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Abstract

Background—!31|-metaiodobenzylguanidine (1311-MIBG) is a targeted radiopharmaceutical
with significant activity in high-risk relapsed and chemotherapy-refractory neuroblastoma. Our
primary aim was to determine if there are differences in response rates to 1311-MIBG between
patients with relapsed and treatment-refractory neuroblastoma.

Methods—This was a retrospective cohort analysis of 218 patients with refractory or relapsed
neuroblastoma treated with 1311-MIBG at UCSF between 1996 and 2014. Results were obtained
by chart review and database abstraction. Baseline characteristics and response rates between
relapsed patients and refractory patients were compared using Fisher exact and Wilcoxon rank
sum tests, and differences in overall survival (OS) were compared using the log-rank test.

Results—The response rate (complete and partial response) to 1311-MIBG-based therapies for all
patients was 27%. There was no difference in response rates between relapsed and refractory
patients. However, after 131|-MIBG, 24% of relapsed patients had progressive disease compared
to only 9% of refractory patients, and 39% of relapsed patients had stable disease compared to
59% of refractory patients (p = 0.02). Among all patients, the 24-month OS was 47.0% (95% ClI
39.9%-53.9%). The 24-month OS for refractory patients was significantly higher at 65.3% (95%
Cl 51.8%-75.9%), compared to 38.7% (95% CI 30.4%-46.8%) for relapsed patients (p < 0.001).

Conclusions—Although there was no significant difference in overall response rates to 131|-
MIBG between patients with relapsed vs. refractory neuroblastoma, patients with prior relapse had
higher rates of progressive disease and had lower 2-year overall survival after 1311-MIBG
compared to patients with refractory disease.
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1. Introduction

Neuroblastoma is the most common extra-cranial solid tumor in children. 1.2 At diagnosis,
50% of patients have high-risk disease, due to tumor MYCN amplification or metastatic
disease in patients older than 18 months. 3 Approximately 20% of patients with high-risk
neuroblastoma progress early or are refractory to standard induction therapy, and 50% of
patients who achieve remission later relapse. #° Five-year overall survival (OS) for patients
with high-risk neuroblastoma, even when treated with myeloablative therapy, is only

40%. 45 Patients with relapsed and refractory neuroblastoma have even poorer outcomes,
with a 5-year OS of less than 20%. 1.7

1311-metaiodobenzylguanidine (311-MIBG), a norepinephrine analogue, is a promising
therapy for patients with high-risk neuroblastoma. Neuroblastoma originates in neural crest
cells of the peripheral nervous system, and 90% of neuroblastomas express human
norepinephrine transporter (NNET). 89 When labeled with iodine-131, MIBG is a targeted
radiopharmaceutical for high-risk neuroblastoma, with a response rate of 20-40% in early
phase studies and a recent meta-analysis. 10-15 However, it is not well established if patients
with relapsed disease respond differently to 1311-MIBG compared to patients with refractory
disease.

Our primary aim was to investigate whether there are differences in overall response (OR)
to 1311-MIBG alone or combined with other agents between relapsed and refractory
neuroblastoma. Our secondary aims were to compare baseline clinical characteristics in
these two cohorts as well as OS after therapy with 1311-MIBG.

2. Patients and Methods

2.1 Study Design

This was a retrospective cohort analysis of 218 patients with relapsed or refractory
neuroblastoma treated with 1311-MIBG at UCSF Benioff Children’s Hospital on three local
and six New Approaches to Neuroblastoma Therapy (NANT) clinical trials between August
30, 1996, and April 23, 2014 (Supplementary Table 1). Results were obtained by chart
review and database abstraction.

1311.MIBG treatment protocols were approved by the UCSF institutional review board
(IRB), and informed consent was obtained for all patients. The UCSF IRB approved this
retrospective analysis.

2.2 Patient Eligibility and Treatment

Patients age >1 year with high-risk neuroblastoma treated on nine protocols (Supplementary
Table 1) were eligible for this study. Of these patients, 154 have been included in primary
trial publications 14-22, and 64 have not.
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Patients were required to have MIBG-avid disease within 4—-6 weeks before enrollment and
to have failed to achieve a partial response (PR) to induction therapy, or have relapsed or
progressive disease. Patients enrolled in NANT 1999-01, NANT 2001-02, NANT 2004-06,
NANT 2007-03 and 1311-MIBG Vincristine/lIrinotecan, were also eligible if they had PR but
persistent active disease. Prior therapy must not have included 1311-MIBG but could include
chemotherapy, surgical resection, radiation, and autologous stem cell transplant (ASCT)
(except NANT 1999-01 and 2001-02, which excluded prior ASCT).

Patients received 6.3-20.9 mCi/kg (233-773 MBa/kg) of 1311-MIBG, except for patients
treated on NANT 2000-01, a double infusion protocol where patients received up to 50.1
mCi/kg (1854 MBg/kg) over two treatments at a two-week interval. 131I-MIBG intended
dose levels were stratified into three categories for this analysis: a low dose of #12 mCi/kg
(444 MBg/kg), an intermediate dose of >12 to <18 (<666 MBg/kg), and a high dose of 18
mCi/kg. In the analysis, 13 mCi/kg (481 MBg/kg) was used as the lower threshold and 17
mCi/kg (629 MBq/kg) was used as the higher threshold to account for dosing variation.

2.3 Primary Predictor Variable

Patients were grouped by their response to prior therapy. Relapsed patients had disease
recurrence or progression at any time prior to study enrollment. This included patients who
achieved complete response (CR) or PR to prior induction therapy and then progressed, and
patients who progressed without achieving CR or PR. Refractory patients included those
who had not achieved at least a PR to induction therapy (minimum of four cycles), and had
never progressed, and patients with persistent disease who had achieved PR to induction
therapy but maintained MIBG- and biopsy-proven active disease. In this analysis, patients
with refractory or persistent disease were combined into the “refractory” category. Patients
with relapsed or progressive disease comprised the “relapsed” category. These designations
do not reflect disease status at the start of 1311-MIBG, such that patients in the relapsed
category were not necessarily actively progressing at time of therapy.

2.4 Primary Outcome Variable

Overall response to 131|-MIBG-based therapy was assessed according to NANT response
criteria. These criteria modified the existing International Neuroblastoma Response Criteria
(INRC) 23 to include Curie score for MIBG lesions 24 and the Response Evaluation Criteria
in Solid Tumors (RECIST) 25 for soft tissue disease. Categories for bone marrow response
included CR or progressive disease, defined as tumor seen in previously negative bone
marrow or =25% bone marrow involvement that had at least doubled. 20 For patients on the
UCSF institutional studies, response was assessed by review of CT scans, bone marrow
biopsies, and MIBG scans before and approximately 8 weeks following 1311-MIBG therapy.
Scans and reports were reviewed by UCSF radiologists and oncologists. For patients on
NANT studies, response was graded by central review of MIBG scans, CT/MRI scans and
bone marrow biopsy slides.20 For patients treated with multiple courses of 131I-MIBG
therapy, only the response to the first treatment course was included in this analysis, with the
exception of patients treated on the NANT 2000-01 double infusion protocol. 19
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2.5 Statistical Methods

3. Results

Fisher exact and Wilcoxon rank sum tests were used to compare the proportions of relapsed
and refractory patients with key clinical and biological features in neuroblastoma. The
Fisher exact test was also used to compare proportions of response to 131I-MIBG therapy
between these cohorts in three analyses: 1) a primary analysis that included all eligible
patients from all nine 131|-MIBG protocols; 2) a sub-analysis that included only patients
treated on 1311-MIBG monotherapy protocols; and 3) a sub-analysis that included only
patients treated on 1311-MIBG protocols that did not include myeloablative chemotherapy.
Multivariate logistic regression was used to control for potential confounding by other
variables that might impact response to 1311-MIBG therapy aside from our primary predictor
variable of interest. OS for patients from date of 1311-MIBG administration was estimated
using Kaplan-Meier methods and compared between the relapsed and refractory cohorts by
the log-rank test.

3.1 Patient Characteristics Differ by Response to Therapy Prior to 131-MIBG Treatment

Characteristics of the 218 patients are outlined in Table 1. Of these, 82% had stage 4 disease
at diagnosis and the rest had metastatic progression. All patients in the relapse category had
received at least two prior regimens before 1311-MIBG therapy. Seventy-two patients
comprised the refractory cohort (including 65 with refractory disease and 7 with persistent
disease), and 146 patients comprised the relapsed cohort. Of patients with known MYCN
gene copy number (n = 169), 25% had tumor MYCN amplification, with a greater proportion
of relapsed patients having MYCN amplification (p = 0.06). Median age at diagnosis was
significantly greater for refractory patients than relapsed patients (p = 0.003). The median
time from diagnosis to 1311-MIBG study entry was shorter for refractory compared to
relapsed patients (p<0.001). Other expected differences included a smaller proportion of
patients with prior ASCT (p<0.001) and a larger proportion of patients who underwent
combination therapy in the refractory cohort (p < 0.001). Similarly, a greater proportion of
the relapsed cohort (56%) received a high (+18 mCi/kg) dose of 1311-MIBG compared to the
refractory cohort (38%) because the tolerable dose of 131|-MIBG combined with
myeloablative therapy was lower than in non-myeloablative protocols. The other significant
difference between cohorts was in sites of disease at the start of 1311-MIBG therapy, with the
refractory cohort having fewer patients with soft tissue involvement and more patients with
bone or bone marrow involvement.

3.2 Pattern of Response to 131-MIBG Differs by Response to Therapy Prior to 131-MIBG

Treatment

In the analysis of all 1311-MIBG protocols, overall response rate (CR, PR) across the
relapsed and refractory cohorts was 27% (Table 2). The overall response rate for patients
with prior relapse (29%) was not significantly different from that of refractory patients
(23%:; p = 0.25). In order to account for the potential impact of different 1311-MIBG
protocols, we analyzed the response rates for the relapsed vs. refractory patients who
received 1311-MIBG monotherapy and for those who received 1311-MIBG without
myeloablative chemotherapy. We found no significant difference in response rates between
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the two cohorts in any of the analyses. A sensitivity analysis for response to 1311-MIBG
excluding patients with persistent disease (n = 7) yielded similar results (Supplementary
Table 2, p = 0.40).

When evaluating discrete categories of response, a significant difference was found in the
pattern of non-response (Table 2). Specifically, 24% of patients in the relapse cohort had
progressive disease at the time of response evaluation after 131|-MIBG compared to only 9%
of refractory patients (p = 0.02). Only 39% of relapsed patients had stable disease

following 1311-MIBG compared to 59% of refractory patients. A similar pattern was seen in
the analyses of patients treated with 1311-MIBG monotherapy and non-myeloablative
protocols.

Since patient and treatment characteristics differed between our cohorts, the lack of
difference in overall response rate was potentially due to other confounding variables that
influence response to 1311-MIBG. Univariate predictors of response to 1311-MIBG therapy
(Supplementary Table 3) showed that the only significant predictor of response in this
dataset was site of disease at the time of 1311-MIBG therapy. Patients with bone or bone
marrow disease or any combination of disease sites had lower response rates compared to
patients with isolated soft tissue disease. Other patient or treatment characteristics were not
significant predictors of response in this study, including 1311-MIBG dose. We therefore
performed multivariate logistic regression to control for differences in sites of disease
involvement, but still confirmed that the relapsed or refractory category did not predict
response to 1311-MIBG.

3.3 OS Differs by Response to Therapy Prior to 131-MIBG Treatment

The median follow-up for surviving patients was 61.4 months. Among all patients, median
OS was 21 months (Figure 1A). The 12-month OS was 67.3% (95% CI 60.4%-73.3%), and
the 24-month OS was 47.0% (95% CI 39.9%-53.9%). The 24-month OS for refractory
patients was significantly higher at 65.3% (95% CI 51.8%-75.9%), compared to 38.7%
(95% CI 30.4%-46.8%) for relapsed patients (p < 0.001) (Figure 1B). An estimated 41% of
refractory patients were alive 5 years after first 1311-MIBG therapy.

4. Discussion

This study provides important new data on response rates and survival after 1311-MIBG
therapy between patients with relapsed and refractory neuroblastoma. We found that there
was not a significant difference in response rates between the two cohorts. This result is
similar to a recent meta-analysis, which included some overlapping data from our patient
population, and showed a response rate of 37% vs. 38% for refractory vs. relapsed disease,
respectively. 1> However, in our study, we noted a significant difference in the pattern of
non-response between the cohorts. Specifically, a significantly larger proportion of relapsed
patients had a response of progressive disease after 131I-MIBG compared to patients with
refractory disease, who were more likely to have stable disease after 1311-MIBG. These
results suggest that patients who experienced recurrent or progressive disease prior to 1311-
MIBG were at increased risk to continue to undergo disease progression, whereas patients
who were refractory to initial therapy continued to be refractory after 1311-MIBG. This study
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also investigated characteristics that distinguish relapsed from refractory neuroblastoma. We
found that a significantly greater proportion of relapsed patients had isolated soft tissue
disease compared to refractory patients, suggesting that site of disease may play a role in
disease responsiveness, or be a surrogate for unfavorable biology.

In this study, only sites of disease at time of 1311-MIBG therapy were shown to be a
significant predictor of response rate. Specifically, having only soft tissue disease was
shown to be significantly favorable for response to 1311-MIBG on univariate analysis
compared to patients with a combination of soft tissue and bone/bone marrow disease, or
only bone/bone marrow disease. This result supports previous observations that isolated soft
tissue disease is a favorable prognostic factor for response to 1311-MIBG, but contrasts with
previous reports that disease limited to only bone/bone marrow is a favorable factor for
response. 14 Combined with the decreased rate of response among patients who had any
bone or bone marrow disease, these results suggest that 1311-MIBG may be more effective in
reducing soft tissue disease than other sites of disease. Previous studies have also identified
older age as a favorable factor for response; 1427 however in this study, age at 1311-MIBG
treatment was not identified as a significant predictor of response. Although prior studies
have suggested a correlation between response and 1311-MIBG dose 13:16:27-29 the lack of
correlation in our study may reflect the fact that this study included patients treated on
various protocols with a range of responses to prior therapies.

Refractory patients had significantly superior 2-year OS after 1311-MIBG compared to
relapsed patients, despite the slightly higher rate of response to 1311-MIBG demonstrated in
the relapsed cohort. This is likely due to the increased proportion of progressive disease
after 131]-MIBG among relapsed patients, as well as the tendency of refractory disease to
remain stable. The lack of data on therapies administered after 1311-MIBG may confound
this analysis. In addition, for patients who received multiple courses of 1311-MIBG (n = 44),
the dose, disease status, and response to only the first 1311-MIBG treatment are reported
here. The course of disease in relapsed patients may be less favorable than that of refractory
patients due to factors such as increased tumor MYCN amplification and older age at 131|-
MIBG treatment. A study investigating prognostic factors among patients post-relapse found
that time from diagnosis to first relapse has a significant effect on OS, with patients who
relapsed 6 to 18 months after diagnosis having the lowest survival rates of this cohort. 30
Since time from diagnosis to relapse was not accounted for in this study, the lower OS
among the relapsed cohort may be skewed by a subset of relapsed patients who had
decreased time from diagnosis to relapse.

To assess the robustness of our primary analysis, we completed two additional analyses.
First, we compared response rates between relapsed and refractory patients focusing on
either 1311-MIBG monotherapy protocols or on 1311-MIBG protocols without myeloablative
therapy. These sensitivity analyses yielded results that were similar to our primary analysis.
Second, we performed multivariate logistic regression to control for differences in sites of
disease between relapsed and refractory patients, which also yielded a similar conclusion to
our primary analysis. Nevertheless, any differences in response to 1311-MIBG may have
been confounded by variables that were not assessed in this study, such as differences
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between relapsed compared to progressive disease, or details of prior therapy regimens
(significant in other studies 14 and not available for analysis in this study).

In conclusion, this study demonstrated no significant difference in overall response rates

to 1311-MIBG between patients with relapsed and refractory neuroblastoma, although the
pattern of nonresponse differed between these two cohorts. Additionally, OS among the
refractory cohort was superior to that of the relapsed cohort. Our results can be used to guide
stratification on future 1311-MIBG clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

«  We found no difference in response rate to 1311-MIBG between relapsed vs.
refractory neuroblastoma patients.

« Relapsed patients were more likely to develop progressive disease after 13]-
MIBG.

« Refractory patients were more likely to have stable disease after 131|-MIBG.
»  2-year OS was greater for refractory patients than for relapsed patients.

e These differences must be taken into account in evaluating new therapies.
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Figure 1.
A: Overall survival for all study patients treated with 1311-MIBG (n = 218).

B: Overall survival according to disease status at time of 1311-MIBG therapy [relapsed (n =
146) vs. refractory (n = 72); p < 0.001 by log-rank test].
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Table 1

Characteristics of 218 patients treated with 1311-MIBG.

Eur J Cancer. Author manuscript; available in PMC 2016 November 01.

_— All Relapsed Refractory® | Pp-value

Characteristic (n = 218) (n = 146) (h=172) y

Sex
Male 140 (64%) 94 (64%) 46 (64%) 1.00
Female 78 (36%) 52 (36%) 26 (36%)

Median age at diagnosis, years (range) 4.8 (0.3-50.8) | 4.5(0.3-39.4) | 5.6 (1.9-50.8) | 0.003
<18 months 13 (6%) 13 (9%) 0 0.01
>18 months 205 (94%) 133 (91%) 72 (100%)

Median age at first 131I-MIBG, years (range) 7.3(1.9-51.2) | 7.8(1.9-40.8) | 6.2(2.4-51.2) | 0.14
<12 years 172 (79%) 115 (79%) 57 (79%) 1.00
>12 years 46 (21%) 31 (21%) 15 (21%)

Median time from diagnosis to 1311-MIBG treatment, years (range) | 1.8 (0.4-18.9) | 2.7 (0.4-18.9) | 0.6 (0.4-1.9) <0.001

Stage at diagnosis b
1,2,3C 38 (18%) 38 (26%) 0 <0.001
4 179 (82%) 107 (74%) 72 (100%)

Amplified MYCN 9
Yes 42 (25%) 34 (30%) 8 (15%) 0.06
No 127 (75%) 81 (70%) 46 (85%)

Prior ASCTE 123 (56%) 111 (76%) 12 (17%) <0.001

No prior ASCT 95 (44%) 35 (24%) 60 (83%)

Sites of disease involvement at first 1311-MIBG
stf+ BIBMN 91 (42%) 62 (43%) 29 (40%) 0.001
ST only 25 (11%) 24 (16%) 1 (2%)

B/BM only 102 (47%) 60 (41%) 42 (58%)

Any ST sites 116 (53%) 86 (59%) 30 (42%) 0.02
No ST sites 102 (47%) 60 (41%) 42 (58%)

Any B sites 188 (86%) 118 (81%) 70 (97%) 0.001
No B sites 30 (14%) 28 (19%) 2 (3%)

Any BM sites 113 (52%) 67 (46%) 46 (66%) 0.01
No BM sites 103 (48%) 79 (54%) 24 (34%)

Type of 131]-MIBG protocol
Monotherapy 133 (61%) 106 (73%) 27 (38%) <0.001
Combination 85 (39%) 40 (27%) 45 (62%)
1311-MIBG without ASCT 184 (84%) 138 (95%) 46 (64%) <0.001
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_— All Relapsed Refractory®@ | P-value
Characteristic (n=218) (n = 146) (n=172) Y
B1-MIBG with ASCT 34 (16%) 8 (5%) 26 (36%)
1311-MIBG Intended Dose
<12 mCilkg) 74 (34%) 43 (30%) 31 (43%) 0.03
>12 — <18 mCi/kg 35 (16%) 21 (14%) 14 (19%)
>18 mCilkg 109 (50%) 82 (56%) 27 (38%)

aIncludes refractory (n = 65) and persistent (n = 7) cases

bStage at diagnosis was not known for 1 patient (1 relapsed)

CStage 1:n=6; Stage 2: n=9; Stage 3: n =23

dMY(:N status was not known for 48 patients (31 relapsed, 18 refractory)
eASCT = autologous stem cell transplant.

fST = soft tissue

9 = bone

hBM = bone marrow

IPresence of disease in bone marrow was unknown for 2 patients (2 refractory)

o mCi/kg = 444 MBag/kg; 18 mCi/kg = 666 MBq/kg
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Response to 1311-MIBG by response to prior therapy before 131|-MIBG therapy.

Table 2

All 31]-MIBG Protocols, n = 2142

All Relapsed Refractory | p-value
Response 57 (27%) | 41 (29%) 16 (23%) 0.25
No response 157 (73%) 102 (71%) | 55 (77%)
CR 16 (8%) 11 (8%) 5 (7%) 0.02
PR 41 (19%) | 30 (21%) 11 (16%)
SD 99 (46%) | 56 (39%) | 42 (59%)
MR 17 (8%) 11 (8%) 7 (10%)
PD 41(19%) | 35(24%) | 6(8%)
1311-MIBG Monotherapy Protocols, n = 13

All Relapsed Refractory | p-value
Response 40 (30%) 32 (31 %) 8 (30%) 0.91
No response | 91 (70%) 72 (69%) 19 (70%)
CR 7 (5%) 6 (6%) 1 (4%) 0.03
PR 33(25%) | 26 (25%) | 7 (26%)
SD 54 (42%) 37 (35%) 17 (63%)
MR 7 (5%) 6 (6%) 1 (4%)
PD 30 (23%) 29 (28%) 1 (4%)

Non-ASCT Protocols (excludes NANT 99-01, NANT 01-02), n = 182

All Relapsed Refractory | p-value
Response 49 (27%) | 40 (29%) | 9 (20%) 0.19
No response 133 (73%) | 96 (71%) 37 (80%)
CR 12 (7%) 11 (8%) 1(2%) 0.11
PR 37(20%) | 29(21%) | 8 (18%)
SD 82 (45%) | 53(39%) | 28 (61%)
MR 12 (7%) 10 (8%) 3 (6%)
PD 39 (21%) | 33 (24%) | 6 (13%)
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Abbreviations: CR = complete response; PR = partial response; SD = stable disease; MR = mixed response; PD = progressive disease; ASCT =

autologous stem cell transplant.

a .
Response for 4 patients was not evaluable
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