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Abstract

Purpose: Evaluate whether combining a humanized anti-disialoganglioside monoclonal antibody
(hul4.18K322A) with induction chemotherapy improves early responses and outcomes in children
with newly diagnosed high-risk neuroblastoma.

Patients and Methods: We conducted a prospective nonrandomized, single-arm, two-stage,
phase I clinical trial. Six courses of induction chemotherapy were coadministered with
hul4.18K322A and followed with granulocyte/macrophage colony-stimulating factor (GM-CSF)
and low-dose interleukin-2 (IL-2). Consolidation was performed with a busulfan/melphalan
preparative regimen. An additional course of hul4.18K322A was administered with parent-
derived natural killer cells, when available, during consolidation. Hu14.18K322A, GM-CSF, IL-2,
and isotretinoin were then administered. Secondary outcomes included reduced tumor volume and
semiquantitative 123]-metaiodobenzylguanidine scoring [i.e., Curie scores (CS)] at the end of
induction.

Results: Forty-two patients received hul4.18K322A and induction chemotherapy. This regimen
was well tolerated, with continuous-infusion narcotics adjusted to patient tolerance. Partial
responses (PR) or better after the first two chemoimmunotherapy courses occurred in 32 patients
[76.2%; 95% confidence interval (Cl), 60.6—-88.0]. This was accompanied by primary tumor
volume reductions (median, —76%; range, —100% to 5%). Of 35 patients with stage 4 disease who
completed induction, 31 had end-of-induction CSs of 2 or less. No patients experienced
progression during induction. Two-year event-free survival (EFS) was 85.7% (95% ClI, 70.9-93.3).

Conclusions: Adding hul4.18K322A to induction chemotherapy produced early PR or better in
most patients, reduced tumor volumes, improved CSs at the end of induction, and yielded an
encouraging 2-year EFS. These results, if validated in a larger study, may change the standard of
care for children with high-risk neuroblastoma.

Introduction

The current standard treatment for high-risk neuroblastoma includes high-dose induction
chemotherapy, surgery, and consolidation with myeloablative chemotherapy, autologous
hematopoietic cell transplant (AHCT), radiotherapy, and treatment of minimal residual
disease (MRD) with a monoclonal antibody (mAb) that targets the disialoganglioside GD2
on neuroblasts. A chimeric anti-GD2 antibody (dinutuximab) in combination with
granulocyte-macrophage—colony-stimulating factor (GM-CSF), interleukin-2 (IL-2), and
isotretinoin administered at the end of therapy, in the context of MRD, significantly
improves 2-year event-free survival (EFS) (66% vs. 46%; £=0.01) (1). Despite this
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aggressive regimen, nearly half of all patients still experience relapse and succumb to
disease.

Dinutuximab was administered at the end of therapy to avoid chemotherapy-induced
immunosuppression, which is thought to adversely affect antibody-dependent cell-mediated
cytotoxicity (ADCC). However, preclinical studies in neuroblastoma models and clinical
studies of adult cancers demonstrated that concurrent chemotherapy with various
monoclonal antibodies provides additive/synergistic benefits (2-9). We postulated that the
addition of an anti-GD2 antibody to induction chemotherapy for neuroblastoma would
further improve outcomes. We initially tested the tolerability of a unique anti-GD2 antibody,
hul4.18K322A, administered with chemotherapy in a small group of patients with relapsed
disease. When we observed excellent responses (10), we immediately proceeded to evaluate
this approach in children with newly diagnosed disease. Hu14.18K322A retains the binding
specificity of dinutuximab, is 98% human to reduce allergic reactions, has a single point
mutation to reduce complement-associated pain, and is produced in an YB2/0 rat myeloma
cell line to reduce fucosylation and enhance ADCC (11).

Children’s Oncology Group (COG) investigators reported the addition of cyclophosphamide
and topotecan to an intense induction regimen in a pilot trial (12). This induction regimen
was used for children with newly diagnosed high-risk neuroblastoma in the recently
completed ANBL0532 protocol. We used the identical induction regimen as the
chemotherapy backbone for a prospective nonrandomized, single-arm, two-stage, phase Il
clinical trial in which hul4.18K322A was added to induction chemotherapy for children
with newly diagnosed high-risk neuroblastoma. Primary outcomes were early responses
(after two courses of induction chemoimmunotherapy) and 2-year EFS. Secondary outcomes
included reduced tumor volume and semiquantitative 1231-metaiodobenzylguanidine
(MIBG) scoring [i.e., Curie scores (CS)] at the end of induction.

Patient Selection

Children (< 19 years) with newly diagnosed high-risk neuroblastoma were eligible for
enrollment. Patients had either histologically verified neuroblastoma or clumps of tumor in
bone marrow with increased urinary catecholamine metabolites. Diagnosis, staging, and
response assessments were performed according to the International Neuroblastoma Staging
System (INSS) criteria (13), and high-risk neuroblastoma was defined by the criteria used by
the COG (14). Both assessments were identical to those used by Park et al. (12), which
included the historical control group for our study.

This prospective pilot phase 11 trial () was approved by our institutional review board in
accordance with the Belmont Report and the U.S. Common Rule. The trial opened in May
2013 and enrollment continues. Written informed consent was obtained from all participants
in accordance with institutional guidelines. All patients were treated at St. Jude Children’s
Research Hospital.

Clin Cancer Res. Author manuscript; available in PMC 2020 May 01.
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Treatment

The hul4.18K322A production cell line was provided by Merck Serono (Darmstadt,
Germany) and manufactured for clinical use by the Children’s GMP, LLC (Memphis, TN).
On day 1 of each course, serum hul4.18 K322A levels were measured at 1 hour after
antibody infusion by ELISA, as previously described (10, 15).

The schedule and dosages of the induction chemotherapy agents cyclophosphamide,
topotecan, cisplatin, etoposide, doxorubicin, and vincristine were identical to those reported
by Park et al. (12). Four daily doses of hul4.18K322A (days 2-5) were added to each course
of induction chemotherapy. Each dose was planned to be administered over 4 hours. This
was successful in approximately half of the 256 courses of antibody/chemotherapy
administered. According to patient tolerance and at the discretion of the treating physician,
antibody infusions were extended to 8 or 16 hours for some patients (Supplementary Table
1). Because hul14.18K322A is known to cause dose-dependent toxicity and patients with
newly diagnosed neuroblastoma are often seriously ill with some organ system compromise
at diagnosis, we selected a mAb dose that would be tolerated in combination with induction
chemotherapy and would not require delays in subsequent chemotherapy or mAb treatment
due to mAb-related dose-limiting toxicity. Therefore, the hul4.18K322A dosage was fixed
at 40 mg/m? per dose, which is two dose levels below the single-agent maximum-tolerated
dose (11) and known to be tolerable as single-agent therapy and in combination with
multiagent chemotherapy in children with recurrent/refractory disease (10). The selected
dose is approximately twice that of the current dose of FDA-approved dinutuximab
(ch14.18) when used with IL-2 and GM-CSF as maintenance treatment. All patients were
treated with continuous infusions of narcotics (morphine, hydromorphone, or fentanyl) at
standard dosages approximately 30 minutes before starting antibody infusions, and adjusted
as needed. Systemic steroids were not allowed, per protocol study procedures. Each course
was followed by daily subcutaneous GM-CSF (250 pg/m? per day) through the nadir until
absolute neutrophil count = 2000/mm3 and IL-2 (108 units/m?2), which was continued every
other day for six doses. Hematopoietic progenitor cells were collected after induction cycle 2
or 4. Primary tumors were resected or debulked during induction.

Consolidation therapy included AHCT with a busulfan/melphalan (Bu/Mel) conditioning
regimen (16) and, for consenting patients, experimental therapy with an additional course of
daily hu14.18K322A (40 mg/m? per day for 4 days) administration, beginning 2 days (days
2-5) after AHCT (given on day 0), and parental natural killer (NK) cell infusions (when
available), derived as previously described (16). If both parents were suitable donors, the
donor with greater KIR mismatch was chosen. KIR mismatch was defined as the presence of
an inhibitory KIR gene in the donor coupled with the absence of the KIR ligand (HLA) gene
in the recipient. The NK cells were infused 4 days after AHCT. After recovering from
AHCT (typically within 43 days of stem cell reinfusion), patients received intensity-
modulated radiation therapy or scanned proton beam radiation therapy (2340 cGy in 180
cGy fractions). Those with macroscopic residual disease after induction chemotherapy
received an additional 720 cGy to those sites.

Clin Cancer Res. Author manuscript; available in PMC 2020 May 01.
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Radiation therapy was delivered to the presurgical gross tumor volume and sites of residual
disease on the basis of computed tomography, MIBG nuclear imaging, and/or magnetic
resonance imaging scans performed at the end of induction. Every effort was made to begin
therapy for MRD with hul4.18K322A, GM-CSF, IL-2, and isotretinoin with doses and
schedules identical to those reported by Yu et al. (1) by 100 days after AHCT, with a
substitution of hu14.18K322A (40 mg/m? per day for 4 days) for dinutuximab (1). Adverse
events were assessed by the National Cancer Institute Common Terminology Criteria for
Adverse Events (version 4.0). If narcotic infusions required increased dosages, pain was
designated grade 3. Response to chemotherapy was assessed by one study radiologist
(MBM), as described by Park and colleagues (12) (i.e., according to INSS criteria) (13).
Tumor volume was also assessed. Semiquantitative MIBG scoring [i.e., Curie score (CS)]
was assessed by one nuclear medicine physician (BS) at diagnosis and after courses 2 and 6
of induction chemotherapy, as described by Yanik et al. (17).

Study Design

We designed our study to evaluate whether the overall response rate [i.e., partial response
(PR) or better] after the first two courses of chemoimmunotherapy exceeded 40%. We
performed a sample size calculation for the study by using an alternative response rate of
60% (i.e., response considered worthy of further evaluation of the new therapy), 80% power,
and 5% type | error. A sample size of 42 evaluable patients was required to satisfy these
parameters. A two-stage group sequential design (18) was used to allow early stopping for
lack of sufficient antitumor activity. Stage 1 and 2 were planned for 20 and 22 evaluable
patients, respectively. All patients who began course 1 with evaluable disease were
considered evaluable for response. The study was amended to add an EFS primary objective,
and the two-stage design was extended to a three-stage group sequential design (18). The
sample size was recalculated by using 90% power, and the sample size was updated to 61
evaluable patients (stage 3, 19 additional patients). Accrual for this objective is ongoing. We
generated a study flow diagram depicting how the trial was conducted (Fig. 1). As
surrogates of overall survival (OS), we also evaluated early primary tumor volume changes
(19) and MIBG scoring (i.e., CSs) (17), which in other reports have been shown to be
prognostic indicators of outcomes in patients with high-risk neuroblastoma.

Statistical Analysis

Patient characteristics were summarized by descriptive statistics and compared with those of
a previous study (12) from which the historical control rate was established using Fisher
exact tests (Table 1). The response rate after the first two courses and its exact 95%
confidence interval (Cl) were estimated. To evaluate the treatment effect, the response rate
after the first two courses was compared to the estimate from the historical trial (12) using
Fisher’s exact tests. The EFS and OS point estimates with 95% Cls were estimated with the
Kaplan—Meier method. EFS was defined as the time from enrollment to the first occurrence
of local failure, relapse, progressive disease, secondary neoplasm, or death from any cause.
OS was defined as the time from enrollment to the time of death from any cause. Patients
without an event were censored at the time of last follow-up or withdrawal when evaluating
EFS and OS.

Clin Cancer Res. Author manuscript; available in PMC 2020 May 01.
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The Cox proportional hazards model was used to evaluate the relationship of age (months),
sex, amplified MYCN, pretherapy tumor volume, INSS stage, race, pretherapy CS, course 2
CS, course 6 CS, course 2 response, and course 6 response on OS. Both univariable and
multivariable analyses were performed. Multivariable Cox proportional hazards models were
used to evaluate the association of early response on OS, adjusting for age, sex, amplified
MYCN, and INSS stage. A similar analysis was performed for EFS.

Statistical analyses were conducted with SAS software, version 9.4 (SAS Institute, Cary,
NC). A two-sided significance level of £< 0.05 was considered statistically significant.

We report our findings from 43 patients enrolled during the first two stages of accrual. Forty-
two of the 43 patients had measurable or evaluable disease. One patient whose INSS stage
2b adrenal tumor was resected before induction chemotherapy and contained high-level
MYCN amplification was not evaluable for early response. Patient characteristics are
described and compared with those of the historical control group in Table 1. Most patients
were male (7= 24), white (7= 29), at least 18 months old at diagnosis (r7= 40), and a
median age of 2.8 years (range, 0.5-15.2 years), and most had INSS stage 4 disease (/7= 36).
These characteristics were similar to those of the historical comparison group, except for sex
(P=0.045; Table 1).

The addition of hu14.18K322A to induction chemotherapy was well tolerated, with
continuous-infusion narcotics carefully adjusted to patient tolerance. All therapy-related
grade 3/4 toxicities during induction chemotherapy-hu14.18K322A coadministration are
described in Table 2. Toxicities attributed to antibody infusion included pain (17%; 43
patient episodes over 256 courses), hypotension (2%; 6/256), cough (1%; 3/256), and
hypoxia (4%; 11/256) (1,20).

Of the 42 children evaluable for early responses, 32 (76.2%; 95% CI, 60.6-88.0)
experienced at least PRs after these first two cycles (Table 3). A waterfall plot illustrating the
change in primary tumor volume after the initial two cycles (Fig. 2A) revealed that only one
patient did not experience measurable decreases in primary tumor volume (median, —76%;
range, —100% to 5%), and 26 of 40 patients experienced reductions of at least 60%. None of
these patients experienced disease progression during induction chemotherapy.

MIBG scoring was performed at every evaluation time point (Supplementary Table 2). Of
the 43 patients we evaluated, 36 had INSS stage 4 disease. One of these 36 with a complete
response after two cycles of induction therapy withdrew (parental preference) before
completing induction therapy. CSs for the 36 patients with INSS stage 4 disease ranged from
1 to 28 (median, 16.5) at diagnosis and from 0 to 23 (median, 0) at the end of induction
chemotherapy. For the 35 patients with INSS stage 4 disease who completed induction, 31
had end-of-induction CSs of 2 or less, as compared with a median CS of 16.5 at diagnosis.

Only three of 43 evaluable patients showed detectible human anti-human antibody (HAHA)
responses to hul14.18K322A after chemoimmunotherapy (Table 4), which is less frequent
than the 15 of 37 patients with detectible HAHA responses who were treated with

Clin Cancer Res. Author manuscript; available in PMC 2020 May 01.
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hul4.18K322A without chemotherapy for relapsed/refractory neuroblastoma in a prior
phase I trial (11). Moreover, HAHA responses had no influence on hul4.18K322A Cynax
levels in subsequent courses, as shown in Table 4 and by Federico et al. (10).

As of January 2019, 38 of the 43 patients were alive at last follow-up. The median follow-up
time for all patients was 3.2 years (range, 1.4-5.3 years) from the time of study enrollment.
Two patients died of complications from therapy without evidence of disease. One of these
patients died of pulmonary toxicity, presumably from busulfan, which was complicated by
underlying Rubinstein Taybi syndrome. The other patient expired at home while completing
oral isotretinoin during MRD course 6, with symptoms consistent with overwhelming sepsis.
Four patients had persistent disease after completing all therapy: three with persistent
MIBG-detected avid bone disease and end-of-treatment CSs of 5, 21, and 22 and one with a
residual soft tissue MIBG avid mass near the primary tumor sight. Two of these four patients
currently have no evidence of disease after alternative therapy; one has stable disease
maintained with an ALK inhibitor, and one died of disease progression. Five additional
patients experienced disease recurrence; one after MRD course 3 and four at 4, 4, 16, and 19
months after completing all therapy. Two of these patients died of disease progression, and
two are still receiving additional therapy. The end-of-induction response rate (= PR) was
95% (95% Cl, 83.8-99.4; Table 3), and the overall 2-year EFS and OS rates were 85.7%
(95% Cl, 70.9-93.3) and 95.3% (95% ClI, 82.7-98.8), respectively (Fig. 2B). Univariable
survival analysis was unable to identify significant predictors of EFS. The Cox proportional
hazards model, considering the effect of early response on EFS, adjusting for age (months)
at enrollment, gender, race, INSS stage, and M YCN found none of these variables predictive
of EFS. A similar analysis for OS was also unable to identify predictive factors.

Discussion

Our results demonstrate that the concomitant use of an anti-GD2 mAb with intensive
induction chemotherapy in children with newly diagnosed high-risk neuroblastoma is
feasible and results in an early response rate of nearly 80%. We also evaluated the effect of
this therapy on primary tumor volumes and CSs at the end-of-induction chemotherapy as
surrogates of OS because both measures predict outcomes in children with newly diagnosed
high-risk neuroblastoma (17,19). We initially used a two-stage group sequential design to
allow for early stopping if evidence of antitumor activity was lacking. However, the early
responses of the first two cohorts (1= 42) provided evidence for improved therapeutic
success. Thirty-two of these patients experienced at least PRs (76.2%; 95% Cl, 60.6-88.0),
in contrast with 12 of 30 (40.0%; 95% CI, 22.7-59.4) in the group without hu14.18K322A
(12). The difference in response rates was 36.2% (95% CI, 9.7-56.7; £=0.003), indicating a
significantly higher early response rate in our trial than in ANBLO2P1. These findings
resulted in an amendment to increase accrual and include an EFS objective in our trial. It is
unclear, with this small sample size, whether these improved early responses translated into
improved end-of-induction response rates. As illustrated in Table 3, the end-of-induction
response rates (= PR) of 95% were very similar to the 87% reported in ANBLO2P1 (12).

Early response as a surrogate for EFS and OS of high-risk neuroblastoma was reported by
Yoo and colleagues (19). In a group of 90 patients with high-risk neuroblastoma, those who
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experienced a greater than 60% reduction in primary tumor volume after the first two or
three cycles of induction chemotherapy had better outcomes. In our study, 65% of evaluable
patients experienced a greater than 60% reduction in tumor volume after the first two cycles.
However, because of a limited sample size and number of events, statistical conclusions
about the prognostic value of primary tumor volume reduction is not possible. Yanik and
colleagues (17) evaluated the CSs of patients with INSS stage 4 disease who were treated in
the A3973 trial with six courses of similar induction chemotherapy. The EFS of these
patients with CSs of 2 or less at the end of induction was markedly improved. In our study,
approximately 90% of patients with INSS stage 4 disease had CSs of 2 or less after
completing induction chemotherapy. These data suggest that concomitant anti-GD2 mAb
administration with induction chemotherapy may lead to improved survival for children with
newly diagnosed high-risk neuroblastoma. Randomized controlled clinical trials measuring
OS are the gold standard for determining the value of a new therapeutic intervention. Our
findings provide evidence to support the development of a randomized controlled trial to test
this approach.

The major dose-limiting toxicity of anti-GD2 mAbs is pain, primarily from mAb binding to
GD2 on peripheral nerves, resulting in complement activation (21). Dinutuximab, a mouse—
human chimeric mAb, also induces hypersensitivity reactions in many patients (1). The
hul4.18K322A mAb has several important differences from dinutuximab, including
humanization of the antibody to reduce hypersensitivity reactions, elimination of the
complement binding domain to reduce pain (22), and production in a cell line to reduce
fucosylation and thereby enhance ADCC (11). The tolerability of dinutuximab when added
to induction chemotherapy in children with newly diagnosed and frequently widespread
metastatic disease has not been tested.

Although early responses were significantly improved with chemoimmunotherapy over
those of the historical control group, improved EFS and OS are the most important
indicators of successful outcomes. Although our sample size was relatively small and the
median follow-up time was 3.2 years, a 2-year EFS of 86% appears to be improved over the
estimated 2-year EFS of 66% reported by Yu and colleagues. However, that study included
only patients who achieved a PR or better to induction therapy (1), while our estimate
included all patients enrolled. Moreover, we did not observe disease progression in any
patients during induction, whereas as many as 14% of patients enrolled in past COG trials
experienced progression before receiving AHCT (23).

These results, although promising, must be interpreted with caution and within the context
of a single-institution pilot study. Although the chemotherapy backbone was identical to that
of ANBLO2P1, and the major prognostic factors of our patients were very similar to these
patients (Table 1), the 2-year EFS (approximately 50%) and OS (approximately 80%) of
ANBLO2P1 (12) are lower than our results of 85.7% (95% CI, 70.9-93.3) and 95.3% (95%
Cl, 82.7-98.8), respectively (Fig. 2B). Several differences in therapy may have contributed
to our higher response rates. Specifically, GM-CSF was used, rather than filgrastim (12), for
its ability to enhance ADCC (24,25) and for primary prophylaxis of febrile neutropenia (26).
Additionally, low-dose IL-2 was used for its ability to enhance ADCC (27). The Bu/Mel
preparative regimen (28) vs. carboplatin/etoposide/melphalan used in ANBL02P1 (12) and
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additional course of hul4.18K322A (n = 12) with parental-derived NK cells (n7= 27) during
consolidation may also have affected EFS. This study was not designed to evaluate the
effects of these modifications on the overall outcome.

In conclusion the addition of a unique anti-GD2 mAb to induction chemotherapy nearly
doubled early responses, reduced tumor volumes, resulted in no progression during
induction, improved CSs, and most importantly yielded a 2-year EFS of 86%. The COG has
recently activated a pilot trial to further evaluate this approach, substituting dinutuximab for
hul4.18K322A. These results, if validated in a larger trial, may prove practice changing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

The current standard treatment for high-risk neuroblastoma includes high-dose induction
chemotherapy, surgery, and consolidation with myeloablative chemotherapy, autologous
hematopoietic cell transplant, radiotherapy, and treatment of minimal residual disease
with a monoclonal antibody (mAb) that targets the disialoganglioside GD2 on
neuroblasts. In this paradigm, the anti-GD2 mAb is administered at the end of therapy to
avoid chemotherapy-induced immunosuppression, which was thought to adversely affect
antibody-dependent cell-mediated cytotoxicity. However, preclinical studies in
neuroblastoma models and clinical studies of adult cancers demonstrated that concurrent
chemotherapy with various monoclonal antibodies provides additive/synergistic benefits.
We postulated that the addition of an anti-GD2 antibody to induction chemotherapy for
neuroblastoma would further improve outcomes. Adding the anti-GD2 mAb
hul4.18K322A to induction chemotherapy significantly improved early responses,
reduced tumor volumes, improved Curie scores at the end of induction, and yielded an
encouraging 2-year event-free survival. These results, if validated in a larger trial, may
prove practice changing.
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Cohort 1 (planned cohort size of 20)
21 Patients Enrolled

Cohort 2 (planned cohort size of 22) ‘J
22 Patients Enrolled

Page 13

Cohort 1: 4 SD, 16 2 PR, 1 NE (prior surgery)

>

43 Patients completed two courses

Cohort 2: 6 SD, 16 2 PR
2PR rate = 76% (32/42)

1 withdrew after four courses
(parental preferences)

42 Patients completed six courses

»| 1 withdrew after six courses (parental preferences)

Lo

2 Patients did not receive AHCT

39 Patients received AHCT 27 mAB+NK cells

12 mAB alone

Cohort 3 (planned cohort size of 19) }
19 Patients Enrolled

Figurel.
Study flowchart.

|

1 developed PD after third MRD course
1 died during sixth course of MRD

l

39 Patients completed MRD

v

Study amended to evaluate EFS
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Figure 2.
Patient outcomes with hul14.18K322A during induction therapy. A, Percentage change in

primary tumor volume after two courses of chemoimmunotherapy. *One patient had large
retroperitoneal mass arising from the celiac axis (red) and a smaller left thoracic paraspinal
mass with intraspinal tumor extension at T4 and T5 (gray) and was considered to have two
primary tumors. B, Kaplan—Meier estimates of overall survival (OS) and event-free survival
(EFS). The median follow-up time for the 32 patients who did not experience an event was
3.3 years (range, 2.0-5.3 years) from study enroliment.
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Table 1.
Patient characteristics at diagnosis
Characteristic No. (%) No. (%)
NB2012(n=43) ANBLO02P1? (n =31) i
Age (months)
<18 3(7) 5 (16) NS
>18 40 (93) 26 (84)
Sex
Female 19 (44) 6 (19) 0.045
Male 24 (56) 25 (81)
Race
White 29 (67) 23 (88)
Black 11 (26) 2(8) NS
Other 3() 1(4)
Unreported - 5
INSS stage
2B 1
3 6(14) 4 (13 combined) NS
4 36 (84) 27 (87)
MYCN status
Not amplified 24 (56) 15 (60)
Amplified 19 (44) 10 (40) NS
Unreported - 6
Shimada histology
Favorable 2 (6) 1(5)
Unfavorable 30 (94) 21 (95) NS
Not performedb/Unreported 1 9

Abbreviations: INSS, International Neuroblastoma Staging System; NS, not significant (P> 0.05).

aPark etal., J Clin Oncol 2011.

bDiagnosis by urine catecholamine and/or positive bone marrow for NB2012.
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Treatment-related grade 3/4 toxicities during the first six courses of induction therapy

Table 2.

Page 16

Coursel(n= Course2(n Course3(n Course4(n= Course5(n  Course6(n=
Toxicity 43) =43) = 43) =422 42)2
Abdominal distension 1
Abdominal pain 3 2 1 2 2 5
Acidosis 2 4 5 2 1
Acute kidney injury 1
Agitation 1
Alanine aminotransferase increased 3 3 4 1 1 1
Alkalosis 1 1
Allergic reaction 1 2
Anaphylaxis 1
Anemia 41 40 35 40 38 42
Anorexia 1 1 1 2
Apnea 1
Aspartate aminotransferase increased 4 1 1 1
Asystole 1
Atelectasis 1
Back pain 1
Bladder infection 1 2
Blood antidiuretic hormone abnormal 1
Blood bilirubin increased 4 1 2 1 4
Bone pain 1 1
Bronchospasm 2
Buttock pain 1
Catheter related infection 1 2 1 2 1 6
Chest pain, cardiac 1
Colitis 1 1 2 1 1
Constipation 1
Cough 1 1 1
Cystitis noninfective 2 1 1 1
Dehydration 1 1 1 1
Device related infection 1 2
Diarrhea 1 1 2 1 3 1
Enterocolitis 4 2 5 9 5 7
Epistaxis 2 2 3 2
Erythema multiforme 1
Esophagitis 1 1 6
Febrile neutropenia 19 9 2 23 8 20
Fever 11 2 3 3 6
GGT increased 5 5 1 1 5
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Coursel(n= Course2(n Course3(n Course4(n= Course5(n  Course6(n=

Toxicity 43) =43) =43) 43) =422 42)2
Gum infection 1
Headache 1 1
Hearing impaired 2 2 1 5
Hematuria 1
Hypercalcemia 1
Hyperglycemia 2 4 6 5 4 2
Hyperkalemia 1 1 2
Hypermagnesemia 1
Hypertension 1 1 1 1
Hypoalbuminemia 2 1 1 2 1
Hypocalcemia 5 3 1 3 3
Hypoglycemia 2 1
Hypokalemia 13 3 16 8 15 10
Hyponatremia 6 1 11 6 4 5
Hypophosphatemia 4 16 1 16 7
Hypotension 1 1 1 1 2
Hypoxia 8 2 1
lleus 1
Infections and infestations 1 1
Infusion related reaction 3 2
Injection site reaction 1
Left ventricular systolic dysfunction 1
Lung infection 1
Lymphocyte count decreased 38 41 42 43 41 42
Lymphocyte count increased 3 3 1 3 4 6
Malabsorption 1
Metabolism and nutrition disorders 1
Mucositis, oral 1 17 1 18
Nausea 1 3 3 1
Neutrophil count decreased 43 42 35 43 41 42
Pain 9 3 4 3 1 1
Photophobia 1
Platelet count decreased 34 37 41 43 41 42
Pleural effusion 4 1
Pneumonitis 1
Pruritus 1
Rash acneiform 2
Rash, maculo-papular 2
Respiratory failure 1
Scrotal infection 1
Sepsis 1 3
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Coursel(n= Course2(n Course3(n Course4(n= Course5(n  Course6(n=
Toxicity 43) =43) =43) 43) =422 42)2
Sinus tachycardia 1
Skin infection 1 2 2
Sore throat 1
Stridor 1
Syncope 1
Thromboembolic event 1 1
Tracheitis 1
Tumor lysis syndrome 1
Typhlitis 1
Upper gastrointestinal hemorrhage 1
Upper respiratory infection 7 9 3 7 6 15
Urethral infection 1
Urinary retention 1
Urinary tract infection 3 4 5 2 4
Urostomy obstruction 1
Vascular access complication 1
\Vomiting 4 5 1 3
Vulval infection 1
Weight loss 1
White blood cell decreased 43 39 31 43 41 42
Wound infection 1

Abbreviation: GGT, gamma-glutamyltransferase.

Entries in the table represent patient numbers. If a patient experienced multiple episodes of a particular toxicity during a course of therapy, only the
highest observed grade of a toxicity was reported.

aOne patient withdrew after course 4 of therapy (parental preference).
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Table 3.

Response assessments after the first two cycles of induction therapy and at the end-of-induction therapy

Assessment time CR VGPR PR sSD PD MR/NR NE Responserate(QS%Cl)d

After two cycles
NB2012 (7= 43) 1 6 25 10 O 0 1 76% (60.5-87.9)

ANBLO2P1 (7= 31)51 2 1 9 0 1 17 1b 40% (22.7-59.4)
End of induction

NB2012 (7= 43) 15 15 10 2 0 0 1€ 95% (83.8-99.4)

ANBLozpl(nzgl)a 7 8 1 0 1 3 1 87% (69.3-96.2)

Abbreviations: Cl, confidence interval; CR, complete response; MR/NR, mixed response/no response; NE, not evaluable or not evaluated; PD,
progressive disease; PR, partial response; SD, stable disease; VGPR, very good partial response.

Fark etal., J Clin Oncol (2011).
b . . )

One patient had complete resection before start of therapy and was not evaluated after the first two courses.
cPatient withdrew after course 4 of therapy.

a ! .
Exact confidence intervals are reported.
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