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Aims: Clinical pharmacology (CP) used to be a strong medical and scientific field, but
during the last three decades it seems to have lost some of its appeal. We reviewed
the visibility, relevance and impact of CP and clinical pharmacologists across the
globe and suggest ways to strengthen the discipline to address future pharmacother-
apeutic challenges.

Methods: Literature consultations and multiple survey approaches through personal
contacts with leading experts from high-income countries, Asia and Africa and with
CP scientific journal editors with presentation, discussion and recommendations at a
workshop (World Congress in Basic and Clinical Pharmacology, Glasgow 2023).
Results: Historically, CP has been a leading discipline for the advancement of knowl-
edge and practice of rational principles for human drug use. However, currently there
is variable visibility and impact between countries in research, education and clinical
services. The workshop participants agreed that CP continues to be an open transdis-
ciplinary subject to address challenges of drug development with affordable access
to essential medicines and rational use of new advanced therapies as well as essential
medicines. Medical specialisation programmes in clinical pharmacology and therapeu-
tics should be the norm and become attractive through introducing board
programmes for accreditation of specialists building on models existing in some
European countries, India, Nigeria and South Africa.

Conclusions: Clinical pharmacologists should collaborate across countries and
disseminate success stories, demonstrating their essential contributions to medical
science and patient care. A white book with comprehensive global representation on

the future role, structure and impact of the discipline should be developed.
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1 | INTRODUCTION

There were efforts by a consortium of the International Union of
Basic and Clinical Pharmacology (IUPHAR), the World Health Organi-
zation (WHO) and the Council for International Organization of
Medical Sciences to set the scene and role for clinical pharmacology
(CP) in healthcare, academia, research and industry through the publi-
cation of the CP white book in the early decades of the 21st century.!
The recommendations were built on a pioneering report by WHO in
19702 The CP white book aimed at enabling decision makers in
governments and healthcare ministries as well as chief executives and
directors of primary and secondary care systems and pharma indus-
tries to comprehend the benefits that CP- and CP and therapeutics
(CPT)-trained physicians can bring to health, healthcare services and
society.

While these efforts have resulted in varied levels of success, there
are gaps in the visibility and perceived relevance of CP across the
world. A major observation that seems consistent globally is the
relatively few numbers of medical graduates enrolling in a career as
clinical pharmacologists compared to other medical specialties. This
has been interpreted as likely to be due to low priority of clinical ser-
vices by CP leaders historically. Similar to many areas of science and
medicine, CP seems to be in a perpetual existential crisis about its
identity and its role in science, health care and in society. What is CP,
who practices it, what are the characteristics of a clinical pharmacolo-
gist and for what is CP important? In other words, what would be the
possible impact on the world should clinical pharmacologists disap-
pear, or might things improve if there were sufficient numbers of
them, and, if so, what would these be and how many clinical pharma-
cologists would be needed?

The above questions need to be answered, if we are to convinc-
ingly advocate for CP, as a medical profession, as a science, as an edu-
cational subject, and as an essential part of healthcare services and
drug development. A major challenge is that CP varies around the
world in concept, perception, defined scope and practice, and a global
strategy to strengthen the field therefore needs regional tailoring. By
contrast, numerous ground-breaking discoveries and drug therapies
have in recent decades provided society with a variety of new types
of expensive medicines based on molecular and genomic break-
throughs highlighting the necessity of CP in a world hit by multiple
existential crises such as pandemics.>*

To develop such a strategy, the Global Health Pharmacology and
Therapeutics Committee of IUPHAR in partnership with the British
Journal of Clinical Pharmacology, organized a workshop at the World
Congress of Basic and Clinical Pharmacology (WCP 2023) in Glasgow
in July 2023. Various aspects of CP were discussed for high-income
countries (HICs), for Asia and for Africa, as well as the role of scientific
journals in dissemination and strengthening of CP research and other
society activities. This workshop report summarizes the presentations,
the discussions and the conclusions from the workshop on the role
and organization of CP across the globe, aimed to guide a global

strengthening of CP.

2 | DEFINITION OF CP

CP is defined differently between contexts and countries. The British
Pharmacological Society (BPS) uses the definition: “Clinical pharmacol-
ogy encompasses all aspects of the relationship between drugs and
humans. It is the only medical specialty in the National Health Service
(NHS) focusing on the safe, effective, and economic use of medicines. It is
a diverse discipline that both sustains and advances best healthcare prac-
tically.” Clinical pharmacologists are “clinicians with training in Clinical
Pharmacology and Therapeutics (CPT). Their core goal is to improve
patient care through the safe and effective use of medicines.” As such,
CP is practiced by holders of Bachelor of Medicine and Bachelor of
Surgery degrees (MBBS or MBChB) in the UK and by doctors of medi-
cine (MDs) in, for example, Denmark, Germany, India, Nigeria,
Norway, South Africa and Sweden after completion of specific clinical
training programmes.*

The American Society for Clinical Pharmacology and Therapeutics
(ASCPT) also defines CP as the study of drugs in humans. CP is under-
pinned by the basic science of pharmacology, with added focus on the
application of pharmacological principles and methods in the real world
including but not limited to the discovery of new target molecules and the
effects of drug usage in whole populations. In contrast to the BPS defini-
tion of a Clinical Pharmacologist, the ASCPT recognizes clinical phar-
macologists as physicians, pharmacists, and scientists whose focus is
developing and understanding new drug therapies.® This definition
is more on involvement in academia, industry and government than
with prominent roles in health care. Tasks include the study of bio-
markers, pharmacokinetics, drug metabolism and genetics, clinical tri-
als, development and implementation of regulatory guidelines, drug
utilization research on local and global scales, patient care, experimen-
tal studies and investigation of adverse reactions and interactions.

The CP white book defined CP to involve all aspects of the rela-
tionship between drugs and humans and clinical pharmacologists in the
professional sense referred to those physicians who are specialists in
CPT.! Such physicians must have undergone several years of postgrad-
uate training in many aspects of the relationship between drugs and
humans involving teaching, research and health care. The primary goal
is to improve patient care, directly or indirectly, promoting the safer

and more effective use of drugs and developing better medicines.!

3 | EMERGING OPPORTUNITIES TO
STRENGTHEN CP IN HICS

CP has changed the practice of medicine with visionary leadership,
breakthrough research addressing major public health problems, and
by applying new concepts and unique technologies in HICs.>” Major
therapeutic advances include the placebo-controlled trial, therapeutic
drug monitoring, the WHO Essential Medicines Lists, and critical drug
evaluation.»?” Today, these pioneering CP concepts are integrated
into most clinical disciplines and considered as core characteristics of

research and practice across disciplines. Thereby knowledge and
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appreciation about the critical role of CP in developing and introduc-
ing these concepts and methods have become less clear.>”

CP is inherently a translational discipline but with few CP-
accredited specialist physicians in most HICs and with geographically
variable Janus-like faces in research, teaching and clinical services.
The structure, architecture and role of CP in each country depends on
national priorities. CP needs as a discipline to demonstrate a shared
core identity across countries to become a reliable partner in research,
teaching and clinical services. For all these tasks we have 1 common
ground: we are trained, practice and master critical drug evaluation.® If
we can demonstrate similarities across nations, the future might be
brighter.

Today CP has a golden opportunity in HICs to strengthen its con-
tributions in all its 3 core fields. Mankind is entering a molecular and
digital era in curative medicine and in health prevention with challeng-
ing costs for provision of new diagnostics, vaccines and medicines,
challenges to uphold ubiquitous access to innovations, and burning
needs to balance false drug information and automatic algorithms in
social media.8~*° Physicians and healthcare will have access to new
types of medicines replacing the classical small molecular drugs. In
2022, about 40% of new medicines approved by the Food and Drug
Administration through its Center for Drug Evaluation and Research
were protein based.? In addition, the Food and Drug Administration
through other branches increasingly approve cell as well as gene ther-
apies and medicines based on RNA-technologies.® In research and
medical practice, we will need to rely on transdisciplinary collabora-
tion as diverse technologies are needed to develop, produce and use
such medicines. CP can play a key role with its bridging perspectives
between science and clinical medicine and with its expertise in clinical
trial study design and in critical drug evaluation.! Transdisciplinary
perspectives are also needed to ensure access to essential medicines

for all globally.1-211:12

4 | GLOBAL CHALLENGES: ASIAN AND
AFRICAN PERSPECTIVES

Asia (48 countries and 60% of the world's population) is usually poorly
represented among consortia of international CP groups. Asia had
only 1 of 19 members in the CP white book editorial group.t

Asia is not a uniform continent economically. Half of Asia's coun-
tries are classified as high- and upper/middle-income economies while
the other half are low- and low/middle-income countries.' Life expec-
tancy has improved remarkably but it ranges widely, with 84.3 years in
Japan and 63.2 years in Afghanistan. While the infant mortality rate
(deaths per 1000 live births) decreased from 205 to 11 in East Asia, it
dropped from 244 to 44 in South Asia from 1960 to 2018.141%

In countries such as India, CP as a discipline started in the
1960s,2® most often triggered by visiting professors and by training
fellowships of Indian medical doctors in the UK, Europe and the USA.
Further development of the discipline in the subsequent decades as
well as career opportunities in Asian countries were affected by vari-

ous socioeconomic, local and global factors.
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In the 1960s, there was a huge upsurge of new drug development
and some Asian countries were looked upon as potential markets as
well as providing golden opportunities for clinical trials.'” However,
soon the cost of new medicines became a significant barrier to access,
resulting in development locally of generics, special formulations and
targeted drug delivery products such as liposome compounds. Oppor-
tunity for clinical trials of new drugs and hence jobs for CP in industry
declined.*®? Availability of low-cost generics generated a huge public
health boom. However, it also caused inappropriate use of drugs with
problems of antimicrobial resistance and preventable adverse drug
reactions, which in turn stimulated the development of CP in acade-
mia and hospitals in Asia.

African countries, particularly those south of the Sahara, have high
rates of morbidity and mortality from infectious diseases, neglected
tropical diseases, and an increasing burden of noncommunicable dis-
eases. The rising multimorbidity burden provokes challenges related to
polypharmacy and rational use of medicines (RUM) on largely uncon-
trolled drug markets.2>2! Furthermore, black African populations are
the most genetically diverse on earth; factors including disease pheno-
types and polymorphic drug metabolizing enzymes make it imperative
that drugs are studied in the populations for their use.?22% However,
most drug development, from early phase development through clini-
cal trials takes place in HICs, with the assumption that findings can be
directly extrapolated to African populations. Furthermore, there are
key gaps in training and career opportunities in CP with few medically
licensed clinical pharmacologists, which further perpetuates inequity.

The last 2 decades have seen a paradigm shift with a push
for globalization with the World Trade Organization-initiated
Trade-Related Aspects of Intellectual Rights agreements stimulating
countries and companies to invest in development of generics and
biosimilars. In addition, the revolution in pharmacogenetics with per-
sonalized medicine, increasing prevalence of lifestyle diseases and

ageing population have affected development and use of medicines.

5 | SURVEY OF CP PRESENCE AND
ACTIVITY GLOBALLY

By selecting representatives from several continents to the WCP2023
workshop, we aimed to initiate a global debate. Each WCP workshop
only allows a limited number of speakers, so a selection was made by
the organizers (L.L.G. and O.0.0.) who invited speakers with a track
record for representing their region or area of expertise. Speakers
were instructed to present a summary of success stories, challenges
and opportunities and suggest ways forward from their different con-
tinent perspectives and the scientific publishing sphere. The represen-
tatives were LL.G. (HICs), N.AK. (Asia)) CW. (Africa) and
S.C. (scientific journals). They worked within their networks to gain a
range of current and future perspectives on CP role, impact and
emerging challenges across the globe.

For HIC, a nonrandom group of personally identified CP leaders
in Australia, Europe and North America were contacted (n = 35,

23 responded) via e-mail during Spring 2023. The HIC mini-survey

85U8017 SUOWILLOD 3A1T.1D) 3ot [dde aup Aq pauienob ae Ssjoile YO ‘@SN J0 S8|nu o} Akeiq178ul|uO 8|1 UO (SUOIPUO-PUB-SWLBH W00 A8 |1MAReq] 1 |BU [UO//:SdNL) SUORIPUOD pue SWe 1 8y} 885 *[6202/70/62] U0 AfeidiTauljuo A8|IM * BINIISU| Bsuljoe Y - UoSSeISND Sk A 2002 'do0/200T 0T/10p/wod" A8 |m Ake.d 1 pu juo'sandsday/:sdny woiy pepeojumoq ‘0 ‘SZTZS9ET



CREMERS ET AL.

4 BRITISH
PHARMACOLOGICAL.
] SOCIETY
]

(Appendix 1) consisted of open questions about CP's role, presence
and activities in their countries and regions. The respondents were
asked to list perceived breakthrough CP contributions in (A) research,
(B) teaching and (C) clinical services. They were also invited to assess
the potential value of increased international CP collaboration for
strengthening the roles of CP in each of these areas.

To capture the status of CP in Asia 40 experts with training/
experience/residence in Asian countries) and the WHO were contacted
by email or by telephone. They were asked about their perspectives
and information on development of CP including training programmes
in Asia and asked to list discerned success stories, opportunities and
challenges and suggest ways forward in Asia (Appendix 2). In total,
25 experts from China, India, Indonesia, Japan, Malaysia, Singapore,
South Korea, Sri Lanka, UK and USA with experience of Asian countries
responded. These responses, information from a literature search and
personal experience (N.A.K.) form the CP narrative for Asia.

Opinions about CP role and potential in Africa were collected
from 10 persons who had completed their training relatively recently.
This largely limited the target group to colleagues who had trained in
Nigeria and South Africa, which are the only African countries with
formal CPT training programmes for MDs; 1 individual who trained
formally in haematology but is recognized as a Clinical Pharmacologist
from Uganda was also included. Many clinicians who are active clini-
cally and in research within the discipline have not undergone such
formal training. Colleagues were identified through personal networks
(C.W., 0.0.0.) and were asked about the challenges and opportunities
within CP, together with any advice they would give to a junior col-
league seeking to enter the field (Appendix 3). Due to the strong train-
ing programme in South Africa, there was high representation from

this country.

6 | SUMMARY OF SURVEY FINDINGS OF
CP PRESENCE, IMPACT AND CHALLENGES
GLOBALLY

61 | HICs

The following research topics were listed as breakthroughs in HICs:
() pharmacogenomics; (ii) advanced therapies based on biologics,
RNA-technologies and cell therapies; (iii) pharmacoepidemiology;
(iv) functional human studies in vivo of drug transporters, such as vari-
ability in drug transport across the blood brain barrier; and
(v) groundbreaking trials (e.g., for hypertension and HIV). Perceived
educational breakthroughs included: (i) prescribing safety assessment
(PSA) procedures; and (ii) trans-European teaching models. Listed
breakthrough health-care services included: (i) comprehensive
approaches for selection, training and monitoring of adherence to rec-
ommendations of essential and new expensive medicines; (ii) CP-
guided multidisciplinary expert consultations for personalized care of
complex therapies and geriatric care of fragile old patients; and
(iii) design and implementation of drug knowledge data base services

in clinical practice, for students and the public.

Most respondents from HICs considered that increased collabora-
tion, in particular in teaching and clinical services, would help to
strengthen CP in their own countries. There was a strong voice about
the necessity to harmonize the CPT training for specialists across
countries. Several initiatives in Europe of cross-country CPT curricula
development and exchange of residents between institutions training
medical specialists in CPT were mentioned.

CP research has made progress with new sophisticated ways to
study the mechanisms for variability in drug response in humans
in vivo.2*25 Today, progress in radionuclide science and in imaging
technologies allows us to explore and understand interindividual vari-
ability in drug transport across membranes, for example, the blood-
brain barrier.24?> These conceptual in vivo studies on about 18-30%
decrease of C!'-metoclopramide transfer rate from brain to plasma in
old as compared to young subjects were rated as breakthrough
research. Since this radionuclide is a substrate for P-glycoprotein
(P-gp) these research results indicate that P-gp activity in the blood
brain barrier decreases by age, a likely explanation for the high risk of
tardive dyskinesia during metoclopramide therapy of elderly
patients.?®> The research group has also demonstrated that inhibition
of P-gp activity affects regional drug distribution across the blood-
brain barrier with effects on neuroefficacy and toxicity of P-gp sub-
strates.?® These remarkable studies were possible due to progress in
radionuclide chemistry and with the introduction of positron emission
tomography to quantitate changes in transport capacity across mem-
branes in animal and man.

The AMBORA (Medication Safety with Oral Antitumor Drugs)
trial design and its findings that major endpoints, mostly severe
adverse effects, were reduced to half with pharmacological and phar-
maceutical expert consultations during treatment with oral anticancer

h.2” A multisite random-

agents was also rated as breakthrough researc
ized control trial in Germany to confirm their findings is under way.
Several respondents rated the PSA of young MDs' knowledge in CP
and skills to prescribe medicines as an innovative teaching project and
important for improving the quality of drug therapy.?® This initiative
has spread from UK across Europe and to Africa recently.

Various initiatives on innovative clinical services were listed. One
of those was the Wise List in the Stockholm metropolitan region
issued by its Drug and Therapeutics Committee—a limited number of
essential medicines (Figure 1). The concept has maintained trust and
support in the region by involving drug experts and colleagues as well
as prescribers and the public in the selection of medicines.!*?’ The
Wise List has achieved 90% adherence to recommendations in primary
care after 15 years and saves 10% of the annual drug budget in the
region. A key to its success as a cost-effective prescribing model is
the multifaceted approach combining continuous medical education,
decision support and follow-up of adherence and acceptance
(Figure 1). The Wise List model to achieve cost-effective prescribing
has been adapted globally.*°

In recent decades, a multitude of groups directed by or collabo-
rating with CP have designed, developed and implemented knowledge
bases and decision support systems as part of individualized (preci-

sion) medicine programmes.>~3% The advantage of knowledge bases
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FIGURE 1 Stockholm model for
wise use of medicines

(Figure reprinted from??). The
Stockholm (2.3 million people) model
for wise use of medicines is built on
application of a multifaceted
interventional philosophy.**?? Pillars
include collaborations between
colleagues, 200 recommendations of
essential medicines (wise list) by
trusted experts at the drug and
therapeutics committee, and strict
handling of conflict of interests. The
outer circle presents key
organizational strategies. The jigsaw
puzzle shows key elements deemed
vital for achieving a wise use of
medicines (reflective drug therapy for
optimal patient value) with the wise
list as the most exposed channel of
knowledge. Operative resources
include an annual budget for staff and
financing of costs for key elements
for success (continuous medical
education, support of experts,
infrastructure for follow-up,
programme for handling new
expensive medicines and
e-pharmacological services).
Stockholm model saves about 10% of
drug budget (100 million USD of total
costs of 1 billion USD 2022).>°

developed and maintained by independent clinical pharmacologists,
pharmacists and clinical colleagues is the possibility to deliver precise
and up-dated knowledge through variable routes into desk and mobile
computers, websites, telephones, teaching tools and above all to deci-
sion support applications in medical record systems. Across HICs this
area was seen as important for access to trusted drug information and
for CP presence. Knowledge base expertise was given priority for
global collaboration to maintain high standards of the contents of the
knowledge bases.3?

6.2 | Asia

Discussion with experts and a literature search highlighted some illus-
trative success stories in which CP endeavours have provided cost-
effective solutions for local, but also for some global, healthcare
challenges.

Traditional medicines, used for centuries, in Asian countries have
contributed to modern therapeutics such as preparations of reserpine
from Rauwolfia serpentina from India to treat hypertension.” The
Nobel Prize winning discoveries of artemisinin therapy from China has
revolutionized treatment of malaria globally and ivermectin isolated
from soil organisms producing avermectin compounds, originally in

Japan, had provided effective cure for river blindness and

follow-up of
medicines use
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filariasis.>*3> CP in Asia has worked closely with the WHO Tropical
Disease Research Program and with industry to develop and pursue
clinical trials to document efficacy and safety of new drugs and combi-
nations to treat diseases such as malaria, filariasis and visceral leish-
maniasis.>*~38 Clinical trials in Asia as well as in Africa have been
crucial for the development of effective, safe and practical dosage
schedules suitable for public health programmes. The demonstration
of a single-dose efficacy of ivermectin to control filariasis was an
accidental finding while comparing it with diethylcarbamazine
therapy.2?° CP has also contributed in the development and in clini-
cal trials of vaccines and new drugs.**42

There are other important CP success stories on the RUM in pub-
lic health and tropical diseases. In Bangladesh, the essential medicines
list helped remove unnecessary products. In India, cohort event moni-
toring as part of the conditional access programme for the TB drug
bedaquiline, helped identify preventable side effects*! (e.g., managing
diarrhoea and vomiting in tropical climate with proper oral rehydration
salts, avoiding electrolyte imbalance and QT prolongation).41 WHO
pharmacovigilance programmes, involving many clinical pharmacolo-
gists, have provided a sense of confidence for safe use of medicines
among stakeholders of public health programmes. A recent success
story is the identification of ophthalmic side effects of miltefosine (for
leishmaniasis and a post kala azar dermal form affecting the poorest

of poor) and a procedure for issuing risk management guidance.*®
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Besides success stories, development of CP can be assessed/
judged by the availability of university courses. In Asia, CP university
courses are available as part of medical and pharmacy training curric-
ula (Table 1). In Indonesia CP training is provided as a 3-year medical
specialty course. In India CP is a medical subspeciality course of
3 years, after MD in Pharmacology. This MD pharmacology course
is a 3-year training programme exclusively for medical graduates
with its syllabus comprising different Clinical Pharmacology and
Therapeutics components. In Vietnam, CP is part of Clinical Phar-
macy training and in West Asia Clinical Pharmacy is dominant for CP
training.

The roles and responsibilities of clinical pharmacologists have
been described in a recent training curriculum in the UK.** The sched-
ule includes development of skills to assess, advice and manage
adverse drug reactions (ADRs), overdose toxicity, and complex pre-
scribing and deprescribing in multimorbidity and polypharmacy
patients including understanding and applying personalized medicine
approach. Clinical pharmacologists are active in public health, hospi-
tals, academia, industry and in regulatory agencies. They assist with
pharmacovigilance expertise and help to appraise and synthesize evi-
dence in antimicrobial stewardship programmes. They contribute to
essential medicines lists, chair drugs and therapeutic committees, and
assist in the procurement of medicines. Besides practicing medicine,
CP specialists also educate and train the next generation of pre-
scribers and patients in the use of medicines. CPT syllabi in a country
such as India are similar but emphasis on providing direct patient care
is limited due to shortage of trained manpower.*® In decades to come,
one can expect increasing opportunities and need of clinical pharma-
cologists in Asia (Table 2).

In Asian countries, the interdependence of many factors such as
local ecosystems, frequent use of traditional medicines, lack of quali-
fied professionals, locally prevalent diseases, remote rural areas, and
the need for rapid response with medicines during disasters all require

a unique set of knowledge, skills and attitude. CP is needed for early

TABLE 1  Examples of provided clinical pharmacology courses in Asia.
Specialty Course type
Medicine Diploma

Degree
Medical subspecialty Degree
Clinical Pharmacology Oriented Degree
Medical Pharmacology (CPOP)
Master of Science (MSc) Degree

Others

As part of Pharmacy course

phase clinical trials to support discovery and development. In public
health, pharmacovigilance is essential as drugs and vaccines increas-
ingly are introduced with fewer data and will be used in large popula-
tions varying widely in race, ethnicity, health care systems and the use
of traditional medicines. The COVID-19 pandemic illustrated the need
for clinical trials to support policy.* Indonesia has, by government
decree mandated establishment of CP teams in every hospital
(starting from referral hospital; personal communication, Wawaimuli
Arozal). Other countries can be encouraged to follow this example.
Lifestyle diseases, an ageing population, special needs in rural areas
(e.g., snake bite), and remote and difficult to reach terrains of popula-
tion also provide opportunities. Such skills and knowledge are proba-
bly best grown locally requiring access to locally trained clinical

pharmacologists.

TABLE 2 Clinical pharmacology (CP) in Asia: needs, opportunities,
challenges and the way forward.

Needs * Generating and incorporating evidence into patient
care, strengthening drug development, policy work,
disaster management considering incorporating the
variability of population (e.g. genetics, diseases,
beliefs) and health ecosystem diversity (e.g.
traditional medicines, access and quality)

o Serve policy bodies and healthcare organizations
with evidence-based decisions on
recommendations and risks of medicines as well as
on reimbursements and funding issues

Opportunities e Asia's improving economy, increasing insurance

coverage
Challenges e Inadequate manpower

® Role of CP not defined
Way forward e Research and training/human resource

development needs based and modular
e Advocacy for incorporating CP with specified roles
in healthcare

Country(s) Duration (years)
e Myanmar 1
e China 3
e Indonesia

e Kazakhstan

e Nepal

e Armenia 4
e Korea

e India 3
e Srilanka

e lIran 4
o Tirkiye

e China 3
e lraq

e Vietnam
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Maturity of medicines regulatory system in a country is influ-
enced by CP and indicates the impact of the discipline. The WHO
applies a bench marking tool to assess and compare medicine regula-
tory systems in different countries. The tool evaluates input, focuses
on resources and functioning leading to output and outcome that
impacts public health. WHO reported that India, China, Thailand,
Indonesia and Vietnam have a stable regulatory authority, the
Republic of Korea and Singapore have an authority at an advanced
level, while Japan is at the highest quality level of regulation. This is
reassuring but many other countries could do better and might benefit
from support.*”

Another indicator of growth of CP is pharmacovigilance. The
WHO international monitoring programme for pharmacovigilance
resides in Uppsala, Sweden. Currently most Asian countries are mem-
bers with 16 joining after 2010.#® Unfortunately, the number of ADRs
per million population reported by many Asian countries is low.*® A
major reason for low reporting rates refers to lack of knowledge and
competence in CP principles.

Asia is now on a growth trajectory that is expected to take a sub-
stantial share in world economy. The trade landscape is changing rap-
idly with initiatives for harmonization of legislation and the marketing
approval process. A good example is the regional comprehensive and
economic partnership among 15 Asia-Pacific countries.*? There is also
a growing global need for multiregional clinical trials for unmet medi-
cal needs at both a global and a local level. Global and regional collab-
oration is essential for e.g. the development of orphan drugs as well
as of drugs for unmet needs and appropriate drug schedules suitable
for mass administration.>® All this augurs well for the future for CP

in Asia.

6.3 | Africa
The discussions with African representatives focused primarily on the
challenges inherent in raising a skilled, sustainable workforce with
appropriate capabilities to lead CP initiatives in a range of resource-
constrained settings. A key strength of CP is its diversity, but this can
also make the discipline somewhat intangible. A South African work-
ing group led by Eric Decloedt used a modified Delphi methodology
to define the entrustable professional activities of clinical pharmacolo-
gists (personal communication). These include the ability to assess a
patient's status through clinical history and examination and interpre-
tation of laboratory investigations in order to make a clinical judge-
ment and decide on appropriate management in a range of
presentations including adverse drug events, acute toxicology and
those with complex prescribing needs or where a personalized phar-
macotherapeutic decision is necessary. Furthermore, incorporating
these elements of rational clinical decision making, additional domains
include guiding formulary recommendations at local, regional and
national levels, and providing input into regulatory drug committees
and task forces.

Respondents were unanimous in naming mentorship as having

been key to their own professional development. Drawing together
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the perspectives of the African group of colleagues, we also consid-
ered the question of What would have helped you in your career? and
What do you wish you had known? Responses are summarized in the
word cloud (Figure 2). Similarly, the ability to develop an area of per-
sonal interest and expertise was noted as a strength and concluded
well by Clifford Banda: “Skills in Clinical Pharmacology and Therapeutics
are diverse (and in many training centres, the program may sometimes
not be thoroughly structured to impart them all). However, the breadth of
the skillsets in the discipline offers a unique opportunity to shape and
pivot one's career in a direction that best suits their personality, and in
line with what they are passionate about.”

Whilst the diverse opportunities and possibilities to carve out a
unique career niche were seen as a major strength of the discipline in
the African context, the same features also were named as a major
challenge to overcome. Figure 3 displays a word cloud drawn in
response to the question, What have been the greatest barriers or hin-
drances? The lack of clear training paths, funded opportunities and
clear role models are potential deterrents to young physicians who
are considering their choice of the specialty. Clear guidance on the
options, the opportunities available and being able to link with others
through networks were suggested by African colleagues as ways to

overcome barriers.

7 | ROLE OF CPJOURNALS

CP is a broad field that is practiced by various, often differently
trained healthcare professionals and scientists and encompasses
patient care, education, research and therapeutics. In addition, glob-
ally, there are substantial differences in who's doing what as well as in
training. Consequently, advocating for CP and strengthening the field
is a challenge.

Despite CP inherently being dispersed, it is quite well organized
around the world with professional societies such European Associa-
tion of Clinical Pharmacology and Therapeutics, ASCPT, American
College of Clinical Pharmacology, Australasian Society of Clinical and
Experimental Pharmacologists and Toxicologists, the BPS, and the
overarching [IUPHAR. Most of the CP societies around the world pub-
lish one or multiple journals with a special emphasis on CP, and these
journals are a powerful tool to disseminate CP research as well as other
information relevant for patient care, education and drug development
presented as review and methods papers, and guidelines. These jour-
nals are therefore in a unique position to strengthen CP and advocate
for it and the role of clinical pharmacologists in healthcare.

However, it is good to realise that CP journals are not the only
option for authors to publish their manuscripts. Most papers with CP
in it are published somewhere else, in high-impact journals such as
New England Journal of Medicine, The Lancet, Journal of the American
Medical Association or Nature or in one of their more specialised sub-
journals. If either rejected by one of these journals or not appropriate,
then a paper can be submitted to disease- and organ-specific journals
such as Journal of Clinical Endocrinology and Metabolism, American

Association for Cancer journals, Antimicrobial Agents and
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FIGURE 2 Word cloud of “What would have helped you in your career?” and “What do you wish you had known?” mentioned in various email
discussions by a group of clinical pharmacologists in a few African countries and who had recently completed specialist training (cf. methods).

Chemotherapy or Journal of Clinical Oncology, all with impact factors
usually higher than CP journals. Of course, most of these also have
their own cascade journals. Society CP journals, and their cascade
journals, are usually next on the ladder, but again they are only one of
the options for publishing in CP literature. There are also various well-
respected peer-reviewed CP journals such as Clinical Pharmacokinetics
and Drugs that are not published by a professional society. By con-
trast, there are several other journals that range from not-
so-respected to predatory journals that are usually easy to publish in
as long as a publication fee is paid for, a practice that is sometimes
mistaken for the growing Open Access component of respected peer-
reviewed journals. The important point is that authors have choices
and that any journal must find the balance between being strict and
realizing that there is only so much it can ask from authors before
they move on and submit their work to another journal. Given this
publishing landscape it is important to realize that messages in CP
journals have limited impact. Collaboration between societies and
their journals therefore seems key to increase visibility of and advo-
cate for CP as a whole.

Publishing interesting and high-quality CP papers is what several US
East Coast CP journal Editors-in-Chief unanimously mentioned when
asked what the most important thing is that CP society journals can

do to improve the visibility of and advocate for CP and improve the

quality of CP research. While acknowledging the limited impact of CP
society journals, several other steps were mentioned that journals can
take to improve CP. Expanding the editorial boards with sufficiently
broad and deep expertise being one of them. CP includes drug
development (phase 1-4), pharmacokinetics/pharmacodynamics/
pharmacogenomics, computational modelling and simulation, drug
safety, regulatory science, prescribing/deprescribing, therapeutic
drug monitoring, pharmacoepidemiology, education, omics-based drug
discovery and development, novel therapeutic modalities, precision
medicine, big data, and artificial intelligence. Some of these areas are
well-established while others are more novel and in continuous flux
requiring adaptive expertise in the editorial boards. Another important
step that CP journals could take for the discipline as a whole is to
increase its diversity. Increasing diversity on the editorial boards,
authors, patients, subjects and readership, will improve recognition
and application of the publications. On a global scale this is a chal-
lenge as diversity in North America, for example, has a different mean-
ing from diversity elsewhere such as South America, Africa, the UK or
Australasia, to name but a few. A third aspect that most CP journals
can improve is its editorial processes, making it easier for authors to
submit their papers and shortening the turnaround times, while main-
taining highest levels of quality assurance for the content. Finding

good reviewers is pivotal for this, but it is an increasing challenge, not
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group of clinical pharmacologists in a few African countries and who had recently completed specialist training (cf. methods).

exactly helped by the tens of daily emails most potential reviewers
get with invitations to review, prepare a special issue, or join an edito-
rial board. In that sense it is good to hear that publishing in nonreputa-
ble journals is now actively discouraged by most promotion
committees in most western academic institutions, including those
that have CP groups.

Other actions that CP journals can undertake include alignment
with their societies as well as with other journals. An active commis-
sioning strategy is also relevant to increase visibility. In general, publi-
cation of expert reviews from world authorities, themed issues,
guidelines and methods papers are most guaranteed to be frequently
cited and thereby improve the visibility of the journal, its other papers
included, and with that the entire field of CP. With the widening of
the therapeutic armamentarium with cell, protein-based and gene
therapies CP journals are well positioned to publish basic papers on
these therapies as well as models for their introduction and follow-
ups in healthcare.

There is a powerful role for social media to advocate for the jour-
nals, its content, as well as CP in general. It is an area that currently
remains largely untapped by most CP journals, or at least not
exploited to its fullest extent. However, social media is also largely
driven by novelty, which does not always pair well with scientific pub-

lications. So, while the use of social media is powerful, it should

probably be complementary. The quality of our publications remains
CP's biggest advocate, and ensuring this simply takes time, like rising

of dough or aging of good wine.

8 | RARE BIRDS ACROSS CONTINENTS

CP specialists in research, teaching and clinical services are rare birds.
Still the contributions to advancement in all these areas are impres-
sive. With the rapidly expanding introduction of new types of medi-
cines clinical pharmacologists have all the possibilities to contribute
provided they continue to combine research, teaching and clinical
services and strengthen their competence in cross-disciplinary collab-
oration with both biology oriented basic and clinical expertise as well
as with society-oriented research fields. The shortage of clinical phar-
macologists and the expected vast expanse of knowledge and exper-
tise create both challenges and opportunities.®® In all settings, there
is a void to be filled. The BPS has vividly and successfully argued for
the value of more clinical pharmacologists in NHS calculating that £1
invested will give £6 back and increase quality of use of medicines.>?
This is achieved by an increase of the number of clinical pharmacolo-
gists working multiprofessionally managing multimorbidity and com-

plex polypharmacy; implementation of a national pharmacogenomics

85U8017 SUOWILLOD 3A1T.1D) 3ot [dde aup Aq pauienob ae Ssjoile YO ‘@SN J0 S8|nu o} Akeiq178ul|uO 8|1 UO (SUOIPUO-PUB-SWLBH W00 A8 |1MAReq] 1 |BU [UO//:SdNL) SUORIPUOD pue SWe 1 8y} 885 *[6202/70/62] U0 AfeidiTauljuo A8|IM * BINIISU| Bsuljoe Y - UoSSeISND Sk A 2002 'do0/200T 0T/10p/wod" A8 |m Ake.d 1 pu juo'sandsday/:sdny woiy pepeojumoq ‘0 ‘SZTZS9ET



CREMERS ET AL.

10 BRITISH
PHARMACOLOGICAL.
] SOCIETY
]

programme and developing capability in clinical research across NHS.
The UK has 150 CPT specialists while 400 would be a more appropri-
ate number,>? which would still be fewer than 6 per million inhabi-
tants. This is a relatively high ambition considering that 20 out of
31 countries reported fewer than 5 positions/million inhabitants in
CP in a European survey from 2010.>% One of the main challenges in
Asia with respect to CP is that there are not enough clinical
pharmacologists. For example, in Indonesia there are no more than
40 medically qualified persons with CPT board certification. Globally,
however, professional and government leadership organisations have
not specified the total number needed of specialists trained in CPT.
In Africa, CPT specialists are concentrated to South Africa, a country
that could be a role model for initiating specialist programmes for
physicians.

There are about 100 times more clinical pharmacists compared to
clinical pharmacologists in UK. Because of shortages of CPT special-
ists, there is task shifting to pharmacists. Not trained as a medical doc-
tor, pharmacists are however unable to fulfil some roles and
responsibilities (e.g., causality assessment and management of ADRs/
adverse events).>* Another gap to close is that clinical pharmacolo-
gists rarely collaborate with public health departments despite the
numerous contributions CP has made to pharmacoepidemiology and
pharmacovigilance.

Probably the most significant challenge for CP services for
patients is that they are not specifically costed like for other medical
specialties, such as cardiology. There is often no procedure as in sur-
gery or oncology, there is no diagnostic test such as imaging or labora-
tory tests that clinical pharmacologists can charge for, such as
radiology and pathology do, and there is often no reimbursement for
consultancies like those provided by infectious disease specialists.
Furthermore, while medicine management is often mandatory by
national and international quality accreditation organizations, this is

mostly done by pharmacists.

9 | RECOMMENDATIONS ON THE WAY
FORWARD

The participants at the workshop concluded that the diversity of CP
with professionals having complementary expertise, working as a
team is a strength but to address challenges in research, education
and clinical services, the discipline needs to adapt to local needs mak-
ing a difference and thereby ensuring funding. Broader needs requir-
ing global collaboration are to be on the agenda, i.e. antibiotic
resistance and drug development since these challenges and opportu-
nities affect locally across borders and require global strategies. To
expand into healthcare services will require access to quite a number
of physicians trained in CPT, clinical pharmacologists. The interna-
tional character of CP with research and access to strong journals and
scientific meetings can help CP to provide up-to-date knowledge
and services locally/regionally by promoting awareness of successes
stories. At the workshop, 5 key strategies were identified to increase

the visibility, relevance and impact of CP:

9.1 | Strengthen the translational nature of CP

CP should keep its vision that the discipline “involves all aspects of the
relationship between drugs and humans” and be prepared to address
research, educational and service aspects on both classical and emerg-
ing complex and advanced drug therapies. CP's bridging role with
insights from basic to clinical research, in regulatory affairs and
with expertise in personalized use of medicines as well as on society-
oriented evaluations of value and safety of medicines should be devel-
oped. In future, CP research, education and healthcare services will
continue to gain from teamwork with different professions, such as
nurses, pharmacists, chemists, computer scientists, clinical laboratory
specialists and statisticians.

9.2 | Address the needs for optimal use of
essential medicines globally

Globally, the most important assets of clinical pharmacologists might
be their expertise in promoting rational use of medicine and their
expertise in critical drug evaluation applied to selection and monitor-
ing of use of essential medicines as well as of new complex therapies.
Training and maintenance of critical drug evaluation skills are critical
since this competence was considered by the participants of the
workshop as a door opener ensuring scientifically based and indepen-
dent selection of medicines to ensure cost-effective use of limited
financial resources. Both CP societies and scientific journals help
update and train skills in critical drug evaluation, pharmacoepidemiol-
ogy and pharmacoeconomics.

The CP societies can enhance the visibility of the specialty and
promote its relevance in healthcare through educational activities in
partnerships with public institutions such as governments, multilateral
organisations and societies. A good example of such an initiative was
the Drug and Therapeutics Committee workshop organized by the
Nigerian Society for Clinical Pharmacology and Therapeutics in part-
nership with [UPHAR and the Nigerian country office of the World
Health Organization in November 2019. The majority of 50 partici-
pants were from health services and administrative and regulatory
bodies representing 14 out of the 36 states of the federation of
Nigeria and its Capital Territory in Abuja.>®

9.3 | Board certification programmes for clinical
pharmacologists and online educational initiatives

The participants at the workshop noticed that structured training pro-
grammes for physicians to become clinical pharmacologists exist in
some parts of the world aiming for board certification in CPT. This has
been successful in Europe with an increasing number of countries
establishing board certification programmes for clinical pharmacolo-
gists after fulfilling requirements of defined clinical curricula.>® Those
curricula need to train a specialist to be able to address variability in

drug response in individuals and populations and guide clinical
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colleagues based on critical drug evaluation skills and knowledge and
insights in clinical, laboratory and epidemiological methods. With well-
trained clinical pharmacologists and also participating in cross-country
curricula courses and exchange programmes between institutions CP
can become indispensable in health care and thereby strengthen its
resources. Board certification programmes for clinical pharmacologists
such as those in Europe should be introduced across continents, pref-
erably as joint actions across countries by our regional CP associa-
tions. To gain support for widespread specialization programmes in
CPT, awareness programmes towards healthcare officials on how
much is to be saved by increased use of generics and biosimilars and
systematic introduction and follow-up of new costly therapies as
demonstrated with the Wise List in Stockholm?? (Figure 1) and with
the BPS proposal of increased number of NHS clinical pharmacolo-
gists in the UK>? can be helpful.

Online CP courses are a powerful tool for education in clinical
pharmacological principles with ample opportunities for collaboration
across borders and can speed up cross-country board certification
programmes of clinical pharmacologists. The online prescribing skills
course developed by the Indian Council of Medical Research is an
innovative example of the possibilities with online training courses.>”
The course consists of 50 video lectures, case scenarios, demonstra-
tion videos, assignments for prescribing tests, analysing quality of pre-
scribing and providing feedback. Over 15 000 medical interns and
practicing physicians enrolled with excellent feedback on contents,
quality, relevance and usefulness. The online training is convenient,
scalable and with opportunities for incorporating interactive elements
and continuous assessments. The earlier mentioned PSA of the BPS is

another excellent example of an online prescribing skills course.?®

9.4 | CP with its societies to invest in public goods
including essential drug information

The Guide to Pharmacology on drug targets published by IUPHAR
and BPS has been a success story and helped to simplify drug devel-
opment worldwide.>® In a similar way, it would be an optimal time to
share knowledge bases on medicines developed in different countries
and settings as public goods available at point of care through a vari-
ety of electronic pathways for healthcare staff, patients, and for edu-
cational and research purposes.®?23 The contents of the databases
should be easily searched using artificial intelligence tools. CP experts
on knowledge bases and management should, through CP societies,
raise funding for sharing, coordination and access of trusted drug
information. This initiative will strengthen CP's role as a bridging sci-

ence between knowledge and practice.
9.5 | White book on Clinical Pharmacology
advocating for the discipline is a priority

The participants at the workshop agreed that rapid progress in sci-

ence, needs of training of health care professionals in CP concepts
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and principles and of CP expertise in health care, industry and at regu-
latory agencies urged for a thoroughly updated edition of the CP
white book published 2012.%°? With the remarkable progress and
introduction of gene and cell therapies and RNA-based compounds
and complex drug markets appearing globally, the needs of indepen-
dent and solid CP competence to guide colleagues and healthcare
institutions on the RUM will explode. It is logical that IUPHAR in part-
nership with WHO and Council for International Organization of
Medical Sciences initiate a working group for design and development
of a CP white book relevant for the 21st century with solid representa-

tion from all continents.

9.6 | Limitations

The current manuscript describes the findings presented during a
symposium, which was part of the 2023 meeting of the International
Union of Pharmacology, organised by the BPS. It is a compilation of
the symposium's presentations supplemented with literature data and
describes the state of CP in various regions of the world. One of the
limitations of this paper is that it includes interviews with colleagues
but that these interviews are far from extensive. In addition, not all
regions in the world are covered. This paper therefore does not fully
describe all CP around the world. However, it does describe several
key aspects and major impact of CP in a varied range of regions, so
we think it forms a good basis for the development of the discipline.

9.7 | Final remarks

CP has contributed remarkably well to discoveries and knowledge on
drug therapy and on its rational practice in public health and clinical
medicine in recent years. Breakthroughs in molecular and clinical med-
icine combined with data revolution as well as unmet access to afford-
able and cost-effective drug therapies for millions of people will
require more effective use of limited resources based on solid scien-
tific and clinical knowledge. CP is a discipline well-positioned and used
to working transdisciplinary and should nationally, regionally and glob-
ally speed up the work with a White book for CP for the 21st century

building on increased cross-country collaboration and exchange.
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APPENDIX 1: E-mail survey to colleagues in Australia-
Europe-North America

Workshop on “Appraising the Visibility, Relevance and Impacts of Clini-
cal Pharmacology Globally” at World Congress in Pharmacology and
Clinical Pharmacology July 2023.

My name is Lars L Gustafsson. | am professor and senior consul-
tant in clinical pharmacology at Karolinska Institutet in Stockholm,
Sweden—see CV.

| hope you have a chance to give me some help. | will speak
and chair the Workshop Appraising the Visibility, Relevance and
Impacts of Clinical Pharmacology Globally at World Congress in
Pharmacology and Clinical Pharmacology in Glasgow July 2023
(cf. enclosure). | want to ensure that my talk is concordant with
views of leaders in clinical pharmacology in rich countries (Europe,
USA, Canada and Australia—Asian and African perspectives will be
covered by others).

| will talk about Emerging chances to strengthen clinical pharmacol-
ogy in resource-rich countries and will build my presentation on the
concept that a combined research-teaching-service approach
strengthens clinical pharmacology nationally and globally (Enclosed
Clinical Pharmacology Strategic Document from 2012).

| would appreciate if you can answer a few questions that will
help me to give a fair and forward fair picture about the emerging
chances in clinical pharmacology in rich countries.

1. What is the 2 best examples of breakthroughs in clinical pharma-

cology in rich countries the last 10 years within:

. Research
. Teaching
. Clinical service

o 0 T o

. Regulatory science/drug industry

2. What is the best example (local or national) of breakthrough in
clinical pharmacology in your country during the last 10 years

within:

e. Research

f. Teaching

g. Clinical service

h. Regulatory science/drug industry

3. What is in your mind the most promising project/initiative in your
country (regional or nationally) that can become a breakthrough

during the next few years within

. Research
. Teaching
. Clinical service

o 0 T o

. Regulatory science/drug industry

4. Can the establishment of international task force groups within
various fields/areas from different countries strengthen the impact
of clinical pharmacology within research, teaching, clinical services
and regulatory science/drug industry (for example coordinated by
IUPHAR-International Union of Basic and Clinical Pharmacology)?

5. Any other comments

| appreciate if you can answer no later than May 20, 2023.
Thank you for your interest and help

Greetings

Lars

Lars L Gustafsson MD PhD, lars-l.gustafsson@ki.se
Professor, senior consultant

Division of Clinical Pharmacology

Department of Laboratory Medicine

Karolinska Institutet

Karolinska University Hospital

SE-141 86 Stockholm

Sweden telephone 46 706 012 614

APPENDIX 2: E-mail/telephonic survey to colleagues in Asia

Dear ----

Greetings, | hope you are all well and | hope to meet you again
some day.

| am writing to you to request information and help from you
about clinical pharmacology in your country/Asian region, with

respect to its:
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1. development, historical aspects

2. training, courses, where conducted—university, academic
institutions

3. careers, in academic, research, industry, government, regula-
tory, pharmacovigilance, toxicology etc,

4. opportunities, challenges

5. future vision

6. CP in relation to traditional medicine, pharmacy, pharmaceuti-
cal medicine

| have to give a talk on Clinical Pharmacology Asian Perspective
at the WCP 2023 in the workshop on Appraising the visibility, rele-
vance and impacts of Clinical Pharmacology globally.

Your own/your societies/experts' perspectives will be very
important

You can also highlight some of the achievements and outstanding
work done, and perhaps provide names of prominent clinical pharma-
cologists, as well as publications.

| look forward to hearing from you, contributions will be duly
acknowledged.

Best wishes

Nilima

Dr Mrs Nilima A. Kshirsagar, MD, PhD, FNAMS, FAMS, FACCP
USA, FRCP UK, GFMD, IFAPP

Member WHO committees ACSoMP, Drug Statistics

Methodology, MPAG

Former National Chair, Emeritus Scientist, Chairperson SAG BMS,
Member SAB, ICMR

Member DTAB, Chairperson FDC Subcommittee, Govt of India

Member SAC DND;i, Secretary General CD IUPHAR

Ag Vice Chancellor MUHS, Dean Director Medical Education
Research SGSMC KEM, Dean TNMC, BYLN, Dean Director ESI PGI-
MER Mumbai

Mb. No. +91-9 821 036 616

APPENDIX 3: Email survey to colleagues in Africa

Email to colleagues within Africa—used a snowball method whereby

the colleagues initially contacted made suggestions of other individ-

uals to invite.
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Dear Colleague (Individual names redacted),

Through different committee roles, | find myself giving a talk in
Glasgow in July at the world conference on pharmacology on clinical
pharmacology careers: barriers and opportunities etc. in Africa.

| wondered if | could enlist you to provide me with some guid-
ance/information.

| thought to focus on medically qualified clinical pharmacology
because there seems to be a particular gap there. OK, there are many
gaps, drug development and so forth, but | have 20 min and think it is
better to focus in a bit. Of course there will be a slide on Pharmaco-
metrics Africa!

| thought it would be good to showcase a couple of ‘case studies’
of people who have overcome obstacles, and any examples of best
institutional practice.

| also wondered about putting a quick survey together to ask

African clinical pharmacologists some of their experiences i.e.:

1. What has helped you most in your career?

2. What has hindered?

3. If there was ‘one thing’ that you could have that would have
helped, what would it be/have been?

4. Anything else relevant.

| thought | would start by asking the small group of you, as you
are clearly doing well!

What kind of talk would you have wanted a few years ago?

Would want now?

What do you wish you had known?

Are there any useful resources or publications on this you have
come across (careers in Africa ...)?

Thank you for spitting out any thoughts!

And also, please advise who else | should reach out to. | want to
be able to present on behalf of many of us, not just give my view.

The talk is in July—so clearly no huge rush on this!

Catriona
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