'-) Check for updates

Received: 8 February 2024 Revised: 5 June 2024 Accepted: 10 June 2024

DOI: 10.1002/pbc.31160 Pediatric s h
Broca & aspho
BRIEF REPORT Cancer ey L oncosy WI LEY

Vincristine exposure in Kenyan children with cancer: CHAPATI
feasibility study

Aniek Uittenboogaard>?® | Mirjamvande Velde® | LisavandeHeijden®* |
Leah Mukuhi® | Nielsde Vries® | Sandralangat® | GilbertOlbara®® |
Alwin D.R. Huitema?3’ | TerryVik®® | GertjanKaspers®? | Festus Njuguna®

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

3Department of Pharmacy & Pharmacology, Netherlands Cancer Institute, Amsterdam, The Netherlands
4Department of Clinical Pharmacy, OLVG, Amsterdam, The Netherlands

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

6Department of Child Health and Paediatrics, Moi University/Moi Teaching and Referral Hospital, Eldoret, Kenya
7Department of Clinical Pharmacy, University Medical Center Utrecht, Utrecht University, Utrecht, The Netherlands

8Pediatric Hematology/Oncology, Indiana University School of Medicine, Indianapolis, Indiana, USA

Correspondence
Aniek Uittenboogaard, De Boelelaan 1118, Abstract
é:iill:\_Lﬁtn;if;g;:a’rzh@ea'r\‘ne:gg:;i;c_nl The low incidence of vincristine-induced peripheral neuropathy (VIPN) in Kenyan
children may result from low vincristine exposure. We studied vincristine expo-
Clinical trial registration: This study was

prospectively registered at ClinicalTrials.gov
(ID NCT05844670). (NCT05844670). Average vincristine exposure was high. Individual vincristine expo-

sure in Kenyan children and dose-escalated in case of low vincristine exposure

sure was assessed with a previously developed nomogram. A 20% dose increase was
Funding information . . - . X
World Child Cancer NL: Schumacher-Kramer recommended for participants with low exposure and no VIPN, hyperbilirubinemia, or

Foundation; Ter Meulen Grant of the Academy malnutrition. None of the 15 participants developed VIPN. Low vincristine exposure
Medical Sciences Fund . . . . . .
was seen in one participant: a dose increase was implemented without side effects.
In conclusion, the participants did not develop VIPN despite having high vincristine

exposure.

KEYWORDS
feasibility study, individualized dosing, pediatric oncology, pharmacokinetics, sub-Saharan Africa,
vincristine

Abbreviations: ALL, acute lymphoblastic leukemia; AUC, area under the curve; CTCAE, Common Terminology Criteria for Adverse Events; CYP450, cytochrome P450; IQR, interquartile range;
OATP1B3, organic anion-transporting polypeptide 1B3; PD, pharmacodynamics; ped-mTNS, pediatric modified total neuropathy scale; PK, pharmacokinetics; VIPN, vincristine-induced peripheral
neuropathy.

Gertjan Kaspers and Festus Njuguna contributed equally to this work.

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.
© 2024 The Author(s). Pediatric Blood & Cancer published by Wiley Periodicals LLC.

Pediatr Blood Cancer. 2024;71:€31160. wileyonlinelibrary.com/journal/pbc | 1of5
https://doi.org/10.1002/pbc.31160


https://orcid.org/0000-0002-0570-8177
https://orcid.org/0000-0002-7795-8474
https://orcid.org/0000-0002-9883-0568
mailto:a.uittenboogaard@amsterdamumc.nl
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/pbc
https://doi.org/10.1002/pbc.31160
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fpbc.31160&domain=pdf&date_stamp=2024-07-02

UITTENBOOGAARD ET AL.

WILEY 12

1 | INTRODUCTION

Vincristine is an anticancer drug that is part of many childhood can-
cer treatment protocols.!? It exerts its cytotoxic effect by binding to
tubulin in tumor cells. However, tubulins are abundant in neurons as
well, and the main side effect of vincristine is therefore vincristine-
induced peripheral neuropathy (VIPN), a sensory-motor neuropathy
that often presents with numbness or pain in the hands and feet or
constipation.2

The vincristine dose is generally capped at 2.0 mg (1.5 mg/m?)
to avoid excessive toxicity. A trial in predominantly White children
attempted to increase the dose to 2.0 mg/m? (maximum 2.5 mg), which
led to severe VIPN.? Interestingly, this dose is standard-of-care for
children treated in western Kenya and is well tolerated: less than 5%
develop VIPN.#° Indeed, several studies have established the lower
risk of VIPN in Black children,®~? which might be explained by phar-
macogenomics. Vincristine is metabolized by cytochrome P450 (CYP)
3A4 or 3A5, of which the latter is more efficient.2>11 As Black patients
more frequently express CYP3A5,41213 they likely metabolize vin-
cristine quicker, leading to lower plasma concentrations* and a lower
risk of VIPN.141> Toxicity is generally something to be avoided, but as
the mechanism underlying vincristine toxicity and efficacy is similar,2
VIPN may be considered on-target toxicity. Indeed, higher systemic
exposure is associated with an increased risk of VIPN and lower relapse
rates.’*"1¢ Therefore, a pharmacokinetic (PK) study assessing vin-
cristine exposure in the possibly underdosed Kenyan population is
warranted.

In the CHAPATI feasibility study, we studied vincristine exposure
in Kenyan children with cancer, and incorporated pharmacokinetically
(PK)-guided dose escalation in case of low exposure.

2 | METHODS
2.1 | Participants

Eligible patients were between 5 and 14 years old, newly or previously
diagnosed with acute lymphoblastic leukemia (ALL), non-Hodgkin
lymphoma (NHL), rhabdomyosarcoma, neuroblastoma, or nephroblas-
toma, and scheduled to receive at least two vincristine doses (Appendix
Sl). Based on findings from a previous study,* we performed a qual-
ity control of locally dispensed vincristine according to the European
Pharmacopoeia (Ph. Eu.) method.!” Patients were ineligible in case
of moderate-severe malnutrition, hyperbilirubinemia, severe mental
retardation, or peripheral neuropathy (Appendix Sll).

Patients and their legal guardians provided informed written con-
sent and assent as appropriate. The study was approved by Kenyan
regulatory institutions (NCT05844670).

2.2 | Study intervention

Two milliliters of venous samples were collected at 60 (+15), 90
(+5), and 240 (+15) minutes after the end of vincristine intravenous

TABLE 1 Demographic and descriptive data of the participants in
the feasibility study.

Total (n = 15)

Diagnosis, n (%)

ALL 10 (66.7)

Nephroblastoma 2(13.3)

NHL 2(13.3)

Neuroblastoma 1(6.7)
Age in years, median (IQR) 9.3(8.2-10.3)
Male sex, n (%) 9 (60)
Dose in mg, median (IQR) 2.0(1.7-2.2)
Number of on-study doses, median (IQR) 6(5-8)
Nutrition status in SD score, median (IQR) 0.5(-1.9t00.5)
Bilirubin in pmol/L, median (IQR) 5.3(3.1-17.5)
VIPN according to CTCAE, n (%) 0(0)
VIPN according to ped-mTNS, n (%) 0(0)
ped-mTNS score, median (IQR) 0(0-3)
CTCAE score, median (IQR) 0(0-0)

(

Exposure to vincristine Total (n = 30 occasions)
T = 60 minutes, n (%)

Low exposure 6(20)

Normal exposure 24 (80)
T =90 minutes, n (%)

Low exposure 1(3)

Normal exposure 29(97)

T = 240 minutes, n (%)

Low exposure 0(0)

Normal exposure 30 (100)
Overall, n (%)

Low exposure 1(3)

Normal exposure 29(97)

Abbreviations: ALL, acute lymphoblastic leukemia; CTCAE, Common Ter-
minology Criteria for Adverse Events; IQR, interquartile range; NHL,
non-Hodgkin lymphoma; ped-mTNS, pediatric modified total neuropathy
score; SD, standard deviation.

(IV) push administration.'® The samples were shipped temperature-
controlled to the Netherlands, where the vincristine concentration was
determined using liquid chromatography-tandem mass spectrometry
(LC-MS/MS).2? Vincristine exposure was assessed using a pharmaco-
metric nomogram in which the ratio between the individual observed
concentration and the median concentration of European patients was
determined.’® A 20% dose increase was recommended for patients
with low exposure and no VIPN, hyperbilirubinemia, and moder-
ate/severe malnutrition; otherwise the standard-of-care dose was
maintained. VIPN was assessed through Common Terminology Criteria
for Adverse Events (CTCAE) version 5 items constipation, peripheral
sensory and motor neuropathy, and neuralgia?® and with the pediatric

modified total neuropathy scale (ped-mTNS), with respective scores
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FIGURE 1 Theindividual time-vincristine concentration graphs of the participants. A dose increase was implemented for Patient 11 at

Occasion 2. The T = 240-minute sample was missing in Patient 6.

of 2 and 5 and higher indicating VIPN.2! VIPN assessments were per-
formed at baseline, before, and 1 week after a dose, and at least

monthly.

2.3 | Statistical methods

Descriptive and outcome data were summarized using frequency dis-
tributions, means with standard deviations (SD), and medians with
interquartile ranges (IQR). Medians were tested with the Wilcoxon
rank sum test. A two-sided p-value of <.05 was considered statistically

significant. Analyses were conducted using R (version 4.2.1).22

3 | RESULTS
3.1 | Participants

Fifteen patients were included in the study, 10 of whom were diag-
nosed with ALL (Table 1, Figure S1). In one participant, the T = 240-
minute sample was missing. Vincristine quality control showed 38%
higher drug content than specified on the label claim (Appendix Sll1).

3.2 | Outcomes

Vincristine exposure was significantly higher in the Kenyan partici-
pants than in the European patients used for the development of the
nomogram: median plasma concentrations (ng/mL) and IQR at Time
1: Europeans = 3.89 (5.96), Kenyans = 9.81 (8.19), p < .001; Time
2: Europeans = 2.37 (0.95), Kenyans = 8.67 (6.15), p < .001; and

Time 3: Europeans = 1.99 (3.07), Kenyans = 12.4 (9.41), p < .001)18
(Figure 1, Figure S2A). The overall median plasma exposure was 150%
higher in the Kenyan participants (10.00 ng/mL) than in the Euro-
pean participants (3.99 ng/mL). None of the participants developed
VIPN (Table 1). Based on low vincristine exposure, a 20% dose increase
(2.4 mg/m2, 3.0 mg) was implemented in one participant without side
effects (Table 1, Figure 1). Vincristine was given in 20—30 seconds as
opposed to 2—3 minutes in 10 occasions; the median concentrations

were however not significantly different (Figure S2B).

4 | DISCUSSION

This study showed that Kenyan participants had higher exposure to
vincristine compared to European patients, but did not develop VIPN.
It is therefore unlikely that a PK explanation accounts for this lack of
VIPN.

The lower risk of VIPN in Black patients has been well
established,®? and is particularly apparent in Kenyan patients.*
We hypothesized that this was due to more efficient metabolism
and therefore lower blood concentrations. However, we found the
opposite. This was partially, but not completely, explained by a higher
dose as a consequence of a higher vincristine concentration in the
drug product. A study comparing the PK of severely malnourished
Malawian children to children from the United Kingdom also found
that Malawian children had a higher exposure to vincristine.2®> These
observations suggest that there is a difference between the PK of
Black and non-Black children, which cannot solely be attributed to
nutritional status.

Two recently published studies support individualized dosing

through the development of a target area under the curve (AUC) in
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relation to exposures observed in children with cancer?* and to the risk
of VIPN.2> The latter might not be applicable to Kenyan patients, as
our findings suggest that the lower incidence of VIPN is the result of
pharmacodynamics (PD) rather than PK. The use of a target AUC might
not be sensible in Kenyan children until this is elucidated. A poten-
tial PD explanation could involve differences in vincristine transport.
Li et al. highlighted the role of organic anion-transporting polypeptide
1B3 (OATP1B3), which was previously thought to only be hepatically
expressed, in neuronal uptake of vincristine.2 Inhibition of murine
analog OATP1B2 protected mice from VIPN, while plasma vincristine
concentrations or tumor efficacy were not affected. Lower activity of
OATP1B3 in Kenyan patients might explain the lack of VIPN despite
higher vincristine exposure.

The goal of the PK-guided dose escalation was to establish the
proof of principle and subsequently follow-up with a clinical study.
However, as this was not achieved in the majority of participants,
the design of the clinical study will be adapted into a conventional
dose-escalation study based on toxicity. OATP1B3 activity will be
measured through biomarkers,2¢27 and a 24-hour PK sample will
be collected. Response to treatment will be evaluated in a larger
cohort. To characterize vincristine PK in Black children, a population
PK model will be developed. A genomic analysis of participants will
follow.

The strengths of this study were that VIPN was prospectively mon-
itored with the CTCAE, and ped-mTNS measurement tool was more
sensitive.2128 Vincristine concentrations were measured with a val-
idated assay.® Missing samples were limited to one. Limitations are
the lack of late PK samples. The nomogram in its current form is not
applicable to the Kenyan population. There was considerable varia-
tion in vincristine blood concentrations, possibly related to diagnosis,
nutritional status, and age.

In conclusion, Kenyan children with cancer have distinct vincristine
PK and toxicity profiles compared to White children. Future research
should focus on characterizing these differences so that the dosing reg-
imen of vincristine can be tailored to Kenyan patients, and potentially
to other Black patients as well.
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