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Abstract

BACKGROUND: Diagnostic mIBG (meta-iodobenzylguanidine) scans are an integral component 

of response assessment in children with high-risk neuroblastoma. The role of end of induction 

(EOI) Curie Scores (CS) was previously described in patients undergoing a single course of high-

dose chemotherapy (HDC) and autologous hematopoietic cell transplant (AHCT) as consolidation 

therapy.

OBJECTIVE: We now examine the prognostic significance of CS in patients randomized to 

tandem HDC and AHCT on the Children’s Oncology Group (COG) trial ANBL0532.

STUDY DESIGN: A retrospective analysis of mIBG scans obtained from patients enrolled in 

COG ANBL0532 was performed. Evaluable patients had mIBG-avid, International Neuroblastoma 

Staging System (INSS) stage 4 disease, did not progress during induction therapy, consented to 

consolidation randomization, and received either single or tandem HDC (n=80). Optimal CS cut 

points maximized the outcome difference (≤ vs >CS cut-off) according to the Youden index.

RESULTS: For recipients of tandem HDC, the optimal cut point at diagnosis was CS=12, with 

superior EFS from study enrollment for patients with CS≤12 (3-year EFS 74.2±7.9%) vs CS>12 

(59.2±7.1%) (p=0.002). At EOI, the optimal cut point was CS=0, with superior end-induction EFS 

for patients with CS=0 (72.9±6.4%) vs CS>0 (46.5±9.1%) (p=0.002).

CONCLUSION: In the setting of tandem transplantation for children with high-risk 

neuroblastoma, Curie scores at diagnosis and end-induction may identify a more favorable patient 

group. Patients treated with tandem HDC who exhibited a CS≤12 at diagnosis or CS=0 at EOI had 

superior EFS compared to those with CS above these cut points.
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INTRODUCTION

Outcomes for children with high-risk neuroblastoma have improved over the past two 

decades with the addition of immunotherapy, tandem high-dose chemotherapy (HDC) 

and autologous hematopoietic cell transplantation (AHCT).1–3 Park et al demonstrated a 

significant improvement in survival for patients treated with tandem HDC vs single HDC on 

the Children’s Oncology Group (COG) trial ANBL0532, “A Phase III Randomized Trial of 

Single versus Tandem Myeloablative Consolidation Therapy for High-Risk Neuroblastoma”, 

with 3-year EFS 62% vs 48%, respectively.3 Consolidative HDC regimens (followed 

by tandem AHCT) included cyclophosphamide/thiotepa and dose-reduced carboplatin/

etoposide/melphalan (CEM); while single AHCT utilized CEM.3–5 Despite the current 

multimodal approach, approximately 10–15% of patients develop disease progression during 

induction therapy and another 40% relapse after an initial response to induction therapy.4,6 
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For patients who develop relapsed disease, specifically those who relapse 6–18 months from 

initial diagnosis, 5-year overall survival (OS) is less than 20%.7 The ability to identify both 

clinical and/or biologic prognostic markers of response earlier in a patient’s treatment course 

may guide subsequent treatment decision-making.

Meta-iodobenzylguanidine (mIBG) is a structural analogue of the catecholamine 

norepinephrine. Approximately 90% of neuroblastomas concentrate mIBG within sites of 

disease including marrow, cortical bone, and soft tissue.8–10 In 1995, a semiquantitative 

mIBG scoring system (Curie scoring; CS) was developed to describe the extent of 

mIBG uptake within individual patients, and serve as an imaging biomarker for outcome 

prediction.11 The role of Curie scoring as a prognostic indicator for high-risk neuroblastoma 

has been reported in several institutional and cooperative group trials, including trials within 

the COG and the International Society of Paediatric Oncology European Neuroblastoma 

(SIOPEN) Research Network.12–14 In particular, a CS>2 at the end of induction (EOI) was 

associated with inferior outcomes in two independent, cooperative group trials, the European 

high-risk neuroblastoma trial SIOPEN/HR-NBL1 and the COG high-risk neuroblastoma 

study COG A3973.12,13

To date, the prognostic significance of Curie scoring has been reported within the context 

of patients who underwent induction followed by consolidation therapy with a single HDC, 

with either busulfan/melphalan or CEM,12,13 although few patients received post-transplant 

anti-disialoganglioside (GD2) immunotherapy which is now considered standard of care.1,15 

The aim of our current study was to investigate the prognostic significance of CS at 

diagnosis and at EOI for patients with newly diagnosed high-risk neuroblastoma treated 

with tandem HDC on COG ANBL0532, including those who also received anti-GD2 

immunotherapy, with the concurrent comparison group of those randomized to single HDC.

MATERIALS AND METHODS

Patient Population

Six hundred sixty-five patients with newly diagnosed high-risk neuroblastoma were assessed 

for eligibility for COG ANBL0532 from November 2007 through February 2012.3 Of these 

665, 355 patients with newly diagnosed high-risk neuroblastoma who were enrolled on 

COG ANBL0532, did not receive prior systemic therapy, did not progress or die of toxicity 

during induction, and underwent randomization to either single or tandem transplant were 

assessed for inclusion in our Curie Score analysis (Supplemental FIGURE S1).3 Among 

the 355 randomized patients, 228 had paired evaluable 123I-mIBG or 131I-mIBG scans 

available at diagnosis and EOI. Patients with mIBG non-avid disease (n=10) at diagnosis, 

International Neuroblastoma Staging System (INSS) non-Stage 4 disease (n=19), and those 

who did not undergo their assigned transplant (n=20) were excluded from the final analysis. 

The resulting cohort of 179 patients, including 80 patients randomized to tandem and 99 

randomized to single HDC, was examined. Written informed consent was obtained from 

all patients (or legal guardians) before entry onto ANBL0532 and prior to consolidation 

randomization. The trial was registered on ClinicalTrials.gov (NCT00567567).
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Treatment

Therapy on COG ANBL0532 consisted of six cycles of induction chemotherapy, surgical 

resection of residual soft-tissue disease following the 5th cycle of induction, randomization 

to single or tandem HDC and AHCT, and post-AHCT radiotherapy (Supplemental 

FIGURE S2).3 Following radiotherapy, patients either a) received 6 monthly cycles of 

isotretinoin or b) were enrolled onto COG ANBL0032 (NCT00026312) or its successor 

trial, COG ANBL0931 (NCT01041638). Patients enrolled on ANBL0032 were randomized 

to receive either immunotherapy including chimeric anti-GD2 antibody (dinutuximab) and 

cytokines of granulocyte colony stimulating factor and interleukin-2 plus isotretinoin or 6 

monthly cycles of isotretinoin.1 Following preliminary results of superior outcomes with 

immunotherapy, subsequent patients were non-randomly assigned to receive dinutuximab 

plus cytokine immunotherapy with isotretinoin on ANBL0032 or ANBL0931.1,3,16

Diagnostic Imaging: mIBG Scans

Diagnostic imaging was performed with either 123I-mIBG or 131I-mIBG scanning 

techniques.8,17 For thyroid protection, supersaturated potassium iodide was given 16–24 

hours before the diagnostic mIBG dose, and several days post-imaging, per institutional 

guidelines. 123I-mIBG or 131I-mIBG planar images, with or without single photon emission 

tomography (SPECT), were acquired using protocol recommended guidelines.8,17

mIBG Semiquantitative Scoring: Modified Curie Scoring Method

Curie scoring was performed from diagnostic and EOI mIBG scans using a modified Curie 

scoring system based on the presence of mIBG uptake in multiple anatomic regions.12,13 

Ten different sites were scored, including 9 skeletal sites (head, chest, T-spine, L-spine, 

pelvis, upper arms, lower arms, femurs and lower legs) and an additional tenth site for 

soft-tissue lesions. Skeletal sites were individually scored from 0 to 3 as follows: 0, no 

mIBG involvement; 1, one mIBG-avid lesion present; 2, more than one mIBG-avid lesion 

present; and 3, mIBG avidity present in >50% of an individual site. Soft tissue lesions were 

scored as follows: 0, no mIBG involvement; 1, one mIBG-avid soft-tissue lesion present; 2, 

more than one mIBG-avid soft tissue lesions present; and 3, mIBG avidity in a soft-tissue 

lesion that occupied >50% of the chest or abdomen. SPECT was utilized only if available 

and as needed for clarification of questionable sites of mIBG uptake. An absolute score, 

calculated by summating the scores from the ten individual anatomic sites (with a maximum 

absolute score of 30), was determined. As in previous analyses, relative score reductions 

were obtained by dividing the difference in absolute score at EOI and diagnosis by the 

corresponding absolute score at diagnosis.18 Curie scoring was performed by a central scan 

review team, without knowledge of patient response or outcome.

Statistical Analysis

Survival analysis was performed by transplant type (single or tandem) at each mIBG scan 

time point (diagnosis or EOI). The primary endpoint was an EFS event; death was a 

secondary endpoint. An optimum cut point for total Curie score was determined for each 

combination (transplant type and time of mIBG scan) by maximizing the Youden index with 

respect to how well the Curie score differentiated patients who did and did not have an EFS 
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event. The Youden index represents the maximum value (sensitivity + specificity – 1) over 

all CS threshold values.19 Event-free survival (EFS) time was calculated with two different 

starting points, from enrollment or from the EOI mIBG scan, until the occurrence of an 

event; or, if no event, until the date of last follow-up. Events included death from any cause, 

disease relapse or progression, or the development of a secondary malignancy. Overall 

survival (OS) time was calculated with two different starting points, from enrollment, or 

from the EOI scan to death from any cause or, if the patient was still alive, the date of last 

follow-up. Three-year EFS and OS estimates,20 with standard errors per Peto et al.,21 were 

computed for all patients for each variable investigated at the corresponding time point and 

transplant group. Log-rank tests were performed to compare EFS and OS, with a p-value 

<0.05 considered statistically significant. The data used for this analysis were current as of 

June 30, 2020.

Several variables were investigated for their effect on outcome, including an optimal CS 

cut point from the initial diagnostic and EOI mIBG scans. Outcomes based on a relative 

reduction in Curie scores from diagnosis to EOI were determined, using reductions of 50% 

and 75% as in previous analyses.

To determine the independent prognostic strength of the Curie score for survival in the 

presence of various prognostic factors, including age (<18 vs. ≥18 months), MYCN status 

(non-amplified vs. amplified), end-induction response (CR/VGPR vs. PR vs. MR/NR), and 

immunotherapy (yes vs. no), Cox proportional hazards (PH) models with the Efron method 

of handling tied event times were fit. Tests for violations of the PH assumption were 

performed. Backward selection was used to determine the most parsimonious model, with a 

threshold p-value<0.05 to remain in the model.

RESULTS

Eighty patients underwent tandem HDC and AHCT on ANBL0532 and had MIBG scans 

obtained at both diagnosis and end-induction. Demographics and disease characteristics 

for these 80 patients are shown in TABLE 1. Fifty-six tandem HDC recipients 

(70%) subsequently received immunotherapy with dinutuximab and cytokines, either on 

ANBL0032 (n=50) or ANBL0931 (n=6). Patients who did not receive immunotherapy either 

did not enroll on ANBL0032 or ANBL0931, or were enrolled on ANBL0032 but were not 

randomized to receive immunotherapy. Patient and disease characteristics for the subset of 

patients that underwent tandem HDC (n=80) in our CS analysis were consistent with those 

of the larger cohort of patients (n=355) randomized on ANBL0532 (Supplemental TABLE 

S1).3

Curie Scores at Initial Diagnosis

For tandem transplant recipients (n=80), the 3-year EFS and OS from diagnosis were 

65±5% and 73±5% respectively. The median Curie score at diagnosis was 20 (range 1–28) 

(FIGURE 1A). The optimal cut point at diagnosis was a CS=12. Three-year EFS was 

significantly higher for patients with a CS≤12 at diagnosis (74±8%) when compared to 

patients with a CS>12 (59±7%), p=0.002 (TABLE 2) (FIGURE 2A). The 3-year OS was 
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likewise significantly higher for patients with a CS≤12 vs >12 at diagnosis, 87±6% vs 

65±7%, p=0.017.

MYCN amplification data were available for 68 of the 80 patients in the tandem transplant 

cohort, including 29 patients with MYCN-amplified and 39 patients with MYCN non-

amplified (MYCN-NA) disease (TABLE 3). At diagnosis, median Curie scores were higher 

for patients with MYCN-NA [CS=22 (range 1–26)] vs MYCN-amplified disease [CS=7 

(range 1–27)]. A survival advantage was noted for a small cohort of patients with MYCN-

amplified disease who exhibited a CS≤12 at diagnosis, when compared to those with a 

CS>12 (FIGURE 2B). No survival advantage by diagnostic CS was noted for a similar 

cohort of patients with MYCN-NA disease (FIGURE 2C).

End of Induction (EOI) Curie Scores

For patients undergoing tandem HDC, the median Curie score at EOI was 0 (range 0 to 

23) and the median change in Curie score was −11.5 (range −27 to 0) from diagnosis to 

EOI (FIGURE 1B). The optimal CS cut point at EOI was 0 for recipients of tandem HDC. 

Three-year EFS was significantly greater in patients with a CS=0 (n=48) vs >0 (n=32) at 

EOI, 73±6% vs 46±9%, p=0.002. Similarly, 3-year OS was superior in patients with a CS=0 

vs >0 at EOI, 83±5% vs 56±9%, p=0.015 (TABLE 2) (FIGURE 3A). When restricting the 

analysis to the 56 patients who received tandem transplant and immunotherapy, EOI CS 

remained significant, with 3-year EFS 81±6% vs 58±11% for those with a CS=0 (n=37) vs 

CS>0 (n=19) respectively; p=0.016. No statistical difference was noted in OS for this same 

population, p=0.06.

Outcomes based upon CS at EOI are shown by MYCN status (TABLE 3) (FIGURE 3B–C). 

In this small cohort of patients with either MYCN-amplified or MYCN-NA disease, 3-year 

EFS was superior in patients with a CS=0 (vs >0) at EOI.

Relative Curie scores, including either a 50% or 75% reduction in CS from diagnosis to 

EOI, were not associated with a statistically significant difference in EFS or OS in recipients 

of tandem HDC (TABLE 2).

Multivariable Cox models

Using a CS cut point of 12 at diagnosis and 0 at EOI, a backward-selected Cox model 

showed that CS at diagnosis, EOI CS, MYCN status, and receipt of immunotherapy were 

each independently prognostic of EFS. CS >12 at diagnosis was associated with a >14-fold 

higher risk of an event (n=68; p<0.0001), while EOI CS >0 was associated with a 3-fold 

higher risk of an event (p=0.0149), MYCN amplification was associated with a 21-fold 

higher risk of an event (p<0.0001), and non-receipt of immunotherapy was associated with a 

4-fold higher risk of an event (p=0.0008).

For OS, using the same factors as for EFS, a backward-selected Cox model indicated that 

CS at diagnosis, MYCN status, and immunotherapy were prognostic of OS, with CS >12 at 

diagnosis, MYCN amplification, and no immunotherapy corresponding to an increase in the 

risk of death of 13 (n=68; P<0.0001), 15 (P<0.0001), and 4 (P=0.0006), respectively.
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Single transplant: CS at diagnosis and end of induction

Though the focus of this report is on recipients of tandem transplant, a sub-analysis was 

performed to permit assessment of the CS cut point in a contemporaneously treated group of 

patients randomized to undergo a single HDC (n=99) on ANBL0532 (Supplemental TABLE 

S1). The optimal CS cut point at diagnosis was 21, with a median CS of 15 (range 1–28) 

(Supplemental Table S2). The 3-year EFS for patients with CS<21 (n=72) vs >21 (n=27) at 

diagnosis was 51±6% vs 35±9%; p=0.04 (Supplemental FIGURE S3A–C).

At EOI, the optimal EOI CS cut point was 2, with a median CS=0 (range 0–21). However, 

the difference in EFS for patients with CS<2 (n=81) vs CS>2 (n=18) at EOI was not 

statistically significant, with 3-year EFS 46±6% vs 29±11%; p=0.29 (Supplemental Figure 

S3D–F).

DISCUSSION

This is the first COG study to examine the impact of CS in the setting of tandem HDC and 

AHCT. Our study identified optimal CS cut points with prognostic significance at diagnosis 

(CS=12) and EOI (CS=0) in a subset of patients with INSS stage 4 disease who received 

tandem HDC on COG ANBL0532. Patients with a CS≤12 at diagnosis had a statistically 

significantly higher 3-year EFS and OS when compared to those with a CS>12 at the same 

timepoint. Patients with a CS=0 at EOI also had a statistically significantly higher 3-year 

EFS and OS than those with CS>0 at EOI.

The role of CS as a prognostic indicator in high-risk neuroblastoma has been reported 

within the context of clinical trials utilizing single HDC, both within COG and European 

cooperative groups.12,13,22–24 In a prior COG study, we found no correlation between CS 

at diagnosis and subsequent outcome following single HDC.12 In contrast, a prior SIOPEN 

study noted the prognostic impact of skeletal-only mIBG scores at initial diagnosis, using 

either a SIOPEN-specific or a CS system for analysis.13,14 Within both COG and SIOPEN, 

an optimal mIBG cut point at EOI was described for single HDC recipients, with EOI 

CS≤2 associated with improved outcomes in patients treated on COG A397312 or SIOPEN-

HR-NBL-1.13 Our current study confirmed this optimal CS cut point (CS=2) in single HDC 

recipients, though the differences in EFS (CS≤2 vs CS>2) were not significant.

Important distinctions should be noted between the CS performed on tandem HDC 

recipients on COG ANBL0532 and the scoring performed on single HDC recipients on 

COG A3973. Curie scoring in ANBL0532 involved a more contemporary group of patients, 

with 70% of patients receiving immunotherapy with dinutuximab and cytokines following 

tandem HDC. In contrast, less than 20% of patients with Curie scoring performed in 

COG A3973 received similar immunotherapy. Whereas CS from patients treated on COG 

A3973 identified an ultra-high-risk group of patients with poor outcomes (3-year EFS=15% 

for patients with CS>2 at EOI), our current CS analysis of ANBL0532 tandem HDC 

recipients did not identify an ultra-high-risk group, but instead identified a potentially more 

favorable risk group (CS=0 at EOI) with promising 3-year EFS (73%) and 3-year OS 

(83%). Conversely, tandem HDC recipients with a CS>0 at EOI in our current analysis had 

similar 3-year EFS as the “favorable” risk group (CS<2) identified in our prior COG A3973 
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analysis, with 3-year EFS of 46% and 45% respectively.12 The novel CS cut point of 0 in 

the setting of tandem HDC warrants further investigation in ongoing and upcoming COG 

clinical trials.

The importance of achieving a complete response (CR) at EOI has been reported in 

other COG trials, with 5-year EFS approximately 60% vs 40% for patients in CR vs 

non-CR at EOI in various reports.25 Taken together, the importance of achieving CS=0 

at EOI is further validated in our current study. Ultimately a composite EOI response 

marker could be developed, incorporating both diagnostic and EOI CS with other tumor 

response indicators and biologic markers of disease (e.g., circulating tumor DNA, telomere 

maintenance mechanism status, or other genomic features).26–28

The current practice for disease response evaluation has changed since the COG A3973 

analysis, with the revision of the INRC in 2017.18 The revised INRC include assessment 

of response in the primary tumor, bone marrow and metastatic disease sites, with CS 

now incorporated into the metastatic response assessment. In particular, INRC currently 

define a metastatic response as a 50% reduction in Curie scores from diagnosis to the 

evaluation timepoint. However, based upon our current analysis, the absolute score should 

be considered instead of a “relative reduction in score” for assessing response in metastatic 

sites. We found no difference in outcomes based upon the relative reduction of CS from 

diagnosis to EOI (TABLE 2). Several previous studies also reported that relative reductions 

in CS did not provide additional prognostic information when compared with absolute 

scores alone, including results from COG A3973,12 the German Neuroblastoma Trial 

NB97,22 and SIOPEN HR-NBL1.13 In future studies, we will prospectively examine the 

CS cut points at diagnosis and EOI using both an absolute CS and a 50% relative reduction 

in CS, to determine if the INRC definition of metastatic response should be redefined for 

EOI response.

The outcome differences noted in our study were most striking in patients with MYCN-

amplified disease, in which patients with a diagnostic CS>12, or CS>0 at EOI had extremely 

poor outcomes. Definitive conclusions regarding the impact of CS in patients with MYCN-

amplified disease are difficult to make, given the small sample size of the MYCN-amplified 

cohort in our current study. The difference in prognostic value of Curie scores in patients 

whose tumors are MYCN amplified vs MYCN non-amplified may reflect a difference 

in patterns of mIBG uptake between the two groups. A previous study in patients with 

INSS stage 4 neuroblastoma described two distinct mIBG uptake patterns within individual 

anatomic regions, with “focal” uptake patterns more commonly described in patients with 

MYCN-amplified disease and “diffuse” uptake patterns commonly described in patients 

with MYCN-NA disease.29 This difference, focal vs diffuse uptake within a given anatomic 

region, could potentially account for higher CS in patients with MYCN-NA disease. The 

lower mIBG avidity in patients with MYCN-amplified disease may also reflect lower 

levels of norepinephrine transporter expression in the setting of MYCN-amplified disease.30 

Further analysis of the impact of CS in patients with MYCN-amplified disease will be 

performed in upcoming COG high-risk neuroblastoma therapy trials.
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One major limitation of this study is the potential for selection bias, as a more favorable 

group of patients may have comprised the subset that underwent randomization and 

completed consolidation treatment on ANBL0532. Parent or physician preference led to 

a substantial number of patients that never underwent randomization to single or tandem 

HDC, potentially due to an inadequate response to induction therapy (even without overt 

disease progression) and/or concern for increased toxicities. As previously reported, we 

found a higher percentage of patients had a mixed response or no response at EOI who were 

not randomized compared to those who underwent randomization (25% vs 9%; p<0.001). 

Furthermore, our study excluded patients with neuroblastoma progression during induction 

(or prior to consolidation therapy), and patients who died and/or had organ toxicity that 

precluded continuation on protocol therapy during induction. As was previously stated, the 

higher EFS rate associated with tandem high-dose chemotherapy and HSCT is relevant only 

within the context of the total therapy delivered (not all patients were eligible to receive 

HDC and/or immunotherapy due to disease progression) and it remains unknown whether 

tandem transplant will be beneficial when administered after other currently used induction 

regimens. Nearly 10% of patients on ANBL0532 did not continue beyond induction (and 

thus were excluded from the current CS analysis) which lends further support to the 

investigation of novel induction therapy approaches.3 The small sample size of the patient 

cohort in the current analysis was also a limitation, particularly for those with MYCN-
amplified tumors. The effect of tandem HDC in the randomized cohort on ANBL0532 

remained statistically significant after adjustment by end-induction response, INSS stage, 

age, MYCN status, and INPC histology.3 Given the limitations of ANBL0532 outlined 

above, it remains unclear which subpopulations of high-risk neuroblastoma have the most 

benefit from tandem vs single high-dose chemotherapy regimens followed by AHSCT.

CONCLUSION

The role of CS as a prognostic marker in high-risk neuroblastoma patients undergoing 

tandem HDC and AHCT was examined in our study. We identified an optimal CS cut point 

both at diagnosis (CS≤12 vs>12) and EOI (CS=0 vs CS>0) and demonstrated that patients 

with CS at or below those cut points have potentially more favorable outcomes. The role 

of CS as a prognostic indicator in tandem HDC patients will require validation in future 

COG high-risk neuroblastoma trials, including the current COG trial, COG ANBL1531. 

Ultimately, further improvements in outcome may depend on improved induction therapy 

regimen, either with the addition of targeted agents like 131I-mIBG (COG ANBL1531) or 

anti-GD2 antibody (COG ANBL2131) or with additional induction therapies for patients 

with inadequate induction therapy response31.
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FIGURE 1. Distribution of Curie Scores at (A) diagnosis, and (B) end of induction for patients 
treated with tandem high-dose chemotherapy.
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FIGURE 2. Event-free survival by Curie score at diagnosis in patients treated with tandem 
HDC. EFS by diagnostic CS using: A) Optimal cut point of 12 in all patients. (B) Optimal cut 
point of 12 in patients with MYCN-amplified neuroblastoma. (C) Optimal cut point of 12 in 
patients with MYCN-NA neuroblastoma.
EFS= event-free survival, CS= Curie score, HDC= high-dose chemotherapy
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FIGURE 3. Event-free survival by Curie score at end of induction in patients treated with 
tandem HDC. EFS by EOI CS using: (A) Optimal cut point of 0 in all patients. (B) Optimal 
cut point of 0 in patients with MYCN-amplified neuroblastoma. (C) Optimal cut point of 0 in 
patients with MYCN-NA neuroblastoma.
EFS= event-free survival, CS= Curie score, HDC= high-dose chemotherapy, EOI= end of 

induction
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TABLE 1

Patient characteristics at diagnosis

Variable Characteristic Tandem (n (%))

Number of patients 80

Sex Female 36 (45%)

Male 44 (55%)

Age (median, range), in years 3.5 (0.87,17.39)

Tumor MYCN status Amplified 29 (43%)

Nonamplified 39 (57%)

Unknown 12

Tumor Histology Favorable 1 (1%)

Unfavorable 74 (99%)

Unknown 5

Tumor Cell Ploidy Hyperdiploid 32 (52.5%)

Diploid 29 (47.5%)

Unknown 19

Immunotherapy Immunotherapy 56 (70%)

No immunotherapy 24 (30%)

EOI Response Complete or very good partial response 33 (41%)

Partial response 37 (46%)

No or mixed response 10 (12.5%)

EOI=End-of-Induction

*123I-mIBG was used in 95% (73/77) and 131I-mIBG used in 5% (4/77) of scans, with the same radioisotope used for imaging at both time 
points. 2 patients were missing scan type and 1 patient reported different scan types at diagnosis and end of induction.
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TABLE 2

Event-free survival (EFS) and Overall survival (OS) by optimal Curie Score (CS) at diagnosis, end of 

induction, and relative reduction in CS in tandem high-dose chemotherapy recipients (n=80)

CS n (%) 3-year EFS ± std error (%) EFS
p-value

3-year OS ± std error (%) OS
p-value

Diagnosis

≤ 12 31 (39%) 74 ± 8 0.002 87.1 ± 6.0 0.017

> 12 49 (61%) 59 ± 7 64.6 ± 7.0

End of Induction

0 48 (60%) 73 ± 6 0.002 83 ± 5 0.015

> 0 32 (40%) 46 ± 9 56 ± 9

Relative Reduction*

<75% 16 (20%) 50 ± 12 0.21 62 ± 12 0.51

≥75% 64 (80%) 66 ± 6 75 ± 5

<50% 12 (15%) 50 ± 14 0.45 58 ± 14 0.67

≥50% 68 (85%) 65 ± 6 75 ± 5

CS=Curie Score, EFS=Event-Free Survival, OS=Overall Survival

*
Refers to relative reduction in CS from diagnosis to end of induction.
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TABLE 3

Impact of tumor MYCN amplification and Curie Score cut point in tandem high-dose chemotherapy recipients 

(n=68 with known MYCN status)

Time Point MYCN status Curie 
Score N (%) 3-year EFS ± std error 

(%)
EFS

p-value
3-year OS ± std error 

(%)
OS

p-value

Diagnosis

Amplified
n=29

>12 11 (38%) 9 ± 9
<.0001

10 ± 10
<.0001

≤12 18 (62%) 72 ± 11 78 ± 10

NA
n=39

>12 28 (72%) 71 ± 9
0.11

78 ± 8
0.17

≤12 11 (28%) 82 ± 12 100 ± 0

End of Induction

Amplified
n=29

>0 8 (28%) 12 ± 12
0.01

12 ± 12
0.006

0 21 (72%) 62 ± 11 70 ± 10

NA
n=39

>0 19 (49%) 63 ± 12
0.01

73 ± 10
0.19

0 20 (51%) 85 ± 8 95 ± 5

NA=non-amplified, EFS=event-free survival, OS=overall survival
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