
Implementation Science in Cancer Prevention and Control: A 
framework for research and programs in low and middle-income 
countries

Sudha Sivaram, DrPH, MPH [Program Director, South Asia Region],
Center for Global Health, National Cancer Institute, sudha.sivaram@nih.gov, Phone: 2402765804

Michael A. Sanchez, MPH, CHES [Public Health Advisor],
Division of Cancer Control and Population Sciences, National Cancer Institute, 
sanchezgarciama@mail.nih.gov

Barbara K. Rimer, DrPH, Dean [Alumni Distinguished Professor],
UNC Gillings School of Global Public Health, brimer@unc.edu

Jonathan M. Samet, M.D., M.S. [Professor and Flora L. Thornton Chair], and
Department of Preventive Medicine, Keck School of Medicine, Director, Institute for Global 
Health, University of Southern California, Email: jsamet@med.usc.edu

Russell E. Glasgow, Ph.D. [Associate Director]
Colorado Health Outcomes Program, Department of Family Medicine, University of Colorado 
School of Medicine, Russell.Glasgow@ucdenver.edu

Abstract

Implementation Science is a set of tools, principles and methodologies that can be used to bring 

scientific evidence into action, improve health care quality and delivery and improve public 

health. As the burden of cancer increases in low- and middle-income countries, it is important to 

plan cancer control programs that are both evidence-based and delivered in ways that are feasible, 

cost-effective, contextually appropriate and sustainable. This review presents a framework for 

using implementation science for cancer control planning and implementation and discusses 

potential areas of focus for research and programs in low and middle-income countries interested 

in integrating research into practice and policy.
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Introduction

Cancer is a leading cause of death around the world. Recent world cancer statistics show an 

increase in the number of new cases of cancer and deaths worldwide from 12.7 million cases 

and 7.6 million deaths due to cancer in 2008 to 14.1 million new cases of cancer and 8.2 

million deaths in 2012. More than half of these new cases and 64.9% of these deaths due to 

cancer occurred in low- and middle-income countries(1) (LMICs). While population growth 

and aging contribute to this increase, the burden of cancer in LMICs is also being driven by 

trends of known and well-studied lifestyle-related risk factors, including tobacco use, 

harmful use of alcohol, poor diet, and physical inactivity as well as high prevalence rates of 

infection with cancer-causing microorganisms such as the Human Papilloma Virus (HPV), 

the cause of cervical cancer and other cancers. Overall, 26% of all cancers in LMICs are 

associated with infectious agents(2) which are amenable to reduction by vaccination, 

improved hygiene, and a more favorable risk profile(3). Thus, cancer prevention in LMICs 

brings multiple challenges: rising numbers of cases, fewer prevention and treatment 

resources, inadequate treatment infrastructure, lack of access to palliative care and limited 

availability of care delivery personnel and infrastructure.

It is important to note that there is significant variability between and within world regions 

in the burden of cancer and the experience of living with cancer. Figure 1 shows data based 

on the Global Burden of Disease estimates(4). In the two decades ending in 2010, the 

percentage of deaths due to cancers increased at a higher rate in LMICs as compared to 

high-income regions of the world. Further, the rate of increase in cancer deaths within many 

LMICs was also high from 1990 to 2010 – e.g., 36% in China, 42% in India and near 

doubling in Ethiopia. Even acknowledging the variability in data collection for cancer, the 

evidence does support the position of cancer advocates that cancer is indeed a disease of the 

poor and middle-income regions and that action is needed to address this burden(5).

A key challenge to reducing the rising burden of cancer in LMICs comes from barriers to 

implementing even basic cancer prevention and care practices. Many factors outside the 

control of individuals contribute to the gap between knowledge and practice. 

Implementation of effective, evidence-based interventions could reduce the burden of 

cancers globally. Yet, such interventions are under-used. Many promising health 

interventions have had only limited impact on the burden of disease in LMICs because of 

implementation problems that have yet to be identified, researched, and addressed(6). 

Implementation science begins with evidence and develops strategies to bring these 

evidence-based interventions to public health settings, to improve access to, and use of, 

these interventions in populations(6).

We describe the challenges of implementing cancer control programs in LMICs, define 

implementation science, present a framework to illustrate how it can be applied in the 

context of global cancer research and practice.
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Challenges to Implementing Cancer Control in Low- and Middle-Income 

Countries

Cancer control involves research and programs in the behavioral, social, and population 

sciences aimed at developing or improving interventions that independently or in 

combination with biomedical approaches, reduce cancer risk, incidence, morbidity and 

mortality, and improve quality of life (7). Cancer prevention and early detection are the key 

focus areas for cancer control efforts. We acknowledge the importance of cancer diagnosis 

and treatment in LMICs but do not focus on these areas in this paper.

It should be noted that there is wide variation in implementing cancer control programs 

within and between LMICs; and generalizations across countries would be inappropriate. 

Countries in Africa (such as Botswana, Zambia, Rwanda and Kenya) and in Latin America 

(such as Argentina, Colombia, Chile and Guatemala) have established national cancer 

control plans or national programs that focus on a particular cancer such as cervical 

cancer(8, 9). Mexico’s Seguro Popular program has helped improve access to HPV 

immunization, breast cancer detection and treatment, and has reduced the costs to individual 

for prevention and treatment of cancer(10). Other countries such as India, have highly 

advanced treatment centers for cancer and some states in India have very comprehensive 

cancer screening programs(11). Still others lack basic cancer prevention programs and 

cancer detection is available only in limited geographical areas(12) and often just to those 

who are relatively well off financially. Cancer disparities are often stark; rural residents as 

compared to their urban counterparts as well as those with lower socio-economic status in 

LMICs are at higher risk for cancer and exposure to cancer risk factors such as tobacco and 

alcohol use(13). Conversely, those with higher socio-economic status experience lower 

cancer mortality rates(13, 14). This plurality in the cancer experience presents challenges 

and opportunities for both aspects of cancer control that we discuss: cancer prevention and 

cancer detection.

Cancer Prevention

Cancer Prevention involves taking action to decrease the chance of getting cancer including 

reduction of exposure to risk factors and increasing exposures to protective factors. At the 

individual and population levels, behavior modification efforts can be implemented to create 

awareness about cancer and motivate risk reducing and preventive behaviors. We 

acknowledge that for individuals with a higher risk of cancer, options such as preventive 

surgery (mastectomy or removal of breast, fallopian tubes and ovaries) as well as 

chemotherapy are also being offered. However, in this paper, we focus on the behavioral and 

population-based approaches to prevent cancer.

Table 1 outlines five risk factors for cancer at the individual and systems levels in LMICs. 

Risk factors for cancer at the individual level are those that are associated with behaviors 

and lifestyle and hence amenable to modification. The five factors that we discuss are 

tobacco use, exposure to infectious agents associated with cancer, harmful use of alcohol, 

unhealthy diet and lack of physical activity, and exposure to carcinogens in the environment. 
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Systems level factors are those that pose a barrier to, or facilitate the adoption of behaviors 

that can reduce and/or eliminate exposure to cancer risk.

We discuss five systems level factors in this paper: access to cancer control information, 

availability and access to cancer prevention, screening and treatment services; cancer 

disparities and inequities within a given LMIC; social and cultural factors; and cancer 

control policies. Ideally, factors at both of these levels should operate together to favor risk 

reduction, but in many LMICs they do not. For instance, an individual may be motivated to 

stop smoking but poor or no access to tobacco cessation with the health system poses a 

barrier to cessation. Similarly, knowledge of early detection is important and useful when 

there is easy access to cancer screening programs as well as effective follow-through to 

treatment.

Among the five preventable risk factors, tobacco use remains the single largest preventable 

cause of cancer in LMICs. Nearly 80% of all smokers live in LMICs (15). In countries such 

as Indonesia and China, the problem is acute. According to recent global tobacco surveys, 

67% of Indonesian men smoke(16). There are 350 million smokers and 740 million passive 

smokers in China (population 1.35 billion)(17). In South Asia, use of smokeless tobacco 

(SLT) products is very common; as is oral cancer associated with SLT(18). Indeed, in India, 

those who use SLT outnumber exclusive smokers by over two-fold(19), and oral cancer 

associated with tobacco use is a leading cause of cancer among men(20). The global 

campaign against tobacco, including the provisions set forth by the Framework Convention 

on Tobacco Control (FCTC), have led to multi-ranged initiatives in many LMICs in tobacco 

prevention education and taxation(21). However, the implementation of these policies and 

enforcement of regulation around them is not strong and tobacco control remains a 

significant cancer prevention challenge. Implementation science research can help identify 

policy and enforcement gaps and factors influencing them, and recommend guidelines for 

widespread adoption of effective programs.

Infectious agents, which comprise a second set of remediable risk factors for cancer in 

LMICs, are preventable; yet over 80% of the cases and the deaths due to cervical cancer 

occur in LMICs(22). While there are effective vaccines against HPV and HBV (Hepatitis B 

Virus, associated with liver cancer) infections, issues of access to and cost of these vaccines 

remain (23) despite studies demonstrating that vaccine delivery strategies can have a wide 

reach when tailored to the cultural context (24). Other issues include poor awareness of 

vaccines available to prevent cancer. In a study in sub-Saharan Africa, authors showed that 

awareness of the HPV vaccination was very low; but community members when made 

aware, were willing to participate in a vaccination program (25).

National HPV vaccination programs have been launched in some countries such as Australia 

and Rwanda(26, 27). In these countries, policy makers have made HPV vaccination program 

an important investment in cervical cancer control and have launched national programs at 

their cost (Australia); or used a combination of vaccine donation and negotiations for low 

price with vaccine manufacturer in order to implement and sustain the program (Rwanda). 

The role of agencies such as the Global Alliance for Vaccines and Immunizations (GAVI) as 

well the Pink Ribbon Red Ribbon initiative(28) has been valuable in providing funding, 

Sivaram et al. Page 4

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



policy guidance and technical assistance, as well as assistance in procurement of vaccines to 

launch these national programs.

The third cancer risk factor is the harmful use of alcohol which is rising in many LMICs 

(29). Globally, 6.2% of all male deaths and around 1% of female deaths are attributed to 

alcohol. While the per capita consumption of alcohol in many LMICs remains low 

compared to Europe and North America, alcohol risk behaviors such as heavy episodic 

drinking, and risky patterns of consumption such as drinking to intoxication are increasing 

in countries in the Russian Federation, Mexico, Pakistan and southern Africa (30). Alcohol 

also operates in synergy with tobacco to increase risk of esophageal cancers and oral and 

laryngeal cancers (31, 32). Addressing harmful use of alcohol will benefit not only cancer 

but reduce other adverse health outcomes. However, in many instances, alcohol, as well as 

tobacco sales, outlets are managed by the state, rendering control of these substances a 

difficult ground to traverse(33).

The fourth risk factor comprises behaviors related to diet and physical activity. While 

obesity has not yet reached epidemic proportions in LMICs as it has in many high-income 

countries, it is increasing. A recent study notes that in the three decades starting in 1980 

obesity rates have increased in children and adolescents in LMICs – 8.1% to 12.9% in boys 

and 8.4% to 13.4% in girls(34). There is a wide diversity in rates of obesity between 

countries surveyed as well as between genders in the countries surveyed. The demographic 

and nutrition transitions taking place in many low income countries are resulting in changes 

in lifestyle, and diet that may be contributing to increasing obesity(35). The roles of these 

diet, physical activity and obesity factors in cancer risk in LMICs need further study(36).

The fifth risk factor for cancer is exposure to environmental carcinogens, including indoor 

and outdoor air pollution, both serious problems in some LMICs. Measures taken in high-

income countries including controlling outdoor air pollution, banning asbestos and 

imposition of controls on other toxic agents and chemicals have been successful in limiting 

these exposures. Available figures, acknowledging variability between countries in exposure 

assessment, estimate that between 7% and 19% of cancers globally are attributable to 

environmental carcinogens(37). For ambient air pollution alone, the Global Burden of 

Disease 2010 project estimate for lung cancer is 223,000 attributable deaths(38). While 

these estimates do not capture second hand smoke, the results from the Global Adult 

Tobacco Survey (GATS) suggest that SHS poses a significant environmental risk for cancer. 

Reported exposure to SHS at home in this survey ranged from 17.3% in Mexico to 73.1% in 

Vietnam; and was high in various environments such as work places, restaurants, health care 

facilities and public transportation(39) Effective regulatory strategies, educating 

communities about these exposures, and working with corporations to realize prevention and 

control of these environmental and occupational exposures are some recommendations 

suggested by experts. However, individuals in LMICs may be limited in the actions they can 

take as the changes needed to reduce exposure need to be made at the systems level through 

government action.

Systems level changes, when made, can influence exposure to all risk factors. As shown in 

Table 1, there are five factors at this level. First, access to information about risks of 
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exposure is particularly limited in LMICs. Availability and wide dissemination of cancer 

prevention information might increase awareness and facilitate early detection, promote civil 

society leadership, and raise policy maker attention to these risk factors. Second, availability 

and access to cancer prevention and screening programs remains a challenge because of a 

combination of lack of trained personnel and infrastructure, costs and systems to track 

screened patients to ensure completion of treatment. The third systems level factor is the role 

of cancer disparities within LMICs. Care for cancer remains largely concentrated in large 

urban centers, and typically members of high socio-economic classes have higher access to 

prevention, screening and care. Fourth, the role of social and cultural factors that affect 

exposure to cancer risk has not gained much attention in cancer control in LMICs. Stigma is 

high and poses a burden on care seeking and social support. This disproportionately affects 

women who already experience gender-based discrimination in several LMICs. (40). 

Finally, the role of policy level changes is critical. Cancer control policies can facilitate 

access and equity to much needed services. Particularly, in order to limit environmental 

exposures, change in occupational health policies, regulations to limit emission from diesel-

fuelled vehicles, and policies to facilitate clean air as well as clean cooking sources are 

necessary to realize cancer control in the long run(41)

Cancer Detection

Indeed, systems level changes are necessary not only to realize cancer prevention but also 

cancer detection goals. Cancer detection refers to services and programs that offer screening 

for cancers allowing for the detection of cancer at an early stage of the disease so that it can 

be managed effectively. It is estimated that only 5% of women in LMICs as compared to 

75% of women in high income countries have had cancer screening at any given time(42). 

Cervical cancer screening in LMICs overall is estimated to cover only 19% of those women 

needing this service, as compared to 63% in high income countries; coverage ranging from 

1% in Bangladesh to 67% in Brazil(43). Cervical pre-cancerous lesions go undetected 

resulting in very late stage presentation for treatment. The Pap Smear test to detect cervical 

cancer, standard in the high-income countries is not widely available, in LMICs. When it is, 

the human resources for cytology, pathology and diagnostic systems needed to complete a 

timely diagnosis are often lacking. As the entire spectrum of services from screening, 

diagnosis and linkage to treatment is unavailable in many LMICs, researchers and 

practitioners have explored alternative approaches and to screening. Visual inspection of the 

cervix with acetic acid (VIA) or Lugol’s Iodine (VILI) followed by treatment referral; VIA 

followed by immediate treatment (called cervical cancer see-and-treat); and self-collection 

of vaginal samples followed by HPV DNA analysis are some approaches being evaluated in 

LMICs(44–46) which might be implemented at low cost. VIA followed by referral and 

treatment and has been shown to reduce cervical cancer incidence by 25% and mortality by 

30% in community-based randomized trials(44, 47).

Burden of breast cancer in LMICs is increasing, marked by a younger age of onset and more 

advanced presentation on diagnosis(48). Early detection methods such as mammography 

may not be practical given costs, and international expert groups such as the Breast Health 

Global Initiative(BHGI) advocate resource-specific, as well as age-specific screening 

guidelines(49). Breast health education programs are strongly advocated to inform 
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communities in LMICs about risk factors and early detection(50). For cervical cancer and 

breast cancer, the use of trained community health workers in countries such as Bangladesh, 

Botswana and Sudan been has shown to increase referral rates and to build awareness about 

the importance of early detection(51–53).

Oral cancer screening trials that have targeted high-risk users of tobacco for screening and 

used trained community health workers for detection have also demonstrated efficacy in 

LMICs(47). There are also reports of use of screening technologies to visualize the mouth, 

detect lesions and link to treatment that suggest practical application in LMICs(54). The 

Institute of Medicine estimates that 80% of cancers in LMICs may be incurable when they 

are detected(55). In order to promote early detection, approaches that utilize community 

resources for early detection and link them effectively to diagnostic and treatment centers 

may be important to consider.

The systems level factors discussed in Table 1 also influence an individual’s ability to seek 

screening for cancer. Information about the types of cancers, which are amenable to early 

detection, and the availability of local resources where an individual can go to get screened 

is either not offered or is not widely disseminated. Typically, screening facilities are located 

in major hospitals in urban areas or in clinics in large towns. Patients travel to these cities at 

their own cost and often there is poor linkage between centers and community clinics to 

manage treatment and care. The poor and vulnerable are most affected and this inequity in 

access to early detection of cancer needs to be addressed. The use of validated screening 

methods is constrained by cost, limited availability of trained personnel, other acute diseases 

challenging health care providers, as well as lack of systematic planning and evaluation of 

available services and future needs (42). Finally, the lack of policy and national guidelines 

for cancer screening or the poor implementation of the ones that exist is another systems 

level limiting factor for cancer control.

Cancer Control Costs in LMICs

In many LMICs, it is important to recognize that while cancer burden is increasing, cancer is 

just one among several health challenges that policy makers face in the context of limited 

financial resources. However, not all cancer control approaches are a drain on financial 

resources. Relative to other cancer control areas, prevention education is not resource 

intensive, can utilize already available human and community resources, but is not widely 

available in many LMICs. It is arguably the most reachable ‘low hanging fruit’ for cancer 

control in LMICs. Vaccination is another intervention that can be implemented with a 

potential of high public health impact. Costs of introducing the HPV vaccine, recurrent costs 

of administration, and fully immunizing a girl with three doses ranged from US $1.49 to 

$18.94 in an analysis of data from five LMICs (India, Peru, Uganda, Tanzania and Vietnam)

(56). Recently, the Global Alliance of Vaccines and Immunization (GAVI), a global 

initiative to facilitate access to vaccinations announced plans to make the HPV vaccine 

available at a cost of $4.50 per dose(57). The comparable cost in the United States is 

estimated at $130 to $140(58). While not all LMICs are eligible for the GAVI price, the 

World Health Organization is working with governments to discuss pricing and 

procurement(57). Public health benefit can also be gained from the implementation and 
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dissemination of cancer screening programs such as VIA-based screening followed by 

treatment. This approach has been piloted and is now being widely disseminated and 

adopted by countries in Africa(59). Indeed, modeling studies based on data from some 

LMICs note that the most cost-effective cervical cancer screening methods are those that 

effectively link screened women to treatment and suggest that a one- or two-visit VIA or 

HPV DNA screening test starting at 35 years of age might reduce cervical cancer lifetime 

risk by 25 to 36%(60). There is need for more evidence on breast cancer control in LMICs 

and what is cost-effective in some countries may not be so in others(61). Modeling studies 

also suggest that breast health education through mass media awareness, for example, may 

be more cost-effective compared to mammography, but also note that there is poor data on 

cost of these interventions in LMICs(61, 62)

Implementation Science: Definition and Conceptual Framework

Implementation Science could be a critical tool in addressing these gaps. It involves 

methods for integrating scientific evidence into practice and policy to benefit public health 

(63) (64) (65) (6). Research in implementation science investigates and addresses factors 

(individual and health systems level) that pose barriers to achieving public health benefit and 

explores alternative and innovative approaches to health care delivery and practice (66). 

Frameworks to guide this research consider these different levels of influence on cancer 

prevention and control outcomes. Figure 2 draws from one such framework, the Evidence 

Integration Triangle(67), and uses it as a model for understanding cancer control research in 

the LMIC context. This framework posits that implementation science research is useful in 

planning evidence-based cancer control programs, providing guidance in implementation of 

these programs, and in conducting evaluations of programs to inform national policies and 

considers the community, health systems and policy level factors in the process.

As suggested in Figure 2, implementation science research comes into play after evidence is 

gathered. Evidence for cancer prevention and control is gathered from the full spectrum of 

cancer research: basic science, etiological research, randomized trials of screening and 

therapy, studies of determinants of outcomes, naturalistic experiments and observational 

studies as well as controlled assessments of effectiveness. The gulf between research and 

actual care is illustrated by the contrast between efficacy that is achieved in a clinical trial, 

e.g., of a therapeutic agent or device, and the effectiveness achieved in the real world. 

Efficacy is typically assessed under the controlled circumstances of the randomized 

controlled trial(68). In the case of observational study designs, evidence is gathered by 

instituting rigorous monitoring and evaluation processes with careful attention to selection 

of controls and adjustments for potential confounding factors. In both of these study designs, 

protocols are implemented and followed, quality is monitored and assured, and participants 

often are selected to be homogeneous, highly motivated to participate and to be adherent. 

The results of rigorously analyzed trial data typically form the basis for recommendations 

based on the paradigm of evidence-based medicine.

However, when effective cancer control interventions are brought into real-world clinical 

and public health settings, the basis for analysis and evaluation moves to large, 

heterogeneous populations and settings(69). In these real life settings, as shown in Figure 2, 
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there are three levels of influence on cancer control programs - the community, the health 

system and the policy milieu. We discuss how implementation science research considers 

these levels in planning implementing and evaluating cancer control programs.

Planning Cancer Control Programs

When used to plan cancer control programs, implementation science research conducts 

assessment of existing programs and policies, and of key institutions and stakeholders who 

can influence implementation of evidence. In planning cancer control programs, the role of 

existing resources in the community can be better understood. Traditional healers, 

practitioners of alternate systems of medicine and community-based health volunteers and 

workers might be the first point of contact for a health consult in an LMIC setting 

particularly in rural areas. Understanding their strengths and limitations, and exploring how 

to integrate their efforts into cancer control is important. Research is also needed to 

understand practical functions of a health system. Health systems, refer to the organizational 

infrastructure, health care providers and health information systems that deliver care, gather 

data and provide operational evidence of program progress in the public health sector(70). 

Assessments of available health care personnel and infrastructure, their expertise and 

training needs is also essential in order to plan a program that can be practically 

implemented. Other data that needs to be collected for planning include identifying units of 

health care delivery – clinics, hospitals, public vs. private sector units- and linkages that 

exist or that can be created between them. Finally, as we seek to plan evidence-based 

programs, training policy makers as well as program implementers and bureaucrats in the 

health and financial sectors about how to understand and use evidence from research is a 

large unmet need. This can help guide the allocation of scarce resources in a strategic 

manner.

Guiding Program Implementation

Implementation Science research is needed to develop approaches to implement evidence-

based interventions in ways that consider the ground realities of the LMIC setting. This 

involves participation from community members and leaders and seeks input from various 

disciplines in public health practice and research. This type of research also identifies 

barriers and facilitators at the community level that need to be considered to implement a 

program. These include data collection on individual, social as well as structural level 

influences (influences beyond individual control such as location of residence, availability 

of transportation and health care). These structural influences are part of the social 

determinants of health which WHO recommends receive consideration in implementing 

programs(71). Research on these factors can help highlight knowledge deficits, understand 

care-seeking behaviors and barriers, and identify strategies for care delivery and 

improvements of care quality.

Seeking feedback from providers and patients on service delivery including patient flow, 

patient navigation, record keeping and follow-up are some examples of areas of inquiry. 

Here, the role of task shifting is noteworthy. Task shifting refers to a practice in health care 

delivery where non-traditional providers are trained to offer a service that was hitherto being 

offered by a more traditional provider such as a physician or a nurse(72). This type of 
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reorganization of the work force utilizes available resources in a community and is being 

used in LMICs in cancer research to offer education, screening and provide linkage to 

treatment. Finally, identifying monitoring systems at all levels of the program is key to 

informing program implementation. This includes developing or tailoring data collection 

instruments and systems to the program and the community it serves.

Conducting Program Evaluation to Inform Policy

Finally, implementation science can help evaluate ongoing programs. This kind of 

evaluation is best done longitudinally so that indicators of progress and best practices can be 

documented. The results can provide guidance to policy makers and program planners about 

effective components that can be widely disseminated for broader public health outreach. 

For instance, following the Framework Convention for Tobacco Control – the first 

international treaty to respond to the globalization of the tobacco epidemic- makes several 

recommendations and offers guidelines to control and prevent tobacco. These include 

guidelines for reducing tobacco demand, taxation and pricing of tobacco products, dealing 

with transnational tobacco companies as well as prevention education(73) Many countries 

have become signatories to this treaty and developed policies and programs for tobacco 

control based on these recommendations (73). However, in practice these are not being 

effectively implemented or enforced in all countries(74). For instance, smokeless tobacco 

use (SLT) is widely prevalent in India, particularly among women. Implementation science 

can help understand patterns of use of SLT among various segments of the population and 

lead to recommendations for community education programs. It can also assess the types of 

SLT products available, compile sales and consumption data and provide data on the scale 

of the problem.

In programs to prevent HIV transmission from parent to children, supported by the United 

States President’s Emergency Program for AIDS Relief (PEPFAR), implementation science 

research has helped develop guidelines to improve delivery of these programs. Feedback 

about health care quality, patient follow-up methods, needs for physician training as well as 

supply chain and HIV diagnostic concerns were among them (75–77). Based on these and 

similar findings, the PEPFAR has adopted an implementation science framework to enhance 

the effectiveness of its programs in LMICs(78). PEPFAR envisions that such a framework 

will hasten adoption of evidence-based interventions, promote operations research that can 

improve delivery and design of HIV prevention programs and increase the scale and 

outreach of program delivery.

Implementation Science Research for Global Cancer Prevention and 

Control

How can the framework in Figure 2 guide cancer research in LMICs? We offer two focus 

areas for research in implementation science - community-based research and health systems 

research- that can help plan, guide implementation, and inform evaluation of cancer control 

programs. Table 2 outlines possible implementation science research questions.
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Community Based Research in Cancer Control Implementation

Primary prevention programs can bring cancer into the public discourse and frame it as a 

preventable and manageable condition while compiling and providing information on 

community-based resources for care seeking and management. Research to develop 

prevention education programs can understand misperceptions and knowledge gaps, that can 

then inform program content for various audiences (youth, married men and women, health 

care providers. Here, it is important to address the role of stigma in seeking cancer screening 

as well as treatment, and understand the role community-based opinion leaders in education 

efforts.

Research is also needed to understand approaches to plan and implement vaccination 

programs against infectious agents causing cancer. Particularly for HPV vaccination, 

understanding the social and cultural factors influencing participation of young girls and 

boys is critical. Implementation research can also investigate ways that utilize mobile 

technologies to help in cancer prevention and detection. Several mobile health (mhealth) 

initiatives that utilize cell phone and communications technology have demonstrated the 

reach and relevance of communicating health information through this medium in high 

income countries(79). In LMICs, telecommunications-based approaches have been used for 

cancer patient navigation and follow-up, video consultations with experts in urban settings, 

as well as digital record reviews. (53, 80) Given the high rate of adoption of 

telecommunications technology in LMICs, mhealth and may offer a practical approach to 

cancer control.

In cancer detection, community-based research can help identify barriers and facilitators to 

participation in screening programs; and identify key individuals and institutions who can 

play a role in mobilizing efforts to expanding such programs such as school teachers and 

health workers. In many instances, traditional healers and other practitioners are the first 

points of contacts for patients with cancer(81). Understanding ways to engage these 

individuals, utilize their credibility within the community for cancer prevention and 

screening is important. Further, research is needed to understand how cancer services can be 

introduced as part of ongoing public health programs. The effort of the Pink Ribbon Red 

Ribbon program of integrating women’s cancers into ongoing HIV prevention and treatment 

services is a case in point(28, 82). As cancer is one among the many public health 

challenges facing LMICs, research to understand how existing disease control infrastructure 

and expertise can be utilized for cancer control will help optimize scarce resources. Another 

focus area in low resource settings is research to develop low cost technologies to detect 

cancer. The recent announcement from the National Cancer Institute (NCI) on low cost 

technologies for global health is an example of emphasis placed on developing appropriate 

technologies for cancer screening that are relevant, feasible and sustainable in LMICs and 

which can help foster cross-country partnerships in cancer control(83). NCI program 

announcements in dissemination research as well as the US Centers for Disease Control and 

Prevention’s (CDC) efforts in training and capacity building for cancer control are also 

noteworthy(84, 85).

Given the high rates of individuals in LMICs who seek care only at very late stages, it is 

important to understand the access, availability and possibilities of expansion of palliative 
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care programs. A recent study called palliative care a ‘painful inequity’ and called for 

research to understand best ways to roll out palliative care programs(86). Community-based 

approaches to palliative care serve to educate communities as well as empower survivors 

and are integral to cancer control efforts.

Health systems research can highlight gaps and strengths in the organizational apparatus as 

well as human resources that deliver cancer prevention and detection services. 

Understanding gaps in medical curricula, needs for refresher training, roles and 

responsibilities of nurses, and other health center staff, in addition to physicians are 

important to explore, as well as feasible options for addressing these gaps. Studies are also 

needed to understand how lessons from small projects can be applied to larger settings. 

Many projects draw lessons on implementing evidence but do not move beyond the 

communities in the study. Evaluation studies of ongoing projects can highlight effective 

components and delivery strategies that can inform wide scale dissemination. Research is 

needed to test linkages between screening and treatment centers where they exist. Loss to 

follow-up after screening is a challenge in LMICs and understanding practical ways for 

patient follow-up and navigation is important.

Conclusion

As the global burden of cancer and the prevalence of its risk factors increase, approaches to 

reducing this burden must involve a process of matching knowledge and scientific advances 

with need for intervention. The following are some broad summary recommendations for 

cancer control:

• A focus on prevention education is both necessary and an important first step to 

raising public awareness about cancer. Cancer remains to be viewed as a death 

sentence in many LMICs and there is stigma associated with cancer that disallows 

interaction with health care providers. This focus on prevention has been adopted 

with many other disease outcomes such as HIV/AIDS prevention early in the 

process of disease control, and has resulted in positive effects on care seeking and 

disease management. It has also facilitated the development of a strong advocacy 

network, and involvement of policy makers. It is time for cancer control efforts to 

employ implementation science research and plan programs that offer this needed 

service.

• HPV vaccination is being successfully implemented with international assistance in 

some countries. This is an important investment in the health of young girls and 

boys in LMICs.

• As we have discussed, low-cost approaches for cancer control are available. 

Though not perfect, these technologies can potentially help reduce high and 

unnecessary burden of these preventable cancers in LMICs.

• Strengthening the linkage between screening and treatment is imperative to cancer 

control and amenable to innovative approaches in implementation research.

• Research to understand shifting of tasks among the existing health care workforce 

toward cancer control can guide program development.
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• Gaining support from the international community for efforts in LMICs is critical. 

This can be done through partnerships, skills building workshops, as well as joint 

program development. The National Institutes of Health (NIH) has developed 

programs with middle-income countries such as China and India to develop joint 

funding programs, thus leveraging resources where they are available. Such models 

can enhance collaborative research and also address cancer priorities both in 

LMICs and bring lessons from these studies to underserved areas of high income 

countries(87, 88).

The consideration of multiple levels, as well as ability to develop pragmatic approaches 

suggests that implementation science has much to offer to cancer control practitioners and 

researchers working in LMICs. Programs based on evidence from research are urgently 

needed for cancer control.

References

1. Globocan. Estimated Cancer Incidence, Mortality and Prevalence Worldwide in 2012. 2012 
Available from: http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx. 

2. Parkin DM, Bray F. Chapter 2: The burden of HPV-related cancers. Vaccine. 2006; 24(Suppl 3) 
S3/11-25. Epub 2006/09/05. PubMed PMID: 16949997. 

3. Varmus H, Kumar HS. Addressing the growing international challenge of cancer: a multinational 
perspective. Science translational medicine. 2013; 5(175):175cm2. Epub 2013/03/08. PubMed 
PMID: 23467558. 

4. Disease GBo. Available from: http://viz.healthmetricsandevaluation.org/gbd-compare/. 

5. Paul Farmer JF, Knaul Felicia M, Shulman Lawrence N, Alleyne George, Armstrong Lance, et al. 
Expansion of cancer care and control in countries of low and middle income: a call to action. 
Lancet. 2010; 2010(376):1186–1193. [PubMed: 20709386] 

6. Remme JHFAT, Becerra-Posada F, D'Arcangues C, Devlin M, et al. Defining Research to Improve 
Health Systems. PLoS Med. 2010; 7(11):e1001000. Defining Research to Improve Health Systems. 
PLoS Med. 2010;7(11):e1001000. doi:10.1371/journal.pmed. [PubMed: 21124816] 

7. National Cancer Institute N. [cited 2014 Jan 16] Cancer Control Framework Synthesis and 
Rationale. Available from: http://cancercontrol.cancer.gov/od/about.html.

8. Zambia WCOo. Annual Report. 2012

9. Pan American Health Organization P. Cervical Cancer Prevention and Control Programs: A rapid 
assessment in 12 countries of Latin America. Washington, DC: PAHO; 2010. 

10. Knaul FM, Gonzalez-Pier E, Gomez-Dantes O, Garcia-Junco D, Arreola-Ornelas H, Barraza-
Llorens M, et al. The quest for universal health coverage: achieving social protection for all in 
Mexico. Lancet. 2012; 380(9849):1259–1279. Epub 2012/08/21. PubMed PMID: 22901864. 
[PubMed: 22901864] 

11. Tamil Nadu Health Systems Project T. Available from: http://www.tnhsp.org/project/project-
components. 

12. Morhason-Bello IO, Odedina F, Rebbeck TR, Harford J, Dangou JM, Denny L, et al. Challenges 
and opportunities in cancer control in Africa: a perspective from the African Organisation for 
Research and Training in Cancer. The lancet oncology. 2013; 14(4):e142–e151. Epub 2013/04/09. 
PubMed PMID: 23561745. [PubMed: 23561745] 

13. Di Cesare M, Khang YH, Asaria P, Blakely T, Cowan MJ, Farzadfar F, et al. Inequalities in non-
communicable diseases and effective responses. Lancet. 2013; 381(9866):585–597. Epub 
2013/02/16. PubMed PMID: 23410608. [PubMed: 23410608] 

14. Pedraza AM, Pollan M, Pastor-Barriuso R, Cabanes A. Disparities in breast cancer mortality trends 
in a middle income country. Breast cancer research and treatment. 2012; 134(3):1199–1207. Epub 
2012/03/31. PubMed PMID: 22460615. [PubMed: 22460615] 

Sivaram et al. Page 13

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx
http://viz.healthmetricsandevaluation.org/gbd-compare/
http://cancercontrol.cancer.gov/od/about.html
http://www.tnhsp.org/project/project-components
http://www.tnhsp.org/project/project-components


15. WHO. [cited 2013 June 10] Tobacco Fact Sheet: No 339. 2013. Available from: http://
www.who.int/mediacentre/factsheets/fs339/en.

16. Kids TF. Indonesia: Tobacco Burden facts. 2013 Available from: http://global.tobaccofreekids.org/
files/pdfs/en/Indonesia_tob_burden_en.pdf. 

17. Zhang J, Ou JX, Bai CX. Tobacco smoking in China: prevalence, disease burden, challenges and 
future strategies. Respirology. 2011; 16(8):1165–1172. Epub 2011/09/14. PubMed PMID: 
21910781. [PubMed: 21910781] 

18. WHO. [cited 2014 Feb 16] 90% of smokeless tobacco users live in South-east Asia. 2013. 
Available from: http://www.searo.who.int/mediacentre/releases/2013/pr1563/en/index.html.

19. Arora M, Madhu R. Banning smokeless tobacco in India: policy analysis. Indian journal of cancer. 
2012; 49(4):336–341. Epub 2013/02/28. PubMed PMID: 23442395. [PubMed: 23442395] 

20. Sridharan G. Epidemiology, control and prevention of tobacco induced oral mucosal lesions in 
India. Indian journal of cancer. 2014; 51(1):80–85. Epub 2014/06/21. PubMed PMID: 24947102. 
[PubMed: 24947102] 

21. Organizaiton WH. MPOWER in Action: Defeating the Global Tobacco Epidemic. 2013. 

22. Waggoner S. Cervical Cancer. Lancet. 2003; 361(9376):2217–2225. [PubMed: 12842378] 

23. Kane MA, Serrano B, de Sanjose S, Wittet S. Implementation of human papillomavirus 
immunization in the developing world. Vaccine. 2012; 30(Suppl 5):F192–F200. Epub 2012/12/05. 
PubMed PMID: 23199963. [PubMed: 23199963] 

24. LaMontagne DS, Barge S, Le NT, Mugisha E, Penny ME, Gandhi S, et al. Human papillomavirus 
vaccine delivery strategies that achieved high coverage in low- and middle-income countries. 
Bulletin of the World Health Organization. 2011; 89(11):821-30B. Epub 2011/11/16. PubMed 
Central PMCID: PMC3209730. [PubMed: 22084528] 

25. Perlman S, Wamai RG, Bain PA, Welty T, Welty E, Ogembo JG. Knowledge and awareness of 
HPV vaccine and acceptability to vaccinate in sub-Saharan Africa: a systematic review. PloS one. 
2014; 9(3):e90912. Epub 2014/03/13. PubMed PMID: 24618636; PubMed Central PMCID: 
PMC3949716. [PubMed: 24618636] 

26. Brotherton JM, Murray SL, Hall MA, Andrewartha LK, Banks CA, Meijer D, et al. Human 
papillomavirus vaccine coverage among female Australian adolescents: success of the school-
based approach. The Medical journal of Australia. 2013; 199(9):614–617. Epub 2013/11/05. 
PubMed PMID: 24182228. [PubMed: 24182228] 

27. Binagwaho A, Wagner CM, Gatera M, Karema C, Nutt CT, Ngabo F. Achieving high coverage in 
Rwanda's national human papillomavirus vaccination programme. Bulletin of the World Health 
Organization. 2012; 90(8):623–628. Epub 2012/08/16. PubMed PMID: 22893746; PubMed 
Central PMCID: PMC3417784. [PubMed: 22893746] 

28. Oluwole D, Kraemer J. Innovative public-private partnership: a diagonal approach to combating 
women's cancers in Africa. Bulletin of the World Health Organization. 2013; 91(9):691–696. Epub 
2013/10/09. PubMed PMID: 24101785; PubMed Central PMCID: PMC3790211. [PubMed: 
24101785] 

29. Girish N, Kavita R, Gururaj G, Benegal V. Alcohol use and implications for public health: patterns 
of use in four communities. Indian journal of community medicine : official publication of Indian 
Association of Preventive & Social Medicine. 2010; 35(2):238–244. Epub 2010/10/06. PubMed 
PMID: 20922099; PubMed Central PMCID: PMC2940178. [PubMed: 20922099] 

30. WHO. Global Status Report on Alcohol and Health, 2011. 2011. 

31. Muwonge R, Ramadas K, Sankila R, Thara S, Thomas G, Vinoda J, et al. Role of tobacco 
smoking, chewing and alcohol drinking in the risk of oral cancer in Trivandrum, India: a nested 
case-control design using incident cancer cases. Oral oncology. 2008; 44(5):446–554. Epub 
2007/10/16. PubMed PMID: 17933578. [PubMed: 17933578] 

32. Prabhu A, Obi KO, Rubenstein JH. The synergistic effects of alcohol and tobacco consumption on 
the risk of esophageal squamous cell carcinoma: a meta-analysis. The American journal of 
gastroenterology. 2014; 109(6):822–827. Epub 2014/04/23. PubMed PMID: 24751582. [PubMed: 
24751582] 

33. Benegal V. India: alcohol and public health. Addiction. 2005; 100(8):1051–1056. Epub 
2005/07/27. PubMed PMID: 16042631. [PubMed: 16042631] 

Sivaram et al. Page 14

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.who.int/mediacentre/factsheets/fs339/en
http://www.who.int/mediacentre/factsheets/fs339/en
http://global.tobaccofreekids.org/files/pdfs/en/Indonesia_tob_burden_en.pdf
http://global.tobaccofreekids.org/files/pdfs/en/Indonesia_tob_burden_en.pdf
http://www.searo.who.int/mediacentre/releases/2013/pr1563/en/index.html


34. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, regional, and 
national prevalence of overweight and obesity in children and adults during 1980–2013: a 
systematic analysis for the Global Burden of Disease Study 2013. Lancet. 2014 Epub 2014/06/02. 
PubMed PMID: 24880830. 

35. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in 
developing countries. Nutrition reviews. 2012; 70(1):3–21. Epub 2012/01/10. PubMed PMID: 
22221213; PubMed Central PMCID: PMC3257829. [PubMed: 22221213] 

36. Popkin B, Monteiro C, Swinburn B. Overview: Bellagio Conference on Program and Policy 
Options for Preventing Obesity in the Low- and Middle-Income Countries. Obesity reviews : an 
official journal of the International Association for the Study of Obesity. 2013; 14(Suppl 2):1–8. 
Epub 2013/10/10. PubMed PMID: 24102826. [PubMed: 24102826] 

37. Landrigan PJ, Espina C, Neira M. Global prevention of environmental and occupational cancer. 
Environmental health perspectives. 2011; 119(7):A280–A281. Epub 2011/07/02. PubMed PMID: 
21719377; PubMed Central PMCID: PMC3222998. [PubMed: 21719377] 

38. 2013. IfHMaE. Global Burden of Disease Cause Patterns. 2013

39. King BA, Mirza SA, Babb SD. A cross-country comparison of secondhand smoke exposure among 
adults: findings from the Global Adult Tobacco Survey (GATS). Tobacco control. 2013; 22(4):e5. 
Epub 2012/09/29. PubMed PMID: 23019273. [PubMed: 23019273] 

40. Knaul FM, Bhadelia A, Gralow J, Arreola-Ornelas H, Langer A, Frenk J. Meeting the emerging 
challenge of breast and cervical cancer in low- and middle-income countries. International journal 
of gynaecology and obstetrics: the official organ of the International Federation of Gynaecology 
and Obstetrics. 2012; 119(Suppl 1):S85–S88. Epub 2012/08/14. PubMed PMID: 22883910. 

41. Espina C, Porta M, Schuz J, Aguado IH, Percival RV, Dora C, et al. Environmental and 
occupational interventions for primary prevention of cancer: a cross-sectorial policy framework. 
Environmental health perspectives. 2013; 121(4):420–426. 6e1–6e7. Epub 2013/02/07. PubMed 
PMID: 23384642; PubMed Central PMCID: PMC3620754. [PubMed: 23384642] 

42. Denny L, Quinn M, Sankaranarayanan R. Chapter 8: Screening for cervical cancer in developing 
countries. Vaccine. 2006; 24(Suppl 3):S3/71-7. Epub 2006/09/05. PubMed PMID: 16950020. 
[PubMed: 16950020] 

43. Gakidou E, Nordhagen S, Obermeyer Z. Coverage of cervical cancer screening in 57 countries: 
low average levels and large inequalities. PLoS Med. 2008; 5(6):e132. Epub 2008/06/20. PubMed 
PMID: 18563963; PubMed Central PMCID: PMC2429949. [PubMed: 18563963] 

44. Shastri SS, Mittra I, Mishra GA, Gupta S, Dikshit R, Singh S, et al. Effect of VIA screening by 
primary health workers: randomized controlled study in Mumbai, India. J Natl Cancer Inst. 2014; 
106(3):dju009. Epub 2014/02/25. PubMed PMID: 24563518; PubMed Central PMCID: 
PMC3982783. [PubMed: 24563518] 

45. Gravitt PE, Belinson JL, Salmeron J, Shah KV. Looking ahead: a case for human papillomavirus 
testing of self-sampled vaginal specimens as a cervical cancer screening strategy. International 
journal of cancer Journal international du cancer. 2011; 129(3):517–527. Epub 2011/03/09. 
PubMed PMID: 21384341; PubMed Central PMCID: PMC3782104. [PubMed: 21384341] 

46. Sankaranarayanan R, Rajkumar R, Esmy PO, Fayette JM, Shanthakumary S, Frappart L, et al. 
Effectiveness, safety and acceptability of 'see and treat' with cryotherapy by nurses in a cervical 
screening study in India. British journal of cancer. 2007; 96(5):738–743. Epub 2007/02/22. 
PubMed PMID: 17311015; PubMed Central PMCID: PMC2360066. [PubMed: 17311015] 

47. Sankaranarayanan R, Rajkumar R, Theresa R, Esmy PO, Mahe C, Bagyalakshmi KR, et al. Initial 
results from a randomized trial of cervical visual screening in rural south India. International 
journal of cancer Journal international du cancer. 2004; 109(3):461–467. Epub 2004/02/13. 
PubMed PMID: 14961588. [PubMed: 14961588] 

48. Anderson BO, Cazap E, El Saghir NS, Yip CH, Khaled HM, Otero IV, et al. Optimisation of breast 
cancer management in low-resource and middle-resource countries: executive summary of the 
Breast Health Global Initiative consensus, 2010. The lancet oncology. 2011; 12(4):387–398. Epub 
2011/04/06. PubMed PMID: 21463833. [PubMed: 21463833] 

49. Anderson BO, Yip CH, Smith RA, Shyyan R, Sener SF, Eniu A, et al. Guideline implementation 
for breast healthcare in low-income and middle-income countries: overview of the Breast Health 

Sivaram et al. Page 15

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Global Initiative Global Summit 2007. Cancer. 2008; 113(8 Suppl):2221–2243. Epub 2008/09/26. 
PubMed PMID: 18816619. [PubMed: 18816619] 

50. McTiernan A, Porter P, Potter JD. Breast cancer prevention in countries with diverse resources. 
Cancer. 2008; 113(8 Suppl):2325–2330. Epub 2008/10/07. PubMed PMID: 18837024. [PubMed: 
18837024] 

51. Abuidris DO, Elsheikh A, Ali M, Musa H, Elgaili E, Ahmed AO, et al. Breast-cancer screening 
with trained volunteers in a rural area of Sudan: a pilot study. The lancet oncology. 2013; 14(4):
363–370. Epub 2013/02/05. PubMed PMID: 23375833. [PubMed: 23375833] 

52. Ramogola-Masire D, de Klerk R, Monare B, Ratshaa B, Friedman HM, Zetola NM. Cervical 
cancer prevention in HIV-infected women using the "see and treat" approach in Botswana. J 
Acquir Immune Defic Syndr. 2012; 59(3):308–313. Epub 2011/12/03. PubMed PMID: 22134146; 
PubMed Central PMCID: PMC3884088. [PubMed: 22134146] 

53. Ginsburg OM, Chowdhury M, Wu W, Chowdhury MT, Pal BC, Hasan R, et al. An mHealth model 
to increase clinic attendance for breast symptoms in rural Bangladesh: can bridging the digital 
divide help close the cancer divide? The oncologist. 2014; 19(2):177–185. Epub 2014/01/08. 
PubMed PMID: 24396050; PubMed Central PMCID: PMC3926788. [PubMed: 24396050] 

54. Parashari A, Singh V, Mittal T, Ahmed S, Grewal H, Gupta S, et al. Low cost technology for 
screening early cancerous lesions of oral cavity in rural settings. Annals of medical and health 
sciences research. 2014; 4(1):146–148. Epub 2014/03/29. PubMed PMID: 24669350; PubMed 
Central PMCID: PMC3952289. [PubMed: 24669350] 

55. Medicine Io. Cancer Control Opportunities in Low-and Middle-Income Countries. 2007

56. Levin A, Wang SA, Levin C, Tsu V, Hutubessy R. Costs of Introducing and Delivering HPV 
Vaccines in Low and Lower Middle Income Countries: Inputs for GAVI Policy on Introduction 
Grant Support to Countries. PloS one. 2014; 9(6):e101114. Epub 2014/06/27. PubMed PMID: 
24968002; PubMed Central PMCID: PMC4072768. [PubMed: 24968002] 

57. World Health Organization W. [cited 2014 July 11] WHO welcomes new record low price for 
human papillomavirus (HPV) vaccines. 2013. Available from: http://www.who.int/immunization/
newsroom/press/record_low_price_hpv_vaccines/en/.

58. Society AC. Human Papilloma Virus (HPV), Cancer, HPV Testing, and HPV Vaccines: Frequenty 
Asked Questions. 2014 Available from: http://www.cancer.org/cancer/cancercauses/
othercarcinogens/infectiousagents/hpv/humanpapillomavirusandhpvvaccinesfaq/hpv-faq-vaccine-
cost. 

59. World Health Organization W. [cited 2014 July 11] Prevention of cervical cancer through 
screening using visual inspection with acetic acid (VIA) and treatment with cryotherapy A 
demonstration project in six African countries:Malawi, Madagascar, Nigeria, Uganda, the United 
Republic of Tanzania, and Zambia. 2012. Available from: http://screening.iarc.fr/doc/
9789241503860_eng.pdf.

60. Goldie SJ, Gaffikin L, Goldhaber-Fiebert JD, Gordillo-Tobar A, Levin C, Mahe C, et al. Cost-
effectiveness of cervical-cancer screening in five developing countries. The New England journal 
of medicine. 2005; 353(20):2158–2168. Epub 2005/11/18. PubMed PMID: 16291985. [PubMed: 
16291985] 

61. Zelle SG, Baltussen RM. Economic analyses of breast cancer control in low- and middle-income 
countries: a systematic review. Systematic reviews. 2013; 2:20. Epub 2013/04/10. PubMed PMID: 
23566447; PubMed Central PMCID: PMC3651267. [PubMed: 23566447] 

62. Zelle SG, Nyarko KM, Bosu WK, Aikins M, Niens LM, Lauer JA, et al. Costs, effects and cost-
effectiveness of breast cancer control in Ghana. Tropical medicine & international health : TM & 
IH. 2012; 17(8):1031–1043. Epub 2012/07/20. PubMed PMID: 22809238. [PubMed: 22809238] 

63. Glasgow RE, Chambers D. Developing robust, sustainable, implementation systems using 
rigorous, rapid and relevant science. Clinical and translational science. 2012; 5(1):48–55. Epub 
2012/03/02. PubMed PMID: 22376257. [PubMed: 22376257] 

64. Brownson, RC.; Colditz, GA.; Proctor, EK., editors. Dissemination and Implementation Research 
in Health: Translating Science to Practice. New York: Oxford University Press; 2012. 

Sivaram et al. Page 16

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.who.int/immunization/newsroom/press/record_low_price_hpv_vaccines/en/
http://www.who.int/immunization/newsroom/press/record_low_price_hpv_vaccines/en/
http://www.cancer.org/cancer/cancercauses/othercarcinogens/infectiousagents/hpv/humanpapillomavirusandhpvvaccinesfaq/hpv-faq-vaccine-cost
http://www.cancer.org/cancer/cancercauses/othercarcinogens/infectiousagents/hpv/humanpapillomavirusandhpvvaccinesfaq/hpv-faq-vaccine-cost
http://www.cancer.org/cancer/cancercauses/othercarcinogens/infectiousagents/hpv/humanpapillomavirusandhpvvaccinesfaq/hpv-faq-vaccine-cost
http://screening.iarc.fr/doc/9789241503860_eng.pdf
http://screening.iarc.fr/doc/9789241503860_eng.pdf


65. Fixsen, DNSF.; Blase, KA.; Friedman, RM.; Wallace, F. Implementation Research: A Synthesis of 
the Literature. Tampa, FL: University of South Florida; Louis de la Parte Florida Mental Health 
Institute, The National Implementation Research Network; 2005. (FMHI Publication #231).

66. Center FI. Implementation Science Information and Resources. 2013. Available from: http://
www.fic.nih.gov/researchtopics/pages/implementationscience.aspx.

67. Glasgow RE, Green LW, Taylor MV, Stange KC. An evidence integration triangle for aligning 
science with policy and practice. American journal of preventive medicine. 2012; 42(6):646–654. 
Epub 2012/05/23. PubMed PMID: 22608384. [PubMed: 22608384] 

68. Thorpe KE, Zwarenstein M, Oxman AD, Treweek S, Furberg CD, Altman DG, et al. A pragmatic-
explanatory continuum indicator summary (PRECIS): a tool to help trial designers. Journal of 
clinical epidemiology. 2009; 62(5):464–475. Epub 2009/04/08. PubMed PMID: 19348971. 
[PubMed: 19348971] 

69. Nallamothu BK, Hayward RA, Bates ER. Beyond the randomized clinical trial: the role of 
effectiveness studies in evaluating cardiovascular therapies. Circulation. 2008; 118(12):1294–
1303. Epub 2008/09/17. PubMed PMID: 18794402. [PubMed: 18794402] 

70. Remme JHFAT, Becerra-Posada F, D'Arcangues C, Devlin M, et al. Defining Research to Improve 
Health Systems. PLoS Med. 2010; 7(11):e1001000. Defining Research to Improve Health 
Systems. 2010;7(11):e1001000. doi:10.1371/journal.pmed. [PubMed: 21124816] 

71. WHO. Social Determinants of Health. 2013. Available from: http://www.who.int/
social_determinants/en/.

72. Organizaiton WH. Task Shifting: Rational Distribution of Tasks among Health Workforce Teams. 
2008. 

73. World Health Organization W. [cited 2014 August 10] WHO Framework Convention on Tobacco 
Control. Available from: http://whqlibdoc.who.int/publications/2003/9241591013.pdf?ua=1.

74. Cairney P, Mamudu H. The global tobacco control 'endgame': Change the policy environment to 
implement the FCTC. Journal of public health policy. 2014 Epub 2014/05/17. PubMed PMID: 
24831675. 

75. Jackson DJ, Chopra M, Doherty TM, Colvin MS, Levin JB, Willumsen JF, et al. Operational 
effectiveness and 36 week HIV-free survival in the South African programme to prevent mother-
to-child transmission of HIV-1. AIDS. 2007; 21(4):509–516. Epub 2007/02/16. PubMed PMID: 
17301570. [PubMed: 17301570] 

76. Painter TM, Diaby KL, Matia DM, Lin LS, Sibailly TS, Kouassims MK, et al. Sociodemographic 
factors associated with participation by HIV-1-positive pregnant women in an intervention to 
prevent mother-to-child transmission of HIV in Cote d'Ivoire. International journal of STD & 
AIDS. 2005; 16(3):237–242. Epub 2005/04/15. PubMed PMID: 15829025. [PubMed: 15829025] 

77. Nobrega I, Netto EM, Brites C. Barriers to prevention of HIV type 1 mother-to-child-transmission 
in Bahia, Brazil. AIDS research and human retroviruses. 2012; 28(3):233–234. Epub 2011/08/19. 
PubMed PMID: 21848423; PubMed Central PMCID: PMC3292744. [PubMed: 21848423] 

78. Padian NS, Holmes CB, McCoy SI, Lyerla R, Bouey PD, Goosby EP. Implementation science for 
the US President's Emergency Plan for AIDS Relief (PEPFAR). J Acquir Immune Defic Syndr. 
2011; 56(3):199–203. Epub 2011/01/18. PubMed PMID: 21239991. [PubMed: 21239991] 

79. Hyun S, Hodorowski JK, Nirenberg A, Perocchia RS, Staats JA, Velez O, et al. Mobile health-
based approaches for smoking cessation resources. Oncology nursing forum. 2013; 40(4):E312–
E319. Epub 2013/06/28. PubMed PMID: 23803275. [PubMed: 23803275] 

80. Odigie VI, Yusufu LM, Dawotola DA, Ejagwulu F, Abur P, Mai A, et al. The mobile phone as a 
tool in improving cancer care in Nigeria. Psycho-oncology. 2012; 21(3):332–335. Epub 
2012/03/03. PubMed PMID: 22383275. [PubMed: 22383275] 

81. Merriam S, Muhamad M. Roles traditional healers play in cancer treatment in Malaysia: 
implications for health promotion and education. Asian Pacific journal of cancer prevention : 
APJCP. 2013; 14(6):3593–3601. Epub 2013/07/28. PubMed PMID: 23886151. [PubMed: 
23886151] 

82. Ribbon PRR. 2013 Available from: http://pinkribbonredribbon.org/. 

83. National Cancer Institute N, Center for Global Health. [cited 2014 Jan 15] Funding Opportunities. 
2014. Available from: http://www.cancer.gov/aboutnci/globalhealth/fundingopportunities.

Sivaram et al. Page 17

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://www.fic.nih.gov/researchtopics/pages/implementationscience.aspx
http://www.fic.nih.gov/researchtopics/pages/implementationscience.aspx
http://www.who.int/social_determinants/en/
http://www.who.int/social_determinants/en/
http://whqlibdoc.who.int/publications/2003/9241591013.pdf?ua=1
http://pinkribbonredribbon.org/
http://www.cancer.gov/aboutnci/globalhealth/fundingopportunities


84. National Cancer Institute N. [cited 2014 Jan 15] Implementation Science: Inegrating Evidence into 
Research, Practice and Policy. 2014. Available from: http://cancercontrol.cancer.gov/is/
funding.html.

85. US Centers for Disease Control and Prevention C. [cited 2014 Jan 15] Global Health: Non-
Communicable Disease. Saving Lives through Screening: Cervical Cancer. 2014. Available from: 
http://www.cdc.gov/globalhealth/ncd/cervicalcancer.htm.

86. Lamas D, Rosenbaum L. Painful inequities--palliative care in developing countries. The New 
England journal of medicine. 2012; 366(3):199–201. Epub 2012/01/20. PubMed PMID: 
22256803. [PubMed: 22256803] 

87. National Institutes of Health N. U.S. – India Bilateral Collaborative Research Partnerships (CRP) 
on the Prevention of HIV/AIDS and Co-morbidities. Available from: U.S. – India Bilateral 
Collaborative Research Partnerships (CRP) on the Prevention of HIV/AIDS and Co-morbidities. 

88. National Institute of Allergy and Infectious Diseases N. [cited 2014 July 9] US- China Cooperative 
Biomedical Reserach Program. Available from: http://www.niaid.nih.gov/topics/globalresearch/
region/eastasiapacific/uschina/Pages/default.aspx.

Sivaram et al. Page 18

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

http://cancercontrol.cancer.gov/is/funding.html
http://cancercontrol.cancer.gov/is/funding.html
http://www.cdc.gov/globalhealth/ncd/cervicalcancer.htm
http://www.niaid.nih.gov/topics/globalresearch/region/eastasiapacific/uschina/Pages/default.aspx
http://www.niaid.nih.gov/topics/globalresearch/region/eastasiapacific/uschina/Pages/default.aspx


Figure 1. 
Trends in Percent of Cancer Deaths in World Regions from 1990 to 2010: The Diversity of 

the Cancer Experience
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Figure 2. 
Getting from Scientific Evidence to Public Health Practice: Role of Implementation Science 

Research
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Table 1

Risk Factors for Cancer: Individual and Health Systems Level Considerations for Cancer Control in Low and 

Middle Income Countries.

Risk Factor Brief Notes on Risk Factors and Systems Level Considerations

Individual Level

1.Tobacco Use 80% of all smokers in the world live in LMICs. Smokeless tobacco use is widely prevalent and on the 
increase in South Asia.

2.Infectious Agents Three agents contribute to the burden of cancer in LMICs: Human Papilloma Virus, causal agent in 
cervical cancer; Hepatitis B and C viruses associated with liver cancer; Helicobacter pylori, a 
bacteria associated with stomach cancer.

3.Harmful Use of Alcohol According to WHO, 5-year trends of alcohol consumption show an increase in Southeast Asia and 
Africa regions and reports of underage drinking show a 71% increase in alcohol use among 13–15 
year olds.

4.Lack of Physical Activity and 
Unhealthy Diet

In the decade ending 2007, combined prevalence of obesity and overweight has grown by 0.4% per 
year. Among women from 42 countries participating in a study on nutrition, 19 percent of rural 
women and 37.2 percent of urban women were overweight or obese

5.Environmental Exposures WHO estimates suggest that the proportion of global cancer attributable environmental carcinogens 
ranges from 7 to 19%

Systems Level

1.Access to Cancer Control 
Information

Cancer Prevention Education programs at national and community levels are limited in many LMICs. 
This impedes timely care seeking

2.Availability and Access to Cancer 
Prevention and Screening

Cancer screening modalities that work in high-income countries have been difficult to implement and 
sustain given the cost of screening, lack trained personnel to administer screening, conduct 
diagnostics and maintain equipment. Systems to track screened patients to ensure treatment 
completion are inefficient.

3.Cancer Disparities and Inequities In many LMICs, cancer services are available at a high cost in select centers in the private sector. 
Most patients, and particularly poor patients are typically diagnosed late and/or unable to afford 
treatment.

4.Social/Cultural Factors High levels of stigma, Delayed care seeking due to stigma and other cultural factors

5.Cancer Control Policies Policy and national guidelines are either non-existent, or where present poorly enforced.
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Table 2

Implementation Science Research in Cancer Control: Possible Research Focus Areas

Type of Implementation 
Science
Research

Possible Focus Areas for Research

Community-Based Research Developing appropriate prevention education interventions - content and delivery strategies in the 
community to inform about cancer risk and prevention, types of cancer and care seeking for cancer.
Understanding the role of stigma in cancer prevention and screening
Understanding practical strategies for delivering HPV and HBV vaccination. For HPV, considering the 
sociocultural implications of vaccinating young girls and boys in such a program
Exploring role of technology in cancer prevention and early detection(e.g., use of mhealth technologies in 
cancer prevention)
Understanding barriers and facilitators to participation in cancer screening programs
Developing practical strategies to integrate cancer detection into ongoing disease control programs
Developing Low-Cost and Sustainable Strategies for detection

Health Systems Research Developing and testing content of training programs for frontline health staff (doctors, nurses and other 
health workers) in cancer screening. Understanding novel task shifting options in cancer screening
Operations Research to understand organizational limitations and facilitators to expand program outreach 
(dissemination)
Evaluating systems to understand what needs for improvement including development of screening to 
treatment follow-up systems, systems for patient navigation
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