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 Developing countries have the majority of the world’s population and bear 

the greatest disease burden. The vast majority of those countries want to 

participate in the clinical research arena with their own data representing 

their population. The limited resources available in these countries 

necessitate the design and availability of evidence-based interventions that 

are efficient and cost-effective. Paradoxically, the lack of appropriately 

trained researchers, funding sources, and technical facilities limit the 

conduct of large-scale clinical trials in these countries that can serve as the 

basis of these interventional strategies. The identification of suitable 

measures that need minimal resources in terms of cost as well as skilled 

personnel is therefore an important requirement for these countries to meet 

the ever-increasing demands and burden put over the healthcare systems of 

these developing countries. Evidence extrapolated from randomized 

clinical trials is considered to be at the top of the evidence pyramid. Cluster 

randomization can offer logistical when delivered to the entire population 

rather than at the individual level. A cluster-randomized clinical trial allows 

both the direct as well as the indirect effects of an intervention to be 

captured and is well-suited for developing countries. In this review, the 

difference between the clinical trial studies conducted in the developing and 

the developed countries are delineated by looking at the clinical trial 

records of the Kingdom Saudi Arabia (KSA) and Egypt as developing 

countries, and Canada and Germany as developed ones. The pros and cons 

of conducting clustered clinical trials in the developing countries are then 

weighed, followed by ethical and methodological considerations that must 

be taken into account before conducting clustered clinical trials in the 

developing world. The benefits of using cluster randomization for the 

design of randomized clinical trials are then analyzed based on the previous 

observations. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Evidence-Eased Medicine (EBM) is the backbone of the practice of medicine [1]. In the hierarchy of EBM, 
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randomized clinical trials (RCTs) come on the top because they have the advantage of randomization. 

Randomization strengthens the validity of the research through bias minimization [2]. The evidence from 

RCTs is considered to be at the top of the evidence pyramid. Well-conducted RCTs are highly recommended 

in the clinical practice decision-making process [3]. This shift in practice caused an increased interest in 

experimental clinical trials in the developed countries over the past 50 years [4] since they were prepared 

economically and socially. However, the geography of clinical trials has expanded with a shift towards the 

emerging and developing countries in an attempt to shed some light on those patients who are under-

represented in clinical trials and to increase the generalizability of outcomes to people from different areas in 

the world. Although a set of robust guidelines is available to govern clinical trials in any country worldwide, 

the disparities of conducting clinical trials in developing and limited resources countries remains a pressing 

issue that needs collaborative effort to remediate. In the coming years, the number of clinical trials will likely 

continue to increase. The annual compendium of controlled trials in developing countries might therefore 

become an increasingly valuable resource [5]. 

 

Comparison between developed and developing countries: 

There is a considerable gap between developing and developed countries in conducting clinical trials. To 

illustrate the difference in clinical trials progress between developed and developing countries, we selected 

Canada and Germany as examples from developed countries, and KSA and Egypt to represent developing 

countries. According to the World Bank, the Gross Domestic Product (GDP) of Canada and Germany are 

1,736,425.63 million USD and 3,861,123.56 million USD respectively [6]. The GDP of KSA and Egypt are 

792,966.84 million USD and 303,092.26 million USD, respectively [6]. This difference in GDPs has been 

illustrated in Figure 1. 

 

A comparison between KSA and Canada shows a considerable gap in the interventional clinical research in 

favor of Canada (Figure 2). Based on data collected from Clinicaltrials.gov and World Health Organization 

(WHO) database, Canada’s total number of clinical trials for the years 2011–2021was 14367, of which 6337 

clinical trials have been completed. Of these 14367 clinical trials, 12281 were designed as interventional 

clinical studies, of which 5510 have been completed. KSA’s total number of interventional clinical trials in 

the same time period was only 474 interventional trials out of a total of 622 clinical studies that have been 

registered.  Only 204 interventional studies were completed, and 289 clinical trials were completed [6- 8]. 

 

Another example is Germany vs Egypt (Figure 3), where 12695 clinical trials were registered by Germany 

over the last decade, of which 6313 studies were completed. Of these, 9806 studies were designed as 

interventional clinical trials, of which 5073 were completed successfully. Egypt, on the other hand, registered 

4716 clinical trials during the same timeframe, of which 2181 have been completed. And 3590 studies were 

designed as interventional studies, of which 1724 have completed successfully [6- 8]. 

 

The aforementioned facts and figures highlight the huge difference in the number of trials conducted by the 

developing economies as compared to the developed ones. When comparing total number of studies that have 

been designed and completed to date, it is evident that the trend towards the design and conduct of such 

studies has significantly surged over the last decade, suggesting the success of awareness and training 

campaigns (Table 1). 

 

2. Objective assessments of the current status 

Developing countries represent the majority of the world’s population [9]. These countries bear nearly 90% 

of the worldwide burden of disease [10]. This vulnerability to increased risk for both communicable as well 

as non-communicable diseases poses an increased burden on the already pressured resources in developing 
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countries. These countries therefore need evidence-based, efficient, and cost-effective interventions. The 

dearth of resources in developing countries paradoxically increases the necessity of reliable healthcare 

evidence for prioritizing the resources [11]. There is a global need to conduct large clinical trials in developing 

and limited- resources countries. The vast majority of those countries want to participate in the clinical 

research arena with their own data that represent their population. Yet, and because of social, economic, and 

political circumstances, developing countries vary in their readiness to adopt clinical trials to be part of their 

research development. Despite these differences, developing countries share similar weakness points, which 

might hinder the progress of clinical trials, and they will also provide opportunities for investigators.  The 

main obstacles are scarcity of qualified local researchers and lack of adequate research infrastructure, together 

with the amount of local regulatory, bureaucratic requirements to conduct clinical trials [5], [12]. 

Nevertheless, clinical trials allow physicians and other healthcare workers to improve their clinical research 

skills by researching in accordance with international standards, which will improve local research 

infrastructure [5], [13], [14]. The important question is how developing countries can approach clinical trials? 

 

3. Plausible solutions to the current situation 

The developing countries are under-represented in research owing to the lack of commercial viability and 

research capacity [15], [16]. In these countries, the research-led solutions can significantly impact the high 

rates of early mortality [17], [18]. There is a need for good quality, relevant, and ethically conducted clinical 

trials in developing countries that can generate data related to otherwise under-represented part of the 

population. For this to be possible, various solutions have been suggested to promote clinical trials in those 

countries [14], [19- 21], namely: 

• Design and conduct studies that analyze the barriers to conducting clinical trials in developing 

countries. These studies must acknowledge the diverse views from the different developing countries and 

various stakeholders. 

• Improve harmonization between global regulatory agencies and industries. 

• Initiate formal programs for the training of investigators to enable standardization of clinical trial 

operations, analysis, publication and to support monitoring and protection of trial participants rights. 

• Enhance participation in international clinical trials, which will benefit developing countries in many 

ways: it will be cost-efficient, provide training to investigators, and improve the research infrastructure. 

• Reduce fragmentation among local institutions, which will improve access of patients and 

professionals to the local experts; provide greater acceptability of quality control and potentially healthy 

competition among participating institutions; may help identify demography-centric & geography-centric 

problems. 

• Procure funding from foreign agencies with joint interests can help in eliminating the funding issues. 

For this purpose, joint research studies can be designed that can benefit all the parties involved. Finally, we 

suggest using cluster randomized clinical trials (CRTs) as a solution that could help facilitate the conduct of 

large interventional clinical trials in developing and limited- resources countries. 

 

4. Cluster randomized clinical trials (CRTs) 

A cluster (or groups or community) randomization trial (CRT) research design is “one in which intact units, 

or clusters of individuals, rather than individuals themselves, are randomized to different intervention groups” 

[19]. These units are defined organizationally, socially, or geographically [21]. 

 

5. The need for CRTs in developing countries 

Cluster randomization can offer more logistical convenience or would be received with greater acceptability 

when delivered to the entire population rather than at the individual level. CRTs allow both the direct as well 

as indirect effects of an intervention to be captured [22]. This provides a measure of the overall effect of 
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implementing an intervention throughout a population. This is especially very effective in the management 

and control of infectious diseases whereby those receiving the intervention benefit from both the direct effect 

of the intervention on susceptibility to the infection and indirect mass effects resulting in a reduction in the 

exposure to infection [22]. There is a growing realization that the developing countries offer an enormous 

research potential [23] that can not only benefit their own healthcare system but can also answer research 

questions of the developed world. This potential includes reduced cost and time to recruit patients [18], [24] 

and increased incidence of diseases (such as diabetes, cardiovascular diseases, and cancer) [25] of interest to 

the developed world. Developing countries need to expand their research experience beyond observational 

studies [4]. Interventional trials are best designed in the form of randomized clinical trials (RCTs). CRT 

design, as a form of RCT, is well suited for developing countries for the following reasons [22], [26- 32]: 

• It provides faster recruitment of study participants because of its unique cluster design. This is of 

significance since participants’ recruitment can delay the process of RCT. 

• It helps in the evaluation of complex interventions employed in disease prevention. This bears value 

in developing countries because of the high prevalence of communicable and non-communicable diseases. 

• It will facilitate knowledge translation research since CRTs will recruit physicians and other health 

care providers to test implementation on a large scale in one area (hospital). This allows for a wider spread 

of knowledge and more involvement in research. It will also establish a foundation for a research-driven 

health care environment. 

• It will be fruitful in guiding health promotion and leading quality improvement initiatives in 

developing countries. 

• Facilitate faster collection of data and rapid data production than RCTs. 

• CRTs significantly cut the cost associated with conducting large clinical trials compared to the 

individual randomization. It also offers a cost-effective alternative to compare the efficacy of different 

therapeutic regimens.  

• Multicenter international trials may not address the developing countries’ primary needs. At the same 

time, conducting independent large-scale trials in developing countries might not be feasible, and CRT might 

serve as a middle ground and real-time solution for this paradox. For example, using CRT design to administer 

mass doses of gametocytocidal combination agents targeting malaria transmission in Tanzania (Africa) made 

it possible to approach a larger number of patients who, otherwise, would be difficult to treat if another design 

was used [27]. 

 

CRT or not to CRT- When is it favorable to do a CRT? 

There has been a recent interest in adopting the CRT methodological design; however, guidelines recommend 

careful selection of those interventions which are truly likely to be eligible for CRT design. There are many 

recommendations for different situations where the CRT methodological design is appropriate. These include, 

but not limited to, the followings [19], [22], [26- 28], [30- 32]: 

• When the nature of the intervention is best applied at the community (or population) level instead of 

the individual level, to wit: health education. 

• When it is logistically more feasible to allocate community (or hospital) than individuals, and this is 

significant in developing countries where the individual cannot be separated from the community. 

• To minimize the cost of recruitment of specialized research personal at each institution, instead 

incorporate the research as part of the routine practice of the health care team. 

• To increase the sample size recruitment by allowing large-scale deployment and offering the same 

intervention for all the participants of a cluster, and easier implantation that needs to be balanced against the 

inter-class correlation. 

• The CRT study design might increase the compliance of the study participants because of the 

interaction among the cluster members. 
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• To avoid contamination of the results, which may occur in individually based RCTs, because of 

individuals living in the same community sharing medications or other interventions. This is a significant 

problem facing investigators in developing countries. However, the modest risk of contamination must be 

weighed against the complexities that CRTs might offer [33]. 

• To avoid ethical problems that otherwise exist in RCTs. 

• To maximize the generalizability of the results. 

• Randomizing by cluster can also be appropriate for pragmatic trials in which the effectiveness of an 

intervention in routine clinical practice is measured. 

 

However, the CRT study design is statistically less efficient than an individually randomized design that 

harbors the same total number of observations. This is a result of a positive correlation among observations 

from the same cluster. Sometimes either the number of clusters or the cluster size is limited by availability or 

feasibility that limits the overall viability of the study. CRTs are also more prone to selection biases [32]. The 

pros and cons of a CRT must therefore be weighed over other randomized study designs before conducting a 

clinical trial. 

 

6. Cluster Trials in Oncology Research 

Cancer is the second leading cause of mortality globally and is responsible for an estimated 9.6 million deaths 

in 2018. Approximately 70% of the deaths from cancer occur in low- and middle-income countries [34]. The 

infectious causes of cancer are responsible for up to 25% of cancer cases in low- and middle-income countries 

[35]. The main challenges in these countries are late-stage presentation coupled with inaccessible diagnostic 

and management facilities. In 2017, only 26% of low-income countries reported access to pathology services 

available in the public sector [34]. A comparison of the availability of treatment services showed 90% 

availability in high-income countries compared to less than 30% availability in low-income countries. Only 

1 in 5 low- and middle-income countries have the necessary data to drive cancer policy [36]. Such a disparity 

necessitates more cancer research to be designed and conducted in developing countries to support the cancer 

burden. The difference in the cancer clinical studies between model countries is illustrated in Fig. 4. 

 

CRTs have been conducted to evaluate the existing and proposed screening and therapeutic approaches for 

cancer. 1737 studies including 551 clinical trials have been published in PubMed on CRTs of cancer. These 

include research studies conducted for analyzing the efficacy of therapeutic and management interventions 

[37-39], behavioral interventions [38], role of genetics [40] and diagnosis [41, 42] etc.  New methods for 

designing and conducting CRTs are crucial to meet the challenges of conducting cost- and time efficient 

research in developing countries. Review of CRTs of cancer screening from 1995-2010 showed deficiencies 

in the application of correct statistical procedures for the outcome analysis. The trend towards increased 

adoption of appropriate methods that started in late 1990s and early 2000s did not continue after mid-2000s 

[43]. In addition to designing and conducting clinical research, the advancement of strategic measure for 

CRTs is also very important. The developing countries can benefit from both the general advancement in 

CRTs as well as the strategies designed specifically for their demands. 

 

Challenges in cluster trials: 

CRT significance in health research is rapidly increasing over the past decade, especially in developing 

countries. Nonetheless, CRTs brought many challenges and started an endless debate. Investigators interested 

in conducting CRT must be aware of the ongoing debate and be prepared to handle the relevant pitfalls to 

overcome them without affecting the quality of their trials. Literature divides the pitfalls of CRTs into ethical, 

statistical, and design [30]. 
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Ethical issues remain the core challenge that most investigators face.  The bright side of the debate about 

ethical issues related to CRTs is it brought guidance to investigators on how to approach ethically challenging 

situations. There were no formal and uniform guidelines for researchers on designing, conducting, and 

reviewing CRTs according to internationally accepted ethical standards [44]. Then, the Ottawa Ethics of 

Cluster Randomized Trials Consensus Group developed strict guidelines related to minimizing ethical 

concerns raised while conducting CRTs [45]. 

 

In a recent review, [44] identified a couple of questions that pose ethical challenges related to many aspects 

of CRT and need to be addressed before the start of CRT. These questions include inquiries related to trial 

subjects and how they will be protected; informed consent and how and who from it should be obtained; 

measurements for risks and benefits; and questions about the gatekeepers and their responsibilities. Informed 

consent remains a major issue since many investigators assume that there is no need for individual participant 

informed consent if a general consent is signed. However, the guidelines stated that informed consent must 

be sought from the patient unless there are obstacles preventing this. 

 

Other concerns with CRTs are related to their statistical analysis. Literature showed that CRTs might lack 

statistical precision [30] that could result from multiple factors. Some investigators will accept other 

advantages of CRT at the cost of statistical precision. However, statistical precision can be improved by 

implementing simple strategies like strict inclusion criteria. Another statistical problem with CRT is the 

reduced power to detect an intervention effect because of improper sample size calculations (inter-cluster 

correlation), thus increasing the risk of concluding that there is not an effect when in reality, there is (a Type 

II error) [19]. Because of its significance, the guidelines (Ottawa and CONSORT) required careful sample 

size calculations are done prior to the randomization to determine the number of clusters to be used and the 

number of individuals to be studied [32], [45]. Sample size requirements can be reduced by making clusters 

more homogenous or selecting clusters with larger population [46]. Intra-cluster correlation, the lack of 

independence among individuals in the same cluster, is also another challenge when designing and analyzing 

CRT [30], [46]. 

 

Nevertheless, before the design and conduct of CRTs, the researchers must consider some points [47]. These 

include, but are not limited to: 

■ The rationale for choosing cluster randomization. In the absence of a substantial rationale, then individual 

randomization must be preferred. 

■ Consultation with a statistician for ensuring appropriate sample size selection and analysis plan. The 

number of clusters must be sufficient to allow valid analysis and interpretation of results 

■ The risks of baseline imbalances must be outweighed in the design and implementation of the recruitment 

procedures that minimize the risk of bias. 

■ Adherence to the Ottawa recommendations for the ethical design and conduct of CRTs and the reporting 

guidelines set out in the Consort extension to cluster randomized trials. 

 

Is CRTs design appropriate for drug intervention trials? 

The validity of the design of CRTs in drug intervention trials remains a challenge to many investigators. As 

mentioned earlier, the investigators must justify the use of CRT and make sure it is suitable for the 

intervention in question to avoid ethical questioning. Clinical equipoise has been questioned. The drug of 

choice needs to have a good safety profile to make sure no harm occurs in the tested population, while its 

superiority is tested in the CRTs. 

 

Trials are based on a clinical equipoise, which means that there may be some controversy in certain 
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interventions; if the answer is no, then it is not ethical despite the design. CRTs are not less effective than 

individualized RCT [48]. Refuting the answer can be challenging. CRTs are suited for many drug 

interventions, especially in areas of limited resources. 

 

7. Conclusion 

CRTs are crucial in areas with limited financial or healthcare resources. The current CRTs continue to 

improve in their quality of operation and reporting. Researchers planning to conduct interventional CRTs are 

likely to face numerous barriers and having a preliminary work plan is essential in dealing with such barriers. 

With proper planning and design, CRTs can be efficiently conducted with lower cost and can be applied to 

any outcome needed. It will facilitate the transfer of knowledge globally and provide a window of hope in 

spreading the EBM through proper research. Investigators can always refer to the “Extension of CONSORT 

statement to cluster randomization trials” report for guidance [32]. 

 

 
Fig. 1: Differences between GDPs of KSA, Canada, Egypt and Germany. 

 

 
Fig.2: Comparison of Key Research Indicators between Canada and KSA [6- 8] 
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Fig.3: Comparison of Key Research Indicators between Egypt and Germany [6- 8] 

 

 
Fig. 4: Comparison of Cancer clinical Trials in KSA, Canada, Egypt and Germany 

 

Table 1: The clinical studies data for KSA, Egypt, Canada, and Germany [8] 

Country Clinical trials Interventional    

 Total 2011-2021 Total 2011-2021 

 Studies Completed Studies Completed Studies Completed Studies Completed 

Saudi Arabia 823 440 622 289 603 305 474 204 

Egypt 5085 2473 4716 2181 3892 1972 3590 1724 

Canada 22898 12865 14367 6337 19801 11399 12281 5510 

Germany 20758 12607 12695 6313 16660 10532 9806 5073 
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