCT00026312) 39 4

3F8/GMCSF (ClinicalTrials.gov identifier: NCT01183429) 36 5

ch14.18/GMCSF/temozolomide/irinotecan (ClinicalTrials.gov identifier:
NCT01767194)

2 n

Abbreviations: 5D/5D;x C, cyclophosphamide; COJEC, cisplatin, vincristine, carboplatin, etoposide, and cyclophosphamide; C/Topo, cyclophosphamide/
topotecan; C/Topo/V, cyclophosphamide/topotecan/vincristine;o CIV, cyclophosphamide/irinotecan/vincristine);o,r Carbo/T/I, carboplatin/temozolomide/
irinotecan;y CSI, craniospinal irradiation; GMCSF, granulocyte-macrophage colony stimulating factor; I, irinotecan; ICE, ifosfamide-carboplatin-etoposide;m

mAb, monoclonal antibody; IORT, intraoperative radiation therapy; MIBG, 131I-metaiodobenzylguanidine; NK, natural killer; SCT, stem-cell transplant; T,
temozolomide; T/I, temozolomide/irinotecan;l Topo, topotecan; V, vincristine.

aPark JR, Kreissman SG, London WB, et al: Effect of tandem autologous stem cell transplant vs single transplant on event-free survival in patients with
high-risk neuroblastoma: A randomized clinical trial. JAMA 322:746-755, 2019.

bKushner BH, Kramer K, LaQuaglia MP, et al: Reduction from seven to five cycles of intensive induction chemotherapy in children with high-risk
neuroblastoma. J Clin Oncol 22:4888-4892, 2004.

cKreissman SG, Seeger RC, Matthay KK, et al: Purged versus non-purged peripheral blood stem-cell transplantation for high-risk neuroblastoma
(COG A3973): A randomised phase 3 trial. Lancet Oncol 14:999-1008, 2013.

dPearson AD, Pinkerton CR, Lewis IJ, et al: High-dose rapid and standard induction chemotherapy for patients aged over 1 year with stage 4
neuroblastoma: A randomised trial. Lancet Oncol 9:247-256, 2008.

eTwist CJ, Schmidt ML, Naranjo A, et al: Maintaining outstanding outcomes using response- and biology-based therapy for intermediate-risk
neuroblastoma: A report from the Children’s Oncology Group Study ANBL0531. J Clin Oncol 37:3243-3255, 2019.

fDesai AV, Heneghan MB, Li Y, et al: Toxicities of busulfan/melphalan versus carboplatin/etoposide/melphalan for high-dose chemotherapy with stem cell
rescue for high-risk neuroblastoma. Bone Marrow Transplant 51:1204-1210, 2016.

gCheung NK, Kushner BH, LaQuaglia M, et al: N7: A novel multi-modality therapy of high risk neuroblastoma (NB) in children diagnosed over 1 year of age.
Med Pediatr Oncol 36:227-230, 2001.

hBaker DL, Schmidt ML, Cohn SL, et al: Outcome after reduced chemotherapy for intermediate-risk neuroblastoma. N Engl J Med 363:1313-1323, 2010.
iSaylors R, Stewart C, Zamboni W, et al: Phase 1 study of topotecan in combination with cyclophosphamide in pediatric patients with malignant solid

tumors: A Pediatric Oncology Group Study. J Clin Oncol 16:945-952, 1998.
jPritchard J, Cotterill SJ, Germond SM, et al: High dose melphalan in the treatment of advanced neuroblastoma: Results of a randomised trial (ENSG-1) by

the European Neuroblastoma Study Group. Pediatr Blood Cancer 44:348-357, 2005.
kKushner BH, Cheung IY, Modak S, et al: Humanized 3F8 anti-GD2monoclonal antibody dosing with granulocyte-macrophage colony-stimulating factor in

patients with resistant neuroblastoma: A phase 1 clinical trial. JAMA Oncol 4:1729-1735, 2018.
lKushner BH, Kramer K, Modak S, et al: Irinotecan plus temozolomide for relapsed or refractory neuroblastoma. J Clin Oncol 24:5271–5276, 2006.
mKushner BH, Modak S, Kramer K, et al: Ifosfamide, carboplatin, and etoposide for neuroblastoma: A high-dose salvage regimen and review of the

literature. Cancer 119:665-671, 2012.
nMody R, Naranjo A, Van Ryn C, et al: Irinotecan-temozolomide with temsirolimus or dinutuximab in children with refractory or relapsed neuroblastoma

(COG ANBL1221): An open-label, randomised, phase 2 trial. Lancet Oncol 18:946-957, 2017.
oKushner BH, Kramer K, Modak S, et al: Camptothecin analogs (irinotecan or topotecan) plus high-dose cyclophosphamide as preparative regimens for

antibody-based immunotherapy in resistant neuroblastoma. Clin Cancer Res 10:84-87, 2004.
pCheung NK, Cheung IY, Kramer K, et al: Key role for myeloid cells: phase II results of anti-G(D2) antibody 3F8 plus granulocyte-macrophage colony-

stimulating factor for chemoresistant osteomedullary neuroblastoma. Int J Cancer 135:2199-2205, 2014.
qMatthay KK, Quach A, Huberty J, et al: Iodine-131–metaiodobenzylguanidine double infusion with autologous stem-cell rescue for neuroblastoma: a new

approaches to neuroblastoma therapy phase I study. J Clin Oncol 27:1020-1025, 2009.
rKushner BH, Kramer K, Modak S, et al: High-dose cyclophosphamide-irinotecan-vincristine for primary refractory neuroblastoma. Eur J Cancer 47:84-89,

2011.
sModak S, Le Luduec JB, Cheung IY, et al: Adoptive immunotherapy with haploidentical natural killer cells and Anti-GD2 monoclonal antibody m3F8 for
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2013.
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TABLE A2. Survival Outcome After Vaccine With Respect to the Number of Prior PD (N 5 102)

Prior PD Before Vaccine N

Survival Outcome After Vaccine

No PD and Alive PD and Alive PD and Dead

1 64 31 24 9

2 21 7 7 7

3 9 3 5 1

4 4 0 1 3

5 2 0 2 0

6 2 0 2 0

Abbreviation: PD, disease progression.

TABLE A3. Toxicity Related to Vaccine and b-Glucan (N 5 102)
Vaccine-Related Toxicitya Grade N %

ALT elevation 3 1 22

2 2

1 19

AST elevation 2 3 25

1 23

Injection site reactions 2 44 81

1 39

Fever 2 32 49

1 18

Pruritus 1 6 6

Urticaria 2 2 2

Toxicity Possibly Related to b-Glucan Grade N %

Vomiting/nausea 1 11 11

Diarrhea 1 3 3

Urticaria 2 1 1

aToxicity occurred , 1 week post injection.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.

© 2020 by American Society of Clinical Oncology Volume 39, Issue 3

Cheung et al


	Survival Impact of Anti-GD2 Antibody Response in a Phase II Ganglioside Vaccine Trial Among Patients With High-Risk Neurobl ...
	INTRODUCTION
	PATIENTS AND METHODS
	Patient Eligibility
	Protocol Study Design
	Disease Evaluation
	Blood Collection and Quantitation of Serum Anti-Vaccine Antibody by Enzyme-Linked Immunosorbent Assay
	Anti-GD2-IgG1.
	Anti-GD2-IgM.
	Anti-GD3-IgG1.
	Anti-KLH-IgG1.

	MRD Detection
	Dectin-1 (CLEC7A) Polymorphism Genotyping
	Biostatistics

	RESULTS
	Patient Characteristics
	Patient Outcome
	Toxicity
	Anti-Vaccine Antibody Response
	Univariable and Multivariable Prognostic Analyses
	Association Between Antibody Response with Dectin-1 (CLEC7A) Single Nucleotide Polymorphism

	DISCUSSION
	REFERENCES
	APPENDIXAPPENDIXAPPENDIX
	APPENDIX


