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Novelty & Impact Statements 

The study adds to the information available on survival from the three most common 
cancers of childhood in sub-Saharan Africa (NHL, retinoblastoma and Wilms tumour). It also 
provides estimates of the distribution of cancers by stage at diagnosis and stage-specific 
survival. Stage is one of the most important prognostic indicators and knowledge of its 
distribution within a population is essential in developing strategies to improve population 
cancer outcomes. The study demonstrates the feasibility of assigning stage in population-
based registries in Africa, which is an important step towards a better understanding of 
reasons underlying the poor childhood cancer outcomes in this population. 
 

Abbreviations 
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ICCC International Classification of Childhood Cancer 
ICD O International Classification of Diseases for Oncology 
LMIC Low- and middle- income country 
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ABSTRACT (249 words) 
 
The lack of accurate population-based information on childhood cancer stage and survival in 
low-income countries is a barrier to improving childhood cancer outcomes.  In this study, 
data from three population-based registries in sub-Saharan Africa (Abidjan, Harare and 
Kampala) were examined for children aged under 15. We assessed the feasibility of 
assigning stage at diagnosis according to Tier 1 of the Toronto Childhood Cancer Stage 
Guidelines for patients with non-Hodgkin lymphoma (including Burkitt lymphoma), 
retinoblastoma and Wilms tumour. Patients were actively followed-up, allowing calculation 
of three-year relative survival  by cancer type and registry. Stage-specific observed survival 
was estimated.  The cohort comprised 381 children, of whom half (n=192, 50%) died from 
any cause within three years of diagnosis. Three-year relative survival varied by malignancy 
and location and ranged from 17% (95% Confidence Interval (CI) 6-33%) for Burkitt 
lymphoma in Harare to 57% (95% CI 31-76%) for retinoblastoma in Kampala. Stage was 
assigned for 83% of patients (n=317 of 381), with over half having metastatic or advanced 
disease at diagnosis (n=166, 52%). Stage was a strong predictor of survival for each 
malignancy; for example, three-year observed survival was 88% (95% CI 68%-96%) and 13% 
(4%-29%) for localised and advanced Burkitt lymphoma, respectively (p<0.001). These are 
the first data on stage distribution and stage-specific survival for childhood cancers in Africa. 
They demonstrate the feasibility of the Toronto Stage Guidelines in a low-resource setting 
and highlight the value of population-based cancer registries in aiding our understanding of 
the poor outcomes experienced by this population.    
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INTRODUCTION  
Most childhood cancer occurs in low and middle-income countries (LMIC) because of the 
large and relatively young populations in these regions.1 Five-year net survival rates for all 
childhood cancers combined are estimated to vary by up to tenfold worldwide, with survival 
in LMICs generally much lower than that of high income countries (HICs),2 suggesting that a 
substantial proportion of the childhood cancer deaths in LMIC regions is potentially 
preventable. This has spurred growing international efforts to understand the reasons for 
the poor childhood cancer outcomes in LMICs and to develop strategies to improve them.3-5  
 
A barrier to these efforts is the lack of accurate, population-based data from LMICs on 
childhood cancer incidence, stage at diagnosis and survival. Recent data on survival for 
childhood cancer in sub-Saharan Africa6, 7 reveal some of the lowest childhood cancer 
survival rates in the world for malignancies that in high income countries (HICs) have good 
rates of cure, including retinoblastoma and Wilms tumour. One of the factors responsible 
for such low survival amongst diagnosed cases in Africa is likely to be that the disease is 
detected at an advanced stage having already spread beyond the site of origin; however, no 
population data exist to support this hypothesis.  
 
The Toronto Childhood Cancer Stage Guidelines8 are internationally endorsed consensus 
guidelines for use by population-based cancer registries for the collection of information on 
stage, defined as anatomical extent of disease at diagnosis. The Guidelines were designed to 
be used in both LMICs and HICs to enable the collection of consistent, internationally 
comparable, population-based information on malignancy-specific stage at diagnosis for 
childhood cancers. Such information is fundamental to understanding the epidemiology and 
stage-specific survival for childhood cancer within and between populations and therefore 
to cancer control planning.  
 
The first aim of this study was to estimate survival through active follow-up of children 
diagnosed with the most common types of cancer registered in one of three childhood 
cancer registries in Sub-Saharan Africa.  Second, we aimed to assess the feasibility of 
implementing the Toronto Guidelines to assign stage at diagnosis for these patients and to 
describe their stage distribution and stage-specific survival.  
 
 
METHODS 
Data sources and data collection  
The study was conducted as part of a project to expand childhood cancer registration in 
Sub-Saharan Africa. The cancer registries of Abidjan, Ivory Coast (cases from 2009-2014); 
Harare, Zimbabwe (cases from 2005-2014) and Kampala, Uganda (cases from 2010-2014) 
were selected for this study. All three are population-based cancer registries, collecting 
information on all cases of cancer diagnosed in the respective populations: Abidjan, Harare 
and Kyadondo county (Kampala city and adjacent peri-urban area).9 Each registry collects 
contact details (including telephone number) of the parents/next of kin of registered 
childhood cancer cases, allowing the possibility of follow-up after discharge from hospital.  
 
 We included the three most common  childhood (ages 0-14 years) cancers (as defined by 
the 2-character categories of the International Classification of Childhood Cancer, third 
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edition (ICCC-3)10) in each location in the study periods. The study included all cases of non-
Hodgkin lymphoma (NHL) (distinguishing between Burkitt lymphoma (BL) (category IIc in the 
ICCC-3) and “Other NHL” – ie excluding BL (IIb)), retinoblastoma (V) and Wilms tumour (VIa 
– ICD-O code 8960) from each of the three registries.   
 
Follow-up 
The closing date of the study was 31 December, 2017. The clinical records of cases whose 
status (alive or dead) was not known on this date were traced in hospital records and the 
date and status at last contact was updated. Cases whose status was still unknown were 
traced by direct contact, either by telephone or (rarely) home visits. Cases were excluded 
from the analysis if the basis of diagnosis was death certificate only (DCO), or when there 
was no information on follow up (date of diagnosis was the same as date of last follow-up, 
or both date of death and date of last follow-up were missing). 
 
Assigning stage at diagnosis 
The Toronto Guidelines recommend malignancy-specific staging systems for use by 
registries in high income settings (Tier 2 guidelines) and, separately, for registries in low 
income settings (Tier 1 guidelines) where data components such as diagnostic imaging 
(required for Tier 2) may not be available.8 At least one staff member (cancer registrar) in 
each registry had undergone training to familiarise them with staging using the Toronto 
Guidelines. Data required for staging were extracted from hospital and registry records and 
stage was assigned following the Tier 1 guidelines. The categories are Localised/Advanced 
(according to absence or presence of bone marrow or CNS involvement for NHL), 
Localised/Metastatic for Wilms tumour, and Localised/Regional (orbital extension or 
regional nodes)/Metastatic for retinoblastoma. The guidelines specify that the presence of 
distant metastases is assessed clinically or pathologically at the time of diagnosis and before 
any therapy, and, as in TNM staging , that if there is no mention in the medical record of 
metastases then they are assumed to be absent. 
 
Statistical analysis 
For each cancer, frequency counts were reported for key characteristics including registry, 
sex, age group at diagnosis and whether stage at diagnosis could be assigned. The 
distribution of stage at diagnosis was also assessed.  
 
Relative survival was calculated by cancer type and registry, using population life tables 
derived using the method previously described by Joko-Fru et. al.6  For patients who 
remained alive, survival time was censored at either three years after diagnosis or the last 
known date of follow-up, whichever occurred first. Estimated survival and 95% confidence 
intervals (95% CIs) were reported for one and three years after diagnosis.  The results by 
registry were compared by modelling excess mortality using Poisson regression offset by the 
log of follow-up time.  
 
Stage-specific observed survival was calculated with data combined across the registries to 
allow sufficient numbers for analysis. Unadjusted differences in the survival curves by stage 
at diagnosis were assessed using the log-rank test. 
 
RESULTS 
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Study cohort 
Of a total 483 registered patients diagnosed with one of the cancers of interest, 102 (21%) 
were excluded due to lack of follow-up information beyond the date of diagnosis. There was 
no difference between the registries in the proportion of cases with follow-up beyond date 
of diagnosis (p=0.83). The remaining 381 cases comprised 137 patients from Abidjan (36%), 
133 patients from Harare (35%) and 111 patients from the Kampala registry (29%).   
 
The total numbers of each malignancy available for analysis are shown in Table 1, with the 
largest groups being Wilms tumour (n=126, 33%) and Burkitt lymphoma (n=111, 29%). 
Males and females were almost equally represented in the study cohort, although there was 
a statistically significant (P <0.05) excess of boys relative to girls for Burkitt lymphoma, and 
the converse (more girls than boys) for Wilms tumours. Just over half (n=197, 52%) of the 
patients were aged 0-4 years at the time of their diagnosis. The data required for assigning 
stage were available for 317 patients overall (83%), ranging from 78% for those with “Other 
NHL” to 97% for retinoblastoma. There was no difference in the recording of stage (p=0.60) 
across registries.  

 
Distribution of stage at diagnosis 
A large proportion of children had metastatic or advanced disease at diagnosis for each 
malignancy (Table 2). Two-thirds (n=28 of 42, 67%) of those with Other NHL had advanced 
disease at diagnosis as did 59% (n=42 of 71) of Burkitt lymphoma patients. Half (n=59 of 
117, 50%) of the children with Wilms tumour had metastatic disease at diagnosis. Among 
retinoblastoma patients, 43% (n=37 of 87) had metastatic disease at diagnosis and a further 
25% (n=22) had regional disease.  
 
Three-year relative survival 
Overall median follow-up time was 169 days (interquartile range = 21-756 days). Half 
(n=192, 50%) of the children in the study cohort died from any cause within three years of 
diagnosis. Of those whose status was last recorded as being alive, 101 of 189 (53%) were 
lost to follow-up before the end of the three years. Among the 189 patients in the study 
cohort who were last recorded to be alive, again there was no difference in loss of follow-up 
within three years of diagnosis by registry (p=0.40), ranging from 47% for Kampala to 59% 
for Abidjan. 
 
Relative survival at three years after diagnosis was less than 60% for each of the included 
cancers in all registries (Table 3). Survival for  Burkitt lymphoma (p=0.06) and Other NHL 
(p=0.03) tended to be higher for children in Kampala than in either Harare or Abidjan, 
respectively; however, in most instances the number of cases available for analysis was 
small and confidence intervals were wide. No significant difference in survival across the 
registries was found for retinoblastoma (p=0.46) or Wilms tumour (p=0.53).   
 
Observed survival according to stage at diagnosis 
Stage was a strong predictor of survival for each cancer. Among children with non-Hodgkin 
lymphoma (excluding BL) (Figure 1a), three-year survival was 57% (95% CI = 28%-78%) for 
localised disease whereas all of those with advanced disease were either deceased or lost to 
follow-up (p=0.001). Similarly, three-year survival varied from 88% (68%-96%) down to 13% 
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(4%-29%) for localised and advanced Burkitt lymphoma, respectively (p<0.001; Figure 1b). 
For retinoblastoma, there was a statistically significant decreasing trend (p=0.03) in survival 
with increasing stage, from 62% (37%-79%) for localized disease to 42% (21%-62%) for 
regional disease and 28% (12%-46%) for metastatic disease (Figure 1c). There was also a 
statistically significant difference for Wilms tumour (p<0.001); three-year survival for 
localized disease was 53% (95% CI = 37%-66%) compared with 15% (6%-28%) for metastatic 
disease (Figure 1d).  
 
DISCUSSION 
With limited population-level data, it is difficult to understand the true burden and survival 
from childhood cancers in Africa, making effective planning for cancer management and 
control challenging. Here, we describe three-year survival for children with cancer in three 
cancer registries in sub-Saharan Africa and provide the first data on the distribution of stage 
according to the Toronto Guidelines Tier 1, and corresponding stage-specific survival. 
Thecapacity to define stage is a key point in the diagnostic and therapeutic process. 
 
 
Relative survival 
The Global Initiative for Childhood Cancer sets a target of 60% survival by 2030 for all 
children with cancer.11, 12 Three-year relative survival for all malignancies examined here 
was less than 60% and in most cases was less than 50%. Our overall results are broadly 
consistent with a recently published study from a referral hospital in Malawi13 which found 
combined observed survival at the end of treatment of 53% for several common childhood 
cancers.  Almost one in five patients in the Malawi cohort abandoned treatment.13  
 
There is limited literature against which we are able to compare our results. Our finding of 
one-year survival of 58% for children aged 0-14 years with non-Hodgkin lymphoma 
(excluding BL) in Kampala is considerably higher than the 43% reported by the Uganda 
Cancer Institute7 among patients aged 0-19 years, whereas the corresponding results for 
Burkitt lymphoma were more consistent (one-year survival of 59% and 55%, respectively). 
One-year survival for Burkitt lymphoma was also reported as 45% among patients attending 
a referral hospital in western Kenya between 2003-2011.14 A hospital-based study from 
South Africa15 described overall five-year survival for retinoblastoma of 58%, similar to the 
three-year estimate of 57% for Kampala as reported here, but higher than the results for 
either Abidjan or Harare (47% and 38%, respectively). Data from the Uganda Cancer 
Institute showed one-year survival of 44% for Wilms tumour,7 somewhat lower than our 
estimates which ranged from 55% in Kampala to 66% for Harare. In contrast, the French 
African Pediatric Oncology Group Study found three-year observed survival of 72% for 
Wilms tumour patients aged 6 months to 17 years across seven sub-Saharan facilities.16    
 
Cancer stage at diagnosis 
In common with other LMICs, one reason for the poorer cancer survival in Africa compared 
with HICs is likely to be the larger proportion of children diagnosed at an advanced stage. 
However, detailed information on the population distribution of childhood cancer stage in 
Africa is often not available because of a lack of resources to collect these data coupled with 
a lack of access to diagnostic imaging and other diagnostic clinical data that are a 
component of most staging systems used in HICs. By application of the Toronto Guidelines 
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Tier 1 staging criteria to data items collected retrospectively from medical records, stage at 
diagnosis could be assigned in this study for most cases of non-Hodgkin lymphoma, 
retinoblastoma and Wilms tumour.  The data on stage distribution presented here 
demonstrate that implementation of the Toronto Childhood Cancer Staging Guidelines (Tier 
1) by cancer registries in Africa is feasible, at least for these malignancies. In our study, we 
did not assess the accuracy of staging by cancer registrars by comparing their assigned stage 
with that of an expert clinician. This will be an important next step, as will implementation 
projects in other African registries and with a broader range of malignancies to confirm this 
result.   
 
A unique feature of the Toronto Guidelines is the ability to collapse the detailed Tier 2 
criteria down to Tier 1 criteria to allow for consistent and valid comparisons of stage 
between LMICs and HICs.8  Stage data according to the Toronto Guidelines Tier 2 criteria are 
published for the Australian childhood cancer population.17, 18 Comparison with these 
results from Africa reveals that the proportion of cases diagnosed at an advanced stage was 
many times higher in Africa than in Australia, including for all non-Hodgkin lymphomas  
(66% advanced disease vs 22%), retinoblastoma (42% metastatic vs <1%) and Wilms tumour 
(50% metastatic vs 17%). This is the first example of a direct comparison between a LMIC 
and HIC based on the Toronto Guidelines Tier 1 staging criteria, and, as is the case for 
survival, highlights the enormous global disparity in childhood cancer outcomes between 
Africa and high-income populations.   
 
Stage-specific survival 
For each of the malignancies, survival was significantly lower for children with advanced 
versus localized disease. This provides some confirmation of the quality of the data and the 
face validity of the staging criteria applied in this study. Some data on stage-specific survival 
for childhood cancers are available from other African studies,15, 16, 19, 20 although 
comparisons with our results are difficult because of the different staging systems used, 
highlighting the importance of a consistent approach. 
 
For each type of cancer and within each stage category, three-year stage-specific survival in 
the African registries is significantly lower than five-year survival within the same stage 
category in Australian children.17, 18 For example, we found three-year survival of 0% and 
13% for advanced non-Hodgkin lymphoma and Burkitt lymphoma, respectively, across the 
three African registries compared with 85% five-year survival for metastatic non-
Hodgkin/Burkitt lymphoma combined in Australia. Among children with metastatic Wilms 
tumour, three-year survival for Africa was 15% in stark contrast to 83% five years after 
diagnosis in Australia. Our results highlight the enormous international disparity not only in 
stage distribution, but in access to treatment and the many other factors that affect cancer 
outcome in children in addition to stage at diagnosis.    
 
The major strength of this study is its utilization of data from population-based cancer 
registries whose coverage includes all cases diagnosed within their jurisdictional boundaries. 
A limitation is the high proportion of cases who were lost to follow-up before the end of 
three years, despite exhaustive efforts to trace cases through hospital records and by direct 
contact with families.  The potential bias introduced by this is difficult to estimate. If death 
was a reason for failure to trace, the survival results reported would overestimate the true 
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situation. Conversely, patients who died may have been identified more completely, via 
death certificates, in which case survival would be underestimated. We took the 
conventional approach of omitting them from the analysis, which effectively  assumes that 
loss to follow up is random. There was no significant difference in the proportion of cases of 
Wilms tumour and retinoblastoma classified as “metastatic” between patients who were 
omitted and those who were included. 
 
 We chose to use relative survival as the most appropriate method when making 
comparisons between registries, where background mortality may be different. However, 
when comparing stage-specific results using combined data from the registries, observed 
survival was used due to the Kaplan-Meier survival curves being more instructive than 
relative survival curves. Despite the underlying childhood mortality being much higher in 
LMICs compared with HICs, differences between the results calculated using observed 
versus relative survival were quite small in general (results not shown). 
 
This study adds to the information available on the low survival rates of children diagnosed 
with cancer in Africa and provides robust estimates of stage-specific survival for four 
common malignancies.  Stage is one of the most important prognostic indicators of cancer 
outcome and knowledge of its distribution within a population, particularly the proportion 
of cancer diagnosed at an advanced stage, can assist in development of appropriate 
strategies to improve population cancer outcomes.  This demonstration of the feasibility of 
assigning stage on a population basis in Africa is an important step towards a better 
understanding of reasons underlying the poor childhood cancer outcomes in these 
populations.  
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LEGEND TO FIGURE 

Figure 1: Observed survival by stage at diagnosis for a) Non-Hodgkin lymphoma, b) Burkitt 
lymphoma, c) retinoblastoma, and d) Wilms tumour. Cases where stage at diagnosis was 
not assigned were excluded from the analysis. 
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Table 1: Study cohort by type of cancer and selected characteristics

Non-Hodgkin Lymphoma (NHL)

TOTAL
“Other NHL”

(excl. Burkitt lymph.)
Burkitt 

lymphoma Retinoblastoma Wilms tumour
Characteristic n Col% n n n Col % n Col % n Col %

TOTAL 381 100 54 100 111 100 90 100 126 100

Registry
  Abidjan 137 36.0 n.a. 76 68.5 31 34.4 30 23.8
  Harare 133 34.9 36 66.7 n.a. 38 42.2 59 46.8
  Kampala 111 29.1 18 33.3 35 31.5 21 23.3 37 29.4

Sex
  Female 187 49.1 33 61.1 40 36.0 36 40.0 78 61.9
  Male 194 50.9 21 38.9 71 64.0 54 60.0 48 38.1

Age group at diagnosis
  0-4 years 197 51.7 11 20.4 27 24.3 70 77.8 89 70.6
  5-9 years 113 29.7 18 33.3 53 47.8 13 14.4 29 23.0
  10-15 years 71 18.6 25 46.3 31 27.9 7 7.8 8 6.3

Stage at diagnosis recorded
  Yes 317 83.2 42 77.8 71 64.0 87 96.7 117 92.9
  No 64 16.8 12 22.2 40 36.0 3 3.3 9 7.1

n.a. – not applicable
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Table 2: Distribution of stage at diagnosis by type of cancer

Type of cancer ICCC-3 
category

Stage n %

Localised 14 33.3Non-Hodgkin 
lymphoma (exc. BL) 2b Advanced 28 66.7

Localised 29 40.8Burkitt lymphoma 2c Advanced 42 59.2
Localised 28 32.2
Regional 22 25.3Retinoblastoma 5

Metastatic 37 42.5
Localised 58 49.6Wilms tumour 6a Metastatic 59 50.4

Abbreviations: BL – Burkitt lymphoma; ICCC3: International Classification of Childhood Cancer (3rd edition) 10 

Note:  Excludes patients where stage at diagnosis was unknown
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Table 3: One-year and three-year relative survival by type of cancer and registry

Abidjan Harare Kampala Combined
Type of cancer 
(ICCC-3 category)

pregistry
* 1-year 3-years 1-year 3-years 1-year 3-years 1-year 3-years

Other NHL (2b) 0.03 n.a. n.a. 37 (22-53) 17 (6-33) 58 (31-77) 42 (17-65) 44 (30-57) 25 (13-39)
BL (2c) 0.06 45 (32-56) 35 (23-48) n.a. n.a. 59 (39-74) 54 (33-71) 49 (39-59) 41 (30-51)
Retinoblastoma (5) 0.46 61 (41-76) 47 (26-65) 58 (40-73) 38 (20-55) 63 (38-81) 57 (31-76) 60 (49-70) 46 (34-57)
Wilms tumour (6a) 0.53 56 (35-73) 50 (28-69) 66 (51-77) 43 (28-57) 55 (37-70) 30 (15-47) 60 (51-69) 40 (30-50)
Abbreviations: BL – Burkitt lymphoma; NHL – non-Hodgkin lymphoma; ICCC3: International Classification of Childhood Cancer (3rd edition) 10 ; n.a. – not applicable.
Note: Brackets indicate 95% confidence interval.

* Pregistry: the significance of the difference between results at 3 years
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