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Abstract

Clinical pharmacology studies are critical for determining the efficacy and safety of drugs. Due to the resource-intensive nature of these studies,
most have been conducted in high-income countries, leading to a significant gap in clinical pharmacology data for patients in low- and middle-income
countries. This paper provides an overview of the minimal requirements for performing a clinical pharmacology investigator-initiated trial (IIT), including
pharmacokinetic sampling. We identify common challenges in resource-limited settings and propose strategies to overcome them. This guideline covers
regulatory approval, participant recruitment, drug storage, sample collection and handling, transport, bioanalytical analysis,and data management tailored
to the constraints of resource-limited settings. Strategies are proposed to minimize resource demands, including simplified study designs, the use of
technologies like whole blood microsampling, and opportunities for collaboration. The goal is to provide practical guidance for those seeking to
perform a clinical pharmacology IIT in resource-limited settings to improve safe and effective drug treatment for patients worldwide. Beyond the
scope of this guideline is a detailed step-by-step guide on how to perform clinical pharmacology studies.
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Introduction the body, including the mechanism of action and ther-
apeutic efficacy (pharmacodynamics [PD]).!> Clinical
pharmacology studies are essential for determining the
appropriate dosage, assessing safety and tolerability,
identifying potential side effects, and understanding
drug interactions."> They are a vital component of the

A clinical pharmacology study investigates how a drug
affects humans, focusing on how the body absorbs,
distributes, metabolizes, and excretes the drug (phar-
macokinetics [PK]) and understanding the effects on

'Emma Children’s Hospital, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands
2Princess Maxima Center for Pediatric Oncology, Utrecht, The Netherlands

3 Academic Model Providing Access to Healthcare (AMPATH), Eldoret, Kenya

“4Pharmacology, School of Health Sciences, Kisii University, Kisii, Kenya

SEgypt Healthcare Authority Medication Management and Pharmacy Affairs, Cairo, Egypt

6Oncopharma Unit, Pharmacy Department, University Teaching Hospital of La Timone, Assistance Publique Hopitaux de Marseille, Universitaires de
Provence, Marseille, France

’Groupe Franco-Africain d’Oncologie Pédiatrique (GFAOP), Institut Gustave Roussy, Villejuif, France
8Uganda Cancer Institute, Kampala, Uganda

9Baylor College of Medicine Children’s Foundation, Lilongwe, Malawi

'0Texas Children’s Global Hematology-Oncology-Pediatric-Excellence (HOPE) Program, Lilongwe, Malawi
' Department of Child Health and Paediatrics, Moi University, Eldoret, Kenya

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

Submitted for publication 24 September 2024; accepted 18 December 2024.

Corresponding Author:
Susan Mageto, PO Box 408-40200, Kisii, Kenya
Email: susanmageto.mageto@gmail.com

Aniek Uittenboogaard and Susan Mageto contributed equally to this work.


https://orcid.org/0000-0002-0570-8177
http://creativecommons.org/licenses/by-nc/4.0/
mailto:susanmageto.mageto@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fjcph.6184&domain=pdf&date_stamp=2025-01-14

The Journal of Clinical Pharmacology / Vol 0 No 0 2025

drug development process, ensuring new medications
are effective and safe for patients.!”> Clinical phar-
macology studies can be conducted at various stages,
from early-phase trials in healthy volunteers to post-
marketing studies for approved drugs.!?

Clinical pharmacology studies are essential for op-
timizing medication use across all patient populations.
However, these studies are typically resource intensive,
which has led to the majority being conducted in
high-income countries (HICs).>> This has resulted in
a significant gap in clinical pharmacology data for
patients in low- and middle-income countries (LMICs)
with limited resources.* Considering genetic differ-
ences, lifestyle and diet variations, and distinct dis-
ease patterns between populations, conducting clinical
pharmacology studies in these settings is crucial.*
For example, genetic variations in the CYP2C9 and
VKORCI genes influence the metabolism and response
to warfarin.® Studies have shown that specific VKORC1
variants are more common in Asian populations, lead-
ing to a higher risk of bleeding at standard doses
of warfarin.® Similarly, black patients often have a
higher prevalence of specific CYP2C9 variants associ-
ated with reduced enzyme activity, which can increase
their risk of bleeding or reduce efficacy if underdosed.
These genetic differences underscore the importance
of targeted research in various populations to opti-
mize drug dosing. Furthermore, patients in LMICs
are often underrepresented in early-phase studies,’
highlighting the need for post-marketing surveillance
in these populations. Barriers to conducting clinical
pharmacology studies in LMICs include high costs,
competing national budget priorities, and a shortage
of clinical pharmacologists.”® To address this, it has
been proposed that physicians be trained as clinical
pharmacologists who can lead investigator-initiated
trials (IITs) that focus on locally relevant issues, utilize
available resources, and build local research capacity.’
IITs are initiated and led by a researcher, the prin-
cipal investigator (PI), rather than by a pharmaceu-
tical company.’ In IITs, the PI assumes the primary
responsibility for the conception, design, execution, and
management of the study.” Pharmaceutical companies
often offer guidelines for those interested in performing
IITs. Nonetheless, conducting clinical pharmacology
IITs, particularly those involving PK sampling, remains
challenging since this is knowledge intensive and re-
source demanding. Previous studies have shown that
despite challenges, it is feasible.'*1¢

Recognizing the importance of conducting these
studies in resource-limited settings, and given the ex-
isting barriers, we provide an overview of the minimal
requirements for performing a clinical pharmacology
IIT, including PK sampling. This is based on a lit-
erature review, guidelines, and expert consultation on

conducting clinical trials in resource-limited settings.
Beyond the scope of this paper is a detailed step-by-
step guide on how to perform clinical pharmacology
studies. We offer practical guidance on meeting the min-
imal requirements by referencing relevant good clinical
practice (GCP) guideline items,” identifying common
challenges in resource-limited settings, and proposing
strategies to overcome them.

Overview of the Minimal Requirements

The minimal requirements for performing an
investigator-initiated clinical pharmacology study,
which includes PK sampling, are shown in Figure 1
and Table 1. The practical guidelines on how to meet
these requirements are discussed as per requirement.

Regulatory Authorities and Institutional Review Boards
Approval from an institutional review
board/independent ethics committee (IRB/IEC) is
mandatory before starting the study. Depending on the
study site, approval from regulatory authorities such
as the Pharmacy and Poisons Board(PPB) in Kenya
or the South African Health Products Regulatory
Authority (SAHPRA) might be necessary. Regulatory
authorities are national agencies that are responsible
for overseeing the safety, efficacy, and quality of drugs
and clinical trials. A well-defined research question
with local relevance and simplified study protocols
ensure the feasibility of the study. Obtaining regulatory
approval can be time consuming; it might be beneficial
to contact the regulatory committee in advance to
discuss important requirements or submission formats.
For minor reviews in ongoing clinical trials, IRB/IECs
are required to provide expedited review.’

Many regulatory committees request signed con-
tracts between relevant parties. Contracts to consider
include a material transfer agreement if materials are
transferred between organizations, a service agreement
if any services are performed by, for example, external
laboratories, a data sharing agreement if any collabo-
rating parties are involved, and a financial agreement
for external funding. Furthermore, in clinical phar-
macology studies, participant insurance is most likely
necessary. The study should be prospectively registered
in a study registry. The WHO has defined study registry
criteria and lists eligible registries on its website.!”

Recruitment of Participants

The investigator-sponsor (hereafter referred to as the
investigator) must demonstrate to the IRB/IEC the
potential for recruiting an adequate number of suitable
participants. However, the number of patients with
certain diagnoses or characteristics may be unknown.
In such cases, an observational study can be conducted

8518017 SUOWIWOD @AREaID 3(dedlidde auy Aq peusenob ake e YO ‘8sn Joss|n. Joy A1 8ul|uO A8|IA UO (SUONIPUD-pUB-SWBILI0D" AB|IM"AR1q | U1 |UO//Sd1Y) SUONPUOD PUe SWLB | 8L 88S *[5202/20/90] Uo AriqiTauliuo A8im ‘AIsBAIUN IDIN VY ANTM - dS VNI AQ #8T9Udol/200T 0T/10p/L00 A8 |imAreiq1jeuljuo-Tdodey/sdny Wwoly papeoiumod ‘0 ‘#09v2GST



15524604, 0, Downloaded from https://accpl.onlinelibrary.wiley.com/doi/10.1002/jcph.6184 by INASP - KENY A Moi University, Wiley Online Library on [06/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(panunuo))
*W.I0} JUSSUOD pawLiojul ay3 ul siya anoqe sauedidnaed ‘Apmas aya u Sunedidnaed oy sAnuadUl
wJojur pue 3unadpnq |nyaJed y3nodyl s1sod [en1de 01 uonesuadwod [elduURUL JOJIB]  [BIDUBUL JO sid Y31y © 9q y3iw auay ‘sausned paysiisaoduwi uj 81'€ dDD
91849
*UOISSNISIP JUSSUOD PAWLIOJUI A3 Ul SSSUM [eraedw ue apnpu| aJe 9AneIUaSaIdal 9|qeadadoe A|jeda) Jiayy Jo syuedidnaeq 6’8 dDO
aunmeusis e aAey
-3uiudis Juladaalduyy Jo asn syew ‘sanlioyine A1oien3ad [ed0] 8yl Aq pamoj|e j| J0U saop aAneiuasald ajqerdadde £|eds| Jivy Jo Jueddney 8'8F dDD

*(8unidwesoudiw poojq 9|oYym) UOIII3||0-)|9S 0} SMO|[E JBYI POYISW UOND3||0d 3|dwes 13995
‘Burjdwres aAIsusxe ueys Jayaed asaeds sapnjoul Yaiym jodoro.d & dojpasq

"(8uiSpo| Aquesu Jo [eaidsoy ui “8-9) Aeas 1ySiudsao 1eal|IDey "1y31uloA0 Aels 01 9AeY
*W.I0J JUSSUOD pawLIoul Ul iyl uonuaw Apiidx3y sjuedidnaed Apnis sy ur Sunedidnued jo adusnbasuod e sy
‘uepisAyd Jojuss 4o 3uneadd Y1 INOYIIM UOISSNISIP JUSSUOD pawliojul Sundnpuo)  AydJesaly sy 30adsau 01 Apnas e ul s1edidn.ed o1 Suiesude
*SPJOM UMO 133 Ul UOISSNOSIP JU3SUOD pauwliojul dziewwns 01 JueddnJed 1sanbay jo 3ysii & 8q 1ySiw a49y3 ‘s24MdNIIs [ed1ydJeJaly 8unsixa 01 anQg swiioy
"so8en3ue| JUBAS|S. || Ul SW.IOJ JUSSUOD PSULIOjUl SPIAC.Y '911S SWES 3Y3 ulyIM udyjods aJe saSendue| sjdnjnyy §'8'% dDO 1Uasu0d paurioju elidoaddy

/oanoe4d-[ed1uld-pood-yai/3i0-uydya.nusdduluieayieayeqold/isdiy
1191u9D) Sulured) yaesH [eqo|D

/340 3uiuteayepiu-dady/:isdiay laomIsN s[eld] [ed1ul]D Juswieal] asnqy SniQ [euoneN ‘Bujuren Jojeassiuiwpe
Bulureny 4oo s9.4 dDD Pp19|dwod 10U Sy JOIBAISIUILIPE JUSSUOD PAWLIOJU| €Ty dOO 2U9SUOD pauLiojul payiend)
*(Jo20304d Apnas ui siys apnjour) Sunedipnaed wody 93e umousjun jo saueddnaed apnpx3 ‘Apn1s ay) JO UOIIAIIID UOISN|IXD
*91BJ1J11492 YaJiq 1sanbay 10 -Ul UE S| SIY IS|Iym umousjun si sauedidnaed Jo o3e 10ex3
*9|qisesy s sauedidnaed s|qeans jo sjuedpnJed
*P9129||02 sI 153.433Ul JO SisouSelp ay3 Yum sausired Jo squinu Sya YdIYym ul Apnas 19npuo)  Jaquunu padinbau sy Suninadsd 1eyl S1e.ISUOWSP 01 3|qE 10N 1'Ty dDO 9|qEINS JUBIDIYNS 03 SSBIDY
supdpNIpd Jo Wwawnniay
“(£1) BRIID AnsIZRY OHAA Y3 s399W eyl A13si3au el € 30995 ‘umow|un s| A1s13s4 Apnas srerudoadde asop - uone.nsidaa Apmg
‘sanJed Jueas|au Jo syuadxa sanJed
[e89] YaIm Wiay) SSNOSIP pue ‘paPLAU SB WY SZIWOISN ‘sa3e|dWal suljuo 3|qe|ieA. s *3]qe|IBAR 9B SIDBIIUOD JUBAS[DJ 40} sare|dwal oN 1'8'G dDD  UBAS[SI US9MIS] $19B.IUOD Pausig
*D31/9Y] 2Y2 Aq paJayo 9q pPINOYs MalAS. pa1Ipadxa® ‘SUOISIAS. JOUIW JO 3SBD U| §'€'€ dDO PJeOq M3IAB.
'S3USWINDOP PR1IBWLIO) JO |euonMIIsul pue sanLIoyIne
asn a3 pue syuswa.inbau ssnasip 03 uoissiwgns 01 Jorid seenWwWod A1olensaJ syl 10.IU0D) ‘auljawn a|qeadipatdun ue sey [eaoadde Kiorenay 97 9|duLy dOo Aaore|nSa. wouy [eroddy

uonpaisiSas Apms pup ‘s1opu0d ‘suawwlinbas A101pjnSay

A3a3e45 a3uajieyd (65 ‘6) swa| uswaJinbay [ewulyy
3UI|3pING) JUBAS|RY

sa3ua|jeyD) 953y SUIWODIBAQ 10} S3IS21BIG PaJSlO PUB patsiunodu] ag Aely ey saduajjeyd Suipnjpul Apnig ASojodewlLIBY [BDIUID) B WLIOKSJ O SIUSWAJINbaY [BWiUll JO MBIAISAQ | d]qeL

Uittenboogaard et al


https://gcp.nidatraining.org/
https://globalhealthtrainingcentre.tghn.org/ich-good-clinical-practice/

15524604, 0, Downloaded from https://accpl.onlinelibrary.wiley.com/doi/10.1002/jcph.6184 by INASP - KENY A Moi University, Wiley Online Library on [06/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

(panunuod)

‘JJBIS POA|OAUI B3 UIRIY PUB JOS B DILIAA

The Journal of Clinical Pharmacology / Vol 0 No 0 2025

"Apnas aya 01 Aj1oey 93e.03s Sy JO UONDBS dYIdads € 91BdIPSQ ‘150 298 Jo pajaqe|siw a.e sa|dweg
>e) 93035 91nbape
aAeY saop 1eyd Aj1oe) Aqaeau e 01 awredy swn aieludoadde aya uiyam ajdwes ayy 3uodsued| suonipuod 314 sya
(SWVA ‘sg@) @3eaoas ajdwes paesasiaye. aJinbau jou saop 1eys xiew ajdwes e 12995 '91IS-UO d|qe|ieAe J0U S| 93eJ01s o|dwes pajeJadiyey T1'9 d19 J9pun a3eiols pue 3uijaqe| 23eanddy
‘8uissado.d s|dwies 4o} SWe.) SWi WNWIXeW 342 S1BPI[eA *3|qissod
(SIWVA ‘sg@) 8uissadoud auainbau 30u seop 1eya x1new ajdwes e 1095 J0U S| dwe.y awn pajiwl| e uiyam Suissedoud ajdwes 3uloq
*sani|1oey Suissadoud arenbape
aAeY sa0p 183 A1|Io8) AqJeaU & 03 swed) awi arelidoadde aya uiyam sjdwes sy uodsued) suonIpuod y3i
“(SWWVA ‘sg@) 8uissadoud aainbau 10u seop 1ey Xirew sjdwres e 13|95 *21Is-u0 d|qe|ieAe Jou s| Suissadoud sjdwes Q|4 dUIPPINS HD|  dY3 Japun pue awn uo 3uissadold
a8pJ01s pup Sulpupy ajduips
UOd snolieA Japun sa|dwes sy Jo A11|Iqeas Sy S1epIjeA ‘uoned0| 98e.401s 40 AJojeloge| 01 1iodsuenn (youaq 01 paq)
*SUOIIIPUOD SNOLIBA J3PUN 3|qeIS SUlBWSJ Jeyd Xlew d|dwes & 1099 (03 swn) 3urinp 10npo.d ay3 jo AljiIqels Inoge suleduo) 19419 a8e.015/A101810qE| 01 240dsue.|
‘paure.n Aluadoud
aq ued 3ey3 sauedidnued Jnpe ur sa|dweso.IdIW POO|q B|OYM JO UOIIDD||02-43S IIPISUOD
'3]qe|leAR 9q 01 UMOU)| S| Jjeas usym sAep uo Suijduwres wopiag
‘sowre.y awn Japim ul auedpnaed uad 3uidwes as.eds uoj smojje 1eya udisop Apnas e 139|95
‘3uijdwes .oy yyeas paredipap adiH ‘JJeas [ed1uld Jo Aaljiqe|ieA MOT €Ty dDD uonds|od ajdwes Joj yeis payiend
'SS322€ SNOUAE.IUI 3.4INba. 10U S90P 1BYI pOoyIdW UOND3||0d 3|dwes & 133|395 'SS322E SNOUSAE.IIUI UIBIqO O3 JNDIYIP 40 ON - a1s a|dwes 01 ssaddy

u0123)j0> 3|dwg
‘Apmas aya 3urinp pue aJojeq Snap Apnis sy jo [o.auod Alljenb & wuopisy ‘3nap Apnas 119493UN0d IO pJepuLISqNg
‘uofeuop .10} 3|qe|ieAe 3n.p aya aAey Aay Ji Jaijddns o saiuedwod [eonnadewreyd 15e3u0)
'syuedidnaed Apmas aya .oy »203s a3 Joauow pue SnJp aya Joj 193png

'SIN0X01s SulINp uolsn|aul pue JuswinadaJ Juedpnaed doig *3|qe|teA. (A|3ua1sisuod) 1ou s 8nup Apmg 1'v1°§ dDO 8nJp usIYNs Jo AljIqe|ieAy
‘|ouuosaad Apms
“Aoewueyd ayy ul pase|d pue paddo| 8q ued Jeyl xoq a3ed0ls e uleIqO 01 pa1jwi| 39 J0UUED UONEIO| 93e.101S PIBUSISOP 01 SSIIY
“Aoew.reyd aya ui paseld aq ued Jeyy xoq a3edols € ulRIqO 'sagua|eyd
“Aoewreyd sya u adeds pareuisap aAey Apeadje eyl s3nup 1e31saAU| aoeds 01 anp 3|qe|ieAe 10U S| uonedo| ade.0ls pajeudisaq 1'€1'S dDO 93eJ03s 8nup J0j UONEIOT
Suisuadsip pup a8pio1s Snig
A3a3e35 a3us|ieyd (65 ‘6) sw=| Juswauinbay fewiully

aul[apIND JUBA3|RY

(penunuo)) *| 3jqeL




15524604, 0, Downloaded from https://accpl.onlinelibrary.wiley.com/doi/10.1002/jcph.6184 by INASP - KENY A Moi University, Wiley Online Library on [06/02/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘uoneziuesiQ YaeaH PMOAA ‘OHAM ‘Buljdweso.diw aand.aosqe sLnawnjoA
‘SWVA ‘I9|01ARNIN ‘AN ‘2unpadouad Sunesado paepuels OS ‘sisAjeue [eauswitedwod-uou ‘YN 9933IWWod sJIYId Juapuadapul/paeoq MaIARJ [euonninsul ‘“H31/gy| @ondeld [edjuld pool Yo ‘siods poolq paLp ‘sgd

USAIeM 994 uonedliqnd e jo Ajiqissod aya anoqe aainbur pue 3 3uiysiignd ‘synsa. Apnas
enualod J1aya ssnasip 01 Apnas aya ujuuidaq a40jeq 1031pa [eudnol & 01 1n0 ydeay sy Buiysignd ur psasaasaul [euanol e Suipuly ur ssdusjjeyd
298pnq Apnas ay3 Sunye.p 9|iym sy uonedliqnd apnjou|
's3un3as pallwI|-924nosal
WoJy SJ9YdJeasad 1oy sa9) uonedljgnd padnpad 4o ou yum [eudnol ssadde-uado ue 13995 ‘aAIsuadxe 003 aJe s99) uonedlqng - s3nsaJ Apnas Jo uonedl|gnd
UONDUIWASSIP [D20] pUD UONDIIGNY

‘(do3seD
‘deD@3y) Budlid pednpa. sU90 0 994) SI 3BY3 WSISAS UONDI||0D BIBP DIUO.IID|D 19[S *aAIsUsdxa 001 S UONDF||0D BIBP DIUO.IIDD|] €6y dDO
uaded uo eyep 109)10D
"W21SAS UONDI||Od BIBP DIUO.IIS|S 01 J3jsue.d pue Jaded uo eiep 133|100 *(UoND3||0d BIBP DIUOJIDD|S IO} SIDIASP OU “19UJIUI 3|qEIS
*(103sBD) ‘deD@3Y) 2uIj}O BIBP 139[|0D UEBD JBY) WISAS UOIII||0D BIBP DIUOIII|D UB1IB@S  ou “8'3) 3|qissod 10U S| p|aly SY2 Ul UONIS||OD BIEP DIUOIIIB[T 1'6'% dDO wa1sAs uon3||0d BIeq
uon3Jj0d PIQ
‘PaJ2AIEM 3 UBD S1SOD 3suddl| JI Auedwod 24eMIOS 1DBIUOD sisA|eue [edonsneIsolq
'9JeMOS 92.4n0s-uado Jo asn djejy '9]qE|IBAB 10U S| 9SUSDI| S4BMIYOS - 8unonpuoDd .10} 34BMIYOS
‘Aydedes pjing o3 3ulured|
40ddns suluo 1'S'S d0D
‘340ddns 4oy dnoug solnswodew.eyd 1e3U0D) 'sasAjeue [edonsneIsolq oyl 3updnpuod sisA[eue [eansneIsolq
'VDN ue 3uiwaopiad Jspisuod) Ul 10 94eMOS B3 JO 3sn Y1 Ul asiJadxs Jusidlynsu| 1'Y'§dDD  8unonpuod ul asnaadxs uspNg
sonsnDIsoIg
'UOIBUOP IO} S|qE|IBAE SPIEPUEIS
JeuJa1ul 4o punodwiod aduata)ad aAey Aay Ji Jaijddns o saluedwod [eonnadeweyd 15€3u0) ‘a|qe|reAe (Apusisisuod) SPJEpUEIS [BUJIIU| PUE
'SpJepUBIS [BUJS1Ul puB punodwod 83uUsJjR. JO Y201s JUBIYNS SJedauy 10U 3.E SpJepuBIs [euda1ul 40 punodwod dualsey punodwod ssuaJsjed Jo Aljiqe|ieAy
*(@2uadsal0n|y ‘AN “8°3) SPOYIBW UOIIDIIIBP SANBUISI[E YIIM )T JO 3SM *3]qe|IeAB 10U SI SIA/SIA-DT
‘uoneuop J0} 3|qe|ieAe Juswdinba aAey Asy yi saluedwod [ednnsdewLIeyd 30BIUCD ‘uon2s||od s|dwes jo
*3|qissod se 350> Sk A101B10qE| YIIM 91BIOGE||0D)  AJIUNOD 3 Ul d|qe|IBAB JOU S| POYIaW [edNA[eueolq pateplieA (] dUllPPINg HD| poylaw [ed14jeueolq palepijeA
poyraw |pdonApupolg
's3o] aunjyedadwial y2ay> ‘A1ojea0qe| [ednnAjeueolq
‘34odsue.y Joe sadwes sy jo Ajiqeas aya eplleA 03 3odsueay Sulinp 3onpoud sy jo Ajiqels Inoge suIPdUoD) suonipuod seridoadde
“340dsueny pajjosnuod-aumesadwal aunbau Jou ssop Jeys poyraw uonIa|jod sjdwes e 13|95 *3]qe|reAeun si 11odsueay pajjo.iuod-aameladwa) 19419  Japun 3uiddiys jo ajqedes uarinod
A101010qD] [D21AIDUDOIG 01 240GSUDI|
A3o3e45 a3uajieyd (65 ‘6) swa| uswaJinbay [ewulyy

aul[epIND JUBAI|RY

(ponunuod) | s|qeL

Uittenboogaard et al



The Journal of Clinical Pharmacology / Vol 0 No 0 2025

Des @
QRegulaﬁory requirements,

contracts and study
registration

. Approval from

|
m regulatory authorities |
[
Y  Signed contracts |
between relevant ‘

parties
@ Study registration ‘
S |

Transport to bioanalytical
laboratory

Courier capable of

LA -~ shipping under
000" appropriate
conditions

f;, Recruitment of participants

Access to sufficient
suitable
participants

Qualified informed
consent
administrator

Appropriate
informed consent
forms

M @ =-

Validated
bioanalytical
b method

= Availability of

Drug storage and

dispensing Sample collection
= N ‘Accesstosample & Processing on time
Location for drug N site %&=>. and under the right
'] storage e conditions
= j Qualified staff for
(&) sample collection Accurate labeling
@ pvailability of -— and storage
‘ sufficient drug Transport to under t_h_e right
laboratory/storage conditions

¢ Sufficient expertise
Jl in conducting

biostatistical
analysis

Software for

D conducting

= biostatistical analysis
L=

Data collection
system

Publication of
study results

reference
U compound and
¢ internal standards

Figure I. Flowchart of the minimal requirements for performing an investigator-initiated clinical pharmacology study, including PK sampling. Image

created with Biorender.com.

to collect the baseline characteristics of the patient
population of interest.'$2°

Informed consent administrators should be qualified
to conduct the informed consent discussion. If unqual-
ified, training should be done before the study begins.
They can also register for free online GCP courses,
such as the Global Health Network’s ICH GCP
course (available at https://globalhealthtrainingcentre.
tghn.org/ich-good-clinical-practice/).

In resource-limited settings, suitable participants
might be vulnerable subjects. This includes impov-
erished patients. Their decision to participate might
be unduly influenced by expectations of benefit from
participation or fear of negative consequences if they
choose to refrain from participating.” To avoid finan-
cial incentives, any financial compensation should be
closely aligned with actual costs made by the partic-
ipant, such as travel costs. A detailed breakdown of
these costs in the informed consent form can help
mitigate financial incentives. Additionally, the informed
consent discussion should be conducted without senior
or treating physicians to avoid hierarchical pressure,?!
and it should be clearly communicated that standard
care will continue regardless of participation.

Malnutrition is a public health concern in LMICs,
where it accounts for up to 50% of mortalities in
children below 5 years of age.”” Conditions such as
Kwashiorkor may cause physiological changes such as
hypoalbuminemia,” reduced hepatic basal metabolic
rate,”* and glomerular filtration rate (GFR).>> These

changes significantly alter the pharmacokinetics
of drugs, leading to reduced efficacy or increased
toxicity.”? Investigators in LMICs should be aware of
the impact of malnutrition on the pharmacokinetics
of drugs and account for these effects when designing
their studies.

Practical challenges may also hinder patient par-
ticipation. If a participant is illiterate, an impartial
literate witness should be present during the informed
consent discussion.”! They should read the informed
consent form and any other written information to
the participant and confirm their understanding of the
study.” However, instead of witnesses guiding the study
participants to make informed decisions, they most
often influence them based on personal perspectives.?
To avoid this, recruit and train impartial witnesses or
have the participants choose a trusted individual to
witness for them.?¢

Some LMIC countries, such as India, now require
audiovisual evidence of the informed consent process in
low-literacy settings.”' This poses several challenges, in-
cluding subjects refusing to be recorded and the process
being tedious and time consuming.?’ Investigators also
need to be aware of the cultural differences in LMICs.
Gender hierarchy and decision-making processes may
differ significantly when compared to HICs. For in-
stance, in pediatric patients, male caregivers may make
the final decision on whether a child can join a study or
not.”® Fathers are more likely to ask questions during
consenting, and there is more participation during the
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consenting process if both caregivers are present.”’

While it may not be easy, investigators should put more
effort into ensuring that both caregivers are present
during the consenting process. Investigators should also
seek to understand the culture of their study population
so that they can design their informed consent process
appropriately.

Additionally, clinical pharmacology studies often re-
quire extended hospital stays for participants due to PK
sampling schedules. Participants may live far from the
hospital in resource-limited settings, making overnight
stays necessary. Participants should be informed of this
in the consent form. Overnight stays should be accom-
modated (e.g., in the hospital or in nearby lodging). If
this is not feasible, a sparse sampling strategy could
be employed, allowing participants who cannot stay
to leave while collecting necessary time points from
those who can stay longer or are already admitted.
Alternatively, a sample collection method that permits
self-collection could be chosen if this is considered
appropriate for the selected patient population (see
section “Sample collection”).

Drug Storage and Dispensing

The investigator establishes standard operating pro-
cedures (SOPs) for handling the study drug (investi-
gational product [IP]) in accordance with GCP. The
SOPs must outline the manufacturer’s specific storage
requirements, including temperature and humidity logs.
Equipment such as thermometers should be kept up
to date with temperature logs and calibration records.
The study site should have a secure pharmacy, staffed
by a qualified pharmacist, which meets the minimum
requirements, including a designated area for the study
drug. Having a designated storage location is only
sometimes feasible due to space challenges. This can
be overcome by using study drugs already stored in
the pharmacy. Another strategy is to use a storage box
within the pharmacy, with access restricted to the study
pharmacist, who will monitor the storage conditions.

All pharmacy staff handling the study drug should
be thoroughly trained. A pharmacy SOP on handling
and dispensing the study drug should be developed and
regularly reviewed. Good dispensing SOPs should be
followed with adequate records of the details of the
drug dispensed and the recipient of the drug.

In resource-limited settings, a common challenge is
frequent stockouts of the study drug. During stockout
periods, participant recruitment might be temporarily
halted. However, it is preferred that the study drug stock
be budgeted and monitored for study participants.
Alternatively, pharmaceutical companies or suppliers
could be contacted for potential donations. The Ac-
cess to Medicine Foundation compiles the Access to
Medicine Index, listing companies that actively work

to make their products more accessible in LMICs.*
Moreover, the risk of substandard or counterfeit drugs
in resource-limited settings has been reported.’'3* To
mitigate this risk, quality control measures should be
implemented before and during the study, following
methods such as those outlined in the European Phar-
macopoeia (Ph. Eu.).**

Sample Collection

The sampling schedule in a clinical pharmacology study
is determined by the study design and the specific
research questions being addressed. Generally, two
standard study designs are used for PK studies: full-
profile sampling, analyzed using non-compartmental
analysis (NCA), and sparse sampling, analyzed using
population PK modeling.

In full-profile sampling, fixed sampling time points
are established based on key PK parameters, such as
the maximum concentration (Cp,x), trough concen-
tration (Cyougn), and half-life (Ty;).*> This approach
requires intensive sampling from all participants, with
relatively few participants typically included in the
study.® The analysis hinges on the availability of sam-
ples collected precisely within the pre-determined time
windows; missing or mistimed samples can significantly
impact the reliability of the results.*> However, NCA
is a straightforward method that does not require
specialized software, making it accessible for many
researchers (see section “Biostatistics”). Sparse sam-
pling, in contrast, offers greater flexibility by allowing
sampling at various time points across participants.*
In both sampling methods, measurements are com-
bined into a population PK model, which accounts
for variability between individuals and provides a more
comprehensive understanding of the drug’s behavior
in the population.®® In sparse sampling, missing sam-
ples are permissible as the model can still generate
meaningful insights from the available data.’® However,
population PK analysis is more complex, requiring
advanced statistical methods and specialized software,
which demands more significant resources than NCA
(see section “Biostatistics”). The choice between full-
profile and sparse sampling depends on the study’s
objectives.’” Full-profile sampling is ideal for studies
aiming to precisely define PK parameters in a small
group, while sparse sampling and population PK mod-
eling are better suited for understanding drug behavior
across a broader population, particularly when individ-
ual sampling schedules need to be flexible.?’

Access to the sample site depends on the selected
sample matrix. PK sampling is typically done using
blood. If plasma is the final product, intravenous access
is required. In resource-limited settings, central venous
access through peripherally inserted central catheters
(PICCs) or tunneled or non-tunneled central venous
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catheters (CVCs) is often not feasible. Therefore, pe-
ripheral intravenous cannulas are often the only option
for obtaining intravenous access. However, blockage
may occur because clinical pharmacology studies often
involve frequent sampling. Replacement of peripheral
intravenous cannulas should be avoided as much as
possible because it may cause complications and is bur-
densome. Furthermore, plasma samples require cold-
chain transport and storage.

An alternative approach is whole blood microsam-
pling, where small volumes of blood (10-30 pL) are
collected, typically through a prick on the finger, heel,
or earlobe.’® This method is particularly advantageous
for frequent sampling or dealing with children or crit-
ically ill patients, as it minimizes the required blood.*
Additionally, whole blood microsampling is less painful
and uncomfortable for the patient; in some cases, it
can be performed by the patient themselves.** Whole
blood microsampling can be done through capillary
microsampling, which collects blood in a capillary tube
coated with an anticoagulant.*’ Like plasma sampling,
this method produces a liquid sample, which usually re-
quires cold-chain transport and storage. Alternatively,
blood can be collected on dried materials, such as
dried blood spot (DBS) cards, or through volumetric
absorptive microsampling (VAMS) technologies.*!*>
These methods do not require cold-chain transport
or storage, as the samples can be stored at ambient
temperature.*'**> While DBS cards can be affected by
hematocrit levels, this is less of an issue with VAMS. 4142
Of note is that most PK studies report plasma val-
ues. Whole blood and plasma analyte concentra-
tions are not directly comparable, and this distinction
should be carefully considered when interpreting the
results.

Samples need to be collected by qualified clinical
staff. In resource-limited settings, clinical staff often
juggle multiple responsibilities and may not always
be available to collect samples at precise time points.
If hiring dedicated staff is not feasible, a sparse
sampling design might be considered. Alternatively,
sampling could be scheduled for days when clinical
staff availability is higher. For adult study partici-
pants, self-collection of whole blood microsamples
can be an option if participants can be adequately
trained.

The sample must be transported to the laboratory
or the storage location under appropriate conditions.
Selecting a sample collection method with minimal
transport requirements, such as dried microsampling,
can simplify logistics. Alternatively, during the valida-
tion of the bioanalytical assay, a more comprehensive
range of conditions could be assessed (e.g., whether the
sample can be transported within a wider time frame or
without temperature control).

Sample Handling and Storage

Venous samples must be processed on-site to obtain
plasma, typically requiring a refrigerated centrifuge.
This can be challenging when such equipment is un-
available due to high costs or unreliable electricity.
One option is to select sites with the necessary equip-
ment or collaborate with nearby facilities that can
provide processing and storage facilities. However, this
may necessitate cold-chain transport of samples, which
can be expensive. It may be worth exploring whether
the processing time frame can be extended without
compromising the validity of the study results. This
could reduce costs by allowing the collection of more
samples before transporting them to the laboratory
rather than making frequent trips with smaller batches.
An alternative approach is to use whole blood-dried
microsampling methods like DBS or VAMS, which do
not require centrifugation and cold-chain transport and
storage.*!4?

Samples may need to be stored for days, months,
or even years until analysis. Liquid samples must be
kept at —20°C or —80°C, depending on whether they
are stored short term or long term.** Maintaining them
at these temperatures is critical as it ensures that the
drug concentrations are accurate and no further drug
decomposition occurs. Many study sites in resource-
limited settings do not have freezers that can maintain
these temperatures, requiring samples to be transported
by professional dry ice carriers to other facilities with
adequate storage facilities. Choosing an alternative
sampling matrix such as DBS or VAMS eliminates this
need.

Samples may get lost. This may be due to a number
of factors, including uncontrolled access to the samples
at the storage facility. Allocating a dedicated section
of the storage facility to the study can mitigate this
challenge. Sample mislabeling may occur, which can be
prevented by creating an SOP and training the involved
staff.

Transport to Bioanalytical Laboratory

If the bioanalytical method is unavailable at the sample
collection site, the samples must be transported to the
bioanalytical analysis laboratory. This may still present
a challenge as the cost depends on the number of trips
done and the distance covered. Costs may be lower
if the distance covered is short and the number of
trips is small. Essential documentation for a clinical
pharmacology study includes shipment dates, method
of shipment, shipment conditions, and sample labels.’
Transport conditions depend on the sample collection
method and the validated bioanalytical method. For
example, liquid samples typically require cold-chain
transport and are considered biohazardous, requiring
special consideration and documentation. If this is not
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feasible (e.g., due to high costs), a sample collection
method that does not require temperature control and
1s not considered biohazardous, such as dried mi-
crosampling, could be used. The chosen courier should
be capable of maintaining the appropriate conditions
and providing the required documentation, such as
temperature logs. Several companies offer specialized
services for the transport of medical goods.

Bioanalytical Method
A validated bioanalytical method corresponding to
the sample matrix must be available. Suppose such a
method is unavailable at the site or country of sample
collection. In that case, it is preferable to collaborate
with the nearest laboratory to minimize transport costs
and facilitate capacity building. Alternatively, pharma-
ceutical companies could be contacted whether bio-
analytical equipment might be available for donation.
To operate the bioanalytical equipment, technicians
should be trained appropriately, with which pharma-
ceutical companies might be willing to assist.

Although liquid chromatography-tandem mass
spectrometry (LC-MS/MS) is the golden standard
for most bioanalytical assays, the use of LC with
alternative detection methods (e.g., UV, fluorescence)
can be an excellent and cost-effective option.**
These methods are often less expensive and easier to
operate while maintaining the required sensitivity and
specificity for the compound of interest. Selecting these
methods over LC-MS/MS allows bioanalytical analysis
to be conducted at the site or within the country of
sample collection. If the sampling is performed with
whole blood microsampling, a validated bioanalytical
method capable of analyzing these tiny volume samples
must be available. Most existing bioanalytical methods
are based on plasma as a sample matrix. As the
use of whole blood microsampling expands, more
bioanalytical methods for these matrices are likely to
become available.*>46

Reference compound and internal standards are
needed for calibration curves and quality control. Due
to stockouts, these might only sometimes be consis-
tently available. Before starting the study, it is advisable
to prepare sufficient stock, although this depends on the
stability of the reference compound and internal stan-
dards. Similar to study drug stockouts, pharmaceutical
companies or suppliers could be contacted for potential
donations (see section “Drug storage and dispensing”).

Biostatistics

Pharmacometrics is a scientific discipline that integrates
pharmacology, mathematics, and statistics to analyze
PK and PD data through modeling and simulation.*’
This field includes techniques such as population PK
analysis. For those new to pharmacometrics, seeking

guidance from more experienced professionals can be
beneficial. If local expertise is unavailable, one can
contact a pharmacometrics organization. This includes
(but is not limited to) Pharmacometrics Africa,*® the
African Institute for Mathematical Sciences (AIMS),
the Asian Pharmacometrics Network,* Population
Approach Group Europe (PAGE), Pharmacometrics
Network Benelux, and the Stockholm Uppsala Phar-
macometrics (SUP) group.

Various software options are available for popu-
lation PK analysis, such as Nonlinear Mixed Effects
Modeling (NONMEM) and Phoenix. NONMEM is
one of the most widely used programs, often in conjunc-
tion with Perl-speaks-NONMEM (PsN).>%>! Graphi-
cal user interfaces for NONMEM include Pirana®” and
Finch Studio.”® Helpful tutorials about using NON-
MEM with PsN and Pirana have been published.’*>’
For Phoenix software, Certara may provide access to
designated academic centers of excellence (at no cost).
The University of Namibia is listed as a center of
excellence in Africa. Students may also request a license
granted on a case-by-case basis. Licenses for FINCH
studio are free for academic research. Another licensed
option for population PK analysis is Monolix.>® R
offers open-source packages such as “nlmixr.”>%-%

NCA analyzes drug concentration—time data with-
out assuming a specific compartmental model. It calcu-
lates vital PK parameters directly from observed data
per participant. Open-source options for NCA include
the R packages “ncar” and “NonCompart™' and the
Excel add-in PKSolver.%?> Of note, the performed anal-
ysis should ideally be readily reproducible, which can be
more easily managed with some options (e.g., R) than
with others.

Data Collection

Study data are collected in case report forms (CRFs),
which can be standardized documents or electronic
data systems (eCRFs).” Many trials collect data
through an electronic data collection system. Suppose
electronic data collection is not feasible in the field (e.g.,
due to a lack of stable internet connection or electronic
devices). In that case, data may be collected on printed
CRFs and transferred to eCRFs. To avoid transcription
errors, the transcribed data should be verified by a
second researcher.

Furthermore, some electronic data collection sys-
tems (REDCap and Castor) offer offline data collection
options to mediate connectivity issues. Data could also
be solely collected on printed CRFs, although this may
be challenging for data analysis. However, collecting or
storing data electronically is not a GCP criterion.

When using electronic data collection systems, it
is essential to ensure that the selected system meets
the required criteria (e.g., audit trails, data entry and
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validation, user access control, and data encryption).
REDCap, compliant with GCP, allows for online and
offline data collection and is free for non-profit organi-
zations that join the REDCap Consortium.%*% Castor,
also GCP compliant, offers offline data collection.®
The Castor for Impact Program offers discounted or
free access to academic institutions with limited fund-
ing, smaller research companies and those researching
underserved communities, neglected tropical diseases,
preventative medicine, women’s health, and ultra-rare
diseases. To qualify for the Castor for Impact Program,
applications must be reviewed and approved first. Cas-
tor and REDCap can utilize an Application Program-
ming Interface (API), enabling integration and interac-
tion with other systems and tools, such as electronic
health records, laboratory information management
systems, and data analysis platforms (e.g., R).

Publication and Local Dissemination

Ideally, the study results should be published as open
access so that the obtained scientific knowledge can be
shared and the findings can be disseminated to local
health authorities, allowing for integration into local
health policies. However, publication fees or article pro-
cessing charges (APCs) may form a barrier. If these fees
were not accounted for in the study budget, researchers
can consider submitting to journals that offer no or
reduced fees for those from resource-limited settings.®
Many journals and publishers provide fee reductions or
waivers, typically based on the author’s institutional lo-
cation and country classification by organizations such
as the World Bank or the Research4Life initiative.%’
Furthermore, if finding a journal interested in pub-
lishing the results is difficult, it is helpful to contact
journal editors early in the process to inquire about
their interest and to discuss the possibility of a fee
waiver before submission.

Capacity Building and Funding

Clinical pharmacology studies are only sometimes done
in resource-limited settings. Building capacity in those
settings is crucial to address this. Various training
opportunities are available for investigators seeking to
expand their expertise in clinical pharmacology. These
include short in-person or online courses covering
different aspects of clinical pharmacology, such as PK
studies and the practical use of relevant software. For
example, Radboud University offers a 4-week online
summer course that teaches various techniques for
describing and predicting PK and PD, along with
their applications in research, with a reduced fee for
participants from LMICs.%® The National Institute
of Health (NIH) provides a free online lecture se-
ries on the principles of clinical pharmacology, fo-
cusing on rational drug development and therapeutic

utilization.® Like those offered by Pharmacometrics
Africa, Fellowship programs provide graduate students
with immersive training in pharmacometrics.** An-
other option is to pursue a funded PhD in clinical
pharmacology, enabling graduates to become experts
in the field. Mentorship is another valuable pathway,
where researchers from resource-limited settings collab-
orate with established experts in clinical pharmacology
from other regions. Through this collaborative work,
researchers receive on-the-job training and, over time,
can become proficient in clinical pharmacology and PK
studies.

Additionally, clinical pharmacology researchers who
have been mentored or trained can consider involving
aspiring researchers as co-investigators in grants or
studies to support capacity building and encourage
similar research efforts. Public-academic—private part-
nerships offer another route of collaboration, result-
ing in capacity building. For instance, a partnership
between a pharmaceutical company and research in-
stitutions in African countries focused on develop-
ing expertise and infrastructure for conducting clini-
cal pharmacology studies, particularly phase I or II
trials.”’ This collaboration included pre-workshop ac-
tivities, a face-to-face workshop, post-workshop gap
analyses, and the clinical trial phase. As a result, two
successful phase I clinical studies were conducted,
demonstrating the potential of such partnerships.
Others could replicate this model to achieve similar
outcomes.

Securing funding is often one of the most chal-
lenging aspects of conducting clinical pharmacology
studies in resource-limited settings. Researchers can
seek financial support from their institutions and orga-
nizations dedicated to global health or clinical pharma-
cology. For example, the Wellcome Trust funds research
on infectious diseases.”! TDR (the Special Programme
for Research and Training in Tropical Diseases) is a
global initiative that funds research projects targeting
diseases of poverty, such as infectious diseases.”” The
International Union of Basic and Clinical Pharmacol-
ogy (IUPHAR) reviews clinical pharmacology study
proposals from researchers in resource-limited settings,
provided these are co-organized with [UPHAR divi-
sions or sections/subcommittees.”> As discussed ear-
lier, pharmaceutical and software companies may be
approached for donations or collaborations to pro-
vide drugs, equipment, or software. Additionally, in-
vestigators in resource-limited settings often face time
constraints that hinder their ability to conduct and
complete studies. International collaboration can help
alleviate this issue by bringing in staff, such as PhD
students or research nurses, to handle the practical
aspects of the study, allowing the investigator to focus
on a coordinating role.
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Ethics

The IRB/IEC assesses the ethics of the study de-
sign. When designing the study, it is essential to con-
sider several questions. First, it should be evaluated
whether limited resources should be directed toward
conducting a clinical pharmacology study. The ethics
of this decision depend on the context; in settings
with severely limited resources, where many patients
have limited or no access to care, priorities may lie
elsewhere. However, clinical pharmacology studies are
crucial for determining optimal dosing strategies, which
have traditionally been underresearched in patient pop-
ulations in resource-limited settings. Investing resources
in these studies can lead to better use of drugs that have
limited availability. Improving drug efficacy or reducing
toxicity can lower the burden on a strained healthcare
system and improve patients’ survival and quality of
life. Thus, investing in a clinical pharmacology study
has the potential to provide significant clinical benefits
to a larger group of patients.

Extra precautions are necessary since participants in
resource-limited settings are often considered vulnera-
ble subjects. Special measures during the informed con-
sent process and financial compensation are discussed
in Recruitment of Participants. Additionally, stockouts
of the study drug can occur in resource-limited settings.
A strategy for managing study drug stockouts should be
established before the study begins. Access to a drug due
to study participation could be an unethical advantage,
both as an unethical motivator for participation and
for non-participants receiving care at the same site. To
address this, consider ensuring access to the study drug
for all patients at the site during the study. If this is not
possible, halt participant inclusion during stockouts so
that drug access remains equal for all patients receiving
care at the facility.

Conclusion

Conducting clinical pharmacology studies in resource-
limited settings is crucial to enhancing healthcare out-
comes for all patients. These studies are essential for
ensuring that drug treatments are effective, safe, and
appropriately tailored to diverse populations, consid-
ering differences in genetics, lifestyle, diet, and disease
patterns.

This practical guideline was designed to support
and encourage researchers interested in undertaking a
clinical pharmacology IIT, including PK sampling in
resource-limited settings. By addressing common chal-
lenges and offering practical solutions, this guideline
aims to aid researchers in overcoming barriers often
encountered in these settings. The ultimate goal is to
contribute to a more equitable distribution of high-

quality clinical pharmacology data, thereby improving
healthcare for patients in all world regions.
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