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Abstract Aim of the study: Radiolabelled meta-iodobenzylguanidine (MIBG) is an effective

option in treatment of neuroblastoma (NBL) tumours. We studied feasibility, toxicity and ef-

ficacy of upfront 131I-MIBG and induction treatment in stage 4 NBL patients.

Patients and methods: Retrospective, multi-centre (AMC and EMC) pilot regimen (1/1/2005

e2011). Newly diagnosed stage 4 NBL patients, were treated with 2 courses of 131I-MIBG,

GPOH 2004 NBL protocol, myeloablative therapy (MAT) and autologous stem cell rescue

(ASCT). 131I-MIBG was administered in a fixed dose. Response rate (RR) was defined as com-

plete remission, very good partial response and partial response.

Results: Thirty-two patients, (median age [range] 2.9 [0e11.4] years), 21 received 131I-MIBG

therapy, 11 did not because of: MIBG non-avid (N Z 5) and poor clinical condition
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(NZ 6). In 95% of eligible patients 131I-MIBG treatment was feasible within 2 weeks from diag-

nosis. Interval between chemotherapy courses was 25 days (131I-MIBG group) versus 22 days

(chemotherapy group). No stem cell support was needed after 131I-MIBG therapy. Stem cell

harvest in both groups was feasible, neutrophil recovery was comparable, but platelet recovery

post MAT, ASCT was slower for 131I-MIBG-treated patients. RR post 131I-MIBG was 38%,

post MAT þ ASCT was 71% (131I-MIBG group), 36% (chemotherapy group) and overall 59%.

Conclusions: Induction therapy with 131I-MIBG before the HR GPOH NB 2004 protocol is

feasible, tolerable and effective in newly diagnosed stage 4 NBL patients. 131I-MIBG upfront

therapy induces early responses.

ª 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Neuroblastoma (NBL) is the most common extra cra-

nial solid tumour in childhood, derived from the sym-

pathetic nervous system [1]. The prognosis for patients

with HR NBL, was less than 40% for a long time, but

this has improved over the last decades [2,3]. A study
performed by Yu et al. [4] showed a 20% survival

(overall survival [OS] and event free survival [EFS])

benefit of addition of immunotherapy after myeloa-

blative therapy (MAT), followed by autologous stem

cell transplantation (ASCT) in HR NBL patients. The 3-

year EFS of HR NBL patients, treated according to the

German Pediatric Oncology Group (GPOH) NB 97

protocol with ASCT has been shown to be 47% [5].
Imaging with 123I-meta-iodobenzylguanidine 123I-

(MIBG) is a reliable and reproducible method for staging

and response evaluation in NBL [6e8]. For targeted

treatment, MIBG labelled with 131I has been used suc-

cessfully [9]. 131I-MIBG has a significant antitumour ef-

ficacy against NBL, with response rates (RRs) between

20% and 60% [10e16]. Tandem 131I-MIBG therapy can

be given to patients with relapsed/refractory NBL with
tumour response or stable disease, and available stem

cells. Early second 131I-MIBG therapy safely reduces

disease burden in patients with relapsed NBL [17].

Systematic reviewof studieswith 131I-MIBG inNBLby

Wilson et al. [18], revealedanobjective tumourRRranging

from 0% to 75%. Multivariate analysis of cumulatively

administered activity ([AA] measured in GBq) show that

there was a positive association between response rate
and cumulative AA (pZ 0.001), but no clear relationship

between response and AA/kilogram (kg; pZ 0.16).

The primary aim of the study was feasibility/toxicity,

and the secondary outcomes were: interval between

chemo courses, feasibility to harvest stem cells, haema-

tological reconstitution post ASCT and response of 2

courses of upfront 131I-MIBG therapy, followed by the

standard arm of the HR GPOH 2004 protocol.

2. Patients and methods

We performed a retrospective, multi-centre (Emma Chil-

dren’sHospital [AMC], Amsterdam and the ErasmusMC

[EMC] Sophia Children’s Hospital, Rotterdam, the

Netherlands), analysis of cohort pilot regimen (1/1/

2005e2011), including consecutive all newly diagnosed
stage 4 NBL patients, age 0e19 years, including <12

months with stage 4/M and MycN amplification (MNA)

tumours, after oral informed consent from the parents

[19,20]. Patients were excluded from 131I-MIBG therapy if
123I-MIBG uptake was insufficient, or there was a poor

clinical condition (uncontrollable hypertension, orbital

masses, pleural effusion). Insufficient MIBG uptake was

defined as: insufficient MIBG uptake in the primary
tumour and/or metastasis.

131I-MIBG therapy was indicated in patients with a

higher MIBG uptake level in the primary tumour than

the physiological liver activity combined with MIBG

uptake in known metastases, confirmed by diagnostic
123I-MIBG imaging.

Data were collected from patient medical files, census

date for analysis was 1/1/2012. The protocol consisted of
two courses of upfront 131I-MIBG therapy, followed by

the standard high risk arm of the GPOH NB 2004

protocol (registered in clinical trials. gov; identifier

NCT00526318). The standard arm of the HR GPOH

NB 2004 protocol consists of induction chemotherapy 6

courses (alternate N5/N6 courses, interval aimed at 21

days), followed by surgery. Patients who reached com-

plete response (CR), very good partial response (VGPR)
and partial response (PR) proceeded to MAT ASCT

(one mixed response (MR) patient by exemption), fol-

lowed by radiotherapy to the primary tumour site and

retinoic acid (Fig. 1).

The first course of 131I-MIBG was aimed to start

within 2 weeks from diagnosis. The scheduled interval

between the two 131I-MIBG courses was 4 weeks. If the

platelet count was below 50 � 109/L, the second course
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