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Abstract
Background and Objectives Acoziborole is a novel boron-containing candidate developed as an oral drug for the treatment 
of human African trypanosomiasis (HAT). Results from preclinical studies allowed progression to Phase 1 trials. We aimed 
to determine the best dose regimen for all stages of HAT.
Methods Acoziborole was assessed in 128 healthy adult males of sub-Saharan African origin living in France. The study 
included a single oral administration of a 20- to 1200-mg dose in a randomised double-blind study in cohorts of 8 (6 active, 
2 placebo) to assess safety, tolerability, and pharmacokinetics. In three additional open cohorts of 6 participants, the effect 
of activated charcoal was evaluated, bioequivalence of capsules versus tablets was assessed, and safety in the 960-mg tablet 
cohorts was monitored.
Results Acoziborole was well tolerated at all doses tested; no dose-related adverse events were observed. The drug appeared 
rapidly in plasma (at 1 h), reached tmax between 24 and 72 h, and remained stable for up to 96 h, after which a slow decrease 
was quantifiable until 14 weeks after dosing. Charcoal had little impact on the enterohepatic recirculation effect, except for 
the 20-mg dose. Bioequivalence between capsule and tablet formulations was demonstrated. The therapeutic single dose for 
administration under fasted conditions was fixed to 960 mg. The maximum administered dose was 1200 mg.
Conclusions This study showed that acoziborole could be safely assessed in patients as a potential single-dose oral cure for 
both stages of gambiense HAT.
Trial Registration The study was registered with ClinicalTrials.gov: NCT01533961.

Key Points 

Acoziborole is a novel boron-containing candidate devel-
oped as an oral drug for the treatment of human African 
trypanosomiasis (HAT).
This Phase I study in three parts assessed acoziborole for 
safety, tolerability, pharmacokinetics, and the bioequiva-
lence of capsules versus tablets and aimed to determine 
the therapeutic dose.
This study showed that acoziborole could be safely 
assessed in patients as a potential single-dose oral cure 
for both stages of gambiense HAT.

 * Antoine Tarral 
 atarral@dndi.org

1 Drugs for Neglected Diseases initiative (DNDi), 15 Chemin 
Camille-Vidart, 1202 Geneva, Switzerland

2 Phase I Clinical Unit, SGS Aster, 3/5 rue Eugène Millon, 
75015 Paris, France

3 SANOFI, 54 rue La Boétie, 75008 Paris, France
4 Phaster1, 95 avenue de la maréchale 94420, 

Le Plessis-Trévise, France
5 Eurofins Optimed, 1 Rue des Essarts, 38610 Gières, France
6 PhinC Development, Genopole Campus 1, Immeuble 

Génavenir 8, 5 rue Henri Desbruères, 91000 Evry, France
7 Cardiabase, Banook Group, 84 Avenue du XXème Corps, 

54000 Nancy, France

http://crossmark.crossref.org/dialog/?doi=10.1007/s40262-023-01216-8&domain=pdf
http://orcid.org/0000-0003-1247-8653


482 A. Tarral et al.

1 Introduction

Human African trypanosomiasis (HAT), or sleeping sick-
ness, is a life-threatening vector-borne parasitic disease 
transmitted through the bite of the tsetse fly [1, 2]. Over 
95% of HAT cases are caused by the Trypanosoma brucei 
gambiense parasite (g-HAT), with the remainder following 
infection with T. b. rhodesiense (r-HAT). Both forms of 
the disease occur in two clinical stages: a first haemolym-
phatic stage, when parasites reside in the blood and lym-
phatic system, and a second meningoencephalitic stage, 
which occurs once the parasite has crossed the blood–brain 
barrier (BBB), resulting in severe neurological symptoms 
that, without treatment, progress to coma and eventually 
death [1, 2]. In 2010–2014, 10.85 million people were 
living at medium to high risk of infection with T. b. gam-
biense according WHO [3]. In 2012, at the start of this 
study, a total of 7092 new cases of g-HAT were reported 
by WHO; this number had reduced to 565 in 2020 [4, 5].

In 2012, at study start, the first-line treatment for stage 
2 g-HAT was nifurtimox eflornithine combination therapy 
(NECT) [1, 6, 7]. It replaced eflornithine monotherapy in 
2009, and although it was highly efficacious, this treatment 
was not optimal as it required slow intravenous administra-
tion of eflornithine (14 infusions over 7 days), a procedure 
that can only be performed by well-trained staff in a hospi-
tal setting [1, 6, 7]. Fexinidazole, a new 10-day oral treat-
ment, was approved in 2018 in the Democratic Republic 
of the Congo (DRC) after the positive opinion of European 
Medicines Agency (EMA). It was included in the WHO 
guidelines in 2019 as a first-line treatment for both stages 
of g-HAT [8–12], and was approved by the US Food and 
Drug Administration (FDA) in 2021.

However, a new oral treatment was considered neces-
sary to simplify treatment for both stages with no cumber-
some parasitological explorations. Acoziborole (SCYX-
7158), a novel boron-containing drug candidate [13–15], 
was included in the Drugs for Neglected Diseases Ini-
tiative (DNDi) lead optimisation programme in 2007 in 
collaboration with Anacor, SCYNEXIS, and the Swiss 
Tropical and Public Health Institute. Its excellent in vitro 
activity against Trypanosoma brucei spp, outstanding 
physicochemical properties (chemically stable, BCS class 
2, pKa = 9.61, logD at pH 7.4 = 3.51, non-hydroscopic, no 
acid- or photodegradation) and reassuring toxicokinetics, 
which led us to expect a possible long half-life in human, 
allowed for a first-in-man study in 2012 [13, 14]. This 
combined single ascending dose/multiple ascending dose 
(SAD/MAD) study, aimed to investigate the safety, toler-
ability and pharmacokinetics of SCYX-7158 in humans, 
whose protocol was designed with flexibility for potential 
amendment, is described here.

2  Methods

2.1  Participants and Procedures

This study was conducted in accordance with the Decla-
ration of Helsinki, French Huriet law (No. 2004-806), and 
Good Clinical Practice guidelines [16]. The protocol and 
amendments were approved by the Committee of Protection 
of Persons (Paris, France) and by the national competent 
authority (Agence Nationale de Sécurité du Médicament). 
Written informed consent was obtained from all participants. 
Details of study design and analytical methods employed are 
provided in Online Resource 1. Healthy male volunteers of 
sub-Saharan origin aged 18–45 years with a body mass index 
of 18–28 kg/m2 living in France were eligible for inclusion. 
Exclusion criteria included history of gastrointestinal (GI) 
disturbances, or a positive drug screening test.

2.2  Study Drugs

The interventional product acoziborole was administered 
in either 20 mg or 80 mg capsules with matching placebo 
(Penn Pharma, Tredegar, UK) or in 40 mg or 160 mg tab-
lets (Patheon Pharmaceutical Development, Swindon, UK). 
Activated charcoal  (Toxicarb®) was used in oral suspension 
(20 g/100 mL). The 20-mg starting dose in the initial SAD 
study was based on the 15 mg/kg/day no observed adverse 
effect level determined in 4-week toxicity studies in rat and 
dog.

2.3  Design of Studies

The study was initially designed in three parts: safety and 
tolerability of oral single ascending doses of acoziborole 
(I), food effect (II), and safety and tolerability of oral mul-
tiple ascending doses (III). However, after the lowest dose 
of acoziborole (20 mg), it was found that the half-life in 
human (t1/2 > 400 h) was longer than predicted from preclin-
ical data. Part I was suspended while additional preclinical 
pharmacokinetic studies in dogs, including charcoal-block 
methodology to evaluate the adsorption on charcoal and 
bile-duct cannulation, were conducted that highlighted mild 
enterohepatic recirculation of acoziborole. The protocol was 
amended as presented in Table 1 and a Safety Review Com-
mittee (SRC) constituted to oversee ascending-dose studies.

2.4  Study Protocol

Part I was a randomised, double-blind, within-cohort pla-
cebo-controlled SAD study of oral doses of acoziborole 
ranging from 20 to 1200 mg in capsule or tablet form, 
to determine the safety and tolerability of the drug. All 
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cohorts, except 1 and 9, also received once-daily activated 
charcoal (60 g) in oral suspension (300 mL) for 7 days 
starting from Day 5. For Cohort 1, blood samples were 
taken up to 168 h post-dose; for Cohorts 2–14, blood sam-
ples were collected up to 240 h and then at every ambu-
latory visit. Cerebrospinal fluid (CSF) was collected on 
Day 5 in cohorts 7 and 8. Participants were monitored for 
adverse events (AEs), physical signs, vital signs, electro-
cardiogram (ECG) findings, and changes in clinical labo-
ratory tests (haematology, biochemistry, and urinalysis). 
Quintuplicate ECGs were averaged from 24-h continuous 
ECG Holter recordings taken for cohorts 7–14 on up to 3 
separate days. Triplicate ECGs were recorded in cohorts 9 
and 12–14 on three separate days and five follow-up visits. 
Safety and plasma pharmacokinetic (PK) data from Day 
15 post-dose were reviewed in a blinded fashion by the  
SRC prior to administration of the next dose. Blood sam-
ples for plasma PK analysis were collected over a follow-
up period of 6 months after the end-of-study, or until the 
plasma concentration of acoziborole was below the level 
of quantification (BLQ).

Parts II (food effect) and III (multiple dose escalation) 
were cancelled following the first dose in part one due 
to the long half-life of acoziborole in healthy volunteers.

Part IV was an intermediate open-label pharmacoki-
netic study to assess the effect of activated charcoal on the 
plasma concentration of acoziborole, following the results 
of the bile-duct cannulation in dogs. Two cohorts of three 
participants received charcoal 24 h after administration of 
a single oral dose of 20 mg acoziborole in capsule form. 
Cohort 1 received 60 g activated charcoal 10 minutes 
before breakfast for seven days. Cohort 2 received 20 g 
activated charcoal three times daily 10 minutes before each 
meal for 7 days. Blood samples were collected up to 192 h 
post-dose for PK analysis. Participants were monitored as 
in part I. Data were reviewed by the SRC to determine an 

adapted treatment schedule of acoziborole with charcoal 
to allow resumption of part I.

Part VI was a complementary open-label study in two 
cohorts of six participants to evaluate the bioavailability 
of acoziborole in tablet compared with capsule form (part 
I). Each cohort received a single dose of either 40 or 160 
mg acoziborole in tablet form. To explore the impact of 
high-dose activated charcoal on acoziborole pharmacoki-
netics, both cohorts received 50 g activated charcoal start-
ing on Day 5 in the morning, and every 4 h for 3 days, and 
one single dose of charcoal on follow-up visits. The same 
monitoring was applied as in part I.

Levels of acoziborole and its metabolite SCYX-3109 
were determined in plasma and cerebrospinal fluid (CSF). 
Details of treatment duration, dosage regimen, criteria for 
evaluation, and sample (blood, urine, CSF) collection are 
given on page 4 of online resource 1.

2.5  Pharmacokinetic Analysis

Levels of SCYX-7158 and its metabolite SCYX-3109 were 
determined in plasma and analysed on a Kinetex C18, 2.6 
µm, 50 × 3.0 mm I.D. column using a validated liquid 
chromatography–tandem mass spectrometry (LCMS/MS) 
method. In lithium heparinised plasma, the quantification 
limit of SCYX-7158 and SCYX-3109 was 0.25 ng/mL and 
10 ng/mL, respectively.

Pharmacokinetic parameters for acoziborole and its 
metabolite SCYX-3109 were estimated using non-com-
partmental methods (Phoenix  WinNonlin® software, ver-
sion 6.3, Pharsight Corporation, Mountain View, CA, 
USA). The plasma pharmacokinetic parameters studied 
were: maximum plasma concentration (Cmax); time to 
reach Cmax (tmax); time to the start of absorption (tlag); 
elimination rate constant (ke), determined by log-linear 
regression using at least three time points on the terminal 
phase including the last time point and excluding Cmax; 
terminal elimination half-life (t1/2), determined by linear 
regression using at least three time points; area under the 
plasma concentration–time curve (AUC) from time zero 
to 96 h post-dose (AUC 0–96) before the administration of 
activated charcoal, AUC from time zero to the last measur-
able concentration (AUC 0–t), and AUC and from time zero 
to infinity (AUC 0–∞), all determined by a linear trapezoidal 
method. Free fraction of the drug in plasma was calculated 
using the ratio of the free plasma concentration to the total 
plasma concentration, multiplied by 100. The fraction of 
the drug in CSF was calculated using the ratio of the CSF 
concentration to the total plasma concentration, multiplied 
by 100.

Table 1  Design of the study

MAD multiple ascending dose, PK pharmacokinetic

Initial protocol
 Part I Randomised, double-blind versus placebo
 Part II Food effect cancelled
 Part III MAD cancelled

Amendment No. 6
 Part IV Open part: 20 mg + charcoal to assess the 

impact of charcoal on PK of acozi-
borole

Amendment No. 10
 Part VI Open part comparative PK capsules and 

tablets + intensive charcoal administra-
tion
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2.6  Statistical Analysis

All plasma concentrations were summarised by dose level 
or treatment. The derived PK parameters were listed by 
participant and summarised by dose level or treatment and 
day where appropriate. Similar descriptive statistics were 
presented for acoziborole plasma free fraction concentra-
tions by dose level. Moreover, ratios of each free fraction 
concentration to the matching plasma concentration were 
calculated and similar descriptive concentrations were pre-
sented by dose level.

In part I, AUC 0–96 and Cmax values were analysed for 
dose proportionality using analysis of variance techniques, 
and acoziborole concentrations in CSF were summarised 
by dose level. Descriptive statistics were performed in part 
IV. In part VI, the relative bioavailability between the cap-
sule and the tablet formulation was assessed by comparing 
the participants receiving the new tablet formulation at 
doses of 40 and 160 mg, to participants receiving the same 
doses using the capsule formulation in part I. The com-
parison was performed on Cmax and AUC 0–96, which were 
dose-normalised, log-transformed, and evaluated using a 
one-way analysis of variance, including a factor for for-
mulation. The difference between formulations (tablet and 
capsule) was calculated with its 90% CI.

Populations used for the analyses are summarised in 
Table 2, and include:

Safety Analysis Set all randomised participants, who 
received a dose of the study drug and have a post-ran-
domisation safety evaluation. Participants were analysed 
according to the treatment schedule they actually received.

Pharmacokinetic Analysis Set all participants who com-
pleted the study and did not have any protocol deviation or 
events implying a bias for the PK evaluation.

Replicate ECG analysis set (part I) all participants from 
the safety population with reliable replicate ECG data.

All statistical analyses were performed using  SAS® soft-
ware, version 9.2 (SAS Institute Inc., Cary, NC, USA).

3  Results

3.1  Safety and Tolerability

A total of 102 /128 participants received acoziborole (84 in 
part I, 6 in part IV and 12 in part VI) and 26 received pla-
cebo. One hundred and fourteen participants also received 
activated charcoal. Two participants withdrew for personal 
reasons, one after randomisation in part I and one after ran-
domisation in part VI—126 participants completed the study 
(Table 2).

After administration of study drug and before the first 
administration of activated charcoal, 15/102 (15%) partici-
pants receiving acoziborole reported 20 treatment-emergent 
AEs (TEAEs), and 3/26 (12%) participants receiving pla-
cebo reported 4 TEAEs. The occurrence of the TEAEs per 
treatment administered are presented in Table 3.

One serious AE (SAE) was reported (thyroid-stimulating 
hormone reduced below the lower normal limit, and free 
triiodothyronine (fT3) and thyroxine (fT4) increased above 
the upper normal limit), 3 months after dosing in the 240-mg 
dose group in part I. There were no clinical signs associated 
with these changes, which resolved spontaneously over time; 
this SAE was considered possibly related to acoziborole. No 
deaths or severe AEs were reported. The intensity of TEAEs 
varied from mild (33 in part I; 16 in part VI) to moderate 
(52 in part I; 24 in part VI). The most frequent acoziborole-
related AEs were gastrointestinal disorders (15  events 
reported by 14/84 participants [16.6%] in part I; 34 events 
reported by 12/12 participants in part VI), investigational 

Table 2  Participants included 
and analysed

ECG electrocardiogram, db double-blind, NA not applicable, PD pharmacodynamic, PK pharmacokinetic

Part I Additional part IV Additional part VI Total

13 db cohorts of 8 
(6/2)
1 open cohort of 6

2 open cohorts of 3 2 open cohorts of 6 18 cohorts

Active Placebo Active Active Active Placebo

Planned 84 26 6 12 102 26
Included 84 26 6 12 102 26
Completed trial 83 26 6 12 101 26
In PK analysis 84 NA 6 12 102 NA
In safety analysis 84 26 6 12 102 26
In ECG analysis 42 12 NA NA 42 12
In PD analysis 48 16 NA NA 48 16
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abnormalities (13 events reported by 13/84 participants 
[15.4%] in part I; 4 events reported by 4 /6 participants in 
part VI) and nervous system disorders (16 events reported 
by 14 participants in part I), see Online Resource 2. There 
were no dose-related TEAEs (Fig. 1).

Laboratory results showed some isolated clinically 
significant abnormalities, i.e., increases in creatine phos-
phokinase (CPK) in 6 participants (1 receiving placebo, 5 
receiving acoziborole), which returned to normal levels and 
were considered unlikely to be related to acoziborole, and 

in transaminases in 6 participants (2 receiving placebo, 4 
receiving acoziborole), which returned to normal levels. 
All six cases were considered possibly related to acozi-
borole and/or placebo. Overall, 13 AEs were reported by 
13 (11.8%) of the 110 participants (Online Resource 3). No 
relevant findings were observed on physical examinations, 
ECG, or vital signs. The 24-h Holter analysis was conducted 
on seven Cohorts. Categorical analysis showed some abnor-
malities, mainly PR values above 200 ms observed in 7 par-
ticipants who received acoziborole, none were above 220 

Table 3  Overall occurrence of treatment emergent adverse events (TEAEs)

AEs adverse events, D day, TEAE treatment emergent adverse event

Total 
partici-
pants

Incidence of adverse events

No. of TEAES No. of participants with 
TEAEs/ total partici-
pants

No. of AE-
related/total 
AES

No. of participants with 
related TEAEs / total par-
ticipants

Acoziborole with charcoal 110 85 59/110 (53.6%) 53/85
(62.3%)

39/110 (35.5%)

Acoziborole without charcoal (D1–D5) 102 20/85 (23.5%) 15/102 (14.7%) 13/85
(15.2%)

9/110 (8.18%)

Placebo without charcoal (D1–D5) 26 4/85 (4.7%) 3/26 (12%) 2/85 (2.35%) 1/110 (0. 9%)
Placebo with charcoal 26 24/85 (28.2%) 17/26 (65.4%) 12/85 (14.1%) 10/110 (9%)
Acoziborole alone (20- and 960-mg doses) 12 8/85 (9%) 5/12 (41.6%) 6/85 (7%) 4/110 (3.63%)
2 AEs before dosing

0

10

20

30

40

50

60

70

80

90

100

E
AET eno tsael ta hti

w stcejbus fo egatnecreP

Dosage of acoziborole

Fig. 1  Percentage of participants with at least one TEAE per cohort. N = 6 for all cohorts. *Without charcoal
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ms. No QTc values above 450 ms were measured during 
the study with acoziborole and no difference was observed 
in morphological analysis compared to baseline or between 
active groups and placebo. Furthermore, the concentration/
response relationship on ΔΔQTcF showed variations of 
limited extent. Within the limitations of the study (i.e., low 
participant numbers, the absence of a positive control and 
methodological differences between groups of cohorts), the 
results do not indicate an effect of acoziborole on QTcF.

3.2  Pharmacokinetics

Acoziborole exhibited rapid oral absorption and very long 
elimination half-life (~ 400 h), despite administration of 
activated charcoal. In addition, and in contrast to preclini-
cal PK data, metabolism of acoziborole was very limited. 
Plasma exposure of acoziborole increased in a less than 
dose proportional manner across the range of 20–1200 mg. 
At the doses studied (40 and 160 mg) in part VI, capsule 
and tablet formulations of acoziborole were shown to be 
bioequivalent. The unbound concentration of acoziborole 
in CSF (0.3–4.6%) was similar to that observed in preclini-
cal studies (0.3–3.9% in mouse). Furthermore, the unbound 
concentration of acoziborole in plasma appears to be a reli-
able indicator of CSF exposure.

3.2.1  Part I

After administration of SADs, acoziborole was slowly 
absorbed with a median tmax of 12 to 72 h, followed by 

sustained high plasma concentrations up to 96 h (Table 4). 
After 96 h post-dose (i.e., following charcoal adminis-
tration, except for Cohorts 1 and 9), acoziborole plasma 
concentrations started to decrease very slowly and gener-
ally remained quantifiable up to 9 weeks post-dose for 
doses up to 320 mg, and up to 14 weeks post-dose for 
doses beyond 400 mg (Fig. 2). This decrease in plasma 
exposure was parallel across all cohorts that received acti-
vated charcoal; for Cohorts 1 and 9 (20 mg and 960 mg), 
which did not receive activated charcoal, the decrease in 
exposure was slower. The terminal half-life of acoziborole 
was 267–411 h for Cohorts with charcoal (2–8, 10–14), 
and 399–409 h for Cohorts without charcoal (1, 9) indicat-
ing a low charcoal effect (Table 4, Fig. 3). The rate and 
extent of absorption of acoziborole was less than dose 
proportional over the studied dose range (40–1200 mg) in 
Cohorts with charcoal administration (2–8, 10–14). Dose 
proportionality was generally comparable for AUC 0–∞ 
and AUC 0–96 (i.e., before charcoal administration). Inter-
individual variability of Cmax and AUC 0–∞ values was low 
around 16–17%.

Mean CSF levels of acoziborole of 112 and 172 ng/mL 
were measured 96 h post-dose in participants from Cohorts 7 
and 8 (240 and 320 mg), respectively. Mean CSF-to-plasma 
ratios were comparable between cohorts: 2.2% and 2.6%, 
respectively. The concentration of unbound acoziborole, 
determined in samples taken across the majority of the dose 
range and up to 1200 mg, was found to be very low and close 
to the limit of quantification (LOQ). Consequently, relatively 
wide inter-individual variability was reported, resulting in 

Table 4  Pharmacokinetic parameters after single oral administration of increasing doses of acoziborole from 20 to 1200 mg for Part I

a Expressed as geometric median (minimum-maximum)
b Expressed as geometric median (CV%)
c N = 5

Dose (mg) Cohort N tmax
a (h) Cmax

b (µg/mL) AUC 0–t
b (h.µg/mL) AUC 0–∞

b (h.µg/mL) t1/2
b (h)

20 1 6 14.0 (3.0–24.0) 1.14 (28) 487 (63) 661c (48) 399c (26)
40 2 6 30.0 (4.0–48.0) 1.81 (12) 674 (21) 709 (22) 270 (26)
80 3 6 18.0 (12.0–48.0) 2.67 (12) 1121 (24) 1156 (23) 303 (33)
120 4 6 14.0 (4.0–72.0) 3.64 (9) 1802 (20) 1844 (20) 371 (31)
160 5 6 12.0 (9.0–24.0) 4.68 (8) 1629 (23) 1709 (21) 267 (18)
200 6 6 30.0 (12.0–72.0) 6.31 (13) 2358 (8) 2400 (8) 324 (21)
240 7 6 36.0 (12.0–72.0) 6.07 (24) 2513 (28) 2551 (27) 285 (30)
320 8 6 36.0 (9.0–72.0) 7.95 (8) 3237 (13) 3285 (14) 320 (20)
400 10 6 60.0 (12.0–72.0) 9.16 (10) 3857 (18) 3888 (18) 411 (17)
600 11 6 48.0 (24.0–72.0) 13.2 (19) 5086 (16) 5132 (16) 321 (10)
800 12 6 48.0 (24.0–48.0) 17.0 (25) 5860 (22) 5899 (22) 303 (34)
960 9 6 72.0 (48.0–96.0) 19.2 (21) 7,921 (23) 7,979 (23) 409 (16)
1000 13 6 72.0 (48.0–72.0) 22.5 (20) 6855 (11) 6886 (11) 349 (20)
1200 14 6 72.0 (48.0–72.0) 22.8 (28) 8485 (23) 8574 (23) 364 (37)
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a median unbound fraction of 0.4–3.4%. However, these 
data are consistent with previous in vitro measurement of 
unbound fraction (2.2%) and suggest acoziborole is highly 
bound to plasma proteins.

Plasma levels of the metabolite SCYX-3109 were gener-
ally very low (BLQ-317 ng/mL) across the dosing range 
(20–1200 mg) and therefore, no PK calculation was per-
formed. Accordingly, mean CSF levels of SCYX-3109 in 
Cohorts 7 and 8 were also very low (0.6–0.8 ng/mL).

3.2.2  Part IV

During the first 24 h following administration of 20 mg 
acoziborole (prior to charcoal administration), several 
absorption peaks were observed in the acoziborole plasma 
profiles. Thereafter, despite administration of charcoal 
three times daily (tid) or once daily (qd), absorption peaks 
were observed in the plasma profiles up to 72 h. Between 
72 and 192 h, plasma acoziborole levels decreased slowly 
with a terminal half-life of approximately 200 h. After 192 

Fig. 2  Mean plasma concentra-
tion versus time profiles after 
single oral administration of 
increasing doses of acoziborole 
from 20 to 1200 mg, for Study 
Part I
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h post-dose, administration of charcoal was stopped. Plasma 
acoziborole levels subsequently reached concentrations com-
parable to those observed in Cohort 1 (20 mg dose, with-
out charcoal) of part I, and decreased very slowly with a 
terminal half-life (262–497 h) comparable to that reported 
in part I (Fig. 3, Table 5). Plasma levels of the metabolite 
SCYX-3109 were BLQ.

3.2.3  Part VI

After a single administration of a tablet formulation (40 
or 160 mg), acoziborole plasma concentrations appeared 
rapidly, increased up to 9–12 h and remained steady up to 

96 h post-dose (when activated charcoal was administered) 
(Fig. 4). The median tmax values observed (12–24 h) were 
similar to those for the capsule formulation (12–30 h) used 
in part I (Table 6, Fig. 3). After 96 h post-dose, acoziborole 
plasma concentrations decreased slowly and remained quan-
tifiable in most subjects up 7 weeks post-dose. The drop in 
acoziborole plasma concentration at 168 h appeared to be 
slightly more rapid in this part (high charcoal administration 
every 4 h) than that observed in part I (charcoal once daily) 
(Fig. 4). However, the effect seems transient, as beyond 240 
h, the decrease in mean plasma concentrations was parallel 
between cohorts of parts I and VI. The mean terminal half-
life was 327–373 h, compared to 267–270 h for the same 

Table 5  Pharmacokinetic parameters (minimum–maximum) after single oral administration of 20 mg acoziborole on Day 1 followed by inten-
sive charcoal administration from Days 2 to 8, for Study Part IV

AUC  area under the plasma concentration–time curve, od once daily, tid three times daily

Charcoal dose 
(mg)

N tmax (h) Cmax (µg/mL) AUC 0–t (h.µg/mL) AUC 0–∞ (h.µg/mL) t1/2 (h)

20 tid 3 4.0–25.0 0.96–1.25 317–493 334–535 279–423
60 od 3 4.0–12.0 1.18–1.31 372–542 384–615 262–497
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Fig. 4  Mean plasma concentration versus time profiles after single oral administration of 40 or 160 mg of acoziborole as a capsule (Study Part I) 
or tablet (Study Part VI): a up to 96 h post-dose; b full follow-up period

Table 6  Pharmacokinetic parameters after single oral administration of 40 or 160 mg of acoziborole as a capsule (Study Part I) or tablet (Study 
Part VI)

a Expressed as geometric median (minimum–maximum)
b Expressed as geometric median (CV%)

Dose (mg) Formulation N tmax
a (h) Cmax

b (µg/mL) AUC 0–t
b (h.µg/mL) AUC 0–∞

b (h.µg/mL) t1/2
b (h)

40 Capsule 6 30.0 (4.0–48.0) 1.81 (12) 147 (11) 709 (22) 270 (26)
Tablet 6 12.1 (12.0–24.0) 1.85 (19) 153 (18) 712 (18) 327 (16)

160 Capsule 6 12.0 (9.0–24.0) 4.68 (8) 389 (7) 1709 (21) 267 (18)
Tablet 6 24.0 (12.0–72.0) 4.45 (24) 373 (19) 2210 (16) 373 (23)
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capsule doses in part I (Table 6). AUC 0–96 and Cmax values 
were similar for both formulations, the 90% CIs of the ratio 
were included within the bioequivalence range of 0.80–125 
indicating that the tablet formulation dosed at 40 or 160 mg 
are bioequivalent to the reference capsules. Plasma levels 
of SCYX-3109 were BLQ in 10/12 participants. Overall, 
there was no noticeable difference between administration 
of the tablet form of acoziborole with charcoal every 4 h 
and administration of the capsule form of acoziborole with 
charcoal qd (Part I). Therefore, at 40 and 160 mg doses, the 
capsule and tablet formulations of acoziborole are consid-
ered bioequivalent (Table 7). The concentration of unbound 
acoziborole in plasma was found to be BLQ in the majority 
of cases after the 40 mg dose and was quite low after the 
160 mg dose. Consequently, variable results were obtained 
with unbound fraction of ~ 1% but reaching 8% in 2 cases.

4  Discussion

The original design of part I was based on preclinical phar-
macokinetic data that showed acoziborole had a long elimi-
nation half-life (t1/2 >20 h) [13, 14]. However, following 
initiation of part I with the lowest dose of acoziborole (20 
mg), it became clear that this was a significant underestima-
tion of the actual half-life in human subjects (t1/2 ~ 400 h). 
The study was suspended to ensure the safety of partici-
pants, to allow time to develop a better understanding of the 
PK characteristics of acoziborole, and to amend the study 
design. In-depth dog PK studies, including charcoal-block 
methodology and bile-duct cannulation highlighted that 
enterohepatic recirculation of acoziborole could be respon-
sible. Information from these studies was used to design 
the intermediate study, part IV, which confirmed that during 
administration of both charcoal regimens (20 g tid or 60 g 
qd, for 7 days) the elimination half-life of acoziborole was 
halved whilst maintaining therapeutically relevant exposure. 
In fact, these treatment regimens were very consistent: the 
mean ratio of acoziborole plasma concentration after seven 
days post-dose and observed  Cmax was always approximately 
0.50, regardless of the participant or the activated charcoal 
regimen. Following expert review of these data by the Ethics 
Committee and the Sponsor, it was decided that Study part 

I could be safely resumed with acoziborole and a charcoal 
regimen (to shorten the follow-up period).

In part I, before administration of charcoal, exposure of 
acoziborole was not linear with dose. However, meaningful 
increases in both Cmax and AUC 0–96 were achieved for acozi-
borole across the entire dose range. This conclusion was also 
supported by AUC 0–96, following administration of charcoal 
at 96 h post-dose for the majority of the dose range. Another 
important characteristic was the low inter-participant vari-
ability (mean values varying from 8% to approximately 28%, 
independent of the dose). As expected, acoziborole exhib-
ited a very long elimination half-life (267–411 h) across the 
entire dose range. For Cohorts 1 and 9 that did not receive 
activated charcoal, the observed half-life (399 and 409 h) 
was at the upper end of this range, suggesting that charcoal 
administration was less effective in reducing the half-life of 
acoziborole in doses over 20 mg. As observed in preclini-
cal species, acoziborole was metabolised by oxidation to a 
single, inactive metabolite, SCYX-3109 [13], although its 
plasma levels were very low (< 10–31 ng/mL) across the 
dose range. Consequently, the very long half-life of acozi-
borole in human is probably due to very limited metabolism.

Comparison of PK data showed that tablets were bio-
equivalent to capsules, and that there was no discernible 
difference between high- and low-dose charcoal, allowing 
flexibility in choice of tablet or capsule formulations for 
future studies.

It is widely accepted that only unbound drug can diffuse 
in tissues and reach the site of action [17]. For HAT, it is 
important to not only consider free fraction in plasma but 
also in the brain (or CSF) [14, 17]. In this study, the con-
centration of unbound acoziborole in plasma samples was 
very low and difficult to quantify across the dose range, and 
was estimated to be between 0.4 and 8%, broadly consist-
ent with previous in vitro measurements (2.2%). In the two 
cohorts studied (240 and 320 mg), mean CSF-to-plasma 
ratios were found to be comparable (2.2% and 2.6%, respec-
tively), indicating that acoziborole is able to freely cross 
the BBB and reach the site of action associated with the 
second stage of the disease, indicating that pharmacologi-
cally active exposure should be reached in patients. Fur-
thermore, as the unbound concentration of acoziborole in 
plasma appeared to be a reliable indicator of CSF exposure, 
this was a useful parameter for planning subsequent doses 
of acoziborole. Pharmacokinetic modelling was performed 
after the 320 mg dose to simulate the dose progression 
required to reach the pharmacologically active free concen-
tration in CSF (unbound AUC = 5.8 µg.h/mL) [14]. Sub-
sequently, this concentration was observed in over 90% of 
all participants in the dose groups receiving 960–1200 mg 
acoziborole. Therefore, 960 mg acoziborole was considered 
to be the therapeutic dose. Due to the number of capsules to 
be swallowed (15 for the 1200 mg dose) the study scientific 

Table 7  Statistical analysis of relative bioavailability comparison—
ratio of geometric means and 90% CI

AUC  area under the plasma concentration–time curve, CI confidence 
interval, Cmax maximum plasma concentration, GM geometric means

Parameter Tablet/capsule ratio GM (90% CI)

AUC 0–96 (h.µg/mL) 0.9988 (0.9008; 1.1075)
Cmax (µg/mL) 0.9852 (0.8770; 1.1067)
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advisory board considered it not ethical to escalate the dose, 
therefore, 1200 mg was the maximum dose administered.

Escalating doses of acoziborole ranging from 20 to 1200 
mg did not generate safety concerns. There were no treat-
ment discontinuations, deaths, or severe AEs and only one 
SAE of mild intensity that was reported 3 months after dos-
ing (part I). A relatively high number of exclusively mild 
to moderate AEs were recorded but are probably due to 
the long follow-up period (6 months), required given the  
very long half-life of acoziborole. Gastrointestinal disor-
ders were among the most frequently reported AEs; how-
ever, as these symptoms occurred in participants receiving 
both placebo and acoziborole (part I), and extensively so 
in participants receiving high-dose charcoal (part VI), this 
can probably be attributed to coadministration of activated 
charcoal. This may explain the reports of drug-related nau-
sea that always occurred within 36 h of activated charcoal 
administration and, therefore, more than four days after 
administration of acoziborole.

The relatively high number of laboratory abnormalities 
was probably due to the  very long follow-up period. Fur-
thermore, they were observed in participants who received 
placebo and study drugs and were independent from dose 
or time from administration. Clinically significant changes 
were observed for plasma levels of CPK, aspartate amino 
transferase (ASAT), and alanine amino transferase (ALAT), 
but these generally returned to normal levels without correc-
tive treatment or were considered unrelated to acoziborole. 
Although there was one report of a SAE related to clinically 
significant changes in thyroid hormones in one participant 
(240 mg acoziborole), a meeting of experts concluded that 
these findings were discreet and transient and had no clini-
cal consequence. However, this was taken as a warning and 
observation of thyroid hormones was included in subsequent 
studies in patients.

Mean ECG parameters across time exhibited no differ-
ences between placebo and acoziborole, regardless of the 
dose, and remained within a similar range from screening 
to EOS. Overall, and within the limitations of this study, it 
can be concluded that single doses of acoziborole have no 
impact on cardiac activity. However, given the variations 
observed in this study, ECG recordings were made in sub-
sequent clinical trials and will continue to be collected in 
future studies in patients.

5  Conclusions

In this first-in-human study, acoziborole demonstrated an 
excellent non–dose-related safety profile at up to 1200 mg 
in healthy male participants of sub-Saharan origin. Admin-
istered as a single oral dose in fasted condition, acoziborole 
achieved high levels of sustained plasma and CSF exposure; 

according to the results of pre-clinical efficacy studies, this 
sustained exposure indicates that acoziborole may be fully 
efficacious in patients with HAT [13]. Acoziborole may rep-
resent a single-dose oral treatment for this life-threatening 
disease.
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