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Progress in Pharmacometrics Implementation 
and Regulatory Integration in Africa: A 
Systematic Review
Bonginkosi S’fiso Ndzamba1, Samuel Egieyeh1,2,*  and Pius Fasinu3

The availability of clinical trial data, advocacy, and increased funding has facilitated the implementation of 
pharmacometrics in Africa, resulting in the establishment of additional training programs for pharmacometricians. 
This study conducted a systematic review to evaluate the progress made from the implementation of 
pharmacometrics in clinical drug development and its adoption into drug approval by regulatory authorities in Africa. 
We performed a comprehensive literature search using major databases such as PubMed and Google Scholar. 
The study included articles published until 2024, with no lower cutoff. Articles were excluded if not addressing the 
research question or of pharmacometrics studies done outside Africa with no collaboration with African researchers 
(study setting). For the review, a total of 121 articles were included for analysis. Among the reported pharmacometrics 
approaches, Population pharmacokinetics modeling approaches are the most used (95 (78.5%)). South Africa 
and Uganda researchers have the most research output in pharmacometrics in Africa (82 (89.1%) and 7 (7.61%), 
respectively), with the University of Cape Town (South Africa) producing the highest (71 (78.8%)) of all article in Africa. 
The most studied conditions are TB (43 (35.5%)), HIV (33 (27.3%), TB and HIV (22 (18.2%)), and malaria (12 (9.92%). 
Pharmacometrics is gaining momentum in Africa, and the progress made since inception will significantly improve the 
safety and efficacy of therapeutic agents used to treat HIV, TB, and other emerging conditions.

BACKGROUND
Africa possesses significant clinical data, as well as being the 
origin of genetic diversity.1,2 In the concept of pharmaco-
metrics, this data can remain unpublished or not explored 
fully if the required skill set and expertise are found missing. 

Pharmacometricians have been lacking in Africa, further lim-
iting the application of pharmacometrics.2 To fully exploit this 
opportunity and realize value for the patient, a concerted col-
laborative effort among researchers in academia and industry, 
both within Africa and outside the continent was proposed.1,2 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
	; The implementation of pharmacometrics in low-middle-

income countries for rational drug use and its role in phar-
macotherapy and the drug development process in developed 
countries.
WHAT QUESTION DID THIS STUDY ADDRESS?
	; Progress in implementing pharmacometrics and its utility in 

drug development and approval processes in Africa by regula-
tory agencies.
WHAT DOES THIS STUDY ADD TO OUR 
KNOWLEDGE?
	; The study presents a list of current research institutes, uni-

versities, and countries involved in pharmacometrics modeling 
in Africa. It also includes the research and work that has been 

conducted, detailing the diseases studied through pharmaco-
metrics. Furthermore, the paper discusses the endorsement of 
pharmacometrics by regulatory bodies in Africa.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE?
	; This study provides a summary of the conditions that 

funders and stakeholders can use as a foundation to contribute 
to the growth and continuity of pharmacometrics in Africa. 
The involvement of regulatory bodies in the implementation of 
pharmacometrics is crucial for its growth. This study provides 
information that regulatory bodies in Africa can use to set up 
action plans and interventions such as providing education and 
training to every related field, including academics and the 
pharmaceutical industry.
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This was seen to be possible as pharmacometrics has the advan-
tage of being relatively inexpensive,2 which allows for success-
ful implementation in resource-limited settings such as Africa. 
The support of the regulatory agency and the ongoing presence 
of healthcare professionals is crucial for expanding pharmaco-
metrics reach and establishing clinical practice applicability. 
Therefore, the involvement of regulatory agencies in Africa 
was proposed to prioritize its impact and provide education 
and training to all relevant sectors, including academia and the 
pharmaceutical industry.1,2

Africa comprises 55 countries with 54 recognized national 
medicines regulatory authorities (NMRAs),3,4 but their capaci-
ties vary, with many unable to fully fulfill their expected roles.4 
Effective regulation of medical products requires a strong legal 
framework, technical expertise, sustainable funding, coordina-
tion of regulatory activities, monitoring, and evaluation.4,5 In the 
African spaces, the core functions of NMRAs include the regis-
tration of medicines, marketing authorization, oversight of man-
ufacturing establishments, import and export control, inspection 
of premises and distribution channels, market surveillance, quality 
control, and oversight of clinical trials.3–6 These NMRAs may op-
erate independently or within the Ministry of Health, regulating 
not only medical products but also food and cosmetics. Ultimately, 
all NMRAs are accountable to the Minister of Health.4

To gain approval for marketing and distribution of me-
dicinal products in Africa, applicants must register with the 
NMRA.4,5,7,8 Expert committees within NMRAs are responsi-
ble for evaluating the safety, quality, and efficacy of medicines. 
These committees play critical roles and may operate as advi-
sory committees or be involved in decision-making processes. 
Registration guidelines used by these committees are available 
for various types of medicines,7 and the requirements for clini-
cal trial studies are common. The registration process generally 
takes 6 months for fast-tracked medicines and 24 months for 
normal registrations, with the final decision made by the board, 
director general, or technical registration committee of the spe-
cific NMRA.4,7,8

Reports show that there are few qualified reviewers and inspec-
tors in the regulatory space.6 Limited human resources is a prob-
lem faced by most developing countries, due to low wages, lack 
of health professionals and other important professionals, lack of 
training opportunities, and lack of structures and incentives.3–6 
While it is generally agreed that most NMRAs in Africa lack quali-
fied experts to perform critical regulatory functions, there is a need 
to assess the progress made in implementing pharmacometrics in 
Africa.

This study aimed to conduct a systematic review to evaluate 
the progress made in the implementation of pharmacometrics 
in Africa, including the status of endorsement of pharmacomet-
rics in drug development and approval processes by regulatory 
bodies.

METHODOLOGY
Search strategy and documentation of results
A systematic review of the literature was conducted using the preferred 
reporting items for systematic reviews and meta-analysis (PRISMA) 

guidelines,9 with a focus on pharmacometrics studies published 
till March 2024. The databases searched included Google Scholar, 
ResearchGate, PubMed, and other databases (i.e., regulatory authori-
ties websites) using search terms such as “pharmacometrics in Africa” 
“pharmacodynamics modeling in Africa,” “pharmacokinetics model-
ing,” “physiologically based PK modeling,” “pharmacometrics and reg-
ulatory endorsement,” etc. (see Table S1). Operators such as “and” and 
“or” were used to increase results and expand the search strategy on the 
specific research questions. The search strategy was peer-reviewed by 
two co-authors (P.F. and S.E.).

Eligibility criteria
The inclusion criteria were articles reporting the use of any of the phar-
macometrics tools/approaches (e.g., population pharmacokinetics 
modeling (PopPK), pharmacokinetics/pharmacodynamics (PK/PD), 
physiologically based pharmacokinetics (PBPK), non-compartmental 
analysis (NCAs), disease progression models, target-mediated drug 
disposition models, etc.), or reporting the utility of pharmacometrics 
approaches by African regulatory agencies (evaluating the use of phar-
macometrics in drug development and approval processes). These publi-
cations were published by the first author based in an African institution 
(affiliation) or the first author based in an institution outside Africa 
(however, with researchers based in Africa appearing in the authors list 
(collaborations)). The lower cutoff for publication was not put; however, 
data were collected till March 2024. All articles were published in the 
English language.

Data screening and extraction
The title, authors, abstracts, and full text/articles were carefully exam-
ined based on specific inclusion and eligibility criteria using reference 
management systems. The researcher independently extracted and cap-
tured relevant data from the selected articles. Any discrepancies were 
discussed and resolved with the team. Finally, the collected data were 
entered into a customized spreadsheet, which included essential details 
such as the authors of the articles, publication dates, study locations, and 
the study parameters (e.g., pharmacometrics tools, disease studied, etc.) 
related to the topic and objectives.

Quality assessment of eligible studies
To determine the quality of the studies included, a checklist consisting 
of nine items developed by Hawker et al. 10 was used. The checklist 
involves a scoring system that enables scoring of individual parts of 
the article and compares strengths and weaknesses within and across 
studies through a total score from the individual parts. The studies 
were scored as “Good” (4), “Fair” (3), “Poor” (2), and “Very poor” (1) 
for each checklist item including the title, introduction and aims, 
methods and data, sampling, data analysis, ethics and bias, results, 
transferability or generalizability, and implications and usefulness. 
The maximum score that can be obtained is 36. Quality rankings were 
assigned to the studies based on their scores, with the reported ranges 
being high (30–36 points), medium (24–29 points), and low quality 
(9–23 points).10,11

Data analysis
Analysis of data was carried out using RStudio version 4.3.1. 
Cumulative frequencies were used to determine the number of stud-
ies produced for each item analyzed (e.g., Disease, pharmacometrics 
approaches, etc.).

RESULTS
Description of the studies
A total of 3600 citations were identified through database 
searches and 32 guidelines through a hand search from regulatory 
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bodies’ websites (Figure 1). From the 3600, 1232 (20% duplicates 
and 80% not meeting the criteria for affiliation) were removed at 
the title/authors screening stage. In addition, 2118 were removed 
through abstract screening, and 250 full texts were available for 
final screening and eligibility assessment. Of these, 21 (16.3%) 
were excluded because of an ineligible study design (editorials 
and systemic reviews), and 108 (83.7%) were unrelated to the 
primary objective (i.e., pharmacokinetic/pharmacodynamics/
physiologically based/pharmacometrics modeling or regulatory 
status in Africa, etc.). This resulted in a total of 121 studies in-
cluded for analysis with 26 guidelines available for review from 
regulatory bodies’ websites (summary/list of guidelines provided 
in Table S4).

Quality assessment of the included studies
According to Hawker et al.11 nine-item checklist (Table S2), 
the quality of the included studies was considered as “high” for 
all 121 studies. The methods used in all studies were considered 
adequate. All studies had sufficient pharmacometrics approach 
“method” and “results” sections. The “implications and useful-
ness” and “transferability or generalizability” parameters achieved 
a score of four in all studies, indicating significant contributions 
to clinical practice and drug development for future research and 
implications.

Progress in the implementation of pharmacometrics in 
Africa
A total of 121 publications in pharmacometrics-related research 
were retrieved from the literature. Of the 121, 92 (76.0%) were 

published by researchers based in Africa, and 29 (24.0%) were 
published through collaboration with the first author from out-
side Africa (See Supplementary File for all references 1–121). 
As shown in Figure 2a,b, population PK (Pop PK) modeling ap-
proaches are used in 75 (81.5%) of articles published by researchers 
in Africa, and also forming the majority of publications through 
collaborations (20 (68.9%)). There is published work seen for 
physiologically based (PBPK) approaches through collaborations 
with researchers outside Africa (4 (3.3%) publications). Among 
the African countries, researchers from South Africa and Uganda 
have the most output in pharmacometrics-related publications (82 
(89.1%) and 7 (7.61%), respectively), with the University of Cape 
Town (UCT) based in South Africa producing the highest (71 
(77.2%)) published article in Africa (See Figure 2a). As shown 
in Figure 2c, the most studied conditions are HIV (33 (27.3%), 
TB (43 (35.5%)), TB/HIV (22 (18.2%)), and Malaria (12 (9.92%). 
HIV and TB studies where researchers have reported three or 
more different pharmacometrics approaches. Figure 3 shows the 
trend in the number of publications seen since 2003. A summary 
of studies according to their pharmacometrics approach, disease 
studied, and origin is presented in Table S3. Table 1 summa-
rizes some of the key pharmacometrics contributions from the 
most recent studies (2019–2023), using data pooled from African 
participants.

The regulatory status of pharmacometrics in drug approval.
In all the 121 articles and 26 guidelines (Table S4), there was no 
report or mention of integration or endorsement of pharmacom-
etrics techniques by regulatory bodies for drug approval in Africa. 

Figure 1  PRISMA flow diagram. n, total number of citations/publications; PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses.
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A summary of countries registering medicines and providing 
guidance on clinical studies is provided in Table S4. As shown in 
Table S4, guidances are only issued by 14 of 21 countries under-
taking medicines registration and approval.

DISCUSSION
This systematic review analyzed 121 articles retrieved from vari-
ous sources such as Google Scholar, ResearchGate, and PubMed 
that reported on work done in pharmacometrics (PMX) in 
Africa published from year 2003 to 2023. Our findings show 
that PMX publications have increased since the first publica-
tion in 2003, with researchers based in South Africa, Uganda, 
and Nigeria (time of publication) also shown to contribute to 
the growth of PMX in Africa. TB and HIV are reported as 
the most studied diseases, with population pharmacokinetics 
modeling as the most used PMX tool. This is not surprising as 
these diseases (particularly TB) are significant contributors to 
global infectious disease-related fatalities. Even though Africa 
currently constitutes 17% of the world’s population, it bears 

25% of the world’s disease burden, and studies show that it con-
tributes to approximately 2% of global health research output.12 
In 2021, the World Health Organization (WHO) reported 
approximately 1.6 million individuals succumbed to TB, with 
over a quarter of these deaths occurring in the African region.13 
In sub-Saharan Africa, TB presents the most substantial dis-
ease burden, with increasing concern regarding drug-resistant 
strains. According to our findings, PMX continues to make 
significant contributions to the management of both TB and 
HIV globally through studies/clinical trial data originating 
from Africa. For example (shown in Table 1), first-line TB 
drugs (Isoniazid, rifampicin, pyrazinamide, and ethambutol) 
have been reported to display large variability in drug expo-
sure across weight bands, which may be influenced by several 
factors (i.e., body size, genetic differences, disease state, and 
drug–drug interactions),14–19 with patients weighing < 55 kg 
showing low drug exposure as compared to those in the weight 
categories > 55 kg.16,19,20 Sekaggya-Wiltshire et al.21 pooled data 
from Ugandan participants, investigated the variability seen 

Figure 2  Pharmacometrics (PMX) utility in Africa. The upper panel (a) represents the number of publications from each publishing country and 
university in Africa. Publications for panel (a) are separated according to the PMX method used. Panel (b) represents the publications through 
collaboration, with first author outside side Africa. The number of publications and PMX tool was presented for panel (b). Panel (c) represents 
the cumulative frequency of disease studied using PMX tools. HIV, human immunodeficiency virus; MBLR, model-based linear regression; 
NCA, noncompartmental analysis; NWU, North west University; PBPK, physiologically based pharmacokinetics; PK/PD, pharmacokinetics/
pharmacodynamics; PopPK, population pharmacokinetics; SU, Stellenbosch University; UCT, University of Cape town; UKZN, University of 
Kwazulu Natal.
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from the WHO drug-susceptible TB weight band categories 
and reported the reduced exposures/increased variability across 
the weight bands, and recommended suitable dose adjustments 
that can be considered by the WHO to combat this problem. 
The findings from Sekaggya-Wiltshire et al. are comparable to 
work done by Mehta et al.20 (pooled data from Botswana par-
ticipants (Africa)), however, Sekaggya-Wiltshire et al. include 
all first-line drugs (ethambutol, isoniazid, pyrazinamide, and 
rifampicin) whereas Mehta et al. focused only on ethambutol. 
Other contributions are seen for the NAT2 polymorphism ef-
fects on isoniazid exposure,21–23 different fixed-dose combina-
tion (FDC) formulations effect on the PK of first-line drugs,22 
drug–drug interactions and safety,21,24–26 multidrug-resistant 
TB management,27,28 implementation of maturation models in 
children,24,26 and many more not mentioned here. Significant 
progress through PMX is also seen with HIV, where researchers 
have evaluated the drug changes seen with the updated treat-
ment guidelines as recommended by the WHO, with dolute-
gravir added as a first-line drug replacing efavirenz. Studies by 
Griesel et al.29,30 have reported on the effects of tenofovir diso-
proxil fumarate (TDF)/tenofovir alafenamide (TAF) in dolute-
gravir exposure,30 and dolutegravir-associated neuropsychiatric 
adverse effects.29 Individuals diagnosed with both HIV and TB 
can be complicated to treat and researchers have studied treat-
ment in both adults and children addressing different problems 

(i.e., potential drug–drug interaction,24,30–33 drug exposures 
in different population groups,33,34 etc.) to produce evidence-
based knowledge to help in treating these conditions.

Even though the availability and distribution of pharmacome-
tricians in Africa is still a major concern, it is important to note 
that the sample of studies summarized in Table 1 all included 
data from the African population. It is motivating to see data 
originating from Africa contributing to global research through 
PMX. However, to facilitate the implementation of PMX in 
Africa, there is a need for an adequate number of pharmacome-
tricians to be based in Africa, and to sustain it, Africa will need 
programs rendering related training to progressively increase this 
number.2 Our study shows that most of the publications in Africa 
came from the University of Cape Town (UCT) and Makerere 
University. The University of Cape Town from South Africa, is 
the most prominent with PMX output, appearing in the early 
trace of PMX publications in 2004, and currently with > 70 and 
counting publications. In 2020, the University of Cape Town 
pharmacometrics team was also fortunate to host the annual meet-
ing of the World Conference on Pharmacometrics (WCoP) in 
Cape Town, South Africa. Showing its international recognition 
as an established pharmacometrics group and further creating the 
opportunity for researchers and funding agencies to share new 
ideas and technologies that could be applied to clinical practice 
and drug development in the region.35 The Infectious Diseases 

Figure 3  The trend in the number of pharmacometrics publications over the years in Africa. This includes all the publications through Africa-
based research and collaborative efforts.
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Institute (IDI) at Makerere University in Kampala, Uganda, was 
founded in 2002 by the Academic Alliance for AIDS Care and 
Prevention in Africa. IDI is known for clinical research in infec-
tious diseases in Africa. Until 2016, pharmacokinetic data from 
Uganda was sent to collaboration partners for analysis due to a 
lack of pharmacometricians.2,36 To correct this, focused online 
introductory courses on pharmacology and pharmacometrics 
were initiated in 2019 by Pharmacometrics Africa, a non-profit 
company, registered in South Africa in 2018, to develop quanti-
tative clinical pharmacology among African scientists, and more 
generally among pharmacometricians in LMICs.36 In 2021, the 
Ugandan Chapter of Pharmacometrics Africa comprised indi-
viduals trained in pharmacometrics but working in Uganda.36 
These efforts have contributed to the growth and advancement 
of PMX in Uganda (with evidence of publications from Makerere 
University), attracting collaborations with universities outside 
Africa (i.e., University of Liverpool), and creating onsite post-
graduate/postdoctoral programs.

Pharmacometrics approaches such as those seen used in Africa 
(PopPK, NCA, PK/PD, and PBPK), are used to support the evalu-
ation and approval of various Abbreviated New Drug Applications 
(ANDAs), evidence-based clinical practices, and product-specific 
guidance recommendations.37–39 According to Battaram et al., 
these methods can also be utilized in drug labelling, designing clin-
ical trials, and creating policies. In regulatory approval processes, 
these methods can assess the bioequivalence (BE) of narrow ther-
apeutic index products or highly variable drugs,40,41 commonly 
applied in the development of generic drugs. These tools are espe-
cially pertinent in Africa as these approaches can improve the drug 
approval rates, and help reduce cost and time of product develop-
ment. However, our study showed that the integration of PMX by 
regulatory bodies in Africa is still lacking.

There is growing evidence of the application of PMX tools/
approaches within Africa which can be considered to support the 
development of regulatory standards, guidelines, and practice. 
We found that only 21 African countries (regulatory agencies) 
carry out medicine registrations. Out of these, only 14 (66.7%) 
have included information on their respective websites regarding 
the prerequisites for preclinical and clinical data, as well as the 
requirement for pharmacokinetics and pharmacodynamics stud-
ies (Table S4). The seven NMRAs/countries listed as registering 
will either not have information guidance or the NMRA website 
not working, except for Burkina Faso for which the AMRH stated 
that information was not made available to the public by the reg-
ulatory body from Burkina Faso. For successful development and 
integration of PMX guidance by regulatory bodies, support from 
academia and other regulatory bodies outside Africa will be cru-
cial. PMX guidelines detailing clinical reports including PMX 
tools for drug approval will be needed for all NMRAs adopting 
these tools, and these guidelines can be made available to the 
public or issued upon request. Currently, there are known estab-
lished pharmacometrics research groups in both the University of 
Cape Town and Makerere University, with output also seen from 
Stellenbosch University, Witwatersrand, University of Kwazulu 
Natal, and many more. Another important role player is the 
African Medicines Regulatory Harmonisation (AMRH).4,5,7,42 

The initiative’s objective is to improve the fragmented regulatory 
systems, reducing the lead time associated with meeting different 
country requirements, and contributing to increasing the availabil-
ity of safe, effective, and quality essential medicines for priority 
and neglected diseases.5,7,42 The AMRH key focus is the transi-
tion from a country-specific approach to a collaborative regional 
approach by harmonizing and streamlining technical requirements 
for product registration.4,5,7 Even though not yet mentioned, the 
advocacy of innovative tools like pharmacometrics by the AMRH 
can potentially accelerate integration by regulatory bodies, coupled 
with efforts from academia and other independent organizations.

We acknowledge that our review is limited to only 121 arti-
cles and 26 guidelines from regulatory bodies’ websites in Africa; 
however, they were sufficient to provide detailed progress on the 
primary objectives of the study. Our study did not include any in-
terviews with the regulatory bodies to investigate the readiness and 
endorsement strategies which could be beneficial as nothing was 
published in this regard.

CONCLUSION
The study presents current progress made in the implementation 
of pharmacometrics in Africa. The review is crucial for health pro-
fessionals, regulatory bodies, funding organizations, and the pub-
lic to determine how much Africa is utilizing pharmacometrics to 
benefit its healthcare sector. Pharmacometrics is gaining momen-
tum in Africa, with universities such as the University of Cape 
Town, Makerere University, and Stellenbosch University leading 
the way. There is evidence of researchers utilizing data originat-
ing from African participants to contribute to global research. 
Additionally, pharmacometrics is a critical tool for proficient clin-
ical drug development. Although regulatory endorsement remains 
a challenge in Africa, the support of regulatory bodies, healthcare 
professionals, and researchers in these areas is crucial for the con-
tinued advancement of pharmacometrics in clinical practice or 
drug development and approval processes.
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