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1. Clinical studies

1.1 Ivermectincombinationsforonchocerciasis.

During the reporting period (June 2000-June 2001) nvo key clinical studies were concluded by
Dr. K. Awadzi at the Onchocerciasis Chemotherapy Research Centre (OCRC): 1) The safety,
pharmacokinetics, microfilaricidal and macrofilaricidal effect of coadministration of ivermectin
and albendazole and 2) the safety and pharmacokinetics levamisole plus ivermectin and
levamisole plus albendazole. The results of these studies are outlined below and manuscripts
are being prepared for publication.

Study 27 - albendazole + ivermectin: safetv. efficacy and pharmacokinetics

Forty-two male onchocerciasis patients were randomized into three groups and treated with
ivermectin (200 microgramslkg), albendazole (400 mg) or the combination, given as a single
oral dose after an overnight fast. The drugs were well tolerated and the combination of
ivermectin with albendazole did not produce more severe adverse effects than ivermectin alone.
These two groups were also equipotent in their effect against the microfilariae (mf);
albendazole alone had little effect. When assessed in terms of area under the plasma
concentration versus time curve (AUC), maximal drug concentrations (Cmax) and the times at
which they were achieved (Tmax) there were no significant effects of albendazole on the
pharmacokinetics of ivermectin or of ivermectin on the pharmacokinetics of albendazole
sulphoxide. There was no evidence of any relationship between exposure to ivermectin and its
microfilaricidal effect, nor between the microfilaricidal effect and the severity of the Mazzoti
reaction. In one patient, adequate drug exposure produced little effect and raised the question of
"non response" of microfilaria (mf) O.volwlus to ivermectin. The efficacy against adult worms
(Mf) was assessed on histological examination of nodules excised at day 180 and from a study
of changes in microfilaria dynamics in skin and eye between days 30 and364. Combination of
albendazole with ivermectin did not offer advantage over ivermectin in their adverse effects on
the reproductive activity of the adult female worms; worrn viability was unaffected. Both
treatment groups were equipotent in their ability to suppress the return of mf to the skin.
Albendazole alone did not have any effect on skin, ocular or adult worrns. In conclusion this
study indicates that combination of albendazole with ivermectin has no advantage over
ivermectin alone for the control of onchocerciasis.

Forty-two male subjects, presumed to be free of any filarial infection, participated in a
randomized, double blind, placebo controlled trial that aimed to determine the safety and the

Study 28 - levamisole+ivermectin and levamisole+albendazole: safetly and pharmacokinetics
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pharmacokinetic interaction of two drug combination never before administered to man.

Exposure of subjects to the drug was cautious, with a prime concern for safety. Group I
received levamisole (2.5 mg/kg) alone; Group 2 levamisole plus ivermectin 200 microgramslkg
and Group 3 levamisole plus albendazole 400mg. The drug combinations were well tolerated.

Levamisole increased the AUC and Cmax of ivermectin and reduced the AUC, Cmax and T
max of albendazole sulphoxide. Ivermectin had no influence on levamisole while albendazole

sulphoxide produced a modest reduction in the AUC of levamisole. The appearance of mf in
body fluids and the occurrence of Mazzoti-type reactions in the absence of skin mf in subjects
presumed free from any filarial infection were unexpected and surprising.

Study 29 - levamisole+ivermectin and levamisole+albendazole compared to levamisole: safety
- -- -J

and efficacv

This study was designed with the specific goal to evaluate the safety and efficacy of this

combination on the O.volvulus mf, the adult parasite and the coincidental parasitic infections.

The clinical phase of the study has been completed; the data are currently being examined.

L.2 Clinical study to define whether the microfilariae and./or the adult worrns in non-
responders to multiple treatments with ivermectin have developed resistance to ivermectin.

This study has been designed as an open, case-control study. The cases are individuals of both

sexes, tabelled as "non responders", who as at 1997 , still harboured skin mf lO/snip after 9 or
more documented treatments with ivermectin. They have been matched by age, gender, body
weight, and number of treatments with a) a group of subjects from the same foci known to have

become negative following treatment (responders) and b) with subjects from an area without
previous ivermectin distribution or vector control (ivermectin naive) with similar physical
characteristics and skin mf densities as the non responders. All subjects will receive a single

dose of 200 pg/4g ivermectin. Pharmacokinetic (PK) parameters and parasite responses as

determined on fly feeding, skin snipping, ocular examination and nodule ultrasonography and

histopathology will be determined; adverse events will be recorded. The primary endpoints are

PK parameters; the secondary endpoints are the parasite responses. Findings will be

individualised and the presence of ivermectin resistant parasites will be based on predefined

criteria. Microfilaria collected by fly feeding before and after ivermectin administration,

developing larvae and nodule portions will be examined by molecular biologists, working on

probe development for the detection of ivermectin resistance, for any genetic markers that may

be associated with non response. The study is a collaboration between the Onchocerciasis

Chemotherapy Research Centre (OCRC), Hohoe Hospital, and the Noguchi Institute for
Medical Research, University of Ghana, the Ministry of Health Ghana and OCP, as well as key

molecular biologist with expertise in ivermectin resistance. The study has been initiated in

April2001.

1.3 Human pharmacokinetic, safety and efficacy studies of albendazole * ivermectin / DEC

combinations.

Due to the fact that the LF elimination programme could be viewed in some areas as a
coordinated programme with the Onchocerciasis Control Programmes, it was recognised that

additional clinical studies addressing the PK, safety and efficacy of ivermectin or DEC +
albendazole were warranted. 3 studies were initiated:

Albendazole *ivermectin safety, efficacy in LF and intestinal helminthes study in Pemba Island

(Dr. M. Dahoma). 1000 subjects including LF positive. The treatment phase of this study has
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been completed; currently the patients are being followed for the efficacy and safety. The study
is expected to be completed by December 2001.

Albendazole + DEC, pharmacokinetics, safety study (Dr. K. Shenoy)
This study will provide PK data addressing any possible drug interaction, information that
currently is not available. The clinical part has been completed and the analysis of plasma

samples by Dr. L. Fleckenstein is under way, data analysis has been initiated.

Alb+DEC safety, efficacy and PK (Dr. N. Kshirsagar) 1400 subjects from a LF endemic region
in India have been treated, the 6 month follow up (night mf, scrotal and ICE card test
evaluation) has been concluded. The study is expected to be finalized (one year follow-up) in
September 2001.

1.4 Moxidectin

Moxidectin is a veterinarian product that TDR scientists investigated for its effect on filarial
wonns showing that it has a better profile than ivermectin (see annex l). In November 1999

these data were presented to members of the American Home Products Corporation. It was
agreed that it was worthwhile to promote this drug into human evaluation with the scope to
determine if moxidectin has additional advantages compared to ivermectin (e.9.:

macrofilaricidal).

In June 2000 the animal health part of the company (Fort Dodge Animal Health) and the human
health company (Wyeth-Ayerst) agreed to develop Moxidectin for human use in partnership
with TDR / WHO.

The company established a development team (July 2000) that meets once a month (the
Macrofil manager participates via telephone):

- Dr. Ken Brown is acting as a consultant for Wyeth-Ayerst (he recently retired from
Merck after having played a key role in the development of ivermectin for
onchocerciasis)

-Wyeth-Ayerst project management group has defined and managed the development
plan very effectively: from not even having a human dosage form to Phase I in less
than 9 months; this required the involvement of four different sites from the American
Home Products Corporation (3 in US, one in Spain, one in UK).

- Fort Dodge Animal Health provided all chemistry, toxicology and formulation
information on the substance and Wyeth-Ayerst documentation department prepared
them according to regulatory requirements for the human study.

- Wyeth-Ayerst has initiated the development of the final dosage form (tablets) for
human use (circa lmillion US $ commitment) this is a big risk for the company since
it will not be until December this year after results from Phase I are available that we
will know if there is a GO for the project.

- In parallel, to move the project fast Wyeth-Ayerst has developed an experimental
dosage form (and its placebo) based on existing veterinary injectable form for the
phase I oral pharmacokinetic and safety study in healthy volunteers
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- Wyeth-Ayerst organised the Phase I study (- Dr Schwerschlag is responsi6le for
this): planning, documentation, regulatory approvals, production and drug supply for
the study. The study has been contracted to a reputable Contract Research
Organization (Chiltern House in UK) -my estimate is that such study will cost about
0.5 million US $. The study will start the 9th of May. The study protocol has been
made available to Dr. K. Awadzi in OCRC and Dr. Juntra Karbwang in TDR.

Once the Phase I is finished (end of this year), the results will provide a golno go for Wyeth-
Ayerst and WHO. [f the results are adequate then the studies will move into OCRC Ghana for
the phase IIa in infected patients. The costs of this study will be under MACROFIL budget,
while drug and supply logistics, delivery, trial material and packaging for this study as well as

for the future phase Ib, II, III will be provided free of charge.

The above outlined activities are being undertaken under a Confidential Disclosure Agreement.
After the results from phase IIa, WHO and Wyeth-Ayerst will define an MOU that hopefully
will outline what has been unofficially expressed by the company: they will register, produce
and provide the drug free of charge for the control programmes.

In conclusion the work with this company has been a unique experience in public-private
partnership in that:

- Wyeth-Ayerst works towards goals defined by TDR/OCP/APOC. While providing
pharmaceutical drug development expertise they rely entirely on MACROFIL on all matters
related to the disease. It is expected that they will undertake responsibility for the regulatory
support that will be required to achieve drug approval, but it will be up to us to decide what we
want to make out of the product.

-At this point Wyeth-Ayerst contribution is more valuable than cash contribution, they are
providing technical and managerial support, delivering: a phase I study, providing supportive
documentation, manufacturing product under the highest quality and standards in a time frame
typical for any product in the industry.

-The future of the project will be decided on predefined step by step clear golno go criteria.

What we have received and hopefully will continue to receive from Wyeth-Ayerst is
commensurable with some of the major partnerships/awards that WHO has recently seen, only
that in this case the commercial partner has done it silently. I hope that this silent gesture does
not diminish our appreciation.

1.5 Clinical evaluation of Wolbachia as target for treatment of Filariases

Recent animal experiments have shown that endosymbiotic Rickettsiae of the genus

Wolbachia living in the adult filarial worms are required for the homeostasis of their hosts
and they can be used as excellent targets for chemotherapy of this disease. Tetracycline
targeting of Wolbachia has shown profound effects on the development, viability and fertility
of the adult parasite. Long periods of treatment are required to clear the symbionts from the
filarial worrns and to attain this effect (Taylor). Other drugs like penicillin, aminoglycosides,
macrolides, chloramphenicol or ciprofloxacin did not have any effect on Wolbachia (Hoerauf
et al.) In patients with onchocerciasis treatment with doxycycline 100 mg orally for six weeks
resulted in sterility of the adult worms (Hoerauf et al). TDR does not endorse long term
human studies with doxycycline against onchocerciasis or LF as proof of principle studies
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based on ethical, safety and possibility to induce microbial resistance against a key life saving
drug.

However, alternative approaches have been developed. The recent experimental observations
in animals have shown that rifampicin, a commonly used drug in the treatment of tuberculosis
and also as an antirickettsial agent, is effective against Wolbachia. Rifampicin depletes the
bacteria in the filarial parasite adversely affecting the fertility of the worn (Taylor et al).
TDR has identified in the Directly Observed Treatment - Short course (DOTS) programme
for TB treatment an opportunity to address the "Wolbachia" proof of principle in humans
avoiding the above mentioned objections. It is possible to study the effect of rifampicin in
brugian filariasis or onchocerciasis patients with pulmonary tuberculosis who are currently
being included in the DOTS programme, where rifampicin is given for a period of six
months.

Based on the above the Filariasis Chemotherapy Unit at Alleppey, India (Prof. K.
Shenoy) has been selected to address the effrcacy of rifampicin in the treatment of filariasis due
to Brugia malayi. The trial objectives are to evaluate in an open trial, the efficacy of rifampicin
as an anti-filarial agent against Brugia malayi, given in an anti-TB regimens (isoniazid,
rifampicin , pyrazinamide and ethambutol) for a period of six months; the first two months of
intensive phase and next four months of continuation phase. Patients from the District T.B.
Centre who are diagnosed to have TB and to be enrolled in the DOTS progmrnme will be
screened for microfilaraemia before starting anti TB. Those who are found to have
microfilaraemia due to B. malayi will be enrolled in the study. The enrolment of the required 50
mf positive patients with B.malayi infection from among those who will receive
antituberculosis drugs, is expected to be completed in 24 months. Thus the six months follow
up of the last patient will be over within three years starting in third quarter 2001. The results of
this study if effective are NOT to be seen as recommending rifampicin for treatment of LF or
onchocerciasis, rather, they should provide direction for future drug discovery using Wolbachia
as validated drug discovery target.

2. Pre-clinical research activities

2.1 Ivermectin resistance detection tool

Following the formation of a product development team with the objective to develop a
sensitive PCR based assay for the detection of ivermectin resistance in Onchocerca volvulus,
the team has been focusing on the genetic evaluation of material from O. volwlus. Dr. W.
Grant has developed a method for immobilising DNA on FTA paper and subsequently
utilising this for 2 to 3 rounds of multiplex PCR from a single O. volvulus microfilariaell3,
under conditions of higher humidity likely to be encountered in the field. He also has conducted
a bioinformatic analysis of O. volvulus EST datasets compiled by Prof. Williams, in an attempt
to collapse these into a set of single gene sequences. Of the 3 genes potentially involved in
dominant resistance to IVM in C. elegans, che-3 has been cloned, dyf-10 is close to being
cloned, and dyf-12 is not being pursued. O. volvulus DNA samples have been obtained from
Dr. Prichard, but no analyses have yet been performed. Dr. R. Prichard has addressed three
distinct areas:

(i) Adult O. volvulus had been recovered from nodules obtained from Dr. Awadzi in Ghana.
The recovery from nodules of individuals treated with IVM was significantly lower than from
untreated controls, possibly indicative of a macrofilaricidal effect or intemrption of
transmission and reinfection.
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(ii) A genomic library of O. volvulus had been constructed, and was sent to the other team

members.

(iii) RFLP analysis had been performed on 7 genes, via PCR from genomic DNA of O.

volvulus isolated from IVM treated or control individuals. The results are surlmarised as

follows: OvActin: non-polymorphic, thus serving as a good control.

OvTub (B-tubulin): there appeared to be selection for this gene, with a distinct banding pattern
predominating in the IVM treated group. This will be further investigated via SSCP and

sequence analysis in order to determine whether the differences are functionally significant.
Orrpgp-l (P glycoprotein homologue): no apparent selection. Ovplp (P glycoprotein-like
protein gene): a reasonable degree of polymorphism was observed, and 2 alleles appear to be

present only in worns from IVM-treated patients. Ovrbp (retinol binding protein): this appears

to be relatively polymorphic, but no conclusions can yet be drawn as to whether selection is

occurring on this gene or nol OvGluCl (glutamate gated chloride Channel sub-unit) and

Ovglutr (glutamate transporter): no definitive results yet, as difficulties had been encountered

in obtaining reproducible PCR products. Dr. L. Le Jambre has conducted the genetic analysis

of candidate IVM resistance genes by Haemonchus contortus/H. placei crosses, Both the

GABA receptor subunit HGI and the che-3 homologue were not involved in resistance. He also

has reported that genes for P-glycoproteins and glutamate-gated chloride channel proteins were

linked in C. elegarzs, which would have a bearing on selection if a) any gene in the cluster

contributed to IVM resistance, and b) chromosomal map positions were conserved in H.

contortus and O. volvulus. He has been investigating a new candidate in H. contortus, Glc-t, a

glutamate-gated Cl channel subunit. DNA samples had been received from Dr. Prichard, and

attempts made to investigate possible polymorphisms. Problems had been encountered with
ampliffing PCR products using DNA isolated from worms from IVM-treated patients as

template. Dr. T. Egwang reported that a full-length osm-3 homologue had been isolated from
O. volvulus, and that partial cDNA sequence had been obtained for a homologue of aw-15 (a
GluCl subunit). Another possible homologue of avr-l5, OvRl3 had been obtained, although it
was not clear whether this represented a distinct gene or resulted from sequencing elrors. DNA
samples had also been received from Dr. Prichard, and attempts made to investigate possible

polymorphisms. Products were obtained with all or most samples with certain primer pairs,

whereas other primer pairs did not generate products with any DNA sample. In general, DNA
samples from group I (untreated patients) worked well, whereas those from group 2 (IVM
treated) did not.

Arrangements with the OCP team have been made and O. volvulus material from the field
(different exposures to ivermectin) will be provided to the investigators to expand on the

above-described work.

2.2 Optimization of DEC skin patch test

Following previous discussions with LTS Lohman Therapie-Systems AG, a German Company
with expertise in transdermal drug delivery systems where indication of interest in developing a

standardised form of the patch was expressed, a meeting in Ouagadougou (October 30-31,

2000) to outline the future development activities took place. Following the signature of the

MOU the Company will develop and produce (free of charge) 3-4 prototype formulations with
differing delivery rates. Among the key product specifications the Ouagadougou meeting

highlighted: the patch should be of a size of lx2 cm, stable at 15-60Co and 30-80% humidity.

Clinical evaluation of these prototypes will take place under hospital conditions (OCRC and

one other institution). This will be followed by field tests in children, adults, subjects with skin
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lesions etc. Key centres for phase III trials will need to be identified. All experiments must
conform to GCP standards in order to yield data valid for registration or allow obtaining an

export licence.

Regarding the regulatory route to be followed for such a product Dr. Mark Perkins
(TDR/Diagnostics) has been consulted. He indicated that for such product the regulatory
requirements are not well defined. Through him, informal discussion with FDA have suggested
that registration in US does not appear to be the most viable route. An OCP/APOC (in
collaboration with WHO AFRO) consultation with African target countries should be
undertaken to identiS be the most practical and effective way of assuring the acceptance for
use of such product in endemic countries once the technical development is concluded.

During the informal discussions with LTS Lohman Therapie-Systems AG, a cost of 10 cents
per patch of size 3x2 cm has been suggested. This would amount to approx. US$ 5000/year for
all OCP countries (approx. 50000 patches). If the much larger requirements for APOC
countries are considered, the cost of the product could be further reduced. The Company would
prefer that a bulk order comes for a central unit rather than from individual countries since

"mini" orders spread over time would be difficult to handle. This central unit needs to be

defined. A plausible entity could be the multi disease centre in Ouagadougou.

The meeting in Ouagadougou also addressed the intended use of this product for the two
Onchocerciasis Control Programmes. For OCP, the primary use will be for surveillance in
sentinel villages to detect recrudescence. With successful intervention, microfilarial loads
became too low to be detectable by skin snipping. The DEC patch test was introduced as

simple, easy to use and an inexpensive method that detects light infections. Initially community
diagnosis focused on 5-15 year olds. However in areas where control has been going for 25
years individuals up to this age could be tested as well. During development of the patch test it
was found that it could also be used in areas where intervention was ongoing. For APOC the
scope of use for the patch test has not been completely defined although approx. four thousand
patches have been applied at 6 centres in 4 countries. Suggested uses include: a) as an
additional tool for rapid assessment b) assessment of the impact of treatment c) correlation of
REMO with the patch test d) in countries like Nigeria where ivermectin distribution has been
going on for many years could be used for surveillance.

Unfortunately, at present all activities are on hold due to the fact that progress in finalizing the
MOU between WHO and LTS Lohman Therapie-Systems AG have been slow. Mainly, no
reply from LTS Lohman Therapie-Systems AG has been received despite several requests.

3. Drug discovery activities

For the identification of new drug leads for Filariases the group of TDR Drug Discovery
addresses filariases in the context of a multi-parasite drug discovery approach. This allows one
to take advantage of a larger chemical bank, including substances from different sources
(commercial supplier, TIBOTEC, Walter Reed Army Institute of Research, Glaxo/IVellcome
and several academic institutions). Following last years termination of filariases screening
activities in large animal models the drug screening has been rationalised using a facility at
TIBOTEC (Belgium) as a drug screening entry point (Trichostongtlus colubriformrs) followed
by an in-vitro/vivo more a disease specific drug evaluation systems (UK and US). This together
with the availability of TDR in-house professionals in the fields of chemistry and compound
data management allows a more rational use of financial resources. Within the private-public
partnerships that TDR has established it is foreseen that a more effective interaction with
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private research-based industry will be implemented and perhaps more advanced leads will
become available.

The key drug discovery activities that have been accomplished during the reporting
period are:

Implementation of high through-put screening for filarial specific inhibitors against
aminoacyl-tRNA synthetases. From this project several novel leads have been identified
and further leads are pursued through an interaction with a private company. The
investigators have also conducted work on defining a high-resolution crystal structure of
inhibitor/B. malayi AsnRS enzyme complex. It is expected that this will provide the

basis for the design of specific macrofilaricides. Through similar approach the authors
have identified trvo unique Wolbachia enzymes that can be targeted in the development
of inhibitors.

Development of binding assay for screening for a novel onchocerca macrofilaricidal
tubulin ligands

Research on genetic information (Reverse genetics of C elegans to valtdate new

antifilarial drug targets) with the scope to identiff novel drug discovery targets.

Screening of compounds through the recently established in vitro Onchocerca

microfilarial and macrofilarial screening system and further characterisation of Brugia
pahangi infection in the gerbil animal model. Within this several antibiotics have been

screened in the context of discovering anti-Wolbachia agents.

The TDR Drug Discovery Steering Committee recently evaluated these drug discovery
activities for scientific and technical relevance; high commendation was given to the focused

approach. The validity of the Trichostongtlus colubriforzrs screen conducted at TIBOTEC was
questioned. Both the aminoacyl-tRNA synthetase and Reverse genetics of C elegans to validate
new antifilarial drug targets were highly appreciated and endorsed as a model to follow for
other diseases. Unfortunately very few new drug discovery initiatives were received and non-of
these were recommended for funding. Based on this, the Steering Commiuee suggested that a
scientific working group should be constituted to identiff new relevant areas for drug discovery
research regarding filariases.

4. Varia

Following the questions raised by some participants at the JPC-JAF in Yaounde,

December 2000 regarding issues related to pertinence/relevance on conducting research related

to ivermectin resistance; moxidectin as potential macrofilaricidal and its role against ivermectin
resistance; missed opportunities of new compounds available from animal health companies

and on the overall approach of Macrofil towards drug discovery and development. Macrofil
solicited from several experts their opinion on these issues. These opinions are collated in
Annex 2.
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ANNEX I

MACROFIL / FILAzuASIS R&D

Moxidectin: summary of cal studies in animal filariases.
(segment from the Investigators Brochure Document for moxidectin Phase I study)

Among the human filariases two diseases, onchocerciasis and lymphatic filariasis are the most
important for which WHO has embarked in control and elimination programmes respectively.
The ultimate goal of the onchocerciasis control programmes is to eliminate onchocerciasis as a

disease of public health and socio-economic development importance throughout the member
countries. Onchocerciasis, or river blindness, is a parasitic disease caused by a worm (filaria)
called Onchocerca volvulus. The parasite is transmitted to humans through the bite of a small
blackfly of the genus Simulium. The disease is endemic in 30 African countries and 6 in the
Americas, the current estimate is that 120 million people are at risk, 18 million people are

infected and 6.5 million suffer from severe itching or dermatitis and 270 000 are blind. The
strategies to control the disease includes killing the larvae of the blackfly vector with
insecticides and the treatment of populations at risk with the macrocyclic lactone drug
ivermectin (Mectizan). This drug is provided free by the manufacturers, Merck & Co. Inc.,
through the Mectizan Donation Programme. Ivermectin is essentially only a microfilaricide,
which has to be administered every 6-12 months to control the disease by reducing numbers of
microfilariae (mf) in the skin and eyes. As this treatment has to be given for the life-span of
adult worms (a mean of 1l but a maximum of 18 years) and does not protect patients from
re-infection, it is widely recognised that a new improved treatment is urgently required,
preferably a macrofilaricide that can effect a radical cure. In addition to its microfilaricidal
properties, ivermectin has been shown to have some activity against other stages of
Onchocerca volvulus: it has a partial in-vivo effect against third-stage, but not fourth-stage
larvae in experimentally infected chimpanzees (Taylor et al., Am. J. Trop. Med and Hyg. 88,
237-241, 1988); it reduces insemination and impairs oogenesis in adult female worns
(Chavasse et al., Trop. Med & Parasit 44: 155-158, 1993); and it causes some attrition in adult
worrn numbers and viability after multiple doses (Duke et al., Am. J. Trop. Med and Hyg 43:
657-664,1990).

In the case of lymphatic filariasis a disease caused mainly by Wuchereria brancofti, Brugia
malayi or Brugia timori, with 1000 million people are at risk. The disease is endemic in India,
Africa, South-east Asia, the Pacific, and the Americas, 120 million people are affected and 43
million suffer from severe disease. To control transmission DEC alone or albendazole in
combination with ivermectin or with DEC is used to reduce microfilaraemia; no ideal treatment
against adult worms is currently available.

With these factors in mind, and some evidence that the veterinary drug moxidectin (Cyanamid
UK), a macrocyclic lactone derived from Streptomyces cyanogrisezs, with known mechanistic
differences from ivermectin, (i.e.: moxidectin is inherently more potent than ivermectin; in
human cancer cells, ivermectin is a much stronger P-glycoprotein/Iv1DR reversing ligand than
is moxidectin; the pharmacokinetic behaviour of ivermectin but not moxidectin is altered by
MDR reversing agents;. moxidectin and ivermectin exhibit different interactions with
glutamate, on the glutamate-gated chloride channel receptor) TDR sponsored studies to
evaluate the antifilarial activity of moxidectin in several relevant in vitro and in vivo disease
models. The results of these studies are summarised below.
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The group of S. Townson has evaluated the activity of moxidectin against several species of
Onchocerca (5, Townson TDR project 960089, progress report 23.12.1998 and S.K. Tagboto

and S. Townson, Annals of Tropical Medicine and Parasitology Vol. 90: 497-505, 1996) .In in
vitro test systems, moxidectin, ivermectin, doramectin and milbemycin oxime were evaluated
against microfilariae from Onchocerca. volvulus and Onchocerca. lienalis h 7-day assay.

Motility index scores were determined, the four drugs produced almost identical responses for
both parasites. The activity of the above mentioned drugs was also evaluated in vitro.
Onchocerca lienalis developing larvae (L3lL4 infective stage, the larvae were obtained from
black flies followed by 7 day cultivation in the presence of the drugs), all tested drugs were

active, interfering with larval moulting; no significant differences among them could be

detected. The activity against Onchocerca gutturosa and Onchocerca volvulus adult male

worns was also studied. Adult wonns were cultured for 120 hours in the presence of drugs and

motitity was assessed. Worm motility was significantly reduced by all four compounds at 2
hours, followed by a steady decline up to 120 hours. At the end of the study the mean

percentage reduction in worm motility was 86% for ivermectin, 93Yo for moxidectin and

doramectin, and74%o for milbemycin oxime.

Further studies from the same group evaluated the effect of moxidectin compared to ivermectin
in experimentally Onchocerca lienalis and Onchocerca volvulus infected CBA/Ca mice. The

mice were treated with moxidectin and ivermectin by subcutaneous injection (sc) or orally (po);

the two routes were equally efficacious. When infected mice were treated with one of the drugs

at3.2, 1.6,0.8,0.4 or 0.2mcglkg.day on days 3-7 post-infection, with necropsy on day 18,

moxidectin cleared more mf than ivermectin at all of the doses examined. In mice heated with
a single dose (on day 3 post-infection), 150 or 15 mcgslkg moxidectin completely cleared the

mf whereas 1.5 mcglkg produced a90%-96% reduction in mf recoveries. Following ivermectin
treatment at the same doses, mf were virtually cleared at 150 microgramslkg, with a 98o/o

reduction at 15 micrograms/kg but no significant effect at 1.5 microgramslkg. When mice with
Onchocerca. volvulus infections were treated with a single dose of moxidectin at 15 or 1.5

mcglkg, there were reductions in mf recoveries of 96% and 23%o, respectively, compared with
only a 48% reduction with 15 mcglkg ivermectin and a 2o/o increase with 1.5 mcg lkg
ivermectin. In order to examine the persistence and activity of each drug, mice were treated

with a single dose of 150 mcg&g up to 28 days before infection. Moxidectin was found to be

more efficacious (with subsequent 99.9% reduction in mf when given 28 days pre-infection and

a l00o/o reduction when give 16 or 4 days before or 3 days after infection) than ivermectin
(giving reductions of 57.lYo, 66.70/0, 100% and l00o/o, respectively). In a subsequent in vivo

study the recovery of Onchocerca lienalis mf from animals infected 18 days earlier and treated

3 days after infection with a single sc dose (0.8 or 3.2 mcgkg) of moxidectin, doramectin,

ivermectin or milbemycin oxime was examined. Moxidectin was significantly more active than

the other 3 compounds, followed by ivermectin, doramectin and milbemycin oxime as the least

active of the group.

Moxidectin was further evaluated for its potential as a microfilaricidal and macrofilaricidal
agent by the group of J. McCall (TDR progress report project 980386 & 980389, January

2000). Two animal models fiird and beagle dogs) infected with Brugia pahangi were evaluated.

Jird model: several studies have been conducted using this model. In one study 4 groups of 10

male jirds were infected sc with 100 Brugia pahangi L3 larvae. The animals were treated po

with moxidectin, ivermectin and doramectin at 1.0 mglkg every month (12 doses). One month

after the last dose, the animals were sacrificed and necropsied. When the animals were

examined for the effect of the drugs on mf, moxidectin induced a rapid mf reduction with no

detectable mf after day 224. Ivermectin and doramectin treatment resulted in a gradual
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reduction mf through day 336, but most jirds still had few mf at that time. The effect on
macrofilariae (adults) was also assessed: treatment with moxidectin resulted in > 90o/o in killing
of adult worrns. Ivermectin or doramectin did not have any effect on adult worrn burden. To
further assess moxidectin, in a separate study jirds infected with Brugia. pahangt were treated 4
to 5 months post infection with a 1,3,6 or 12 monthly doses of moxidectin (125, 500 or 2000
mcg/kg orally. Effects on microfilaria were evaluated monthly and on adult worms at2,4 6 and
12 months post initiation of treatment. A dose related effect on microfilarial counts was already
observed at 2 months after the first treatment, with 2000 mcglkg mf counts were lower than
those from control animals (1I.8% reduction). When moxidectin was administered at multiple
doses of 500 or 2000 mcglkg a significant suppression in mf was observed. Treated jirds never
developed mf as high as controls, and mf tended to decrease with each treatment, through
month 6.

Dog model: In a pilot study, beagle dogs were infected sc with 200 infective larvae of Brugia
pahangi (100 larvae in each hind paw); 6.5 months after the infection the animals were treated
with 500 mcgkglday during 5 days. The effect on microfilariae was assessed from day I
through 6 months after treatment. The animals were sacrificed and necropsies performed 6
months after initiation of treatment. Reduction of mf was significant for all drugs tested even at
day 1 post treatment. However, moxidectin gave the greatest reduction in mf from day 7

onwards. On the other hand no significant effect on reduction of adult worrns was observed.
Based on these results a second large trial (J. W. McCall, M.T. Dzimianski, P. Supakorndej and
J.J. Jun. Abs 707, The American Journal of Tropical Medicine and Hygiene, Yol. 6l Supp: 444,
1999) was designed to evaluate the effect of 250 and 1000 mclkg moxidectin administered as

single, tt'.ce??? 6 or 12 doses at monthly intervals to infected dogs. Five months after infection
with 200 L3 larvae sc/dog, 90 microfilaremic beagles without lymphedema were selected for
this study. These 90 dogs were blocked (sex, No of pretreatment mf) and randomly allocated to
15 groups of 6 dogs each (3 female and 3 male dogs in each goup). Two groups served as

nontreated controls (1 group for 6-month necropsy; I group for l2-month necropsy) while the
remaining 13 groups were treated orally with moxidectin. Dogs were bled for microfilarial
countsonday0priortothefirstdoseofmoxidectinandatdays 1,3,'7,14,and28,andmonths
2, 3, 4, 5, 6, 7 , 8, 9, 10, 1 1 , and 12 after the first dose. Six months after the first dose, dogs in 6
groups (l control, 250 mcgkg x 3 or 6 doses, and 1000 mcglkg x 1, 3, or 6 doses) were
necropsied to evaluate the effect on adult worns. The remaining 54 dogs in 9 groups (l control,
250 mcgkg x 1, 3, 6 or 12 doses, and 1000 mcgkg x 1, 3, 6, or 12 doses) were necropsied at 12
months. After the first dose of moxidectin, the mf counts for all of the treated dogs gradually
declined from pretreatment levels during the first two weeks after treatment. By one month
after the first dose, the microfilarial counts for dogs in all of the treated groups were
significantly less (p<.05) than the counts for both groups of controls. By 3 months, the mf
counts were suppressed 90%o or more from pretreatment levels. The mf counts remained
suppressed to the end of the study at 12 months, with only 3 dogs not clearing mf.

To assess the effect on adult wonns, dogs were sacrificed at different time points and a limited
necropsy, examining the afferent and efferent lymphatics of both hind limbs, was done on each
dog. At the first necropsy 6 months after the first dose, dogs treated with moxidectin at 250
mcglkg for 3 or 6 doses had TlYo and 92oh fewer adult worms, respectively, than controls, and
dogs given moxidectin at 1000 mcg/kg for 1,3, and 6 doses had30%o,87%o,and 89% fewer
worrns, respectively, than controls. At the second necropsy, i.e., 12 months after the first dose,
the dogs given one or more doses of moxidectin at either 250 mcglkg or 1000 mcg/kg had at
least 92o/o fewer worrns than controls, with only 6 of 48 treated dogs having live adult worms at
necropsy. The worm recoveries from all of the moxidectin treatments were significantly lower
(p<.05) than the recoveries for the controls, but there was no significant difference (p>.05)
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among the worm recoveries for the different moxidectin treatments at a given time point Dogs
receiving a single dose of moxidectin at 1000 mcgikg had significantly less (p<.05) live worms
when necropsied 12 months after the start of treatment than when necropsied at 6 months. No
differences in worm recoveries between the two necropsy times were seen with the other
treatments.

This study allowed us to conclude that moxidectin is a potent microfilaricidal agent. The
suppression of mf was independent of the dosage [above a certain level?] or the number of
treatments and in the dog model the effect was sustained for at least one year. Furthermore,
moxidectin was also effective in killing the adults of B. pahangi. The above study highlights
that the adult worm death is only manifested late after initiation of treatment (12 months) and
that this late effect was independent of dose or number of treatments. On the other hand the

detection of earlier death of adult worms depended on dose and number of treatments.

The above-described study in infected beagle dogs also allowed the evaluation of moxidectin
pharmacokinetic parameters. Blood was collected at different time intervals following
treatment with moxidectin from dogs in selected groups. Plasma was separated from the whole
blood and frozen at -70 C for later analysis by L. Fleckenstein at The University of Iowa
(Y.P.Hung, L. Fleckenstein, M.T Dzimianski, and J.W. McCall. Abs 706, The American Journal
of Tropical Medicine and Hygiene, Vol. 61 Supp: 443, 1999 and L. Fleckenstein TDR progress

report project 980818, June 1999). Either 250 or 1000 mcg/kg administered p.o. in infected
Beagle dogs resulted in rapid absorption with a Tmax of 2-4 hours, a multicompartmental PK
was observed with a pronounced distribution and elimination phases. The distribution was

complete in about 24 hours. The bioavailability was proportional to dose as approximated by
AUC and Cmax. The terminal elimination half-life was found to be of 20 days (from published
data -Lo, et al., Vet.Res. Comm. 9:251-268, 1985- Tll2 for ivermectin is 1.8 days). The
elimination half life is similar at the 250 and 1000 mcglkg dose levels, suggesting linear PK.

The estimated volume of distribution (VB/F) is 15.3 L/kg (for ivermectin 2.4Lkg). The plasma

clearance (CLIF) is 0.4 mVmin/kg. Dosing of moxidectin every 28 days results in slight
accumulation of the drug probably due to the long elimination half life. These results

demonstrating the long half life of moxidectin (compared to ivermectin ) could explain the

superior effect of moxidectin observed in the Brugia pahangtldog model.

The effect of moxidectin has also been evaluated in naturally infected Onchocerca ochengi

Guadali cattle in Cameroon (Dr. Alexander Trees TDR project 980j83 progress report January
2000). Each animal with at least 10 palpable nodules was treated with a single or 6 times
monthly subcutaneous injection of 500 mcglkg moxidectin. The observations were extended to
24 months post start treatment (mpt). Moxidectin had a rapid effect on total disappearance of
skin mf with first re-appearance observed at 12 mpt (when the animals were treated only once).

By 18 mpt 2 out of 2 animals were mf positive after a single treatment and I out of 3 animals
was positive after 6 monthly treatments. By 24 months post treatment in the single treatment
group 1 out of I was positive (one animal died) and in the 6 monthly treatments 3 out of 3

animals were positive for skin mf. - The possibility that this was due to reinfection can not be

excluded. Upon analysis of adult worrns in the skin nodules it was observed that embriogenesis

was halted in all treatment groups (reassumed in one animal at 18 mpt),- this effect probably is
more potent than that of ivermectin- but no direct comparison study is available. In the group

that received moxidectin 6 times the worm motility was still reduced after 18 mpt. But by 24

mpt the motility of all observed worms was norrnal. From these observations it was concluded
that moxidectin at the tested dose was not macrofilaricidal in the cattle model. Unfortunately
since this study only examined a single dose and did not have a pharmacokinetic component, it
is not possible to define if the lack of macrofilaricidal activity was due to the use of suboptimal
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dose in this animal model for this specific parasite. Further differences with the results from the
dog model perhaps are related to the high drug disposition in the abdominal fat or the back fat
of the cattle (see Moxidectin: metabolism and tissue residues).

Additional studies conducted by S. Trees et al., Cameroon (Dr. Alexander Trees TDR project
980383 progress report January 2000) in the cattle model addressed the effect of moxidectin
and ivermectin on preventing infection of Onchocerca ochengi by injection of L3tL4 larvae in
naive calves under very high natural challenge (infection) conditions. Naive calves (non-
infected) were exposed to natural infection conditions for 22 months. Ivermectin (150 mcr/kg)
or moxidectin (200 mcrlkg) was administered sc monthly or at 3 month intervals during the
length of the study. In a control group that did not received treatment 11 out of 14 animal had
nodules by the end of the study (with a total of I l0 nodules). To the group that received
ivermectin once every month no nodules were detected (0 out of 9): However, if the treatment
was every 3 months, 2 out of l0 animals had nodules (2 nodules). On the other hand in the
groups that were treated with moxidectin either at monthly treatments or at 3-month intervals,
no nodules were found (0 out of 10). These results further highlight the preventive superiority
of moxidectin.
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ANNEX 2

MACROFIL / FILARIASIS R&D

ON IVERMECTIN RESISTANCE, MOXIDECTIN ANd NEW DRUGS FOR
ONCHOCERCIASIS

From Roger Prichard (Professor Molecular Parasitology, McGILL University, Institute of
Parasitology)

Relevance on conducting research on ivermectin resistance:

The research about IVM resistance in O. volvulus is a prudent regard for the fact that drug

resistance is a natural evolutionary process in any infectious agent under strong pharmaceutical

attack and that IVM resistance can occur fairly easily in a wide variety of nematodes (parasitic

or free living). Furthermore we now have genuine concerns that IVM treatment may not be

working as well as expected in some individuals. And we have no altemative treatment for
prevention and disease control.

Can the IVM develooed in animal health be taken as an of what could
happen in hunqar!?

Contrary to other parasites in animal health, in the only animal health filarial disease (dog

hearthworm- dirofilaria) no resistance has been detected, is this a sign that in humans ivm
resistance is also notfeasible?

There are some major differences between the heartworm and onchocerca situation.

1. IVM is used at around 3 pglkg in dogs and at around 150 pglkg in people for oncho

prevention. It should be noted that the human dose rate is virtually identical to the dose rate

used against nematodes in ruminants (where resistance has been clearly shown).

2. Dogs are treated individually and not on a community (or herd) basis as are people in
onchocerciasis endemic areas (or ruminants).

3. Saying IVM resistance in nematodes or ruminants is irrelevant whereas only filarial
nematodes are relevant, is naive. Nematodes, whether they are trichostrongylids of ruminants,

free-living C. elegans, or filarial nematodes share a great deal of genetic similarity. The very
fact that IVM has deleterious effects against all of these nematodes is further evidence for a

great deal of similarity. Furthermore, IVM resistance seems to be due to the contribution of a
number of genes; only one of these contributing genes need have some polymorphism which
allows survival or a more rapid return to fecundity in order for resistance to be selected.

4. People have been saying for years that IVM resistance was only relevant for sheep and goats

and would not occur in other host species. IVM resistance is now becoming a serious problem

in nematodes in cattle in Latin America. Obviously the potential for IVM resistance always

existed in nematodes of cattle, but because we didn't see a control breakdown, some people

could say it wasn't going to happen. It is happening in cattle nematodes around the world and

will get worse. Resistance is a function of selection pressure and time. What we don't have a
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clear understanding about is the selection pressure we are exerting on O. volvulus populations.
We do know that in some areas community wide treatment has been going on for about 1l - 12

years. The results have been spectacular (in most treatment areas) in that the transmission
levels or O. volvulus have fallen dramatically. That is good; but it also suggests that selection
pressure may have been quite high (in contrast to heartworm in dogs where probably a majority
of dogs in most areas are not given IVM prophylaxis continuously - with little selection
pressure).

On use of ivermectin combination with dazole or DEC to prevent or deal with
ivermectin resistance in filariases (Oncho and LF)

Combination treatment should slow the rate of selection for resistance, assurning different
resistance mechanisms are involved. The evidence in veterinary parasites is that ivermectin-
and albendazole-resistances do, at least partially, involve different resistance mechanisms.
However, the extent of the differences in mechanisms seems not to be absolute because
albendazole resistance primarily involves selection for mutations in B-tubulin genes and
ivermectin selection also selects on a B-tubulin gene. In addition, the evidence is now strong
that part of the mechanism of ivermectin resistance involves P-glycoproteins. Again
berrzimidazole (albendazole) resistant veterinary parasites show selection on at least a P-
glycoprotein gene. Despite these points of concern, which I believe have not yet been
considered in the control programs for filarial worrns, the modes of action of albendazole and
ivermectin are different leaving the hope that there will be synergistic advantages from the
combination therapy and also for slowing the rate of selection for resistance. We know so little
about synergy between DEC and ivermectin that I would not wish to comment on that
combination with respect to slowing down the rate of selection for resistance. I am not aware of
any evidence for resistance to DEC. So the general principal of combinations reducing the rate
of selection for resistance compared with monotherapy should apply.

My feeling is that combination treatment is likely to significantly reduce the public health
impact of LF. However, the closer one gets to eliminating LF relying on a single regime (e.g.
ivermectin + albendazole) of drug treatment the greater is the probability that any remaining
worrns will be resistant to the treatment and that there resistant parasites will slowly repopulate
and result in a returning public health threat which is no longer amenable to the same control
regime. In the short term, I agree resistance in LF is unlikely to be of public health concern.
Nevertheless selection will probably be taking place and any survivors of the control program
are likely to be more resistant than the population phenotype at the start of the control program.
Should they repopulate, as they should if not driven to extinction, then a resistance problem
would then be seen.

The onchocerciasis patients in Ghana who are not responding to ivermectin make one wary of
dismissing ivermectin resistance in filarial infections. In addition resistance to both ivermectin
and the benzimidazoles has reached catastrophic proportions in the veterinary field in small
ruminants in many parts of the world. In southern Brazil, the only broad spectrum anthelmintic
that reliably works on the farms is moxidectin. Ivermectin resistance has recently become
apparent in nematodes of cattle in New Zealand, England, Brazil and Argentina. Until recently,
ivermectin resistance in cattle nematodes was dismissed. However in southern Brazil over 20o/o

of the cattle ranches now have a problem.

Nevertheless, if LF can be eliminated in about 5 years, resistance may not emerge as a problem.
However, as discussed above if infections remain, they are likely to be of resistant worms and a
resistance problem may emerge. The fact that ivermectin and albendazole do not give 100.00%
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control suggests that there is genetic diversity in LF. As you know, our data shows that at least

in O. volvulus there is polymorphism in most of the (nuclear) genes we have analysed.

Is moxidectin a valid alternative:

On comments that moxidectin (MOX) is not significantly different, chemically, than IVM. I
guess that it depends on one's definition of 'significant'. Chemically the compounds are similar,
but they do have some important differences that some may regard as 'significant'. For
example, MOX is about 60 fold more lipophilic than IVM. MOX has a very significantly
different half-life and general pharmacokinetic profile. MOX is less efficacious against

arthropods than IVM. MOX is more potent against tissue dwelling nematodes, including
filariae, than IVM. And there are some differences at the receptor level with respect to
interaction with glutamate and glutamineric ligands. These are enough differences for me not to

dismiss MOX for treatment of filariae.

Only against arthropods does MOX require higher dose rates for the same effect as IVM.
Against filarial nematodes a much lower dose of MOX is needed for an equivalent effect as

IVM. For example, a single annual treatment with MOX can prevent heartworm (a filaria)
infection in dogs. This cannot be achieved with IVM, where monthly treatment is required.

There is some evidence of mechanistic differences between moxidectin and ivermectin:
o Moxidectin is inherently more potent than ivermectin.
o In human cancer cells, ivermectin is a much stronger P-glycoprotein/MDR reversing ligand

than is moxidectin.
o The pharmacokinetic behaviour of ivermectin but not moxidectin is altered by MDR

reversing agents.
o Moxidectin and ivermectin exhibit different interactions with glutamate, on the glutamate-

gated chloride channel receptor.

Moxidectin should not be dismissed (in the context of a tool to be used if ivermectin resistance

becomes reality).In nematodes of small ruminants where ivermectin resistance is rampant,

moxidectin remains effective at the normal use level. Furthermore, it seems to be considerably

more potent than ivermectin offering a number of potential advantages for filarial worm control

in humans. MOX may not be an answer if a strong level of IVM resistance develops in O.

volvulus, because we believe that IVM and MOX basically share a similar mode of action and

mechanisms of resistance. However, MOX may be effectively macrofilaricidal, based on the

monogastric animal model studies. This would be very useful. Secondly, MOX has usually

remained effective at the recommended dose when resistance to the recommended dose of IVM
has appeared in nematodes. Nevertheless, further pressure with MOX may lead to use level

resistance also to MOX. Based on the experience in ruminants, MOX may give suppression for
a number of treatments (a few years of annual treatments in the case of onchocerciasis) once

IVM resistance has appeared, if in fact IVM resistance does become problematic.

From Professor Murray Selkirk (Reader in Biochemical Parasitology, Imperial College of
Science, Technology and Medicine, London UK)

Dear Janis - Just a short note to endorse the general point made by Warwick and Roger about

the genetic similarity of nematodes and the likelihood that IVM acts on similar targets in

different species. Relatively short parasite life spans and high selection pressure accelerated the
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emergence of IVM resistance in trichostrongylids. Whilst this is likely to take a lot longer in
filariae, where pre-patent periods can be several months, I see no reason for dismissing them as
significantly different. The preventive dose of IVM used in dogs is extremely low, and this
should also be taken into account.

Roger has also highlighted a number of significant differences in the properties of moxidectin
and ivermectin.

From Professor Andy Tait (Prof. Molecular parasitology, Wellcome Center for molecular
Parasitology, Anderson College, University of Glasgow)

On ivermectin resistance

Firstly, we have instances of clinical failure of treatment that require investigation and raise the
possibility of resistance. Secondly, the time to investigate resistance is before it arises rather
than after as, by then, it is too late to do anything about it. I'm not sure that I accept the
arguments about (a) heartworm and (b)resistance will be different in filarial worms. With
heartworm the critical comparison is the dosing regime. In the case of oncho, continued
multiple treatment is used with the aim of eradication whereas with heartworm treatment is the
mode of operation using only one or two dosings.

The mechanisms of resistance are highly likely to be the same in all nematodes and so it is
likely that continued dosing (as for sheep and gastrointestinal nematodes) is likely to produce
resistance.

From Dr. Gerald C. Coles (Veterinarian pharmacologist)

I have just found the second case of ivermectin resistant nematodes in cattle the northern
hemisphere so nematodes are thriving!

From Dr. warwick Grant (molecular biology of parasites and drug resistance)

I guess it is true that there are no reported cases of resistance to Ivermectin in dirofilaria but the
absence of reports does not mean the absence of resistance nor that resistance is not going to
arise.

First, it is not clear to me that resistance in heartworm would be easy to detect, since the worns
take a long time to produce symptoms and there would need to be pretty accurate records of
drug administration kept in order to determine that this was a bona fide case of resistance. I am
not aware of any published studies that have deliberately set out to either select for or do the
long term monitoring that would be required to detect resistance in dogs.

Second, in dogs it is clear that the incoming infective larvae are the target stage of the life
cycle. This is not the case of with Oncho., where microfilariae and adults are also exposed to
the drug and could be selected. Until we know what the drug is doing and what the resistance
mechanism may be, it is difficult to say that resistance will not happen.
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Third, I stick to my assertion that nematodes are a conservative group and that if two species of
nematode are sensitive to ivermectin, and one can develop resistance in response to ivermectin
selection, then it is more likely than not that the second species will be able to as well. Again,
the evidence for this is rather indirect but certainly the precendents from insecticide resistance

selection in a wide variety of insects are there.

Dr. Alan Hudson (retired chemist Wellcome)

Dear Janis
Many thanks for the various attachments of comments on the management of onchocerciasis

Several points spring to mind after reading these:

L Eradication of onchocerciasis
I cannot believe that the disease will be ever eradicated globally in the foreseeable future. The

whole history of malaria control provides ample evidence of the insurmountable difficulties of
embarking on such an objective with an insect-bome disease in Africa and I see no reason why

onchocerciasis should differ.

2. Emergence of resistance to ivermectin and moxidectin.
In view of the fact that drugs with long half lives tend to be more susceptible to resistance

dbvelopment than short-lived drugs, I was always somewhat surprised that the effectiveness of
ivermectin for filariasis treatment hasn't been reduced very significantly over the years.

However, it obviously hasn't and so it might be reasonable to ask why not when in the

veterinary field there seems to be considerable problems. One suggestion might be that supplies

of the drug have been controlled far more tightly for this disease than for veterinary

applications and thus correct dosage has been administered, so minimising the chances of
parasites being exposed to sub-optimal amounts. Also, another factor might be that there may

be no counterfeit supplies of ivermectin freely available in the human formulation and no

incentive to produce one whilst the donation progralnme is in force. Of course there are always

various options available for parasites to evade drug treatment and it is not clear to me whether

in the case of ivermectin in humans whether the main mechanism is selection of parasites with
mutant chloride- gated glutamate receptors or whether efflux mechanisms are responsible via p-

glycoproteins. There is a danger that just because a mechanism has been shown to operate in

one model that it will be assumed to be predictive for another. If however, there was a

reasonable molecular explanation for the development of resistance in onchocerciasis patients

then this would greatly aid in facilitating predictions as to whether moxidectin would be rapidly
compromised. One correspondent has pointed out the differences in physical properties

between ivermectin and moxidectin re lipophillicity, half life, etc. However, a key difference

between the two molecules might lie in their differing steric bulk. One mechanism whereby

enzymes/receptors develop resistance is to evolve in a mutated form - maybe needing only I
amino acid change - such that they are unable to bind the drug due to steric hindrance. It could

be argued that if such a mechanism had evolved for ivermectin that it might be still fully
susceptible to moxidectin because this molecule is less bulky and still able to get in and access

the receptor site. All speculation of course but another reason why the 2 drugs aren't necessarily

going to be cross-resistant.

3. Macrofilaricides from veterinary products.

In the last few years very few anthelmintic agents have been reported in either the primary

scientific, or patent literature. I have just scanned through all the Accord reports that I have
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produced for WHO using the Derwent WDA data base. What few novel compounds have been

reported more than once and patented can be assigned to just 3 classes:

a. Avermectins, i.e. more ivermectin and moxidectin analogues from companies like P{rzer

and Bayer

b. Tricyclic pyrrolodiones from Bayer

c. Cyclic depsipeptides from Bayer

I have no real information on class 2 but there does seem to be a continued stream of patents on
the depsipeptides. I understood from Simon Townson that Bayer have now provided him with
some of these compounds to test. It is possible that there are some other exciting new
veterinary products out there and that Mark Baxter from SKB, as then was, is well informed on
these. For completeness I will ask Simon Townson if he has come across any revolutionary
new veterinary anthelmintics in the last few years. However, I am pessimistic about this and
this view was reinforced by one of the correspondents claiming that no new type of
anthelmintic had been marketed since 1978!

Even if there does prove to be a large untapped source of exciting veterinary products out there

which companies are eager to supply to WHO, there remains the not-unsubstantial problem of
'different strokes for different folks' which can be paraphrased as 'different turns for different
worms'. In other words drug efficacy against one type of worm in one animal species by no
means guarantees success in another. I have worked on large series of compounds for very
similar veterinary (coccidiosis, theileriosis) and human applications (malaria, toxoplasmosis)
and in the one instance where we were successful in getting products for both markets the

compounds were substantially different structurally from each other. In passing I should also
note that for many GI dwelling nematodes the design principals are the exact opposite of what
is usually required for systemic treatment of other parasitic diseases and there are numerous

drugs marketed both past and present for these gut dwellers which rely on being very poorly
absorbed to avoid unacceptable levels of mammalian toxicity. Its obviously not as easy to get a
drug with a good therapeutic index against a tissue-dwelling worrn, especially one that is
encapsulated.

All of the above is just stating the obvious and suggesting that reliance on a strategy driven by
the availability of veterinary products is one that wont produce too many macrofilaricidal
agents.

4. Drug discovery
TDR/DDR has focused on the search for totally novel agents via :

a. screening strategies

b. biochemical targeting

The failure in the WHO system has been the lack of financial commitment to compound
acquisition, either by purchase from commercial suppliers or by supporting medicinal chemists
for de novo synthesis. Instead heavy reliance has been placed on the generosity of other
institutes and sadly, in general, this has not been sufficient to provide either the necessary
quantity or quality of compounds - for perfectly reasonable commercial reasons.
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I would strongly suggest that you try and redress the balance on the search for a macrofilaricide
by detailing the current and recent work which DDR (Macrofit) has supported - tubulin, tRNA
synthetases, proteases, proline hydroxylase, isoprenyltransferases, etc. The danger in this of
course is that there are no success stories with early stage molecules but that I am afraid is drug
research and no drug company would expect to test a few dozen compounds v a biochemical
target and get a red-hot lead. Similarly no drug company would pursue a policy of testing over
the years 2 or 3 thousand compounds in an animal model such as the jird and expect to produce
a wonder drug. If you are going to play molecular roulette you need to have the chips to sit
down at the table and play with. In order to achieve success we have to increase both the
quantity and quality of test compounds and I believe the emphasis should very much be on the

latter (i.e. quality). I think that the current strategy can be justified to a bunch of non-believers.
I also believe that onchocerca-infected cattle should not be revisited as part of the biological
strategy. I have a 10 year plus experience of working with this model both at Welcome and at

WHO and it simply does not stand up to analysis for all the various reasons previously
presented - time to acquire definitive data, pharmacokinetic relevance of a ruminant to a

mammal, large amount of test compound required, etc. The parallel in industry is in both the

AIDS and Cancer therapeutic areas. In AIDS nobody bothers to progress compounds through
primates for efficacy evaluation, and certainly for experimental cancer drugs, testing in rodents

is usually the only animal models employed despite the obvious lack of good parallels to
human malignancies.

Regards - Alan


