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Abstract

The World Health Organization ‘Ending the neglect to attain the Sustainable Development Goals: A road map for
neglected tropical diseases 2021-2030"outlines the targets for control and elimination of neglected tropical diseases
(NTDs). New drugs are needed to achieve some of them. We are providing an overview of the pipeline for new anti-
infective drugs for regulatory registration and steps to effective use for NTD control and elimination. Considering
drugs approved for an NTD by at least one stringent regulatory authority: fexinidazole, included in WHO guidelines for
Trypanosoma brucei gambiense African trypanosomiasis, is in development for Chagas disease. Moxidectin, registered
in 2018 for treatment of individuals > 12 years old with onchocerciasis, is undergoing studies to extend the indication
to 4-11-year-old children and obtain additional data to inform WHO and endemic countries’' decisions on moxidectin
inclusion in guidelines and policies. Moxidectin is also being evaluated for other NTDs. Considering drugs in at least
Phase 2 clinical development, a submission is being prepared for registration of acoziborole as an oral treatment for
first and second stage T.b. gambiense African trypanosomiasis. Bedaquiline, registered for tuberculosis, is being evalu-
ated for multibacillary leprosy. Phase 2 studies of emodepside and flubentylosin in O. volvulus-infected individuals are
ongoing; studies for Trichuris trichuria and hookworm are planned. A trial of fosravuconazole in Madurella mycetom-
atis-infected patients is ongoing. JNJ-64281802 is undergoing Phase 2 trials for reducing dengue viral load. Studies
are ongoing or planned to evaluate oxantel pamoate for onchocerciasis and soil-transmitted helminths, including
Trichuris, and oxfendazole for onchocerciasis, Fasciola hepatica, Taenia solium cysticercosis, Echinococcus granulosus
and soil-transmitted helminths, including Trichuris. Additional steps from first registration to effective use for NTD con-
trol and elimination include country registrations, possibly additional studies to inform WHO guidelines and country
policies, and implementation research to address barriers to effective use of new drugs. Relative to the number of
people suffering from NTDs, the pipeline is small. Close collaboration and exchange of experience among all stake-
holders developing drugs for NTDs may increase the probability that the current pipeline will translate into new drugs
effectively implemented in affected countries.
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Background

Neglected tropical diseases (NTDs) are infectious dis-
eases affecting more than 1 billion people in low- and
middle-income countries (LMIC) [1]. The diseases con-
sidered NTDs differ slightly between different organiza-
tions. We consider here the infectious diseases included
in the World Health Organization (WHO) ‘Ending the
neglect to attain the Sustainable Development Goals:
A road map for neglected tropical diseases 2021-2030’
(subsequently referred to as ‘Roadmap’ [1]) (Fig. 1).
The Roadmap was endorsed by the 73rd World Health
Assembly (WHA) in 2020 [2].

The Roadmap summarizes current core strategic inter-
ventions and invokes or specifies the need for new drugs,
optimized drug regimens and/or new formulations to
achieve the Roadmap targets for many NTDs [1].

We are providing an overview of new small molecule
anti-infective drugs in at least Phase 2 clinical develop-
ment for regulatory registration for NTDs, summarizing
information as available and as we considered it of inter-
est to NTD researchers and public health managers for
a particular drug. Vaccines, monoclonal antibodies and
drugs to treat signs and symptoms or secondary infec-
tions are not covered.

We identified the drugs through search of the WHO
International Clinical Trials Registry for studies initiated
from 2009 onward. The source registries, with last import
date as of the search date 8 October 2021 (Additional File
1 Table S1) and last source registry update by the spon-
sors/investigators, determined the trials included in the
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registry at that time and thus the drugs we considered.
At the time of writing, the source registry record was
accessed for updates. On 3 July 2022, we searched the
WHO International Clinical Trials Registry again for any
relevant updates (last import date from all source regis-
tries 30 or 31 May 2022).

We based our categorization of drugs as in ‘develop-
ment for regulatory registration’ on information avail-
able on study sponsor websites and in publications. In the
absence of specific information, we used sponsor track
record in bringing drugs to regulatory approval.

As new drugs progress through the stages of clinical
development [3], the probability of success, i.e. achiev-
ing regulatory registration (also referred to as ‘regulatory
approval’ or ‘marketing authorization’), increases. We are
therefore separately presenting drugs which have already
received regulatory approval in at least one country for
at least one NTD indication and those that have not yet
received regulatory approval for an NTD in any country.

NTDs are prevalent primarily in LMIC. To ensure,
to the extent possible, that readers in LMIC can access
the references, all references are open access, accessi-
ble as author manuscripts in the US National Institutes
of Health’s National Library of Medicine (Pubmed Cen-
tral, PMC), on the European Molecular Biology Labora-
tory European Bioinformatics Institute platform (Europe
PMCQ), on institutional websites or accessible via HINARI
to the WHO staff co-author (ACK). HINARI is a WHO
initiative through which local, not-for-profit institutions
in LMIC can obtain free or very low-cost online access
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to the major journals in biomedical and related social
sciences [4]. Currently, institutions in 125 LMIC are eli-
gible for HINARI. Publishers do not provide the same
access to the publications in HINARI to all eligible insti-
tutions. WHO has a relatively limited level of access and
we used WHO staff access as the criterion for ‘accessible
via HINART. In the absence of publications, the websites
of the US Food and Drug Administration (US FDA) and
the European Medicines Agency (EMA) as well as trial
sponsor websites were searched. For context, the Addi-
tional File 1 includes an overview of current core stra-
tegic interventions and WHO perspectives on the need
for new drugs, combinations or formulations as per the
Roadmap (Additional File 1 Table S2) as well as informa-
tion on the drugs used in these strategies we consider of
interest (Additional File 1 "Anti-infective drugs for dis-
eases for which preventive chemotherapy is the main
strategic core intervention” and "Anti-infective drugs for
diseases for which case management is the main control-
and elimination strategy" section).

Drugs approved for an NTD by at least one
stringent regulatory authority

Fexinidazole

Fexinidazole is a nitroimidazole, which entered preclini-
cal development in the 1970s as a possible broad-spec-
trum antimicrobial. Investigation of its activity against
Trypanosoma cruzei and T. brucei dates back to the early
1980s. Further research into the anti-trypanosomal activ-
ity of fexinidazole [5] and pre-clinical development of
fexinidazole as an oral drug candidate for human African
trypanosomiasis (HAT) was initiated by the Drugs for
Neglected Diseases initiative (DNDi). The results moti-
vated initiation of Phase 1 pharmacokinetic and safety
studies [6] and a legal agreement between DNDi and
Sanofi for manufacturing, regulatory registration and
distribution in 2009 [7, 8]. The phase 2/3 study in indi-
viduals with stage 1 or early stage 2 T.b. gambiense HAT
was initiated in 2012 [9]. The results provided the pivotal
clinical data supporting a European Medicines Agency
(EMA) positive ‘scientific opinion’ through Article 58
of Regulation (EC) No. 726/2004 procedure in the con-
text of cooperation with WHO (now referred to as EU-
M4all) in 2018 for treatment of individuals > 6 years and
weighing > 20 kg with stage 1 and stage 2 T.b. gambiense
HAT [10, 11]. For a ‘Scientific Opinion, the EMA assesses
drugs not intended for marketing in the European Union
according to the same criteria used for drugs for the
European market. Since WHO considers the EMA a
‘stringent regulatory authority’ [12], a positive ‘Scientific
Opinion’ facilitates WHO prequalification [13] and reg-
istration in endemic countries. In 2019, fexinidazole was
added to the WHO Model List of Essential Medicines
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List (EML) for adults and children [14] and included in
the “WHO interim guidelines for the treatment of gam-
biense human African trypanosomiasis’ [15] (for more
information, see Additional File 1).

A study evaluating the efficacy and safety of fexinida-
zole in patients > 6 years old with T.b. rhodesiense HAT
(Clinical Trials.gov study identifier (CTI): NCT03974178;
Pan African Clinical Trials Registry identifier (PACTRI):
PACTR202011638938739) is expected to complete pri-
mary data collection in June 2022.

DND:; also initiated clinical development for Cha-
gas disease. A Phase 2 study of fexinidazole in Chagas
disease, initiated in 2014 in Bolivia, was discontinued
because of safety and tolerability issues with high doses
tested for > 14 days. Based on the safety and efficacy data
obtained with the lower doses, a second Phase 2 study
was initiated in 2022 (CTL: NCT NCT03587766). The
data supported the conclusion that low doses have high
efficacy with acceptable safety and tolerability and that
continuation of development of fexinidazole for Chagas
disease is indicated [16].

Moxidectin
Moxidectin is, like ivermectin, a macrocyclic lactone but
is a milbemycin, not an avermectin. Macrocyclic lac-
tones have activity against a broad spectrum of endo- and
ecto-parasites. They are agonists of the glutamate-gated
chloride channels, present in the neurons and pharyn-
geal muscles of nematodes and arthropods, but not of
humans. Activation of the channels inhibits movement
and pharyngeal pumping, leading to paralysis and ulti-
mately death [17-19]. While the major mode of action
of both molecules is through binding to glutamate-gated
chloride channels, the difference in chemical structure
results in different physico-chemical and thus pharma-
cokinetic and pharmacodynamic properties, which are
reflected in different efficacy and safety profiles [19, 20].
Onchocerciasis: The UNICEF/UNDP/World Bank/
WHO Special Programme for Research and Training
in Tropical Diseases (WHO/TDR) initiated research on
moxidectin in the late 1990s, in consultation and with
the support of the Onchocerciasis Control Programme
in West Africa (OCP) and the African Programme for
Onchocerciasis Control (APOC). Clinical development
for onchocerciasis and lymphatic filariasis (LF) was sup-
ported by the WHO/TDR-funded in vitro and animal
pharmacology studies as well as the non-clinical safety
studies for veterinary use registration provided by Fort
Dodge Animal Health to WHO/TDR for external expert
assessment. Clinical development for onchocerciasis was
initiated in collaboration with Wyeth Pharmaceuticals.
The development plan was informed by ‘scientific advice’
from the EMA in view of obtaining an EMA positive
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‘scientific opinion’ through the Article 58 of Regulation
(EC) No. 726/2004 procedure in the context of coopera-
tion with WHO (now referred to as EU-M4all). For a ‘Sci-
entific Opinion; the EMA assesses drugs not intended for
marketing in the European Union according to the same
criteria used for drugs for the European market. A posi-
tive ‘Scientific Opinion’ facilitates WHO prequalification
and registration in endemic countries. Following acqui-
sition of Wyeth by Pfizer and Pfizer’s withdrawal from
the collaboration agreement WHO and Wyeth had con-
cluded, TDR completed the Phase 3 study on its own (last
participant visit May 2012, database lock and unblinding
December 2013). In 2014, WHO licensed all moxidectin-
related data at its disposal to Medicines Development
for Global Health (MDGH), a not-for-profit Austral-
ian Health Charity. MDGH raised funding for all activi-
ties required for a ‘New Drug Application’ (NDA) to the
US FDA by leveraging the prospect of a ‘Priority Review
Voucher’ [21]. The US FDA approved an 8 mg moxidec-
tin dose for treatment of onchocerciasis in individu-
als>12 years old. US FDA review summaries and the
moxidectin label are available [22].

Eight single-dose clinical studies supported the reg-
istration. The six pharmacokinetic and safety studies in
healthy adult male and female volunteers showed that
moxidectin is safe and without clinically significant effect
on the QT interval at the highest dose of 36 mg tested, its
absorption is not affected in a clinically significant way by
administration with or without food, clinically significant
drug interactions are unlikely and 0.7% of a single 8 mg
maternal dose is excreted into breast milk [23-27]. The
Phase 2 and 3 studies in O. volvulus-infected individu-
als in Ghana, Liberia and the Democratic Republic of the
Congo (DRC) showed that a single 8 mg dose results in
higher and more sustained reduction in skin microfilar-
iae levels than the standard ivermectin dose (150 pg/kg)
with a comparable safety profile [28—30].

Modelling using the data from the Phase 2 study sug-
gests that inclusion of moxidectin mass drug adminis-
tration (MDA) in national onchocerciasis control and
elimination policies could accelerate progress towards
onchocerciasis elimination [31, 32]. Three ongoing stud-
ies are designed to provide additional data for WHO and
countries to decide on inclusion of moxidectin in guide-
lines and policies for onchocerciasis control and elimina-
tion: A study to increase the safety database in individuals
with and without measurable O. volvulus skin microfilar-
iae levels (CTI: NCT04311671) and a study to compare
the safety and efficacy of three annual and five biannual
doses of 8 mg moxidectin or 150 pg/kg ivermectin (CTL:
NCTO03876262) are ongoing in DRC. A study to identify
a dose for 4—11-year-old children (CTI: NCT03962062)
is being conducted in Ghana using the US FDA approved
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2 mg tablet, whose size was chosen in view of potential
use down to the age of 4 years. The studies are co-funded
by MDGH, the Luxembourg National Research Fund and
an EDCTP grant [33]. The repeat dose study will provide
the first data on the relative effect of repeat dosing with
moxidectin or ivermectin on the reproductive capacity of
O. volvulus, i.e. skin repopulation with microfilariae, the
O. volvulus life stage which is transmitted. Repeat dosing
with ivermectin has a cumulative effect on macrofilariae
reproductive capacity [34, 35]. For the impact on parasite
transmission, the mechanism through which skin repop-
ulation with microfilariae is reduced or eliminated (per-
manent sterilization of macrofilariae, reduction of their
reproductive life span or reduction of their life span/cidal
effect) is irrelevant.

In an in vitro model in which worms were incubated
for 6 days, moxidectin, like ivermectin, inhibited O. vol-
vulus L3 moulting and L4 motility but with lower IC50
and IC90 absolutely and relative to the maximum serum
concentrations and the half-life of moxidectin and iver-
mectin. Thus, moxidectin could have a ‘prophylactic
effect’ against new infections [36]. Should moxidectin
have such an effect in humans, this effect could reduce
the negative impact of ‘non-compliers’ (those who do
not take the drug) on elimination goals by reducing new
infections due to transmission of skin microfilariae from
the non-compliers.

The MDGH pipeline for moxidectin includes sca-
bies, lymphatic filariasis, soil-transmitted helminths and
strongyloidiases (in clinical development) and head lice
(in preclinical development).

Scabies: Pre-clinical studies suggest that moxidectin
could advance scabies control and clinical trials have
been identified as a priority [37—41]. A Phase 2 dose find-
ing study in Australia, Austria and France was completed
in February 2022 (CTI: NCT03905265). A study planning
to compare a single topically administered dose of mox-
idectin (cydectin, an animal formulation) and three daily
topically administered doses of ivermectin (iverzine) in
Egypt was registered in 2019 in the Iranian Registry of
Clinical Trials (identifier: IRCT20191030045275N). The
record has not been updated since February 2020 and
shows that the study is not yet recruiting.

LF: A study in adults comparing the effect of three
annual administrations of 200 pg/kg ivermectin or 8 mg
moxidectin in combination with 400 mg albendazole or
400 mg albendazole plus 6 mg/kg diethylcarbamazine
on Wuchereria bancrofti microfilaremia was initiated in
Cote d'Ivoire in August 2020 (CTI: NCT04410406).

Soil-transmitted helminthiases (STH) including stron-
gyloidiasis: The Phase 3 study in O. volvulus-infected
individuals was not designed to compare efficacy of 8 mg
moxidectin and 150 pg/kg ivermectin on STH. The data
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collected supported the hypothesis that moxidectin has
better efficacy against hookworms. There were too few
individuals with Ascaris and Trichuris infection at base-
line to allow conclusions (supplemental information to
[30]).

The Swiss Tropical and Public Health Institute (STPH)
conducted studies evaluating the efficacy of a single mox-
idectin dose using the veterinary formulation cydectin
[42] or tablets manufactured at the University of Basel,
Switzerland [42-45], alone or in combination with other
anthelminthics against Strongyloides stercoralis, Trichuris
trichiura and concomitant other helminths and against
schistosomiasis (see Additional File 1 Table S3 for tabu-
lation of results). All studies found that moxidectin was
well tolerated.

Strongyloides stercoralis: The cure rate (CR) of a sin-
gle 8 mg moxidectin dose was inferior to that of a sin-
gle 200 pg/kg ivermectin dose [42]. The dose response
showed similar CR for 4, 8 and 12 mg moxidectin [44].
A population pharmacokinetic model supports further
exploration of fixed rather than weight-based dosing [46].
A Phase 3 study comparing 8 mg moxidectin to 200 pg/
kg ivermectin is planned for 2022 (CTI: NCT04848688).
Pharmacometric modelling suggests that a two-dose
regimen (e.g. two 8 mg moxidectin doses, 3 weeks apart)
should be evaluated to achieve high CR in individuals
with moderate to high infection intensity [47].

Trichuris trichiura: A single 8 mg moxidectin dose
co-administered with 400 mg albendazole was highly
efficacious [43]. A dose ranging study confirmed this,
and showed that 16 mg or 24 mg moxidectin do not
increase efficacy as monotherapy or in combination with
albendazole [45]. Between-study efficacy differences
might be due to differences in pre-study egg counts. A
study in adolescents and adults comparing 8 mg mox-
idectin+400 mg albendazole, 400 mg albendazole and
200 pg/kg ivermectin+400 mg albendazole [48] was
completed in October 2021 (CTIL: NCT04726969).

Hookworm: CRs after 8 mg moxidectin or 200 pg/kg
ivermectin were moderate [42]. Combination of 8 mg
moxidectin with tribendimidine or albendazole improved
CR [43]. Increasing the moxidectin dose to 16 mg or
24 mg did not increase egg reduction rates (ERR) or CR
for either monotherapy or albendazole combination
treatment [45].

Ascaris lumbricoides: CRs after 8 mg moxidectin
were >95% [43, 45].

Foodborne trematodiasis: Neither moxidectin nor iver-
mectin was effective against Opisthorchis viverrini [42].

Schistosomiasis: The results to date suggest that poten-
tial treatment programmes with 8 mg moxidectin for
other infections will have no co-benefit for schistosomia-
sis control [49].
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Paediatric formulation. The size of the approved 2 mg
tablet (8.13 mm x 4.55 mm X 2.50 mm average thickness)
was chosen to accommodate children > 4 years of age. To
facilitate dosing of younger children and in view of the
moxidectin development programme for scabies, devel-
opment of a paediatric formulation is ongoing, co-funded
by MDGH, the Luxembourg National Research Fund
(ENR no. INTER/EDCTP/19/14338294/MiniMox/Vail-
lant) and an EDCTP grant (RIA2019PD-2880, MiniMox-
Treatment for all: a paediatric formulation of moxidectin
for neglected infectious diseases).

Drugs in at least Phase 2 clinical development

for first regulatory registration for an NTD
Acoziborole

Acoziborole (SCYX-7158, AN5568) is a benzoxaborole.
Discovery of novel benzoxaboroles with anti-trypanoso-
mal activity [50, 51] resulted in a lead-optimization pro-
gramme. Acoziborole emerged from this as a compound
with an in vitro and in vivo absorption, distribution,
metabolism, elimination (ADME), toxicology and effi-
cacy profile that met the criteria for initiation of preclini-
cal studies intended to qualify acoziborole for clinical
development for stage 2 human African trypanosomiasis
(HAT) [52, 53]. Research into the mode of action cur-
rently points to the RNA cleavage and polyadenylation
specificity factor submit 3 (CPSF3) as a target of benzo-
xaboroles in trypanosomes (as also in Plasmodium spp.
and Toxoplasma gondii) reducing the amount of mRNA
and stopping protein synthesis [54, 55].

A Phase 1 study in France in healthy volunteers of
sub-Saharan origin showed a half-life of 17 days and no
issues preventing further clinical development [55]. The
Phase 2/3 study of the efficacy and safety of a single oral
960 mg dose in 208 patients with first- or second-stage
Trypanosoma brucei gambiense HAT to 18 months post-
treatment (CTI: NCT03087955) was analysed in 2021.
The data to date, including those of a Phase 1 study to
improve the understanding of acoziborole ADME (CTL:
NCT04270981) sponsored by DNDi, will be comple-
mented by non-clinical studies required by the US FDA
and the EMA for registration of new chemical enti-
ties [56]. A study of the safety and tolerability of acozi-
borole in T'b. gambiense HAT seropositive individuals
without parasitological confirmation of infection (CTI:
NCT05256017) was initiated by DNDi in 2021.

Sanofi will be the regulatory sponsor and has commit-
ted to manufacturing and providing acoziborole free of
charge to HAT-endemic countries within its collabora-
tion with WHO [57], now extended to 2025 [58].
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Bedaquiline

Bedaquiline (TMC207, JNJ-16175328-AAA, R207910)
is a diarylchinoline which inhibits mycobacterial ATP
synthase, a mode of action different from that of other
anti-mycobacterial drugs [59]. Bedaquiline was approved
as part of combination treatment of pulmonary multi-
drug-resistant tuberculosis in adults by the US FDA in
2012 [60] and in adults and adolescents by the EMA in
2014 [61]. In 2019, the US FDA approval was extended to
12-17-year-old adolescents [62] and has been included
in WHO guidelines on treatment of drug-resistant tuber-
culosis [63, 64].

Based on data from murine models of leprosy [59],
Janssen Research & Development is developing bedaqui-
line for Mycobacterium leprae infections. An open-label
study is ongoing in Brazil to evaluate the efficacy and
safety of bedaquiline monotherapy in individuals with
multibacillary leprosy (CTI: NCT03384641).

Emodepside

Emodepside is an N-methylated cyclic octadepsipeptide
authorized in 2005 by the EMA as a spot-on solution
combination product with praziquantel for treatment of
dogs and cats with or at risk of infection with nematodes
(Toxocara cati, Toxascaris leonina, Ancylostoma tubae-
forme) and cestodes (Dipylidium caninum, Taenia tae-
niaeformis, Echinococcus multilocularis) (sponsor Bayer
HealthCare AG) [65]. Since then, modified release tablets
have been authorized as well as a combination product
with toltrazirul [66].

Cyclic octadepsipeptides have a novel mechanism
of action that was recently reviewed together with the
majority of pre-clinical pharmacology studies supporting
clinical studies for onchocerciasis as well as LF [67, 68].

Emodepside emerged as a drug candidate for human
use from the WHO/TDR drug discovery programme [69,
70]. The last step funded by WHO/TDR was an ex vivo
study by Drs K Awadzi, S. Tagboto and S. Townson at
the Onchocerciasis Chemotherapy Research Center in
Ghana in 2006-2007. It examined the effect of emodep-
side, provided by Bayer, on motility and viability of male
and female O. volvulus macrofilariae obtained via nod-
ulectomy. The data (unpublished, report from Dr Town-
son to TDR available from the corresponding author)
together with the pharmacology and safety data from the
veterinary registration identified emodepside not only as
a candidate for onchocerciasis but also for soil-transmit-
ted helminths [65].

Onchocerciasis

In 2014, DNDi and Bayer agreed to develop emod-
epside. Two safety and tolerability studies in healthy
male volunteers showed that single and multiple doses
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of a liquid formulation and single doses of immedi-
ate release tablets (5 or 20 mg emodepside) are well
tolerated. Emodepside was rapidly absorbed after
administration of the liquid in the fasted state and
somewhat slower in the fed state [71]. A Phase 2
safety, tolerability, pharmacodynamics, pharmacoki-
netics and efficacy study in O. volvulus-infected indi-
viduals in Ghana has started recruitment (PACTRI:
PACTR202010898529928). The study is sponsored by
DNDi and conducted by researchers at the University
of Health and Allied Sciences, Ghana.

In an in vitro model in which worms were exposed to
emodepside for 6 days, emodepside inhibited O. volvu-
lus L3 moulting and L4 motility with both IC;; and ICy,
around a factor 100 lower than those for moxidectin.
Considering the pharmacokinetic profile of emodepside
in humans available to date, emodepside might have a
prophylactic effect against new infection [36].

Trichuris trichiura and hookworm

In 2021, the STPH sponsored a study in Tanzania evalu-
ating efficacy and safety of single doses of 5 mg to 30 mg
(CTL NCTO05017194). STPH has obtained a European
Research Council grant (grant agreement ID: 101019223,
https://doi.org/10.3030/101019223),  which includes
funding for two dose-selection phase 2a trials and a phase
2b trial comparing efficacy and safety of the selected dose
with that of albendazole.

Flubentylosin (TylAMac, ABBV-4083)
Flubentylosin (TylAMac, ABBV-4083) is a derivative of
tylosin A, an antibiotic of the macrolide class approved
for veterinary use since the 1990s. Research into the
role of the endosymbiotic Wolbachia bacteria for filarial
development and how antibiotics affect filariae fertility
and viability was initiated in the 1990s [72-76]. Stud-
ies evaluating the effect of 6 weeks of daily doxycycline
treatment provided clinical proof of concept of the mac-
rofilariae sterilizing and cidal effect of anti-Wolbachia
treatment for onchocerciasis and LF [77-80]. Doxycy-
cline-induced Wolbachia depletion killed up to 70% of O.
volvulus adult female worms within 2 years and rendered
the remaining worms sterile [81, 82]. Drugs with a vir-
tually 100% macrofilariae sterilizing or macrofilaricidal
effect after a single treatment course could significantly
accelerate elimination of O. volvulus transmission [83]
compared to ivermectin, which has only a partial macro-
filaricidal and modest sterilizing effect after at least four
annual treatments [35].

Anti-Wolbachia drugs will not be effective against
Loa loa, which does not contain Wolbachia [84, 85]. The
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efficacy of ivermectin against L. loa can lead to serious
adverse reactions in individuals with high L. loa micro-
filariaemia [86, 87]. In areas which are at least onchocer-
ciasis meso-endemic, this element of ivermectin’s safety
profile requires that MDA including ivermectin is imple-
mented with special provisions to ensure prompt identifi-
cation and management of serious adverse reactions [88].
In other L. loa co-endemic areas, alternative strategies for
control and elimination of onchocerciasis and lymphatic
filariasis are required [89].

The clinical proof of concept spurred further studies
with commercially available antibiotics as well as discov-
ery programmes for antibiotics with potentially shorter
treatment regimens, no contraindication in children and
ideally safe in pregnant women [90-93].

Flubentylosin has emerged from discovery pro-
grammes at the Anti-Wolbachia Consortium funded by
the Bill and Melinda Gates Foundation since 2007 [90, 91,
94] and the pharmaceutical company AbbVie Inc. (North
Chicago, IL, USA). Studies in Litomosoides sigmodontis
mice and Mongolian gerbil models showing that fluben-
tylosin reduced Wolbachia levels by >99.9% [90] encour-
aged progression into development. The results of Phase
1 studies conducted by AbbVie justified preparation of a
Phase 2 study. The Phase 2 study investigating the safety,
efficacy and pharmacokinetics of 7 or 14 days of dosing
with TylAMac alone or in combination with albenda-
zole, ivermectin or albendazole plus ivermectin started
recruitment in 2021 (PACTRL: PACTR202104600961505,
CTI: NCT04913610). The study is sponsored by AbbVie
and conducted in collaboration between DNDi and
researchers in DRC.

Fosravuconazole

Fosravuconazole L-lysine ethanolate (Fosravuconazole,
E1224) is a prodrug of ravuconazole. It is an orally avail-
able broad-spectrum antifungal triazole, developed by
Esai Co., Japan, since 2007. Since 2018, fosravuconazole
containing medication has been available in Japan for
treatment of onychomycosis [95, 96].

The in vitro minimum inhibitory concentrations of
ravuconazole against Madurella mycetomatis, the most
common causative species of eumycetoma, were sub-
stantially lower than those of ketoconazole [97]. Esai and
DNDi concluded a collaboration and license agreement
for development of fosravuconazole for Chagas disease in
2009 and for eumycetoma in 2015 [95].

The primary target of ravuconazole in Trypanosoma
cruzi is the cytochrome P450-dependent sterol Cl4a
demethylase resulting in inhibition of ergosterol bio-
synthesis, a mechanism of action common to the azoles
[98-100].

Page 7 of 17

Fosravuconazole treatment of adults with chronic
indeterminate Chagas disease induced sustained para-
sitological clearance to month 12 in 13/45 (29%) of par-
ticipants treated with the highest dose (4000 mg over
8 weeks) compared to 37/45 (82%) of participants treated
with benznidazole (5 mg/kg/day for 60 days) [101]. These
findings resulted in discontinuation of development of
fosravuconazole as monotherapy for Chagas disease
and initiation of a trial in Bolivia in adults with chronic
indeterminate Chagas disease comparing benznidazole
regimens with and without fosravuconazole. The rates
of sustained parasitological clearance 6 and 12 months
after the end of treatment suggested that shorter or lower
dose benznidazole treatment has efficacy comparable to
that of the standard benznidazole regimen with a better
safety profile. Fosravuconazole addition did not increase
clearance rates [102]. With only 27 to 30 participants per
treatment arm, additional data are needed to confirm
the efficacy and safety of shorter or lower dose and thus
safer/better tolerable benznidazole regimens [7, 102].

In vitro, minimum inhibitory concentrations against
M. mycetomatis isolates were lower than those of keto-
conazole, itraconazole [97] and other azoles [95] and
ravuconazole also showed activity in an invertebrate
in vivo model [103]. The in vitro results in combination
with fosravuconazole’s half-life of 7-11 days and safety
profile motivated initiation of a trial in eumycetoma at
the Mycetoma Research Centre in Sudan in 2017 [95, 97,
104]. The trial (CTL: NCT03086226) compares the effi-
cacy of weekly treatment with 200 or 300 mg fosravucon-
azole in M. mycetomatis-infected patients to that of daily
treatment with 400 mg itraconazole. Follow-up of all par-
ticipants has been completed and database lock planned
for March 2022 [105].

JNJ-64281802

Janssen Research & Development, LLC, is conduct-
ing three Phase 2 trials to assess the ability of its com-
pound JNJ-64281802 to reduce dengue viral load and to
assess its safety (CTI: NCT04480736, NCT05048875,
NCT04906980). A study to assess safety and efficacy
for the prevention of dengue infection is in preparation
(CTL: NCT05201794).

Neither HINARI nor PubMed search for publica-
tions including JNJ-64281802 in any field identified any
publications. A March 2022 search of the Janssen web-
site and the website on the Johnson&Johnson pharma-
ceutical pipeline for investors also did not identify any
information.
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LXE408

LXE408 emerged from optimization of GNF6702, a
selective inhibitor of the kinetoplastid proteasome. While
GNF6702 showed excellent efficacy in murine models of
leishmaniasis, as well as of Chagas disease and human
African trypanosomiasis, formulation of GNF6702 for
oral availability would have resulted in an expensive
drug. In Leishmania donovani-infected mice, oral doses
of 1 mg/kg LXE408 twice per day for 8 days resulted in
a 95% liver parasite reduction, the reduction achieved
with oral doses of 12 mg/kg miltefosine four times a day.
Data from murine models suggest that LXE408 may also
be a potential drug candidate for cutaneous leishmaniasis
[106, 107].

A Phase 1 multiple ascending dose study of LXE408
was completed in September 2021 and a Phase 2 study in
patients with visceral leishmaniasis is planned (Clinical
Trials Registry-India identifier: CTRI/2022/03/040775).
The Drugs for Neglected Diseases initiative (DNDi) con-
cluded a collaboration and license agreement in early
2022 with Novartis to develop LXE408 as a potential oral
treatment for visceral leishmaniasis. The development is
financially supported by Wellcome [108].

Oxantel Pamoate

Oxantel pamoate is a tetrahydropyrimidine derivative
and m-oxyphenol analogue of pyrantel discovered in the
1970s. Oxantel activates parasite nicotinic acetylcho-
line receptors (AchR), leading to overstimulation of the
muscles, muscle spasms and paralysis [109-111]. An
AchR subtype recently discovered in the pig whipworm
Trichuris suis was named O-AchR because of its sensi-
tivity to oxantel [109]. The responsible O-AchR subunit
was also identified in T muris [112]. This receptor may
explain oxantel efficacy against Trichuris spp.

Oral formulations of oxantel pamoate in combina-
tion with pyrantel pamoate and praziquantel have been
marketed for companion animals for many years. Oral
formulations in combination with pyrantel pamoate are
approved for human use in six South American countries
and the Philippines, including for children in the Philip-
pines, Ecuador and Peru [111].

Clinical studies demonstrating the efficacy of oxantel
pamoate against T. trichiura date back to the 1970s and
were recently reviewed together with the available non-
clinical data [111]. The data support development of
oxantel pamoate for approval by a stringent regulatory
authority. The Helminth Elimination Platform (HELP)
consortium, formed in 2019 to develop drugs for STH
and onchocerciasis, is pursuing this with European
Union funding (European Union’s Horizon 2020 research
and innovation programme grant agreement no. 815628).
Studies should include not only oxantel mono-treatment
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arms but also two or three drug combination treatment
arms [113, 114] to inform both regulatory approval and
WHO guidelines and country policies.

Oxfendazole

Oxfendazole is a benzimidazole veterinary anthelmintic
approved in the US [115] and in Europe for treatment of
roundworms and tapeworms in ruminants and horses
and giardiasis in dogs [116].

The ‘Oxfendazole Development Group’ (ODG, [117]),
which obtained non-profit status in the US in 2016, is
pursuing oxfendazole registration for treatment of Fas-
ciola hepatica, Taenia solium cysticercosis, Echinococcus
granulosus and STH, in particular Trichuris. The US FDA
granted Fast-track designation for trichuriasis recogniz-
ing its public health importance and the unmet medical
need [118, 119].

An important question for oxfendazole development
for tissue-dwelling parasites is whether the required sys-
temic exposure has unacceptable, benzimidazole class
effect, toxicity. Such toxicity resulted in discontinuation
of flubendazole development for onchocerciasis [120—
123]. Non-clinical pharmacology, pharmacokinetic and
toxicology data to date were recently reviewed and sup-
port development for both gut and tissue dwelling para-
sites [116, 124].

A single and a multiple ascending dose Phase 1 study
with a veterinary oral liquid formulation in healthy vol-
unteers [125, 126] identified no safety concerns. The
pharmacokinetic data showed a significant food effect as
well as significant nonlinear pharmacokinetics with less
than dose-proportional exposure attributed to absorp-
tion because of low oxfendazole solubility. A single and
multiple dose Phase 1 trial (CTI: NCT04920292) of a tab-
let formulation is expected to complete primary outcome
measure collection in September 2022.

An ODG and Asociacion Benefica Prisma sponsored
Phase 2 trial (CTI: NCT03435718; Clinical Trials Peru-
vian Registry identifier PER-083-20) comparing single
6 mg/kg, 15 mg/kg or 30 mg/kg oxfendazole doses, three
daily (15 mg/kg) oxfendazole doses and a single 400 mg
albendazole dose in T. trichiura infection is planned
to start recruitment in July 2022 in Peru. An Asocia-
cion Benefica Prisma sponsored Phase 2 trial (CTIL:
NCT04713787) in Peru plans to compare single 400 mg
or 800 mg oxfendazole doses with a single 400 mg alben-
dazole dose against T. trichiura.

Treatment of the rodent filaria L. sigmodontis for
3-5 days showed macrofilaricidal without microfilari-
cidal activity [127], suggesting oxfendazole could be a
macrofilaricide for control and elimination of oncho-
cerciasis (and potentially LF) safe in loiasis co-endemic
areas because of the lack of microfilaricidal activity.
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An STPH-sponsored Phase 1 trial in Tanzania (CTI:
NCT04920292,) was initiated in May 2022 to examine
pharmacokinetics, safety and tolerability of single and
multiple doses of a new tablet formulation of oxfen-
dazole. Should the dose of oxfendazole needed for anti-
onchocercal activity prove well tolerated, the EU-funded
HELP consortium will conduct a Phase 2 trial comparing
oxfendazole with ivermectin in onchocerciasis. In addi-
tion, clinical trials are being designed to investigate the
efficacy and safety of oxfendazole for STH.

In an in vitro assay exposing O. volvulus larvae for
6 days to oxfendazole, the ICy, and ICy, for inhibition of
L3 moulting were higher than those of emodepside but
lower than those of moxidectin and ivermectin. In con-
junction with available pharmacokinetic data, it was con-
cluded that oxfendazole could have a prophylactic effect
against new infections [36].

Close collaboration between the ODG and the HELP
consortium could make development of oxfendazole
more cost-effective and address potential safety con-
cerns, e.g. whether undiagnosed neurocysticercosis could
result in adverse reactions to oxfendazole in participants
of trials for onchocerciasis or STH.

From first registration to effective use for NTD
control and elimination

Regulatory approval

Not all drugs described above may ultimately obtain
regulatory approval. Based on historical data, out of 2-5
drugs entering Phase 2 development on average only
1-2 enter Phase 3 and out of those on average one will
achieve regulatory approval [3].

Drugs for NTDs which are not also a health problem in
high income countries, i.e. are of economic interest, face
the additional hurdle of the willingness of pharmaceutical
company partners to continue the development/collabo-
ration and/or the willingness or ability of donors to con-
tinue financial support to complete all activities required
for a submission for regulatory approval. As described
above, a case in point for this hurdle is moxidectin devel-
opment, which was put in jeopardy, and regulatory regis-
tration delayed by several years, because Pfizer withdrew
from the collaboration agreement with WHO [29, 30].

Prior to use in any LMIC, the regulatory authority
of that country needs to approve the use of the drug in
their country. The dossier that sponsors have to submit
for regulatory approval has to include all information
from the required non-clinical studies, clinical studies
and pharmaceutical development and qualification of
the drug substance and drug product. An overview of
the elements of a dossier is available in guideline M4 of
the ‘Common Technical Document’ of the ‘International
Council for Harmonisation of Technical Requirements
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for Pharmaceuticals for Human Use’ (ICH). A dossier
consequently includes hundreds of thousands of pages
and demands extensive regulatory authority staff and
time capacity. For example, the New Drug Application
submitted by MDGH to the US FDA for registration
of moxidectin included more than 400,000 pages and
at least 28 US FDA staff were involved in the review as
deduced from the publicly available 525 pages of US FDA
review summaries [128]. In recognition of the fact that
the required review capacity is not available in all LMIC,
WHO has established the ‘Collaborative Procedure for
Accelerated Registration’ of Medicines that have been
prequalified by WHO or approved by a ‘stringent regula-
tory authority’ (SRA) [12]). A SRA is defined as a regula-
tory authority which is a member of the ICH, being: the
European Commission, the US Food and Drug Adminis-
tration and the Ministry of Health, Labour and Welfare of
Japan, also represented by the Pharmaceuticals and Med-
ical Devices Agency (as before 23 October 2015); or is an
ICH observer, being the European Free Trade Associa-
tion, as represented by Swissmedic, and Health Canada
(as before 23 October 2015); or is a regulatory authority
associated with an ICH member through a legally bind-
ing, mutual recognition agreement, including Australia,
Iceland, Liechtenstein and Norway (as before 23 Octo-
ber 2015) [12]. The list of stringent regulatory authorities
and the list of countries participating in the Collaborative
Procedure for SRA approved drugs are available on the
WHO website.

Inclusion in WHO guidelines and country policies
Notwithstanding the increasing requirement for pric-
ing agreements between pharmaceutical companies
and health care payers [129, 130], for drugs that will be
marketed by a company for prescription by physicians,
regulatory approval (marketing authorization) can be
regarded as the ‘final milestone’ This is not necessarily
the case for drugs that will be used by the public health
systems of LMICs. For such drugs, inclusion into WHO
guidelines is frequently a prerequisite for inclusion in
country policies. Inclusion in WHO guidelines may
require evidence beyond that needed for regulatory reg-
istration [131].

Additional data are, in particular, needed for drugs for
disease control and elimination via ‘Preventive Chemo-
therapy’ (PC), i.e. administration of the drug to specified
populations irrespective of the presence of symptoms or
infection, such as occurs for lymphatic filariasis, oncho-
cerciasis, soil-transmitted helminths, taeniasis and cyst-
icercosis, schistosomiasis, foodborne trematodiases,
yaws, trachoma or scabies (Additional File 1 Table S2)
[1, 132, 133]. During PC many of the people taking the
drug will not be infected and will consequently not derive
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a direct benefit from taking the drug. This means that
any adverse reactions to the drug have to be minimal
to ensure the risk is acceptable relative to the indirect
benefit that the uninfected individuals will derive from
PC. The indirect benefit is the reduced probability of
becoming infected via the impact on parasite transmis-
sion due to the treatment of infected community mem-
bers. The number of uninfected individuals included
in studies conducted for regulatory registration, typi-
cally not exceeding a few hundred healthy volunteers in
Phase 1 studies, is insufficient to support decisions on
use of drugs for PC, and consequently additional stud-
ies need to be conducted. During PC, the availability of
trained health care staff to assess and, as required, treat
any adverse reactions is significantly lower than when
physicians prescribe a drug for case management of an
individual patient. Consequently, the safety database for
infected individuals required to recommend use of a new
drug for PC also needs to be larger than required for reg-
ulatory approval of a drug for case management. Thus,
infected individuals also need to be included in addi-
tional studies to ensure data are available on the type and
frequency of rare adverse reactions in a study population
representative of that which will be included in PC.

For drugs to be used for case management (see Addi-
tional File 1 Table S2 for NTDs whose control and/or
elimination strategy is case management based), the need
for additional data to inform WHO guidelines may not
be as extensive since the population included in clinical
studies for regulatory approval is more representative of
the population that will be treated by the health systems.
Furthermore, patients will be treated and followed up by
health care professionals similar to how they were treated
and followed up during the clinical studies. For example,
the inclusion of fexinidazole in the 2019 “WHO interim
guidelines for the treatment of gambiense human African
trypanosomiasis’ was based exclusively on the clinical
studies submitted to the EMA for registration [15].

Regulatory agencies such as the US FDA and the EMA
have established processes through which sponsors can
obtain advice on drug/indication specific data the agen-
cies will expect and plan the relevant studies accordingly.
In contrast, WHO guidelines are usually developed ‘post-
hoc; i.e. based on systematic review and evaluation of
publicly available data, initiated when ‘Member States,
WHO country offices, external experts or other stake-
holders ask for guidance on a clinical or public health
problem or policy area’ It is at the discretion of the mem-
bers of the ‘Guideline Development Group, established
by WHO for a specific guideline under consideration,
to decide whether the data available are those they con-
sider necessary to support a new guideline [131]. This
approach may reflect the fact that, in the past, few drugs
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have been developed specifically to address health prob-
lems that do not provide the prospect of return/profit
from investment, i.e. for diseases in LMIC, the countries
that are typically requesting WHO guidelines to inform
their policies [134—136]. Exceptions were the develop-
ment of ivermectin for onchocerciasis and triclabenda-
zole for human fascioliasis (see Additional File 1). Both
development programmes occurred when WHO guide-
line development was less formalized. For sponsors and
funders of drugs developed for NTDs and in particular
for PC, the current approach to WHO guideline devel-
opment constitutes a big problem: resources and time
into studies to complement the data acquired for regula-
tory registration are invested based on consultation with
experts and possibly WHO NTD staff. Their views on the
type and amount of data required to inform guidelines
may be different from the views of the Guideline Devel-
opment Group. WHO has started to address this prob-
lem by piloting a “WHO Coordinated Scientific Advice
procedure’ [137].

Implementation research

Effective translation of WHO Guidelines and coun-
try policies into practice may require implementation
research (IR, also referred to as ‘operational research’),
defined here as research to identify, understand and
address barriers to effective and quality implementation
of health interventions, strategies and policies in a par-
ticular setting [131].

Depending on the differences between the drug cur-
rently used for PC and the new drug, in particular with
respect to treatment regimen, safety profile and eligible
population, IR may be needed on how best to imple-
ment PC with the new drug and to gather information
on the acceptability of the new treatment and how it is
provided at the individual, community and health sys-
tem level. Beyond data on the adverse reactions that will
impact acceptability by the population (defined here as
the percentage of the eligible population willing to take
the drug each time it is provided and the willingness of
the communities to engage in drug distribution, if appli-
cable), such data cannot be obtained during clinical stud-
ies for registration or post-registration studies to gather
additional safety and efficacy data since those are typi-
cally double-blinded studies. Even if not double-blinded,
such studies include many elements that are not part of
distribution during PC (or case management) and will
impact participants’ perceptions of the drug. Such ele-
ments include informed consent/assent, pre- and post-
treatment examinations and compensation for time lost
from gainful activities due to study participation.

‘Acceptability’ of a new drug to the individuals/commu-
nities to be treated and other stakeholders, such as local
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health care workers, national programmes/Ministries of
Health, collaborating non-governmental organisations
and funders as well as effective integration of the new
intervention into local practice depend on many factors.
These include not only the benefit/risk ratio of the drug
but also the specific economic, health system and politi-
cal and social-cultural context in which the new interven-
tion will be implemented. Locally adapted IR studies may
also be needed to address implementation challenges. IR
may also be needed to provide further evidence to inform
guidelines and country policies. Ideally such research
would be conducted based on a common ‘core protocol’
to ensure data can be analysed across studies/countries
and should be implemented in collaboration between dif-
ferent national programmes and researchers to ensure
timely sharing of lessons learnt. Such an approach has
been initiated to address research needs identified in the
‘WHO consolidated guidelines on drug-resistant tuber-
culosis treatment’ [138—140].

Based on the certainty of evidence that informed a
guideline and on the knowledge gaps identified in the
systematic reviews and by the Guideline Development
Group, WHO guidelines specify research needs [131].

Conclusions

Between 1975-1999 and between 2000-2011, 13 and five
drugs, respectively, were approved by the US FDA and/
or the EMA for an NTD [141, 142]. Even assuming our
criteria for categorization drugs as in ‘development for
regulatory registration’ were too strict, the number of
drugs in at least Phase 2 clinical development and the
2018 registration of fexinidazole for treatment of first
and second stage T.b. gambiense HAT and moxidectin
for onchocerciasis show that investment into drug devel-
opment continues to be disproportionate to the number
of people affected by NTDs. Another sad ‘continuation’
is that development of drugs for NTDs depends heav-
ily on public funding (government, intergovernmen-
tal organization) or funding from private not-for-profit
organizations.

Entry of new actors such as the HELP consortium and
the Oxfendazole Development Group is encouraging.
Development for regulatory approval requires specific
experience and expertise to ensure all elements of a sub-
mission meet regulatory requirements for registration
and to ensure that the post-registration obligations can
be met (e.g. regular updates on safety data acquired in
any context and anywhere in the world). Such experience,
expertise and systems are concentrated in pharmaceuti-
cal companies. Lack of such expertise was identified as a
significant obstacle in a 2019 workshop ‘Repurposing of
off-patent drugs: Research and Regulatory Challenges,
hosted by the US National Institute for Health National
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Center for Advancing Translational Sciences (NCATYS)
and co-sponsored by the NCATS Cures Acceleration
Network Review Board, NCATS Drug Development
Partnership Programs, US FDA and the Reagan-Udall
Foundation for the US FDA [143]. We hope that relevant
expertise is available to, or will be sought by, the HELP
consortium and the Oxfendazole Development Group.
An ‘NTD drug developer working group’ joining all
organisations developing drugs for registration for NTDs
might be helpful to share lessons learnt. Accessing such
expertise as well as synergistic, and thus cost-effective,
investments into development of new drugs for NTDs
would benefit from a central resource on: (1) all for-profit
and not-for-profit organisations working on pre-clinical
and clinical development of drugs for NTDs and/or fund-
ing such development, (2) the expertise they have avail-
able and might be willing to contribute to projects in
other organisations, (3) the drugs in pre-clinical and clin-
ical development (see e.g. website on drugs in different
stages of development for cystic fibrosis, https://apps.cff.
org/trials/pipeline), (4) the funding available and funding
gaps and (5) investigators with experience in conduct-
ing clinical trials in LMIC. Some of this information is
currently available on the WHO Global Observatory on
Health R&D (https://www.who.int/observatories/global-
observatory-on-health-research-and-development).
Funders of capacity strengthening on health research are
collaborating in the ‘Essence for Health Research’ initia-
tive (https://tdr.who.int/groups/essence-on-health-resea
rch/about-us).

The short period between the first ‘registration’ (EMA
‘positive scientific opinion’) of fexinidazole and registra-
tion in T'b. gambiense HAT-endemic countries, inclu-
sion in the WHO EML, WHO EML for Children [64]
and WHO interim guidelines [15] has been attributed to
continuing interactions among all stakeholders, including
DND;j, Sanofi, the EMA and WHO [8]. Equivalent inter-
actions had been in place for development of moxidectin.
These interactions were ‘disrupted’ by the withdrawal of
Pfizer from the collaboration agreement with WHO as
well as by the dissolution of APOC. The ‘Expanded Special
Project for Elimination of Neglected Tropical Diseases’ in
WHO/AFRO (ESPEN, [144]), while sometimes perceived
as the APOC ‘successor;, differs substantially from APOC
in terms of its mandate, resources and operating model as
does the WHO/NTD department. The moxidectin devel-
opment plan to registration had been generated based on
a series of meetings with the EMA for scientific advice in
view of submission for an EMA ‘scientific opinion MDGH
chose submission to the US FDA rather than the EMA
because they could leverage the possibility of a priority
review voucher for the funds they needed [21]. APOC’s
‘Technical Consultative Committee’ [21] had provided
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input into the clinical development plan as well as the ini-
tial plans for studies to acquire additional data needed to
inform guidelines. Through APOC, country NTD/oncho-
cerciasis programmes and the non-governmental organi-
zations supporting onchocerciasis control programmes
in the endemic countries were kept up to date. While the
moxidectin example shows that ‘the best laid plans’ may
be compromised by extraneous events, the collaborations
‘disrupted’ for moxidectin but successfully concluded for
fexinidazole appear to be the approach of choice for devel-
opment of new drugs for NTDs to registration, WHO
guidelines, EML inclusion, country policies and practice.
The “WHO Coordinated Scientific Advice procedure’ dur-
ing its pilot phase and beyond will streamline sponsors
receiving feedback from different WHO departments.

Abbreviations

ADME Absorption, distribution, metabolism, elimination

APOC African Programme for Onchocerciasis Research

CR Cure rate

CTl Clinical Trials.gov Identifier

DNDi Drugs for neglected diseases initiative

EDCTP European & Developing Countries Clinical Trials Partnership

EMA European Medicines Agency

EML WHO Essential Medicines List

ERR Egg reduction rate

HAT Human African trypanosomiasis

ICH International Council for Harmonisation of Technical Require-
ments for Pharmaceuticals for Human Use

LMIC Low- and middle-income countries

IR Implementation research

LF Lymphatic filariasis

MDGH Medicines Development for Global Health

NDA New drug application

NECT Nifurtimox-eflornithine combination treatment

NTD Neglected tropical disease

OCP Onchocerciasis Control Programme in West Africa

ODG Oxfendazole development group

PACTRI Pan African clinical trials registry identifier

PC Preventive chemotherapy

SRA Stringent regulatory authority

STH Soil-transmitted helminths

STPH Swiss Tropical and Public Health Institute

TDR UNICEF/UNDP/World Bank/WHO Special Programme for Research
and Training in Tropical Diseases

US FDA United States of America Food and Drug Administration

WHO World Health Organization

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513071-022-05581-4.

Additional file 1: Table S1. Source trial registries and last import date
into the WHO International Clinical Trials Registry Platform as of 8 October
2021. Table S2. Anti-infective drugs, core strategic interventions and gaps
in anti-infective drugs as per Roadmap. Table S3. Cure and egg reduction
rates in phase 2 studies evaluating moxidectin efficacy against Strongyloi-
des stercoralis, Trichuris trichiura and concomitant helminths and against
Schistosomahaematobium and S. mansoni. Section 1 Anti-infective drugs
for diseases for which preventive chemotherapy is the main strategic core
intervention strategy, Section 2 Anti-infective drugs for diseases for which
case management is the main control- and elimination strategy.

Page 12 of 17

Acknowledgements

The views and opinions presented in this article are solely those of the authors
and should not be attributed to the funders or the institutions they are affili-
ated with. ACK thanks her WHO colleagues for review of and input into Addi-
tional File Table S2, including Drs Abela-Ridder, Albajar Vinas, Asiedu, Franco
Miguel, Garba Djirmay, Jain, King, Montresor, Pemmaraju, Priotto, Rebollo Polo,
Ruiz Postigo, Solomon, Sankara, Velayudhan as well as Dr. Donadeu, WHO
consultant. Any errors are the responsibility of ACK.

Author contributions

ACK and KMP conceptualized the manuscript. Across the main manuscript
and the Additional File, each co-author drafted the section for between 2 and
12 drugs. ACK reviewed and edited all sections on the drugs and drafted the
remaining sections. AKK generated the figure. All authors read and approved
the manuscript.

Funding

This review is part of the MiniMox project for development of a paediatric
moxidectin formulation (https://minimox.squarespace.com/). That pro-

ject is part of the EDCTP2 programme supported by the European Union
(RIA2019PD-2880) and co-funded by Medicines Development for Global
Health and the Luxembourg National Research Fund Fonds National de la
Recherche Luxembourg (FNR n INTER/EDCTP/19/14338294/MiniMox/Vaillant).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
ACK managed the development of moxidectin at WHO TDR.

Author details

'Institute of Medical Microbiology, Immunology and Parasitology, University
Hospital Bonn, Bonn, Germany. “German Center for Infection Research, Partner
Site Bonn-Cologne, Bonn, Germany. *Department of Pharmaceutical Technol-
ogy and Biopharmaceutics, University of Bonn, Bonn, Germany. *Strathclyde
Institute of Pharmacy and Biomedical Sciences, University of Strathclyde,
Glasgow, UK. >Competence Center for Methodology and Statistics, Luxern-
bourg Institute of Health, Strassen, Grand Duchy of Luxembourg. *Department
of Epidemiology and Biostatistics School of Public Health, University of Health
and Allied Sciences, Hohoe, Ghana. “UNICEF/UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases (WHO/TDR), World
Health Organization, Geneva, Switzerland.

Received: 23 August 2022 Accepted: 5 November 2022
Published online: 01 March 2023

References

1. World Health Organization. Ending the neglect to attain the sustain-
able development goals—a road map for neglected tropical diseases
2021-2030. Geneva: World Health Organization; 2020. p. 177.

2. World Health Organization: Road map for neglected tropical diseases -
Seventy-Third World Health Assembly WHA 73(33). 2020.

3. Kuesel AC. Research for new drugs for elimination of onchocerciasis in
Africa. Int J Parasitol Drugs Drug Resist. 2016;6:272-86. https://doi.org/
10.1016/}.jpddr.2016.04.002.

4. Robertson Hinari F. Opening access in biomedicine and health. Appl
Transl Genom. 2014;3:84-5. https://doi.org/10.1016/j.atg.2014.07.003.

5. Kaiser M, Bray MA, Cal M, Bourdin TB, Torreele E, Brun R. Antitrypanoso-
mal activity of fexinidazole, a new oral nitroimidazole drug candidate


https://doi.org/10.1186/s13071-022-05581-4
https://doi.org/10.1186/s13071-022-05581-4
https://minimox.squarespace.com/
https://doi.org/10.1016/j.ijpddr.2016.04.002
https://doi.org/10.1016/j.ijpddr.2016.04.002
https://doi.org/10.1016/j.atg.2014.07.003

Pfarr et al. Parasites & Vectors

20.

21

22.

23.

24.

(2023) 16:82

for treatment of sleeping sickness. Antimicrob Agents Chemother.
2011;55:5602-8. https://doi.org/10.1128/AAC.00246-11.

Tarral A, Blesson S, Mordt OV, Torreele E, Sassella D, Bray MA, et al.
Determination of an optimal dosing regimen for fexinidazole, a novel
oral drug for the treatment of human African trypanosomiasis: first-in-
human studies. Clin Pharmacokinet. 2014;53:565-80. https://doi.org/10.
1007/540262-014-0136-3.

Torrico F, Barreira F, Strub-Wourgaft N, Ribeiro |, Sosa-Estani S. Benznida-
zole in Chagas disease study: do the data justify progression to phase
3?—Authors'reply. Lancet Infect Dis. 2021,21:1067. https://doi.org/10.
1016/51473-3099(21)00336-4.

Valverde MO, Tarral A, Strub-Wourgaft N. Development and introduc-
tion of fexinidazole into the global human African trypanosomiasis
program. Am J Trop Med Hyg. 2022;106:61-6. https://doi.org/10.4269/
ajtmh.21-1176.

Kande Betu Ku Mesu V, Mutombo Kalonji W, Bardonneau C, Valverde
Mordt O, Ngolo Tete D, Blesson S, et al. Oral fexinidazole for stage 1 or
early stage 2 African Trypanosoma brucei gambiense trypanosomiasis: a
prospective, multicentre, open-label, cohort study. Lancet Glob Health.
2021;9:999-1008. https://doi.org/10.1016/52214-109X(21)00208-4
Committee for Medicinal Products for Human Use (CHMP): CHMP Sum-
mary of opinion for Fexinidazole Winthrop. London2018.

European Medicines Agency: Medicines for use outside the EU *— EU-
M4all. 2020. https.//www.ema.europa.eu/en/documents/leaflet/infog
raphic-medicines-use-outside-eu-eu-m4all_en.pdf (2020). Accessed 11
Jul 2022.

World Health Organization & Expert Committee on Specifications

for Pharmaceutical Preparations. Fifty-first report of the WHO expert
committee on specifications for pharmaceutical preparations. Geneva:
World Health Organization; 2017.

World Health Organization: WHO Medicines Prequalification website.
2022. https://extranetwho.int/pgweb/medicines. Accessed 15 Jul 2022.
World Health Organization: The selection and use of essential medi-
cines: Report of the WHO Expert Committee on Selection and Use

of Essential Medicines, 2021 (including the 22nd WHO model list of
essential medicines and the 8th WHO model list of essential medicines
for children). Geneva2021.

World Health Organization. WHO interim guidelines for the treatment
of gambiense human African trypanosomiasis. Geneva: World Health
Organization; 2019.

Drugs for Neglected Diseases initiative: Fexinidazole for Chagas. 2022.
https://dndi.org/research-development/portfolio/fexinidazole-chagas/.
Accessed 15 Jul 2022.

Abongwa M, Martin RJ, Robertson AP. A Brief review on the mode of
action of antinematodal drugs. Acta Vet. 2017,67:137-52. https://doi.
org/10.1515/acve-2017-0013.

Ottesen EA, Campbell WC. Ivermectin in human medicine. J Antimicrob
Chemother. 1994;34:195-203. https://doi.org/10.1093/jac/34.2.195.
Prichard R, Menez C, Lespine A. Moxidectin and the avermectins:
consanguinity but not identity. Int J Parasitol Drugs Drug Resist.
2012;2:134-53. https://doi.org/10.1016/].ijpddr.2012.04.001.

Prichard RK, Geary TG. Perspectives on the utility of moxidectin for the
control of parasitic nematodes in the face of developing anthelmintic
resistance. Int J Parasitol Drugs Drug Resist. 2019;10:69-83. https://doi.
0rg/10.1016/].ijpddr.2019.06.002.

Olliaro PL, Kuesel AC, Halleux CM, Sullivan M, Reeder JC. Creative use of
the priority review voucher by public and not-for-profit actors delivers
the first new FDA-approved treatment for river blindness in 20 years.
PLoS Negl Trop Dis. 2018;12:e0006837. https://doi.org/10.1371/journal.
pntd.0006837.

US FDA: Drug approval package: Moxidectin. 2022. https://www.acces
sdata.fda.gov/drugsatfda_docs/nda/2018/2108670rig1s000TOC.cfm.
Accessed 9 Aug 2022.

Kinrade SA, Mason JW, Sanabria CR, Rayner CR, Bullock JM, Stanworth
SH, et al. Evaluation of the cardiac safety of long-acting endectocide
moxidectin in a randomized concentration-QT study. Clin Trans| Sci.
2018;11:582-9. https://doi.org/10.1111/cts.12583.

Korth-Bradley JM, Parks V, Chalon S, Gourley |, Matschke K, Cailleux

K, et al. The effect of a high-fat breakfast on the pharmacokinetics of

25.

26.

27.

28.

29.

30.

31

32

33.

34

35.

36.

37.

38.

39.

Page 13 of 17

moxidectin in healthy male subjects: a randomized phase | trial. Am
JTrop Med Hyg. 2012,86:122-5. https://doi.org/10.4269/ajtmh.2012.
11-0415.

Korth-Bradley JM, Parks V, Chalon S, Gourley |, Matschke K, Gossart

S, et al. Excretion of moxidectin into breast milk and pharmacoki-
netics in healthy lactating women. Antimicrob Agents Chemother.
2011;55:5200-4. https://doi.org/10.1128/AAC.00311-11.

Korth-Bradley JM, Parks V, Patat A, Matschke K, Mayer P, Fleckenstein L.
Relative bioavailability of liquid and tablet formulations of the antipara-
sitic moxidectin. Clin Pharmacol Drug Dev. 2012;1:32-7. https://doi.org/
10.1177/2160763x11432508.

Korth-Bradley JM, Parks V, Wagner F, Chalon S, Gourley |, Matschke

K, et al. Effect of moxidectin on CYP3A4 activity as evaluated by oral
midazolam pharmacokinetics in healthy subjects. Clin Pharmacol Drug
Dev. 2014,3:151-7. https://doi.org/10.1002/cpdd.81.

Awadyzi K, Opoku NO, Attah SK, Lazdins-Helds J, Kuesel AC. A rand-
omized, single-ascending-dose, ivermectin-controlled, double-blind
study of moxidectin in Onchocerca volvulus infection. PLoS Negl Trop
Dis. 2014;8:2953. https://doi.org/10.1371/journal.pntd.0002953.
Bakajika D, Kanza EM, Opoku NO, Howard HM, Mambandu GL, Nyathi-
rombo A, et al. Effect of a single dose of 8 mg moxidectin or 150 mug/
kg ivermectin on O volvulus skin microfilariae in a randomized trial:
Differences between areas in the Democratic Republic of the Congo,
Liberia and Ghana and impact of intensity of infection. PLoS Negl Trop
Dis. 2022;16:0010079. https://doi.org/10.1371/journal.pntd.0010079.
Opoku NO, Bakajika DK, Kanza EM, Howard H, Mambandu GL,
Nyathirombo A, et al. Single dose moxidectin versus ivermectin for
Onchocerca volvulus infection in Ghana, Liberia, and the Democratic
Republic of the Congo: a randomised, controlled, double-blind phase 3
trial. Lancet. 2018;392:1207-16. https://doi.org/10.1016/50140-6736(17)
32844-1.

Milton P, Hamley JID, Walker M, Basédfiez MG. Moxidectin: an oral treat-
ment for human onchocerciasis. Expert Review Anti Infective Ther.
2020;18:1067-81. https://doi.org/10.1080/14787210.2020.1792772.
Turner HC, Walker M, Attah SK, Opoku NO, Awadzi K, Kuesel AC, et al.
The potential impact of moxidectin on onchocerciasis elimination in
Africa: an economic evaluation based on the phase Il clinical trial data.
Parasit Vectors. 2015;8:167. https://doi.org/10.1186/513071-015-0779-4.
Anonymous: Protocols for studies co-funded by EDCTP (Ria 2017
NCT-1843), Luxembourg National Research Fund (FNR n°INTER/ EDCTP/
17/12331087/ MoxiMultiDoseMod/ Michel Vaillant) and Medicines
Development for Global Health. 2018. https://mox4oncho-multimox.
net. Accessed 2022.

Gardon J, Boussinesq M, Kamgno J, Gardon-Wendel N, Demanga N,
Duke BO. Effects of standard and high doses of ivermectin on adult
worms of Onchocerca volvulus: a randomised controlled trial. Lancet.
2002,;360:203-10. https://doi.org/10.1016/S0140-6736(02)09456-4.
Walker M, Pion SDS, Fang H, Gardon J, Kamgno J, Basanez MG, et al.
Macrofilaricidal efficacy of repeated doses of ivermectin for the treat-
ment of river blindness. Clin Infect Dis. 2017;65:2026-34. https://doi.
0rg/10.1093/cid/cix616.

Jawahar S, Tricoche N, Bulman CA, Sakanari J, Lustigman S. Drugs

that target early stages of Onchocerca volvulus: a revisited means to
facilitate the elimination goals for onchocerciasis. PLoS Negl Trop Dis.
2021;15:0009064. https://doi.org/10.1371/journal.pntd.0009064.
Bernigaud C, Fang F, Fischer K, Lespine A, Aho LS, Dreau D, et al.
Preclinical study of single-dose moxidectin, a new oral treatment for
scabies: efficacy, safety, and pharmacokinetics compared to two-dose
ivermectin in a porcine model. PLoS Negl Trop Dis. 2016;10:¢0005030.
https://doi.org/10.1371/journal. pntd.0005030.

Bernigaud C, Fischer K, Chosidow O.The management of Scabies in
the 21st century: Past, advances and potentials. Acta Derm Venereol.
2020;100:adv00112. https://doi.org/10.2340/00015555-3468.
Engelman D, Cantey PT, Marks M, Solomon AW, Chang AY, Chosidow
O, et al. The public health control of scabies: priorities for research and
action. Lancet. 2019;394:81-92. https://doi.org/10.1016/5S0140-6736(19)
31136-5.


https://doi.org/10.1128/AAC.00246-11
https://doi.org/10.1007/s40262-014-0136-3
https://doi.org/10.1007/s40262-014-0136-3
https://doi.org/10.1016/S1473-3099(21)00336-4
https://doi.org/10.1016/S1473-3099(21)00336-4
https://doi.org/10.4269/ajtmh.21-1176
https://doi.org/10.4269/ajtmh.21-1176
https://doi.org/10.1016/S2214-109X(21)00208-4
https://www.ema.europa.eu/en/documents/leaflet/infographic-medicines-use-outside-eu-eu-m4all_en.pdf
https://www.ema.europa.eu/en/documents/leaflet/infographic-medicines-use-outside-eu-eu-m4all_en.pdf
https://extranet.who.int/pqweb/medicines
https://dndi.org/research-development/portfolio/fexinidazole-chagas/
https://doi.org/10.1515/acve-2017-0013
https://doi.org/10.1515/acve-2017-0013
https://doi.org/10.1093/jac/34.2.195
https://doi.org/10.1016/j.ijpddr.2012.04.001
https://doi.org/10.1016/j.ijpddr.2019.06.002
https://doi.org/10.1016/j.ijpddr.2019.06.002
https://doi.org/10.1371/journal.pntd.0006837
https://doi.org/10.1371/journal.pntd.0006837
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/210867Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2018/210867Orig1s000TOC.cfm
https://doi.org/10.1111/cts.12583
https://doi.org/10.4269/ajtmh.2012.11-0415
https://doi.org/10.4269/ajtmh.2012.11-0415
https://doi.org/10.1128/AAC.00311-11
https://doi.org/10.1177/2160763x11432508
https://doi.org/10.1177/2160763x11432508
https://doi.org/10.1002/cpdd.81
https://doi.org/10.1371/journal.pntd.0002953
https://doi.org/10.1371/journal.pntd.0010079
https://doi.org/10.1016/S0140-6736(17)32844-1
https://doi.org/10.1016/S0140-6736(17)32844-1
https://doi.org/10.1080/14787210.2020.1792772
https://doi.org/10.1186/s13071-015-0779-4
https://mox4oncho-multimox.net
https://mox4oncho-multimox.net
https://doi.org/10.1016/S0140-6736(02)09456-4
https://doi.org/10.1093/cid/cix616
https://doi.org/10.1093/cid/cix616
https://doi.org/10.1371/journal.pntd.0009064
https://doi.org/10.1371/journal.pntd.0005030
https://doi.org/10.2340/00015555-3468
https://doi.org/10.1016/S0140-6736(19)31136-5
https://doi.org/10.1016/S0140-6736(19)31136-5

Pfarr et al. Parasites & Vectors

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2023) 16:82

Mounsey KE, Bernigaud C, Chosidow O, McCarthy JS. Prospects for
moxidectin as a new oral treatment for human scabies. PLoS Negl Trop
Dis. 2016;10:0004389. https://doi.org/10.1371/journal.pntd.0004389.
Mounsey KE, Walton SF, Innes A, Cash-Deans S, McCarthy JS. In vitro
efficacy of moxidectin versus ivermectin against Sarcoptes scabiei.
Antimicrob Agents Chemother. 2017. https://doi.org/10.1128/AAC.
00381-17.

Barda B, Sayasone S, Phongluxa K, Xayavong S, Keoduangsy K, Oder-
matt P, et al. Efficacy of moxidectin versus ivermectin against Strongy-
loides stercoralis infections: a randomized, controlled noninferiority trial.
Clin Infect Dis. 2017;65:276-81. https://doi.org/10.1093/cid/cix278.
Barda B, Ame SM, Ali SM, Albonico M, Puchkov M, Huwyler J, et al.
Efficacy and tolerability of moxidectin alone and in co-administration
with albendazole and tribendimidine versus albendazole plus oxantel
pamoate against Trichuris trichiura infections: a randomised, non-infe-
riority, single-blind trial. Lancet Infect Dis. 2018;18:864-73. https://doi.
0rg/10.1016/51473-3099(18)30233-0.

Hofmann D, Sayasone S, Sengngam K, Chongvilay B, Hattendorf J,
Keiser J. Efficacy and safety of ascending doses of moxidectin against
Strongyloides stercoralis infections in adults: a randomised, parallel-
group, single-blinded, placebo-controlled, dose-ranging, phase 2a
trial. Lancet Infect Dis. 2021. https://doi.org/10.1016/51473-3099(20)
30691-5.

Keller L, Palmeirim MS, Ame SM, Ali SM, Puchkov M, Huwyler J, et al. Effi-
cacy and safety of ascending dosages of moxidectin and moxidectin-
albendazole against Trichuris trichiura in adolescents: a randomized
controlled trial. Clin Infect Dis. 2020;70:1193-201. https://doi.org/10.
1093/cid/ciz326.

Smit C, Hofmann D, Sayasone S, Keiser J, Pfister M. Characterization

of the population pharmacokinetics of moxidectin in adults infected
with Strongyloides stercoralis: Support for a fixed-dose treatment regi-
men. Clin Pharmacokinet. 2022;61:123-32. https://doi.org/10.1007/
540262-021-01048-4.

Hofmann D, Smit C, Sayasone S, Pfister M, Keiser J. Optimizing mox-
idectin dosing for Strongyloides stercoralis infections: Insights from
pharmacometric modeling. Clin ransl Sci. 2022;15:700-8. https://doi.
org/10.1111/cts.13189.

Welsche S, Mrimi EC, Keller L, Hurlimann E, Hofmann D, Hattendorf J,
et al. Efficacy and safety of moxidectin and albendazole compared to
ivermectin and albendazole co-administration in adolescents infected
with Trichuris trichiura: A randomized controlled trial protocol. Gates
Open Res. 2021;5:106. https://doi.org/10.12688/gatesopenres.13299.2.
Barda B, Coulibaly JT, Puchkov M, Huwyler J, Hattendorf J, Keiser J.
Efficacy and safety of moxidectin, synriam, synriam-praziquantel
versus praziquantel against Schistosoma haematobium and S. mansoni
infections: a randomized, exploratory phase 2 trial. PLoS Negl Trop Dis.
2016;10:20005008. https://doi.org/10.1371/journal.pntd.0005008.

Brun R, Don R, Jacobs RT, Wang MZ, Barrett MP. Development of novel
drugs for human African trypanosomiasis. Future Microbiol. 2011,6:677-
91. https://doi.org/10.2217/fmb.11.

Ding D, Zhao Y, Meng Q, Xie D, Nare B, Chen D, et al. Discovery of novel
benzoxaborole-based potent antitrypanosomal agents. ACS Med
Chem Lett. 2010;1:165-9. https://doi.org/10.1021/ml100013s.

Jacobs RT, Plattner JJ, Nare B, Wring SA, Chen D, Freund Y, et al. Benzox-
aboroles: a new class of potential drugs for human African trypanoso-
miasis. Future Med Chem. 2011;3:1259-78. https://doi.org/10.4155/fmc.
11.80.

Wring S, Gaukel E, Nare B, Jacobs R, Beaudet B, Bowling T, et al. Phar-
macokinetics and pharmacodynamics utilizing unbound target tissue
exposure as part of a disposition-based rationale for lead optimization
of benzoxaboroles in the treatment of stage 2 human African trypano-
somiasis. Parasitology. 2014;141:104-18. https://doi.org/10.1017/50031
18201300098X.

Begolo D, Vincent IM, Giordani F, Pohner |, Witty MJ, Rowan TG, et al.
The trypanocidal benzoxaborole AN7973 inhibits trypanosome mRNA
processing. PLoS Pathog. 2018;14:21007315. https://doi.org/10.1371/
journal.ppat.1007315.

55.

56.

57.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71

72.

Page 14 of 17

Dickie EA, Giordani F, Gould MK, Maser P, Burri C, Mottram JC, et al. New
drugs for human african trypanosomiasis: a twenty first century success
story. Trop Med Infect Dis. 2020. https://doi.org/10.3390/tropicalme
d5010029.

Drugs for Neglected Diseases initiative: Acoziborole. 2022. https://dndi.
org/research-development/portfolio/acoziborole/. Accessed 7 Mar
2022.

Drugs for Neglected Diseases initiative: Innovative single-dose oral
sleeping sickness treatment to be co-developed by Sanofi and DNDi
partnership. 2020. https://dndi.org/press-releases/2020/innovative-
single-dose-oral-sleeping-sickness-treatment-to-be-co-developed-by-
sanofi-and-dndi/. Accessed 31 Mar 2022.

World Health Organization: Neglected tropical diseases: WHO and
Sanofi renew decades-long collaboration to sustain elimination efforts.
2020. https.//www.who.int/news/item/15-12-2020-neglected-tropical-
diseases-who-and-sanofi-renew-decades-long-collaboration-to-susta
in-elimination-efforts. Accessed 31 Mar 2022.

Chahine EB, Karaoui LR, Mansour H. Bedaquiline: A novel diarylqui-
noline for multidrug-resistant tuberculosis. Ann Pharmacother.
2014;48:107-15. https://doi.org/10.1177/1060028013504087.

US FDA: Drug approval package: Sirturo (bedaquiline) 100 mg tablets.
2013. https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/
2043840rig1s000TOC.cfm. Accessed 11 Jul 2022.

European Medicines Agency: Sirturo. 2014. https.//www.ema.europa.
eu/en/medicines/human/EPAR/sirturo. Accessed 11 Jul 2022.

US FDA: SIRTURO® (bedaquiline) tablets, for oral use. 2019. https://
www.accessdata.fda.gov/drugsatfda_docs/label/2019/204384s0101bl.
pdf (2019). Accessed 11 Jul 2022.

World Health Organization: The use of bedaquiline in the treatment

of multi-drug resistant tuberculosis: interim policy guidance. Geneva
2013.

World Health Organization: The selection and use of essential medi-
cines: Report of the WHO Expert Committee on Selection and Use

of Essential Medicines, 2019 (including the 21st WHO model list of
essential medicines and the 7th WHO model list of essential medicines
for children). Geneva 2019.

Olliaro P, Seiler J, Kuesel A, Horton J, Clark JN, Don R, et al. Potential drug
development candidates for human soil-transmitted helminthiases.
PLoS Negl Trop Dis. 2011;5:e1138. https://doi.org/10.1371/journal.pntd.
0001138.

European Medicines Agency: Information on Emodepside veterinary
formulations. 2008. https://www.ema.europa.eu/en/documents/scien
tific-discussion/profender-epar-scientific-discussion_en.pdf. Accessed 8
Mar 2022.

Crisford A, Ebbinghaus-Kintscher U, Schoenhense E, Harder A, Raming
K, O'Kelly I, et al. The cyclooctadepsipeptide anthelmintic emodep-
side differentially modulates nematode, insect and human calcium-
activated potassium (SLO) channel alpha subunits. PLoS Negl Trop Dis.
2015;9:0004062. https://doi.org/10.1371/journal.pntd.0004062.
Krucken J, Holden-Dye L, Keiser J, Prichard RK, Townson S, Makepeace
BL, et al. Development of emodepside as a possible adulticidal treat-
ment for human onchocerciasis-The fruit of a successful industrial-
academic collaboration. PLoS Pathog. 2021;17:21009682. https://doi.
org/10.1371/journal.ppat.1009682.

Townson S, Freeman A, Harris A, Harder A. Activity of the cyclooc-
tadepsipeptide emodepside against Onchocerca gutturosa, Onchocerca
lienalis and Brugia pahangi. Am J Trop Med Hyg. 2005;73:93.

Townson S, Ramirez B, Fakorede F, Mouries MA, Nwaka S. Challenges

in drug discovery for novel antifilarials. Expert Opin Drug Discov.
2007;2:563-73. https://doi.org/10.1517/17460441.2.51.563.

Gillon JY, Dennison J, van den Berg F, Delhomme S, Dequatre CK, Pena
RC, et al. Safety, tolerability and pharmacokinetics of emodepside, a
potential novel treatment for onchocerciasis (river blindness), in healthy
male subjects. Br J Clin Pharmacol. 2021;87:3949-60. https://doi.org/10.
1111/bcp.14816.

Bosshardt SC, McCall JW, Coleman SU, Jones KL, Petit TA, Klei TR. Pro-
phylactic activity of tetracycline against Brugia pahangi infection in jirds
(Meriones unguiculatus). J Parasitol. 1993;79:775-7.


https://doi.org/10.1371/journal.pntd.0004389
https://doi.org/10.1128/AAC.00381-17
https://doi.org/10.1128/AAC.00381-17
https://doi.org/10.1093/cid/cix278
https://doi.org/10.1016/S1473-3099(18)30233-0
https://doi.org/10.1016/S1473-3099(18)30233-0
https://doi.org/10.1016/S1473-3099(20)30691-5
https://doi.org/10.1016/S1473-3099(20)30691-5
https://doi.org/10.1093/cid/ciz326
https://doi.org/10.1093/cid/ciz326
https://doi.org/10.1007/s40262-021-01048-4
https://doi.org/10.1007/s40262-021-01048-4
https://doi.org/10.1111/cts.13189
https://doi.org/10.1111/cts.13189
https://doi.org/10.12688/gatesopenres.13299.2
https://doi.org/10.1371/journal.pntd.0005008
https://doi.org/10.2217/fmb.11
https://doi.org/10.1021/ml100013s
https://doi.org/10.4155/fmc.11.80
https://doi.org/10.4155/fmc.11.80
https://doi.org/10.1017/S003118201300098X
https://doi.org/10.1017/S003118201300098X
https://doi.org/10.1371/journal.ppat.1007315
https://doi.org/10.1371/journal.ppat.1007315
https://doi.org/10.3390/tropicalmed5010029
https://doi.org/10.3390/tropicalmed5010029
https://dndi.org/research-development/portfolio/acoziborole/
https://dndi.org/research-development/portfolio/acoziborole/
https://dndi.org/press-releases/2020/innovative-single-dose-oral-sleeping-sickness-treatment-to-be-co-developed-by-sanofi-and-dndi/
https://dndi.org/press-releases/2020/innovative-single-dose-oral-sleeping-sickness-treatment-to-be-co-developed-by-sanofi-and-dndi/
https://dndi.org/press-releases/2020/innovative-single-dose-oral-sleeping-sickness-treatment-to-be-co-developed-by-sanofi-and-dndi/
https://www.who.int/news/item/15-12-2020-neglected-tropical-diseases-who-and-sanofi-renew-decades-long-collaboration-to-sustain-elimination-efforts
https://www.who.int/news/item/15-12-2020-neglected-tropical-diseases-who-and-sanofi-renew-decades-long-collaboration-to-sustain-elimination-efforts
https://www.who.int/news/item/15-12-2020-neglected-tropical-diseases-who-and-sanofi-renew-decades-long-collaboration-to-sustain-elimination-efforts
https://doi.org/10.1177/1060028013504087
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/204384Orig1s000TOC.cfm
https://www.accessdata.fda.gov/drugsatfda_docs/nda/2012/204384Orig1s000TOC.cfm
https://www.ema.europa.eu/en/medicines/human/EPAR/sirturo
https://www.ema.europa.eu/en/medicines/human/EPAR/sirturo
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/204384s010lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/204384s010lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/204384s010lbl.pdf
https://doi.org/10.1371/journal.pntd.0001138
https://doi.org/10.1371/journal.pntd.0001138
https://www.ema.europa.eu/en/documents/scientific-discussion/profender-epar-scientific-discussion_en.pdf
https://www.ema.europa.eu/en/documents/scientific-discussion/profender-epar-scientific-discussion_en.pdf
https://doi.org/10.1371/journal.pntd.0004062
https://doi.org/10.1371/journal.ppat.1009682
https://doi.org/10.1371/journal.ppat.1009682
https://doi.org/10.1517/17460441.2.S1.S63
https://doi.org/10.1111/bcp.14816
https://doi.org/10.1111/bcp.14816

Pfarr et al. Parasites & Vectors

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

(2023) 16:82

Genchi C, Sacchi L, Bandi C, Venco L. Preliminary results on the effect of
tetracycline on the embryogenesis and symbiotic bacteria (Wolbachia)
of Dirofilaria immitis. Update Discuss Parassitol. 1998;40:247-9.
Hoerauf A, Volkmann L, Hamelmann C, Adjei O, Autenrieth IB, Fleischer
B, et al. Endosymbiotic bacteria in worms as targets for a novel chemo-
therapy in filariasis. Lancet. 2000;355:1242-3. https://doi.org/10.1016/
S0140-6736(00)02095.

Hoerauf A, Volkmann L, Nissen-Paehle K, Schmetz C, Autenrieth |,
Buttner DW, et al. Targeting of Wolbachia endobacteria in Litomosoides
sigmodontis: comparison of tetracyclines with chloramphenicol, mac-
rolides and ciprofloxacin. Trop Med In Health. 2000;5:275-9.

Taylor MJ, Bandi C, Hoerauf AM, Lazdins J. Wolbachia bacteria of filarial
nematodes: a target for control? Parasitol Today. 2000;16:179-80.
Debrah AY, Mand S, Marfo-Debrekyei Y, Larbi J, Adjei O, Hoerauf A.
Assessment of microfilarial loads in the skin of onchocerciasis patients
after treatment with different regimens of doxycycline plus ivermectin.
Filaria J. 2006;5:1.

Hoerauf A, Mand S, Fischer K, Kruppa T, Marfo-Debrekyei Y, Deb-

rah AY, et al. Doxycycline as a novel strategy against bancroftian
filariasis-depletion of Wolbachia endosymbionts from Wuchereria
bancrofti and stop of microfilaria production. Med Microbiol Immunol.
2003;192:211-6.

Hoerauf A, Mand S, Volkmann L, Bittner M, Marfo-Debrekyei Y, Taylor M,
et al. Doxycycline in the treatment of human onchocerciasis: kinetics of
Wolbachia endobacteria reduction and of inhibition of embryogenesis
in female Onchocerca worms. Microbes Infect. 2003;5:12706439.

Taylor MJ, Makunde WH, McGarry HF, Turner JD, Mand S, Hoerauf A.
Macrofilaricidal activity after doxycycline treatment of Wuchereria
bancrofti: a double-blind, randomised placebo-controlled trial. Lancet.
2005;365:2116-21.

Hoerauf A, Specht S, Buttner M, Pfarr K, Mand S, Fimmers R, et al.
Wolbachia endobacteria depletion by doxycycline as antifilarial therapy
has macrofilaricidal activity in onchocerciasis: a randomized placebo-
controlled study. Med Microbiol Immunol. 2008;197:295-311.

Specht S, Hoerauf A, Adjei O, Debrah A, Bittner DW. Newly acquired
Onchocerca volvulus filariae after doxycycline treatment. Parasitol Res.
2009;106:23-31. https://doi.org/10.1007/500436-009-1624-5.

Walker M, Specht S, Churcher TS, Hoerauf A, Taylor MJ, Basanez MG.
Therapeutic efficacy and macrofilaricidal activity of doxycycline for the
treatment of river blindness. Clin Infect Dis. 2015;60:1199-207. https://
doi.org/10.1093/cid/ciu1152.

McGarry HF, Pfarr K, Egerton G, Hoerauf A, Akue JP, Enyong P, et al. Evi-

dence against Wolbachia symbiosis in Loa loa. Filaria J. 2003;2:12816546.

Bandi C, Trees AJ, Brattig NW. Wolbachia in filarial nematodes: Evolu-
tionary aspects and implications for the pathogenesis and treatment of
filarial diseases. Vet Parasitol. 2001;98:215-38. https://doi.org/10.1016/
50304-4017(01)00432-0.

Chesnais CB, Pion SD, Boullé C, Gardon J, Gardon-Wendel N,
Fokom-Domgue J, et al. Individual risk of post-ivermectin serious
adverse events in subjects infected with Loa loa. EClinicalMedicine.
2020;28:100582. https://doi.org/10.1016/j.eclinm.2020.100582.
Gardon J, Gardon-Wendel N, Demanga N, Kamgno J, Chippaux JP,
Boussinesq M. Serious reactions after mass treatment of onchocercia-
sis with ivermectin in an area endemic for Loa loa infection. Lancet.
1997,350:18-22.

Mectizan Expert Committee and APOC Technical Consultative Com-
mittee: Recommendations for the treatment of onchocerciasis with
Mectizan in areas co-endemic for onchocerciasis and loiasis. 2004.
https://mectizan.org/wp-content/uploads/2018/06/englishmectcclo
arecs-june04.pdf. Accessed 11 Jul 2022.

Boussinesq M, Fobi G, Kuesel AC. Alternative treatment strategies to
accelerate the elimination of onchocerciasis. Int Health. 2018;10:i40-8.
https://doi.org/10.1093/inthealth/ihx054.

Hubner MP, Koschel M, Struever D, Nikolov V, Frohberger SJ, Ehrens

A et al. In vivo kinetics of Wolbachia depletion by ABBV-4083 in L
sigmodontis adult worms and microfilariae. PLOS Negl Trop Dis.
2019;13:e0007636. https://doi.org/10.1371/journal.pntd.0007636.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

102.

104.

105.

107.

Page 150f 17

Taylor MJ, von Geldern TW, Ford L, Hibner MP, Marsh K, Johnston KL,

et al. Preclinical development of an oral anti-Wolbachia macrolide drug
for the treatment of lymphatic filariasis and onchocerciasis. Sci Transl
Med. 2019. https://doi.org/10.1126/scitransimed.aau2086.

Hong WD, Benayoud F, Nixon GL, Ford L, Johnston KL, Clare RH, et al.
AWZ1066S, a highly specific anti-Wolbachia drug candidate for a short-
course treatment of filariasis. Proc Natl Acad Sci USA. 2019;116:1414-9.
https://doi.org/10.1073/pnas.1816585116.

Schiefer A, Hibner MP, Krome A, Lémmer C, Ehrens A, AdenT, et al.
Corallopyronin a for short-course anti-wolbachial, macrofilaricidal
treatment of filarial infections. PLoS Negl Trop Dis. 2020;14:e0008930.
https://doi.org/10.1371/journal.pntd.0008930.

von Geldern TW, Morton HE, Clark RF, Brown BS, Johnston KL, Ford

L, et al. Discovery of ABBV-4083, a novel analog of Tylosin A that has
potent anti-Wolbachia and anti-filarial activity. PLoS Negl Trop Dis.
2019;13:e0007159. https://doi.org/10.1371/journal.pntd.0007159.

Hata K. Development of E1224 by leveraging a strategic partnership for
the medicines creation against neglected tropical diseases. Parasitol Int.
2021;81:102278. https://doi.org/10.1016/j.parint.2020.102278.
Watanabe S, Tsubouchi |, Okubo A. Efficacy and safety of fosravucona-
zole L-lysine ethanolate, a novel oral triazole antifungal agent, for the
treatment of onychomycosis: a multicenter, double-blind, randomized
phase Il study. J Dermatol. 2018;45:1151-9. https://doi.org/10.1111/
1346-8138.14607.

Ahmed SA, Kloezen W, Duncanson F, Zijlstra EE, de Hoog GS, Fahal AH,
et al. Madurella mycetomatis is highly susceptible to ravuconazole. PLoS
Negl Trop Dis. 2014;8:€2942. https://doi.org/10.1371/journal.pntd.00029
42.

Garcia-Huertas P, Cardona-Castro N. Advances in the treatment of
Chagas disease: promising new drugs, plants and targets. Biomed
Pharmacother. 2021;142:112020. https://doi.org/10.1016/j.biopha.2021.
112020.

Urbina JA. Specific chemotherapy of Chagas disease: relevance, current
limitations and new approaches. Acta Trop. 2010;115:55-68. https://doi.
org/10.1016/j.actatropica.2009.10.023.

Urbina JA, Payares G, Sanoja C, Lira R, Romanha AJ. In vitro and in vivo
activities of ravuconazole on Trypanosoma cruzi, the causative agent of
Chagas disease. Int J Antimicrob Agents. 2003;21:27-38. https://doi.org/
10.1016/50924-8579(02)00273-X.

Torrico F, Gascon J, Ortiz L, Alonso-Vega C, Pinazo MJ, Schijman A,

et al. Treatment of adult chronic indeterminate Chagas disease with
benznidazole and three E1224 dosing regimens: a proof-of-concept,
randomised, placebo-controlled trial. Lancet Infect Dis. 2018;18:419-30.
https://doi.org/10.1016/51473-3099(17)30538-8.

Torrico F, Gascon J, Barreira F, Blum B, Almeida IC, Alonso-Vega C, et al.
New regimens of benznidazole monotherapy and in combination with
fosravuconazole for treatment of Chagas disease (BENDITA): a phase

2, double-blind, randomised trial. Lancet Infect Dis. 2021;21:1129-40.
https://doi.org/10.1016/51473-3099(20)30844-6.

Lim W, Nyuykonge B, Eadie K, Konings M, Smeets J, Fahal A, et al.
Screening the pandemic response box identified benzimidazole car-
bamates, olorofim and ravuconazole as promising drug candidates for
the treatment of eumycetoma. PLoS Negl Trop Dis. 2022;16:€0010159.
https://doi.org/10.1371/journal pntd.0010159.

Omer RF, Ahmed ES, Ali BM, Alhaj HE, Bakhiet SM, Mohamed ESW, et al.
The challenges of recruitment in clinical trials in developing countries:
the mycetoma research centre experience. Trans R Soc Trop Med Hyg.
2021;115:397-405. https://doi.org/10.1093/trstmh/traal65.

Drugs for Neglected Diseases initiative: Status of DNDi clinical trials
during COVID-19 pandemic. 2022. https://dndi.org/research-and-devel
opment/clinical-trials/status-dndi-clinical-trials/. Accessed 7 Mar 2022.
Nagle A, Biggart A, Be C, Srinivas H, Hein A, Caridha D, et al. Discovery
and characterization of clinical candidate LXE408 as a kinetoplastid-
selective proteasome inhibitor for the treatment of leishmaniases. J
Med Chem. 2020;63:10773-81. https://doi.org/10.1021/acsjmedchem.
0c00499.

Wyllie S, Foth BJ, Kelner A, Sokolova AY, Berriman M, Fairlamb AH.
Nitroheterocyclic drug resistance mechanisms in Trypanosoma brucei.


https://doi.org/10.1016/S0140-6736(00)02095
https://doi.org/10.1016/S0140-6736(00)02095
https://doi.org/10.1007/s00436-009-1624-5
https://doi.org/10.1093/cid/ciu1152
https://doi.org/10.1093/cid/ciu1152
https://doi.org/10.1016/s0304-4017(01)00432-0
https://doi.org/10.1016/s0304-4017(01)00432-0
https://doi.org/10.1016/j.eclinm.2020.100582
https://mectizan.org/wp-content/uploads/2018/06/englishmectccloarecs-june04.pdf
https://mectizan.org/wp-content/uploads/2018/06/englishmectccloarecs-june04.pdf
https://doi.org/10.1093/inthealth/ihx054
https://doi.org/10.1371/journal.pntd.0007636
https://doi.org/10.1126/scitranslmed.aau2086
https://doi.org/10.1073/pnas.1816585116
https://doi.org/10.1371/journal.pntd.0008930
https://doi.org/10.1371/journal.pntd.0007159
https://doi.org/10.1016/j.parint.2020.102278
https://doi.org/10.1111/1346-8138.14607
https://doi.org/10.1111/1346-8138.14607
https://doi.org/10.1371/journal.pntd.0002942
https://doi.org/10.1371/journal.pntd.0002942
https://doi.org/10.1016/j.biopha.2021.112020
https://doi.org/10.1016/j.biopha.2021.112020
https://doi.org/10.1016/j.actatropica.2009.10.023
https://doi.org/10.1016/j.actatropica.2009.10.023
https://doi.org/10.1016/s0924-8579(02)00273-x
https://doi.org/10.1016/s0924-8579(02)00273-x
https://doi.org/10.1016/S1473-3099(17)30538-8
https://doi.org/10.1016/S1473-3099(20)30844-6
https://doi.org/10.1371/journal.pntd.0010159
https://doi.org/10.1093/trstmh/traa165
https://dndi.org/research-and-development/clinical-trials/status-dndi-clinical-trials/
https://dndi.org/research-and-development/clinical-trials/status-dndi-clinical-trials/
https://doi.org/10.1021/acs.jmedchem.0c00499
https://doi.org/10.1021/acs.jmedchem.0c00499

Pfarr et al. Parasites & Vectors

108.

109.

110.

111,

112.

113.

114.

115.

116.

117.

119.

120.

122.

123.

(2023) 16:82

J Antimicrob Chemother. 2016;71:625-34. https://doi.org/10.1093/jac/
dkv376.

Drugs for Neglected Diseases initiative: Visceral leishmaniasis: Novartis
LXE408. 2022. https://dndi.org/research-development/portfolio/novar
tis-Ixe408/. Accessed 17 Jul 2022.

Hansen TVA, Cirera S, Neveu C, Courtot E, Charvet CL, Calloe K, et al.
The narrow-spectrum anthelmintic oxantel is a potent agonist of a
novel acetylcholine receptor subtype in whipworms. PLoS Pathog.
2021;17:€1008982. https://doi.org/10.1371/journal.ppat.1008982.

Kopp SR, Kotze AC, McCarthy JS, Traub RJ, Coleman GT. Pyrantel in small
animal medicine: 30 years on. Vet J. 2008;178:177-84. https://doi.org/
10.1016/j.tvjl.2007.06.021.

Palmeirim MS, Specht S, Scandale |, Gander-Meisterernst |, Chabicovsky
M, Keiser J. Preclinical and clinical characteristics of the trichuricidal
drug oxantel pamoate and clinical development plans: a review. Drugs.
2021;81:907-21. https://doi.org/10.1007/540265-021-01505-1.

Hansen TVA, Grencis RK, Issouf M, Neveu C, Charvet CL. Functional
characterization of the oxantel-sensitive acetylcholine receptor from
Trichuris muris. Pharmaceuticals. 2021. https://doi.org/10.3390/ph 140
70698.

Moser W, Sayasone S, Xayavong S, Bounheuang B, Puchkov M, Huwyler
J, et al. Efficacy and tolerability of triple drug therapy with albendazole,
pyrantel pamoate, and oxantel pamoate compared with albendazole
plus oxantel pamoate, pyrantel pamoate plus oxantel pamoate, and
mebendazole plus pyrantel pamoate and oxantel pamoate against
hookworm infections in school-aged children in Laos: a randomised,
single-blind trial. Lancet Infect Dis. 2018;18:729-37. https://doi.org/10.
1016/51473-3099(18)30220-2.

Speich B, Ali SM, Ame SM, Bogoch II, Alles R, Huwyler J, et al. Efficacy
and safety of albendazole plus ivermectin, albendazole plus meben-
dazole, albendazole plus oxantel pamoate, and mebendazole alone
against Trichuris trichiura and concomitant soil-transmitted helminth
infections: a four-arm, randomised controlled trial. Lancet Infect Dis.
2015;15:277-84. https://doi.org/10.1016/51473-3099(14)71050-3.

US FDA Center for Veterinary Medicine: Freedom of Information Sum-
mary NADA 140-854 oxfendazole. 1990.

Gonzalez AE, Codd EE, Horton J, Garcia HH, Gilman RH. Oxfendazole: a
promising agent for the treatment and control of helminth infections
in humans. Expert Rev Anti Infective Ther. 2019;17:51-6. https://doi.org/
10.1080/14787210.2018.1555241.

Oxfendazole Development Group: Oxfendazole Development Group.
2022. https://oxfendazoledevelopmentgroup.org/. Accessed 18 mar
2022.

Keiser J, Utzinger J. Efficacy of current drugs against soil-transmitted
helminth infections: Systematic review and meta-analysis. JAMA.
2008;299:1937-48.

Stephenson LS, Holland CV, Cooper ES. The public health significance
of Trichuris trichiura. Parasitol. 2000;121:573-95.

Lachau-Durand S, Lammens L, van der Leede BJ, Van GJ, Bailey G,
Engelen M, et al. Preclinical toxicity and pharmacokinetics of a new
orally bioavailable flubendazole formulation and the impact for clinical
trials and risk/benefit to patients. PLoS Negl Trop Dis. 2019;13:e0007026.
https://doi.org/10.1371/journal.pntd.0007026.

Mackenzie CD, Geary TG. Flubendazole: a candidate macrofilaricide for
lymphatic filariasis and onchocerciasis field programs. Expert Rev Anti
Infective Ther. 2011;9:497-501.

Tweats DJ, Johnson GE, Scandale |, Whitwell J, Evans DB. Genotoxicity of
flubendazole and its metabolites in vitro and the impact of a new for-
mulation on in vivo aneugenicity. Mutagenesis. 2016;31:309-21. https://
doi.org/10.1093/mutage/gev070.

Hibner MP, Ehrens A, Koschel M, Dubben B, Lenz F, Frohberger SJ, et al.
Macrofilaricidal efficacy of single and repeated oral and subcutaneous
doses of flubendazole in Litomosoides sigmodontis infected jirds. PLoS
Negl Trop Dis. 2019;13:e0006320. https://doi.org/10.1371/journal.pntd.
0006320.

Codd EE, Ng HH, McFarlane C, Riccio ES, Doppalapudi R, Mirsalis JC,

et al. Preclinical studies on the pharmacokinetics, safety, and toxicology

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

140.

Page 16 of 17

of oxfendazole: toward first in human studies. Int J Toxicol. 2015;34:129—
37. https://doi.org/10.1177/1091581815569582.

An G, Murry DJ, Gajurel K, Bach T, Deye G, Stebounova LV, et al. Pharma-
cokinetics, safety, and tolerability of oxfendazole in healthy volunteers:
a randomized, placebo-controlled first-in-human single-dose escala-
tion study. Antimicrob Agents Chemother. 2019. https://doi.org/10.
1128/AAC.02255-18.

BachT, Galbiati S, Kennedy JK, Deye G, Nomicos EYH, Codd EE, et al.
Pharmacokinetics, safety, and tolerability of oxfendazole in healthy
adults in an open-label phase 1 multiple ascending dose and food
effect study. Antimicrob Agents Chemother. 2020. https://doi.org/10.
1128/AAC.01018-20.

Hubner MP, Martin C, Specht S, Koschel M, Dubben B, Frohberger SJ,

et al. Oxfendazole mediates macrofilaricidal efficacy against the filarial
nematode Litomosoides sigmodontis in vivo and inhibits Onchocerca
spec. motility in vitro. PLoS Negl Trop Dis. 2020;14:e0008427. https://doi.
0rg/10.1371/journal.pntd.0008427.

Sullivan M, Kuesel AC: Moxidectin to FDA approval, Presentation at the
Onchocerciasis Research Network Meeting Kampala October 2018.

In: Onchocerciasis Research Network Meeting, Kampala, 3-4 October
2018.

Son KB. Understanding the trends in international agreements on pric-
ing and reimbursement for newly marketed medicines and their impli-
cations for access to medicines: a computational text analysis. Global
Health. 2020;16:98. https://doi.org/10.1186/512992-020-00633-9[.
Wenzl M, Chapman S: Performance-based managed entry agreements
for new medicines in OECD countries and EU member states: How they
work and possible improvements going forward. Paris2019.

World Health Organization. WHO handbook for guideline development.
2nd ed. Geneva: World Health Organization; 2014.

Crompton DWTa, Organization WH: Preventive chemotherapy in
human helminthiasis : coordinated use of anthelminthic drugs in con-
trol interventions : a manual for health professionals and programme
managers. Geneva: World Health Organization; 2006.

Solomon AW, World Health O, London School of H, Tropical M. Interna-
tional Trachoma I: Trachoma control: a guide for programme managers.
Geneva: World Health Organization; 2006.

UNICEF/UNDP/World Bank/WHO Special Programme for Research and
Training in Tropical Diseases (TDR). Making a difference. 30 Years of
research and capacity building in tropical diseases. 2007.

Gomes MF, Kuesel AC. From bright ideas to tools: The case of malaria.
PLoS Negl Trop Dis. 2015,9:3377. https://doi.org/10.1371/journal.pntd.
Olliaro PL, Kuesel AC, Reeder JC. A changing model for developing
health products for poverty-related infectious diseases. PLoS Negl Trop
Dis. 2015;9:¢3379. https://doi.org/10.1371/journal.pntd.0003379.

World Health Organization: WHO coordinated scientific advice for
health product R&D. 2022. https:.//www.who.int/activities/optim
izing-research-and-development-processes-for-accelerated-access-to-
health-products/who-coordinated-scientific-advice-for-health-produ
ct-r-d. Accessed 22 Jun 2022.

UNICEF/UNDP/World Bank/WHO Special Programme for Research

and Training in Tropical Diseases (TDR): TDR and WHO launch ShORRT,
an operational research package to assess all-oral shorter MDR/RR-TB
treatment regimens. 2022. https://tdrwho.int/newsroom/news/item/
01-11-2019-tdr-and-who-launch-shorrt-an-operational-research-packa
ge-to-assess-all-oral-shorter-mdr-rr-tb-treatment-regimens. Accessed
23 Jun 2022.

UNICEF/UNDP/World Bank/WHO Special Programme for Research and
Training in Tropical Diseases (TDR). The ShORRT initiative on tubercu-
losis research in the Region of the Americas. 2022. https://tdrwho.int/
newsroom/news/item/25-05-2022-the-shorrt-initiative-on-tuberculos
is-research-in-the-region-of-the-americas. Accessed 23 Jun 2022.
World Health Organization. WHO consolidated guidelines on drug-
resistant tuberculosis treatment. Geneva: World Health Organization;
2019.

Pedrique B, Strub-Wourgaft N, Some C, Olliaro P, Trouiller P, Ford N, et al.
The drug and vaccine landscape for neglected diseases (2000-11): A


https://doi.org/10.1093/jac/dkv376
https://doi.org/10.1093/jac/dkv376
https://dndi.org/research-development/portfolio/novartis-lxe408/
https://dndi.org/research-development/portfolio/novartis-lxe408/
https://doi.org/10.1371/journal.ppat.1008982
https://doi.org/10.1016/j.tvjl.2007.06.021
https://doi.org/10.1016/j.tvjl.2007.06.021
https://doi.org/10.1007/s40265-021-01505-1
https://doi.org/10.3390/ph14070698
https://doi.org/10.3390/ph14070698
https://doi.org/10.1016/S1473-3099(18)30220-2
https://doi.org/10.1016/S1473-3099(18)30220-2
https://doi.org/10.1016/S1473-3099(14)71050-3
https://doi.org/10.1080/14787210.2018.1555241
https://doi.org/10.1080/14787210.2018.1555241
https://oxfendazoledevelopmentgroup.org/
https://doi.org/10.1371/journal.pntd.0007026
https://doi.org/10.1093/mutage/gev070
https://doi.org/10.1093/mutage/gev070
https://doi.org/10.1371/journal.pntd.0006320
https://doi.org/10.1371/journal.pntd.0006320
https://doi.org/10.1177/1091581815569582
https://doi.org/10.1128/AAC.02255-18
https://doi.org/10.1128/AAC.02255-18
https://doi.org/10.1128/AAC.01018-20
https://doi.org/10.1128/AAC.01018-20
https://doi.org/10.1371/journal.pntd.0008427
https://doi.org/10.1371/journal.pntd.0008427
https://doi.org/10.1186/s12992-020-00633-9[
https://doi.org/10.1371/journal.pntd
https://doi.org/10.1371/journal.pntd.0003379
https://www.who.int/activities/optimizing-research-and-development-processes-for-accelerated-access-to-health-products/who-coordinated-scientific-advice-for-health-product-r-d
https://www.who.int/activities/optimizing-research-and-development-processes-for-accelerated-access-to-health-products/who-coordinated-scientific-advice-for-health-product-r-d
https://www.who.int/activities/optimizing-research-and-development-processes-for-accelerated-access-to-health-products/who-coordinated-scientific-advice-for-health-product-r-d
https://www.who.int/activities/optimizing-research-and-development-processes-for-accelerated-access-to-health-products/who-coordinated-scientific-advice-for-health-product-r-d
https://tdr.who.int/newsroom/news/item/01-11-2019-tdr-and-who-launch-shorrt-an-operational-research-package-to-assess-all-oral-shorter-mdr-rr-tb-treatment-regimens
https://tdr.who.int/newsroom/news/item/01-11-2019-tdr-and-who-launch-shorrt-an-operational-research-package-to-assess-all-oral-shorter-mdr-rr-tb-treatment-regimens
https://tdr.who.int/newsroom/news/item/01-11-2019-tdr-and-who-launch-shorrt-an-operational-research-package-to-assess-all-oral-shorter-mdr-rr-tb-treatment-regimens
https://tdr.who.int/newsroom/news/item/25-05-2022-the-shorrt-initiative-on-tuberculosis-research-in-the-region-of-the-americas
https://tdr.who.int/newsroom/news/item/25-05-2022-the-shorrt-initiative-on-tuberculosis-research-in-the-region-of-the-americas
https://tdr.who.int/newsroom/news/item/25-05-2022-the-shorrt-initiative-on-tuberculosis-research-in-the-region-of-the-americas

Pfarr et al. Parasites & Vectors (2023) 16:82 Page 17 of 17

systematic assessment. Lancet Glob Health. 2013;1:e371-9. https://doi.
0rg/10.1016/52214-109X(13)70078-0.

142. Trouiller P, Olliaro P, Torreele E, Orbinski J, Laing R, Ford N. Drug develop-
ment for neglected diseases: a deficient market and a public-health
policy failure. Lancet. 2002;359:2188-94. https://doi.org/10.1016/50140-
6736(02)09096-7.

143.  NCATS Cures Acceleration Network Review Board, NCATS Drug Devel-
opment Partnership Programs, Food and Drug Administration, Reagan-
Udall Foundation for the FDA. Repurposing off-patent crugs: Research
& regulatory challenges. 2019. https://videocast.nih.gov/summary.asp?
Live=35412&bhcp=1. Accessed on 4 Jul 2022.

144. Expanded Special Project for Elimination of Neglected Tropical Dis-
eases. Accelerating elimination of NTDs—Towards 2030. 2022. https://
espen.afrowho.int/. Accessed on 9 Jul 2022.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1016/S2214-109X(13)70078-0
https://doi.org/10.1016/S2214-109X(13)70078-0
https://doi.org/10.1016/S0140-6736(02)09096-7
https://doi.org/10.1016/S0140-6736(02)09096-7
https://videocast.nih.gov/summary.asp?Live=35412&bhcp=1
https://videocast.nih.gov/summary.asp?Live=35412&bhcp=1
https://espen.afro.who.int/
https://espen.afro.who.int/

	The pipeline for drugs for control and elimination of neglected tropical diseases: 1. Anti-infective drugs for regulatory registration
	Abstract 
	Background
	Drugs approved for an NTD by at least one stringent regulatory authority
	Fexinidazole
	Moxidectin

	Drugs in at least Phase 2 clinical development for first regulatory registration for an NTD
	Acoziborole
	Bedaquiline
	Emodepside
	Onchocerciasis
	Trichuris trichiura and hookworm

	Flubentylosin (TylAMac, ABBV-4083)
	Fosravuconazole
	JNJ-64281802
	LXE408
	Oxantel Pamoate
	Oxfendazole

	From first registration to effective use for NTD control and elimination
	Regulatory approval
	Inclusion in WHO guidelines and country policies
	Implementation research

	Conclusions
	Acknowledgements
	References


