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WP # | Objective

To provide rapid evidence of Favipiravir anti-Ebola efficacy in

! reducing mortality and Ebola viral load in humans with EVD
To build trust in on-going efforts to respond to the epidemic by
) ensuring that research and interventions aimed at containing the EVD

epidemic are grounded in an in-depth understanding of the social and
historical context.

Favipiravir PK and tolerance study in non-human primates to
determine the optimal Favipiravir dose (the highest well-tolerated
doses) and evaluate the efficacy of different administration timings
vs. exposure to Ebola.
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Analysis of the data from WP1 (humans) and WP3 (non-human
4 primates) to provide a better quantitative understanding of the
determinants of the virologic response to treatment.

Ensure efficient and effective dissemination of the results to
5 stakeholders and promote further uptake of the results via education
activities.

Ensure that the project’s main objectives are realized on schedule and
within budgetary limits
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Item No. of Research Agenda__1_: Ebola Virus Genetics

)

Principal Investigator(s)/Team Leader(s): Professor Xavier de Lamballerie

Background of Research Project:

The evolution of intra-individual Ebola virus populations in humans and monkeys -and a fortiori in those
receiving a Favipiravir treatment - is currently unknown. Since available information suggests actual but
limited antiviral activity of Favipiravir in vivo, it is crucial to determine whether the treatment generates
escape mutants and, if it is the case, to characterise such mutants and the kinetics of their appearance. This
provides invaluable information for guiding the development of future therapeutic protocols and for further
understanding the mechanisms of action of the molecule against Ebola virus (and those possibly associated

with the generation of resistant mutants).

Objectives of Research Project:

(i) To compare the evolution of intra-individual Ebola virus populations in untreated and Favipiravir treated

monkeys infected by Ebola virus

(ii) To characterise the evolution of intra-individual Ebola virus populations in human patients infected by

Ebola virus and receiving a Favipiravir treatment in the framework of the JIKI clinical trial coordinated by

the Inserm.

(iii) to identify, when relevant, the mutational pressure exerted by the Favipiravir treatment on the structure
of the viral quasi-species, and to propose associated mechanisms implicated in the antiviral activity of the

drug in vivo against Ebola virus

(iv) to determine if the mechanism of "error catastrophe" is implicated in the antiviral activity of the drug in

vivo against Ebola virus
Structure and method(s) of the Studies/Experiments to be conducted:

(1) non-clinical research

We propose a two-step program in which detailed NGS-based genomics of EBOV intra-individual
populations from twenty T-705 IV treated/untreated macaques infected with various doses of virus are
performed directly from blood samples (no cell culture step).

The initial programme [step 1 of 2] is dedicated to the fine analysis of virus quasi-species from eleven
Cynomolgus macaques infected with various inoculum doses of Zaire Ebola virus. This is to be achieved by
performing systematic deep sequencing of untreated animals at different stages of infection. Samples
produced in the Lyon-Mérieux BSL4 laboratory are being inactivated and/or extracted according to French
regulations and transferred to UMR_D 190 (Marseille) for NGS sequencing and analysis on a PGM

deep-sequencing platform.
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Of note, analyses in non-human primates are preceded by in-depth NGS analysis of;
i) clonal (plasmidic) Zaire Ebola virus sequences to establish a robust baseline of minor variant sequences
artifactually produced by the sequencing technology, and

if) of the viral populations present in the infecting inoculum.

(2) clinical research
Genomics of Ebola virus intra-individual populations from fifteen T-705 I'V treated Guinean Ebola patients is

to be achieved by performing systematic deep sequencing at different stages of infection (onset of infection
and days 2 and 4 of treatment when samples available). Blood samples are to be inactivated and/or extracted
according to French regulations by the Lyon-Mérieux BSL4 laboratory and transferred to UMR_D 190
(Marseille) for NGS sequencing and analysis on a PGM deep-sequencing platform.

This constitutes the first step of a two-step programme (will be completed during the second step).
Expected achievements and suggestions for future research:

(1.1) non-clinical research
The first-year programme is to be completed by the detailed study of NGS-based genomics of EBOV

intra-individual populations from (a minimum of) six T-705 IV treated macaques infected with various doses

of Ebola virus (second step of the two-step programme).

(1.2) clinical research
The first-year programme is to be completed by the detailed study of NGS-based genomics of EBOV

intra-individual populations from twenty additional T-705 IV treated Guinean Ebola patients (second step of

the two-step programme).

This study provides the first systematic analysis of Ebola virus quasi-species along experimental (NHPs) and
natural (human patients) infections.
It also provides the first systematic analysis of Ebola virus quasi-species evolution in Favipiravir treated

monkeys and human patients, and the first molecular approach of the mechanism of the antiviral activity of

Favipiravir against Ebola virus in vivo.
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Major Study Component#__1-1

Purposes of Study:
Analysis of Ebola virus quasi-species populations along the Ebola virus infection in Favipiravir treated or

untreated primates

Method: (list the major tasks)
Next-Generation Sequencing performed directly from blood samples

Outputs and results: (list the major milestones and achievements expected)
1. NGS and baseline analysis from clonal DNA

2. NGS and analysis from untreated macaques

3. NGS and analysis from Favipiravir treated patients

3. NGS and analysis from Favipiravir treated macaques
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Item No. of Research Agenda 2 1 Biostatistics

Principal Investigator(s)/Team Leader(s): France Mentré

Background of Research Project:
The overall aim of the project is to support further development of favipiravir as a countermeasure against EVD.

The non-human primates (NHP) experiments are intended to provide an in-depth understanding of

characteristics of favipiravir and its pharmaceutical potential.

Objectives of Reseafch Project:

The overall objective of these studies is to obtain additional scientific data on the tolerance, optimal dose, and
administration timing and rational regimens for using favipiravir to treat EVD patients, including data from the
treatment of NHP infected with EVD. This data should lead to optimization of the use of favipiravir in treating
patients in both the current and future outbreaks of the disease.

The specific objectives of the biostatistics team are:

1. Detailed analysis and modelling of PK data from infected and non-infected treated NHP

2. Detailed biostatistical analysis and modelling of viral load kinetics and relationships with concentrations in

treated and untreated infected NHP

Structure and method(s) of the Studies/Experiments to be conducted:

The concentration data of all the experiments in treated NHP (infected or non-infected) are to be analysed using
a modelling approach with the SAEM algorithm implemented in MONOLIX. Because of the nonlinearity of
favipiravir PK and the availability of data both after oral and IV administration, a specific model should be
developed. Variability between monkeys will be assessed. This will allow to better understand the relationships
between dosage regimen, formulation, infection, and concentrations.

The viral load data from all the experiments in infected NHP (treated or non-treated) should also be analysed
using a modelling approach. A specific model should be developed, and the link between concentration and
blockade of virus production to be specifically studied. This allows to estimate specific parameters of favipiravir

effectiveness and will be used to simulate the viral kinetics after various dosage regimen.

Expected achievements and suggestions for future research:

The expected achievements are

1. PK model of favipiravir after I'V and oral administration in NHP

2. Viral kinetic model of EBOV in treated and non-treated NHP

3. Effectiveness of favipiravir in blockade of virus production and evaluation by simulation of various dosage
regimen.

The results will help design further experiments in NHP with favipiravir alone or in combination. It will allow a

better understanding of the complex relationship between dose, concentration and efficacy of favipiravir in NHP.
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Major Study Component #2-1 :

Purposes of Study:
Comprehensive analysis of favipiravir concentrations and of the link between achieved concentrations and viral

kinetics in NHP using modelling.

Method:
Biostatistical analysis of all concentration and viral load data in NHP experiments using nonlinear mixed effect

models with the SAEM algorithin in MONOLIX. Simulation of efficacy of various dosage regimen.

Qutputs and results: (list the major milestones and achievements)
1. PK model of favipiravir after IV and oral administration in NHP
2. Viral kinetic model of EBOV in treated and non-treated NHP

3. Effectiveness of favipiravir in blockade of virus production and evaluation by simulation of various dosage

regimen.
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Item No. of Research Agenda___3 :  Nonhuman Primate Model and Combination Therapy
Principal Investigator(s)/Team Leader(s):

Dr Hervé RAOUL (PI Director of the Inserm Jean Merieux BSL4 laboratory)

Mr Frédéric JACQUOT (responsible of animal experimentation)

Background of Research Project:

In the context of the dramatic EBOV outbreak currently ongoing in west Africa, the molecule Favipiravir,
which has been originally developed for the treatment of influenza infections by the Japanese company Toyoma
Chemical/Fujifilm (Furuta Y ez al. 2002), has been identified as the most promising drug for containing the viral
infection. As a matter of fact, number of scientific articles have progressively established that Favipiravir has a
much broader antiviral spectrum than initially believed (Furuta Y ef al. 2013), and recent papers have reported a
significant inhibition of Ebola virus replication by Favipiravir both in vitro and in mouse models (Smither er al.
2014, Oestereich ef al. 2014). These papers show that Favipiravir can effectively prevent experimental Ebola
virus.

To support the development of the Favipiravir as a countermeasure against EBOV infection, adequate and well
controlled animal model of the disease as well as the characterisation of the studies ‘condition of interest is of
main importance. Moreover, additional data, including the efficacy of potential combination therapy shoud lead

to the optimization of the use of favipiravir in treating patients in both the current and further outbreaks of the

disease.

Objectives of Research Project:
In this context, this research project aims:
e To ensure the implementation of well characterized‘ animal model for predicting the efficacy of
treatments, including Favipiravir, in humans.
e To explore potential combination therapies in both in cellulo and mammalian models (e.g., rodents,

macaques)

Structure and method(s) of the Studies/Experiments to be conducted:
3.1. Improvement and validation of the nonhuman primate model
3.2 Combination therapy in cellulo
3.3 Combination therapy in rodents
3.4. Combination therapy in NHP

Expected achievements and suggestions for future research:
» To deliver additional scientific data on the cynomolgus macaques model for pathogenesis and treatment
studies on Ebola virus
> To optimize the use of Favipiravir in the current and for further outbreaks;
» To ensure successful application of Favipiravir in a large group of Ebola patients directly after this

project if the drug / combination of drugs shows efficacy
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Major Study Component #3.1: Improvement and validation of the nonhuman primate model

Purposes of Study:
e To validate and improve the macaque model implemented in the Inserm Jean Mérieux BSL4 lab
e To assess the characteristics of different doses of EBOV Zaire infection in NHP (endpoint, viral titers,

symptoms timing etc..)

Method:
e Infection of the Cynomolgus macaques with different doses ranging from 10, 100, 1000 pfu of Ebola

Zaire virus by intramuscular injection in 4 NHP each.
e Observation of challenge monkeys for 4 weeks for survival
e Regular serum viral loads, temperature, weighing, hematology, biochemistry, coagulation, clinical

symptoms, post mortem histology

Outputs and results: (list the major milestones and achievements)

Cynomolgus macaques (Macaca fascicularis) weighing 3 to 4kg were used. Groups of four animals were
infected with EBOV.

All macaques received intramuscular injections in the leg with 10, 100 or 1000 PFU of the Gabon subtype of
EBOV (Table 1 and 2). '

Blood was obtained from all monkeys under Zoletil anesthesia at 2 or 3 days intervals post-infection to
determine infectious viremia, standard hematologic and clinical pathology parameters.

All terminally ill monkeys were euthanized for pathologic examination.

Nonhuman primate Number of ) ]
. . Virus (PFU) Survival/total | Viremic/total
species Animals/group
Cynomolgus 4 10 0/4 4/4
Cynomolgus 4 100 0/4 4/4
Cynomolgus 4 1000 0/4 4/4

Table 1: Challenge of monkeys with Ebola Virus (EBOV)

The monkeys infected with EBOV became febrile 5 days after infection with temperatures above 40°C. Pyrexia
usually persisted throughout the course of the disease, which usually ended in a decrease in temperature
followed by death, which occurred within 8-11 days after infection.

By day 6, anorexia developed with a loss of drinking ability, causing severe weight loss and dehydration. Some
monkeys had diarrhea and rectal bleeding. Petechial skin rashes appeared on the abdomen, fore and hind limbs.
Virus infectivity assays on sera were done by forming plaques on Vero E6 cell monolayers (Graph 1).

Viremia became detectable within 5 days after infection with the maximum virus titer at the level of 2.10°

pfu/ml.
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Table 2: Challenge of monkeys with EBOV

Non-human primate species Dose of virus Day of death (post infection)
Cynomolgus D10
Cynomolgus D10
Cynomolgus 10 D11
Cynomolgus D11
Cynomolgus D9
Cynomolgus D9
Cynomolgus 100 D9
Cynomolgus D11
Cynomolgus D8
Cynomolgus D9
Cynomolgus 1000 D9
Cynomolgus D11

Graph 1: Virus infectivity assays on sera for 10 pfu group (A), 100 pfu group (B) and 1000 pfu group (C):
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Our results indicate that NHPs are lethally infected with non-adapted filovirus isolates resulting in
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pathophysiology similar to that demonstrated in humans.
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Major Study Component # 3.2, 3.3 and 3.4: Combination therapy

Purposes of Study:

- To identify potential combination therapy and optimal doses of molecules, adapted for a rapid transfer to clinic

- To test the best therapeutic combination candidates in rodents and non-human primates

Method:
3.2. Combination therapy in cellulo: screening of different combinations of molecules at different doses

e Treatment of EBOV infected VeroE6 cells with combination of Favipiravir with other molecule(s) at
different time and using different doses

e Data analysis: viral titration, qRT-PCR

3.3 Combination therapy in rodents: to test the selected promising combinations in rodents
o Treatment of IFNAR(~/-) mice model with selected promising candidates combination of Favipiravir at
different time and using different doses
o Regular serum viral loads, temperature, weighing, haematology, biochemistry, coagulation, clinical

symptoms, post mortem histology

e Data analysis: viral titration, qRT-PCR

3.4. Combination therapy in NHP :

o Treatment of the EBOV infected Cynomolgus macaques with different doses of the molecules (15
animals in total).

e Observation of challenge monkeys for 4 weeks for survival

e Regular serum viral loads, temperature, weighing, haematology, biochemistry, coagulation, clinical

symptoms, post mortem histology

Outputs and results: (list the major milestones and achievements expected)

o Selection, in vitro, of a limited number of potential combinations therapy to be tested in vivo

e Screening of the efficacy of the selected combination of molecules in IFNAR(-/-) mice model

e Testing the efficacy of the best selected combination therapy in NHP
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! Ebola experts say 16 other bat viruses could infect man, Thomson Reuters Foundation
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FIGURE 1. WHERE ARE LITERACY RATES LOWEST AND HIGHEST IN THE WORLD?
GLOBAL MAPS OF LITERACY RATES FCR ADULTS AND YOUTH, 2011

Adult literacy rate

Source: UNESCO
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<BCX4430>
) =7 AP Mktd 2208 (48hrpiim) 2) Rodent EBOV&MARV 1Z%f3 505 (48hrpi, im)

(USAMRIID & BioCryst D #R 45, Nature, 2014)

<carbocyclic 3-deazaadenosine (Ca-c3 Ado)
S-adenosylhomocysteine hydrolase inhibitors ~— ~ 7 2 @4 24hr BiiH 6 8 Bl X 125 L= 2R

(USAMRIID #45)

<ZMapp >
MAEERERL, K22 MEDQTZDZ N aDEMBR TS 3BOFEDOH 7 71, B R TIEIRARE,

FERAL,

1) NHP BEEBR TR (43%L£ETF). PNAS,2012. TP SE LT PEH I ORRRE
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<VSV-EboGP vaccine>
P TR (EBOV BEAT 100%., EEZH 30 20 LA T 50%) (PLoS Path 2007, JV 2009. NML, NIAID &
USAMRIID (Feldmann & Geisbert)

<recVSV-ZEBOY vaccine>

AEMEALTA LR (VSV)OEREREZ N0 BETZRT 7L LZAD SO (ZEBOV, SEBOV, MARV GP)
WEZTER/BETY 7T, 2007 20T F L KED BSL-4 FFESEHR O 7 NV — 7 H 4R TR,

PV TCHREFED, (BRRIOEE T 100%4E7F, B 30 LR DKRETYH 50%4£7F)

NIH 23t MEERFABR (Phase 1) % ZEHMEH,

AT END WHO IZEDLNIZT IV FUNAAL A LAY ARV =% T250 A&RIZE MERKRR
(Phase 1) ZfEA &5,

<cAd3-ZEBOY vaccine>

FoNRTP=T T A NVA 3B (ChAd3) DFEHRICTART VA VRGP (A —L&R—F ) &H
LIANTEEREAD 7 F 2, NIH & GlaxoSmithKline 25 [E ., KE. <~V Tt MGKRE (Phase 1) * 3t
R CRELA,
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