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Abstract

Background: Childhood cancer survival in low- and middle-income countries (LMICs) is low, and data are limited.

Aim: We investigated 1-year and 2-year overall survival (OS) of children diagnosed with cancer in Zimbabwe between 2015 and 2021.

Setting: Retrospective childhood cancer data from 2015 to 2022 were collected from KidzCan’s database.

Methods: Demographic data, cancer diagnosis and performance status were collected to determine OS 2 years post-cancer diagnosis. Data were analysed using Kaplan-Meier survival curves and Cox regression analysis.

Results: A total of 514 from 1090 childhood cancer cases were analysed (576 cases were excluded because of missing data). The mean age at diagnosis was 5.0 years (standard deviation 3.8), with a male-to-female ratio of 1:1.25. One-year OS was 38% (mean 7.5 months; 95% confidence interval [CI] [7.1–8.0]) and 2-year OS was 17.3% (mean 10 months; 95% CI [9.7–11.4]). Male cases (21.9%) had a better 2-year OS compared to female cases (10%) (p = 0.012). Lymphoma and retinoblastoma had the best 2-year OS (29% and 28%, respectively) (p = 0.002). Children active at diagnosis (28%) had an improved 2-year OS than those who were frail (11.5%) and bedridden (13%) (p < 0.001).

Conclusion: Sex, cancer diagnosis and performance status were associated with OS. Long-term follow-up is essential to determine long-term outcomes for all children treated with cancer. This study highlights the vital role of civil society organisations in supporting the establishment of a local childhood cancer registry.

Contribution: This study will significantly contribute to understanding childhood cancer survival in LMICs like Zimbabwe and provide a baseline for future research.
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Introduction

Childhood cancer is not necessarily a health care priority in low- and middle-income countries (LMICs) because of the burden of infectious diseases.1,2 In addition, there is an inability to accurately quantify cancer incidence because of a lack of dedicated tumour registries.3,4,5 Childhood cancer represents approximately 1% of all cancers diagnosed annually globally.5 Estimates suggest that approximately 85% of all childhood cancer cases occur in LMICs.5 Approximately 4.6% of cancers in sub-Saharan Africa occur in children aged 14 years and younger, compared to 0.5% in high-income countries (HICs).5

Childhood cancer remains an important cause of paediatric mortality, with an estimated 100 000 cancer-related deaths occurring annually worldwide.6 Children diagnosed with cancer in LMICs have an 80% chance of dying compared with approximately 20% in HICs.7 Current global estimates indicate large variations in 5-year overall survival (OS) by region, ranging between 8.1% in East Africa and 83% in North America.8

A study of three cancer registries (Kampala, Uganda, Abidjan, Cote d’Ivoire, Harare, Zimbabwe) reported a 3-year relative survival rate of less than 60% in children diagnosed with cancer.4 Half of the combined paediatric cohort died within 3 years of diagnosis.4 Childhood cancer deaths are more common in resource-limited settings because of a lack of access to diagnostic investigations and treatment modalities such as chemotherapy, radiotherapy and surgery, as well as multidisciplinary, high-quality supportive care.9 Most childhood cancers can be successfully treated if they are diagnosed early and treated appropriately.10

KidzCan, a non-governmental organisation (NGO), is assisting Zimbabwe’s Ministry of Health and Childcare in bridging diagnostic, treatment and support gaps in local childhood cancer service delivery.11,12 KidzCan conducts a wide range of childhood cancer activities, which include awareness campaigns within different communities and provide training to health professionals and traditional medical practitioners.11,12 KidzCan has a database of children diagnosed with childhood cancer previously or who are currently receiving treatment and support through their organisation.12 Zimbabwe currently has three paediatric oncologists based at Parirenyatwa Group of Hospitals, a public health facility in Harare, which is also the only paediatric oncology treatment centre in the country.12 Patients must be referred from primary and secondary care facilities for specialised care at this facility.

The primary objective of this study was to investigate childhood cancer survival 1-year and 2-year post-cancer diagnosis, as well as any associations between survival and age, sex and performance status at diagnosis for children enrolled in the KidzCan database between 2015 and 2021.12 The secondary objective was to identify determinants of survival for this cohort.

Methods

This retrospective descriptive study analysed KidzCan’s database of children diagnosed with cancer between January 2015 and December 2021.12 Data collection included age at diagnosis, cancer diagnosis, sex and home address. The cancer diagnosis and stage or risk group (if documented) were recorded from the database and the available hospital records. Malignancies were classified according to the International Classification of Childhood Cancer Third Edition (ICCC-3).13 Nutritional status was not documented in the registry and therefore not analysed. However, the captured performance status was included in the data analysis as an indication of the child’s condition at diagnosis. KidzCan self-classified performance status as either ‘active’ (a child able to perform normal daily tasks), ‘frail’ (a child who got tired easily and required assistance with feeding and bathroom routine) or ‘bedridden’ (a child confined to a bed for more than 90% of the day). Outcome data (status and date last seen or date of death) were collected from the hospital records. Follow-up was conducted telephonically for mortality and time to death (Figure 1). Records with a registration date and either a date last seen or date of death or both were included in survival analysis. Records with registration date and date last seen were coded as ‘lost to follow-up’ if the date last seen was before the 2 years had lapsed and were included as censored observations in the survival analysis. Records with a date last seen more than 2 years after registration were deemed alive. Records that had no registration date and no date of death or records that had only one of the two were excluded from survival analysis. The endpoint was defined as OS at 2 years post-cancer diagnosis. For comparison purposes, the OS at 1 year was also calculated.
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Data were analysed using SPSS version 28 (IBM SPSS Statistics, United States). Kaplan-Meier curves were used to calculate OS, and log-rank tests were used to compare survival in relation to predictor variables of cancer diagnosis, age, sex, performance status, solid versus haematological malignancies, home region and distance from a treatment facility for the group included in the survival analysis. The chosen predictors were based on known variables that influenced survival after diagnosis.5 Cox proportional hazard regression models were used to estimate adjusted hazard ratios (HR) and 95% confidence intervals (CI). Predictors with a univariate p-value < 0.1 were entered as independent variables in the model for time to mortality within 2 years. Predictors with a p-value < 0.05 were retained in the final model. To assess possible bias in the results, the included and excluded cancer case groups were compared in terms of sex, age, cancer type and performance status using Chi-square and t-tests.

Ethical considerations

KidzCan provided consent to access the database used in this study. The Stellenbosch University Health Research Ethics Committee (S22/08/142 PhD) and the Medical Research Council of Zimbabwe (MRCZ/A/2984) granted ethical approval for this study. A waiver of individual patient consent was obtained as the study posed minimal risk to the participants, and data analysis was performed using the de-identified data.

Results

There were 1090 patient records, of which 514 (47.2%) were included for data analysis, and 576 (52.8%) were excluded because of missing data (Figure 1). The 1-year OS for the study cohort was 38% (mean 7.5 months; 95% CI [7.1–8.0]), while the 2-year OS was 17.3% (mean 10 months; 95% Cl [9.7–11.4]) (Online Appendix 1 Figure 1-A1, Online Appendix 1 Figure 2-A1). Male participants had a better 1-year OS of 43.3% (mean 8 months; 95% CI [7.3–8.6]) and a 2-year of 21.9% (mean 11 months; 95% CI [10.4–12.8]) compared to female participants (1-year OS 30.6%, mean 7 months, 95% CI [6.3–7.7], p = 0.016; 2-year OS 10%, mean 9 months, 95% CI [7.8–10.2], p = 0.002) (Figure 2 and Figure 3).
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The 5–9-year age group had the best 1-year OS of 40.1% (Online Appendix 1 Figure 3-A1). The 2-year OS decreased to 21.9% in the 5–9-year age group, while the over-15 year age group had no survivors 2 years post-diagnosis (Online Appendix 1 Figure 4-A1). However, age was not associated with survival (1-year OS p = 0.395; 2-year OS p = 0.305).

Solid tumours had the best 1-year OS (42.4% vs 30% for haematological malignancies, p = 0.001) and 2-year OS (17.3% vs 16.3% for haematological malignancies, p = 0.016) (Online Appendix 1: Table 1-A1, Table 2-A1, Figure 5-A1, Figure 6-A1).

The 1-year OS rates were higher than 40% for lymphoma (47.2%), retinoblastoma (46.6%), soft tissue sarcoma (46.4%) and nephroblastoma (44.1%) (Table 1). Leukaemia was associated with a low 1-year OS of 25% (Table 1). The OS decreased to less than 30% 2 years post-cancer diagnosis for all cancer types (Table 2, Online Appendix 1 Figure 7-A1, Online Appendix 1 Figure 8-A1). Cancer diagnosis was associated with OS at 2 years (p = 0.002).
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Performance status was associated with OS at 1 year (p < 0.001) and 2 years (p < 0.001). Children with normal activity at diagnosis had a 1-year OS of 55.1%, which declined to 28% at 2 years (Figure 4 and Figure 5). Frail children had a 1-year OS of 31%, which decreased to 11.5% at 2 years. Similarly, bedridden children had the worst 1-year OS of 16.3%, which declined to 13% at 2 years. Patients with unknown performance status had a 1-year OS of 20%, declining to 0% at 2 years (Figure 3). Home region, as an indicator of distance from the treatment facility, was not associated with either 1-year or 2-year OS (p = 0.82 and p = 0.751, respectively) (Online Appendix 1: Figure 9-A1, Figure 10-A1, Figure 11-A1, Figure 12-A1).
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Most deaths (72.8%, n = 118) occurred within the first month of diagnosis. The majority of these children (61.9%; n = 73/118) were frail, of which 20.3% (n = 24/118) were bedridden, 16.1% (n = 19/118) were active at diagnosis and 2.1% (n = 5/118) had an unknown status. Most early deaths (45%; n = 49) occurred in patients with acute leukaemia, followed by nephroblastoma (14.4%; n = 17), lymphomas (5.9%; n = 7) and soft tissue sarcomas (3.4%; n = 4) (Online Appendix 1 Table 3-A1). Within the first year after cancer diagnosis, one-fifth (21%; n = 108) of the cohort was lost to follow-up (Online Appendix 1 Table 3-A1), of which female participants accounted for (54.6%; n = 59/108) compared to male participants (45.4%; n = 49/108). Most children lost to follow-up (62%; n = 67/108) were in the 0–4 years age group (Online Appendix 1 Table 5-A1). Most participants (32.4%; n = 35/108) lived more than 400 km from the treatment facility (Online Appendix 1 Figure 9-A1, Online Appendix 1 Figure 10-A1). The main cancer diagnoses in the lost to follow-up group were retinoblastoma (25.9%, n = 28/108) and nephroblastoma (25%, n = 27/108) (Online Appendix 1 Table 4-A1).

Only sex and performance status were associated with 2-year OS (Table 3). Female participants had a higher risk of dying than male participants (p = 0.003; HR 1.39; CI 1.1–1.7), while those who were frail at cancer diagnosis had a 79% higher chance of dying than those who were active (p < 0.001; HR 1.75; CI 1.4–2.2). Bedridden patients had an 80% chance of dying compared to those who were active (p < 0.001; HR 2.74; CI 1.8–4.1) (Table 3). Neither cancer diagnosis (p = 0.129) nor a group of malignancies (solid vs haematological) (p = 0.092) was associated with OS after adjusting for performance status and sex (Table 3).
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The comparison between the included and excluded cases (Online Appendix 1 Table 1-A1) revealed a similar male-to-female ratio (p = 0.474), with the study group being younger (mean age 5 years) (p = 0.002) and containing more haematological malignancies (33.9%; n = 174) than the excluded group (25.9%; n = 149) (p < 0.001) (Online Appendix 1 Table 5-A1).

Discussion

This study documented a 1-year OS of 38%, with a decrease to 17.3% at 2 years. This is worse than a previous study that documented survival rates of less than 40% at 5 years after cancer diagnosis.5 The documented variations in survival suggest that the region in which the child lived was a crucial prognostic factor.8,14 The global 5-year OS rate for childhood cancer is approximately 37.4%.8 It is estimated that 90% of the children diagnosed with cancer in Africa will die.8 The estimated 5-year survival rates range from 11.6% in Africa, 39.6% in Asia, 55% in Latin America and the Caribbean, 64.4% in Oceania, 74.3% in Europe and 83% in North America.8,15,16 Previous studies in Harare, Zimbabwe, documented better 3-year survival rates for leukaemia (27.8%), retinoblastoma (34.6%) and nephroblastoma (38.7%) compared to those found in this study.5 In this study, the 2-year OS for children with leukaemia was 12.6%, compared to the reported OS of 80% in HICs. European studies documented favourable long-term outcomes, with 5-year OS rates of 96% for children diagnosed with retinoblastoma and 89.4% for those with nephroblastoma, compared to this study’s markedly lower 2-year OS of 28% for retinoblastoma and 20% for nephroblastoma. These findings indicate significant disparities in survival.17

Sex was a predictor of childhood cancer survival in Zimbabwe, with male patients having a superior survival, which contrasted with the Surveillance, Epidemiology and End Results Program (SEER) data from the United States, where male patients had an inferior survival rate.18 There is a need to investigate further the influence of socio-economic and cultural factors on male-female survival.19

Performance status was a risk factor, with the best survival observed in children with normal activity at 2 years (OS 28%). The assumption was that children who were diagnosed early with limited disease had a normal performance status, which might explain their improved survival. More than half (61.9%) of the patients who died within the first month of diagnosis were frail at diagnosis. This probably indicates death because of an advanced underlying disease or treatment toxicity.10 Late diagnosis of advanced cancer has been reported as the main reason for poor OS in LMICs.4 Other factors associated with poor survival included treatment failure, diagnostic delays, treatment abandonment and treatment-related mortality.10 More community-based awareness-raising campaigns targeting the public and healthcare professionals, coupled with diagnosis-specific referral guidelines, could contribute to reducing diagnostic delays.

Treatment toxicity-related death is a major contributor to mortality in LMICs, with an occurrence rate of 24% – 30% in high-risk patients during the first month of therapy.10 This study did not investigate toxicity-related deaths because this information was not available. This key factor should be examined in prospective studies. The risk of toxicity-related death depends on the type of cancer, the chemotherapy regimen used and the availability of supportive care. To reduce toxicity-related deaths, an early warning system was validated in Guatemala by St. Jude’s Children’s Research Hospital.20 This system facilitated an early staff response to infections and other causes of rapid clinical decline and reduced the number of children who deteriorated and required intensive care support.20

Improving the quality of care could potentially increase survival by 44.6%, whereas increasing the availability of all treatments could improve survival by 54.1%.8 Improvements in these two elements were found to have a superadditive effect on survival.8 Initiatives such as the global platform for access to childhood cancer medicines can facilitate the availability and accessibility of quality and affordable childhood cancer supportive care medications for children in LMICs and reduce treatment toxicity.21

Treatment abandonment and loss of follow-up are major contributors to treatment failure in LMICs.5,10,22 Active follow-up of patients in LMIC is common during treatment phases but is not routine after treatment completion.5 Caregivers may decide whether to attend post-treatment follow-up clinics based on religious and cultural practices as well as the costs involved, especially when there are no family members living near the treatment facility who can provide accommodation and support.5 The high loss to follow-up rates (21% in the first year to 24.9% in the second year) in this study was higher than the abandonment rates reported in Kampala (15%) but lower than those reported in Kenya (54%) and Zambia (46%). This may be attributed to high treatment costs, low educational status, parental religious and cultural beliefs, distance from the treatment facility and cancer diagnosis.5,10,23 The reasons for abandonment or poor follow-up should be investigated in follow-up studies. To reduce treatment abandonment, patient follow-up systems must be improved. Further research is required to understand the factors that contribute to treatment abandonment in Zimbabwe.

This study highlights the significance of NGOs like KidzCan’s assistance in collecting valuable cancer data, especially survival data, particularly in the absence of active hospital- or national registry-based cancer registries. The results indicate that a broad range of initiatives is required to improve outcomes and bridge the survival gap between HICs and LMICs. These include policy interventions with governments investing in early diagnosis and awareness of multidisciplinary care and service delivery (treatment availability, infection control, nutritional programmes, housing programmes during treatment and follow-up care and reducing the financial burden on families) to improve cancer survival.5,8,10

In addition, there is a need for further prospective studies investigating the contextual factors influencing loss to follow-up, high early mortality and OS. The evidence generated from these studies can be used to tailor-make contextually appropriate childhood cancer treatment programmes and improve OS.9 Greater attention needs to be paid to the quality of care received, which includes access to diagnostic and treatment services, trained personnel and efficient referral pathways that ensure a greater focus on patient needs.5 Furthermore, dedicated childhood cancer registries that capture all essential data, including nutritional status, comorbid conditions and abandonment, would be essential to determine the survival and late effects accurately.

This study has several limitations. The database excluded children not registered by KidzCan, especially those who received care in private health facilities, and those who were undiagnosed at the time of the study. Determining patient outcome status was challenging because of missing patient information, and outdated contact information prevented effective patient follow-up. Furthermore, the high loss to follow-up, lack of staging data, nutritional status and tumour characteristics made it impossible to establish the role of these elements in the cohort’s survival. The higher proportion of haematological malignancies in the included group may have influenced the OS because of the lower survival rate compared to solid tumours.

Conclusion

Sex and performance status were key factors affecting overall survival, with 1-year and 2-year rates falling below global benchmarks. To close the survival gap between high- and low-resource settings, coordinated efforts are needed, including early diagnosis, comprehensive care, financial support and long-term follow-up. Further studies on factors like loss to follow-up and early mortality will help develop context-specific strategies to improve outcomes in Zimbabwe.
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FIGURE 2: Kaplan-Meier 1-year overall survival according to sex at 1 year.
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1090 cases were identified
for survival analysis.

Excluded 576 cases with missing
registration dates, follow-up
dates, and dates of death.

514 cases included in survival
analysis at 1 year and 2 years.

Dead: n = 275 (53.5%)
Lost to follow-up: n = 108 (21.0%)
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Lost to follow-up: n = 21 (15.2%)

FIGURE 1: Total cohort (included and excluded groups) with 2-year overall

survival.
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TABLE 2: Kaplan-Meier means and medians for survival time (months) at 2 years by cancer diagnosis in the 0-19 years age group (p < 0.002).

Cancer diagnosis Mean+ Median 2-year 0S
Estimates se. 959% confidence interval Estimates se. 950 confidence interval (%)
Lower bound  Upper bound Lower bound  Upper bound
Retinoblastoma 12.62 119 10.29 14.96 12.00 179 8.50 15,51 280
Leukaemia 7.98 077 6.47 9.48 5.00 138 229 771 126
Lymphomas 1243 170 9.1 15.76 12.00 3.55 5.04 18.96 29.0
Renal tumours (Wilms tumour ~ 11.68 092 9.88 13.48 11.00 133 840 13.60 200
and other renal tumours)
Soft tissue sarcomas 1224 1.66 898 15.49 12.00 333 547 18553 158
Other unspecified 10.15 0.94 832 11.99 7.00 154 3.99 10.02 109
Overall 1056 044 971 1142 8.00 0.72 6.60 9.41 -

s.e., standard error; OS, overall survival.
+, Estimation is limited to the largest survival time if
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TABLE 1: Kaplan-Meier means and medians for survival time (months) at 1 year by cancer diagnosis in the 0-19 years age group (p <0.001).

Cancer diagnosis

Mean+

Median

1-year OS (%)

Estimates se. 95% confidence interval Estimates se. 950 confidence interval
Lower bound  Upper bound Lower bound  Upper bound

Retinoblastoma 8.87 0.57 7.74 9.99 12.00 - - - 46.6
Leukaemia 5.99 0.47 5.08 6.90 5.00 138 229 7.71 25.0
Lymphomas 823 0.89 6.48 9.97 12.00 - - - 472
Renal tumours (Wilms tumour 856 0.49 7.60 9.52 11.00 132 8.42 136 441
and other renal tumours)
Soft tissue sarcomas 891 091 7.14 10.69 12.00 - - - 46.4
Other unspecified 7.10 0.53 6.08 8.14 7.00 154 3.99 10.02 37.2
Overall 7.58 0.24 7.11 8.06 8.00 0.72 6.60 9.40 -
s.e., standard error; OS, overall survival.
+ Estimation is limited to the largest survival time if it is censored.
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TABLE 3: Hazard tables survival at 1 and 2 years.

Variables in the equation

Survival at 1 year

Survival at 2 years

p-value HR 95.0% Ci for HR p-value HR 95.0% Cl for HR
Lower Upper Lower Upper
Female vs male 0.012* 1.364 1.069 1.739 0.003* 1.392 1.116 1737
Performance status at diagnosis <0.001* - - - <0.001* - - )
Frail vs active <0.001* 1.934 1.448 2583 <0.001* 1.751 1364 2.247
Bedridden vs active <0.001* 3.569 2.326 5.477 <0.001* 2.748 1.843 4.096
Unknown vs active 0.062 2.670 0.952 7.488 0.064 2375 0.950 5.935
Solid vs haematological 0.034* 1307 1.020 1676 0.129 1192 0.950 1.496
Type of cancer 0.058 - - - 0.092 - - -
Leukaemia vs retinoblastoma 0.049 1.507 1.002 2.267 0.045 1.465 1.008 2.130
Lymphoma vs retinoblastoma 0.778 0918 0.508 1.660 0.654 0.886 0.521 1505
Renal tumours vs retinoblastoma 0.886 0.968 0.625 1.502 0.826 1.045 0.705 1550
Soft tissue sarcomas vs retinoblastoma  0.643 0.860 0.455 1.625 0.973 0.991 0.580 1.693
Other unspecified vs retinoblastoma 0.505 1.158 0.753 1.780 0.310 1.221 0.830 1.79

HR, hazard ratio; Cl, confidence interval.
* significant p-value of < 0.05.





