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Systematic review registration: The high costs of cancer treatment and the lack of investment in health care are significant barriers to public health on the African continent. The objective of this study was to investigate the financial cost of children cancer treating in sub-Saharan Africa. We systematically searched PubMed, Cochrane, and Google Scholar to identify relevant studies between March 2000 and December 2022. We selected articles that specifically addressed the US dollar financial costs of childhood cancer in African countries. Medians and interquartile ranges (IQR) were calculated. We also calculated the economic burden of childhood cancer at the individual level, by dividing the direct costs of cancer per patient by the GDP per capita, PPP of the country studied. The quality of economic studies was assessed using the CHEERS (2022) 28-point checklist. A total of 17 studies met our eligibility criteria. The median (IQR) of total childhood cancer costs by region was $909.5 ($455.3–$1,765) and ranged from $88803.10 for neuroblastoma to $163.80 for lymphoma. No significant differences (p < 0.05) were observed for comparisons of the direct cost of childhood cancer between the geopolitical zone of sub-Saharan Africa. Differences in the direct costs of childhood cancer were significant for different cancer types (p < 0.05). In the majority of 17 out of 54 countries on Africa the continent, the economic burden of childhood cancer exceeds 80% of GDP per capita, PPP, up to 345.38% of Nigeria’s GDP for Rhabdomyosarcoma. The cost of treating childhood cancers is high in Africa is catastrophic, if not downright prohibitive for households in Sub-Saharan Africa. We believe that the data from our study will be able to help make different objective advocacy allowing it to be provided with funds based of the evidence that can strengthen this program in order to install cancerology structures in the countries and by following the system plan. Cost reduction in the treatment of childhood cancer in particular and in general all types of cancer.

Approval of the study was given by the ethics committee of the Faculty of Medicine of the University of Lubumbashi (UNILU/CEM/135/2018) and (UNILU/CEM/096/2019).
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1. Introduction

Previously, cancer was considered as the health problem related to high-income countries. Nowadays, cancer no longer spares Africa, where the numbers of new cases and deaths are sky rocketing (a nearly 100% increase is expected by 2030) (1). The high costs of cancer treatment and lack of investment in health care are significant obstacles to public health on the African continent. African countries pledged through the Abuja declaration to allocate 15% of their gross domestic product to the healthcare sector. However, that objective has not been reached (2). In most African countries, patients bear a high percentage of healthcare expenses (3, 4). Public health spending on the continent has mainly targeted infectious and parasitic diseases (AIDS, malaria, tuberculosis, etc.) and not cancer. And public aid from developed countries has similarly targeted epidemics, such as the Ebola virus and other crises, leaving the fight against cancer relegated to the background (5, 6). According to the Global Task Force on Expanded Access to Cancer Care and Control, only 5% of the world’s cancer resources are spent in developing countries, and individual countries must draw up their own multi-year cancer plans adapted to their own socio-economic situations (7). To our knowledge, no researcher has specifically estimated the costs of treating pediatric cancers in Africa.

Researchers, clinicians and families know that cancer is a costly disease. Health professionals and policy makers in the health system at both national and regional level need data on the costs of cancer in general and those relating to childhood and adolescent cancer treatment in order to determine a distribution of health resources that meets to the needs of families, and better alignment in the adaptation of available resources. According to the Global Task Force on Expanded Access to Cancer Care and Control, only 5% of global cancer resources are spent in developing countries, and each country must develop its own multi-year cancer control plans adapted to their own socio-economic situation (7). Thus, our objective with this study was to help with estimating the financial costs of pediatric cancers in Sub-Saharan Africa based on the operational definitions of Heinrich (8–10).



2. Methods

This is a systematic review, the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines (11), were adopted and the PRISMA checklist followed. The study was based on the operational definitions of Heinrich (8–10), who defines direct costs (DC) as current financial burdens attributable to disease acts, including hospitalization costs, medical care and laboratory costs, while indirect costs (CI) represent costs in terms of time and other resources (time paid and not by work, time lost, damage caused, interruption of production, social charges, loss of profits, housing).


2.1. Literature search and selection criteria

The African continent covers 20.3% of the land area of then Earth this is 6% of the total surface of the planet. The continent has an area of 30,415,873 km2 (12), and Africans represent 16% of the world population.

For this study, we conducted systematic and advanced searches without language restriction using keywords on cancer costs in children in Africa in the following databases: Index Medicus African Health of the World Health Organization (AFROLYB, AIM, Global Health Library), PubMed, Cochrane Library, CISMeF, and Google Scholar. Additionally, we performed a standard search using search bots. We searched for article titles, summaries, reports, briefs, and any other electronic presentation for data on Africa without restriction on format type or year. The searched keywords were as follows: “cost of cancer”, “childhood cancer—socioeconomic factors”, “cancer financing in Africa”, “prospective study” and “African continent” using the logical separators AND (AND) and OR (OR).

The selected articles supported the evaluation of the cost of cancer in children aged 0–17 years in African countries. The inclusion criteria for the articles were (a) retrospective or prospective descriptive studies, (b) carried out in any type of health structure in sub-Saharan Africa between March 2000 and December 2022 in which the subjects were (c) children (d) with cancer regardless of type, younger than 17 years, (e) included descriptive information on pediatric cancer management; we did not include the different islands of the African continent in the study.

We also calculated the economic burden of childhood cancer at the individual level, by dividing the direct costs of cancer per patient by the GDP per capita, PPP of the country studied. This measure would indicate how catastrophic these costs could be for an average citizen (GDP per capita) (13).

GDP per capita based on purchasing power parity (PPP) is gross domestic product converted to international dollars using purchasing power parity rates. It is calculated without deduction for depreciation of manufactured assets or for depletion and degradation of natural resources. Data are expressed in constant 2017 international dollars (4). Cross-country comparisons based on market exchange rates of GDP to its expenditure components reflect both differences in economic output (volumes) and prices. Cross-country comparisons based on PPPs of GDP in its expenditure components only reflect differences in economic output (volume), because PPPs consider price level differences between countries. Therefore, the comparison reflects the actual size of the countries. The International Comparison Program (ICP) estimates PPPs for countries around the world (13).



2.2. Data extraction and analysis

We first selected articles based on their titles and then we searched the abstracts of those titles to screen focusing on one or more aspects of the financial cost of childhood cancer. Finally, we performed a manual search of the sources in the reference lists of articles we had selected that our online searches had not detected.

We also collected information such study: reference study, publication year, number of cancers, and direct and indirect cost data in US dollars.

The following information was collected for each study: study baseline, year of publication, number of cancers, and cost data in US dollars. The costs were estimated in US dollars, and findings were analyzed Stata 11.0 (StataCorp LLC). The direct cost of childhood cancer in Sub-Saharan Africa was calculated by geopolitical zone (Central, East, Southern, West Africa); and by type of cancer. The descriptive data are expressed in median and Interquartile range. The Kruskal Wallis rank sum test was performed for the direct cost of multiple groups. AP value <0.05 was the threshold.

To calculate the percentage burden of cost of pediatric cancer, the GDP per capita of countries where the studies were conducted was considered and converted into the international dollars by purchasing power party (2021).



2.3. Quality assessment

Methodological quality of retrieved articles was assessed using the 2022 CHEERS Checklist (14). The Consolidated Health Economic Evaluation Reporting Standards (CHEERS) statement, published in 2013, was created to ensure that health economic evaluations are identifiable, interpretable and useful for decision-making. The new 2022 CHEERS reporting replaces the previous CHEERS reporting guidelines. The checklist items are divided into seven main categories: (1) Title; (2) Summary; (3) Introduction; (4) methods; (5) Results; (6) Discussion; and (7) other relevant information (14).




3. Results


3.1. Selection of studies

The number of abstracts of studies based on the Financial costs of pediatric cancer management identified from the databases was 3,624 (1,034 on PubMed, 1,300 on Google Scholar and 129 0 in the Cochrane Library). After adjustment 1,594 duplicates and 1,831 irrelevant were excluded. Of the 30 reports sought for retrieval, based on the review, three reports were retrieved and 27 were rejected. Of the 202 relevant articles assessed for eligibility, 184 did not meet the inclusion criteria (27 exlusing Topics, 5 during data extraction and 128 after data extraction). Seventeen articles fulfilling all the inclusion criteria were finally selected (PRIMA diagram Figure 1).
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FIGURE 1
 PRISMA diagram.




3.2. Study characteristics and methodological quality

The general characteristics of the studies on the financial costs of pediatric cancer management included are presented in Table 1. The first year of study was 2003 and the most recent year of study was 2021. Studies were primarily based on cost analysis (n = 12), CHEERS checklist score for each study. The median CHEERS checklist score was 19 out of 28 (16–22). The median (IQR) the direct cost associated with childhood cancer was 909.5 $ ($455.3–$1765).



TABLE 1 Study characteristics and methodological quality.
[image: Table1]

However, nine studies were nationwide identified (22–28, 30, 31). Four studies were selected across regions (16–18, 29). Seven of 18 papers from East Africa five countries are represented the countries include Rwanda (24, 25). For Uganda we selected the following studies: Denburg et al. (26); Paintsil et al. (18); Waddell et al. (27). In Tanzania, we have following studies: Saxton et al. (28); Githang’A et al. (29). For Ethiopia, we have selected (18). In Kenya, we have selected (29). Six studies from Southern Africa, Zimbabwe (29), Madagascar (19), Malawi (17, 18, 30) and South Africa (31). Five of the articles came, respectively, from Central Africa, DR Congo (15, 16) and Cameroon (17–19); and West Africa, Cote d’Ivoire (16, 19), Ghana (17, 18, 20, 21), Burkina Faso, Mali, Senegal (19) and Nigeria (22, 23, 29) (Figure 2).
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FIGURE 2
 Countries represented in included studies.


Only 2 out of 17 articles included (15, 20) reported both the average total cost, the direct cost and the indirect cost. Childhood cancer treatment costs were reported for lymphoma (n = 9), multiple cancers (n = 8), Wilms tumors (n = 5), leukemia (n = 4), retinoblastoma (n = 3), nephroblastoma (n = 1) and rhabdomyosarcoma (n = 1).



3.3. The direct cost of treating childhood cancer in sub-Saharan Africa

To explore the direct cost of childhood cancer in sub-Saharan Africa, we stratified costs by study region (Table 2). The direct cost of childhood cancer was lowest and highest in West Africa and Southern Africa, the two having $103.8–18,528$ [$799 ($540–$1960)] and $122–$7,360 [739.8$ ($332.9–$1542.3)] respectively. No significant difference (p < 0.05) was observed for comparisons of the direct cost related to childhood cancer between the Geopolitical zone sub-Saharan Africa (Central Africa, West Africa, East Africa and southern Africa).



TABLE 2 Pooled estimates of the direct cost of cancer treatment in Sub-Saharan Africa.
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3.4. The direct cost of treating childhood cancer by type of cancer

All studies have differentiated costs by type of cancer, namely lymphoma (n = 9), multiple cancers (n = 8), Wilms tumors (n = 5), leukemia (n = 4) and other cancers [Retinoblastoma (n = 3), Rhabdomyosarcoma (n = 1), nephroblastoma (n = 1)] (Table 3). Differences in direct childhood cancer costs were significant for the different types of cancer (p < 0.05). Costs for leukemia patients ($1831.2) are significantly higher than costs for lymphoma patients ($103.8). The median cost (IQR) of patients with Wilms tumor was $388 ($211–$416). The associated median (IQR) costs of multiple cancers and other cancers (Retinoblastoma, Rhabdomyosarcoma, Nephroblastoma) were $1875 ($1,320–$7,802) and $1,690 ($1,079–$1913) respectively.



TABLE 3 Direct cost of cancer treatment by type of cancer.
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The cost of cancer varied between $88,803.10 for neuroblastoma and $163.80 for lymphoma (Table 4). The Cost of Neuroblastoma Cancer, Bone tumors accounted for 68.09% (88803.10) and 62.21% (797.50) of DRC’s GDP respectively, in Nigeria 345.38% (18678) of Nigeria’s GDP for Rhabdomyosarcoma (22, 23). The cost burden was 67.61% (797.50) and 8.37% (500.00) for retinoblastomas in DRC and Ghana, each.



TABLE 4 Direct cost per childhood cancer according to gross domestic product per capita (GDP per capita), PPP.
[image: Table4]

Regarding the cost of Nephroblastoma represents, respectively, 88.34% ($1,042) and 85.09% ($2,093) of the GDP of the DRC (15, 16) and Rwanda (24, 25). The cost of leukemia ranged between 11.4% ($680.5) in Ghana (17, 18, 20, 21) and 82.86% ($977.3) in DRC (15, 16). Lymphomas 3.03% (163.80) of Nigeria’s GDP (22, 23) and 85.84% ($5125.32) (17, 18, 20, 21) in Ghana.




4. Discussion

Our systematic review highlights the economic impact of childhood cancer as a burden in sub-Saharan Africa. Despite the increasing morbidity and mortality related to childhood cancer, data on its health care costs are limited in a resource-scarce health care environment like sub-Saharan Africa.

We performed a systematic review of studies reporting direct cost on Heinrich’s operational definitions (8–10). Studies aimed at improving outcomes for patients with cancers, particularly pediatric cancer should be measured not only in terms of epidemiological or clinical parameters, but also in terms of economic impact especially the impact felt by the household.

The World Health Organization (WHO) recommends that the results of COI studies be reported in international dollars at PPP, to better support country-to-country comparisons of costs (13). In the majority of 17 out of 54 countries on the continent based on the studies included in this review, the economic burden of childhood cancer is greater than 80% of GDP per capita, PPP (15–18, 20, 21, 24, 25), up to 345.38% of Nigeria’s GDP for Rhabdomyosarcoma (22, 23). Taking into account the definition of GDP per capita which corresponds to the average income of families (32), this is a cost that households cannot absorb without the support of the government or the various players. Pediatric cancer is therefore a real public health problem and an economic burden for households in at least 17 out of 54 countries on the continent based on the studies included in this review.

Assessing the economic costs of cancer to the health care system has its share of difficulties. Several researchers in the studies we identified reported high costs of cancer management in oncology units, the presence of which varied from country to country in Africa (33). In this area, the median direct cost (IQR) of childhood cancer was $909.5 ($455.3–$1765). Our analysis also showed that childhood cancer treatment costs ranged from $88,803.10 for neuroblastoma to $163.80 for lymphoma.

The direct costs of cancer treatment can be influenced by the complexity and availability of treatment (chemotherapy and/or surgery), the duration of chemotherapy, and the need for supportive care (34). Treatment complexity is generally lower for malignancies requiring only short-term chemotherapy regimens, such as Burkitt’s lymphoma and most lymphomas. Cancers requiring longer chemotherapy, such as acute lymphoblastic leukemia, or requiring surgery, such as Wilms tumor and retinoblastoma, are more complex, and cancers requiring surgery very complex (35).

In the Democratic Republic of Congo (DRC), for example, the highest cost was for retinoblastoma (1,690$) (16), although in three pilot treatment units (in the capital, Kinshasa; Haut-Katanga in Lubumbashi and Bukavu in the east), families can receive a loan of $1,419 per year (36). In neighboring Zambia and Rwanda, national subsidies for cancer patients significantly reduce the direct cost, to $49 and $61 per year (36).

Generally, the cost of care depends on the country, its standard of living and its health policy. Countries with an oncology-centric system pay 10 times the average of countries without government subsidies (7), and consistent with these findings, we found that cancer care in the Democratic Republic of Congo cost 10 times more than in neighboring countries, Rwanda and Zambia.

In Mauritania, a fixed price system was combined with user payment in public hospitals (37). The Rwandan oncology center observed a significant increase attendance when 90% of the cost of treatment was subtracted and a non-governmental organization funded treatment completely free (32).

Through these different methods of financing health systems, different countries have succeeded in guaranteeing real access to care in pediatric oncology (38). Results from a survey in Haiti found that use increased when care was free; free preventive care saw 2.87 times more patients than fixed price clinics with a price (39). In the DRC, however, there is no health insurance system or user fees, although support from the GFAOP is noted. Given this economic burden of childhood cancer, more research should be conducted on the costs of cancer care in Africa.

In our assessment of costing methods, we used the method CONGRATULATIONS 2022.

The main limitation of this systematic review concerns the quality of the existing literature in this area. Few of the economic evaluations in our study were of high methodological rigor, as evidenced by their scores on the CHEERS checklist. Future economic evaluations should adhere to the CHEERS Checklist, which consolidates previous economic evaluation guidelines and provides recommendations for optimizing the design and reporting of health economic evaluations (35).

The development of protocols for the economic evaluation of cancer should be thought out while taking into account the complexity and depend on the objectives of the studies. The protocols can contribute to reduce heterogeneity, by favoring the comparison between the different regions and the different health systems, in order to obtain a more precise calculation of the cost of oral cancer (…).

Several studies have underestimated the impact of non-medical indirect costs (8–10), in calculating the total cost of childhood cancer care. Only 2 (n = 2) out of 17 articles included (15, 20) have addressed both the notion of indirect and direct costs. We believe that the indirect cost results could be about the same in sub-Saharan Africa. Cancer represents a significant financial burden for families of children with cancer in Africa (15, 20). Families who pay to treat children with cancer are likely to suffer long-term economic and social repercussions related to debt repayment (32, 40–42).

Given the paucity of research on predictors of direct and indirect costs, researchers should explore other potential variables that may affect family costs, such as factors in the child’s illness, including physiological adaptation to his cancer and the side effects of the treatment; and social factors, including children’s absence from school. School absences are higher in children with cancer than in healthy children and those with other chronic diseases (43). Their absences are at all stages of their illness; however, they remain highest for the year following diagnosis. Thus, a lost school day due to frequent hospitalizations can also lead to a loss of parental productivity in the form of absenteeism or presenteeism, and can be an important predictor of costs (43).

Pediatric oncology units should include a well-established cancer registry and provisions to reduce the cost of care. Unfortunately, the situation in Africa is still far from ideal. Several countries in this region still do not have dedicated cancer units, and patients who are diagnosed with cancer face a sad fate, including a significant economic burden.



5. Conclusion

We identified with this systematic review we conclude that the economic burden of pediatric cancer care is very high in Africa, although we found significant heterogeneity in the 18 studies. When households have to pay for cancer care themselves, the cost is catastrophic, if not outright prohibitive. We believe that our findings are limited by the small number of countries that were represented and of studies on the costs of cancer care in Africa. We suggest that increasing knowledge on these topics would support making informed policies for financing health care systems in African countries.

Nevertheless, the data of our study which will be able to help to make different objective advocacy allowing to endow it with financial backer on the basis of the evidences which can reinforce this program in order to install in the country the structures of oncology and by following the plan of system cost reduction in the treatment of childhood cancer in particular and in general all types of cancer (adult). This program would be a valuable contribution to the existing employment insurance system and essential to ensure that households do not feel the great cost of cancer pathology; because, the fight is double financially and psychologically.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



Author contributions

CM and CD were responsible for the concept, design, and literature search of the study. MN, CM, and CD collected data. CM and CD performed the statistical analysis. MN, CM, CD, BI, DK, and ON drafted the manuscript. BI, DK, and ON supervised the study. CM, DK, ON, MN, DB, CD, and BI participated in the analysis and interpretation of the manuscript. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Ferlay, J, Shin, HR, Bray, F, Forman, D, Mathers, C, and Parkin, DM. GLOBOCAN 2008: Cancer incidence and mortality worldwide. IARC CancerBase No. 10. Lyon: IARC (2008).

 2. Witter, S, Jones, A, and Ensor, T. How to (or not to)… measure performance against the Abuja target for public health expenditure. Health Policy Plan. (2014) 29:450–5. doi: 10.1093/heapol/czt031 

 3. Alam, K, and Mahal, A. Economic impacts of health shocks on households in low and middle income countries: a review of the literature. Glob Health. (2014) 10:21–18. doi: 10.1186/1744-8603-10-21

 4. World Bank. Banque Mondiale-Rapport Annuel 2013. Washington, DC: The World Bank (2013).

 5. Chattu, VK, Knight, WA, Adisesh, A, Yaya, S, Reddy, KS, Di Ruggiero, E , et al. Politics of disease control in Africa and the critical role of global health diplomacy: a systematic review. Health Promot Perspect. (2021) 11:20. doi: 10.34172/hpp.2021.04 

 6. Mjumbe, CK, Bora, BK, Numbi, OL, Mwenze, PK, Tshamba, HM, Ilunga, BK , et al. Psychosocial lived experience of parents with children diagnosed with cancer in Lubumbashi. J Cancer Ther. (2020) 11:749. doi: 10.4236/jct.2020.1112065

 7. Knaul, FM, Frenk, J, and Shulman, L. Closing cancer divide: a blueprint to expand access in low middle income countries. Boston, MA: Harvard Global Equity Initiative (2011).

 8. Hayhurst, ER. Industrial accident prevention, a scientific approach. Am J Public Health Nations Health. (1932) 22:119–20. doi: 10.2105/AJPH.22.1.119-b

 9. Manuele, FA. Accident costs rethinking ratios of indirect to direct costs. Prof Saf. (2011) 56:39.

 10. Rohani, JM, Johari, MF, Hamid, WHW, and Atan, H. Development of direct to indirect cost ratio of occupational accident for manufacturing industry. J Teknol. (2015) 77:127–32. doi: 10.11113/jt.v77.4095

 11. Haddaway, NR, Page, MJ, Pritchard, CC, and McGuinness, LA. PRISMA2020: an R package and shiny app for producing PRISMA 2020-compliant flow diagrams, with interactivity for optimised digital transparency and open synthesis. Campbell Syst Rev. (2022) 18:e1230. doi: 10.1002/cl2.1230 

 12. Khiri, F, and Ibhi, A. African meteorites falls: Some statistics. in: European Planetary Science Congress (2015). 80 p.

 13. Dikhanov, Yuri, Hamadeh, Nada, Vigil-Oliver, William, Degefu, Tefera B., and Chanson, Inyoung. (2017). Parités de pouvoir d’achat spécifiques à la pauvreté en Afrique. Document de travail sur la recherche sur les politiques;n° 8150. Banque mondiale, Washington. Available at: http://hdl.handle.net/10986/27956

 14. Husereau, D, Drummond, M, Augustovski, F, de Bekker-Grob, E, Briggs, AH, Carswell, C , et al. Consolidated health economic evaluation reporting standards 2022 (CHEERS 2022) statement: updated reporting guidance for health economic evaluations. BMC Med. (2022) 20:23. doi: 10.1186/s12916-021-02204-0

 15. Mjumbe, CK, Mafuta, E, and Limbaka, H. Evaluation of the financial and economic cost of childhood cancer care in Lubumbashi: a mixed study. J Cancer Prev Curr Res. (2022) 13:72–7. doi: 10.15406/jcpcr.2022.13.00491

 16. Lukamba, RM, Yao, J-JA, Kabesha, TA, Budiongo, AN, Monga, BB, Mwembo, AT , et al. Retinoblastoma in sub-Saharan Africa: case studies of the republic of Côte d’Ivoire and the Democratic Republic of the Congo. J. Glob. Oncol. (2018) 4:1–8. doi: 10.1200/JGO.17.00056

 17. Israels, T, Paintsil, V, Nyirenda, D, Kouya, F, Mbah Afungchwi, G, Hesseling, P , et al. Improved outcome at end of treatment in the collaborative Wilms tumour Africa project. Pediatr Blood Cancer. (2018) 65:e26945. doi: 10.1002/pbc.26945 

 18. Paintsil, V, David, H, Kambugu, J, Renner, L, Kouya, F, Eden, T , et al. The collaborative Wilms tumour Africa project; baseline evaluation of Wilms tumour treatment and outcome in eight institutes in sub-Saharan Africa. Eur J Cancer Oxf Engl. (2015) 1990:84–91. doi: 10.1016/j.ejca.2014.10.030

 19. Traoré, F, Coze, C, Atteby, J-J, André, N, Moreira, C, Doumbe, P , et al. Cyclophosphamide monotherapy in children with Burkitt lymphoma: a study from the French-African pediatric oncology group (GFAOP). Pediatr Blood Cancer. (2011) 56:70–6. doi: 10.1002/pbc.22746 

 20. Dawson, CP, Aryeetey, GC, Agyemang, SA, Mensah, K, Addo, R, and Nonvignon, J. Costs, burden and quality of life associated with informal caregiving for children with lymphoma attending a tertiary hospital in Ghana. Int J Care Coord. (2020) 23:165–72. doi: 10.1177/2053434520981357

 21. Renner, L, Shah, S, Bhakta, N, Denburg, A, Horton, S, and Gupta, S. Evidence from Ghana indicates that childhood cancer treatment in sub-Saharan Africa is very cost effective: a report from the childhood cancer 2030 network. J Glob Oncol. (2018) 4:JGO.17.00243. doi: 10.1200/JGO.17.00243

 22. Meremikwu, MM, Ehiri, JE, Nkanga, DG, Udoh, EE, Ikpatt, OF, and Alaje, EO. Socioeconomic constraints to effective management of Burkitt’s lymphoma in South-Eastern Nigeria. Tropical Med Int Health. (2005) 10:92–8. doi: 10.1111/j.1365-3156.2004.01348.x 

 23. Joseph, AO, Akinsete, AM, Awofeso, OM, Balogun, OD, Oyeyinka, KA, and Onitilo, AA. Direct cost of treating childhood cancer in Lagos, Nigeria: a tale of financial inaccessibility to care. J Clin Sci. (2021) 18:179. doi: 10.4103/jcls.jcls_87_20

 24. Neal, C, Rusangwa, C, Borg, R, Mugunga, JC, Kennell-Heiling, S, Shyirambere, C , et al. Cost of treating pediatric cancer at the Butaro cancer center of excellence in Rwanda. J Glob Oncol. (2018) 4:1–7. doi: 10.1200/JGO.17.00155 

 25. Kanyamuhunga, AM, Tuyisenge, L, and Stefan, DC. Treating childhood cancer in Rwanda: the nephroblastoma example. Pan Afr Med J. (2015) 21:326. doi: 10.11604/pamj.2015.21.326.5912 

 26. Denburg, AE, Laher, N, Mutyaba, I, McGoldrick, S, Kambugu, J, Sessle, E , et al. The cost effectiveness of treating Burkitt lymphoma in Uganda. Cancer. (2019) 125:1918–28. doi: 10.1002/cncr.32006 

 27. Waddell, KM, Kagame, K, Ndamira, A, Twinamasiko, A, Picton, SV, Simmons, IG , et al. Improving survival of retinoblastoma in Uganda. Br J Ophthalmol. (2015) 99:937–42. doi: 10.1136/bjophthalmol-2014-306206 

 28. Saxton, AT, Bhattacharya, M, Sivaraj, D, Rice, HE, Masalu, N, Chao, NJ , et al. Assessing the cost and economic impact of tertiary-level pediatric cancer care in Tanzania. PLoS One. (2022) 17:e0273296. doi: 10.1371/journal.pone.0273296 

 29. Githang’A, J, Brown, B, Chitsike, I, Schroeder, K, Chekwenda-Makore, N, Majahasi, F , et al. The cost-effectiveness of treating childhood cancer in 4 centers across sub-Saharan Africa. Cancer. (2021) 127:787–93. doi: 10.1002/cncr.33280 

 30. Hesseling, PB, Broadhead, R, Molyneux, E, Borgstein, E, Schneider, JW, Louw, M , et al. Malawi pilot study of Burkitt lymphoma treatment. Med Pediatr Oncol. (2003) 41:532–40. doi: 10.1002/mpo.10322 

 31. Stefan, DC, and Stones, D. How much does it cost to treat children with Hodgkin lymphoma in Africa? Leuk. Lymphoma. (2009) 50:196–9. doi: 10.1080/10428190802663205 

 32. Hesseling, PB, and Wessels, G. Resources to manage childhood cancer in Africa: an analysis of scholarship applications for the 1994 SIOP continental Africa meeting. Med Pediatr Oncol. (1995) 25:260.

 33. Doumbe, P, Obama, T, Mbakop, A, Kago, I, Ghogomu, E, and Tetanye, E. Lymphome de Burkitt à localisation maxillofaciale chez l’enfant au Cameroun: aspects thérapeutiques et évolutifs d’une série de 28 cas à Yaoundé Cameroun. Bull Filiais Doc OCEAC. (2002) 35:29–34.

 34. Fung, A, Horton, S, Zabih, V, Denburg, A, and Gupta, S. Cost and cost-effectiveness of childhood cancer treatment in low-income and middle-income countries: a systematic review. BMJ Glob Health. (2019) 4:e001825. doi: 10.1136/bmjgh-2019-001825 

 35. Atun, R, Bhakta, N, Denburg, A, Frazier, AL, Friedrich, P, Gupta, S , et al. Sustainable care for children with cancer: a lancet oncology commission. Lancet Oncol. (2020) 21:e185–224. doi: 10.1016/S1470-2045(20)30022-X 

 36. Michel, G, Von Der Weid, NX, Zwahlen, M, Redmond, S, Strippoli, M-P, Kuehni, CE , et al. Incidence of childhood cancer in Switzerland: the Swiss childhood cancer registry. Pediatr Blood Cancer. (2008) 50:46–51. doi: 10.1002/pbc.21129 

 37. Stulac, S, Binagwaho, A, Tapela, NM, Wagner, CM, Muhimpundu, MA, Ngabo, F , et al. Capacity building for oncology programmes in sub-Saharan Africa: the Rwanda experience. Lancet Oncol. (2015) 16:e405–13. doi: 10.1016/S1470-2045(15)00161-8 

 38. Ribeiro, RC, Antillon, F, Pedrosa, F, and Pui, C-H. Global pediatric oncology: lessons from partnerships between high-income countries and low-to mid-income countries. J Clin Oncol. (2016) 34:53. doi: 10.1200/JCO.2015.61.9148 

 39. John, R, and Ross, H. The global economic cost of cancer. Atlanta, GA: Am. Cancer Soc (2010).

 40. Akhiwu, WO, Igbe, AP, Aligbe, JU, Eze, GI, and Akang, EE. Malignant childhood solid tumours in Benin City, Nigeria. West Afr J Med. (2009) 28:222–6.

 41. Kerr, DJ, and Midgley, R. Can we treat cancer for a dollar a day? Guidelines for low-income countries. N Engl J Med. (2010) 363:801–3. doi: 10.1056/NEJMp1002812 

 42. Missaoui, N, Khouzemi, M, Landolsi, H, Jaidene, L, Abdelkrim, SB, Abdelkader, AB , et al. Childhood cancer frequency in the center of Tunisia. Asian Pac J Cancer Prev. (2011) 12:537–42.

 43. Grenier, C, De Jésus, A, Farsi, F, Marx, G, Brédart, A, Peixoto, O , et al. L’annonce de la maladie: satisfaction des patients et démarche qualité dans les Centres de lutte contre le cancer. Bull Cancer (Paris). (2010) 97:1163–72. doi: 10.1684/bdc.2010.1196 



OPS/images/fpubh-11-1175560-t003.jpg
Type of cancer n Median (interquartile range) Max
Multiple cancers 8 1875 (1,320-7,802) 378.1 13,876 00354
Wilms tumor 5 388 (211-416) 122 1110
Leukemias 4 680.5 (680.5-1255.9) 6805 18312
Lymphoma 9 799 (427.1-1,401) 1038 7,360
Other cancers 5 1,690 (1079-1913) 540 18,528

p<0.05.





OPS/images/fpubh-11-1175560-t004.jpg
Country GDPper Components Nephroblastoma Leukemia Lymphomas Neuroblastoma Retinoblastomas Bone Wilms Multiple Rhabdomyosarcoma
capita, tumors  tumor  childhood

PPP (US cancers
$2021)

Democrs Mjumbeetal. (15, 11795 | Costper patient o2 8170 88803.10 797.50 73380 - - -
Repiblicol | Lulkimba ctal. (16) % GDP per capita 8834 8286 7051 809 6761 @21
Congo (DRC) = , -
Cameroon | Israeksetal. (17); 40653 Costper patient - 605 68500 - - - 41600 - -
Palosllerel (18 % GDP per capita - 1674 1685 - - - 1023
“Traoré etal. (19) -
Dawson etal. C0); Costper patient - 6805 512532 - 50000 - 110000 700 -

Ghana Reancs etal. G sori1 | % GDP percapita 4 8581 837 1842 nzn
Israels etal. (17); =

Paintsil etal. 15) - - -

Lukamba et al Cost perpatient - 68500 - 54000 - - - B
Tory Coast | (1) Traoré et al. 01| o GOP per capita 1 923
a9 - = - - = -
Costper patient - - e - - - -
Burkina Faso | Traoré etal. (19) 23947
% GDP per capita - 2860 - - = - = B
Costper patient - 68500 B - = - - -
Mali Traoréetal. (19) 3207
% GDP per capita - 2040 B - B s B =
Costper patient - 68500 - - - _ - =
Senegal Traoré etal. (19) 3810
% GDP per capita - 1784 - - - - - -
Meremikwu et al. Costper patient - 14450 16350 - - - - 13876 18678
Higsha @iloseptietal. S408 | 5 GDP per capita - 303 9603 34538
) = - = =
Neal etal. (4 Cost perpatient 2093 18312 179300 - - - - - -
Ruanda Kanyamuhunga 27 o, GDP per apita 8509 7445 7290
etal (25) - - - - - =
Denburgetal. (26) Cost perpatient - - 419500 - 107900 - 2100 - =
Uganda pansletal 095 | 2679 | g Giop percapita - - 16998 Bn 855
Waddelletal. (27) - - = ,
Costper patient - - - - - - 816743 :
Tanzania Saxton etal. (28) 28362
% GDP per capita - - - - - - 2085484 -
Hhiopia Paintsil etl. (15) 25477 Costper patient - - - - - - 38500 - -
% GDP per capita - - - - - - 1523 - B
Kenya GithangA etal 52112 Costper patient - - - - - - - 31304 -
@) % GDP per capita - - - - - - - 60147 -
Zimbabwe | GithangA etal, 237 Costper patient - - - - - - - 233 -
@ % GDP per capita - - - - - - - 10472 -
Madagascar | Traoré etal. (19) 16079 Costper patient - 6805 79900 - - - - - -
% GDP per capita - 2n 1969 - - = = - .
Malawi Paintsil et al. (30); 16382 Costper patient - - 21700 - - - 12200 - -
Hesdisgeral. % GDP per capita - - 1325 - - - 745 - =
(19): Israelsetl.
an
South Affica | Stefnand Stones 146244 | Costper patient - 323,635 - - = = B -
6 % GDP per capita - 27 - - - = = -

PPP, Purchasing Power Parity; GDP, Gross Domestic Product.





OPS/images/fpubh-11-1175560-t001.jpg
Type of Types of Results (in $) Cost included (USS) Support CHEERS
economic  childhood protocols checklist

lysi: it of 24
202 bt Total Direct cost  Indirect (Suteiae)

cost (DC) cost (IC)

Sub-Saharan Africa

Central Africa

Democratic Mjumbe etal(15) (129 THAT Multiple childhood DC:$378.1£61 GFAOP 16
Republic of cancers CI: $146.3£39
Congo (DRC) CT:5244250

Nephroblastoma: cost of $1,042

Leukemia ($977.3),

Lymphoma ($831.7),
Neuroblastoma ($803.1),
Retinoblastoma ($797.5),
Bone tumors (§733.8)
Lukamba et al. (16) 16y THAT Retinoblastoma Average cost per child: 1690 GFAOP 15

Lubumbashi: 2500
Kinshasa: 1490
Bukavu: 1080
Abudjan: 540

Cameroon Israelseetal. (17) (255 | THAT Leukemias CDs: 680.5 Adapted SIOP PODC 18

treatment guideline

Paintsil et al. (18) (360)" THAT ‘Wilms tumor CDs: 416 Modified SIOP 2001 19
Traoré etal. (19) 178y THAT Burkitt Lymphoma 799 Average cost of $685 per patient GFAOP "
West Africa
Ghana Dawson et al. (20) (156)" AC, AUC Lymphoma 44032 427.11 113.21 Average cost/month: 440.32, 97% N/A 19
Renner etal. (21) (1707 CA,CEA,AUC  Multiple childhood 10,540 Together, medications, imaging, Adapted SIOP PODC 2
cancers radiation, and pathology services treatment guideline
accounted for 7% (119,000)
Cost per chi

“The cost per disability-adjusted life-
‘year averted was $1,034
Israels etal. (17) (255)" THAT Leukemias CDs: 680.5 Adapted SIOP PODC 22

treatment guideline

Paintsil etal. (18) (360) | THAT Wilms tumor 1110 CD: Total 1,100 US$. SIOP 2001 2
Ivory Coast Lukamba etal. (16) (116) | THAT Retinoblastoma 540 Average cost per child: 1690 GFAOP 15
Abudjan: 540
Burkina Faso, ‘Traoré etal. (19) 78y THAT Burkitts lymphoma 799 average cost of $685 per patient GFAOP 14
Ivory Coast, Mali
and Senegal
Nigeria Meremikwu etal. (1) | THAT Burkitts lymphoma 1038 DC: 1638 siop 19
@2) Initial diagnostic laboratory test: 18.9
Laboratory tests followed: 9.6
Drug cost: 103.8
Other medical expenses: 31.5
Joseph etal. (23) (6 | THAT Multiple childhood 13,876 Mean CD from diagnosis to remission 16
cancers or death: 13876
Rhabdomyosarcoma: 18678
Leukemia: 14,450
East Africa
Rwanda Neal etal. (24) (66 | THAT nephroblastoma 1913 Total cost Metastatic nephroblastoma:  SIOP 2%
2003
Hodgkin lymphoma 1,638 Total cost: 1793
Kanyamuhunga (250 | THAT Leukemias 18312 1,831.2 for early disease siop 2
etal. (25) 24187 advanced disease
Uganda Denburg etal. (26) (122 | CA,CEA,AUC  Burkitts lymphoma 1401 Average total cost: 4195 2%
Variant cost: 1086.57
Fixed cost: 2646.54
Paintsil etal. (15) (360) | THAT Wilms tumor CDs:211 2
Waddell etal. (27) (Q70¢ | THAT Retinoblastoma CDs: 1079 16
Tanzania Saxton etal. (25) (61 AGAUC Multiple childhood 5,064 (1Q 4,746 Total cost: 846743 siop 2
cancers 105,501) Median cost: 5,064 (1Q 4,746 10 5,501)
Direct drug cost: 664
Ethiopia Paintsil etal. (15) (360) | THAT Wilms tumor 388 siop 2
Kenya GithangA etal. (29) AC, CEA Multiple childhood $31,344 SIoP 20
cancers
Southern Africa
Zimbabwe Githang’A etal. (29) AC,CEA Multiple childhood 2338 siop 20
cancers
Madagascar Traoré etal. (19) 78 | THAT Burkitts lymphoma 799 GFAOP 14
Malawi Paintsil et al. (18) (360y  THAT Wilms tumor 122 siop )
Hesseling etal. (30) (44 | THAT Burkitts lymphoma 207 16
Tsraels etal. (17) (2551 | THAT Leukemias 6305 the adapted SIOP 2
PODC treatment
guideline
South Africa Stefan and Stones (138 THAT Hodgkin's 7,360 CD: 6647.27/2year SIop 2
1) Iymphoma

CA, cost analysis; CEA, cost-effectiveness analysis; CUA, cost-utility analysis; IC, indirect cost; DC, direct cost; Median (IQR), Median (Interquartile range); GFAOR, Franco-African Pediatric
Oncology Group; SIOP, International Society of Pediatric Oncology: PODC, Pediatric Oncology in Developing Countries.

Child subjects only.

‘Child and adult subjects.






OPS/images/fpubh-11-1175560-t002.jpg
Geopolitical zone sub-Saharan Africa ) Median (interquartile range) Min Max  p-value

Central Africa 5017) 680.5 (416-799) 378.1 1,690 05956
West Africa 9(30) 799 (540-1960) 1038 18,528
East Africa 10(33) 1510.5 (1034.8-1782.9) 21 5,064
Southern Africa 6(20) 739.8 (332.9-15423) 122 7,360

p<0.05.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Financial costs of pediatric cancer management in Africa: systematic review



		1. Introduction



		2. Methods



		2.1. Literature search and selection criteria



		2.2. Data extraction and analysis



		2.3. Quality assessment









		3. Results



		3.1. Selection of studies



		3.2. Study characteristics and methodological quality



		3.3. The direct cost of treating childhood cancer in sub-Saharan Africa



		3.4. The direct cost of treating childhood cancer by type of cancer









		4. Discussion



		5. Conclusion



		Data availability statement



		Author contributions



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-11-1175560-g001.jpg
Identification

Screening

Included

Records identified from:
Databases (n =3,624):
PubMed 1 (n = 1034)

Records removed before screening:
Duplicate records (n = 790)
Records marked as ineligible by automation

_ tools (n = 484)
Google scholar {n = 1300) Records removed for other reasons (n =
Cochrane (n= 1290) 320
)
A A
Records screened Records excluded
(n =3,030) (n=1,831)
A A
Reports sought for retrieval Reports notretrieved
(n=30) (n=27)
A 4 Reports excluded:
Reports assessed for eligibility Exclusing Topics (n= 47)
(n=202) During data extraction (n = 10)
After data extraction (n = 128)
A A
New studies included in review
(n=17)

Reports of new included studies
(n=0)






OPS/images/fpubh-11-1175560-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Financial costs of pediatric cancer
management in Africa: systematic
review












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
& frontiers Frontiers in Public Health






