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abstract

PURPOSE The combination of irinotecan, temozolomide, dintuximab, and granulocyte-macrophage colony-
stimulating factor (I/T/DIN/GM-CSF) demonstrated activity in patients with relapsed/refractory neuroblastoma in
the randomized Children’s Oncology Group ANBL1221 trial. To more accurately assess response rate and
toxicity, an expanded cohort was nonrandomly assigned to I/T/DIN/GM-CSF.

PATIENTS ANDMETHODS Patients were eligible at first relapse or first designation of refractory disease. Oral T and
intravenous (IV) irinotecan were administered on days 1 to 5 of 21-day cycles. DIN was administered IV (days 2-
5), and GM-CSF was administered subcutaneously (days 6-12). The primary end point was objective response,
analyzed on an intent-to-treat basis per the International Neuroblastoma Response Criteria.

RESULTS Seventeen eligible patients were randomly assigned to I/T/DIN/GM-CSF (February 2013 to March
2015); 36 additional patients were nonrandomly assigned to I/T/DIN/GM-CSF (August 2016 to May 2017).
Objective (complete or partial) responses were observed in nine (52.9%) of 17 randomly assigned patients
(95% CI, 29.2% to 76.7%) and 13 (36.1%) of 36 expansion patients (95% CI, 20.4% to 51.8%). Objective
responses were seen in 22 (41.5%) of 53 patients overall (95% CI, 28.2% to 54.8%); stable disease was also
observed in 22 of 53. One-year progression-free and overall survival for all patients receiving I/T/DIN/GM-CSF
were 67.9% 6 6.4% (95% CI, 55.4% to 80.5%) and 84.9% 6 4.9% (95% CI, 75.3% to 94.6%), respectively.
Two patients did not receive protocol therapy and were evaluable for response but not toxicity. Common grade
$ 3 toxicities were fever/infection (18 [35.3%] of 51), neutropenia (17 [33.3%] of 51), pain (15 [29.4%] of 51),
and diarrhea (10 [19.6%] of 51). One patient met protocol-defined criteria for unacceptable toxicity (grade
4 hypoxia). Higher DIN trough levels were associated with response.

CONCLUSION I/T/DIN/GM-CSF has significant antitumor activity in patients with relapsed/refractory neuro-
blastoma. Study of chemoimmunotherapy in the frontline setting is indicated, as is further evaluation of
predictive biomarkers.

J Clin Oncol 38:2160-2169. © 2020 by American Society of Clinical Oncology

INTRODUCTION

Survival rates for children with high-risk neuroblas-
toma are poor1,2; however, targeted therapy may im-
prove outcomes. The Children’s Oncology Group
ANBL1221 trial evaluated response to targeted agents
combined with irinotecan and temozolomide (I/T) in
patients with relapsed/refractory neuroblastoma. Be-
cause chemoimmunotherapy has been shown to be
effective in other malignancies,3-11 the combination of
I/T plus dinutuximab (DIN), a chimeric antibody tar-
geting the disialoganglioside GD2, and granulocyte-
macrophage colony-stimulating factory (GM-CSF) was
studied. In patients randomly assigned to receive

irinotecan, temozolomide, dintuximab, and gran-
ulocyte-macrophage colony-stimulating factor (I/T/
DIN/GM-CSF), the objective response (OR) rate was
53% (9 of 17 patients).12 The sample size was small
(N5 17), and the 95% CI around the point estimate of
response was wide (0.29 to 0.77).12 To more accu-
rately assess the response rate, further evaluate
therapy-related toxicities, evaluate potential mecha-
nisms underlying the observed activity of this regi-
men, and study potential biomarkers of activity,
additional patients were nonrandomly assigned to I/T/
DIN/GM-CSF. Tumor response remained the primary
end point.
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PATIENTS AND METHODS

Study Design and Participants

ANBL1221 was initially designed as a prospective ran-
domized phase II trial with a selection (ie, pick-the-winner)
design.13 Because I/T/DIN/GM-CSF met the a priori
benchmark for activity, this regimen was selected for fur-
ther study.12 Enrollment was expanded to permit accrual of
50 eligible patients assigned to I/T/DIN/GM-CSF within
approximately 2 years. This sample size would allow esti-
mation of the response rate with a standard error of 0.07.

Patients of any age with documentation of a high-risk
neuroblastoma diagnosis were eligible at first relapse or
first designation of refractory disease status.12 Patients with
bone marrow as the only site of disease were ineligible.
Performance status (Lansky/Karnofsky) $ 50% and ade-
quate organ function status were required. Other eligibility
criteria were the same as those described for the initial
cohort.12 Written informed consent was obtained. The study
was approved by the National Cancer Institute Pediatric
Central Institutional Review Board and local international
review boards.

Randomization

The randomization process for the initial portion of
ANBL1221 has been described.12 During the expansion,
patients were nonrandomly assigned to I/T/DIN/GM-CSF
via the National Cancer Institute OPEN system.

Procedures

Patients received oral temozolomide (100 mg/m2 per dose)
and intravenous (IV) irinotecan (50 mg/m2 per dose ad-
ministered over 90 minutes) on days 1 to 5 of 21-day

cycles. DIN (17.5 mg/m2 per day IV on days 2-5) and
GM-CSF (250 mg/m2 per dose subcutaneously on days
6-12) were administered as previously described.12 Eligible
patients who received$ one dose of protocol therapy were
evaluable for toxicity. Dose modification guidelines and
toxicity assessments were the same as those previously
reported.12 Disease evaluations were performed after cy-
cles 2, 4, and 6 and every four cycles thereafter. Imaging
responses were centrally reviewed.

Modified International Neuroblastoma Response Criteria
(INRC) in place at the time of protocol inception were used
to assess response.14 Definitions of complete (CR) and
partial response (PR) and stable (SD) and progressive
disease (PD) were identical to those used during the
randomized portion of the trial.12 OR was defined as best
overall response of CR or PR attained at or before com-
pletion of six cycles. Patients with SD were considered
nonresponders but could continue protocol therapy. Pa-
tients with PD were removed from protocol therapy; ad-
ditional criteria for removal from protocol therapy were
previously described.12 Patients who met off-protocol
therapy criteria as a result of toxicity before attaining an
OR were considered nonresponders. DIN and human
antichimeric antibody (HACA) levels were measured as
previously described (Data Supplement).15,16

Outcomes

The primary end point was OR. All eligible patients were
considered evaluable for the intent-to-treat response
analysis. Progression-free (PFS) and overall survival (OS)
were secondary end points. Safety and feasibility were also
evaluated.

CONTEXT

Key Objective
Survival rates for children with high-risk neuroblastoma are poor, however targeted therapy may improve

outcomes. This study evaluated response to a chemoimmunotherapy regimen that included dinutuximab,
an agent that targets the disialoganglioside GD2 on neuroblastoma cells, combined with irinotecan and
temozolomide in patients with relapsed/refractory neuroblastoma. This combination demonstrated activity
in a small cohort (n 5 17) enrolled on a randomized Children’s Oncology Group trial (ANBL1221). To more
accurately assess response rate and toxicity, an expanded cohort was non-randomly assigned to chemo-
immunotherapy.

Knowledge Generated
Objective (complete or partial) responses were seen in 22 of 53 patients (41.5%); stable disease was also

observed in 22 of 53. Common Grade$ 3 toxicities were fever/infection (18 of 51; 35.3%), neutropenia (17 of
51; 33.3%), pain (15 of 51; 29.4%), and diarrhea (10 of 51; 19.6%).

Relevance
I/T/DIN/GM-CSF has significant antitumor activity in patients with relapsed/refractory neuroblastoma. Study of

chemoimmunotherapy in frontline treatment of patients with high-risk neuroblastoma is indicated.
Evaluation of predictive biomarkers is ongoing.

Journal of Clinical Oncology 2161
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TABLE 1. Characteristics of Eligible Patients Assigned to I/T/DIN/GM-CSF (N 5 53)

Characteristic

Randomly Assigned
Cohort

Nonrandomly
Assigned Cohort Overall

No. % No. % No. %

Total patients 17 32.1 36 67.9 53 100.0

Age at diagnosis, years

Median 3.2 3.8 3.3

Range 1.7-11.9 0.2-13.3 0.2-13.3

IQR 2.5-4.6 2.1-6.5 2.2-5.9

Age at enrollment, years

Median 4.7 5.7 5.1

Range 2.1-15.6 1.3-15.9 1.3-15.9

IQR 3.6-6.5 3.1-7.6 3.4-7.5

Time from diagnosis of high-risk disease to enrollment, months

Median 9.8 5.9 7.4

Range 4.3-49.4 3.0-53.7 3.0-53.7

IQR 6.1-30.0 4.7-11.6 5.2-20.9

INRC stage at diagnosis of high-risk disease

M 17 100.0 30 83.3 47 88.7

Not M 0 0.0 6 16.7 6 11.3

MYCN status at diagnosis

Amplified 3 18.8 11 31.4 14 27.5

Nonamplified 13 81.3 24 68.6 37 72.5

Unknown 1 — 1 — 2 —

Disease status at enrollment

Relapsed 9 52.9 13 36.1 22 41.5

Refractory/PD 8 47.1 23 63.9 31 58.5

Site of disease at enrollment

Bone 11 64.7 25 69.4 36 67.9

Bone Marrow 13 76.5 20 55.6 33 62.3

Liver 1 5.9 6 16.7 7 13.2

Lung 1 5.9 0 0.0 1 1.9

Other soft tissue 12 70.6 29 80.6 41 77.4

Measurable disease

Yes 10 58.8 27 75.0 37 69.8

Primary site 4 23.5 20 55.6 24 45.3

Metastatic soft tissue site 9 52.9 13 36.1 22 41.5

No 7 41.2 9 25.0 16 30.2

Prior treatment

ASCT

MMIT without ASCT 7 41.2 23 63.9 30 56.6

MMIT 1 MIBG therapy 1 5.9 2 5.6 3 5.7

MMIT 1 ASCT 10 58.8 13 36.1 23 43.4

MMIT 1 ASCT 1 MIBG 1 5.9 0 0.0 1 1.9

(continued on following page)
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Statistical Analysis

The two-stage group sequential design (ie, activity design),
the planned selection design, and the three-stage stopping
rule for unacceptable toxicity relevant to the first portion of
the study have been described.12 During the expanded
portion, a single-stage toxicity stopping rule was applied
such that if # seven patients were to experience protocol-
defined unacceptable toxicity, I/T/DIN/GM-CSF would be
considered sufficiently tolerable. A single-stage feasibility
stopping rule was also in place, such that if # 20 patients
required a . 25% modification of the dose of I/T/DIN
because of toxicity or were to be taken off protocol therapy
because of toxicity during the first two cycles of therapy, the
regimen would be considered feasible.

Patient characteristics were compared between the ran-
domly assigned and expansion cohorts using a Wilcoxon
rank sum test for continuous variables and Fisher’s exact/x2

test (depending on sample size) for categorical variables. A
95% Wald CI was placed on the response rate. Survival
curves were constructed according to the Kaplan-Meier
method, with standard errors according to Peto.17,18 PFS
and OS were calculated as previously reported12 and are
presented as 1-year point estimates 6 SEs. Occurrence of
toxicities was compared between cohorts using Fisher’s exact
test. P values , .05 were considered statistically significant.

Analyses were performed using SAS software (SAS/STAT
user’s guide, version 9.4; SAS Institute, Cary, NC). Sur-
vival curves were created using R software (https://www.
r-project.org/). Statistical analyses for associations of
outcome with HACA and DIN levels were performed as
described in the Data Supplement and as reported
previously.15,16

RESULTS

Patient Characteristics and Therapy Delivered

Patients were enrolled in the randomized portion of the trial
from February 22, 2013, to March 23, 2015, and in the
nonrandomized portion from August 26, 2016, to May 18,
2017. One patient was deemed ineligible (incorrect

consent form). In total, 53 eligible patients were assigned to
I/T/DIN/GM-CSF: 17 during the randomized portion and 36
during the nonrandomized portion (Table 1; Fig 1). Age at
enrollment ranged from 1.3 to 15.9 years (median, 5.1
years; interquartile range [IQR], 3.4-7.5 years). Time from
diagnosis of high-risk disease to enrollment ranged from
0.3 to 4.5 years (median, 0.6 years; IQR, 0.4-1.7 years).
Most patients (47 [88.7%] of 53) had INRC stageM disease
at diagnosis; six had localized or MS disease. MYCN status
was known for 51 patients; 14 (27.5%) hadMYCN-amplified
tumors. At enrollment, 37 had measurable disease (69.8%);
16 had evaluable disease (30.2%). Twenty-two had relapsed
neuroblastoma (41.5%); 31 had refractory disease (58.5%).
Prior treatment included high-dose chemotherapy with
autologous stem-cell transplantation (ASCT) in 23 patients
(43.4%) and prior anti-GD2 therapy in 14 (26.4%). The
cohorts were similar with respect to patient characteristics
(Table 1), except that time from high-risk diagnosis to en-
rollment was longer (P5 .0405) and prior radiotherapy was
more frequent (P 5 .0495) in the randomized cohort.

Patients randomly assigned to I/T/DIN/GM-CSF during the
initial portion of the study received 148 cycles of therapy
(median, six cycles; IQR, 14.0 cycles); those in the ex-
pansion cohort received 248 cycles (median, 4.5 cycles;
IQR, 8.0 cycles). OR (Table 2) was observed in 9 (52.9%) of
17 patients (95% CI, 29.2% to 76.7%) randomly assigned
to I/T/DIN/GM-CSF (CR, n5 5; PR, n5 4) and 13 (36.1%)
of 36 patients assigned to I/T/DIN/GM-CSF in the expansion
cohort (95% CI, 20.4% to 51.8%). In total, 22 (41.5%) of
53 patients had an OR (95% CI, 28.2% to 54.8%; best
response: CR, n5 11; PR, n5 11; SD, n5 22; PD, n5 7;
not evaluable, n5 2). Two patients (one per cohort) did not
receive therapy but were included in this intent-to-treat
analysis (Fig 1).

Response Assessment

OR (Data Supplement) was seen among patients with
measurable (eight [21.6%] of 37) and evaluable (14
[87.5%] of 16) disease and among those whose tumors
were MYCN amplified (4 [28.6%] of 14) and nonamplified

TABLE 1. Characteristics of Eligible Patients Assigned to I/T/DIN/GM-CSF (N 5 53) (continued)

Characteristic

Randomly Assigned
Cohort

Nonrandomly
Assigned Cohort Overall

No. % No. % No. %

anti-GD2 Ab

MMIT 1 ASCT without anti-GD2 Ab 4 23.5 5 13.9 9 17.0

MMIT 1 ASCT 1 anti-GD2 Ab 6 35.3 8 22.2 14 26.4

Radiotherapy

MMIT 1 ASCT 1 external-beam radiotherapy 8 47.1 11 30.6 19 35.8

Abbreviations: Ab, antibody; ASCT, autologous stem-cell transplantation; I/T/DIN/GM-CSF, irinotecan, temozolomide, dintuximab, and granulocyte-
macrophage colony-stimulating factor; INRC, International Neuroblastoma Response Criteria; IQR, interquartile range; MIBG, metaiodobenzylguanidine;
MMIT, multimodality induction therapy; PD, progressive disease.
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(17 [45.9%] 37; 45.9%). The difference in response rate
based on MYCN status was not statistically significant
(Fisher’s exact test P 5 .5232). Fourteen (60.9%) of 23
patients who had previously undergone ASCT responded to
I/T/DIN/GM-CSF, as did nine (64.3%) of 14 who had re-
ceived prior anti-GD2 therapy. OR was observed in 12
(54.5%) of 22 patients with relapsed disease and 10
(32.3%) of 31 with refractory/progressive disease, 21
(47.7%) of 44 with INSS stage 4 neuroblastoma diagnosed
at age. 18months, and one (11.1%) of nine with high-risk
disease as a result other factors.

SD was observed in 22 (41.5%) of 53 patients: 4 (23.5%) of
17 in the initial cohort and 18 (50.0%) of 36 in the ex-
pansion cohort. Among those with SD, 21 (95.5%) of 22

had measurable disease and 15 (68.1%) of 22 had SD
because of a lack of response in soft tissue, but achieved
PR or CR in metastatic sites (Data Supplement). Half of the
patients with SD had large primary tumors ($ 8 cm in
diameter) at enrollment; 3 (13.6%) of 22 had residual
calcified lesions at enrollment that were unchanged in size
after therapy. Seven patients (13.2%) experienced PD
during therapy. Sites of progression included bone (n5 1),
metastatic soft tissue (n 5 2), primary site (n 5 2), and
combined sites (n 5 2).

Time to Response and Duration of Therapy

Of the 22 patients with OR, 18 (81.8%) achieved OR at the
post–cycle 2 evaluation. Four had an initial OR at cycle 4 or

Consent withdrawal before 
treatment

(n = 1)

Consent withdrawal before 
treatment because of 

physician/family preference
(n = 1)

Completed ≥ 6 cycles 
of therapy

(n = 8)

Completed ≥ 6 cycles 
of therapy

(n = 13)

Randomly assigned to 
I/T/DIN
(n = 17)

Eligible patients in arm B
(N = 53)

Discontinued 
treatment before 
completion of 6 cycles
PD
Unacceptable 

toxicity (PD)
Withdrawal because 

of physician/family 
preference
CR
PR
SD

(n = 8)

(n = 2)
(n = 1)

(n = 5)

(n = 1)
(n = 1)
(n = 3)

Discontinued 
treatment before 
completion of 6 cycles
PD

Prior PR
Prior SD
PD

Did not meet criteria 
to begin next cycle in 
required time (PR)

Withdrawal because 
of physician/family 
preference
CR
PR
SD

(n = 22)

(n = 6)
(n = 1)
(n = 1)
(n = 4)
(n = 1)

(n = 15)

(n = 4)
(n = 2)
(n = 9)

Discontinued 
treatment before 
completion of 17 cycles
PD

Prior PR
Prior SD

Unacceptable toxicity
Withdrawal because 

of physician/family 
preference
CR
PR
SD

(n = 7)

(n = 3)
(n = 1)
(n = 2)
(n = 0)

(n = 4)
(n = 1)
(n = 2)
(n = 1)

Discontinued 
treatment before 
completion of 17 cycles
PD
Unacceptable 

toxicity
Died (CR)
Withdrawal because 

of physician/family 
preference (CR)

(n = 3)

(n = 0)
(n = 0)

(n = 1)
(n = 2) Completed 17 

cycles of therapy
CR
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SD

(n = 1)

(n = 5) Completed 17 
cycles of therapy
CR
SD

(n = 1)
(n = 5)

(n = 6)

(n = 3)
(n = 1)

Nonrandomly
assigned to

I/T/DIN
(n = 36)

FIG 1. Trial profile. Best response by cycle 6 was the primary end point of the trial. Patients with stable disease (SD) or better could remain in the study and
receive a maximum of 17 cycles of treatment. Best response is indicated in parentheses. CR, complete response; I/T/DIN, irinotecan, temozolomide, and
dintuximab; PD, progressive disease; PR, partial response.
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6, but no patient with SD at cycle 6 ultimately achieved OR.
In 13 (59.1%) of 22, the eventual best response was
achieved at cycle 2. Among the nine patients whose best
response was detected after the first evaluation time point
(40.9% of responders), five had SD at cycle 2 but later had
OR (PR, n 5 4; CR, n 5 1) and four had PR at cycle 2 but
later had CR. Responders frequently went on to other
neuroblastoma-directed therapies, particularly patients
with refractory disease during frontline therapy. Among
these (n 5 31), 15 went on to surgery and/or ASCT and
additional components of frontline high-risk therapy. Ten of
these patients had not experienced an event, with median
follow-up time of 1.6 years (range, 1.2-4.3 years).

Survival Outcomes

PFS and OS were evaluated on an exploratory basis. One-
year PFS for the entire cohort was 67.9%6 6.4% (95% CI,
55.4% to 80.5%; Fig 2). The 31 events occurred between
23 days and 4.0 years; median time to event was 0.8 years
(IQR, 1.4 years). One-year OS was 84.9%6 4.9% (95% CI,
75.3% to 94.6%). The 16 deaths occurred between
42 days and 2.8 years; median time to death was 1.1 years

(IQR, 1.6 years). Survival by disease status (relapsed v
refractory/progressive) is shown in the Data Supplement.

Toxicities and Dose Modifications

Grade $ 3 toxicities related to protocol therapy are listed
in Table 3. Diarrhea was observed in 19.6% (10 of 51),
vomiting in 7.8% (4 of 51), neutropenia in 33.3% (17 of
51), and thrombocytopenia in 9.8% of patients (5 of 51).
Pain was more common in the initial cohort, although the
difference was not statistically significant (43.8% [7 of 16]
v 22.9% [8 of 35]; P 5 .1865). Hypoxia and peripheral
motor neuropathy were previously reported in the ran-
domized cohort.12 Two patients in the expanded cohort
experienced grade 3 hypoxia; none experienced motor
neuropathy.

Twelve patients across cohorts required I/T dose modifi-
cations. Doses were reduced because of hematologic
toxicity (neutropenia or thrombocytopenia, n 5 5), drug
administration issue (n 5 2), diarrhea (n 5 2), nausea/
emesis (n 5 1), or other/unknown (n 5 2). Fourteen pa-
tients required DIN dose modifications. Doses were

TABLE 2. Best Overall Response

Overall Best Response

Randomly Assigned
Cohort

Nonrandomly Assigned
Cohort Overall

No. % No. % No. %

CR 5 29.4 6 16.7 11 20.8

PR 4 23.5 7 19.4 11 20.8

SD 4 23.5 18 50.0 22 41.5

PD 3 17.6 4 11.1 7 13.2

Not evaluateda 1 5.9 1 2.8 2 3.8

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
aNot evaluated because did not receive therapy.

No. at risk:
Nonrandomly 
assigned only

Randomly 
assigned only

Randomly and 
nonrandomly assigned

No. at risk:
Nonrandomly 
assigned only

Randomly 
assigned only

Randomly and 
nonrandomly assigned

10
20
30
40
50
60
70
80
90

100

PF
S 

(%
)

Nonrandomly assigned only
Randomly assigned only
Randomly and nonrandomly assigned

Nonrandomly assigned only
Randomly assigned only
Randomly and nonrandomly assigned

36 24 6 0

17 12 8 7 3 0

53 36 14 7 3 0

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time Since Enrollment (years)

A

36 30 7 0

17 15 14 11 6 2 0

53 45 21 11 6 2 0

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Time Since Enrollment (years)

10
20
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40
50
60
70
80
90

100

OS
 (%

)

B

FIG 2. Survival by ANBL1221 cohort. (A) Progression-free survival (PFS) and (B) overall survival (OS) for patients treated in the initial (randomly assigned)
cohort, expansion (nonrandomly assigned) cohort, and combined cohort.
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modified because of pulmonary toxicity (n5 4), pain (n5 1),
hypotension (n 5 1), visual loss (n 5 1), elevated
transaminases (n5 1), drug administration issue (n5 1),
or other/unknown (n5 5). Among patients requiring dose
modifications, only those in the initial cohort who had
hypoxia and bronchospasm required treatment discon-
tinuation because of toxicity. There were no deaths during
therapy or events that met protocol-defined criteria for
unacceptable toxicity other than those reported pre-
viously.12 The stopping rule for unacceptable toxicity was
not met.

DIN Levels and HACA Response

DIN levels were evaluated using plasma samples (n 5 41)
from day 1, cycle 2. These values reflect the level of drug
detectable 17 days after the last cycle-1 DIN dose. Median
DIN trough level in patients with OR was higher than that of
nonresponders (P , .001; Fig 3; Data Supplement).

Serial plasma samples were available for HACA testing from
31 patients in the nonrandomized cohort. An HACA re-
sponse was detected in only two patients; both were among
the eight patients who had received DIN before enrollment.

In comparison, none of the 23 patients without prior DIN
treatment developed HACA (P 5 .060; Data Supplement).
Among eight patients in whom extendedHACA surveillance
through six cycles of therapy was performed, none de-
veloped HACA. In the two HACA-positive patients, median
DIN level at the start of cycles administered after HACA
development was lower than median level in HACA-
negative patients (P 5 .017; Data Supplement). In
contrast, DIN levels in HACA-negative patients treated with
DIN before study enrollment did not differ from those in
HACA-negative DIN-naı̈ve patients (Data Supplement).
One HACA-positive patient had an OR, and one did not;
association of HACA status with response was not possible
to determine because of small numbers.

DISCUSSION

In the overall cohort of patients with relapsed/refractory
neuroblastoma, OR rate to I/T/DIN/GM-CSF exceeded
40% in an intent-to-treat analysis. This response rate
compares favorably with rates of response to commonly
used treatments, including chemotherapy19-22 and iodine-
131 metaiodobenzylguanidine.23 Administration of DIN
with cytokines in the frontline setting improves event-free
survive (EFS),24-26 and important work has been done to
mitigate toxicity and potentially improve efficacy of GD2-
directed therapy.26-29 End-induction response rates and
early EFS data in patients treated with a humanized anti-
GD2 antibody–containing induction on a single-center
phase II trial are also encouraging.30 However, our study
is the first multicenter trial to our knowledge to evaluate
anti-GD2 therapy combined with chemotherapy in a rela-
tively large relapsed/refractory cohort.

In the randomized cohort, the point estimate of the OR rate
was 52.9% (95% CI, 29.2% to 76.7%). The point estimates
of OR in the expansion cohort alone and in the combined
cohort fell within this interval, at 36.1% and 41.5%, re-
spectively. In the randomized cohort, 8 (47.1%) of 17

TABLE 3. Therapy-Related Toxicities (grade $ 3)

Toxicity

No. (%)

Randomly
Assigned
(n 5 16)a

Nonrandomly
Assigned
(n 5 35)a

Overall
(n 5 51)

Pain 7 (43.8) 8 (22.9) 15 (29.4)

Diarrhea 2 (12.5) 8 (22.9) 10 (19.6)

Vomiting 3 (18.8) 1 (2.9) 4 (7.8)

Thrombocytopenia 4 (25.0) 1 (2.9) 5 (9.8)

Neutropenia 5 (31.3) 12 (34.3) 17 (33.3)

Fever/infection 6 (37.5) 12 (34.3) 18 (35.3)

aTwo patients did not receive protocol therapy and were not evaluable for toxicity.

400 800 1,200 1,600

Nonresponders 
(SD/PD; n = 21)

Responders 
(CR/PR; n = 20)

Median DIN Level on Day 1, Cycle 1 (ng/mL)

FIG 3. Association of dintuximab (DIN) trough level and response in patients with an available plasma sample on day
1 of cycle 2. Relationship between response (complete response [CR]/partial response [PR]; n5 20 v stable disease
[SD]/progressive disease [PD]; n 5 21) and median DIN level (ng/mL) measured on day 1 of cycle 2. P value
calculated using the Mann-Whitney-Wilcoxon test (P , .001). Data for 40 patients are shown. One responder had
a DIN level of 12,595 ng/mL (off the scale for this figure). Values for all 41 patients were included in statistical analyses.
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patients had refractory disease, and only 2 (11.8%) of 17
had residual primary site disease. In the expansion cohort,
23 (63.9%) of 36 had refractory disease; 18 of these (50%)
had residual primary site disease. Variability in the approach
to primary tumor resection is expected in the context of
a cooperative group trial. The nature of primary site in-
volvement may have contributed to the increased proportion
of patients with SD in the expansion cohort. Further study of
survival based on overall versus metastatic site response in
patients treatedwith I/T/DINmay help determine whether SD
status resulting from residual primary tumor has implications
for those with incomplete surgical resections. Our data
suggest that for patients with substantial primary site disease
and response in metastatic sites, clinical benefit may be
difficult to estimate using the INRC alone.

Amajority of responders achieved what would eventually be
their best OR at the first disease evaluation time point, but
approximately 40% of responders experienced best re-
sponse at cycle$ 4. Although brisk responses can be seen,
evolving responses may also be observed. However, the
earliest OR was seen at the first evaluation in . 80% of
those who experienced OR, and no patient first achieved
OR beyond the post–cycle 6 time point. The risk/benefit
ratio of I/T/DIN in patients with SD after the first four cycles
of therapy should be carefully considered.

A limitation of this study is that duration of response could
not be accurately assessed, particularly in patients with
refractory disease. Additional studies are needed to de-
termine whether response to I/T/DIN/GM-CSF in this setting
ultimately improves OS. This study was not designed to
address the question of whether chemoimmunotherapy can
obviate the need for ASCT among responders. Four patients
with refractory disease received the maximum duration of
therapy and never went on to ASCT; one subsequently
experienced PD. Further study is needed to determine the
role of chemoimmunotherapy in the frontline setting.

The mechanisms of response or resistance to I/T/DIN/GM-
CSF are currently unknown. Median DIN level before the start
of cycle 2 was higher in responders than in nonresponders,
which may reflect greater antibody exposure during therapy.
Only two of 31 HACA-evaluable patients had an HACA re-
sponse; levels of DIN were low after HACA development. I/T
administered concurrently with DIN may have attenuated the
development of HACA, particularly in DIN-naı̈ve patients,
because HACA was more frequently observed in adults
treated with DIN without prior or concurrent chemotherapy.15

Chemotherapy-induced alterations in the tumor microenvi-
ronment and in circulating immune cells could also explain the
I/T/DIN/GM-GCSF response rate. In lymphoma and breast
cancer, chemoimmunotherapy has improved survival; how-
ever, the mechanisms underlying improved outcomes are
poorly understood.31,32 Downregulation of CD20 through re-
ceptor internalization and decreasedmRNAexpressionmay be
a mechanism of resistance in lymphoma.33,34 Expression of

GD2 on neuroblastoma cells is not uniform at diagnosis or
during treatment,35 and studies of alterations in expression of
GD2 after antibody therapy are ongoing.

Although chemotherapy is considered immunosuppressive,
specific chemotherapeutic agents may augment tumor
immunity. Induction of immunogenic cell death with pro-
motion of tumor-specific immunity and modulation of the
tumor microenvironment may play a role. Irinotecan mod-
ulates the immune microenvironment by reducing Foxp3-
positive regulatory T (Treg) cells and myeloid-derived sup-
pressor cells, leading to increased proliferation and in-
terferon gamma production by tumor-specific CD8 T cells.36

In addition, irinotecan upregulates major histocompatibility
complex class I and programmed death 1 ligand (PD-L1)
expression in tumor cells. This results in a synergistic anti-
tumor effect when irinotecan is combined with anti–PD-L1
antibodies in preclinical models.36 Temozolomide induces
downregulation of PD-L1 in glioblastoma cells, consistent
with reduced PD-L1 levels in tumors from patients with
recurrent glioblastoma.37 Low-dose temozolomide also de-
pletes Treg cells.37 Further study is required to determine
whether these effects underlie the activity of I/T/DIN/GM-CSF
in neuroblastoma and whether such effects can be observed
when DIN is combined with other chemotherapeutics.38

The role of GM-CSF also bears further evaluation, partic-
ularly given results from a trial of humanized anti-GD2
antibody with GM-CSF.28 In the postchemotherapy set-
ting, GM-CSF leads to an early increase in number and
activation of circulating neutrophils that could augment
antibody-dependent cellular cytotoxicity. GM-CSF is an M1
macrophage polarizing factor, and when administered after
chemotherapy, it also increases expression and release of
tumor necrosis factor.39 Increases in number and func-
tionality of circulating myeloid cells postchemotherapy
could also reshape the tumor microenvironment and
augment antitumor cytotoxic T-cell responses.

Mechanistic studies may lead to the design of newer
combination therapies, including anti-GD2 antibodies
with optimized chemotherapy regimens, other monoclo-
nal antibodies, or immunomodulatory agents. Whether the
effect of chemoimmunotherapy can be augmented via the
use of other modalities, such as external-beam radio-
therapy or targeted radionuclide therapy, is not yet known
but merits investigation.40,41 In addition to elucidating
mechanisms that may underlie the responses observed
during this trial, ongoing work may also identify bio-
markers that can be used to select patients likely to re-
spond to chemoimmunotherapy as well as those in whom
responses are likely to be durable.

In conclusion, I/T/DIN/GM-CSF has significant antitumor
activity in patients with relapsed/refractory neuroblastoma.
Chemoimmunotherapy is being evaluated as a component
of frontline therapy in children with newly diagnosed high-
risk disease.
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