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Abstract
Background
Outcome data for neuroblastoma in sub-Saharan Africa are minimal while poor
outcome is reported in low- and middle-income countries. A multi-institutional
retrospective study across South Africa was undertaken to determine outcome.
Methods
Patients treated between January 2000 and December 2014 in nine South African
paediatric oncology units were included. Kaplan-Meier curves and Cox regression
models were employed to determine two-year survival rates and to identify prognostic
factors.
Results
Data from 390 patients were analysed. The median age was 39.9 months (range 0201 months). The majority presented with Stage 4 disease (70%). The main
chemotherapy regimens were OPEC/OJEC (44.8%), St Jude NB84 protocol (28.96%)
and Rapid COJEC (22.17%). Only 44.4% had surgery across all risk groups while only
16.5% of high-risk patients received radiotherapy. The two-year overall survival (OS)
for the whole cohort was 37.6%: 94.1%, 81.6% and 66.7% respectively for the verylow-risk, low-risk and intermediate-risk groups and 27.6% for the high-risk group (p <
0.001, 95% CI). The median survival time for the whole group was 13 months (mean
41.9 months, range 0.1-209 months). MYCN-non-amplified patients had a superior
two-year OS of 51.3% in comparison to MYCN-amplified patients at 37.3% (p = 0.002,
95% CI).
Conclusions
Limited disease had an OS comparable to high-income countries, but advanced
disease had a poor OS. South Africa should focus on early diagnosis and
implementation of a national protocol with equitable access to treatment.
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1. Introduction
Neuroblastoma (NB) is a malignancy of the sympathetic nervous system during early
childhood with a worsening prognosis with increasing age.1 NB presents various
management challenges in high-income countries (HICs) and more so in resourcelimited settings.2 The varied pathophysiological, biological and genetic characteristics
contribute to differing treatment approaches for low-risk (LR) disease (local disease,
favourable histology, no raised tumour markers, MYCN non-amplification and no
adverse genetics), with relatively little intervention required beyond surgery.
Intermediate-risk (IR) disease has LR features combined with a single genetic
aberration such as 11q and diploidy or undifferentiated pathology. 3 IR disease is
treated with chemotherapy and surgery with radiotherapy indicated for limited
indications.3 Multimodal therapy (chemotherapy, surgery, radiotherapy, myeloablative stem cell transplantation, immunotherapy and maturation therapy) is vital for
improved outcomes in high-risk (HR) disease (metastatic disease, unfavourable
histology, raised tumour markers, MYCN amplification and adverse genetics).3 Despite
the use of high-intensity treatment for HR disease, the outcomes for LR and HR
disease are vastly dissimilar.3,4 Epigenetics is emerging as a factor influencing
outcomes.5
South Africa is an upper-middle-income country with a heterogeneous healthcare
system, consisting of public and private care facilities.6,7 Most children with
malignancies are treated in the public sector where the level of care varies according
to provincial resources and institutional preference.6 The treatment of NB in South
Africa, like elsewhere in sub-Saharan Africa, is further complicated by several factors,
including an HIV epidemic and sociocultural differences in disease interpretation,
contributing to late presentation, advanced disease and increased abandonment
5

rates.8,9 This retrospective study aimed to review NB management and outcomes in
South Africa with the overarching aim to develop a standardised national NB treatment
protocol.
2. Methods
2.1. Patient population
There were 564 newly diagnosed registered cases of NB between January 2000 and
December 2014 from nine dedicated paediatric oncology units (POUs) and the private
health care sector in South Africa (see flow diagram) in the South African Children’s
Cancer Study Group (SACCSG) South African Children’s Tumour Registry
(SACTR).10 Data from 174 (30.9%) patients’ files were not available. Access to files
from most private hospital facilities was not available and incomplete or loss of files
from archives had to be omitted from data analysis.

2.2. Setting
The study was conducted in nine POUs, servicing both rural and urban populations
from varying socio-economic backgrounds.11 Only four POUs had access to stem cell
transplant services and seven had nuclear imaging services. There is still a disparity
in resource allocation between different POUs in the nine provinces in SA. 11,12 This
impacted on both the available human and physical resources availability. During the
study period autologous stem cell transplantation and cis-retinoic acid were largely
limited to patients with private health care insurance. Immunotherapy with anti-GD2
was and is not available in South Africa.

6

2.3. Data collection
Age was defined in months. End point was defined as two-year overall survival (OS).
Treatment failure was calculated from date of diagnosis until date of disease
progression, or relapse or death due to NB. Refractory disease was defined as disease
in which a complete response (CR) with initial induction was not obtained. Early and
late relapse were respectively defined as relapse within or more than six months after
completion of therapy. Treatment abandonment was defined as failure to initiate or
complete treatment with a curative intent, except when the treating physician elected
to opt for palliative management. If a patient did not attend follow-up appointments
and if contact with family or caregivers was unsuccessful for a duration of two years,
the patient was considered lost to follow-up.

2.4. Staging and imaging
Investigations included ultrasonography (US), computed tomography (CT) or
magnetic resonance imaging (MRI) of the neck, chest and abdomen as well as bone
marrow aspiration and trephine biopsy. Patients were clinically and radiologically
staged according to the International Neuroblastoma Staging System (INSS) or imagedefined risk factors (IDRFs).3 The INSS included unfavourable histology or favourable
histology and MYCN amplification as part of the risk classification. Depending on
institutional availability, staging and skeletal screening were done by
and/or bone scan. In

123I-MIBG

129fluorodeoxyglucose

123I-MIBG

scan

scan-negative patients, when available, staging with

positron emission tomography/CT (FDG PET/CT) was

performed. Primary tumour and metastatic response evaluations were performed
according to institutional availability based on the International Neuroblastoma
Response Criteria (INRC).13,14,15 The treatment response evaluations were done
7

according to the most recent version of the criteria pertaining to the specific
investigations used to determine the response.
2.5. Risk classification
Risk classification was based on the Children’s Oncology Group (COG) classification
system (Appendix A) and the International Neuroblastoma Risk Group (INRG)
Consensus Pre-treatment Classification Scheme (Appendix B).3 Lactate hydrogenase
(LDH) and ferritin were used as nonspecific tumour markers as per the SIOP-PODC
adapted risk stratification and treatment guidelines2 that specify that a level of > 750
UI/L for LDH and > 120 ng/ml for ferritin is indicative of a poor prognosis. INRG was
used for statistical purposes.

2.6. Treatment
During the study period, different treatment protocols were used according to either
institutional preference or disease severity. Regimens consisted of a surgical
approach in very-low-risk (VLR), LR, intermediate-risk (IR) and HR disease, and
chemotherapy in IR and HR disease (employed as neo-adjuvant or adjuvant
chemotherapy) and with progression in LR disease. Conventional radiotherapy was
included according to protocols in IR and HR disease. Surgical intervention was
dictated by the resectability of the tumour, response to chemotherapy and surgical
expertise in the local institution.
2.6.1. Chemotherapy regimens
Patients were, regardless of risk group, treated with a spectrum of regimens ranging
from observation to platin- and etoposide-based regimens, which included
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OPEC/OJEC (carboplatin, cisplatin, etoposide, cyclophosphamide and vincristine), 16
the St Jude NB84 protocol (cisplatin, etoposide, doxorubicin and cyclophosphamide) 17
and Rapid COJEC (carboplatin, cisplatin, etoposide, cyclophosphamide and
vincristine).16

CCG-321-P2

(cyclophosphamide,

doxorubicin,

cisplatin

and

etoposide)18 and VACEpi (vincristine, actinomycin, cyclophosphamide and epirubicin)
were used to a lesser degree. CADO (cyclophosphamide, adriamycin and
vincristine)2,19 or single-agent oral cyclophosphamide was used as palliative
chemotherapy options in certain centres.

2.6.2. Surgery
Surgery was performed for diagnostic reasons or as primary treatment in patients with
LR and IR disease with curative intent with adequate neo-adjuvant treatment. Other
indications were palliative or emergency purposes. Emergencies included spinal cord
compression or bowel, airway and urinary tract obstructive symptoms. In patients with
HR disease, surgery was performed based on upfront resectability of the primary
tumour or after demonstrable cytoreduction with neo-adjuvant chemotherapy.
2.6.3. Radiotherapy
Radiotherapy was given according to the indications and doses of either the following
protocols: St Jude NB84,17 CCG-321-P218 or International Society of Paediatric
Oncology European Neuroblastoma Group (SIOPEN) OPEC/OJEC or Rapid
COJEC.2,16 Only six institutions offered maturation therapy of cis-retinoic acid after
completion of primary treatment per the abovementioned protocols. 17
2.6.4. Autologous stem cell transplant
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Autologous stem cell transplantation was available to four POUs, mainly for patients
with private health care insurance.
2.7. Statistical analysis
Data were analysed using Stata 15.0. Differences in medians and means were
assessed using the Mann-Whitney U test or Student’s t-test. In cohorts of less than
five observations, the Fisher’s exact test was applied. The Pearson chi-square test
(χ2) was used to assess the categorical association among covariates. OS as well as
two-year survival, with associated 95% confidence intervals, was calculated and
described using Kaplan-Meier curves. Differences between bi- and multivariate
survival curves by group were assessed using a log rank test. Multiple Cox regression
modelling to assess statistical significance of various prognostic factors was
employed. The proportional hazards assumption was also confirmed for the final
multivariable model. A p-value of less than 0.05 was considered significant for all
calculations.

3. Results
3.1. Presentation and comorbid diseases (see Supplemental Table S1)
The final analysis included 390 patient records (see Supplemental Figure 1), after 174
patients’ files (30.9%) had been excluded as data were lacking or the diagnosis had
not been confirmed. There was a male predominance with a male to female ratio of
1.08:1, and patients had been most frequently diagnosed in the 18-60-months
category (50.7%). The median age was 39.9 months (range 0-16.7 years, mean 30.5
months). The diagnosis had been established by core biopsy in 208 patients (53.3%),
fine-needle aspiration (FNA) in 62 patients (15.9%) and bone marrow biopsy in 120
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patients (24.4%) with bone marrow involvement, with bone marrow infiltration by NB
in association with increased urine catecholamine levels or high index of radiological
suspicion. Chemotherapy data on 10 patients (2.7%) were insufficient for analysis, and
these records were excluded. In 168 patients (47.5%), chemotherapy had to be
interrupted or adjusted due to comorbid disease, advanced disease, severe toxicity or
absconding.
The most common presentation was a clinically palpable mass (43.3%) followed by
metastatic skull lesions (18.4%), bone pain (17.9%) and loss of weight or anorexia
(13.3%). A unilateral adrenal mass (75.1%) was the most frequently detected primary
mass, followed by a thoracic mass (11.2%). A primary tumour could not be identified
in eight (2.1%) patients. Only 4.6% of the patients presented with spinal symptoms.
Bone metastases were present in 47.4%, and the bone marrow was infiltrated in
44.6% of patients.
Comorbid disease was present in 21 patients with 11 (2.8%) being HIV positive: nine
were on antiretroviral therapy at diagnosis. Ten patients had tuberculosis (TB) (2.5%),
with five (1.25%) on TB treatment and five (1.25%) newly diagnosed. Opsoclonus
myoclonus ataxia syndrome (OMAS) and vasoactive intestinal peptide (VIP) were
present in 0.51% (n = 2) and 0.26% (n = 1) of patients, respectively.
3.2. Diagnostics (see Supplemental Table S2)
Diagnostic investigations included chest X-rays (163, 23.1%), plain-film skeletal
surveys (45, 11.5%) and skull X-rays (41, 10.5%). Abdominal ultrasounds were done
in 205 children (52.6%). CT/MRI scans of chest and abdomen were done in 299
(76.7%) patients, and 136 (34.6%) of CT/MRI scans included screening for skeletal
metastasis. Nuclear studies included 157 (40.3%) scintigraphy investigations and 143
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(41.8%)

123I-MIBG

studies. Three hundred and twenty-one (82.3%) staging bone

marrow aspirates were done, of which 204 (63.6%) identified infiltration by NB cells.
Only 163 (41.8%) had complete staging which included biopsy proven disease, a

123

I-

MIBG scan and bone marrow aspirate.

3.3. Age, sex, stage and risk classifications (see Supplemental Table S3)
Age at diagnosis was prognostic with a better two-year OS of 58.9% for age less than
18 months compared to older than 18 months (25.8%; p < 0.049, 95% CI) (see Fig.
1). Sex (p = 0.3, 95% CI) was not significant in either univariate or multivariate analysis
(see tables 1 and 2).
According to the INSS, 273 (70%) patients had Stage 4 disease and 14 (3.6%) had
Stage 4S disease. Only 17 (4.3%) patients were classified as VLR, 26 (6.6%) as LR,
30 (7.7%) as IR and 275 (75.6%) as HR. The most common metastatic site was bone
(n = 185, 47.4%) followed by bone marrow at 44.6% (n = 174). Lung metastases were
present in 3.8% (n = 15). The two-year OS for the cohort was 37.6%, with stage being
statistically significant for OS (p < 0.01, 95% CI). According to the INSS, patients with
Stage 1 and Stage 2A disease had a two-year OS of 100%, those with Stage 2B
disease an OS of 74%, those with Stage 3 disease an OS of 63.4%, those with Stage
4 disease an OS of 23.8% and those with Stage 4S disease an OS of 64.4%
(p < 0.001, 95% CI) (see Fig. 2). According to risk classification, patients with VLR
disease had a two-year OS of 94.1%, those with LR disease an OS of 81.6%, those
with IR disease an OS of 66.7% and those with HR disease an OS of 27.6% (p < 0.001,
95% CI) (see Fig. 3).
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FIGURE 1. Kaplan–Meier curves of the two‐year OS for age (P = 0.049)
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TABLE 1: Prognostic factors and overall outcomes (univariate
analysis)
Prognostic factor
n
Percentage 2-year OS
p-value
CI = 95%
Age at diagnosis
(months)
Range (months)
0–201
Average (months)
30.5
Median (months)
39.9
0–18 months
123
31.5%
58.9%
< 0.049
18–60 months
191
49%
25.8%
> 60 months
76
19.5%
33%
LDH
< 750 U/L
137
42.9%
54.8%
< 0.0001
> 750 U/L
182
57.1%
25.2%
Ferritin
< 120 ng/dl
75
31.9%
66.3%
0.0004
> 120 ng/dl
159
69.1%
25.6%
MYCN
Total
145
Not amplified
64
44%
51.3%
0.002
Amplified
78
54%
37.3%
Extra copies
3
2%
0%
U-catecholamine
levels
Total
271
Normal
50
18.4%
63.4%
< 0.049
Raised
221
81.6%
34.9%
Pathology
Total
390
Favourable
80
20.5%
66.6%
0.002
histology
Unfavourable
128
32.8%
32.8%
histology
FNA
62
15.9%
Bone
marrow 120
30.8%
24.4%
cytology
INSS
1
16
4%
100%
< 0.0001
2A
8
2.1%
100%
2B
10
2.6%
74%
3
68
17.4%
63.8%
4
273
70%
23.8%
4S
14
3.6%
64.6%
Risk classification
VLR
17
4.3%
94.1%
< 0.0001
LR
26
6.6%
81.6%
IR
30
7.7%
66.7%
HR
295
75.6%
27.6%
LDH – lactate hydrogenase; FNA – fine-needle aspiration; INSS –
International Neuroblastoma Staging System; VLR – very low risk; LR –
low risk; IR – intermediate risk; HR – high risk
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TABLE 2: Multivariate analysis
Covariate
Coefficient Standard
Error
Age
0.1490
0.07038
Race
0.09036
0.1066
Sex
-0.1366
0.1361
MYCN
0.1622
0.06318
LDH
0.4862
0.09801

Wald

pExp
95% CI
value
Min
Max
4.4817
0.0343 1.1607 1.0111 1.3323
0.7183
0.3967 1.0946 0.8882 1.3489
1.0084
0.3153 0.8723 0.6681 1.1389
6.5943
0.0102 1.1761 1.0392 1.3312
24.6057 <
1.6261 1.3419 1.9704
0.0001
Ferritin
0.2230
0.09526
5.4786
0.0193 1.2498 1.0369 1.5063
INPC
0.09132
0.1025
0.7941
0.3729 1.0956 0.8962 1.3393
INSS
0.8876
0.1959
20.5212 <
2.4293 1.6546 3.5667
0.0001
Risk
0.5555
0.1106
25.2176 <
1.7428 1.4031 2.1648
classification
0.0001
LDH – lactate hydrogenase; INPC – International Neuroblastoma Pathology Classification;
INSS – International Neuroblastoma Staging System
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FIGURE 2. Kaplan–Meier curves of the two‐year OS for INSS (P < 0.001)
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FIGURE 3. Kaplan–Meier curves of the two‐year OS for risk classification (P < 0.001)
VLR, very low risk; LR, low risk; IR, intermediate risk; HR, high risk
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3.4. Histology and tumour markers (see Table 1 and Supplemental Table S4)
NB was confirmed by core biopsy in 270 patients (53.3%), with 128 (31.8%) classified
as unfavourable histology and 80 (20.5%) as favourable histology. Sixty-two (15.9%)
were diagnosed by FNA without sufficient information to distinguish between
favourable or unfavourable histology. The diagnosis in the remaining 120 (30.8%)
patients was made through bone marrow cytology and/or imaging with raised urine
catecholamine levels. Patients with favourable histology, according to the International
Neuroblastoma Pathology Classification (INPC), had a superior two-year OS of 66.6%
whilst those with unfavourable histology fared worse at 32.8% (p = 0.002, 95% CI).

In patients with HR disease, the mean LDH level (n = 251, 78.7%) was 2 364 UI/L
(median 1 197, 255-11 520) and for those with IR disease (n = 27, 8.4%) and LR
disease (n = 20, 6.3%), it was 930 UI/L (median 595, 184-1 787) and 498 UI/L (median
407, 241-806), respectively (p < 0.01, 95% CI). In patients with HR disease, the serum
ferritin (n = 189, 80.4%) had a mean of 483 ng/dl (median 263, 18-1 650) and in those
with IR disease (n = 18, 7.7%) and LR disease (n = 15, 6.4%), it had mean values of
97 ng/dl (median 239, range 37-342) and 64 ng/dl (median 244, range 15-440),
respectively (p < 0.01, 95% CI). Patients with an LDH value < 750 U/L at diagnosis
had a more favourable two-year OS of 54.8% versus 25.2% for an LDH value > 750
U/L (p < 0.0001, 95% CI), and those with ferritin levels < 120 ng/dl at diagnosis had a
more favourable two-year OS of 66.3% compared to levels > 120 ng/dl (25.6%)
(p = 0.0004, 95% CI).

MYCN was amplified in 54% (n = 78) of patients. Patients with MYCN-non-amplified
tumours (n = 64, 44%) had a two-year OS of 51.3% compared to 37.3% for patients
with MYCN-amplified tumours while patients with a copy number gain (1-9 copies,
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n = 3, 2%) of MYCN had the best two-year OS of 66.6% (p = 0.002, 95% CI). Raised
urine catecholamine levels were detected in 81.6% (n = 221) of patients. Patients with
raised catecholamine levels at diagnosis had a poorer two-year OS of 34.9% in
comparison to 63.4% in patients with normal urine values (p = 0.05, 95% CI). Patients
with raised urine catecholamine levels at diagnosis had a poorer two-year OS of 34.9%
as opposed to 63.4% in patients with normal levels (p < 0.049).
3.5. Nutritional status at diagnosis and outcome (see Supplemental Table S5)
Nutritional status was significant as patients with a weight for age (WFA) above the 1SD z-score (n = 162, 60%) had a better two-year OS of 86.6% than wasted patients
(WFA < -2SD z-score, n = 55, 20.4%) at 79.3% (p = 0.04). Patients with a height for
age (HFA) above the -1SD z-score (n = 129, 49.8%) had a better two-year OS of
88.1% than stunted patients (HFA < -2SD z-score, n = 83, 32%) at 84.1% (p = 0.05).
3.6. Multivariate analysis (see Table 2)
On multivariate analysis, age > 18 months (p = 0.03, HR 0.96, 95% CI, 1.01-1.3), LDH
> 750 U/L (p < 0.0001, HR 0.96, 95% CI, 1.3-1.9), ferritin > 120 ng/dl (p = 0.02, HR
0.96, 95% CI, 1.01-1.5) and MYCN gene amplification (p = 0.01, HR 0.96, 95% CI,
1.03-1.3) were significant covariates. Stage (p < 0.0001, HR 0.89, 95% CI, 1.6-3.5)
and risk classification (p < 0.0001, HR 0.96, 95% CI, 1.4-2.1) were also significant.
Pathology according to the INPC was not a significant covariate (p = 0.37, HR 0.96,
95% CI, 0.8-1.3).
3.7. Management protocols (see Table 3)
Two patients died before treatment was started (see flow diagram). Only 253 (64.9%)
patients were treated with curative intent although 354 (90.8%) patients received
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TABLE 3: Treatment (univariate analysis)
Chemotherapy
Chemotherapy interruptions
Number of
patients
Never started
2
Surgery only
24
Insufficient data
10
Chemotherapy received
354
No interruptions
186
Interrupted
168
High-risk protocols
Rapid COJEC
49
OPEC/OJEC
99
St Jude NB84
64
Remission rate post induction
Total evaluated
221
Remission
68
Not in remission
153
Surgery
Total
390
No
216
Yes
174
Complete
98
Incomplete
76
HR
Total
294
No surgery
185
Surgery
109
Incomplete
49
Complete
60
IR
Total
30
No surgery
9
Surgery
21
Incomplete
14
Complete
7
LR
Total
26
No surgery
4
Surgery
22
VLR
Total
17
No surgery
2
Surgery
15
Radiotherapy
Total
390
Yes
61
No
329
HR
Total
224
Radiotherapy
37
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Percentage

Twoyear OS

p-value
CI = 95%

< 1%
6.2%
2.7%
90.8%
52.4%
47.5%
22.17%
44.8%
28.96%

24.8%
32.5%
41%

p = 0.01

60.4%
57.3%

< 0.01

62.8%
37.7%
60%
40%%

16.23%

< 0.01

30%
70%
66.6%
33.3%

42.8%

16.6%
83.4%

42.8%

< 0.01

11.8%
88.2%

100%

< 0.01

15.6%
84.4%

44.8%
36.2%

< 0.01

16.5%

42.4%%

< 0.01

30.8%
69.2%

55.6%
44.4%
56.3%
43.6%

51.4%
46.4%

< 0.01

70.1%
83.3%

No radiotherapy
187
83.5%
26.1%
IR
Total
11
Radiotherapy
1
9%
75%
< 0.01
No radiotherapy
10
91%
63.3%
Surgery and radiotherapy
Total HR
167
No surgery without radiotherapy
153
91.6%
17.3%
< 0.01
No surgery with radiotherapy
14
8.4%
25.8%
< 0.01
OS – overall survival; VLR – very low risk; LR – low risk; IR – intermediate risk; HR – high risk
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chemotherapy. Surgery as only treatment was received by 24 patients (6.2%) for LR
disease. Complete excisions or debulking procedures were performed only in 174
(44.4%) patients (including 23 LR patients). In the IR, LR and VLR groups, 11 (36.6%),
four (16.6%) and two (11.8%) patients respectively were not operated on. VLR patients
had a two-year OS of 100% independent of surgical status. Tumours completely
resected for IR and LR patients respectively had an improved two-year OS of 83.3%
and 84.4% versus a two-year OS of 42.8% and 42.8% (p < 0.01, 95% CI) for nonoperated tumours. In the HR group, 185 (62.8%) patients were assessed as
inoperable. Not all HR patients were operated on, and complete resection in HR
patients (n = 60, 40%) had a two-year OS of 46.4% versus non-operated tumours (n =
185, 62.8%) at 16.2% (p < 0.01, 95% CI).
Different institutions used different chemotherapy protocols in HR disease.
OPEC/OJEC (n = 99, 44.8%), St Jude NB84 (n = 64, 28.9%) and Rapid COJEC
(n = 49, 22.2%) were the three main protocols, and 28.1% of the patients were treated
with several other protocols. The post-induction remission rate for HR patients was
30.8%. The two-year OS for OPEC/OJEC was 32.5% compared to 41% for the St
Jude protocol and 24.8% for Rapid COJEC (p = 0.05, 95% CI). (37%).
Patients who received radiotherapy to the primary tumour site had an improved
outcome with a two-year OS of 44.8% compared to those without radiotherapy
treatment with an OS of 36.2% (p < 0.01, 95% CI). HR patients who received
radiotherapy treatment had a two-year OS of 42.4% compared to those without
radiotherapy treatment with an OS of 26.1% (p < 0.01, 95% CI). Patients with HR
disease who never came for surgery but who did receive radiotherapy had a superior
two-year OS of 25.8% as opposed to 17.3% for those who did not receive either
surgery or radiotherapy (p < 0.01, 95% CI).
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Of the 295 HR patients, only 11 (3.7%) (see Supplemental Table 6) received a single
autologous stem cell transplant with a significant two-year OS of 72.7% (p = 0.029,
95% CI). Only 13 (33.3%) patients had therapeutic MIBG treatment for refractory
disease (n = 12) or relapse (n = 1) with a non-significant two-year OS of 38.4% (p =
0.4917, 95% CI). Cessation of all treatment occurred in 168 (47.5%) patients due to
either disease progression or refractory disease.
3.8. Follow-up (see Supplemental Tables 7 and 8)
The median survival time of all patients was 13 months (0.1-209 months): for HR
patients it was 7.5 months (0.1-87 months), for IR patients it was 116 months (36-193
months), for LR patients it was 140 months (76-199 months) and for VLR patients it
was 123 months (36-209 months).
The reason for death was documented in 260 patients of whom 246 (94.6%) were
disease related. The majority of HR patients (n = 153; 58.9%) had progressive disease
(PD) while nine (3.1%) relapsed. For those with IR disease, 11 (36.7%) had PD and
three (10%) relapsed while for those with LR disease, three (11.5%) had PD and three
(11.5%) relapsed. Only one patient with VLR disease had PD.
Treatment toxicity contributed to 3.2% (n = 10) of the deaths whereas surgical
complications contributed to 0.6% (n = 2) of the deaths. Ten patients (2.6%) died
secondary to neutropenic sepsis and two (0.6%) to cardiotoxicity.
The time of death was documented in 56.7% of patients with 95 deaths (24.4%)
occurring within six months after diagnosis. A total of 88.7% of deaths occurred within
two years from diagnosis.
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Of the total cohort, 50 (12.8%) patients were lost to follow-up, constituting 40% of
surviving patients (p < 0.001, 95% CI), with 54% being HR, 10% being IR, 10% being
LR and 6% being VLR patients.
4. Discussion
This study represented the first documented multicentre retrospective cohort study of
NB in sub-Saharan Africa. Although the majority of cases were diagnosed in the 1860-months age group, similar to international trends, the median age was higher at
39.9 months compared to 19 months in the United States of America (HIC) or 33.2
months in Egypt (MIC).20
South Africa’s healthcare system suffers from various resource challenges in the
management of NB. Diagnostic imaging and staging were done in the patients under
study, ranging from less sensitive to specific imaging. Plain X-rays are nonspecific with
limited diagnostic value beyond the silhouette of primary tumours 21 or mixed sclerotic
and lytic lesions of metastasis.22 Skeletal screening was performed by means of
various imaging techniques, but only 41.8% of the study group were surveyed by
MIBG scan. Nonnuclear techniques such as plain-film X-rays can be utilised at
diagnosis but are not sufficiently sensitive to evaluate skeletal treatment response as
healing lesions can present as sclerotic lesions, similar to primary lesions. 22 The
metabolic response to therapy, demonstrated with MIBG scans, has a higher
sensitivity and proven prognostic value.23
In our study, Stage 4 patients constituted 70% of the total cohort, which is higher than
the 40% reported by the INRG24 or the 41.9% in European studies.25 Yet, the incidence
of Stage 4 disease was comparable to studies in Indian (71.4%) 26 and Kenyan
(92.8%)27 hospitals. Although lung metastases were present in 3.8% of patients, which
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is marginally higher than reported in North America28, only 76.7% of patients had CT
or MR imaging and 41.8% a 123I-MIBG scan to confirm metastasis. The percentage of
lung metastasis could be underestimated. Unknown origin of the primary tumour only
occurred in 2.1% of patients as opposed to the 10% reported internationally. 23
Only 53.3% of the diagnoses in this cohort were confirmed by biopsy, similar to MICs
such as Egypt with 40-60%20 but less than Argentina with up to 96%.29 Diagnoses
were made through FNA in 15.9% of patients due to institutional expertise and its
being a less invasive technique in emaciated patients with advanced disease. Quite a
number of patients were diagnosed through disease-associated imaging, bone
marrow aspirates and raised catecholamine levels, which limited the necessary testing
for MYCN in 37.1% (n = 245) patients.
The SIOP-PODC guidelines for LDH and ferritin in NB advise 750 UI/L and 120 ng/dl
respectively as the threshold values for poor and good prognosis, 2 which was
confirmed by our study. Our study indicated that 54% of patients were MYCN
amplified, which is higher than the 20% reported internationally.30 MYCN copy number
gains produced conflicting reports with regard to prognosis31,32 but in this study were
associated with a good prognosis. Even with a limited number of tumours’ MYCN
status known (n = 145, 37%), a two-year OS advantage was demonstrated between
MYCN-amplified and MYCN-non-amplified patients (p = 0.002). This compares with
international trends.2
All major historical HR induction chemotherapy regimens were used in South Africa,
according to institutional preference. The South African doxorubicin-containing postinduction CR rate of 38.5% in HR patients was less than in the doxorubicin-containing
COG A3973 studies with up to a 66.1% CR rate.33 The South African OPEC/OJEC
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post-induction CR rate of 29.7% was less than in European studies with a 38% CR
rate.16 The South African Rapid COJEC post-induction CR rate of 16.3% was
considerably less than the 44% CR rate for Rapid COJEC in Europe. 10
Optimising local control is important for improved survival and cure.34 International
definitions of complete resection were based on more than 95% or more than 90%. 34,35
In the COG A3973 studies, resection of > 90% had a better five-year OS of 57.3%
compared with 49.4% for resection of < 90% (p = 0.3), and in the HR-NBL1/SIOPEN
Trial, complete resection had a better five-year OS compared to incomplete resection
(39% vs 30%).36 In our cohort, 62.8% of the HR group had no surgery. Outcomes in
resected patients in all risk groups, regardless of the volume of tumour resection, had
a better two-year OS (46.4%) compared to those who had no resection at all (two-year
OS 16.23%). Various factors contribute to resectability of tumours, but in this
multicentre study where surgical skills and experience amongst surgeons differed, it
has been shown that, as in international studies, surgery improved survival in patients
with undetectable metastatic disease confirmed on bone marrow aspirate and trephine
as well as 123MIBG scan.34
In keeping with expert opinion in the SIOP-PODC guidelines,2 in the absence of a
surgical resection, radiotherapy to the primary tumour bed, with or without metastatic
sites, had a short-term benefit in patients with a superior two-year OS in unresected
patients receiving radiotherapy versus patients not receiving radiotherapy.
European studies reported chemotherapy toxicity-related mortality of 3% for
OPEC/OJEC and 4% for Rapid COJEC,37 which is comparable to the 3.2% toxicityrelated mortality in this cohort, keeping in mind that a less toxic OPEC/OJEC regimen
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was used locally. Yet, it was higher than the 2-2.5% toxicity reported in St Jude
studies.38
The risk-based two-year OS of the South African cohort was lower when compared to
the outcomes reported in HICs (95% for LR disease, 90-95% for IR disease and 5060% for HR disease)3 and an MIC such as Argentina.29 The median survival of 12.2
months was lower than reported in other MICs such as India, China and Brazil. 26,39
Patients with HR disease dominated in this cohort at 75.6%, which was higher in
comparison to INRG Task Force studies at 40%.24 A North American study concluded
that biology was related to race with HR disease more prevalent in black patients,
possibly explaining the finding.40 A combination of late presentation and poor disease
biology possibly explains the median time to death of six months from diagnosis for
42% of patients. Malnutrition was a significant risk factor in our cohort, as reported in
previous international studies.41
Limitations included the retrospective data analysis of prospectively collected data,
where collection might not have been uniform. There might also be a lack of
documentation of crucial findings. The limited access to genetic assessments such as
DNA ploidy, MYCN gene amplification and 1p36 deletion status might have impacted
negatively on risk stratification determination. Nonstandard documentation of
management information, investigation reporting definitions, surgical classifications
and treatment outcomes limits comparative studies due to the heterogeneous nature
of the data. During the study period the availability of investigations, like isotopes for
nuclear imaging for staging and risk classification was not always guaranteed. This
could have contributed to staging and risk classification being inaccurate, resulting in
suboptimum treatment and poorer outcomes. The treatment protocols were not
standardised nationally. Treatment was adapted with limitations of accurate risk
27

classification according to the clinical presentation and with palliative or curative intent.
No accurate longitudinal comparisons could therefore be made.

In resource-constrained settings, cost-effective management options are of great
importance.42 Even with limitations in diagnostic procedures, referral and treatment
protocols and the variable availability of expertise in all fields, management should be
optimised to obtain the best possible outcomes. Our study indicated that nondoxorubicin-containing

and

doxorubicin-containing

chemotherapy

produced

comparable outcomes. OPEC/OJEC is an acceptable primary protocol, especially
considering the favourable toxicity profiles, while attempting surgery. Even incomplete
surgical resections have a survival advantage versus no surgical intervention.
5. Conclusions
The outcomes for NB patients varied according to different treatment protocols used
in South Africa. A uniform, nationally standardised treatment strategy might ensure
better risk classification, ensure the appropriate intensity of chemotherapy, especially
in LR and IR disease. Harmonising treatment might improve OS by creating equitable
access to all treatment modalities, including surgical expertise, autologous stem cell
transplant and maturation therapy. To this end, a standardised protocol, incorporating
risk-based therapy, should be implemented.
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APPENDIX A: COG classification
INSS
1
2A/2B

3

Age
Any
< 365 d
> 365 d
> 365 d

MYCN
Any
Any
Nonamplified
Amplified

> 365 d

Amplified

< 365 d

Nonamplified
Amplified
Nonamplified
Nonamplified
Amplified
Nonamplified
Amplified
Any
Nonamplified
Nonamplified
Nonamplified
Amplified

< 365 d
> 365 d
> 365 d

4

> 365 d
< 548 d

4S

< 548 d
> 548 d
< 365 d
< 365 d
< 365 d
< 365 d

Shimada
Any
Any
Any

DNA ploidy
Any
Any
-

Risk group
Low
Low
Low

Favourable
histology
Unfavourable histology
Any
Any

Low

Any
Favourable
histology
Unfavourable
histology
Any
Any

Any
-

High
Intermediate

-

High

Any

High
Intermediate

Any
Any
Favourable
histology
Any

Any
>1

High
High
Low

1

Intermediate

Unfavourable Any
histology
Any
Any
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High
Intermediate

Intermediate
High

APPENDIX B: INRG classification
INRG Age
stage (months)
Any
L1/L2
L1

Any

< 18
L2

≥ 18

M

MS

Histologic
category
GN maturing
GNB
intermittent
Any,
except
GN maturing
GNB
intermittent
Any,
except
GN maturing
GNB
intermittent

Grade
differentiation
Any

MYCN 11 q
Ploidy
aberration
Any
Any
Any

Pretreatment
risk group
A – Very low
risk

Any

nAmp

Any

Any

Amp

Any

Any

B – Very low
risk
K – High risk

nAmp

No
Yes

Any
Any

nAmp

Any

Any
H – High risk
Hyperdiploid F – Low risk
Diploid
I–
Intermediate
risk
Diploid
J–
Intermediate
risk
Any
O – High risk
Any
P – High risk
Any
C – Very low
risk
Any
O – High risk
Any
R – High risk

Any

Poorly
differentiated or
undifferentiated
Any
Any
Any

nAmp

No
Yes
Any

Amp
nAmp
nAmp

Any
Any
Any

12 to < 18 Any

Any

nAmp

Any

< 18
≥ 18

Any
Any

Any
Any

Amp
Any
nAmp

Any
Any
No

< 18

Any

Any
Amp

Yes
Any

< 18
< 12

GNB nodular, Differentiated
neuroblastoma

Any
Any
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D – Low risk
G–
Intermediate
risk
E – Low risk
H–
Intermediate
risk

