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Introduction 
 

The World Cancer Report 2008 (IARC, 2008) points out a growing burden of cancer in low–
resource environments, increasing the impact on morbidity, mortality and economic cost due to 
cancer for the next 20 years. Moreover, unlike developed countries where great strides have been 
made over the past half century in translating knowledge into action, in developing 
countries the public budget allocated to cancer remains insufficient and public actions directed to 
improve prevention and early detection are still limited. However, cancer is potentially the most 
preventable of the chronic illnesses (Anand et al., 2008); with existing knowledge in industrialized 
countries, many cancers in low– and middle– resource environments might be preventable, and 
the treatment´s efficiency may be substantially improved with early diagnosis. IARC (2008) argues 
that, in fact, existing knowledge is sufficient to prevent at least one third of the 12 million cancer 
cases occurring annually and to increase survival rates in another third if the disease is detected at 
early stage.  
 
Cancer prevention is of great importance. IARC (2008) has specify three step-wise interventional 
categories for cancer control programs. First, primary prevention or the reduction of exposure in 
susceptible populations to recognized risk factors, such as tobacco or obesity. Due to its lower 
cost, primary prevention is the most cost-effective and enduring intervention for reducing the 
cancer burden, and offers a valuable method to improve public health. The secondary prevention 
or early detection entails timely diagnosis in symptomatic individuals and screening in at-risk 
asymptomatic persons. Thus, opportune detection to facilitate diagnosis and treatment before the 
disease becomes more severe. The tertiary prevention refers to appropriate services to combat 
cancer and improve the health status of the patient: diagnosis and treatment.  
 
In low– and middle–income countries (LMIC), the development of public health policies focusing 
on cancer prevention - primary and secondary- may reduce significantly the economic cost of the 
disease, by reducing expensive cancer treatment demand and increasing survival rates. 
Nevertheless, comprehensive policies and strategies need to be adequately built up.  
 
The objective of this study is to estimate the benefits –in terms of cost reduction and DALYs 
averted– of rising early diagnosis procedures for cervical, colorectal and breast cancer, for LMICs 
according to the World Bank classification. These types of cancer are specific malignant neoplasm 
belonging to a group of cancer considered potentially curable with early detection and treatment 
(Farmer et al., 2010). Thus, it allows us to compare costs and benefits for patients preventing and 
early diagnosing with those who fail performing such procedures. 
 
We consider the 119 LMIC WHO member states, grouped according to the eleven applicable WHO 
regions1

                                                           
1 See Appendix A1 and A2. 

. Thus, we calculate the expected costs of each cancer per region, differentiating between 
screening and early diagnosis (secondary prevention), and treatment procedures (tertiary 
prevention) in order to evaluate the effectiveness of a potential public health policy focused on 



 

4 
 

the acting for prevention, given their potential to decrease expected costs (in each scenario, 
tertiary prevention costs are included; primary prevention is not considered in any case). 
 
The methodology is based on the analysis of a representative agent –who can suffer cancer at any 
time during her/his life– referred to as type-person (for breast and cervical cancer: type-woman). 
A “standard medical protocol” is established to determine the procedures used to screen, early 
diagnose and treat the disease. Meanwhile, the costs associated to each phase of the disease were 
determined, based on information from Ginsberg et al. (2009, 2010) –cervical and colorectal 
cancer– and Groot et al. (2006) –breast cancer. The Disease Model establishes the correspondent 
medical procedure associated to the evolution of the disease. The model was linked to cost 
information to obtain the expected cost of the disease. Similarly, the disease model is used to 
quantify the time the person has precancerous lesions (if applicable), cancer, consequences of 
cancer treatment and the lifetime lost in case of premature death. With this information and using 
the health state values reported by the GBD project (WHO, 2008), DALYs associated with each year 
of assessment were acquired. Regional level estimates are achieved by multiplying the results with 
the WHO region population data. 
 
Our results prove cervical, colorectal and breast cancers should be prevented because total 
economic cost –including medical costs and DALYs averted– is significantly lower, in all WHO 
regions. For cervical cancer, cost reduction between the preventive scenario and the non–
preventive scenario ranges from 54% to 65%, depending on WHO region. Similarly, for colorectal 
and breast cancer, cost reduction between the preventive scenario and the non–preventive 
scenario ranges from 42% to 69%, and from 59% to 63%, depending on WHO region, respectively.  
The production possibility frontier –a comparison between expected cancer medical costs for 
preventive scenarios and the economic benefit- illustrate the locations where public policy 
focusing on prevention and early diagnosis would have the highest outcomes. For cervical cancer, 
these regions are AMRO D, EMRO B, EURO C, AMRO B and WPRO B; for colorectal and breast 
cancer, the regions are AMRO D, SEARO B, SEARO D, WPRO B,  and EMRO D, AFRO D, EURO C, and 
WPRO B, respectively. The regional variation across analyzed cancers are consequence of costs 
and health state valuations (HSV) differences, both by type of cancer and WHO region. While some 
regions have higher costs of certain treatments or HSV, others do not. Prevention programs 
benefits will vary, then, depending on the type of cancer and WHO regions. 
 
The document is organized as follows. First, literature review on cancer costs –both global 
estimates as well as cervical, colorectal and breast cancer specific estimates– are presented. Then, 
a description of the methodology and the data used in the analysis is explained. Results are 
presented in section three. Section four concludes.  
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1. Literature review 
 
Papers analyzing the global costs of cancer are restricted, especially because of data limitations. 
However, an important analysis on the global burden of cancer is found in “Breakaway: The global 
burden of cancer–challenges and opportunities”, a report by the Economist Intelligence Unit and 
LIVESTRONG (2009), were authors explore cancer costs –including estimates for more than two 
dozen cancers– in demographic and economic terms. It includes the distribution of new cancer 
cases by site, gender and geography for 2009 and 2020 and costs associated with the current year 
estimates. In addition, the analysis considers a global treatment expenditure standard based on 
current practice and identifies the global funding gap. The methodology used for the estimations is 
innovative and assumptions were made to overcome data limitations. For instance, all estimated 
costs and lost productivity is based on the information provided by Kim et al. (2008)2 3 4

 

. Cost 
information was then extrapolated to other regions.  

The report concludes that cancer remains as the second largest cause of death around the world, 
with predictions to move into the top spot in 2010. In human terms, cancer takes a heavy toll 
through death, disability and suffering, for those diagnosed with the disease but also for families, 
caregivers and medical workers. Estimates indicate 12.9m new cancer cases around the world in 
2009 and 16.8m new cases in 2020, consuming resources at a staggering rate. Estimates suggest 
new cancer cases will account for at least US$286bn in total costs in 2009 –US$217bn in medical 
and non–medical costs and US$69bn in lost productivity. According to the report, silence and 
misinformation associated with cancer is important, more even in developing countries. 
Misinformation and superstition prevent many people from seeking treatment. In other cases, the 
disease is undetected or undiagnosed; for others, treatment is either ineffective or nonexistent. 
 
Another comprehensive document is “The Global Economic Cost of Cancer Report”, by the 
American Cancer Society and LIVESTRONG (2010), whose main objective is to estimate the global 
economic cost of cancer. The study uses a WHO Commission on Macroeconomics and Health 
method where each DALY is valued at one year of the per–capita country–specific GDP. Global 
economics losses across the income groups are expressed in US$2008: $895 billion –1.5 percent of 
world’s GDP. There were 83 million years of “healthy life” lost due to death and disability from 
cancer. Cancer causes the highest economic loss of all of the leading 15 causes of death 
worldwide.  
 
Studies estimating the global cost of cancer confirm cancer as a main cause of great loss of life 
years representing a huge lost of resources –in medical, non–medical and human terms. Specific 
cancer studies are now presented.  

                                                           
2 Kim SG, Hahm MI, Choi KS, Seung NY, Shin HR and Park EC (2008), “The economic burden of cancer in Korea in 2002”. 
3 This study estimated the economic burden of cancer on Korea.  They studied the medical, non–medical, morbidity and mortality costs 
related to cancer treatment, lost productivity and premature death. Healthcare claims for 2002 obtained from the Health Insurance 
Review Agency were used to estimate medical expenditures; these were linked to the Korean Central Cancer Registry database to 
identify cancer patients. The number of deaths used to estimate mortality costs was obtained from the Annual Report of Mortality from 
the National Statistics Office of Korea.  
4 Kim et al. (2008) costs data is prevalence–based while the estimate of cancer cases EIU – LIVESTRONG paper is incidence–based.  

http://ukpmc.ac.uk/abstract/MED/18302650/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0016265�
http://ukpmc.ac.uk/abstract/MED/18302650/?whatizit_url_go_term=http://www.ebi.ac.uk/ego/GTerm?id=GO:0016265�
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a. Cervical Cancer 
 

Ginsberg et al.5

 

 (2009) estimate cost–effectiveness of screening, prevention, treatment and 
combined interventions for cervical cancer, to compare and evaluate different strategies for 14 
WHO regions. Standardized WHO–CHOICE methodology was employed to provide estimates of 
screening, vaccination and treatment effectiveness. The paper remarks consideration should be 
given to implementing vaccination –depending on cost per dose and longevity of efficacy– and 
screening programs on a worldwide basis to reduce the burden of disease from cervical cancer. 
Treatment should also be increased where coverage is low.  

The paper by Goldie et al.6

 

 (2005) estimates the cost–effectiveness of a variety of cervical cancer 
screening strategies for India, Kenya, Peru, South Africa, and Thailand; countries with diverse 
epidemiologic profiles and resources. The authors conclude the most cost–effective strategies 
were those requiring the fewest visits, resulting in improved follow–up testing and treatment. 
Cervical–cancer screening strategies incorporating visual inspection of the cervix with acetic acid 
or DNA testing for HPV in one or two clinical visits are also cost–effective alternatives to 
conventional three–visit cytology–based screening programs in resource–poor settings. 

The importance of adding screening and prevention treatments in cervical cancer medical 
protocols in low– and middle– resource environment is recognized. However, assessment of costs 
and health effects of different strategies should guide decisions about resource allocation 
between available interventions. 
 

b. Colorectal Cancer 
 

Ginsberg et al.7

 

 (2010) develop regional cost–effectiveness estimates on prevention, screening and 
treatment interventions for colorectal cancer. The paper provides estimates on screening and 
treatment effectiveness, through the use of standardized WHO–CHOICE methodology and a 
colorectal cancer model. The paper focus on the analyses of the interventions related to the 
extirpation of the adenomatous polyps. From a cost–effectiveness standpoint, the paper 
concludes screening programs should be expanded in developed regions and treatment programs 
should be established for colorectal cancer in regions with low treatment coverage.  

The paper by Hui–Min et al.8

                                                           
5 Gary Michael Ginsberg, Tessa Tan–Torres Edejer, Jeremy A. Lauer, and Cecilia Sepulveda (2009).“Screening, prevention and treatment 
of cervical cancer—A global and regional generalized cost–effectiveness analysis”. 

 (2006) compares the cost effectiveness of screening with stool DNA 
testing or with other tests –annual fecal occult blood testing (FOBT), flexible Sigmoidoscopy every 
5 years, Colonoscopy every 10 years– or not screening at all. The study develops a Markov model 

6 Sue J. Goldie, Lynne Gaffikin, Jeremy D. Goldhaber–Fiebert, Amparo Gordillo–Tobar, Carol Levin, Cédric Mahé, and Thomas C. Wright 
(2005).“Cost–Effectiveness of Cervical–Cancer Screening in Five Developing Countries”. 
7 Gary M Ginsberg, Stephen S Lim, Jeremy A Lauer, Benjamin P Johns, Cecilia R Sepulveda (2010). “Prevention, screening and treatment 
of colorectal cancer: a global and regional generalized cost effectiveness analysis”. 
8 Grace Hui–Min Wu, Yi–Ming Wang, Amy Ming–Fang Yen, Jau–Min Wong, Hsin–Chih Lai, Jane Warwick and Tony Hsiu–Hsi Chen 
(2006)."Cost–effectiveness analysis of colorectal cancer screening with stool DNA testing in intermediate–incidence countries".BMC 
Cancer. 
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to evaluate screening strategies in the Taiwan population between 50 and 75 years old. In 
countries with low to intermediate incidence of colorectal cancer, the results show stool DNA 
testing is less cost–effective than other currently recommended strategies for population–based 
screening, particularly targeting at asymptomatic subjects. 
 

c. Breast Cancer 
 
Groot et al.9 (2006) estimate the cost–effectiveness of treating breast cancer stage I, II, III, and IV –
individually–, of treating all stages overall, and of introducing an extensive cancer control program 
in Africa, North America, and Asia. The paper uses the standardized WHO–CHOICE methodology 
and a simplified breast cancer model to simulate the impact of six basic interventions10

 

. Authors 
conclude treatment of stage I patients and the extensive breast cancer program were the most 
cost–effective interventions, when compared to the no–intervention scenario. The least cost–
effective option was stage IV treatment. In Africa and North America, incremental CERs revealed 
the optimal breast cancer program as the most cost–effective intervention scenario; while in Asia, 
the stage I treatment followed by the optimal breast cancer program were the most cost–effective 
options. 

Knaul et al.11

 

 (2009) show breast cancer is a serious threat to women´s health globally, and an 
unrecognized priority in middle–income countries, such as Mexico, where breast cancer accounts 
for more deaths than cervical cancer since 2006. It is, in fact, the second cause of death among 
women aged 30 to 54 and affects all socioeconomic groups. The majority of cases is self–detected.  
Only 10% of all cases are detected in stage I.  

In Knaul et al.12

                                                           
9 Martijn T. Groot, Rob Baltussen, Carin A. Uyl–de Groot, Benjamin O. Anderson, and Gabriel N. Hortobágyi (2006). “Cost and Health 
effects of Breast Cancer Interventions in Epidemiologically different regions of Africa, North America and Asia”.  

 (2009), the cost of health care for women with breast cancer treated at the 
Mexican Social Security Institute (IMSS, for its acronym in Spanish) is estimated. They constructed 
a cohort of patients diagnosed in 2002 and followed them to the end of 2006, identifying the use 
of resources and imputing the IMMS specific cost structure. The results showed that only 14% of 
women were diagnosed in stage I; 48% were diagnosed in stages III and IV. Diagnosing at later 
stages implies higher economic costs per patient–year of treatment and lower probability of five–
year survival. Lobbying, education awareness building and an articulated policy response are 
important to ensure extended coverage, access to and acceptance of early detection and 
treatment.  

10 Despite of the many developments in diagnosing and treating breast cancer, the model is confined to a small set of basic 
interventions to allow comparability among the regions. 
11 Knaul F. M., Nigenda G., Lozano R., Arreola–Ornelas H., Langer A. and Frenk J. (2009). “Cáncer de mama en México: una prioridad 
apremiante”. Salud Pública de México, vol. 51, suplemento 2, 2009. 
12 Knaul F. M., Arreola–Ornelas H., Velázquez E., Dorantes J., Méndez O. and Ávila–Burgos L. (2009) “El costo de la atención médica del 
cáncer mamario: el caso del Instituto Mexicano del Seguro Social”. Salud Pública de México, vol. 51, suplemento 2, 2009. 
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2. Methodology and information 
 
Cervical, colorectal and breast cancers are specific malignant neoplasm belonging to a group of 
cancer considered potentially curable with early detection and treatment (Farmer et al., 2010). 
Thus, it allows us to compare costs and benefits for patients screening, early diagnosing and those 
failing to screen and diagnose the disease.  
 
The analysis starts focusing on a type-person –for cervical cancer, a woman who can suffer cancer 
at any time after age 25 until age 65; for colorectal cancer, a person who can suffer cancer at any 
time between 50 and 80 years old; and for breast cancer, a woman who can suffer cancer at any 
time between age 50 and age 70. In each case, a “standard medical protocol”13

 

 is established in 
order to determine the procedures used to screen, early diagnose and treat the disease. Costs 
associated to each phase of the disease are determined, based on information from Ginsberg et al. 
(2009; 2010) and Groot et al. (2006). Then, a disease model for each cancer is established, based 
on the natural history of the cancer and the respective probabilities of developing it during the 
person’s life. Each model establishes the correspondent medical procedure associated to the 
evolution of the disease, and linked it with cost information for each considered procedure. Thus, 
the expected cost of each disease is obtained. Similarly, we get the number of years the person 
has to deal with precancerous lesions (if applicable) and cancer, the consequences of treatment 
for his lifestyle, and the lifetime lost in case of premature death. With this information, DALYs 
associated to each year of assessment of the type-person are determined. 

This method is applied to different scenarios, depending on the medical procedures –screening, 
early diagnosis and treatment– followed or not by the type-person. The economic impact –in 
terms of cost change and DALYs generated– of implementing pre–specified procedures is 
achieved. The age–expected costs of cervical, colorectal and breast cancers in each scenario are 
multiplied by population –according to age and WHO region14

 

. WHO regions’ results, in each 
scenario, are available for simulations. 

Standard medical protocol and disease model 
 
Cervical cancer 
Our protocol distinguishes between prevention, early diagnosis and treatment procedures; each 
phase of the medical process is associated with specific medical cost.  
 
Cervical cancer may be prevented in two ways: (i) preventing initial infection with Human 
Papillomavirus (HPV), associated with more than 90% of cervical cancer cases (Muñoz et al., 2003); 
and (ii) screening, early diagnosing and treating precancerous lesions, preventing progression to 
cancer (FIGO, 2009). The prevention protocol consists on the vaccination against HPV with the 
                                                           
13 The standardized set of procedures uses several assumptions and simplifications; however, they are mostly supported by the 
available literature.  
14 Initially, we considered 120 countries in 12 WHO regions. However, WHO region AMRO has only one state member in the low-middle 
income country category, Cuba, while regional cost data included information from USA and Canada. Because of the lack of the 
representativeness of the cost information, Cuba was removed from the analysis. 
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quadrivalent vaccine (vaccine’s trade name: Gardasil or Silgard)15. We assume every girl receives 3 
doses of the vaccine at age 12 (Ginsberg et al., 2009). This vaccine has shown more than 90% 
efficacy to prevent precancerous lesions in female who have completed all 3 doses (WHO, 2009)16

The screening and diagnosis protocol consists on conventional Pap smear
.  

17 –also called 
Papanicolaou test– as the screening procedure; and Colposcopy18 –the gold standard for making 
definitive diagnosis (FIGO, 2009)– as the diagnostic procedure for patients with a positive Pap 
smear result19

 

. Following WHO (2006) and FIGO (2009) recommendations, screening program 
should be done to every woman between 25 and 65 years old, with a time bucket of 3 years. If VIA 
or HPV–DNA were considered as part of the medical protocol, our model predictions remain 
similar.  

Treatment protocol is divided in precancer and cancer treatment. Precancer treatment protocol 
consists in Cryotherapy and Loop electrosurgical excision procedure (LEEP) as initial interventions; 
and simple hysterectomy as last intervention after retreatment. Event tough Cryotherapy is 
preferred due to its high cure rate and lower cost, approximately 10% of lesions may be too large 
or inappropriate for Cryotherapy and would require referral for different management –in our 
study LEEP (Jacob et al., 2005; Bradley et al., 2005)20. Cryotherapy21, LEEP and simple 
hysterectomy have the same follow–up treatment22

 
.  

The cancer treatment protocol is based on Goldie et al. (2005)23. For local cervical cancer, the 
protocol establishes simple and radical hysterectomy as the medical intervention. The simple 
hysterectomy is done in one session and its follow–up treatment is annual Pap smear after two 
normal smears at four and 10 months (Benedet et al., 2000). Radical hysterectomy is done in one 
session and same follow–up treatment is assumed24 25

                                                           
15 It is effective against four HPV genotypes: 6, 11, 16 and 18 (FIGO, 2009). The infection with high–risk, oncogenic HPV types is the 
known cause of cervical cancer, with more than 70% of cervical cancer cases associated with HPV –16 and –18 (Spitzer et al., 2006). 
However, the percentage of cervical cancer caused by these HPV types varies between WHO regions, according to Ginsberg et al. 
(2009). See Appendix A3. 

.  

16 Because the long–term efficacy of the vaccine remains unknown, we follow Ginsberg et al. (2009) and assume the vaccine’s 
effectiveness start to wane at an annual rate of 2.5% after 10 years. 
17 Following the literature, and according to an US computer search, only 0.3% of the Pap smears done are unsatisfactory (Ransdellet 
al., 1997). The unsatisfactory Pap smear indicates unreliability for the detection of cervical epithelial abnormalities (WHO, 2006) and 
the Pap should be repeated. Many factors may account for this, including suboptimal sampling techniques, cervical anatomy and 
underlying disease conditions (Nygard et al., 2004). Unsatisfactory Pap smear indicated a 1.6–4.0 times higher risk of harboring cervical 
cancer compared to women with a normal Pap smear (Nygard et al., 2004). However, given the small percentage of unsatisfactory 
tests, we assume all Pap tests are satisfactory for evaluation. 
18 Regarding diagnosis procedures, WHO cervical cancer guide (2006) presents Colposcopy and biopsy as the two diagnoses procedures 
that should be done simultaneously. However, biopsy is not considered in our analysis because cost information is not available. 
19 Even though the WHO cervical cancer guide (2006) recommends four different tests for cervical cancer screening –conventional Pap 
smear, liquid–based cytology (LBC), HPV–DNA test, and visual inspection with acetic acid (VIA) or Lugol’s iodine (VILI)– we do not have 
cost information for LCB and VILI and then, we decided to consider Pap smear over HPV–DNA test and VIA. Although Pap smear and 
HPV–DNA test have similar sensitivity under best resource condition (WHO, 2006) and similar specificity (Ginsberg et al., 2009); 
according to the cost information, the Pap cost is less than half the HPV–DNA cost (except for the AFRO WHO regions). On the other 
hand, we decided to consider Pap instead of VIA because this last procedure has a lower specificity, resulting in high referral rate and 
overtreatment; therefore, additional costs (WHO, 2006). 
20 For women not suitable for Cryotherapy, we considered LEEP as the alternative; it is more cost effective and safer (FIGO, 2009). Cold 
Knife Conization (CKC) is not considered as an alternative in low–resource environments.  
21 Costs associated with Cryotherapy complications are not considered due to information availability. 
22 Pap smear and Colposcopy per session, at 6 and 12 months after treatment (WHO, 2006). 
23 We have added follow–up treatments, frequency and number of sessions for each FIGO cancer stage treatment, based on the 
literature and available cost information. 
24 Because of the hysterectomy, we assume patients are not having children. 
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For regional and distant cervical cancer, the protocol establishes radiotherapy as the medical 
intervention. Radiotherapy refers to both external radiation –or Teletherapy– and internal 
radiation –or Brachytherapy (WHO, 2006)26. Following Waggoner (2003), we are adding 
chemotherapy27 to radiation treatment in the protocol –called Chemoradiotherapy–, with a 
weekly frequency until completion of Teletherapy (Benedet et al., 2000). The cancer treatment 
protocol is presented in Appendix A428

 
.  

The Disease Model –explained in detail in Appendix A5– establishes the natural history of the 
cervical cancer and the correspondent medical procedure associated to the evolution of the 
disease. We consider three scenarios for the type-woman who could get the disease, based on 
probabilities of developing cervical cancer, at any time between 25 to 65 years old. The scenarios 
are the following: 
 
Scenario A: Prevention –with vaccine– and screening / early diagnosis –with Pap smear: 
The type-woman takes the HPV vaccination at age 12. Starting at 25 years, she follows the 
protocol proposed for early diagnosis of cervical cancer. If she has cervical cancer, she follows the 
treatment protocol. The probabilities of developing cervix lesions in this scenario are reduced by 
the effectiveness of the vaccine multiplied by the proportion of cervical cancer caused only by HPV 
genotypes 16/18, correspondent to the respective WHO region. 
 
Scenario B: No prevention; with screening / early diagnosis: 
The type-woman does not take the HPV vaccination neither at age 12 or later; however, starting at 
25 years she follows the protocol for early diagnosis of cervical cancer. If she has cervical cancer, 
she follows the treatment protocol. In this scenario, the probabilities of developing cervix lesions 
are not reduced by prevention.  
 
Scenario C: No prevention or screening procedures: 
The type woman does not take the HPV vaccination at age 12 and neither she follow the protocol 
proposed for early diagnosis of cervical cancer. When she realizes she has cervical cancer, she 
follows the treatment protocol. The probability of developing cancer in this scenario is the sum of 
the probability of having cancer by age, plus the probability of having a LSIL by age, multiplied by 
the probability of progression from LSIL to cancer by age (Mandelblatt et al., 2002) plus the 
probability of having HSIL by age, multiplied by the probability of progression from HSIL to cancer 
by age (Mandelblatt et al., 2002). Because in this scenario the type-woman has not prevent with 
vaccination nor early diagnosed with Pap Smear, her probabilities of developing cervical cancer are 
higher than in the other two scenarios. 
 
 
 
                                                                                                                                                                                 
25 We are considering a no longer than two–year follow–up treatment. 
26 Teletherapy is done daily, 5 days a week for 5 weeks. At completion, woman receives one Brachytherapy (WHO, 2006).  
27 Chemotherapy includes 4000 mg flouracil, 80 mg cisplatin and 0.22 mg (Ginsberg et al., 2009). 
28 Because our cost information is obtained from Ginsberg et al. (2009), our entire proposed protocol is limited to medical information 
available in this paper. 
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Colorectal cancer 
The protocol distinguishes between screening, early diagnosis and treatment procedures; and 
each phase of the medical process is associated with medical cost. According to the World Cancer 
Report 2008 (IARC, 2008), most colorectal cancers (about 75%) are sporadic, arising from somatic 
mutations and clonal evolution at the tumor site. The National Polyp Study (NPS) demonstrate the 
natural history of colorectal cancer as arising from premalignant adenomatous polyps –adenoma– 
(Winawer, 1999).  
 
Screening and prevention strategies considered in this study are relevant for individuals at average 
risk (Labianca et al., 2005). The aim of the screening is the detection and removal of sporadic 
cancer in asymptomatic individuals29. Regarding screening options, the protocol consists on 
Sigmoidoscopy. If positive result is obtained, Colonoscopy plus lesion removal is necessary30 31

 

. 
Following OEP (1999) and the American Cancer Society (ACS), screening program should be done 
in a 5–years frequency for every person between 50 and 80 years. Colorectal cancer risk is 
significantly higher in this age range (OEP, 1999; Winawer, 1999; SEER data). 

The cancer treatment protocol is based on the recommendations of the National Cancer Institute 
(NCI) about colon and rectal cancer32. The NCI treatment guide suggests resection in the four 
colorectal AJCC33 cancer stages –in combination with radiotherapy or chemotherapy according to 
the stage34. For simplification, we are assuming a unique treatment “resection” which represents a 
combination of the different treatments –based on the colorectal cancer neoplasm location 
reported by Hechevarría et al. 200335 36

                                                           
29 The great majority of polyps are non–neoplastic (i.e. hamartomas or hyperplastic polyps) (Winawer, 1999). However, the prevention 
protocol focuses on the extirpation of all polyps in order to avoid any risk of developing cancer associated to this lesion. 

.  

30 Sigmoidoscopy is a very safe and effective procedure –it is highly sensitive and specific test for detecting cancer and polyps and it has 
shown a significantly cancer incidence reduction –38.9% according to Ginsberg et al. (2010). Sigmoidoscopy reports 96% of sensitivity 
for colorectal cancer and large polyps; 73% of sensitivity for small polyps. On the other hand, it reports a 94% of specificity for 
colorectal cancer and for large polyps; and 92% for small polyps (Calva et al., 2009). However, the greatest limitation of Sigmoidoscopy 
is the lower detection of premalignant or malignant lesions because it examines only half of the colon (Labianca et al., 2005). On the 
other hand, Colonoscopy offers the greatest accuracy and the ability to visualize the entire colon with the potential to find and remove 
precancerous lesions. Colonoscopy presents the highest effectiveness –it is the most sensitive and specific test for detecting cancer and 
large polyps– in prevention –it report 96.7% of sensitivity for colorectal cancer; 85% for large polyps; and 78.5% for small polyps. On the 
other hand, it reports a 98% of specificity in all cases (Calva et al., 2009). However, it is associated with a higher cost and higher risks 
than other screening tests: perforation or hemorrhage occurs in 1 of 500 examinations (0.2%), with a mortality of one in 5000 cases 
(0.02%) (Calva et al., 2009).  
31 Economic impact –in terms of medical costs or premature death– associated with Colonoscopy complications are not considered 
mainly due to the low occurrence’s probabilities (USPSTF, 2002). 
32 While there are important physiological differences between the different segments of the lower gastrointestinal tract –it consists of 
the colon, rectum and anus–, and possibly some different epidemiologic risk factors for colonic and rectal cancers, stage and survival 
characteristics for colonic and rectal cancer are similar (OEP, 1999). Thus, we are establishing a medical protocol which can be used in 
either case. 
33 AJCC: American Joint Committee on Cancer. 
34 The surgical intervention (resection) can be a –partial or total– colectomy (surgical resection of the large intestine –colon) or 
protectomy (surgical resection of the rectum) according to the location and extension of the tumor. The immediate procedure after 
resection in the case of partial colectomy is anastomosis or colostomy; and in the case of total colectomy, is ileostomy. The immediate 
procedure after resection in the case of partial protectomy is reservoir or anastomosis, and in the case of complete protectomy, is 
colostomy. 
35 We are assuming that when the neoplasm is located in the ileocecal and cecum valves, it is always treated with total colectomy with 
ileostomy; when neoplasm is located in the rectum or the rectosigmoid colon, it is always treated with protectomy and any immediate 
procedure; and when neoplasm is located in the sigmoid, transverse, descending or ascending colon, it is always treated with 
colectomy and any immediate procedure (except ileostomy). See Appendix A10 for location’s distribution. 
36 We have added frequency and number of sessions for each AJCC cancer stage treatment, based on the literature and available cost 
information. 
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For local colorectal cancer (AJCC stage I), the protocol establishes resection as the medical 
intervention. The surgical procedures are done in one session. For regional (ACCJ stages II and III), 
the protocol establishes resection, in combination with chemotherapy –after surgery– as medical 
interventions. For distant colorectal cancer (ACCJ stage IV), the protocol establishes resection in 
combination with chemotherapy and radiotherapy –after surgery37. The cancer treatment 
protocol is presented in Appendix A1138

 
.  

The Disease Model establishes the colorectal cancer natural history, based on the adenoma –
carcinoma sequence–, and the correspondent medical procedure associated to the evolution of 
the disease. For a detailed explanation of the disease model see Appendix A12. We consider two 
scenarios for the type-person who could get the disease: 
 
Scenario A: Screening / early diagnosis –with Sigmoidoscopy and Colonoscopy: 
The type-person screens with Sigmoidoscopy –plus Colonoscopy and lesion removal when a 
positive result is obtained –starting at age 50, every 5 years until age 80. When the person realizes 
has colorectal cancer, he/she follows the treatment protocol. The probabilities of being diagnosed 
with colorectal cancer –obtained from SEER database– are the cancer incidence without 
considering the risk factor generated by polyps. In this scenario, the adenomatous polyps are 
mostly found and removed; there is a minimum increase in the cancer probability in the following 
years of assessment, generated by those adenomatous polyps not found in the screening 
intervention. We are assuming 50% of large polyps not found will transform into cancer in the next 
five years after screening test; 1% of small polyps not found will transform into cancer in the next 
ten years after screening test39

 

. This evolution history increases the probability of developing 
colorectal cancer in the correspondent years of assessment. 

Scenario B: No screening procedures: 
The type-person does not take a preventive screening protocol at age 50 or later. Only when the 
person realizes has colorectal cancer, he/she follows the treatment protocol. The probability of 
developing colorectal cancer at age 50 is the same as in scenario A. However, because no 
preventive treatments are done –and no polyps are removed– the probability of developing 
cancer at each age of assessment is higher due to the higher number of polyps that effectively 
evolve into colorectal cancer. 
 
 
 
 
 
 
                                                           
37 Following the National Comprehensive Cancer Network (NCCN, 2011) for chemotherapy, treatment consists in 14 sessions, every 21 
days; for radiotherapy, the frequency is daily, 5 days a week for 5 weeks. 
38 Cost information is obtained from Ginsberg et al. (2010). Our proposed protocol is limited to medical information available in this 
paper.  
39 Following Winawer (1999), the adenoma–carcinoma sequence takes an average of 5.5 years to transform from a large (>1 cm) 
adenomatous polyp into cancer; the transformation of the small polyps into cancer takes about 10 years. In addition, polyps smaller 
than 1 cm are associated with an incidence of carcinoma of less than 1%, where as polyps greater than 2 cm in diameter are associated 
with a 50% incidence of carcinoma (Sack et al., 2000).  
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Breast cancer 
Unlike cervical or colorectal cancer, breast cancer is not prematurely generated through 
precancerous lesions; thus, it is found in preclinical stages. Prevention is, then, focused on early 
detection to act before the disease develops and transfers to other parts of the body (Tabár et al., 
1999). Our protocol distinguishes between screening and diagnosis for women40

 

, and treatment 
procedures. Each phase of the medical process is associated with medical cost.  

Breast carcinoma is not a systemic disease at its inception, but is a progressive disease and its 
development can be arrested by screening. The aim of the screening is the detection and removal 
of preclinical breast cancer in asymptomatic individuals (Tabár et al., 1999)41. For screening 
options, the protocol consists on bilateral mammography. If positive result is obtained, the 
diagnosis of the disease is developed –through various tests and procedures42. The large 
randomized trials performed from 1976–1990 have shown breast cancer screening based on 
mammography can reduce mortality in 25% on average, for women aged 50–69 years (AIRC, 
2008). Moreover, Kerlikowske et al. (1995) show that mammography–based screening significantly 
reduces breast cancer mortality in women aged 50 to 74 years, following these women for 7 to 9 
years after the initial screening. However, for the same follow-up procedure, there is no reduction 
in breast cancer mortality in women aged 40 to 49 years43

 

. Following Groot et al. (2006), 
mammography–based screening program is done in a 2–years frequency for every woman 
between 50 and 70 years old. 

The breast cancer treatment protocol follows Groot et al. (2006), based on clinical practice 
guidelines (NCCN, 2005; MD Anderson Cancer Center, 2004). For breast cancer stages I and II, 
treatment includes lumpectomy with axillary dissection, supplemented with external breast 
radiotherapy; eligible patients also receive endocrine therapy. For breast cancer stage III, 
treatment includes neoadjuvant chemotherapy followed by mastectomy with axillary dissection 
supplemented with adjuvant chemotherapy. Breast external radiotherapy is also administered; 
eligible patients receive endocrine therapy. Finally, for breast cancer stage IV, treatment includes 
systemic chemotherapy, supplemented with endocrine therapy for eligible patients as palliative 
therapy. Each breast cancer stage treatment requires one outpatient visit and two hospitalization 
days; additionally, each treatment has a follow–up treatment consisting in bilateral mammography 
and the pelvic examination whenever needed. The cancer treatment protocol is presented in 
Appendix A1644

 
.  

                                                           
40 Although there are cases of male breast cancer, this is a rare disease: less than 1% of all breast cancer patients are men (IARC, 2008).  
41 Breast cancer is characterized by a preclinical detectable phase lasting from 1–7 years, depending on the specific disease subtype. 
Tumors detected and treated at an early stage are associated with a better survival rate than those detected symptomatically (IARC, 
2008). 
42 The diagnosis protocol is based on Groot et al. (2006). It consists on bilateral mammography, complete blood count, total bilirubin 
assay, alkaline phosphatase assay, fine needle aspiration or core needle biopsy, liver function tests, electrocardiography (ECG) in 50% of 
the cases, bone scan in 25% and ultrasonography of the liver in 25% of the cases. 
43 Although screening mammography may be effective in reducing mortality in women aged 40 to 49 years, after 10 to 12 years of 
follow–up (Kerlikowske et al., 1995). 
44 For the breast cancer treatment and follow-up protocol, Groot et al. (2006) assume that 50% of breast cancer patients will be eligible 
for endocrine therapy; and that, in half of breast cancer cases, follow-up treatment will need pelvic examination. 
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The Disease Model establishes the natural history of the breast cancer, based on the breast 
carcinoma development, and the correspondent medical procedures associated to the evolution 
of the disease (see Appendix A17). We consider two scenarios for the type-woman:  
 
Scenario A: Prevention and early diagnosis –with bilateral mammography: 
The type-woman prevents with mammography –plus diagnostic procedure when a positive result 
is obtained– starting at age 50, every 2 years until age 70. When the woman realizes she has 
breast cancer, she follows the treatment protocol. The probabilities of being diagnosed with 
breast cancer –obtained from SEER database– remain constant between scenarios but vary 
according to the woman’s age. Because of the prevention, breast cancer incidence occurs with a 
more favorable distribution to early stages. Thus, in this scenario, stage I corresponds to 49.0% of 
total cases; stages II, III and IV corresponds to 37.4%, 8.6%, and 5.0% of total cases, respectively45

 
. 

Scenario B: No screening procedures: 
The type-woman does not take a preventive screening protocol at age 50 or later. Only when she 
realizes she has breast cancer, she follows the treatment protocol. The probability of developing 
breast cancer is the same as in scenario A, at each age. However, because no preventive 
treatments are done, breast cancer incidence occurs with a more favorable distribution to later 
stages. Thus, in this scenario, stage I corresponds to 9.4% of total cases; while stages II, III and IV 
corresponds to 14.2%, 58.0%, and 18.4% of total cases, respectively46

 
. 

 

                                                           
45 This information was obtained from Groot et al. (2006). It corresponds to “stage distribution of incident cases in presence of an 
extensive program, 2000–2010”. The extensive program consists in treatment in all stages plus a breast awareness program and early 
case finding through biannual mammographic screening in women age 50–70 years. 
46 This information was obtained from Groot et al. (2006) and corresponds to “stage distribution of incident cases in absence of an 
extensive program, 2000–2010”. 
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Unit cost information 
 
Cost information was obtained from Ginsberg et al. (2009; 2010)47 and Groot et al. (2006)48. 
Information is provided by WHO regions. Same treatment and procedure costs are assumed for 
each country within a region49. Cost information is expressed in 2000 international dollars. To 
express our cost information in 2009 international dollars, they are multiplied by the average 
annual inflation of the United States between year 2000 and 200950

 
.  

Even though cost information from Ginsberg et al. (2009; 2010) is available for all WHO regions; 
cost information reported by Groot et al. (2006) is only available for three WHO regions51, out of 
the twelve relevant regions for the study. The missing cost regional information was estimated by 
extrapolating data, elaborating price indexes with WHO information for each of the twelve regions 
regarding inpatient day and outpatient visit hospital cost data52 53

 
.  

Health effects (DALYs) 
 
The health state valuations (HSV) based on the disability weights for diseases and conditions 
reported in the Global Burden of Disease: 2004 Update (WHO, 2008)54

 

, were used for the DALYs 
(Disability–Adjusted Life Years) estimations. The weights are specified in Appendix A24. 

In the cervical cancer case, we add a disability weight to each year the woman has HSIL or cancer, 
according to the cancer stage55

 

. Every woman receiving cancer treatment is assumed to have 
infertility and incontinence after treatment, as a long–term sequel. Thus, in each assessed year, 
each remaining year of life is associated to a HSV. With this information and the probability of 
developing cancer or HSIL, the years of life lost due to disability (YLD) are obtained. Then, the 
years of life lost due to premature death (YLL) were obtained by multiplying the probability of 
developing cancer by age, the mortality rate –an average according to the cancer stage 
distribution– and the difference between the type-woman age of death and the standard life 
expectancy (WHO, 2008). 

                                                           
47 The vaccination costs depend directly on where it is done. Following Ginsberg et al. (2009), we are assuming that every 12 years old 
girl receives the vaccine either at school or in a health center. 
48 For more information see Appendix A21, A22 and A23. 
49 When required, costs are brought to present value using a social discounted annual rate. Following the WHO guide to Cost–
Effectiveness Analysis (Tan–Torres et al., 2003) suggestion about this controversial issue, we use a 3% annual rate. When procedures 
are done in the middle of the year, we assumed (i) each medical procedure done before or at the sixth month of the relevant year is 
assumed to be made at the beginning of that year; and (ii) each medical procedure done after the sixth month of the relevant year is 
assumed to be made at the beginning of the next year. 
50 The required information was obtained from the World Bank database – World Development Indicators. 
51 AMRO A, SEARO D and AFRO E. 
52 The information of unit cost for patient services for the 14 WHO regions was obtained from the WHO–CHOICE website. Information 
available in: http://www.who.int/choice/costs/unit_regions/en/index.html 
53 The base reference differs among indexes, depending on the regions missing cost information. In the case of AMRO regions with 
missing information, the base reference for building the indexes was AMRO A. In the case of AFRO D, the base reference was AFRO E. 
Finally, for EMRO B, EMRO D, EURO B, EURO C, SEARO B and WPRO B, the base reference was SEARO D.  
54 The weights are specified for time spent in susceptible or diseases states. Weights used do not vary by age. 
55 Cancer FIGO stage IVB is assumed as a terminal stage, while FIGO stage IVA is a metastasis stage. 



 

16 
 

For colorectal cancer, we add a disability weight to each year the person has cancer, according to 
the cancer stage56

 

. Following the construction of the surgical procedure “resection”, 63% of the 
persons receiving cancer treatment are considered to have stoma as a long–term sequel. In those 
cases, each remaining year of life is associated to a HSV.  

For breast cancer, we add a disability weight to each year the woman has cancer, according to the 
cancer stage57

 

. Following the breast cancer treatment protocol, all stage III breast cancer patients 
are considered to have mastectomy as a long–term sequel. In those cases, each remaining year of 
life is associated to a HSV.  

When long–term sequel exists, as in colorectal and breast cancer, the years of life lost due to 
disability (YLD) are obtained. The years of life lost due to premature death (YLL) were obtained by 
multiplying the probability of developing cancer by age, the mortality rate –an average according 
to the cancer stage distribution– and the difference between the type-person age of death and the 
standard life expectancy. 
 
In terms of the discounting rate for health effects of treatments, it is standard to discount future 
health benefits at the same rate as costs, with an annual rate between 3% and 5% (Gold et al., 
1996). Following this approach and according to the standard approach used in the base case for 
WHO–CHOICE (Tan–Torres et al., 2003), future DALYs are discounted at a 3% annual rate. 
 
Following the WHO Commission on Macroeconomics and Health method (Sachs, 2001), each DALY 
is valued at one year GDP per–capita –an average for the correspondent WHO region. Data was 
obtained from the World Bank database –World Development Indicators by grouping countries 
according to its WHO region. Missing information was completed from the CIA country database58

 
.  

 

                                                           
56 We are assuming 5% of distant colorectal cancer cases will be in terminal stage; the remaining 95% will be in metastasis. 
57 We are assuming 5% of stage IV breast cancer cases will be in terminal stage; the remaining 95% will be in metastasis. 
58 See Appendix A25. 
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3. Results 
 
Cervical cancer 
Table N°1 presents total cervical cancer expected cost for the type-woman –medical costs plus 
DALYS–, according to the scenario and WHO region.  

 
Table N°1.  

Total cervical cancer expected cost (includes medical costs and DALYs valuation, $I 2009) 
 

 AMRO B AMRO D EMRO B EMRO D EURO B EURO C 

Expected cervical cancer total cost per type-woman (A) 8 205.33 4 981.11 8 210.41 2 490.86 6 307.60 9 413.11 

Expected cervical cancer total cost per type-woman (B) 12 478.99 7 286.40 14 351.21 4 510.79 10 166.18 15 460.07 

Expected cervical cancer total cost per type-woman (C) 18 854.14 11 781.05 21 636.35 7 043.00 15 352.49 24 087.12 

       

 SEARO B SEARO D WPRO B AFRO D AFRO E 

Expected cervical cancer total cost per type-woman (A) 4 610.95 2 340.26 4 282.44 3 280.77 3 029.09 

Expected cervical cancer total cost per type-woman (B) 7 591.65 3 716.11 6 386.25 4 680.40 4 374.68 

Expected cervical cancer total cost per type-woman (C) 11 358.59 5 826.48 9 380.97 7 335.30 6 805.42 

 
Expected cervical cancer costs are significantly higher for woman not preventing or early 
diagnosing –scenario C– for each WHO region: total expected cost of scenario C in Table N° 1 
ranges from 2.19 times more than in scenario A in region WPRO B to 2.83 in region EMRO D. In 
general, cost reduction between the best scenario –A– and the worst scenario –C– represents 
more than 54% of the total cost obtained in the last one, with a cost reduction of 54.35% in WHO 
region WPRO B to 64.63% in region EMRO D. Preventing and early diagnosing allow women to 
reduce the chances of the disease; but if happen to have it, women could treat the disease at an 
earlier stage, when it is less costly and may save more years of disability or premature death. In 
the same way, the comparison between scenarios B and C imply a significant cost reduction –from 
31.92% in region WPRO B to 38.15% in region AMRO D. Thus, even preventing, without the highly 
effective vaccine, has an important reduction in the disease expected cost, due to the possibility of 
treating it earlier.  

 
Table N°2 presents total expected cost of the disease for each WHO region and scenario. Type-
woman information was multiply by the region population59

 
, considering group ages.  

                                                           
59 Population data was obtained from the US Census Bureau, International Data Base (IDB). Information available on: 
http://www.census.gov/ipc/www/idb/informationGateway.php 
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Table N°2. 
Total cervical cancer expected cost in each WHO region ($I 2009) 

 

 AMRO B AMRO D EMRO B EMRO D 

Expected CC total cost per WHO region (A) 24 117 631 696.42 2 130 863 692.82 4 669 635 440.08 4 667 349 781.01 

Expected CC total cost per WHO region (B) 38 028 886 764.21 3 249 074 139.63 8 896 138 421.98 9 195 914 105.39 

Expected CC total cost per WHO region (C) 57 053 543 507.66 5 222 542 068.27 13 264 541 240.80 14 355 782 081.31 

     

 EURO B EURO C SEARO B SEARO D 

Expected CC total cost per WHO region (A) 6 722 878 953.37 15 078 496 035.85 9 338 736 140.02 17 971 665 927.49 

Expected CC total cost per WHO region (B) 11 282 596 241.96 24 992 292 299.51 16 063 417 566.67 29 980 761 007.29 

Expected CC total cost per WHO region (C) 16 938 629 321.15 38 966 085 411.44 23 922 263 391.66 47 007 072 261.88 

     

 WPRO B AFRO D AFRO E 

Expected CC total cost per WHO region (A) 44 415 330 641.07 5 252 043 599.16 5 424 293 655.30 

Expected CC total cost per WHO region (B) 67 747 605 357.15 7 846 690 455.17 8 227 370 427.14 

Expected CC total cost per WHO region (C) 99 420 752 461.76 12 271 455 467.27 12 792 714 229.75 

 
Cost reduction of following scenario A or B instead of scenario C remain significant; in fact, cost 
reduction between scenarios A and C in all WHO region are more than 55%60 and between 
scenarios B and C are more than 25%61

 

 (see Figure N°1). Cervical cancer should be prevented and 
early diagnosed by woman; total economic cost (medical costs and DALYs value) reduction is 
relatively higher, especially in WHO regions where the HPV type 16/18 is most widespread among 
population.  

Figure N°1: Percentage CC cost reduction (base = scenario C) 
 

 
 

                                                           
60 Cost reduction ranges from 55.97% in WHO region WPRO B to 67.83% in WHO region EMRO D. 
61 Cost reduction ranges from 32.20% in WHO region SEARO B to 37.79% in WHO region AMRO D. 
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Given that a large percentage of women may not be able to afford prevention and diagnosis costs 
in low– and middle–resource countries, public policy should focus on prevention and detection, as 
a way to allocate government resources efficiently across interventions. Figure N°2 introduces the 
production possibility frontier; a comparison between expected cervical cancer medical costs and 
the economic benefit62 regarding scenario C63. Scenario A implies, for each WHO region, lower 
medical cost and higher economic benefit. The frontier shows the locations where public policy 
focusing on prevention and early diagnosis would have the highest outcomes64

 

.  

Figure N°2: Optimal boundary line CC 
 

 
 

Figure N°2 shows that all AMRO WHO regions are within the optimal frontier; while any AFRO or 
SEARO WHO region is below it. In fact, WHO regions AFRO D, AFRO E and SEARO D are the regions 
farther from the optimal frontier. These results probably imply that cancer medical costs in these 
regions are still too high to achieve optimal economic benefit (within the frontier). 
 
Screening and prevention treatments should change the stage distribution of cervical cancer, 
obtaining more cases for early stages and thus reducing the cost of cancer –in terms of both 
medical costs and DALYs. In this case, the total cost reduction associated to scenarios A and B 
would be greater than the currently obtained results. 
 
 
 
 
 

                                                           
62 It was measured as the differential expected medical costs and DALYs economic value. 
63 The graphical analysis is done using Naperian logarithms to solve a scale problem. 
64 Our model may underestimate the effects –and thereby, costs and DALYs– of the disease history for the type–woman because it 
assumes each year of assessment is independent from the last or next one. When the type–woman has had cervical cancer and treated 
it, cancer could either heal, evolve into a next stage or the patient could die. We are not considering the probability of relapsing into 
the same condition, either in one year after initial therapy (Ginsberg et al., 2009) or later, which would increase the cost associated to 
the disease. However, this implication would have a higher effect in scenario C than in scenarios A and B; thus, results should not be 
affected. 
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Colorectal cancer 
 

Table N°3 presents the total colorectal cancer expected cost for the type-person –medical costs 
plus DALYS–, according to the scenario and WHO region.  
 

Table N°3. 
Total colorectal cancer expected cost (includes DALYs valuation, $I 2009) 

 

 AMRO B AMRO D EMRO B EMRO D EURO B EURO C 

Expected colorectal cancer total cost per type-person (A) 4 755.31 2 831.19 5 996.45 1 872.90 4 069.95 5 383.32 

Expected colorectal cancer total cost per type-person (B) 9 274.82 6 688.40 10 208.14 5 683.88 8 325.15 10 109.36 

       

 SEARO B SEARO D WPRO B AFRO D AFRO E 

Expected colorectal cancer total cost per type-person (A) 2 941.71 1 796.53 2 905.81 2 154.87 2 078.93 

Expected colorectal cancer total cost per type-person (B) 7 128.32 5 426.76 6 684.61 5 688.61 5 618.95 

 
Expected colorectal cancer costs are significantly higher for people not screening or preventing –
scenario B– for each WHO region (see Table N°3). Total expected costs of scenario B ranges from 
1.70 times more than scenario A in region EMRO B to 3.03 in region EMRO D. In general, cost 
reduction between the best scenario –A– and the worst one range from 41.3% in WHO region 
EMRO B to 67.0% in WHO region EMRO D. Screening and preventing allow people to avoid 
significantly getting the disease; and treat it at an earlier stage –when it is less costly and may save 
more years of disability or premature death– if have it. 
 
Table N°4 presents total expected cost of the disease for each WHO region and scenario. Type-
person information was multiply by the region population65

 
, considering group ages. 

Table N°4. 
Total colorectal cancer expected cost in each WHO region ($I 2009) 

 

 AMRO B AMRO D EMRO B EMRO D 

Expected CRC total cost per WHO region (A) 11 036 613 144.97 879 234 491.04 2 324 935 142.55 2 400 541 079.62 

Expected CRC total cost per WHO region (B) 21 990 715 100.17 2 148 186 681.24 4 017 636 974.73 7 689 177 210.23 

     

 EURO B EURO C SEARO B SEARO D 

Expected CRC total cost per WHO region (A) 3 833 142 879.26 10 010 007 556.48 4 729 073 855.51 10 273 776 414.47 

Expected CRC total cost per WHO region (B) 8 012 129 136.51 19 056 377 384.07 11 848 103 488.06 32 707 096 552.24 

     

 WPRO B AFRO D AFRO E 

Expected CRC total cost per WHO region (A) 26 731 531 002.03 2 090 012 209.91 2 233 041 361.93 

Expected CRC total cost per WHO region (B) 63 710 823 635.65 5 778 835 987.66 6 338 620 399.23 

                                                           
65 Ibid. 
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Cost reduction of following scenario A instead of scenario B is significant; in fact, cost reduction 
between scenarios A and B in all WHO region is more than 40%66

 

 (Figure N°3). Results 
demonstrate significantly higher colorectal cancer total expected costs from people not preventing 
or early diagnosing –scenario B. Total expected costs associated to this scenario B is, on average, 
more than 2.4 times scenario A’s costs. Thus, colorectal cancer should be prevented –by screening 
and polyps’ removal. 

Figure N°3: Percentage CRC cost reduction (base = scenario B) 
 

 
 

Figure N°4 introduces the production possibility frontier. Scenario A implies, for each WHO region, 
lower medical cost and higher economic benefit. The frontier shows the locations where public 
policy focusing on prevention and early diagnosis would have the highest outcomes67

 
. 

Figure N°4: Optimal boundary line CRC 
 
 

 
 
 
 
 
 
 
 
 
 

                                                           
66 Cost reduction ranges from 42.13% in WHO region EMRO B to 68.78% in WHO region EMRO D. 
67Our model may underestimate the effects –and thereby, costs and DALYs– of the disease history for the type–person because it 
assumes the polyp’s natural history starts at age 50, so probabilities of developing colorectal cancer at that age should be higher. 
Besides, the model assumes that each year of assessment is independent of the rest. However, this implication would have a higher 
effect in scenario B than in scenario A; thus, results should not be affected. 
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Unlike Figure N°2 –optimal frontier for the cervical cancer case–, Figure N°4 illustrate that most 
WHO regions are close to the optimal frontier -except for EMRO B region. In this case, SEARO 
WHO regions are within the frontier; however, AFRO WHO regions remain outside. Results for 
WHO region EMRO B, probably imply medical costs in this region are too high to achieve optimal 
economic benefit (within the frontier); moreover, medical costs are still too high regarding other 
regions closer to the border. 

 
Screening and prevention should change the stage distribution, obtaining more cases for early 
stages and thus reducing the cost of cancer –in terms of both medical costs and DALYs. In this 
case, the total cost reduction associated to scenario A would be greater than results currently 
obtained. 
 
Breast cancer 
 

Table N°6 presents the total breast cancer expected cost for the type-woman –medical costs plus 
DALYS–, according to the scenario and WHO region.  
 

Table N°6. 
Total breast cancer expected cost (includes DALYs valuation, $I 2009) 

 

 AMRO B AMRO D EMRO B EMRO D EURO B EURO C 

Expected breast cancer total cost per type-person (A) 76 987.39 48 000.52 85 982.84 26 648.10 61 021.10 97 067.57 

Expected breast cancer total cost per type-person (B) 187 317.93 127 474.48 213 403.30 71 607.37 150 921.87 249 492.49 

       

 SEARO B SEARO D WPRO B AFRO D AFRO E 

Expected breast cancer total cost per type-person (A) 44 336.56 21 917.50 36 523.20 28 020.41 25 899.20 

Expected breast cancer total cost per type-person (B) 109 828.28 59 006.62 89 127.64 75 587.07 69 358.97 

 
Expected breast cancer costs are significantly higher for women not screening –scenario B– for 
each WHO region (see Table N°6). Total expected costs of scenario B ranges from 2.43 times more 
than in scenario A in region AMRO B to 2.70 in region AFRO D. In general, cost reduction between 
the best scenario –A– and the worst one range from 58.90% in WHO region AMRO B to 62.34% in 
WHO region AFRO D. Screening and preventing allow people to get the disease in earlier and more 
treatable stages –although earlier stages treatment is more expensive, it may save more years of 
disability or premature death given its higher survival rate. 
 
Table N°7 presents total expected cost of the disease for each WHO region and scenario. Type-
woman information was multiply by the region population68

 
, considering group ages. 

  

                                                           
68 Ibid. 
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Table N°7. 
Total breast cancer expected cost in each WHO region ($I 2009) 

 

 AMRO B AMRO D EMRO B EMRO D 

Expected BC total cost per WHO region (A) 140 001 949 649.74 11 674 631 813.52 25 172 339 448.09 7 017 976 393.85 

Expected BC total cost per WHO region (B) 343 045 664 375.71 31 237 271 943.91 63 037 793 638.46 18 989 313 667.75 

     

 EURO B EURO C SEARO B SEARO D 

Expected BC total cost per WHO region (A) 42 716 935 376.15 139 224 995 557.35 57 344 766 974.98 99 224 350 730.24 

Expected BC total cost per WHO region (B) 106 379 975 828.40 359 832 096 027.26 143 252 071 898.65 269 009 706 219.21 

     

 WPRO B AFRO D AFRO E 

Expected BC total cost per WHO region (A) 250 152 815 291.03 22 599 246 112.13 24 340 086 167.74 

Expected BC total cost per WHO region (B) 615 148 473 785.93 61 444 171 223.42 65 684 084 607.39 

 
Cost reduction of following scenario A instead of scenario B remain significant; in fact, cost 
reduction between scenarios A and B in all WHO region is more than 59%69

 
 (Figure N°5). 

Results demonstrate significantly higher breast cancer total expected costs from women not 
preventing –scenario B. Total expected costs associated to this scenario B is, on average, more 
than 2.5 times scenario A’s costs. Thus, breast cancer should be prevented –by bilateral 
mammography. However, it is important to mention that total economic cost reduction is 
relatively lower in WHO regions with a mortality stratum B and C, where mastectomy –the long 
term sequel of breast cancer treatment– has lower disability weights. 
 

Figure N°5: Percentage BC cost reduction (base = scenario B) 
 

 
 
Figure N°6 introduces the production possibility frontier. Unlike previous cancer cases, scenario A 
implies, for each WHO region, higher medical cost (due early stage breast cancer treatment), but a 
significant economic benefit –or cost reduction70

                                                           
69 Cost reduction ranges from 59.19% in WHO region AMRO B to 63.22% in WHO region AFRO D. 
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Figure N°6: Optimal boundary line BC 

 

 
 

Figure N°6 explains that, even though, only four regions are in the frontier, remaining regions are 
close to it. The further ones are the AMRO regions, probably as a consequence of the high costs 
reported in AMRO WHO regions. Given the limitation on the cost information, only available for 
AMRO A, SEARO D and AFRO E in the case of breast cancer, cost information may be 
overestimated for the other AMRO regions.  

  

                                                                                                                                                                                 
70 Our model may underestimate the effects –and thereby, costs and DALYs– of the disease history for the type–woman because, as 
previous cases, the model assumes that each year of assessment is independent of the rest; thus, probabilities of developing breast 
cancer are lower than they could be -it is not being considered a relapse in the disease. However, this implication would have a higher 
effect in scenario B than in scenario A, mainly through DALYs generated; thus, results should not be affected. 
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Box No 1.  
Primary prevention in cancer control 
More than 10 million people worldwide are expected to be diagnosed with cancer, a disease 
believed to be preventable -and certainly is. Only 5–10% of all cancer cases can be attributed to 
genetic defects, whereas the remaining 90–95% has their roots in the environment and lifestyle 
(Anand et al., 2008). Thus, cancer prevention should be a main element in all national cancer 
control programs -where prevention not only should focus on the risks associated with a particular 
illness or problem but also on protective factors (WHO, 2002).  
 
Turning theoretical knowledge on cancer risk factors into screening efficacy is a challenge; 
however, it is feasible. The European Union is an example of achieving cancer control: the 
European Code Against Cancer establishes a series of recommendations that, if followed, could 
lead to a reduction in cancer incidence and/or mortality, as well as to improvements in other 
aspects of general health (IARC, 2008). Seven out of eleven points of this European code (third 
version) indicate lifestyle options that could lead to a reduction in the risk of developing cancer.  
 

Many aspects of general health can be improved and many cancer deaths prevented if 
healthier lifestyles are adopted: 
1 Do not smoke or stop doing so. If continue smoking, do not do it in the presence of non-

smokers. 
2 Avoid obesity. 
3 It is important to undertake some brisk, physical activity every day.  
4 Eat a variety of vegetables and fruits every day, at least five portions daily. Should limit 

intake of foods containing fats from animal sources. 
5 Moderate alcohol consumption, whether beer, wine or spirits, to two drinks per day for men 

and one drink per day for women. 
6 Care must be taken to avoid excessive sun exposure. It is specifically important to protect 

children and adolescents.   
7 Comply strictly with regulations aimed at preventing occupational or environmental 

exposure with known cancer-causing substances. Follow advice of national radiation 
protection offices. 

 

Source: IARC (2008). 

 
During the execution of this European program, cancer mortality in the Member States of the 
European Union had started to decline; the estimated 9.0% fewer number of deaths in 2000 than 
the expected deaths for that year (Boyle, 2008). When mortality data for 2000 were available, 
cancer deaths were, in fact, 9.5% fewer than expected (IARC, 2008). 
 
All countries should aim to implement a national cancer control program within a comprehensive, 
systemic framework. This is the best way to effectively reduce cancer incidence and mortality, 
improve survival and quality of life, and reduce cancer risk factors by making the most efficient use 
of resources (WHO, 2002). 
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4. Conclusions 
 

Results demonstrate the significantly higher total expected costs from cervical, colorectal and 
breast cancers resulting from people not preventing and early diagnosing. In all cases, total 
expected costs associated to the worst scenario –were the person does not prevent or early 
diagnoses– is on average more than 2.4 or 2.5 times the best scenario costs –were the person 
prevents and early diagnoses– according to the cancer case.  
 
The evidence concludes that cervical, colorectal and breast cancers should be prevented and early 
diagnosed; total economic cost –medical costs and DALYs value– of preventing and early 
diagnosing is significantly lower in this situation. However, in LMICs, a large percentage of people 
may not be able to afford prevention and diagnosis costs. Public policy in LMIC should focus on 
prevention and detection, as a way to allocate government resources efficiently across 
interventions for these cancers. 
 
This document presents a starting point to develop public policies in LMIC. The protocols 
established in this document are a common basis across regions. They may need, however, to be 
adapted to country–specific realities, depending on budgetary constraints and proved efficient 
protocols. According to the optimal border results, AMRO WHO regions present an important 
relation cost-benefit just as WPRO B WHO region because these are within the frontier; in 
contrast, AFRO WHO regions remain below the frontier (breast cancer results may not be very 
accurate due to assumptions about cost data). A major issue would be to analyze the reasons why 
the mentioned regions –and the countries within them– have those levels of cost-effectiveness 
that differ from other regions. However, this requires an investigation that goes beyond the 
objectives set for this work. 
 
In terms of the prevention protocol for cervical cancer, one key intervention is the vaccination 
because it is highly effective and presents a significant treatment cost reduction. However, vaccine 
cost effectiveness depends directly of the vaccine unit cost. Following Ginsberg et al. (2009), we 
assumed a vaccine unit cost of $0.60 in all regions. This unit cost may not be consistent with the 
real price –in 2006 was around $120 in the United States71. However, many LMIC has been able to 
negotiate better prices72. To prove sensitivity of the strategy, we evaluate the results using the 
most expensive price –$120 for each shot– and obtained that even in this extreme situation, 
woman should prevent and early diagnose. Scenario A still presents the highest reduction of 
expected cervical cancer total costs, at both type-woman and regional level73

 
. 

Regarding diagnosing cervical cancer protocol, we have considered Pap smear as the screening 
intervention and it represent an important reduction in expected cost of cervical cancer compare 
to the do–nothing scenario. Unfortunately, the lack of cost information for different medical 
treatments in WHO region terms has limited the protocol list. However, using other screening 
                                                           
71 Merck Sharp &Dohme, Press release. Whitehouse Station, N.J. June 8 2006. 
72 For instance, Peruvian government has paid 22 dollars for shot. 
73 Results for sensitivity analysis are presented in Appendix A26. 
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tests for cervical cancer –VIA or HPV–DNA test or a combination of these tests– could also be 
effective. For example, VIA, although has a low specificity, allows immediate treatment with 
Cryotherapy. This Single visit approach minimizes the chance of abnormal unmanaged results 
(FIGO, 2009) because the patient needs not to return to health care point. Similarly, the strategy 
of using cytology (Pap smear) and HPV–DNA test simultaneously, although represents higher cost 
for a woman, has both high sensitivity and specificity (Ginsberg et al., 2009); and because HPV–
DNA test has a negative predictive value approaching 100% (WHO, 2006), over treatment cases 
associated to screening procedures at population level would be significantly lower than in other 
screening protocol situations. Moreover, medical interventions are improving and costs are 
changing constantly. Different and more effective interventions are being developing and country 
evaluation is necessary –in terms of costs and benefits– before applying any preventing and 
treatment strategy. 

 
The colorectal cancer analysis was focused on the detection and removal of sporadic cancer in 
asymptomatic individuals –average risk people in terms of Labianca et al. (2005). These are the 
most common cases, according to various studies (IARC, 2008; Winawer, 1999; Ginsberg et al., 
2010). Because high risk people74 have a higher probability of developing colorectal cancer they 
need a different medical strategy. The American Cancer Society (ACS) recommends more intensive 
surveillance in these cases75

 

. If the effects of screening and preventing strategies were considered 
for this high risk group, incidence reduction would have higher and results obtained for the best 
scenario would also be higher. Thus, the incentives to develop strategies aimed at screening and 
prevention would still be significant.  

The breast cancer analysis was focused on the early detection of the disease through bilateral 
mammography, for the 50 to 70 age range. Cost-effectiveness analysis should be done to evaluate 
the benefit of different interventions at age 40. There is considerable controversy about extending 
mammography to women 40-49 because it is proved not be cost–effective in countries with much 
lower incidence rates76

 

. However, preventing interventions through clinical breast exam could be 
done for women in this age range. Although these procedures do not have the mammography 
effectiveness, they have lower costs and its implementation is easier, especially in low-resource 
settings.  

This document has focused on the development of strategies for secondary and tertiary cancer 
prevention; however, international evidence shows that primary prevention may also play an 
important role in confronting the burden of the disease (see Box No 1). 

                                                           
74 High risk individuals for colorectal cancer are: people with personal history of adenomatous polyps or cancer (15–20% of cases; IARC, 
2008), a family history of either colorectal cancer, a history of inflammatory bowel disease (IBD) of significant duration (1%of cases; 
IARC, 2008), and a family history of or genetic testing indicating the presence of one of two hereditary syndromes: familiar 
Adenomatous Polyp (FAP) (1%of cases; IARC, 2008) and hereditary non–polyposis colorectal cancer (HNPCC) –Lynch Syndrome (4–7%of 
cases; IARC, 2008). 
75 The recommended options in these cases vary from starting screening at an earlier age to more frequent screening with Colonoscopy 
or Sigmoidoscopy in order to find colorectal cancer in early stages (NHS, 2011). 
76 The USPHS found it is not to be recommended to extent mammography–based screening programs to women aged between 40 and 
50 years old in the US –where the incidence rate is so high. Thus, it would not be cost-effective in countries with much lower incidence 
rates (according to comments by Vivien Tsu –Associate Director for Reproductive Health PATH). 
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For more than 30 years now, there has been established that 50% to 70% of cancers are 
preventable, because the major causes of the disease are infections, chemicals, diet and physical 
factors (Gutiérrez, 2010). Different campaigns have been developed in order to improve people’s 
lifestyles and thereby reduce the likelihood of developing cancer. As an example, the Victorian "2 
Fruit 'n' 5 Veg Every Day" campaign was aimed at increasing awareness and encouraging the 
consumption of fruit and vegetables in the Australian state of Victoria (Dixon et al., 1998). This 
campaign achieved important results: an increased intake of around 12.4% by weight in fruit and 
vegetable consumption77

 

. Thus, cancer control and care programs must include three preventive 
steps.  

The results obtained in our document would have launched even more favorable outcomes for the 
preventive scenarios in each cancer case if the primary prevention strategy –including education 
and awareness of healthy lifestyles- could have been included in the estimations. However, 
because of data limitations its inclusion was unachievable.  
 

  

                                                           
77 According to Ginsberg et al. (2010), each 80 mg increase in average regional daily consumption results in a 1% decrease[95%CI, -2%, 
+3%) in colorectal cancer risk (this result corresponds to Australia’s region; this translates into risk reductions ranging from 0.34% in 
South America to 0.78% in Western Europe). 
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Appendixes 
 

A1. List of countries analyzed – WHO region 
 

Country 
WHO 
region 

Country 
WHO 
region 

Country 
WHO 
region 

Cuba AMRO A Azerbaijan EURO B Burkina Faso AFRO D 

Argentina AMRO B Bosnia Herzegovena EURO B Cameroon AFRO D 

Belize AMRO B Bulgaria EURO B Cape Verde AFRO D 

Brazil AMRO B Georgia EURO B Chad AFRO D 

Chile AMRO B Kyrgyzstan EURO B Comoros AFRO D 

Colombia AMRO B Romania EURO B Gabon AFRO D 

Costa Rica AMRO B Tajikistan EURO B Ghana AFRO D 

Dominican Republic AMRO B Turkey EURO B Guinea AFRO D 

El Salvador AMRO B Turkmenistan EURO B Guinea–Bissau AFRO D 

Guyana AMRO B Uzbekistan EURO B Liberia AFRO D 

Honduras AMRO B Belarus EURO C Madagascar AFRO D 

Jamaica AMRO B Kazakhstan EURO C Mali AFRO D 

Mexico AMRO B Lithuania EURO C Mauritania AFRO D 

Panama AMRO B Moldova EURO C Mauritius AFRO D 

Paraguay AMRO B Russian Federation EURO C Niger AFRO D 

Suriname AMRO B Ukraine EURO C Nigeria AFRO D 

Uruguay AMRO B Indonesia SEARO B Senegal AFRO D 

Venezuela AMRO B Sri Lanka SEARO B Sierra Leone AFRO D 

Bolivia AMRO D Thailand SEARO B The Gambia AFRO D 

Ecuador AMRO D Bangladesh SEARO D Togo AFRO D 

Guatemala AMRO D Bhutan SEARO D Botswana AFRO E 

Haiti AMRO D Democratic Republic of Korea SEARO D Burundi AFRO E 

Nicaragua AMRO D India SEARO D Central African Republic AFRO E 

Peru AMRO D Myanmar SEARO D Cote d Ivoire AFRO E 

Islamic Republic of Iran EMRO B Nepal SEARO D Democratic Republic of Congo AFRO E 

Jordan EMRO B Cambodia WPRO B Eritrea AFRO E 

Lebanon EMRO B China WPRO B Ethiopia AFRO E 

Libya EMRO B Fiji WPRO B Kenya AFRO E 

Tunisia EMRO B Lao PDR WPRO B Lesotho AFRO E 

Afghanistan EMRO D Malaysia WPRO B Malawi AFRO E 

Djibouti EMRO D Micronesia WPRO B Mozambique AFRO E 

Egypt EMRO D Mongolia WPRO B Namibia AFRO E 

Iraq EMRO D Papua New Guinea WPRO B Republic of Congo AFRO E 

Morocco EMRO D Philippines WPRO B Rwanda AFRO E 

Pakistan EMRO D Samoa WPRO B South African Republic AFRO E 

Somalia EMRO D Vanuatu WPRO B Swaziland AFRO E 

Sudan EMRO D Vietnam WPRO B Tanzania AFRO E 

Yemen EMRO D Algeria AFRO D Uganda AFRO E 

Albania EURO B Angola AFRO D Zambia AFRO E 

Armenia EURO B Benin AFRO D Zimbabwe AFRO E 
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A2. WHO regions and sub regions 
 
The “Global Burden of Disease 2000 Project” ranked the WHO member states, as follow: 
 

 
*WPRO C is counted under WPRO B in the analysis. 
Source: Gary Michael Ginsberg, Tessa Tan–Torres Edejer, Jeremy A. Lauer, and Cecilia Sepulveda (2009). “Screening, prevention and 
treatment of cervical cancer–A global and regional generalized cost–effectiveness analysis”. 

 
The 14 epidemiologically sub regions developed by the WHO are based on the Mortality Stratum 
classification. Each mortality strata determines a health condition for a state member. 
 

Mortality 
Stratum 

Characteristic 

A Very low child mortality – Very low adult mortality 

B Low child mortality – Low adult mortality 

C Low child mortality – High adult mortality 

D High child mortality – High adult mortality 

E High child mortality – Very high adult mortality 
 
Source: WHO, GBD 2000 Project 
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A3. Cervical cancer caused only by genotypes 16 and/or 18, by WHO region (%) 
 

AMRO A AMRO B AMRO D EMRO B EMRO D EURO A EURO B 

71% 64% 60% 80% 87% 68% 71% 

 

EURO C SEARO B SEARO D WPRO A WPRO B AFRO D AFRO E 

73% 74% 72% 51% 63% 58% 60% 

 
Source: Gary Michael Ginsberg, Tessa Tan–Torres Edejer, Jeremy A. Lauer, and Cecilia Sepulveda (2009). “Screening, prevention and 
treatment of cervical cancer–A global and regional generalized cost–effectiveness analysis”. 
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A4. Cervical Cancer Treatment Protocol 
 

FIGO Cancer stage Model Nomenclature Interventions Specification Sessions Follow – up Sessions 

1a1 Local 
Simple 

hysterectomy 
 1 Pap smear 

Annually after two 
normal smears at four 

and 10 months. 

1a2 Local 
Simple 

hysterectomy 
 1 Pap smear 

Annually after two 
normal smears at four 

and 10 months. 

1b1 Local 
Radical 

hysterectomy 
 1 Pap smear 

Annually after two 
normal smears at four 

and 10 months. 

1b2 Local 
Radical 

hysterectomy 
 1 Pap smear 

Annually after two 
normal smears at four 

and 10 months. 

2a Local 
Radical 

hysterectomy 
 1 Pap smear 

Annually after two 
normal smears at four 

and 10 months. 

FIGO Cancer stage Model Nomenclature Interventions Specification Sessions Interventions Sessions 

2b Regional Radiotherapy 

Teletherapy 5 days a week (5 weeks) 

Chemotherapy 
Once every week during 

external radiation Brachytherapy 
Usually once (at 
completion of 
Teletherapy) 

3a Regional Radiotherapy 

Teletherapy 5 days a week (5 weeks) 

Chemotherapy 
Once every week during 

external radiation Brachytherapy 
Usually once (at 
completion of 
Teletherapy) 

3b Regional Radiotherapy 

Teletherapy 5 days a week (5 weeks) 

Chemotherapy 
Once every week during 

external radiation Brachytherapy 
Usually once (at 
completion of 
Teletherapy) 

4a Distant Radiotherapy 

Teletherapy 5 days a week (5 weeks) 

Chemotherapy 
Once every week during 

external radiation Brachytherapy 
Usually once (at 
completion of 
Teletherapy) 

4b Distant Radiotherapy 

Teletherapy 5 days a week (5 weeks) 

Chemotherapy 

Once every week during 
external radiation. 

Brachytherapy 
Usually once (at 
completion of 
Teletherapy) 

 

 



 

38 
 

A5. Cervical Cancer Disease Model 
 
In each analyzed year of the type-woman, there are different possible results after the Pap smear: 
negative result, Low–grade Squamos Intraepithelial Lesion (LSIL); High–grade Squamos 
Intraepithelial Lesion (HSIL) –precancer–; and cervical cancer78. The probabilities of occurrence of 
each result are based on WHO’s probability range of developing cervix lesions (WHO, 2006) and a 
probability distribution of developing cervical cancer by age, provided by NCI 79,80

 
. 

When the result of the initial Pap smear is negative, the patient just needs to keep screening – Pap 
smear– every 3 years, according to schedule. However, when the result of the initial Pap smear is 
LSIL, two more Pap smears are recommended –at 6 months and 1 year after the initial Pap– in 
order to verify the first result and check the evolution of the lesion (WHO, 2006). The evolution 
(transition) probabilities of LSIL are obtained from Mandelblatt et al. (2002). If the lesion has a 
regression in the second year –one year after the first Pap–, the patient will have to rescreen 
within 2 years. If the lesion has evolved into HSIL or cancer, a Colposcopy is needed for diagnosis. 
Then, the patient receives either precancer or cancer treatment, correspondingly. If the lesion 
persists in the same condition, an additional Colposcopy is done followed by the initial LSIL 
procedure –two Pap smears, at 6 months and 1 year– to analyze the evolution of the lesion.  
 
The LSIL can persist in the same condition for a long time. Thus, we assume a medical history of 
the disease where the LSIL can persist in the same condition for even seven years after detection. 
At year seven, a persistent LSIL will be considered as a precancerous lesion and it will receive the 
precancer treatment, as described in the precancer protocol; however, in the low–grade lesions 
case, Cryotherapy has a higher cure rate: 83–100% (FIGO, 2009)81

 

. The dynamic of the LSIL is 
presented below: 

 
 
 
 
 
 
 
 
 
 
 
 

                                                           
78 We are considering the Atypical Squamos Cells of Uncertain significance (ASCUS) as a negative result because, following Mandelblatt 
et al. (2002), it is a cytological finding, no a pathologic state.  
79 The National Cancer Institute Database provides information about the probability of developing cervical cancer, by age (SEER Stat 
Fact Sheets, Cervix Uteri, 2005–2007). The information is available in Appendix A6. 
80 See Appendix A7. 
81 In this case, the assumed cure rate for Cryotherapy is 92% –the mean value. 



 

39 
 

LSIL: Screening, diagnosing and treatment dynamic 
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If the result of the initial Pap smear is HSIL, the correspondent procedure is a Colposcopy followed 
by the precancer treatment –Cryotherapy, LEEP, Simple hysterectomy and the correspondent 
follow–up. For high–grade lesions, Cryotherapy cure rate is between 60–93% (FIGO, 2009). We are 
considering a mean cure rate of 77% (Mandelblatt et al., 2002). For LEEP, cure rate is between 91–
98% (WHO, 2006) and we are assuming a mean cure rate of 95%. 
 
These cure rate values along with the proportion of woman suitable for Cryotherapy, allow us to 
obtain an expected cure rate for the precancer treatment (78.8%). The non–cure rate (21.2%) 
indicates the probability of maintaining the disease. In the non–cure cases, the HSIL may evolve 
naturally, according to Mandelblatt et al. (2002). If the lesion has regressed into LSIL after 
completion of the HSIL treatment, the patient will just need to rescreen with a Pap smear 
following the screening schedule. If the lesion has transit into cancer, a Colposcopy is done for 
diagnosis followed by cancer treatment. If the lesion persists in the same condition, a Colposcopy 
is done and precancer treatment is repeated one year after the first treatment. In the third year of 
assessment, if the HSIL persists in the same condition, it will receive a Colposcopy and simple 
hysterectomy. If the HSIL evolves into cancer, the patient receives a Colposcopy followed by the 
cancer treatment. The dynamic of the precancer treatment is presented below: 
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Precancer (HSIL) treatment dynamic 
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When the result of the initial Pap smear is cancer, the correspondent procedure is a Colposcopy 
and the cancer treatment. A woman diagnosed with cervical cancer has a possible distribution 
among different stages of the disease: local, regional or distant cancer82. Distribution of the 
cervical cancer stages was obtained from Goldie et al. (2001) –41.7% for local; 50.0% for regional; 
and 8.3% for distant cancer83

 
.  

We used the 5–years survival rate with optimal treatment information obtained from WHO (2006) 
to get mortality rates by FIGO stages. The average survival rates for local and regional cancer84 
times the treatments cure–rates give us the transition probabilities between cancer stages85

 

. Local 
cancer cannot progress into distant cancer directly; it has to progress into regional cancer first. 

The National Cancer Institute (NCI) and the National Comprehensive Cancer Network (NCCN) 
provide information about cervical cancer treatment effectiveness86. The evolution of the disease 
was obtained from Mandelblatt et al. (2002)87

 

. The dynamic of the cancer treatment is presented 
in the next graph: 

  

                                                           
82Treatment time in each stage is one year, according to the cancer protocol, except for the local cancer follow–up treatment, which 
lasts one additional year. We follow WHO (2006): follow–up consultations for women treated with surgery alone should be done in a 2 
year period. 
83 Local cancer treatment differs according to FIGO stages. Thus, we are assuming an internal distribution for this initial stage to 
establish a usage percentage of the proposed procedures. According to Perez et al (2008), 1.3% of cases belong to the FIGO stage 1a1 
and 2.9% to 1a2. Then, our internal distribution for local cancer is: 10.07% for FIGO stages 1a1 and 1a2; 89.93% for FIGO stages 1b1, 
1b2 and 2a.  
84 See Appendix A8. 
85 We assumed the cancer evolution between stages occur between local, regional and distant stages but not between FIGO stages.  
86 According to the NCI, for FIGO cervical cancer stages 1a1, 1a2 and 1b1, either radiation therapy or hysterectomy results in cure rates 
of 85% to 90%. For FIGO stages 1b2 and 2a, either radiation therapy or radical hysterectomy results in cure rates of 75% to 80%. Then, 
according to the NCCN, effective treatment cures 80% of cases with cervical cancer stage II (2a, 2b); and effective treatment cures 60% 
of cases with CC stage III (3a, 3b). We are, then, assuming an average treatment cure rate of 83.75% for local cancer, and 70% for 
regional cancer. 
87 This paper reports transition rates calculated using pooled, weighted data from studies published between 1990 and 2000, using 
standard fixed effects meta–analysis methods. Information reported in this paper is for Thailand. See Appendix A9. 
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Cancer treatment dynamic 
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A6. Probability of Developing cervical cancer (all Ages, all Races, Female) 
 

Cancer 
Free Age 

Probability of Developing Cancer (%) by Age 

Age 
5 

Age 
10 

Age 
15 

Age 
20 

Age 
25 

Age 
30 

Age 
35 

Age 
40 

Age 
45 

Age 
50 

Age 
55 

Age 
60 

Age 
65 

Age 
70 

Age 
75 

Age 
80 

Age 
85 

Age 
90 

Age 
95 

Age 
95+ 

Age 0 0.00 0.00 0.00 0.00 0.01 0.04 0.09 0.15 0.22 0.29 0.35 0.41 0.47 0.53 0.58 0.62 0.65 0.67 0.68 0.68 

Age 5  0.00 0.00 0.00 0.01 0.04 0.09 0.15 0.23 0.29 0.36 0.42 0.48 0.54 0.59 0.63 0.65 0.67 0.68 0.69 

Age 10   0.00 0.00 0.01 0.04 0.09 0.15 0.23 0.29 0.36 0.42 0.48 0.54 0.59 0.63 0.65 0.67 0.68 0.69 

Age 15    0.00 0.01 0.04 0.09 0.15 0.23 0.29 0.36 0.42 0.48 0.54 0.59 0.63 0.65 0.67 0.68 0.69 

Age 20     0.01 0.04 0.09 0.15 0.23 0.29 0.35 0.41 0.47 0.54 0.59 0.63 0.65 0.67 0.68 0.69 

Age 25      0.03 0.08 0.14 0.22 0.28 0.35 0.41 0.47 0.53 0.58 0.62 0.65 0.66 0.67 0.68 

Age 30       0.05 0.12 0.19 0.26 0.32 0.38 0.44 0.50 0.55 0.59 0.62 0.64 0.65 0.66 

Age 35        0.07 0.14 0.21 0.27 0.33 0.39 0.45 0.51 0.55 0.57 0.59 0.60 0.61 

Age 40         0.07 0.14 0.21 0.27 0.33 0.39 0.44 0.48 0.51 0.53 0.54 0.54 

Age 45          0.07 0.13 0.19 0.26 0.32 0.37 0.41 0.44 0.46 0.47 0.47 

Age 50           0.07 0.13 0.19 0.25 0.31 0.35 0.38 0.39 0.40 0.41 

Age 55            0.06 0.13 0.19 0.25 0.29 0.32 0.34 0.35 0.35 

Age 60             0.07 0.13 0.19 0.23 0.26 0.28 0.29 0.30 

Age 65              0.07 0.13 0.17 0.20 0.22 0.24 0.24 

Age 70               0.06 0.11 0.14 0.17 0.18 0.18 

Age 75                0.05 0.09 0.12 0.13 0.14 

Age 80                 0.05 0.07 0.09 0.10 

Age 85                  0.04 0.06 0.07 

Age 90                   0.03 0.05 

Age 95                    0.04 

 
Source: SEER Stat Fact Sheets, Cervix Uteri, 2005–2007. The National Cancer Institute (NCI)  
This information is available in: http://seer.cancer.gov/faststats/selections.php?series=cancer 

http://seer.cancer.gov/faststats/selections.php?series=cancer�
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A7. Probability distribution of Cervix Lesions, by age 
 

Age of treatment** 
Distribution* 

LSIL 
(3–10%) 

HSIL 
(1–5%) 

Cancer 
(0.2–0.5%) 

16 – 20 3.000% 1.000% 0.200% 

21 – 25 3.690% 1.394% 0.230% 

26 – 30 5.366% 2.352% 0.301% 

31 – 35 7.831% 3.761% 0.407% 

36 – 40 9.507% 4.718% 0.479% 

41 – 45 10.000% 5.000% 0.500% 

46 – 50 9.606% 4.775% 0.483% 

51 – 55 9.211% 4.549% 0.466% 

56 – 60 9.014% 4.437% 0.458% 

61 – 65 9.310% 4.606% 0.470% 
 

*Between ages, it is assumed that the probability remains the same. 
**Distribution based on the information established by the National Cancer Institute (NCI) about the probabilities of developing cervical 
cancer at a specific age, after not having the disease 5 years earlier (the odds shaded in Cervical cancer: Appendix 5 table, starting at 
age 15) 
 
Source: WHO, 2006 
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A8. Five years survival rate (with optimal treatment) 
 

FIGO stage 
5–year survival with optimal 

treatment 
5–year average survival with 

optimal treatment 

1a1 98% 

85.60% (Local cancer) 

1a2 95% 

1b1 85% 

1b2 75% 

2a 75% 
2b 65% 

41.67% (Local cancer) 3a 30% 

3b 30% 
4a 10% 

7.50% (Local cancer) 
4b 5% 

 
Source: WHO, 2006 
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A9. Transition probabilities 
 

Age 
LSIL 

Regression to healthy Persistance Progression to HSIL Progression to cancer 
20      – 24 28.4% 71.09% 0.5% 0.01% 
25      – 34 28.4% 71.10% 0.5% 0.01% 
35      – 39 28.4% 70.10% 1.5% 0.04% 
40      – 49 28.4% 70.10% 1.5% 0.04% 
50      – 64 28.4% 68.60% 3.0% 0.12% 
65      – + 28.4% 67.60% 4.0% 0.21% 
 

Age 
HSIL 

Regression to LSIL Persistance Progression to cancer 
20      – 24 25% 73.90% 1.10% 
25      – 34 25% 72.50% 2.50% 
35      – 39 25% 72.50% 2.50% 
40      – 49 23% 74.50% 2.50% 
50      – 64 23% 72.90% 4.10% 
65      – + 23% 71.70% 5.30% 

 
Source: Mandelblatt et al. (2002) 
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A10. Colorectal cancer neoplasm location 

 

Location % 

Rectum 23% 
Rectosigmoid colon 10% 

Sigmoid colon 25% 
Transverse colon 13% 
Ascending colon 8% 

Descending colon 6% 
Ileocecal and Cecum Valves 15% 

 
Source: Hechevarría et al. (2003) 
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A11. Colorectal Cancer Treatment Protocol 
 

AJCC's 
classification 

Model 
Nomenclature 

Interventions 
# 

Sessions 
Neoadjuvant 

therapy 
# Sessions 

I Local cancer Resection 1 Chemotherapy 
14 sessions, every 21 

days 

II 
Regional cancer Resection 1 Chemotherapy 

14 sessions, every 21 
days 

III 

IV Distant cancer Resection 1 
Chemotherapy 

14 sessions, every 21 
days 

Radiotherapy 
5 days a week (5 

weeks) 
 
Own elaboration. 
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A12. Colorectal Cancer Disease Model 
 

The Disease Model establishes the natural history of the colorectal cancer, based on the adenoma 
–carcinoma sequence, and the correspondent medical procedure associated to the evolution of 
the disease. In each analyzed year of the type-person, there are different possible results after the 
Sigmoidoscopy: negative result, small adenomatous polyp (size<1cm), large adenomatous polyp 
(size>1cm) or colorectal cancer. The dynamics of the established model and the probabilities of 
occurrence of adenomas –of any size– are based on Hui–Min et al. (2006). This paper reports a 
distribution of small adenoma incidence for ages between 50 and 70, which was extended to 80 
years by assuming a positive but decreasing growth rate (Sack et al., 2000). The large 
adenomatous polyp incidence distribution was obtained by assuming a constant transition rate 
between small and large adenomas (Hui–Min et al., 2006)88,89

 
.  

When the result of the initial Sigmoidoscopy is negative, the patient needs to keep screening every 
5 years. However, if the initial Sigmoidoscopy finds an adenoma, the immediate procedure is 
Colonoscopy plus surgical intervention –lesion removal90

 

. The dynamic of the screening procedure 
is presented in the next graph: 

 
Prevention and Early Diagnose treatment dynamic 

 
 
 
 
 
 
 

 
  

                                                           
88 See Appendix A14. 
89 Following Calva et al. (2009), we are assuming Sigmoidoscopy will detect 70% of polyp cases and 55% of colorectal cancer cases. In 
addition, we are using the Sigmoidoscopy’s sensitivity for each possible result as proxy of the probability of detection. Nevertheless, in 
the case of subsequent Colonoscopy, we are assuming that if the first test has positive findings, the second test will have positive 
findings as well in all cases. 
90 No more frequent screening tests in persons who had a polyp removed are considered (Ginsberg et al., 2010). 
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When the result of the initial Sigmoidoscopy is colorectal cancer, a subsequent Colonoscopy needs 
to be done, followed by cancer treatment91. A person diagnosed with colorectal cancer has a 
possible distribution among different stages of the disease: local, regional or distant cancer. 
Combining data sources (SEER data; Sack et al., 2000), we assumed the following distribution: 43% 
for local; 37% for regional; and 20% for distant cancer. Treatment time in each stage is completed 
in one year, according to the cancer protocol92. We used the 5–year survival rate information 
obtained from SEER database93 to get mortality rates by AJCC stages. The transition rates between 
local and regional cancer, and between regional and distant cancer were obtained from Hui–Min 
et al. (2006)94

 
. The dynamic of the cancer treatment is presented next: 

Cancer treatment dynamic 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

                                                           
91 The probability of being diagnosed with colorectal cancer is from SEER data (SEER Cancer Statistic Review 1975 – 2007). This 
information is available in Appendix A13. 
92 Cancer is assumed to wait for two years in stage I and for one year in each of the three subsequent stages (Ginsberg et al. 2010) , 
even if it’s treated. 
93 See Appendix A15. 
94 This paper reports information about preclinical and clinical stages’ transition. Thus, we are assuming a transition probability 
between local and regional cancer of 23.82%; and a transition probability between regional and distant cancer of 36.97%. For this 
instance, local cancer cannot progress into distant cancer directly; it has to progress into regional cancer first. 
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A13. Probability of being diagnosed with colorectal cancer (all Ages, all Races, both 
sexes) 

 
Current age +10 years +20 years +30 years 

0 0.00% 0.00% 0.02% 
10 0.00% 0.02% 0.08% 
20 0.02% 0.08% 0.29% 
30 0.06% 0.28% 0.87% 
40 0.22% 0.82% 1.95% 
50 0.61% 1.78% 3.43% 
55 0.93% 2.40% 3.93% 
60 1.24% 3.01% 4.43% 
65 1.64% 3.34% 4.43% 
70 2.03% 3.67% – 
75 2.17% 3.67% – 
80 2.30% – – 

 
Source: SEER Cancer Statistic Review 1975–2007 
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A14. Probability of developing a colorectal adenomas, by age 
 

Current age Small adenoma Large adenoma 
50 21.986% 0.761% 
55 26.036% 0.901% 
60 30.401% 1.052% 
65 35.056% 1.213% 
70 40.000% 1.384% 
75 45.321% 1.568% 
80 51.215% 1.772% 

 
Source: Grace Hui–Min Wu, Yi–Ming Wang, Amy Ming–Fang Yen, Jau–Min Wong, Hsin–Chih Lai, Jane Warwick and Tony Hsiu–Hsi Chen 
(2006)."Cost–effectiveness analysis of colorectal cancer screening with stool DNA testing in intermediate–incidence countries".BMC 
Cancer. 
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A15. Survival rates, by colorectal cancer stage 
 

Stage 5–years survival rate 
Local cancer 90.10% 

Regional cancer 69.20% 
Distant cancer 11.70% 

 
Source: SEER Cancer Statistic Review 1975 – 2007 
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A16. Breast Cancer Treatment Protocol 
 

Treatment procedures Follow up treatment 

Diagnosis   
(1 outpatient visit)   
Bilateral mammography   
Complete blood count   
Total bilirubin assay   
Alkaline phosphatase assay   
Fine needle aspiration or core needle biopsy   
Liver function tests   
Electrocardiography (ECG) in 50%   
Bone scan in 25%   
Ultrasonography of the liver in 25%   

Stage I treatment 

Follow–up year 1–5 (per 
year) 

(2 outpatient visits) 
2 Bilateral 

mammographies 
Pelvic examination in 50% 

Follow–up year 6–10 (per 
year) 

(1 outpatient visit) 
Bilateral mammography 

Pelvic examination in 50% 

(1 outpatient visit + 2 days of hospitalization) 

Lumpectomy with axillary dissection 

Radiotherapy 

Endocrine therapy in 50% 

Stage II treatment 

(1 outpatient visit + 2 days of hospitalization) 

Lumpectomy with axillary dissection 

Radiotherapy 

Endocrine therapy in 50% 

Stage III treatment 

(1 outpatient visit + 2 days of hospitalization) 

(Neo)adjuvant chemotherapy 

Mastectomy with axillary dissection 

Radiotherapy 

Endocrine therapy in 50% 

Stage IV treatment 

(1 outpatient visit + 2 days of hospitalization) 

(Neo)adjuvant chemotherapy 

Endocrine therapy in 50% 
 
Source: Martijn T. Groot, Rob Baltussen, Carin A. Uyl–de Groot, Benjamin O. Anderson, and Gabriel N. Hortobágyi (2006). “Cost and 
Health effects of Breast Cancer Interventions in Epidemiologically different regions of Africa, North America and Asia”.  
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A17.  Breast Cancer Disease Model 
 
The Disease Model establishes the natural history of the breast cancer, based on the breast 
carcinoma development, and the correspondent medical procedure associated to the evolution of 
the disease. In each analyzed year of the type-woman, there are two possible results after the 
bilateral mammography: negative result or positive result. The probability of being diagnosed with 
breast cancer –positive result– is obtained from SEER data95

 
. 

When the result of the initial mammography is negative, the patient needs to keep screening 
every 2 years. However, if the initial mammography finds a problem, the immediate diagnostic 
procedure is done in order to determine the extent of the disease96

 

. A false positive 
mammography is one of the adverse effects of screening; however, since this measure is not often 
reported (Tange et al.,2002), it is not being considered. According to the stage of breast cancer, 
cancer treatment is done. The dynamic of the screening procedure is presented in the next graph: 

Prevention and Early Diagnose scenario: treatment dynamic 
 

 
 

The previous graph corresponds to the screening scenario; however, this is different for the no 
prevention scenario. In the last one, the type–woman does not take any preventive screening 
protocol. Then, only when she realizes has breast cancer, she follows the diagnostic procedure and 
the correspondent treatment protocol –according to the cancer stage. The dynamic of the no 
screening scenario is presented below: 

 
 

                                                           
95 See Appendix A18. 
96 There is an additional result we are not considering in the disease model of breast cancer: the non-cancerous condition. According to 
the American Cancer Society, mammography can detect such non-cancerous tissue, which should be treated with biopsy because they 
are associated with an increased risk for developing breast cancer. However, since we have no information on the number of benign 
cases or their effect – when treated– on the probabilities of having breast cancer, we are not taking into account this result and we are 
assuming that this is treated as breast cancer stage I. 
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No Prevention or Early Diagnose scenario: treatment dynamic 

 

 
 

When the result of the initial mammography is breast cancer, the diagnostic procedure will 
determine the stage of the disease. The stage distribution varies between scenarios –as it was 
mentioned before, when prevention is done, breast cancer incidence occurs with a more favorable 
distribution to early stages (Groot et al., 2006; Turchetti et al., 2002; Tange et al. 2002); quite the 
opposite when screening is not done. 
 
Patients cannot have a direct progression to stage IV breast cancer and cancer progressed at a 
constant rate –it takes 6 years to develop metastases from breast cancer (Engel et al., 2003). Thus, 
progression from breast cancer stage I to stage II takes 2 years; in the same way, stage II to stage 
III and stage III to stage IV. Accordingly, it is assumed treatment time in each stage is completed in 
one year, according to the cancer protocol; and then, follow–up treatment is done for one more 
year.  
 
We used the 5–year survival rate information obtained from SEER database97 to get mortality 
rates by breast cancer stage. The transition rates between breast cancer stages were obtained 
from Knaul et al. (2009)98

 

. With this information, we determined the probability of progression of 
the disease. 

The dynamics of the cancer treatment is presented below: 
 

                                                           
97 See Appendix A19. 
98 See Appendix A20. 
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Cancer treatment dynamic 
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A18. Probability of being diagnosed with breast cancer (all ages, races, only female) 
 

Current age +10 years +20 years +30 years 
0 0.00% 0.00% 0.06% 

10 0.00% 0.06% 0.49% 
20 0.06% 0.49% 1.91% 
30 0.43% 1.86% 4.13% 
40 1.45% 3.75% 6.87% 
50 2.38% 5.60% 8.66% 
55 2.92% 6.16% 8.66% 
60 3.45% 6.71% 8.65% 
65 3.60% 6.34% 4.33% 
70 3.74% 5.97% 0.00% 
75 3.38% 2.99% 0.00% 
80 3.02% 0.00% 0.00% 

 
Source: SEER Cancer Statistic Review 1975–2007 
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A19. Survival rates, by breast cancer stage 
 

Stage 
5–year  

Survival Rate 
5–year 

Average Survival Rate 

0 93% 
91% 

I 88% 
IIA 81% 

78% 
IIB 74% 
IIIA 67% 

52% IIIB 41% 

IIIC 49% 

IV 15%  
 
 
Source: American Cancer Society, Breast Cancer Overview 
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A20. Breast cancer: transition probabilities 
 

  2006 
  Stage I Stage II Stage III Stage IV 

2002 

Stage I 40.00% 29.00% 9.00% 13.00% 

Stage II 0.00% 55.00% 22.00% 18.00% 

Stage III 0.00% 0.00% 22.00% 70.00% 

Stage IV 0.00% 0.00% 0.00% 14.00% 

 
Source: Knaul F. M., Arreola–Ornelas H., Velázquez E., Dorantes J., Méndez O. and Ávila–Burgos L. (2009) “El costo de la atención 
médica del cáncer mamario: el caso del Instituto Mexicano del Seguro Social”. Salud Pública de México, vol. 51 suplemento 2 de 2009. 
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A21. Cervical Cancer: Treatments unit cost information, by WHO region 
 

Costs ($ 2009 international) 

Treatment procedures 
AMRO   

A 
AMRO 

B 
AMRO   

D 
EMRO 

B 
EMRO   

D 
EURO   

B 
EURO  

C 
SEARO 

B 
SEARO 

D 
WPRO 

B 
AFRO   

D 
AFRO   

E 

Vaccine cost, per dose 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 

Vaccination cost at Health center 19 11.6 10.7 13.9 11.8 10.7 12.2 9.6 10.3 11.1 9.7 10.6 

Proportion of females who do not 
attend school 

9.00% 7.80% 21.00% 11.80% 39.70% 8.80% 6.80% 10.00% 18.30% 9.40% 38.40% 26.10% 

Vaccination cost at school 22.9 11.8 10.4 14.5 11.4 9.6 11.8 8.3 8.9 10 9.2 10.3 

Female primary school attendance 
ratio 2000–2007 

91.00% 92.20% 79.00% 88.20% 60.30% 91.30% 93.20% 90.00% 81.70% 90.60% 61.60% 74.00% 

Vaccination 24.34 13.58 12.27 16.24 13.36 11.49 13.59 10.27 11 11.91 11.21 12.14 

VIA 22.12 7.45 5.78 9.22 5.47 6.53 9.43 5.99 4.5 6.89 5.52 5.63 

Conventional Pap smear 42.24 15.18 12.1 18.63 12.18 12.95 18.68 12.25 9.89 14.18 12.25 12.31 

HPV–DNA 85.19 52.85 49.64 60.14 63.12 50.97 66.95 56.8 57.42 65.1 63.41 60.19 

PAP and HPV–DNA 109.68 62.07 57.06 71.32 70.88 58.7 77.97 64.25 63.69 73.73 71.19 67.98 

Colposcopy 80.13 26.74 20.66 33.32 19.81 20.45 30.96 18.57 14.05 21.63 19.91 20.32 

LEEP (c) 623.66 200.32 131.1 176.29 111.45 157.98 204.45 128.2 82.57 143.25 93.85 99.12 

Cold–knife conization 295.09 100.07 77.36 125.81 74.99 73.19 110.42 64.41 50.56 76.33 71.73 75.07 

Cryotherapy 90.13 37.61 31.52 46.22 33.48 30.73 41.88 28.31 26.13 33.27 30.65 31.99 

Externuration surgery (b) 14536.14 5071.46 3378.41 4300.73 2805.49 3974.45 5115.14 3270.5 1996.21 3578.8 2391.86 2510.04 

Brachytherapy 1271.44 628.05 558.22 765.11 672.88 550.72 749.85 586.28 566.7 677.79 668.9 648.27 

Post–hysterectomy brachyterapy 899.14 500.11 458.64 578.21 572.56 454.17 613.97 499.75 497.85 575.23 574.64 548.77 

Radical hysterectomy (e) 5402.88 1870.33 1282 1718.75 1099.59 1466.97 1942.26 1228.04 786.15 1361.64 971.13 1014.81 

Simple hysterectomy (f) 3727.81 1520.93 1120.14 1269.15 930.03 1246.03 1580.02 1040.5 745.05 1138.12 909.47 919.75 

Chemotherapy (a) 208.31 219.81 218.14 258.56 255.42 207.46 207.56 183.77 227.83 215.73 192.56 217.35 

Radiotherapy 267.54 130.97 115.2 147.52 111.76 112.28 138.19 107.03 95.29 113.72 111.73 113.32 

Palliative chemotherapy (d) 467.35 523.23 521.56 623.89 621.14 491.4 486.08 428.38 548.82 512.08 452.5 518.99 

 

a) 4000 mg flouracil, 80 mg cisplatin and 0.22 mg metoclopromide. 
b) Includes 12 days’ hospitalization. 
c) Includes biopsy, 1 day’s hospitalization, blood test and 2 follow–up visits. 
d) 244 mg plaxitaxel, 120 mg cisplatin and 0.22 mg metoclopromide. 
e) Includes 5 days’ hospitalization. 
f) Includes 4 days’ hospitalization. 
 
Source:  

• Gary Michael Ginsberg, Tessa Tan–Torres Edejer, Jeremy A. Lauer, and Cecilia Sepulveda (2009). “Screening, prevention and 
treatment of cervical cancer–A global and regional generalized cost–effectiveness analysis”. 

• UNICEF (2008). "The state of the World's Children 2009" 
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A22. Colorectal Cancer: Treatments unit cost information, by WHO region 
 

Costs ($ 2009 international) 

Treatment 
procedures 

AMRO  
A 

AMRO 
B 

AMRO 
D 

EMRO  
B 

EMRO 
D 

EURO   
B 

EURO 
C 

SEARO 
B 

SEARO 
D 

WPRO  
B 

AFRO   
D 

AFRO    
E 

Digital Rectal 
Examination (DRE) 

13.51 4.75 3.96 8.94 1.39 4.91 5.22 2.67 2.77 4.55 4.06 3.78 

Fecal Occult Blood 
Tests –FOBT– 

12.41 5.93 5.29 9.58 3.67 6.09 6.14 4.03 4.62 5.86 4.98 5.06 

Sigmoidoscopy, 
flexible diagnostic 

196.72 92.57 83.16 148.70 60.84 91.59 98.27 64.25 69.42 92.10 86.25 84.45 

Colonoscopy, 
flexible diagnostic 

535.15 276.64 252.19 431.97 196.36 267.24 275.90 183.82 217.27 261.43 242.14 247.82 

Colonoscopy with 
lesión removal 

640.72 311.25 274.74 498.62 207.35 296.35 306.50 198.67 233.41 285.82 264.21 265.13 

Radiotherapy 299.12 145.85 132.08 219.94 85.35 143.56 147.65 103.61 106.16 135.26 132.67 128.02 

Chemotherapy 289.57 311.82 310.33 374.07 360.76 295.66 291.96 257.22 324.40 306.45 272.92 308.84 

Partial colectomy 
with anastomosis 

1319.02 453.76 376.04 870.45 113.04 455.30 481.63 232.35 239.65 410.80 378.87 352.90 

Resection 1605.89 551.52 453.68 1057.57 129.96 550.60 581.16 267.66 285.36 494.18 454.94 423.70 

Partial colectomy 
with colostomy 

1496.47 512.70 424.29 986.34 124.01 514.39 543.45 260.23 268.27 462.67 426.35 397.06 

Total colectomy 
with ileostomy 

1493.49 509.97 421.57 983.28 120.00 512.10 540.29 257.32 264.95 459.26 422.34 393.36 

Partial protectomy 
with reservoir 

2029.31 715.66 569.55 1334.48 157.46 692.12 729.50 344.42 354.72 618.85 569.35 530.19 

Partial protectomy 
with anastomosis 

1851.91 631.08 521.33 1218.67 146.54 633.09 667.72 232.10 326.13 567.03 521.92 486.05 

Complete 
protectomy with 

colostomy 
2026.40 687.32 566.88 1331.50 153.53 689.91 726.40 341.57 351.48 615.77 565.44 526.54 

 
Note: the cost of “Resection” is a combination of the treatments. 
 
Source:  

• Gary M Ginsberg, Stephen S Lim, Jeremy A Lauer, Benjamin P Johns, Cecilia R Sepulveda (2010). “Prevention, screening and 
treatment of colorectal cancer: a global and regional generalized cost effectiveness analysis”. 

• Sack J. and Rothman J. M. 2000. “Colorectal Cancer: Natural History and Management”. Clinical Review Article. 
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A23. Breast Cancer: Treatments unit cost information, by WHO region 
 

Costs ($ 2009 international) 

Treatment procedures 
AMRO      

A 
AMRO    

B 
AMRO   

D 
EMRO                                     

B 
EMRO      

D 
EURO    

B 
EURO    

C 
SEARO 

B 
SEARO 

D 
WPRO  

B 
AFRO 

D 
AFRO 

E 

Outpatient visit 61.79 19.77 10.77 5.09 1.78 4.15 4.99 2.84 1.36 3.73 1.74 2.11 

Hospitalization 522.43 167.14 91.03 35.99 12.58 29.40 35.31 20.10 9.63 26.38 9.86 11.95 

Chest radiograph 81.60 26.10 14.22 21.69 7.58 17.72 21.28 12.12 5.81 15.90 6.47 7.84 

Pelvic examination 52.51 16.80 9.15 6.72 2.35 5.49 6.59 3.75 1.80 4.92 2.59 3.13 

Bilateral mammography 124.24 39.75 21.65 24.95 8.72 20.38 24.48 13.94 6.68 18.29 7.57 9.17 

Complete blood count 90.18 28.85 15.71 18.91 6.61 15.44 18.55 10.56 5.06 13.86 5.68 6.89 

Total bilirubin assay 94.62 30.27 16.49 14.49 5.07 11.84 14.22 8.10 3.88 10.62 4.73 5.73 

Alkaline phosphatase 
assay 

120.13 38.43 20.93 34.45 12.05 28.14 33.81 19.25 9.22 25.26 9.97 12.07 

Fine needle aspiration 
or core needle biopsy 

132.10 42.26 23.02 62.09 21.71 50.72 60.93 34.69 16.62 45.52 17.43 21.12 

Electrocardiography 
(ECG) 

73.14 23.40 12.75 8.73 3.05 7.13 8.57 4.88 2.34 6.40 3.35 4.06 

Bone scan 276.93 88.59 48.25 125.33 43.82 102.37 122.99 70.01 33.55 91.88 33.85 41.00 

Ultrasonography of the 
liver 

169.82 54.33 29.59 20.35 7.11 16.62 19.96 11.37 5.45 14.92 7.66 9.27 

Mastectomy 1 071.35 342.75 186.68 230.42 80.57 188.21 226.10 128.72 61.68 168.92 73.29 88.79 

Lumpectomy 1 065.47 340.87 185.66 225.91 78.99 184.52 221.68 126.20 60.48 165.61 72.10 87.35 

Radiotherapy 16 610.84 5 314.16 2 894.41 
1 

662.17 
581.19 

1 
357.66 

1 
631.04 

928.52 444.97 1 218.54 685.90 830.93 

(Neo)adjuvant 
chemotherapy 

2 190.75 700.87 381.73 526.58 184.12 430.11 516.71 294.16 140.97 386.04 161.09 195.15 

Endocrine therapy 0.10 0.03 0.02 0.10 0.03 0.08 0.09 0.05 0.03 0.07 0.02 0.03 

 
 
Source:  

• Martijn T. Groot, Rob Baltussen, Carin A. Uyl–de Groot, Benjamin O. Anderson, and Gabriel N. Hortobágyi (2006). “Cost and 
Health effects of Breast Cancer Interventions in Epidemiologically different regions of Africa, North America and Asia”.  

• WHO–CHOICE Website 
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A24. Disability weights 
 

 

Cervical Cancer: Disability weights 

Name Weight 

Diagnosis/therapy 0.08 
Waiting 0.08 

Metastasis stage 0.75 
Terminal stage 0.81 

 

Long–term sequel, 
by WHO region 

Infertility and Incontinence weight 

A 0.04 
B 0.11 
C 0.13 
D 0.17 
E 0.17 

 
Source: GBD 2004  

 
 

Colorectal Cancer: Disability weights 

Name Weight 

Diagnosis/therapy 0.08 
Waiting 0.08 

Metastasis stage 0.75 
Terminal stage 0.81 

 

Long–term sequel, 
by WHO region 

Stoma 

A 0.09 
B 0.09 
C 0.06 
D 0.02 
E 0.02 

 
Source: GBD 2004  
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Breast Cancer: Disability weights 

Name Weight 

Diagnosis/therapy 0.09 

Waiting 0.09 

Metastasis stage 0.75 

Terminal stage 0.81 

 

Long–term sequel, 
by WHO region 

Mastectomy 

A 0.03 

B 0.05 

C 0.06 

D 0.08 

E 0.08 
 

Source: GBD 2004 
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A25. GDP per capita, by WHO region 
 

Cost–effectiveness thresholds (2009 International $); by WHO Region 
Threshold

value 
AMRO 

A 
AMRO   

B 
AMRO 

D 
EMRO   

B 
EMRO 

D 
EURO  

B 
EURO    

C 
SEARO  

B 
SEARO   

D 
WPRO   

B 
AFRO   

D 
AFRO   

E 
GDP per 
capita * 

9 800.0 9 566.8 4 971.4 10 999.9 2 804.8 7 764.4 11 660.3 5 655.2 2 313.4 4 551.3 2 966.8 2 712.9 

 
Source:  

• WDI 

• Central Intelligence Agency (CIA). The WORLD FACTBOOK.  
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A26. Sensitivity analysis 
 

Relative indexes between scenarios, by type-woman  
(vaccine cost = $120 per shot, scenario C = 100%) 

 

 AMRO A AMRO B AMRO D EMRO B EMRO D EURO B 

Expected CC total cost per type-woman (A) 52.73% 45.42% 45.32% 39.60% 40.45% 43.42% 

Expected CC total cost per type-woman (B) 79.77% 66.19% 61.85% 66.33% 64.05% 66.22% 

Expected CC total cost per type-woman (C) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

 

 EURO C SEARO B SEARO D WPRO B AFRO D AFRO E 

Expected CC total cost per type-woman (A) 40.57% 43.75% 46.31% 49.47% 49.61% 49.77% 

Expected CC total cost per type-woman (B) 64.18% 66.84% 63.78% 68.08% 63.81% 64.28% 

Expected CC total cost per type-woman (C) 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 

 
 

Relative indexes between scenarios, by WHO region  
(Vaccine cost = $120 per shot, scenario C = 100%) 

 

 AMRO A AMRO B AMRO D EMRO B 

Expected CC total cost per WHO region (A) 51.97% 45.03% 46.99% 37.56% 

Expected CC total cost per WHO region (B) 79.79% 66.65% 62.21% 67.07% 

Expected CC total cost per WHO region (C) 100.00% 100.00% 100.00% 100.00% 

     

 EMRO D EURO B EURO C SEARO B 

Expected CC total cost per WHO region (A) 44.69% 42.74% 39.66% 43.33% 

Expected CC total cost per WHO region (B) 64.06% 66.61% 64.14% 67.15% 

Expected CC total cost per WHO region (C) 100.00% 100.00% 100.00% 100.00% 

     

 SEARO D WPRO B AFRO D AFRO E 

Expected CC total cost per WHO region (A) 48.66% 48.56% 55.37% 57.59% 

Expected CC total cost per WHO region (B) 63.78% 68.14% 63.94% 64.31% 

Expected CC total cost per WHO region (C) 100.00% 100.00% 100.00% 100.00% 

 
 

 
 


