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Abstract 

Worldwide, one in eight deaths is due to cancer. Projections based on the GLOBOCAN 2012 estimates predict a 

substantive increase new cancer cases per year by 2035 in developing countries if preventive measures are not 

widely applied. According to the World Health Organization (WHO), millions of lives could be saved each year 

if countries made use of existing knowledge and the best cost-effective methods to prevent and treat cancer. 

Therefore, the aim of this study is to estimate a provisional budget against cancer in low and middle incomes 

countries, according the GNI-PPP, the cancer incidence and the number of population. Economically country 

classification is determining with the Gross national income (GNI), per capita, Purchasing power parity (PPP), 

according the administrations of the International Monetary Fund (IMF), the World Bank (WB) and the Central 

Intelligence Agency (CIA). Cancer incidence data presented are based on the most recent data available at IARC. 

However, population compares estimates from the US Bureau of the Census. The provisional budget is 

establishing among the guidelines developed by WHO for regional and national cancer control programs according 

to national economic development. Provisional budget against cancer is estimated to 248,987.936 (thousands of 

U.S $) for a population of 37,345,935 persons in Sudan. 

Keywords: cancer program; cancer control; prevention; early detection; institutional reinforcement; diagnosis; 

treatment; low and middle-income countries; sudan 

1. Introduction 

Worldwide, one in eight deaths is due to cancer. Cancer causes more deaths 

than AIDS, tuberculosis, and malaria combined [1]. When countries are 

grouped according to economic development, cancer is the leading cause of 

death in developed countries and the second leading cause of death in 

developing countries [2]. Rates of cancers common in Western countries will 

continue to rise in developing countries if preventive measures are not widely 

applied [3-5]. Projections based on the GLOBOCAN 2012 estimates predict 

a substantive increase to 19.3 million new cancer cases per year by 2025, due 

to growth and ageing of the global population. Incidence has been increasing 

in most regions of the world, but there are huge inequalities between rich and 

poor countries. More than half of all cancers (56.8%) and cancer deaths 

(64.9%) in 2012 occurred in less developed regions of the world, and these 

proportions will increase further by 2025 [6]. By 2030, the global burden is 

expected to grow to 21.4 million new cancer cases and 13.2 million cancer 

deaths [7]. Rates of cancers will continue to rise by 2035 with 23,980,858 

new cancer cases [3-5]. 

In addition to the human toll of cancer, the financial cost of cancer is 

substantial [8-10]. Cancer has the most devastating economic impact of any 

cause of death in the world [10]. Data limitations do not allow estimating the 

worldwide economic costs of cancer. However, portions of the total costs of 

cancer have been estimated to be as high as $895 billion (US) worldwide 

[9,10]. It is estimated that more than half of all cancer cases and deaths 

worldwide are potentially preventable [3-5,7]. 

In Sudan, the number of new cancer cases is estimated to 22,246 with 16,969 

deaths in 2015. By 2025, incidence is expected to grow to 30,837 with 23,654 

deaths. Rates of cancers will continue to rise to 41,943 new cancer cases by 

2035 with 32,508 deaths if preventive measures are not widely applied [3-

5]. According to the World Health Organization (WHO); Entitled: National 

Cancer Control Programs: Policies and Managerial Guidelines, millions of 

lives could be saved each year if countries made use of existing knowledge 

and the best cost-effective methods to prevent and treat cancer [11]. 

“An urgent need in cancer control today is to develop effective and 

affordable approaches to the early detection, diagnosis, and treatment of 

breast cancer among women living in less developed countries,” explains Dr 

Christopher Wild, Director of IARC. “It is critical to bring morbidity and 

mortality in line with progress made in recent years in more developed parts 

of the world.” [6]. 

With the data highlighting a large variability of GNI/capita even within 

similar income levels in the various world regions, it is expected that 

additional investment in resources and costs may be more dependent on 

income level of the country than on the GNI group or the geographic region 

of the world [12]. Therefore, the aim of this study is to estimate a provisional 

  Open Access       Research Article 

Clinical Research and Clinical Reports   
                                                                        El Hadji Seydou Mbaye *                                                                                                                                                        ClinicSearch 

 



Clinical Research and Clinical Reports                                                                                                                                                                                               Page    2 of 5 

budget against cancer in Sudan, according the GNI-PPP, the cancer 

incidence and the number of population. 

2. Methods 

2.1 Economically Country Classification 

The economics states are established among the means of GNI-PPP 

according the administrations of the International Monetary Fund (IMF); the 

World Bank (WB) and the Central Intelligence Agency (CIA) [13-15]. The 

difference concerning the same country can be considerable among the data 

origin. These variations are explaining by: 

- GNI-PPP is estimated 

- Anterior projection of an economic crisis changes GNI-PPP data 

- The estimation of the population included in the local population 

- The choice elements for GNI-PPP evaluation have some subjective part. 

These data must be taken with precaution 

Economically Country is divided according to the gross national income 

(GNI) per capita 2016, Atlas method and PPP [15]. 

- Estimated to be low income ($1,005 or less) 

- Estimated to be lower middle income ($1,006 to $3,995) 

- Estimated to be upper middle income ($3,956 to $12,235) 

- Estimated to be high income ($12,236 or more). 

2.2 Gross National Income (GNI), Per Capita, Purchasing Power 

Parity (PPP) 

Gross national product is gross domestic product (GDP) plus net income 

(employee compensation and investment income) from abroad. GNI, per 

capita is GNI divided by mid-year population.  

PPP is purchasing power parity; an international dollar has the same 

purchasing power over GNI as a U.S. dollar has in the United States. PPP 

exchange rates are used to account for the local prices of goods and services 

not traded internationally. However, PPP is used to compare across national 

accounts, not for making international poverty comparisons [15]. 

2.3 Cancer Incidence 

Incidence is the number of new cases that occurs during a given period of 

time in a specified population. It can be expressed as an absolute number of 

cases per year or as a rate per 100,000 persons per year. The rate provides an 

approximation of the average risk of developing a cancer. Cancer incidence 

data presented are based on the most recent data available at IARC. 

GLOBOCAN 2012 provides a global profile of cancer that has been 

developed using a number of methods that are dependent on the availability 

and the accuracy of the data. National sources are used where possible, with 

local data and statistical modeling used in their absence [3-5].  

2.4 Population 

Standard population (POPst) is determining to Senegal population (Western 

Africa) with 14,668,522 persons. Sudan population is estimated to 

37,345,935 persons. Population compares estimates from the US Bureau of 

the Census [16] based on statistics from population censuses, vital statistics 

registration systems, or sample surveys pertaining to the recent past and on 

assumptions about future trends: 

https://www.cia.gov/library/publications/the-world-factbook/geos/su.html  

2.5 Provisional Budget (thousands of U.S $) 

The World Health Organization (WHO) emphasizes that, when developing 

national strategies for controlling cancer, countries should consider the 

following four broad approaches based on their economic development:  

- The primary prevention 

- The early detection and secondary prevention 

- The diagnosis and treatment 

- The palliative care.  

The provisional budget is establishing among the guidelines developed by 

WHO for regional and national cancer control programs according to 

national economic development [11]. However, an International Atomic 

Energy Agency [17] report suggested that in developing countries at least 

60% of cancer patients require radiation treatment. 

Radiotherapy is one of the main components of modern cancer treatment and 

requires substantial capital investment, trained professionals in several 

disciplines, high precision equipment and a particular external and internal 

organizational structure. In High Incomes Countries, the healthcare costs can 

be as much as 8.4% (UK in 2007) to 18% (USA in 2009) of a country’s gross 

domestic product [18]. Cancer consumes about 5-10% of the global 

healthcare budget, of which radiotherapy only consumes about 5% [18,19]; 

thus, more than 50% of cancer patients requiring radiotherapy in low and 

middle-income countries lack access to treatment. A benchmark of between 

400 and 500 patients per treatment unit per year has been used to calculate 

machine throughput in several reports [17,20-21]. The benchmark of 450 

patients per machine, which corresponds to about 8 operating hours per day, 

seems adequate for High Incomes Countries. For scenarios where 

radiotherapy demand is not satisfied, a treatment day of 10 h optimizes the 

utilization of equipment and decreases the number of machines needed. But, 

the range of needs currently covered varies from 0% and 3-4% in Low 

Incomes Countries in Latin America and Africa up to 59-79% in Up-Middle 

Incomes Countries in Europe-Central and Asia [22].  

However, in this study, in order to found the best cost-effective methods to 

prevent and treat cancer, the number of machines needs is establishing 

among 3 millions of peoples and not by the number of cancer cases, 

according to the weakness of the countries incomes. 

2.6 Standard budget for 5 years (S0) 

Standard budget for 5 years (S0) is estimated using a population of 1,000,000 

persons in Senegal (POPst). Senegal has 8361 new cancer cases (CIst) in 2015 

[3-5] with a means GNI-PPPst of US$ 2,551 referred to the year 2016 (low 

middle income country), according the administrations of the International 

Monetary Fund (IMF); the World Bank (WB) and the Central Intelligence 

Agency (CIA) [13-15]. Estimation budget is taken into account the weakness 

of the countries incomes.  

2.7 Standardized rapport (R0)  

Standardized rapport (R0), among the GNI-PPP, CI and the number of the 

population, is calculated. Standardization simplifies comparisons of GNI-

PPP and cancer incidence rates among populations. 

 
Note: 
* For Radiotherapy equipment, R0 = GNI-PPP X POP / GNI-PPPst X 3 

million peoples; 

Senegal has installed two new radiotherapy machines in 2017. Radiotherapy 

equipment is estimated to US$ 2,500,000. 
** For Prevention and screening infrastructure, R0 =GNI-PPPX POP / GNI-

PPPst X 3 million peoples.  

R0= Standardized rapport among the GNI-PPP, CI and the number of the population 

GNI-PPPst= Standard Gross National Income Per capita Purchasing Power Parity in Senegal 

GNI-PPP= Gross National Income Per capita Purchasing Power Parity of interest 

CIst= Standard Cancer Incidence in Senegal 

CI= Cancer Incidence of interest  

POPst= Standard Population in Senegal 

   POP= Population of interest 

 

  
 

https://www.cia.gov/library/publications/the-world-factbook/geos/su.html
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3. Results  

 
IMF= International Monetary Fund; WB= World Bank; CIA= Central Intelligence Agency; GNI= Gross National Income; PPP= Purchasing Power 

Parity; Ref.= Reference. 

Table 1: GNI-PPP, Cancer incidence (CI) and the number of the Population 

 
 

Based on: World Health Organization. The National Cancer Control Programmes: policies and managerial guidelines. 2nd ed. Geneva, 2002. 

S0= Standard budget for 5 years for a population of 1,000,000 persons; R0= Standardized rapport among the GNI-PPP, CI and the number of the 

population; * Radiotherapy equipment among only GNI-PPP /GNI-PPPst for each 3 million peoples; ** Prevention and screening infrastructure among 

only GNI-PPP /GNI-PPPst, for each 3 million peoples. 

Table 2: Estimated Budget (thousands of U.S $). 
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4. Conclusion 

Cancer has the most devastating economic impact of any cause of death in 

the world. Incidence has been increasing in most regions of the world, but 

there are huge inequalities between rich and poor countries. Projections 

based on the GLOBOCAN 2012 estimates predict a substantive increase to 

millions new cancer cases per year by 2030.  

Rates of cancers will continue to rise by 2035 in Sudan, if preventive 

measures are not widely applied. An urgent need in cancer control today is 

to develop effective and affordable approaches. It is expected that additional 

investment in resources and costs may be more dependent on income level 

of the country than on the GNI group or the geographic region of the world. 

However, in order to found the best cost-effective methods to prevent and 

treat cancer, provisional budget against cancer is estimated to 248,987.936 

(thousands of U.S $) for a population of 37,345,935 persons in Sudan, 

according the GNI-PPP, the cancer incidence and the number of population. 

It is very important for all organizations to be aware of the complexity of 

cancer control. A flexible approach is needed. This account must be added 

to the actual supply efforts of cancer prevention and treatment. However, 

effective measures to reduce cancer morbidity and mortality require the 

active participation of cancer survivors and their local communities; the 

mobilization and appropriate allocation of resources; the formulation of 

evidence-based policies and proven interventions; and the commitment of 

organizations and institutions in the nonprofit, for-profit, and governmental 

sectors. Ultimately, cancer control goes hand in hand with efforts to promote 

human and economic development and to improve standards of health, 

education, and medical care throughout the world.  

 

References 

1. World Health Organization. Ten statistical highlights in global 

public health. World Health Statistics, Geneva 2007. 

2. American Cancer Society (2011) Global Cancer Facts & Figures 

2nd Edition. Atlanta. 

3. Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, et al. 

(2013). GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality 

Worldwide: IARC Cancer Base No. 11. Lyon, France: 

International Agency for Research on Cancer. 

4. GLOBOCAN 2012. Cancer Incidence, Mortality and Prevalence 

Worldwide. World. 

5. All cancers excl. non-melanoma skin cancer. Estimated number 

of new cancers in 2035 (all ages). 

6. GLOBOCAN 2012. Cancer Incidence, Mortality and Prevalence 

Worldwide. All countries. All cancers excl. non-melanoma skin 

cancer. Estimated number of new cancers in 2015 (all ages). 

7. International Agency for Research on Cancer. PRESS RELEASE 

N° 223. Latest world cancer statistics Global cancer burden rises 

to 14.1 million new cases in 2012: Marked increase in breast 

cancers must be addressed; Lyon/Geneva, 12 December 2013. 

8. Ferlay J, Shin HR, Bray F, Forman D, Mathers CD, et al. (2010) 

GLOBOCAN 2008, Cancer Incidence and Mortality 

Worldwide: IARC CancerBase No.10. France, Lyon. 127: 2893-

2917. 

9. Mackay J, Jemal A, Lee NC, Parkin DM (2006) The Cancer Atlas. 

American Cancer Society; Atlanta. 

10. John RM, Ross H (2008) Economic value of disability-adjusted 

life years lost to cancers. 
11. American Cancer Society (2010) American Cancer Society and 

LIVESTRONG. The Global Economic Cost of Cancer; Atlanta. 

12. World Health Organization (2002) The National Cancer Control 

Programmes: policies and managerial guidelines. 2nd ed. Geneva. 

13. Zubizarreta E, Van Dyk J, Lievens Y (2017) Analysis of Global 

Radiotherapy Needs and Costs by Geographic Region and 

Income Level. Clinical Oncology 29: 84-92 

14. https://www.sciencedirect.com/science/article/pii/S0936655516

304113 

15. Central Intelligence Agency - CIA World Factbook. COUNTRY 

COMPARISON, GDP - PER CAPITA (PPP). 2016. 

16. World Bank. Gross national income per capita 2016, Atlas 

method and PPP. World Development Indicators database, 15 

December 2017. 

17. US Bureau of the Census. Population compares 

estimates, July 2017. 

18. International Atomic Energy Agency (2010) Planning National 

Radiotherapy Services: a Practical Tool. HUMAN HEALTH 

SERIES No 14.: 83. 

19. Sullivan R, Peppercorn J, Sikora K, et al. (2011) Delivering 

affordable cancer care in high-income countries. Lancet Oncol 

12: 933-980. 

20. Luengo-Fernandez R, Leal J, Gray A, Sullivan R (2013) 

Economic burden of cancer across the European Union: a 

population-based cost analysis. Lancet Oncol 14: 1165-1174. 

21. Slotman BJ, Cottier B, Bentzen SM, Heeren G, Lievens Y, et al. 

(2005) Overview of national guidelines for infrastructure and 

staffing of radiotherapy. ESTRO-QUARTS: work package 1. 

Radiother Oncol 75:349-354. 

22. International Atomic Energy Agency (2008) Setting up a 

radiotherapy programme: clinical, medical physics, radiation 

protection and safety aspects. Vienna: International Atomic 

Energy Agency. 

23. Zubizarreta EH, Fidarova E, Healy B, Rosenblatt E (2015) Need 

for Radiotherapy in Low and Middle-Income Countries. The 

Silent Crisis Continues. Clinical Oncology 27: 107-114 

 

 

 

 

 

 

mailto:https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.20107
mailto:https://acsjournals.onlinelibrary.wiley.com/doi/abs/10.3322/caac.20107
https://ci.nii.ac.jp/naid/10015768449/
https://ci.nii.ac.jp/naid/10015768449/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajd.12751
https://onlinelibrary.wiley.com/doi/abs/10.1111/ajd.12751
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1111/ajd.12751
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1111/ajd.12751
mailto:https://onlinelibrary.wiley.com/doi/abs/10.1111/ajd.12751
mailto:https://ci.nii.ac.jp/naid/10015768449/
mailto:https://ci.nii.ac.jp/naid/10015768449/
mailto:https://ci.nii.ac.jp/naid/10015768449/
mailto:https://ci.nii.ac.jp/naid/10015768449/
mailto:https://pesquisa.bvsalud.org/portal/resource/pt/lis-46560?src=similardocs&utm_medium=email&utm_source=transaction
mailto:https://pesquisa.bvsalud.org/portal/resource/pt/lis-46560?src=similardocs&utm_medium=email&utm_source=transaction
mailto:https://pesquisa.bvsalud.org/portal/resource/pt/lis-46560?src=similardocs&utm_medium=email&utm_source=transaction
mailto:https://pesquisa.bvsalud.org/portal/resource/pt/lis-46560?src=similardocs&utm_medium=email&utm_source=transaction
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/758659
https://hero.epa.gov/hero/index.cfm/reference/details/reference_id/758659
https://www.sciencedirect.com/science/article/pii/S1877782109001325
https://www.sciencedirect.com/science/article/pii/S1877782109001325
http://media.marketwire.com/attachments/EZIR/627/18192_FinalJournalManuscript.pdf
http://media.marketwire.com/attachments/EZIR/627/18192_FinalJournalManuscript.pdf
https://books.google.com/books?hl=en&lr=&id=7VQ0DgAAQBAJ&oi=fnd&pg=PR11&dq=World+Health+Organization+(2002)+The+National+Cancer+Control+Programmes:+policies+and+managerial+guidelines.+2nd+ed.+Geneva.&ots=qgjwXoXg_D&sig=wbsG2ivO773qcZMDkM2pSfwMcoY
https://books.google.com/books?hl=en&lr=&id=7VQ0DgAAQBAJ&oi=fnd&pg=PR11&dq=World+Health+Organization+(2002)+The+National+Cancer+Control+Programmes:+policies+and+managerial+guidelines.+2nd+ed.+Geneva.&ots=qgjwXoXg_D&sig=wbsG2ivO773qcZMDkM2pSfwMcoY
https://books.google.com/books?hl=en&lr=&id=7VQ0DgAAQBAJ&oi=fnd&pg=PR11&dq=World+Health+Organization+(2002)+The+National+Cancer+Control+Programmes:+policies+and+managerial+guidelines.+2nd+ed.+Geneva.&ots=qgjwXoXg_D&sig=wbsG2ivO773qcZMDkM2pSfwMcoY
https://www.sciencedirect.com/science/article/pii/S0936655516304113
https://www.sciencedirect.com/science/article/pii/S0936655516304113
https://www.academia.edu/download/56212717/ijds-v7n2-16_IJDS_Sector-Specific_and_Spatial-Specific_in_Japanese_Economy.pdf
https://www.academia.edu/download/56212717/ijds-v7n2-16_IJDS_Sector-Specific_and_Spatial-Specific_in_Japanese_Economy.pdf
http://www.skepticmedpublishers.com/wp-content/uploads/2020/02/JGORR-104.pdf
http://www.skepticmedpublishers.com/wp-content/uploads/2020/02/JGORR-104.pdf
https://stacks.cdc.gov/view/cdc/49223
https://stacks.cdc.gov/view/cdc/49223
https://stacks.cdc.gov/view/cdc/49223
https://www.sciencedirect.com/science/article/pii/S0360301614002909
https://www.sciencedirect.com/science/article/pii/S0360301614002909
https://www.sciencedirect.com/science/article/pii/S0360301614002909
mailto:https://www.sciencedirect.com/science/article/pii/S147020451370442X
mailto:https://www.sciencedirect.com/science/article/pii/S147020451370442X
mailto:https://www.sciencedirect.com/science/article/pii/S147020451370442X
mailto:https://www.sciencedirect.com/science/article/pii/S147020451370442X
mailto:https://www.sciencedirect.com/science/article/pii/S093665551400380X
mailto:https://www.sciencedirect.com/science/article/pii/S093665551400380X
mailto:https://www.sciencedirect.com/science/article/pii/S093665551400380X


Clinical Research and Clinical Reports                                                                                                                                                                                               Page    5 of 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 
➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  
➢ authors retain copyrights 
➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more  https://clinicsearchonline.org/journals/clinical-research-and-

clinical-reports  

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/clinical-research-and-clinical-reports
https://clinicsearchonline.org/journals/clinical-research-and-clinical-reports

