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The Long Wait for a New Drug for Human

African Trypanosomiasis

Catriona H. Baker'® and Susan C. Welburn'#%*

Human African trypanosomiasis (HAT) is responsible for around 3000 reported
cases each year. Treatments for HAT are expensive and problematic to admin-
ister, and available drugs are old and less than ideal, some with high levels of
toxicity that result in debilitating and, in some cases, fatal side effects. Treat-
ment options are limited, with only one drug, eflornithine, introduced in the last
28 years. Here we examine the limitations of current chemotherapeutic
approaches to manage HAT, the constraints to new drug development explor-
ing drug failures and new drugs on the horizon, and consider the epidemiologi-
cal, political, social, and economic factors influencing drug development.

HAT - Two Different Diseases

HAT, or sleeping sickness, is caused by two subspecies of the haemoflagellate parasite
Trypanosoma brucei sensu lato (see Glossary). Trypanosoma brucei rhodesiense (T. b.
rhodesiense) causes acute infection, and infection with Trypanosoma brucei gambiense (T.
b. gambiense) results in a chronic infection [1]. In the absence of treatment, infection with either
form of HAT results in death.

The epidemic nature of the two forms of HAT presents a major public health risk within the 36
sub-Saharan countries with endemic disease foci [2], with an estimated 70 million people at risk
of infection [3]. The majority of reported HAT cases (97 %) are for T. b. gambiense (g-HAT) (the
Democratic Republic of Congo (DRC) contributing 75% of cases), with acute T. b. rhodesiense
HAT (r-HAT) contributing 3% of HAT cases'. The level of under-reporting is significant for both
forms of HAT [4,5], and while reported case numbers have been falling (3796 HAT cases in
2014, and 2804 cases in 2015, most HAT foci are not under surveillance [5-8] and the number
of cases will range from three times the number reported [8] to far higher [5].

Since none of the drugs currently available for HAT treatment are recommmended for prophy-
laxis", HAT control focuses on early diagnosis and treatment (to remove infected cases) and
vector control (to interrupt transmission). For r-HAT, in endemic foci where there is a significant
domestic animal reservoir of infection, identifying and eliminating 7. b. rhodesiense parasites
from that reservoir is important [9-12]. In wildlife-protected zones, where a wide range of
species harbour T. b. rhodesiense parasites [13], vector control may be deployed to prevent
spill-over into human and domestic animal populations.

The causal agents of HAT can be horizontally transmitted by tsetse [14], vertically transmitted
from mother to offspring [15], and sexually transmitted in semen [16]. The parasites multiply in
the host bloodstream prior to migrating into the cerebrospinal fluid (CSF). Early clinical signs of
infection may be a trypanosomal chancre and lymphadenopathy at the site of fly bite [17], but
often a chancre is not observed (particularly for T. b. gambiense infection). As infection
progresses, intermittent fever, headache, and joint pain are experienced [18,19]. When
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Drugs currently available for the treat-
ment of HAT are unacceptable against
arange of benchmarks. The ideal drug
is a safe, oral compound with 95%
efficacy against both stages of HAT,
and a drug meeting these require-
ments could be used to prevent mater-
nal transmission and prophylactically.
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resulted in several promising drugs that
are progressing through clinical develop-
ment. However, a range of political and
social barriers prevent clinical trials from
being conducted effectively. An esti-
mated 90% of cases occur in countries
enduring conflict and political/social
instability, which negatively impacts on
health expenditure, infrastructure, and
the ability to conduct clinical trials.

During interepidemic periods, the few
available HAT patients are thinly dis-
tributed, and while two promising new
drugs are in the last stage of testing,
the lack of patients available for recruit-
ment into trials is problematic.
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parasites are detected only in blood and lymph but not in CSF, the disease is considered
haemolymphatic or stage 1.

The meningoencephalitic or late (stage 2) phase of infection is characterised by parasites
crossing the blood-brain barrier (BBB) into the central nervous system (CNS) [17]. This is
diagnosed by the visual presence of trypanosomes in the CSF or the patient having more than 5
lymphocytes/ul in the CNS [19-21]. Trypanosomes disrupt circadian rhythm and sleep pat-
terns, and common neurological symptoms include somnolence and confusion with tremor
and sensory dysfunction [21]. Progression of r-HAT to stage 2 may occur within weeks [21]
while g-HAT infection progresses more slowly with lymphadenopathy and hepatosplenome-
galy observed months to many years after infection [21].

For both forms of HAT, a rapid diagnosis is essential. BMJ Best Practice guidelines” suggest a
three-step approach: (i) screen population at risk, (i) confirm the presence of parasites, and (iii)
stage the disease. For T. b. rhodesiense a thick blood film is examined microscopically [21,22].
Since, individuals infected with g-HAT may remain asymptomatic for years [11,21,23] screen-
ing is undertaken using the serologic card agglutination test for trypanosomiasis (CATT)"
[22,23]. A molecular marker is available to detect r-HAT parasites [24], and several rapid
diagnostic tests are under trial for g-HAT [22,25]. As new detection methods are introduced the
key issue of clinical follow-up or treatment of silent carriers of 7. b gambiense infection
(individuals positive by PCR and/or other sensitive methods but showing no clinical signs of
g-HAT) will need to be addressed [11,23].

While improvements have been made in diagnostics for HAT screening, vector control, public
health, and treatment of domestic animal reservoirs, no new drug has been introduced for
routine clinical treatment of HAT for almost 30 years [26].

Drugs Currently Available for HAT

Four drugs are currently registered for HAT treatment: suramin, pentamidine, melarsoprol, and
eflornithine. A nifurtimox—eflornithine combination therapy (NECT), while not approved in all
HAT affected countries, has been on the WHO list of essential medicines since 2009 [27]
(Table 1). A timeline of early HAT drug development is shown in Figure 1.

Suramin (synthesised in 1917 as Bayer 205) [27] disrupts glucose synthesis [28]. Suramin is

used to treat stage 1 HAT but is ineffective for stage 2 infection since it does not cross the
BBB". Suramin is administered intravenously and requires prolonged hospital admission (21

Table 1. Summary of Current Drug Dose Regimens for Each Stage of g-HAT and r-HAT"

Infection Stage Drug Mode of application Adult dose
Pentamidine IM or IV 4 mg/kg/day for 7-10 days
Stage 1 .
Suramin I\ 1gondays 1, 3,7, 14, and 21
Melarsoprol v 2.2 mg/kg/day for 14 days
g-HAT P! g/Kg/day y
Eflornithine IV 4 x 100 mg/kg/day for 14 days
Stage 2
NECT |V Eflornithine 2 x 200 mg/kg/day for 7 days
PO Nifurtimox 15 mg/kg/day for 10 days
Stage 1 Suramin v 1gondays 1,3, 7, 14, and 21
r-HAT
Stage 2 Melarsoprol % 2.2 mg/kg/day for 10 days
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Glossary

Haemolymphatic: blood and
lymphphatic fluid.

Intramuscular (IM): situated or
taking place within, or administered
into, @ muscle.

Intravenous (IV): existing or taking
place within, or administered into, a
vein or veins.
Meningoencephalitic: brain and
meninges.

Per os (PO): from Latin ‘by opening’
or ‘by way of the opening’. The
expression is used in medicine to
describe a treatment that is taken
orally.

Sensu lato: in a broad sense, used
especially with names of taxa to
indicate that the name is used more
inclusively than sanctioned by current
practice.
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Figure 1. Early HAT Drug Development, 1900s to 2000. HAT drugs currently in clinical use, pentamidine and suramin, used for stage 1 HAT treatment, were
developed in the early part of the last century. Melarsoprol, eflornithine and nifurtimox, used for stage 2 HAT, were developed in the latter part of the last century.

Adapted from [31].

days). While there are indications of eflornithine, nifurtimox, and melarsoprol synergies with
suramin, combination therapies have not been successfully implemented [19].

Pentamidine (discovered in 1937) [29] binds to nucleotides and disrupts the mitochondrial
genome [30,31]. Pentamidine has been used to treat stage 1 g-HAT since 1940 but is less
effective against stage 1 r-HAT than suramin". Pentamidine is not effective for stage 2 HAT [32].
The standard dose of pentamidine is 4 mg/kg/day administered by the intramuscular (IM) or
intravenous (IV) route, for 7-10 days". Pentamidine is supplied as a powder and, once in
solution, must be used within 24 h [33].

Melarsoprol (developed in 1949) is effective against both stages of g-HAT and r-HAT [19]. Since
safer alternatives exist for stage 1 HAT, the use of melarsoprol is restricted to stage 2 disease
[34] and it is the only treatment for stage 2 r-HAT. Relapses occur in 10-30% of melarsoprol-
treated patients, and cure rates have fallen dramatically from 89.7-97.2% pre-1999 to 62.9-
92% post-1999 [34]. T. b. gambiense is considered to be increasingly melarsoprol-resistant
[27,35]. Administration originally required a daily IV dose of 1.2 mg/kg increasing to 3.6 mg/kg
for 3—4 days followed by a 7-day treatment break, repeated two or three times". A shorter
regimen of 2.2 mg/kg/day IV for 10 consecutive days is now recommended" [36]. Melarsoprol
is highly toxic, and since adverse effects are common (5-10% of patients develop a reactive
encephalopathy which is fatal in 50% of cases [34]), administration must be given in hospital.

Eflornithine (a-DFMQ) was developed in the 1970s for cancer chemotherapy [37]. Trypanostatic

action was observed in 1980 [19], and eflornithine was approved for stage 2 g-HAT treatment in
1990 [18]. Eflornithine inhibits trypanosome ornithine decarboxylase (ODC) [34]in T. b. gambiense
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butnotinT. b. rhodesiense [34]. Eflornithine is effective in both stages of g-HAT as it penetrates the
BBB" [19,29]. However, drug administration is problematic; the drug half-life is short (3 h) and a
100 mg/kg dose is required every 6 h". Administration of 56 IV injections over 14 days is labour-
intensive". Production was stopped by Sanofi in 1999 [37] but restarted by Aventis in 2001.

NECT combination therapy was developed to overcome the problems associated with eflor-
nithine monotherapy [34]. Nifurtimox, or 5-nitrofuran is cytotoxic to both forms of HAT [34] but is
not registered as a stand-alone compound for HAT [27]. A trial of three combination therapies:
nifurtimox—eflornithine; melarsoprol-nifurtimox and melarsoprol-eflornithine on patients with
stage 2 g-HAT concluded that nifurtimox—eflornithine was the most effective with less adverse
effects when compared to eflornithine monotherapy [38]. NECT is now recommended for stage
2 g-HAT infection [39,40].

Issues with Existing Drugs

Adverse side effects, poor efficacy, emerging drug resistance and complex treatment, and
administration protocols make HAT treatment problematic, and the toxicity of current chemo-
therapies negates their use for prophylaxis’. Melarsoprol is considered particularly toxic, but
even HAT drugs which do not cross the BBB, have adverse effects [18,41,42]. All current
treatments, aside from nifurtimox, which is administered per os (PO), require IV or IM
administration [43]. Melarsoprol, administered in propylene glycol, is a particularly painful
treatment which affects compliance [44]. The requirement for eflornithine to be administered
every 6 h for 14 days makes it an impractical treatment in areas with poor infrastructure [43].
The shorter (10 day) melarsoprol treatment shows higher mortality and relapse rates than both
the standard melarsoprol and eflomithine treatments [45]. While combination therapies offer
short-term solutions to the current lack of available therapies for HAT, the 7 days of treatment
required for NECT is not ideal [45]. The relapse rate for melarsoprol in some HAT foci is as high
as 30% and reduces treatment options in many HAT foci [42,46,47].

Drug Development

The WHO donates HAT drugs to affected countries, but HAT drugs are expensive to produce
and distribute. NECT, at US $357 per treatment, is considerably cheaper than eflornithine (US
$675) but these costs by far exceed the target of US $37 per course proposed by the Drugs for
Neglected Diseases initiative (DND/)".

Drug development is a lengthy process with high attrition rates. Only 12% of drugs that enter
clinical development will reach the market [48], and drug registration in developing countries is
challenging [49]. Several early HAT drug candidates entered clinical development but most
failed to reach full approval and 90% failed to reach production and distribution [27] (Figure 2).

Furamidine (DB75), a diamine analogue, was shown to be effective against HAT in 1977, but
was found inferior to pentamidine. Pafuramidine maleate (DB289), a prodrug of DB75, showed
high levels of hepatotoxicity and nephrotoxicity in Phase | safety trials, and the study was
terminated in 2009 [19,27]. DB844 and its active metabolite DB820 were considered possible
candidates for treatment of stage 2 HAT but their development was discontinued [50]. The
diamidine, DB829, and its prodrug DB686, showed improvements over DB289 in terms of
efficacy and without the liver toxicity, and performed strongly in mouse models (even for stage 2
HAT) and further trials were recommended [51,52].

The economies of countries affected by HAT are not sufficiently strong to support investment in
new drug development and, as only a relatively small number of people get sleeping sickness
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Figure 2. Major Drug Development Stages Occurring since 2008. Progress in the last decade towards a safe, oral compound with 95% efficacy against both
stages of HAT.

compared to many other diseases, this has until relatively recently discouraged drug company
involverment. HAT drugs have a low potential for profit due to the relatively small number of
reported cases and this has impeded investment in drug development [53,54]. DND/ aimed to
accelerate replenishing the dwindling HAT drug pipeline with new drugs with some success [55]
(Figure 2). Support for research has been garnered over the past decade with engagement from
the Bill and Melinda Gates Foundation, UK Medical Research Council, National Institutes of
Health, Wellcome Trust, Médecins Sans Frontieres, WHO, DND/ and drug companies, many of
which also donate unlimited, registered HAT drugs free of charge.

DNDi established a set of goals to guide the push in HAT drug research (Table 2) with the overall
aim for HAT being a safe oral drug with 95% efficacy against both stages of HAT infection (and
possibly a combination therapy to reduce toxicity) by 2018. One candidate, SCYX-7158
(acoziborole), an oxoborole with a long half-life (400 h) has the potential to be administered
as a single oral dose. Acoziborole was admitted to Phase | efficacy trials in 2015 to assess
safety, tolerability, pharmacokinetics, and pharmacodynamics of single oral ascending doses in
healthy human volunteers and results confirmed penetration of the BBB. A DND/ phase II/1ll trial
of single-dose acoziborole was initiated in DRC in 2016 for stage 2 g-HAT".

The nitroimidazole fexinidazole, effective against both stages of g-HAT and r-HAT [19] can also
be orally administered. A DNDi""'-supported clinical trial used a loading dose of 1800 mg/day for
4 days followed by a 1200 mg/day regimen for 6 days administered with a meal. Fexinidazole
was shown to be an effective (and safe) treatment for g-HAT [56]. Trials for efficacy for r-HAT
were rolled out in Uganda and Malawi in 2017, Fexinidazole shows promise as the first oral
treatment shown to be effective against second-stage g-HAT, and the drug could possibly be
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Table 2. DNDJ Target Product Profile for the Ideal New Drug for HAT"
Feature Ideal drug NECT®
HAT stage Both stages 1 + 2 Stage 1 and 2, but only used for stage 2
Subspecies causing HAT T. b. gambiense and T. b. gambiense
T. b. rhodesiense
Clinical efficacy >95% after 18 months 96.5%
Efficacy in melarsoprol-resistant cases Effective Effective
% Drug-related mortality <0.1% 1.2%
Monitoring for adverse effects Not required Hospitalisation required
Cost for donor agencies <US $37/course US $276/course
Treatment duration <7 Days PO once daily 10 Days PO
<7 Days IM once daily 7 Days IV infusion
Administration route PO IV and PO
Nifurtimox-eflornithine combination therapy.
administered in a home setting [57]; registration for a 10-day treatment programme of
fexinidazole for g-HAT was submitted to the European Medicines Agency (EMA) in 2017""
and the EMA accepted the application under ‘Article 58"
Drug candidates undergo an extensive development process of preclinical development,
clinical development, and approval before implementation in endemic areas (Figure 3). Finally,
some success is being seen for HAT, as demonstrated by candidates SCYX-7158, fexinida-
zole, and NECT in approval and implementation stages. Several other compounds — SCYX-
1330682, SCYX-1608210, and SCYX-2035811 — are on hold and will only be pursued, and
development continued, if more advanced candidates fail in clinical trials™*.
A safe oral drug treatment opens the possibility for prevention of maternal transmission,
treatment of silent carriers of infection, and in prophylaxis. The fexinidazole phase /Il
open-label, noninferiority trial did not include children under 15 or pregnant or lactating women
3 Years 6 Years 10 Months
f L 1
Discovery & Preclinical Clinical
Approval
development development development
,’ —————————— ~ l’ —————————— \\ o ~ T —_———e—e——————— ~
. i \ ! \ f \
| * Hit selectlo'n | | | I « Phasel | 1 |
I * Lead selection | | © Safety | o phasell I | » FDA I
I ¢ Lead optimisation 1 1 o Efficacy 1 1 ase 1 I o« EMA 1
I « cCandidate selection 1 1 1 1 ¢ Phaselll 1 1 1
| 7’ | / A 7’ N e e e e o 7’
SCYX-1330682 SCYX-7158 NECT
SCYX-1608210 Fexinidazole
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Figure 3. Drug Development Process. Estimated time frame from basic research to the drug reaching patients. HAT drug candidates (in red) are in the pipeline.
FDA, Food and Drug Administration; EMA, European Medicines Agency; NECT, nifurtimox—eflornithine combination therapy.
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[56], and a Phase llIb trial on special population groups, excluded from previous studies, has
been initiated™'. A drug that can be used in pregnant and lactating women is needed if maternal
transmission of HAT is to be addressed and prevented [11]. If fexinidazole safety is confirmed
for these groups, importantly, patients could be treated without visualisation of parasite
infection in blood or spinal fluid, which would permit screening of populations at scale, and
silent carriers of infection to be treated [11,23].

Routes to Drug Discovery

Successes have followed a number of different drug discovery routes. Compound reposition-
ing, in which existing drugs were screened for HAT, was used in the development of nifurtimox
and eflornithine and for the re-discovery of fexinidazole in 2005 [19].

Target-based approaches to identify compounds that act as inhibitors against a molecular
target also offer promise, given the unique characteristics of trypanosomatids and advanced
technologies that facilitate target-based discovery (structure-based drug design or high-
throughput genetic RIT-seq screening) [58-61]. Compounds can be identified by high-through-
put library screens to find a suitable inhibitor based on its potency, selectivity, and pharmaco-
kinetic properties [62]. Deconvolution of eflornithine led to the discovery of ornithine
decarboxylase, the only fully validated drug target for HAT [63]. N-myristoyltransferase has
been identified as a target, and a number of trypanocidal inhibitors, most notably DDD85646,
are now being explored [64].

There are inherent difficulties in translating target inhibition in cell-free systems to inhibition of
parasite proliferation in vivo [65]. Phenotypic and cellular screening of inhibitors against whole
parasites (rather than isolated targets) has been successfully applied in HAT drug discovery for
fexinidazole and SCYX-7158. In vitro assays, however, remain challenging for T. b. gambiense,
which is difficult to isolate and culture, requiring adaptation to screen against the nonhuman
infective forms of T. b. brucei [66].

Political, Social, and Economic Factors Influencing Drug Development

HAT is a neglected tropical disease (NTD) that affects the poorest and most remote commu-
nities in sub-Saharan Africa and, as for all NTDs, multiple political, social, and economic factors
feed into the drug discovery, development, and deployment landscape. HAT incidence has
been decreasing since 2000, and this directly impacts on political willand commitment for long-
term investment in HAT.

HAT outbreaks and epidemics are intrinsically linked to displacement of populations, partic-
ularly during conflicts. Social disruption impacts on resources for surveillance and health care
provision [67-69]. Solutions require to be tailored to the settings in which they will be
deployed, hence the requirement for a safe, all-oral treatment, for both first and second
stages of HAT.

Across the HAT foci in sub-Saharan Africa, we are experiencing an interepidemic period,
characterised by low case numbers. The successful trials of fexinidazole in the DRC and the
Central African Republic offer hope for a major step forward in treatment of g-HAT, but the
falling case numbers over the past decade directly impacted on the ability to conduct clinical
trials for HAT. Recruitment into the Phase II/1ll SCYX-7158 trial was problematic, and by the end
of 2016 only 11 patients (out of a target 350) were enrolled. Similarly, only 6 patients, of a target
of 174, agreed to participate in the trials of fexinidazole"" and clinical trials for NECT in Uganda
were terminated™" due to low case numbers.
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Infection with HAT brings considerable social stigma to the infected individual and their families.
Communities are inherently superstitious of individuals afflicted with HAT, in part due to the
extraordinary behavioural changes and neurological symptoms typical of stage 2 infection.
When r-HAT first emerged in Kabaramiado District, Uganda, in 2005, the New Vision newspa-
per commented ‘Sleeping sickness has hit Kabaramiado however residents are ignorant of the
disease because of their traditions and superstitions’ [10]. This stigma impacts directly on
health-seeking behaviour: suspected cases are fearful of diagnosis and treatment and do not
present for screening. This has a direct impact on recruitment of cases for participation in
clinical trials [70].

Concluding Remarks

The epidemiology of HAT suggests that we are at present experiencing an interepidemic
period, characterised by low case numbers. With the apparent decrease in cases for a
neglected disease, such as HAT, there is a risk that both political and donor support for
the current drive in investment for drug development could contract. This would be an
expensive mistake.

HAT is a disease characterised by epidemics; we have experienced interepidemic periods
many times before [11] and should now be preparing for the next HAT epidemic (see
Outstanding Questions). The present parasite populations of T. b. gambiense Group 1 have
arisen from a single individual within the last 10 000 years [71]. It has been suggested that the T.
b. gambiense Group 1 clone is normally transmitted maternally from infected mothers to their
offspring [11]. Transmission in the absence of tsetse vectors has fiscal implications for pro-
grammes designed to eliminate g-HAT. The goal posts have moved, and the criteria needed for
new drugs may need to adapt to be acceptable for treatment of women of childbearing age and
young children.

An arsenal of ‘safe oral drugs with 95% efficacy against both stages of HAT infection’ is needed
that can be used to eliminate the human reservoir of HAT infection across established foci, if we
are finally to be able to confine the long and sorry saga of HAT to the history books.
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Outstanding Questions

During interepidemic periods, when
HAT case incidence is low, how can
the financial sustainability of platforms
that support research and translation
for continuous evolution of the drug-
discovery pipeline be maintained? Can
social finance models play a role [72]?

There is an urgent need to address the
obstacles to recruiting patients in the
field for current trials. Can new diag-
nostic tools be deployed for mass
screening to address both under-
reporting of cases and identify patients
for recruitment into trials?

The mounting evidence for maternal
transmission of g-HAT demands a
new approach to enable early identifi-
cation and treatment of g-HAT infec-
tion. Can a safer, orally administered
drug be used in pregnant and lactating
women? Could this drug be used pro-
phylactically to eliminate T. b. gam-
biense from human reservoirs in HAT
foci?
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