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Abstract

Human African trypanosomiasis (HAT), or sleeping sickness disease, is an infection caused mainly by
Trypanosoma brucei gambiense-human African trypanosomiasis (g-HAT) and is transmitted by tsetse flies.
The disease goes through two stages: hemolymphatic and meningo-encephalic phases. The treatment for the
second stage has changed from melarsoprol or eflornithine to nifurtimox-eflornithine combination therapy
(NECT) and fexinidazole. We aimed to systematically review the literature on the efficacy and toxicity of
fexinidazole and NECT. We used PubMed advanced strategy and Google Scholar databases, including clinical
trials and observational studies on humans in the last 20 years in the English literature. Applying the
inclusion/exclusion criteria, we reviewed eight studies. We used Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) and Meta-analysis of Observational Studies in Epidemiology

(MOOSE) protocol. For assessing bias, we used the Cochrane Collaboration’s tool for risk assessment of the
clinical trials and the Robins-I tool for the observational studies. Overall, the clinical trials showed that
NECT was non-inferior to eflornithine. The proportion of patients discharged alive is higher in patients
treated with NECT vs. patients treated with eflornithine. Gastrointestinal complaints are a common side
effect of NECT therapy, while fearful but relatively rare convulsions can also occur. The main limitation
among the studies of NECT was the lack of blinding because most of them were open-label. Fexinidazole, the
new oral medication showed is effective and safe for the treatment of g-HAT infection. Because of their
convenience, fexinidazole is preferred over NECT therapy, oral vs. IV infusion in the first and second stages
of the disease. Compared to older therapies, fexinidazole and NECT are more effective and safer than
eflornithine and melarsoprol monotherapy.
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Introduction And Background

Human African trypanosomiasis (HAT), also called sleeping sickness, is a tropical disease that affects sub-
Saharan African countries [1]. Annually, about 12,000 cases of sleeping sickness are reported; however, other
reports suggest that the actual case count could be five times higher [2]. HAT is a protozoan parasitic
infection that is classically transmitted by the blood-sucking tsetse flies by mainly three species of
trypanosomes: Trypanosoma vivax, Trypanosoma congolense, and Trypanosoma gambiense [3]. The disease
goes through two stages: the first is the hemolymphatic phase, which is effectively treated with
pentamidine, and the second is the meningo-encephalitic stage. The second stage is characterized by
parasitic invasion of the central nervous system after crossing the blood-brain barrier, which leads

to psychiatric and neurological disorders, coma, and/or death [1,4]. Drugs to treat second-stage HAT are
highly toxic, old, and encounter parasite resistance [5,6]. Three drugs are used to treat second phase sleeping
sickness: melarsoprol, eflornithine, and nifurtimox [5]. Since 1942, the primary drug of treatment for the
second stage was melarsoprol, which is an arsenic derivative with high toxicity, which caused life-
threatening side-effects, in particular reactive encephalopathy that develops within four days of the start of
therapy and affects 5-10% of treated patients. The mortality of melarsoprol-induced reactive
encephalopathy was 50% [7]. Eflornithine, used since 1990, was better tolerated than melarsoprol. However,
the drug is difficult to administer, requiring 56 infusions, four daily slow infusions for 14 days [2]. In 2009,
the WHO Essential Medicine List (WHO EML) included nifurtimox-eflornithine combination therapy (NECT)
as the first-line treatment for the second stage, with high cure rates (95-98%) and lower fatality rates (<1%)
[1]. The first pilot three-therapy trial (TTT) was conducted in Uganda in 2001 and was terminated early
because of high toxicity in the melarsoprol group [2]. A second large-scale NECT trial was conducted in the
Republic of Congo, and this led to the inclusion of NECT in the WHO EML [4]. The most recently studied
medication is fexinidazole. The first in-human clinical trials involving fexinidazole began in 2009 and the
phase II/III clinical trials of fexinidazole started years after in 2012. Further clinical trials demonstrated that
fexinidazole treatment was well tolerated with an acceptable safety profile [1].
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According to the WHO, HAT is a neglected tropical disease and it is vital to continue investigations on this
disease [8]. We aimed to conduct a systematic review of the clinical trials and observational studies to
investigate the efficacy and toxicity of fexinidazole and NECT on patients in the second stage of sleeping
sickness. The purpose of this study is to consolidate the knowledge of the treatment of sleeping sickness
with fexinidazole and NECT and to compare these studies with older medications, such as melarsoprol and
eflornithine.

Review
Materials and methods

For this systematic review, we used the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA). We also used the Meta-analysis Of Observational Studies in Epidemiology (MOOSE) protocol for
observational studies.

Eligibility Criteria and Study Selection

We only included clinical trials and observational studies on humans in the last 20 years in the English
literature. We excluded studies other than clinical trials and observational studies because they give a higher
degree of evidence. Also, we excluded papers that did not fulfill the aims of our study. After screening the
studies, we included papers with the following criteria: (1) patients - individuals with African
trypanosomiasis; (2) intervention - use of fexinidazole or nifurtimox + eflornithine in patients with African
trypanosomiasis; (3) comparator - placebo, control group, or standard treatment; (4) outcomes - survival
rate, drug toxicity

Database and Search Strategy

A review of the literature using PubMed and Google Scholar databases was performed during May 2021 to
July 2021. The search terms used were "African trypanosomiasis'[Title/Abstract] AND "nifurtimox
eflornithine"[Title/Abstract] OR "sleeping sickness"[Title/Abstract] AND "nifurtimox eflornithine"
[Title/Abstract] OR "African trypanosomiasis'[Title/Abstract] AND "Fexinidazole"[Title/Abstract] OR
"sleeping sickness"[Title/Abstract] AND "Fexinidazole"[Title/Abstract].

Data Extraction and Analysis

We collected the following information for each study: the first author's last name, year of publication,
country, study type, study design, number of patients in the treatment group, number of patients in the
control group, and outcomes.

Bias Assessment

For assessing bias, we use the Cochrane Collaboration’s tool for risk assessment of the clinical trials [9] and
the Robins I tool for the observational studies [10].

Results
Figure I below shows the results of the study using the PRISMA flow chart.
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FIGURE 1: Results of the study using the PRISMA flow chart.

PRISMA: Preferred Reporting ltems for Systematic Reviews and Meta-Analysis

Table I below shows the methodology and main outcomes of the studies selected for the systematic review

[2,4,11-16].

Study design

Patients were randomly selected to
receive either eflornithine or eflornithine
+ nifurtimox. Patients were followed for
18 months. One hundred and three
(103) patients in the second stage were
enrolled in the study.

Patients were selected to receive NECT
or the standard eflornithine regimen.
They were followed for 18 months post-
treatment, and primary endpoint was
the cure rate, determined as the
proportion of patients alive and without
laboratory signs of infection.

All the patients were treated with NECT
to assess the response for of 2nd stage
of 7rypanosoma bruces gambrense HAT.
The primary outcome was the
proportion of patients discharged alive
from the hospital, and the second
outcome was safety based on
treatment-emergent adverse events
(AEs) occurring during hospitalization.
The patients were followed for 13
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Number
Number
of
) of
patients )
in patients
control
treatment
group
group
52 51
55 54
629 0

Outcomes

The cure rate for eflornithine was
94.1% and for eflornithine +
nifurtimox was 96.3% Severe
reaction was: eflornithine 25.5% and
eflornithine + nifurtimox 9.6%

One hundred and nine (109) were
enrolled, and they contributed to
ITT and 105 to PP. The Cure rate for
NECT was 90.9% and 88.9 for
eflornithine alone in ITT populations.
The same was 90.6 and 88.5%,
respectively in the PP population.

Proportion of patients who were
discharged alive after treatment
completion was 98.4% (619/629;
95% CI [97.1%; 99.1%]). Of the ten
patients who died during
hospitalization, eight presented in a
bad health condition at baseline; one
death was assessed as unlikely
related to treatment. Most common
AEs were gastrointestinal (61%),
general (46%), nervous system
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the Congo
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2018,
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the Congo
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the Congo
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non-
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open-label,
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months.

Patients were selected for assessing the
safety and efficacy of NECT in routine
use. Safety was assessed from the
characterization of AE during treatment,
and efficacy was assessed from the
register of relapses in patients during
the two years following treatment.

The study included 684 second-stage
HAT patients (including 120 children)
treated with NECT. All second-stage
HAT patients treated with NECT
between 1 January 2010 and 30 June
2011 were included in the analysis.
Adverse effects were recorded and
graded.

Patients aged 15 years or older with
confirmed second-stage 77yparnosorna
brucer garnbrense infection were
randomly assigned by computer-
generated randomization sequence to
receive intravenous eflornithine for 7
days with oral nifurtimox for 10 days or
intravenous eflornithine for 14 days.
They were followed for 18 months.

394 patients were randomly assigned,
264 to receive fexinidazole and 130 to
receive NECT. Success at 18 months
was recorded in 91% of patients given
fexinidazole and 98% of patients given
NECT.

Patients were classified into stage 1 or
early stage 2 g-HAT groups following
evidence of trypanosomes. Study
participants were followed up on day 5
and day 8 during treatment, at end of
treatment on day 11, at end of
hospitalization on days 11-18, at week 9
for a subset of patients, and after 6
months, 12 months, and 18 months.
The primary endpoint was treatment
success at 12 months.

1735

684

143

264

230

0

144

130

(mostly central; 34%) and metabolic
disorders (26%).

At least one AE was described in
1043 patients (60.1%), and a total of
3060 AE were reported. SAE were
reported for 19 patients (1.1% of
treated), leading to nine deaths (case
fatality rate of 0.5%)

Among patients treated with NECT,
86% experienced at least one
adverse effect during treatment. On
average, children experienced fewer
AEs than adults. In comparison with
previous treatments, NECT was
effective, safe, and well-tolerated in
non-trial settings in DRC, further
supporting the roll-out of NECT as
first-line treatment in second-stage

Trypanosorma brucers gambirense HAT.

Tolerance was good in children.

131 (91.6%) of 143 patients assigned
to eflornithine and 138 (96.5%) of 143
patients assigned to NECT were
cured at 18 months. Drug-related
adverse events were frequent in both
groups; 41 (28.7%) patients in the
eflornithine group and 20 (14.0%) in
the NECT group had major (grade 3
or 4) reactions. The efficacy of NECT
is non-inferior compared to
eflornithine monotherapy

Success rates at 18 months were
higher than expected in both
treatment groups: 91.2% in the
fexinidazole group (89% expected)
and 97.6% in the NECT group (94%
expected). The most frequently
reported adverse events were:
headache, vomiting, nausea, and
insomnia; the latter being the largest
difference between groups

(28% vs. 12%). Oral fexinidazole is
effective and safe for the treatment
of 7rypanosoma brucer

gambiense infection compared with
NECT in late-stage HAT patients.

Treatment was effective at 12
months for 99% of patients (95% CI
96.2-99.7): 98% of patients (95.4-
99.7) with stage 1 and 100% of
patients (91.4-100.0) with early stage
2. The most frequent adverse events
were headache and vomiting.

TABLE 1: Results of the observation studies and clinical trials of the systematic review.

ITT: intention-to-treat, PP: per protocol, AE: adverse event, NECT: nifurtimox-eflornithine combination therapy, SAE: serious adverse events, HAT:
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human African trypanosomiasis, g-HAT: 7/panosoma bruces garmbrense-human African trypanosomiasis

Study Limitations

Schmid et al. argued that it was confusing to differentiate if the symptoms were part of the disease or a side
effect of the medication in the study. Additionally, there was background malnutrition in some patients,
which could mask other symptoms. Finally, the study was open-label, increasing the risk of observer and
performance bias [12].

Franco et al. and Alirol et al.’s studies were limited to the pharmacovigilance data and the subjective
component in the report group as adverse events versus severe adverse events. This systematic error
increased the risk of type 1 errors [13,14].

The study by Kansiime et al. was limited because it had a small sample size which was attributed to loss of
follow-up of patients and distribution of medications to the sample population. This small dataset increased
the chances of type II errors and affected the validity of the study [4].

Studies by Kansiime et al. and Priotto et al. were limited due to the hospitalization duration for the two
groups because they had different treatment schedules. A longer hospitalization time means a long period of
observation and recording of more side effects [2,4].

The studies by Schmid et al., Kansiime et al., and Priotto et al. were limited by their study design as open-
labeled, which was unavoidable as a blinded design allows different modes of administration of eflornithine
monotherapy and NECT to be given. In these studies, the timing, choice, and mode of administration of
treatments differed from sample sites. This lack of homogeneity is a consequence of resource-stricken areas
from which the sample population was chosen. This heterogenicity posed a restraint on possible future
reproducibility and generalizations of the study [2,4,12-14].

The study conducted by Mesu et al. in 2018 presented an attrition bias because the group that received
fexinidazole had 18 premature withdraws, and the group that received NECT had five withdrawals.
Moreover, open-label studies increase the high risk of detection bias and performance bias [15].

Another study conducted by Mesu et al. in 2021 was limited because it had a single treatment group, and was
an open-label study design [16]. As it is a rare disease, patients available to take part in the trial were
limited. In addition, the different modes of treatment administration would have made a double-blind
comparative study impossible [14]. Figure 2 shows the bias analysis of the clinical trials in the systematic
review [2,4,11,12,15].

Key

+ Low risk of bias

= Highrisk of bias

2 Unclearrisk of bias

Kansiime et al., 2018

Schmid et al., 2012

Priotto et al., 2009

Priotto et al., 2007

Mesu et al., 2018

@ @ @ @ @ Selective reporting (reporting bias)
@ @ @ @ @ Other bias

@ @ @ @ @ Random sequence generation (selection bias)

@ @ @ @ @ Allocation concealment (selection bias)

@ @ O @ @ Blinding of personnel and participant (performances bias)
@ @ @ @ @ Blinding of outcome of assessment (detection bias})
@ @ @ @ @ Incomplete outcome of data (attrition bias)

FIGURE 2: Bias analysis of the clinical trials for the systematic review
of the study
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Study

Franco et al.,
2012 [13]

Alirol et al.,
2013 [14]

Mesu et al.,
2021 [16]

Confounding

Low risk

Low risk

Low risk

Table 2 shows the bias analysis of the observation studies the systematic review of the study [13,14,16].

Selection Classification of  Deviation from Missing Measurement of  Selection of

bias intervention intervention data the outcome reported result
Moderate Moderate
i Low risk Moderate risk i Low risk Low risk
risk risk
Moderate
Low risk  Low risk Moderate risk risk Low risk Low risk
I
. . . Moderate . i
Low risk  Moderate risk Moderate risk risk Moderate risk Low risk
I

TABLE 2: Bias analysis of the observation studies the systematic review of the study

Discussion

We analyzed the efficacy and toxicity of fexinidazole and NECT and compared them to previous treatments.
We will discuss our findings and provide new directions in the treatment of sleeping sickness.

Efficacy of Nifurtimox + Eflornithine

The first drug used to treat second-stage HAT was melarsoprol which had 94% of effectiveness [17]. Besides
the high levels of toxicity, melarsoprol has developed resistance by gene modifications in the
aquaglyceroporin 2 (AQP2) gene [8]. The increased resistance to the drug prompted the scientific community
to search for new treatments.

Three clinical trial studies showed that the efficacy of NECT is non-inferior to standard eflornithine
monotherapy [3,5,7]. In the clinical trial by Schmid et al., the primary outcome was the proportion of
patients discharged alive from the hospital [12]. The study was the first to include special populations that
were not included in previous clinical trials, such as children below 15 years old and pregnant women [12].
In-hospital safety of the drug was comparable to previous studies [10].

Three clinical trials defined cure rate as the absence of trypanosomes in the body fluids and leucocyte count
less than 20 cells per L 18 months after treatment [3,5,7]. While the study by Schmid et al., the primary
outcome was the proportion of patients discharged from the hospital [12].

The administration of NECT is easier and requires fewer hospital resources than eflornithine monotherapy
[12]. Eflornithine requires four daily slow infusions for 14 days, a total of 56 infusions, which makes them
inconvenient for most patients [2]. Meanwhile, NECT requires only 14 slow infusions administered every 12
hours for one week and oral treatment with nifurtimox for 10 days [12].

Efficacy of Fexinidazole

Fexinidazole is a new oral drug that has been used to treat first-stage and advanced-stage sleeping sickness
in patients that live in remote areas with few health resources. Fexinidazole is a 5-nitroimidazole drug that
has two principal metabolites, sulfoxide and sulfone, that kill a range of T. brucei parasite strains [18]. A trial
in Africa showed that fexinidazole was less effective in patients with severe disease than NECT, which had a
98% rate of success. However, fexinidazole is well tolerated and is easier to use (take by mouth) than NECT
that requires multiple infusions [15]. Mesu et al. 2018 conducted a randomized study where 264 patients
received fexinidazole, and 130 patients received NECT. They found that fexinidazole was non-inferior to
NECT, and there was no difference in the proportion of patients that experience treatment-related adverse
events (215 {81%} in the fexinidazole group vs. 102 {79%} in the NECT group), showing that oral fexinidazole
is effective and safe [15].

In the latest fexinidazole clinical trial by Mesu et al. in 2021, they assessed the safety and efficacy of
fexinidazole in early Trypanosoma brucei gambiense-human African trypanosomiasis (g-HAT). A total of

189 patients with stage 1 g-HAT and 41 patients with early-stage 2 g-HAT were included, which completed a
10 day treatment period. Study participants were followed up until the end of hospitalization, and after six
months, 12 months, and 18 months [18]. Due to the small proportion of patients with early-stage 2 g-HAT
(41 patients), the objective was only reached for patients with stage 1 g-HAT. Headache and vomiting were
the most frequently reported adverse events overall, however, the majority were mild or moderate and none
led to treatment discontinuation. Thus, fexinidazole's benefit-risk balance is clearly positive. With an overall
treatment success of 99% at 12 months and 98% at 18 months, the present study shows that
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fexinidazole benefits adult and adolescent patients with stage 1 and early stage 2 g-HAT, and consolidates
the role of oral fexinidazole as a valuable first-line treatment option in early g-HAT. In conclusion,
fexinidazole is safe and effective at killing the parasite in both acute and chronic models. Fexinidazole
might contribute to achieving the WHO target of eliminating Trypanosoma brucei gambiense by 2030 [16].

Toxicity in the Treatment of Sleeping Sickness

The resistance to melarsoprol and inconvenience with the use of eflornithine was not the only problem.
Table 3 shows the mechanisms of action and toxicity of melarsoprol and eflornithine [8-12].

Melarsoprol Eflornithine
i Prodrug, metabolized to melarsen oxide, and irreversibly binds to sulfhydryl i .
Mechanism K i L ) Irreversible ornithine
K groups on pyruvate kinase, and disrupts energy production in the parasite, .
of action decarboxylase inhibitor

preventing trophozoite multiplication

) L . . . Pancytopenia, diarrhea,
. Reactive encephalitis, agranulocytosis, peripheral neuropathy, cardiac e A
Toxicity . ) hallucinations, convulsions,
arrhythmias, and hypertension .
attacks the immune system

TABLE 3: Mechanism of action and toxicity of melarsoprol and eflornithine.

One of the most worrisome side effects was reactive encephalitis which occurred in 5-10% of patients, 10
days after treatment due to rapid lysis of the trypanosomes [8].

Nifurtimox is an orally administered drug used to treat American trypanosomiasis (Chagas disease).
Nevertheless, nifurtimox has also been used to treat African trypanosomiasis. Nifurtimox, a nitrofurans
derivate, forms a nitro-anion radical metabolite that reacts with nucleic acids of the parasite and inhibits a
parasite-specific antioxidant defense enzyme called trypanothione reductase, causing DNA breakdown.
Also, it creates oxygen-derived free radicals, and the accumulation of cytotoxic levels results in parasite
death [19]. Some studies showed that 50% of patients that received nifurtimox relapsed, but when it was
combined with melarsoprol, there was not a relapse. However, this combination was highly toxic.
Combination therapy with eflornithine + nifurtimox was safer and easier to administer than treatment with
eflornithine alone [20]. NECT might also prevent or delay the emergence of drug-resistant organisms.

Two observational studies by Alirol et al. and Franco et al. recorded the toxicity of NECT in the treatment of
second-stage trypanosomiasis [13,14]. The total data collected were from 2419 patients (382 children). Both
studies showed that NECT has a relatively good safety profile. The most frequent adverse effect in both
databases included: vomiting, nausea, headache, abdominal pain, and musculoskeletal pain. Adults had a
four-fold increased chance to develop an adverse event than children, and this could be that nifurtimox has a
better safety profile in children, or because children had a better general condition on admission [13]. The
mortality rate was low in both studies (0.15%).

Regarding drug toxicity, patients in the NECT group reported at least one adverse event compared to the
eflornithine group [11]. Nevertheless, NECT was associated with a lower frequency of infections, fever,
hypertension, neutropenia, diarrhea, dysphagia, and showed fewer serious adverse events (coma, seizures,
ataxia, paralysis, encephalopathy) and deaths compared to eflornithine monotherapy [11,13]. The most
frequent adverse event reported in the studies during NECT were gastrointestinal disorders, followed by
neuropsychiatric disorders. The most common were abdominal pain, headache, and vomiting. The reduced
bone marrow toxicity was reflected by the lower frequency of neutropenia and anemia in the NECT group
compared to the eflornithine monotherapy group. This difference could be explained by the varying dosage
duration of eflornithine in the two groups (control 14 days vs. NECT seven days). Also, there was a lower
frequency of infection in the NECT group, as fewer infusions were needed, thus reducing catheter-related
infections (56 vs. 14) [2].

Two clinical trials found fexinidazole to be a well-tolerated drug, particularly in patients with stage 1
disease. Pooled analysis of safety data suggested an acceptable safety profile for fexinidazole. The most
common adverse events were mild or moderate (vomiting, nausea, asthenia, decreased appetite, headache,
insomnia, tremor, and dizziness) and only four serious adverse events were considered as possibly related to
fexinidazole were reported (two reports of personality change, one of acute psychosis and one of
hyponatremia). Several of the most frequently observed treatment-emergent adverse events occurred more
commonly in the fexinidazole group than in the NECT group [15,16].

Conclusions
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Three clinical trial studies showed that the efficacy of NECT is non-inferior to eflornithine monotherapy,
and the proportion of patients discharged alive from the hospital was high. The administration of NECT is
easier and requires fewer hospital resources than eflornithine monotherapy. The two observational studies
demonstrated that NECT has a good safety profile. Even if most patients reported at least one adverse event,
this was mild with no complications, compared to eflornithine monotherapy and melarsoprol. Fexinidazole
is the only available oral monotherapy regimen developed and tested so far to treat patients with g-HAT.
From a clinical practice perspective, a positive effect on patient management is expected with the use of this
oral regimen with acceptable efficacy compared with the NECT standard of care. This is a great advantage
and much easier and is not associated with any of the potential hospitalization complications, meaning that
these patients could receive home-based treatment. The availability of an oral regimen should also have
positive financial effects both at the patient level and at the healthcare level, because oral administration
requires fewer medical resources, alleviating the financial burden on HAT control programs.
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