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Abstract

Background: Childhood neuroblastoma describes a heterogeneous group of extracranial solid
tumors, that are treated per risk profile. We sought to describe treatment patterns and survival
using population-based data from throughout the United States.

Materials and Methods: Using the National Cancer Institute (NCI)’s Patterns of Care data, we
analyzed treatment provided to newly diagnosed, histologically confirmed neuroblastoma patients
in 2010 and 2011, registered to one of 14 Surveillance, Epidemiology, and End Results (SEER)
cancer registries. Data were re-abstracted from hospital records and treating physicians contacted
for verification. Application of the Children’s Oncology Group (COG)’s 3-level (low, intermediate
and high) neuroblastoma risk classification system for therapeutic decision-making provided
insight to community-based treatment patterns. Kaplan-Meier survival analyses, based on 5-years
of follow-up, were also performed.

Results: 76% of the 250 patients were enrolled on an open/active clinical trial. All low-risk
patients received surgery. Most intermediate-risk patients (81%) received a chemotherapy regimen
that included carboplatin, etoposide, cyclophosphamide and doxorubicin. High-risk patients
received extensive, multimodal treatment consisting of chemotherapy, surgery, myeloablative
chemotherapy with stem cell rescue (transplant), radiation, immunotherapy (dinutuximab), and
isotretinoin therapy. 21% patients had died at the end of the maximum 60-month follow-up period.
The 5-year estimated survival rates were lower for patients diagnosed with stage 4 disease,
unfavorable DNA ploidy, MYCN gene amplification or classified as high-risk.
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Conclusion: Most neuroblastoma patients are registered on a risk-based open/active clinical
trial. Variation in modality, systemic agents and sequence of treatment reflects the heterogeneity of
therapy received by these patients.
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Introduction

Neuroblastoma is a rare, but common childhood, solid tumor cancer. [1] Approximately,
700-800 new cases are diagnosed annually in the United States. [2] [3] Clinical
heterogeneity is a hallmark of this cancer: some patients, mainly infants, have tumors that
undergo spontaneous regression without any intervention or require only surgery, while
others require multimodal therapy. [4] The purpose of this study was to describe patient
characteristics, variation in treatment and survival of neuroblastoma patients treated in
communities throughout the US.

The Children’s Oncology Group (COG) established a classification system that used age at
diagnosis, MYCN gene amplification status, DNA ploidy, histology, and the International
Neuroblastoma Staging System (INSS) to assign low, intermediate or high-risk status for
therapeutic decision-making. [5] This treatment classification system was used in many
COG clinical trial studies, though recently superseded by the International Neuroblastoma
Risk Group (INRG) system. [6]

In low-risk patients, treatment aims to deliver the minimum therapy while maintaining
excellent patient survival. [7] Intermediate-risk treatments depends on histological/biological
characteristics of the tumor and consists of chemotherapy with or without surgery and RT.
[6] The current standard of care strategy for high-risk neuroblastoma consists of three
treatment blocks — induction, consolidation and post-consolidation/maintenance. [8]
Induction chemotherapy seeks to reduce tumor burden by shrinking the primary tumor and
reducing metastases using a combination chemotherapy regimen, followed by delayed
surgery to remove the primary tumor. Consolidation involves myeloablative chemotherapy
supported by autologous hematopoietic stem-cell rescue that attempts to eradicate minimal
residue disease and repopulate the bone marrow. [6] Maintenance treatment follows for
minimal residual disease with anti-GD2 monoclonal antibody and cytokine immunotherapy
in addition to differentiating therapy with isotretinoin. [8] Treatment options for recurrent
neuroblastoma are dependent upon previous initial risk classification with several phase 2
clinical trials being conducted in this cohort of patients. [9]

Using population-based data collected by the NCI Patterns of Care study, our objective was
to describe the treatment and survival outcomes of newly diagnosed neuroblastoma patients
throughout the United States in 2010-2011 with follow up through 2014.
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Materials and Methods

NCI Patterns of Care Data:

The NCI’s Surveillance, Epidemiology and End Results (SEER) program collects
information on all cancer diagnosed in defined geographic regions. Currently, SEER covers
about 30% of the US population. [10] Information for each patient in SEER is obtained
primarily from hospital and pathology records and includes tumor characteristics, treatment,
and select demographic characteristics. [11] Because much of the adjunct therapy is
provided in an outpatient setting and SEER data collection is primarily hospital-based, the
NCI annually conducts a more comprehensive data collection on a sample of patients
diagnosed with specific cancers under the Patterns of Care/Quality of Care studies. [12]
More detailed information about this study is available at the NCI website. [13]

Each SEER registry obtained approval, as necessary, from their Institutional Review Board
before study initiation. After a central training, abstractors from the 14 participating SEER
registries (the urban metropolitan areas of San Francisco/Oakland/San Jose/Monterey,
Detroit, Seattle, Atlanta, and Los Angeles County; the states of Connecticut, Hawaii, lowa,
Kentucky, Louisiana, New Jersey, New Mexico, and Utah; and the remainder of California)
re-abstracted the hospital records of patients to verify tumor characteristics, demographic
and treatment information. Each patient’s physician was asked to verify the patient’s risk
profile and details of treatment (radiation, chemotherapy, and/or immunotherapy, including
the use of novel agents), as well as whether the patient was registered on an open/active
clinical trial. In the case of facilities such as Health Maintenance Organizations (HMOSs) or
hospitals with consolidated inpatient and outpatient records, this information was utilized for
treatment verification. For data quality control, 5% of patients’ records were also re-
abstracted by a second cancer registrar.

Patient Sample:

Using data collected from the NCI’s Patterns of Care study, all patients less than 20 years of
age, registered in the SEER region with newly diagnosed, histologically confirmed
neuroblastoma in 2010 and 2011 were eligible. There were 268 histologically confirmed
neuroblastoma patients in SEER. Patients (n=5) without histological confirmation were
ineligible. Patterns of care data were available for 252 patients. Because olfactory
neuroblastoma (esthesioneuroblastoma) is treated differently, these patients (n=2) were
excluded, leaving the treatment patterns of 250 childhood neuroblastoma patients for
analyses.

Patient, Hospital and Treatment Measures:

After stratifying by the COG risk classification system, bivariate analyses of patient
sociodemographic characteristics included age at diagnosis (<1 year, 1-2 years, 2—3 years,
3-4 years and 4+years), sex, race and ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic or other), insurance (any private or public-based) were performed. Bivariate
analyses of clinical characteristics included year of diagnosis (2010 or 2011), tumor primary
site, INSS stage (1, 2A/2B, 3, 4 or 4S), and hospital/physician characteristics: hospital bed
size (<200, 200-499, or =500), ownership (government, not-for-profit), subspecialty
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consulted (pediatric hematology/oncology, oncology/hematology, radiation oncology,
surgery, internal medicine, or other/unknown) and number of physician subspecialties
consulted.

Modes and sequence of treatment included cancer-directed surgery and/or radiation to the
primary site, stem-cell rescue transplantation and systemic therapies including
chemotherapy. Systemic agents were coded with date the agent was first administered and
whether therapy was completed or terminated early. Survival following diagnosis was
measured through December 31, 2014, which provided a 36 months to 60 months (5-years)
follow-up period. For patients who died during this period, date and cause of death was
recorded.

Statistical analysis:

Results

All descriptive information, including use of treatment modalities is presented as observed
counts and weighted percentages for the study population. These weights were used to
calculate percentages that reflected the SEER populations from which the data were
obtained. Kaplan-Meier models stratifying by risk profiles, stage and biological
characteristics calculated the probability of all-cause mortality during the 60-month follow-
up time. SAS version 9.3 (SAS Institute, Cary, NC), Stata version 13.0 (StataCorp LP,
College Station, TX) and SUDAAN version 11.0.1 (Research Triangle Institute, Raleigh,
NC) were used to conduct all analyses.

In this study’s cohort, high-risk patients (n=100) predominated; with 57 patients classified as
intermediate-risk and 36 patients as low-risk patients (Table 1). The remaining 57 patients
had an unknown risk status profile due to missing physician verification information. As
expected, the clear majority of low (89%) and intermediate-risk (97%) patients were under
the age of two. Overall, there were more non-Hispanic white neuroblastoma patients
(N=130) in this cohort. Neuroblastoma emanating from the adrenal gland as the primary site
was also associated with high-risk disease. Most patients were covered by private health
insurance, treated in larger (>200 bed) hospitals, that were non-government, not-for-profit
institutions and were seen primarily by a pediatric oncologist/hematologist in combination
with another subspecialist.

Most patients (76%) were registered on an open/active clinical trial. Stratifying by clinical
trial registration, these patients did not differ by age, race/ethnicity, risk group, insurance
status, or hospital ownership (data not shown). However, significantly more females and
high-risk patients were on clinical trials. Clinical trials patients consulted significantly more
physician specialties. The predominant trial (n=95) in this SEER-based cohort was a phase
I11 randomized trial of single versus tandem myeloablative consolidation therapy for high-
risk neuroblastoma (ANBLO0532 - ClinicalTrials.gov identifier: ). This was followed by a
phase 11 study (n=53) Response- and Biology-Based Therapy for Intermediate-risk
Neuroblastoma (ANBL0531- Clinical Trials.gov identifier: ).
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In this study’s cohort, the variation in treating this disease is evident. (Table 2) Stratified by
risk profile, all 36 patients classified as low-risk patients received surgery, 30% of whom
also received chemotherapy. The clear majority (97%) of intermediate-risk patients received
chemotherapy with 63% also having received surgery. Aggressive multimodal treatment is
standard for high-risk patients. Of the high-risk patients, 86% had surgery, 84% had stem
cell rescue transplant and 78% received radiation (not mutually exclusive). Moreover,
chemotherapy (99%) was the most often used modality (Table 2) with 32% of patients also
receiving dinutuximab immunotherapy, and 30% receiving retinoid therapy (data not
shown). Dinutuximab (previously known as ch14.18 monoclonal antibody), was still under
investigation at the time data were being collected for this study.

The mean time-to-initiation of treatment modalities revealed that low-risk patients received
their initial therapy, surgery, within a mean of 4 days (min 0 days, max 25 days) from date of
diagnosis (Table 2). Intermediate- and high-risk patients were much more likely to receive
chemotherapy as initial regimen therapy with mean time-to-initiation of 10 days and 16 days
respectively. The median times to initiation of therapy are similar to the mean values, except
for chemotherapy use in low-risk patients. A bi-modal distribution emerges with
chemotherapy use in low-risk patients giving rise to 2 groups, those who receive
chemotherapy within 12 days of diagnosis and those who received chemotherapy after 5
months, increasing the mean to 99 days from diagnosis to initiation.

The sequence of treatment indicated that among histologically confirmed low-risk patients
who received additional systemic cancer treatment, most was given post-surgery. (Table 2)
The clear majority of intermediate-risk patients received chemotherapy first, whereas high-
risk patients received chemotherapy before and after surgery. Many high-risk patients then
received stem cell rescue transplant, radiation, as well as other systemic therapies. The mean
time between date of diagnosis and transplant was 180 days (min 35 days, max 276 days) in
the high-risk group. Only two patients were recorded as having an allogenic rather than
autologous transplant (data not shown).

Systemic Therapies

Given the nature of the cancer and multimodal treatment options available, various systemic
therapies were administered. In this study, cyclophosphamide was the chemotherapeutic
agent most frequently administered (n=186). (Figure 1) Patients were most likely to have
completed doxorubicin (94%), with dinutuximab most likely to be terminated early (13%)
when administered.

Among low-risk patients, approximately 11% received a regimen consisting of carboplatin
and etoposide followed by cyclophosphamide and doxorubicin; an additional 17% received
only a single agent, cyclophosphamide, carboplatin or cisplatin (data not shown). Among
intermediate-risk patients 81% received a regimen consisting of carboplatin, etoposide,
cyclophosphamide and doxorubicin. Of the high-risk patients on clinical trials, 81% received
multiple permutations of chemotherapies (data not shown). Approximately, two out of three
patients (65%) received five to eight different chemotherapy agents and one in five (21%)
received nine or more. (Table 3)
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At the time of data abstraction (2013 in 96% of cases), the clear majority of high-risk
patients (85%), had received chemotherapy and surgery. Of the patients who received
dinutuximab, 96% had a stem cell transplant and 72% were recorded to be part of the COG
study (ANBL0532). In 57% of patients given dinutuximab, granulocyte-macrophage colony
stimulating factor (GM-CSF) and interleukin-2 (IL-2) were also administered (data not
shown). Retinoid therapy, initiated close to a year (mean = 318 days, min 67 days, max 505
days) after diagnosis, was administered to about a third (30%) of all high-risk patients (data
not shown).

Overall, 52 patients (21%) had died, with 41% of high-risk patients in the cohort dying
(Table 1). The time between initiation of the final therapy and death was within 3 months for
36%, between 4 and 11 months for 25%, and 12 months or more for 39% of patients that
had died. The cause of death was coded as being related to the ‘endocrine system’ in 90% of
the decedent patients (data not shown). The estimated 5-year Kaplan-Meier survival curve
for high-risk is approximately 46% compared to 93% for intermediate-risk patients (Figure
2a). Stratifying by stage (INSS), MYCN gene amplification and DNA ploidy provides
additional information on prognostic value of such variables. Within this cohort, patients
with stage 4 diagnosis, unfavorable DNA ploidy and MYCN gene amplification had poorer
survival rates (Figures 2b—d).

Discussion

Findings from this population-based study of patients with pathologically confirmed
childhood neuroblastoma highlight the clinical heterogeneity of patients and the treatments
they received. This observational study captures information across health care settings
within the US. Approximately 76% of patients, received all or part of their treatment on a
clinical trial. International evidence shows that survival rates are better within the strict
framework of clinical trials. [14] The 24% of patients not on protocol were significantly
more likely to be males and were seen by significantly fewer physician specialties. These
children were significantly more likely to be low-risk patients than patients on clinical trials.
It is probable that there were more open clinical trials for higher risk patients.

All patients in this study received some form of treatment. Only 5 patients in 2010 and 2011
registered in the SEER database had no histologic confirmation of neuroblastoma. It is
possible that patients without histologic confirmation were not reported to the SEER
program, therefore these data may under-represent the true prevalence of the low-risk
neuroblastoma patients.

In this cohort, low- and intermediate-risk patients were younger in age, received less
intensive treatment and had better survival outcomes, which is consistent with the literature.
[15] A phase 3 nonrandomized trial of intermediate-risk patients highlighted the need for
more refined risk stratification to support further appropriate reduction in chemotherapy use.
[16] However, most published research in treating neuroblastoma focuses on improving the
poor survival rates of high-risk patients. In this cohort, 41% of high-risk patients died.
Overall 39% of the neuroblastoma patients in our study died 12 months or more after the
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initiation of the last treatment modality, which suggests that their death was due to either
disease progression or recurrence.

In this analysis of neuroblastoma patients most were on clinical trials. Dinutuximab was not
approved by the Food and Drug Administration (FDA) at the time these patients were
diagnosed. Of patients receiving this immunotherapy, 42% received it without both
interleukin-2 and GM-CSF, which was not per protocol. Most patients in the dataset who
were administered dinutuximab (93%) were on a registered clinical trial. For many high-risk
patients, the standard approach includes isotretinoin. We observed that only 30% of high-
risk patients in our cohort received isotretinoin. Some died prior to reaching that stage of
treatment, others may have had disease progression while still others were simply not being
treated with standard approaches.

In comparing our findings with other studies, our data provided a detailed snapshot of
treatment administered to patients diagnosed in 2010 and 2011. In terms of treatment with
specific chemotherapeutic agents, a 2009 report based on 823 long-term childhood
neuroblastoma survivors from the Childhood Cancer Survivor Study (CCCS) diagnosed
between 1970 and 1986, found a total of over 20 different chemotherapeutic agents were
used. [17] Similar to our findings, cyclophosphamide (43%), vincristine (37%) and
doxorubicin (27%) were the three most frequently used agents. [17] In contrast, decarbazine
(20%), teniposide (10%) and mechlorethamine/nitrogen mustard (4%) were used in the
CCCS study patients but not recorded in the more contemporary Patterns of Care dataset.

The emerging immunotherapy, dinutuximab, approved by the FDA in March 2015, is one of
the newer treatments for neuroblastoma patients. [18] The results of the phase 111
randomized study of dinutuximab in high-risk neuroblastoma following myeloablative
therapy and autologous stem cell rescue () published in 2010 showed a superior outcome for
the treatment-arm patients (n=113) who received this immunotherapy-based treatment
compared to standard therapy. [19] It is anticipated that immune-based therapies will be part
of combinatorial regimens likely to emerge during the next decade. [20] The main immune
therapies relevant to neuroblastoma are cytokine, vaccine, antibody and cellular therapies.
[21] It appears the future of pharmacotherapy for neuroblastoma lies in capturing the unique,
multifaceted molecular signature of a particular neuroblastoma and differentiating it from
normal tissue. [22]

Stratifying by treatment risk category, our survival analysis also found that low- and
intermediate-risk patients had excellent survival, similar to the findings of prominent clinical
trials. [16] [23] In this cohort with a maximum of 60 months of follow-up, the estimated 5-
year survival was 45% in high-risk patients. This was near the 50% 5-year survival reported
for patients diagnosed between 2005 and 2010; an improvement on the 29% for patients
diagnosed between 1990 and 1994. [8] This increase in overall survival has been attributed
to the introduction of myeloablative therapy and immunotherapy. [7] However, a report from
the CCCS on late mortality and long-term outcomes in survivors of neuroblastoma show that
6% of patients (N=954) died more than 5-years after their diagnosis with the most common
causes of death being disease recurrence and second malignant neoplasms. [24]
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Limitations

Despite the strengths of utilizing a large population-based sample to analyze treatment
information among patients with histologically confirmed neuroblastoma, our study has
limitations. Study numbers limited sub-type analysis (i.e., <10 patients were stage 4S). A
substantial number of patients had no known risk profile due to lack of verification by their
physician. Data from these patients were included in our analyses but we are unable to draw
any substantial conclusions from those with unknown risk profiles. For a small number of
patients, date of death is after the date of treatment information abstraction and it is possible
that these patients received additional treatment not captured in this dataset. The data were
observational and unmeasured patient characteristics may have influenced both treatment
selection and survival following diagnosis. Parent/guardian preferences or physician
recommendations were not captured. In addition, the registries’ follow-up includes only vital
status and does not include information on progression, recurrence of relapse for any patient.

Future Research

This cohort of childhood neuroblastoma patients can be prospectively followed to give
further long-term survival data. Furthermore, the NCI’s Patterns of Care studies may again
collect treatment information on childhood neuroblastoma in the future, which will enable a
comparison on how the newer therapies have diffused into practice and whether survival
metrics have improved. Of interest, will be the shift in reducing treatment in low- and
intermediate-risk patients and the promise of novel treatments for high-risk patients. This
comparison will likely be based on the refinement in risk classification that has emerged
from INRG to define 19 pretreatment groups stratified by prognostic markers with 4 risk
groups (very-low, low, intermediate and high) for treatment. [7]

Conclusion

Analysis of this population-level dataset found that risk characterization was the most
important variable in predicting treatment and survival for neuroblastoma patients. Variation
exists in the use of treatment modalities, but being on open/active clinical trial was common
for these patients. Evaluation of the diffusion of newer targeted agents and dissemination of
improved protocols for treating high-risk neuroblastoma in community practice will be
important for future research.
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Figure 2:
Kaplan-Meier all-cause survival curve for childhood neuroblastoma patients by A) risk

profile B) INSS staging C) DNA ploidy D) MYCN gene amplification

Pediatr Hematol Oncol. Author manuscript; available in PMC 2019 September 27.




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Coughlan et al.

Table 1:

Page 13

Sociodemographic, clinical and hospital characteristics of 250 childhood neuroblastoma patients newly

diagnosed in 2010-2011

Variables Stratifying by COG Risk Group Unweighted numbers Weighted %

Frequency (N) | Low (N=36) Intermediate High Unknown Overall
(N=57) (N=100) (N=57) (N=250)

Sociodemogr aphic characteristics

Age at diagnosis, years

<1 82 47.2 67.9 8.1 321 32.8

lto2 66 41.6 28.7 23.7 19.4 26.4

2t03 29 8.5 1.8 19.7 10.4 11.9

3to4 27 2.7 1.6 15.9 15.4 10.6

4+ 46 0 0 32.6 22.8 18.3

Sex

Female 118 333 51.2 46.6 52.5 47.2

Male 132 66.7 48.8 53.4 475 52.8

Race/ethnicity

Non-Hispanic White 130 46.9 48.1 58.2 50.9 52.6

Non-Hispanic Black 28 8.4 5.0 14.3 12.3 10.9

Hispanic 70 33.6 36.5 19.8 30.1 27.9

Other (e.g., Native Indian, 22 11.1 10.3 7.8 6.8 8.6

Asian)

Health insurance coverage

Any private 151 69.0 53.7 63.6 51.6 59.4

Public 99 31.0 46.3 36.4 48.4 40.6

Clinical characteristics

Primary site (ICD-O-3 code)

Adrenal glands, NOS (749) 117 30.2 26.4 67.1 42.0 46.9

Retroperitoneum (480) 28 11.0 15.2 7.9 12.2 11.0

Posterior mediastinum (382) 17 5.6 14.3 2.3 9.3 7.1

Others (<10 cases) * 88 531 441 226 36.6 35.0

Tumor stage (INSS Stage)

1 28 45.3 0 0 21.9 11.3

2A/2B 24 30.2 10.9 1.0 10.6 9.5

3 31 0 321 8.8 7.0 12.5

4 104 2.7 331 74.0 19.3 422

4S8 8 0 5.2 0 8.7 3.2

Missing/unknown 55 21.7 18.8 16.2 325 213

Open/active clinical trial

registration

Registered 189 39.1 88.9 89.2 61.6 75.9
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Variables Stratifying by COG Risk Group Unweighted numbers Weighted %
Frequency (N) | Low (N=36) Intermediate High Unknown Overall
(N=57) (N=100) (N=57) (N=250)
Not registered/unknown 61 60.9 111 10.8 38.4 24.1
Year of diagnosis
2010 127 44.3 58.4 51.1 46.8 50.9
2011 123 55.7 41.6 48.9 53.2 49.1
Hospital/physician characteristics
Hospital bed size™
<200 bed 24 16.7 13.9 7.0 55 9.6
200-499 bed 139 61.2 62.8 51.6 49.9 55.2
500+ bed 86 22.1 233 41.3 44.7 35.2
Hospital Ownersh/p*
Government 31 8.1 8.2 9.2 26.4 12.6
Non-government, not-for- 216 91.9 91.8 90.8 73.6 87.4
profit
Subspecialist consulted
Pediatric hematology/ 227 78.0 91.6 96.2 89.6 91.1
oncology
Oncology and/or hematology 26 19.3 11.9 7.9 6.8 10.2
Radiation oncology 81 0 5.2 61.6 27.6 323
Surgery (general/orthopedic) 105 55.0 29.0 42.8 42.3 41.2
Internal medicine 21 13.6 33 11.8 3.6 8.2
Other or unknown specialist 123 24.8 61.2 46.3 61.6 50.2
Number of physician
subspecialties consulted
1 42 33.7 23.7 7.0 15.7 16.5
2 86 39.0 39.9 23.3 43.6 33.9
3 59 19.1 155 34.3 15.3 23.6
4 63 8.2 20.9 355 25.4 26.0
Deceased (12/31/2014) 52 0 5.2 40.7 15.2 21.0

Abbreviations: COG: Children’s Oncology Group INSS=International Neuroblastoma Staging System, NOS= Not Otherwise Specified

*
For respondents, hospital characteristics coded as unknown are not placed in any category.

N
27 other primary sites were identified. Percentages may not add to 100% because of rounding.

Pediatr Hematol Oncol. Author manuscript; available in PMC 2019 September 27.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Coughlan et al.

Table 2:

Page 15

Treatment modality, average time from diagnosis to treatment and sequence of treatment stratified by risk

status (weighted %)

Treatment Modality

Stratifying by COG Risk Group

Low (N=36)

Intermediate (N=57)

High (N=100)

Unknown (N=57)

Treatment modality

(weighted % by risk group: not mutually exclusive)

Surgery (n=207) 100.0 63.2 86.0 86.2
Chemotherapy (n=203) 30.4 96.7 99.1 66.7
Radiation (n=105) 0 3.4 78.4 41.3
Stem Cell Rescue Transplant (n= 104) 0 0 83.9 34.7
Dinutuximab (n=42) 0 0 32.0 17.2
Retinoid therapy (n=43) 0 9.4 29.9 13.9
Mean days from date of diagnosisto:

Surgery 4 108 117 69

Chemotherapy 99 10 16 40

Radiation NA NA 251 250
Stem Cell Rescue Transplant NA NA 180 213
Dinutuximab NA NA 300 298
Retinoid therapy NA 371 326 321

Sequence of treatment (weighted % by risk group)

Systemic therapy before surgery 2.7 31.2 16.1 119
Systemic therapy after surgery 275 16.0 59 11.3
Systemic therapy both before & after surgery 29 14.4 64.0 33.1
Radiation after surgery 0 1.6 72.6 345
Radiation after systemic therapy 0 1.6 424 20.5
Radiation after stem cell rescue transplant 0 0 62.1 259
Systemic therapy before & after radiation 0 0 275 17.3
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Table 3:

Percentage of chemotherapy agents in neuroblastoma patients diagnosed in 2010-11 by risk status (weighed)

R Stratifying by COG Risk Group
Chemother apy - -
Low (N=36) | Intermediate (N=57) | High (N=100) | Unknown (N=57)
(weighted % by risk group)
No chemotherapy 69.6 33 0.9 33.3
1-4 Chemotherapy agents 30.4 76.6 125 321
5-8 Chemotherapy agents 0 20.1 65.1 34.6
9-11 Chemotherapy agents 0 0 21.4 0

*
Chemotherapy agents from: Cyclophosphamide, etoposide, doxorubicin, carboplatin, topotecan, cisplatin, vincristine, melphalan, busulfan,
ifosfamide, temozolomide, thiotepa, daunorubicin, vinblastine, fludarabine, dactinomycin and irinotecan.
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