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Abstract 19 

Favipiravir is a RNA polymerase inhibitor that showed a strong antiviral efficacy in vitro and 20 

in small animal models of several viruses responsible for hemorrhagic fever (HF) including 21 

Ebola virus. The aim of this work was to characterize the complex pharmacokinetics of 22 

favipiravir in non-human primates (NHP) in order to guide future efficacy studies of favipiravir 23 

in large animal models.  24 

Four different studies were conducted in 30 uninfected cynomolgus macaques of Chinese 25 

(n=17) or Mauritian (n=13) origin treated with intravenous favipiravir for 7 to 14 days with 26 

maintenance doses of 60 to 180 mg/kg BID. A pharmacokinetic model was developed to predict 27 

the plasma concentrations obtained with different dosing regimens and the model predictions 28 

were compared to the EC50 of favipiravir against several viruses.  29 

Favipiravir pharmacokinetics was described by a model accounting for concentration dependent 30 

aldehyde oxidase inhibition. The enzyme dependent elimination rate increased over time and 31 
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was higher in NHPs from Mauritian than from Chinese origin. Maintenance dose of 100 and 32 

120 mg/kg BID in Chinese and Mauritian NHPs, respectively, are predicted to achieve median 33 

trough plasma free concentrations above EC50 of Lassa and Marburg virus until day 7. For 34 

Ebola virus higher doses are required. After day 7, a 20% dose increase is needed to compensate 35 

the increase in drug clearance over time. 36 

These results will help rationalize the choice of the dosing regimens in future studies evaluating 37 

the antiviral effect of favipiravir in NHPs and support its development against a variety of HF 38 

viruses.  39 

 40 

INTRODUCTION 41 

Emerging infectious diseases leading to hemorrhagic fever (HF) with severe prognosis and 42 

large ability to spread have become a major public health concern in particular in countries with 43 

limited income. Etiologic viruses are diverse and include Ebola virus (EBOV) (1), Marburg 44 

virus (MARV) (2), Dengue virus (3), Junin virus (JUNV) (4), Crimean-Congo hemorrhagic 45 

fever virus (CCHFV) (5), Rift valley fever virus (RVFV) (6), Lassa virus (LASV) (7) and 46 

Yellow fever virus (YFV) (8). For most of these viruses no curative therapeutics exists and 47 

treatment essentially relies on supportive care (9). Considering the etiologic diversity of these 48 

HF and the fact that they do not represent a major interest for the pharmaceutical companies, it 49 

is particularly relevant to identify drugs with a broad spectrum activity. Favipiravir, a pyrazine 50 

carboxamide derivative initially developed and approved against resistant influenza in Japan 51 

(10) is a relevant candidate with several studies demonstrating its effectiveness against different 52 

HF viruses in vitro and in rodent models (10–18). This molecule is a RNA polymerase inhibitor, 53 

metabolized intracellularly into active form favipiravir ribosyl triphosphate, which is thought 54 

to prevent viral RNA strand extension and induce lethal mutagenesis (10). The drug efficacy 55 

against EBOV was recently evaluated in a clinical trial in Guinea (JIKI trial). The conclusion 56 

of this study was that favipiravir monotherapy merits further investigation in patients with low 57 

to medium viremia, but not in those with high viremia (19). 58 

In order to further evaluate the efficacy of this drug, non-human primates (NHPs) remain the 59 

most relevant animal model of these infections (20). However experiments are limited by the 60 

infectious hazard, the cost and the ethical issues, which restrain the possibility to conduct large 61 

dose ranging studies with detailed pharmacological assessments. In the case of favipiravir, a 62 

drug with a complex non-linear pharmacokinetics (PK) (21) and for whom the range of EC50 63 
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against HF viruses is large (Table 1) an additional difficulty is to identify relevant dosing 64 

regimen. 65 

Here we analyzed the PK of intravenous favipiravir in cynomolgus macaques after 66 

administration of repeated doses. Based on the results of four studies, we modelled the dose 67 

concentration relationship of favipiravir, using a population approach, taking into account 68 

effects of drug non-linearity, sex, anesthesia and geographic origin. Using this model we 69 

performed simulation studies to estimate the impact of various dosing regimen on favipiravir 70 

exposure and compared the results with EC50 of several HF viruses.  71 

MATERIALS AND METHODS 72 

Four studies in cynomolgus uninfected macaques were conducted to determine the PK of 73 

favipiravir (Figure 1). Studies 1A and 1B were conducted by the manufacturer Toyama 74 

Chemicals Ltd. in Japan on macaques from China. Studies 2A and 2B were conducted by the 75 

companies SILABE and Eurofin/ADME bioanalyses in France, on behalf of the academic 76 

European Reaction consortium, on macaques from Mauritius Island. The Toyama studies 77 

protocols were written in accordance with the animal welfare bylaws of Shin Nippon 78 

Biomedical Laboratories DSR and reviewed by the Institutional Animal Care and Use 79 

Committee (approval No. 2014-0662 and IACUC063-073). Reaction studies were approved by 80 

the French research ministry (approvals 02015011614462849 and 2015062511215426V1) after 81 

favorable opinion of the C2EA35-CREMEAS ethic committee.  82 

Drug administration. In the four studies, favipiravir was dissolved in water for injection to a 83 

final concentration of 50 mg/mL, after being added with the equivalent molar mass of 84 

meglumine. Then it was diluted with physiological saline on the day or the day before dosing, 85 

to give 40, 30, and 20 mg/mL formulations, which were administered to macaques by short 86 

intravenous infusion. In order to mimic infection studies, animals in study 1B, 2A, and 2B were 87 

anesthetized within 30 minutes before each drug administration by intramuscular injection of 88 

Zoletil (tiletamine hydrochloride salt, 2.5 mg/kg; zolazepam hydrochloride salt, 2.5 mg/kg). 89 

Favipiravir was administered without anesthesia in study 1A. In the four studies, drug 90 

administration venous access was distinct to sampling venous access to prevent any 91 

contamination. 92 

Studies design. Study 1A was a one-week repeated IV dose PK study including nine male non-93 

anesthetized cynomolgus macaques from China (5-7 years old, 5.1-7.9 kg). All macaques 94 
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received the same loading dose of 300 mg/kg twice a day (BID) on D1, followed by 95 

maintenance dose of 150 (N=3), 100 (N=3) or 60 (N=3) mg/kg BID, every 12 hours by short 96 

infusion of 20 min. Drug concentrations were frequently measured at D1 and D7 (before dosing, 97 

5 and 30 min, 1, 2, 4, 6 and 12 hr after dosing, and 24 hr after dosing at D7) and twice a day 98 

before dosing between D2 and D6. 99 

Study 1B was a two-week repeated IV dose PK study including eight female anesthetized 100 

cynomolgus macaques from China (4-5 years old, 3.3-4.3 kg). Macaques received either a 101 

loading dose of 200 mg/kg BID on D1, followed by a maintenance dose of 100 mg/kg BID 102 

(N=4) or a loading dose of 250 mg/kg BID on D1, followed by a maintenance dose of 150 103 

mg/kg BID (N=4), every 12 hours by short infusion of 10 min. Drug concentrations were 104 

frequently measured on D1, D7 and D14 (before dosing, 5 and 20 min, 1, 2, 4, 8 and 12 hours 105 

after dosing, and 5 min after the second dosing at D1 and D7, 24 hr after dosing at D14) and 106 

three times a day the other days (before dosing, 5 min after dosing and before second dosing).  107 

Study 2A was a two-week repeated IV dose PK study including five female anesthetized 108 

cynomolgus macaques from Mauritius Island (3.8-3.9 years old, 3.5-4.8 kg). All macaques 109 

received a loading dose of 200 mg/kg BID on D1, followed by a maintenance dose of 100 110 

mg/kg BID, every 12 hours by short infusion of 10 min. Drug concentrations were frequently 111 

measured on D1 and D14 (before dosing, 5 and 20 min, 2, 4, 8 and 12 hours after dosing, 5 min 112 

after the second dosing, 24 hr after second dosing on D14)  and two times a day the other days 113 

(before second dosing and 5 min after second dosing). 114 

Study 2B was a one-week repeated IV dose PK study including eight female anesthetized 115 

cynomolgus macaques from Mauritius Island (3.4-4.7 years old, 3.6-4.8 kg). Macaques 116 

received either a loading dose of 250 mg/kg BID on D1 followed by a maintenance dose of 150 117 

mg/kg BID (N=4) or a loading dose of 250 mg/kg BID on D1 followed by a maintenance dose 118 

of 180 mg/kg BID (N=4), every 12 hours by short infusion of 10 min. Drug concentrations were 119 

frequently measured on D7 (before dosing, 5 min, 2, 4, 8 and 12 hours after dosing), four times 120 

a day on D1 and D2 (before and 5 min after first and second dosing) and three times a day the 121 

other days (before and 5 min after first dosing, before second dosing). 122 

Safety. Clinical signs, body weight and food consumption were assessed daily. Hematology 123 

and blood chemistry parameters, including hemoglobin concentration, red cells, white cells and 124 

platelet count, reticulocyte count, serum creatine kinase, AST, ALT, bilirubin, creatinine, 125 

nitrogen urea, sodium, potassium, chlorine and calcium were assayed on pretreatment period 126 
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and at the end of the follow-up. All animals were euthanized on the last day of the study, and 127 

necropsied in studies 1B, 2A and 2B, but not in study 1A.   128 

Analysis methods and cross validation of favipiravir concentration assay. Favipiravir 129 

plasma concentrations were assayed separately in studies 1 and 2, using respectively high 130 

performance liquid chromatography (HPLC) coupled to UV detection (Shimadzu 10A, SPD 131 

10A) and HPLC coupled to tandem mass spectrometry detection (Kromasil C18, API4000), 132 

with limit of quantification (LOQ) of 0.1 mg/L and 5 mg/L respectively. Cross validation of the 133 

two analytical processes was blindly performed on 15 samples (see supplementary material). 134 

Non compartmental analysis. For each animal the maximal concentrations (Cmax), the predose 135 

concentrations (Ctrough), the average concentrations (Cave), defined as AUC0-12h divided by 12, 136 

and clearance (CL), defined as Dose/AUC, were obtained by non-compartmental approach, 137 

after the first administrations on day 1, day 7 and/or day 14 (see supplementary). Medians and 138 

ranges parameters in each study were reported and Wilcoxon tests were used for statistical 139 

comparisons between groups.  140 

Modelling favipiravir pharmacokinetic in cynomolgus macaques. A PK model of 141 

favipiravir concentrations in cynomolgus macaques was developed using the strategy depicted 142 

in Figure 2.  143 

Pharmacokinetic and residual error models were selected using data of the one-week study 1A. 144 

We started with a mono-compartmental model with linear elimination. Because a non-linearity 145 

was observed in the non-compartmental analysis (see results), we also tested a model with a 146 

Michaelis–Menten elimination, a model with both zero order and first order elimination, a 147 

model with both first order and Michaelis–Menten eliminations and a model with both first 148 

order and nonlinear eliminations depending of favipiravir plasma concentration levels (see 149 

equation 1), accounting for the aldehyde oxidase pathway. All these models were tested 150 

assuming exponential random effects on all parameters with a diagonal variance matrix for the 151 

random effects.  152 

Next data from study 1B were added; as it was a two-week study, time effect was tested on 153 

elimination and enzyme parameters. Additions of linear, inverse tangent and exponential time 154 

function on elimination and enzyme parameters, as well as feedback effect on enzyme 155 

production, were tested. The effect of sex and anesthesia (since the design of the studies does 156 

not allow to separate them) was evaluated. Finally data from studies 2A and 2B were added and 157 
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the parameters were re-estimated to assess the effect of NHP origin (China and Mauritius Island 158 

for studies 1 and 2, respectively) and relevant random effects were selected.  159 

Model estimation was performed using nonlinear mixed effect model and the software Monolix 160 

4.2.2. (http://www.lixoft.eu/) (22). Structural, covariate and residual error model selection was 161 

based on the Bayesian Information Criterion (BIC) value, a fitting criterion based on the model 162 

likelihood that takes into account the number of parameters in the model. Random effects with 163 

a variance smaller than 0.1 or associated with a relative standard error larger than 100% were 164 

deleted using a backward procedure. Correlation for random effect were added on the final 165 

model on parameters presenting Pearson correlation coefficient larger than 0.6 between their 166 

individual predictions. Selection of covariate effect on structural parameters was performed 167 

using a forward procedure, where covariate was added sequentially on each parameter. The 168 

procedure continued until no improvement in BIC was obtained. Maximum likelihood 169 

estimation took into account the information brought by data under the LOQ, as described in 170 

(23). Model assessment was performed throughout the model building using diagnostic plots: 171 

observations vs population predictions, observations vs individual predictions, individual 172 

weighted residual over time and individual predictions, normalized prediction distribution 173 

errors over time and individual predictions, and visual predictive check per dose (24, 25). 174 

Simulation studies with different dosing regimens. We used the final PK model to evaluate 175 

by simulation the drug exposure that could be achieved during two weeks of favipiravir with a 176 

loading dose of 200 or 250 mg/kg BID the first day followed by a maintenance dose from 60 177 

to 180 mg/kg BID. In order to take into account the possible reduction in drug concentration 178 

over time (see results), we also evaluated scenarios where the dosing regimen increased in the 179 

second week of treatment. For each scenario 5,000 in silico PK profiles with frequent sampling 180 

measurements were generated using mlxR package (http://simulx.webpopix.org/mlxr/) and 181 

daily Cave, Ctrough and Cmax were provided.   182 

Drug exposure and EC50 of favipiravir against hemorrhagic fevers. The in vitro EC50 for 183 

favipiravir against a variety of hemorrhagic fevers is reported in Table 1. When several EC50 184 

were reported in the literature, we chose to be conservative and only the highest value was 185 

considered. Then we compared the median predicted drug concentrations profiles with the EC50 186 

of the literature. Consistent with what had been done before, we relied on free drug 187 

concentrations, assuming a protein binding rate of 50% in cynomolgus macaques (Toyama in 188 

house documentation) close to the value in human (54%) (26).  189 
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For MARV, given no information was available, cell culture experiments were performed 190 

purposely (see supplementary material). Favipiravir EC50 and EC90 were found equal to 6.8 and 191 

11.4 µg/mL, respectively, in cell culture experiments (see supplementary). 192 

 193 

RESULTS 194 

Safety. No animals died and no toxic effect was found on the necropsy. Transient lack of faeces, 195 

vomiting, and stereotypic movement disorder (repeated backward head movements) were 196 

noted. Drop in the hemoglobin blood level, associated to increase of reticulocyte count, was 197 

observed in the four studies, with median (min-max) variation of -2.3 (-0.8;-3.2) g/dL and -1.3 198 

(0.2; -4) g/dL from baseline to D7 in studies 1A and 2B, respectively, and  -2.3 (-1.4; -2.8) g/dL 199 

and -2 (-0.9;-2.5) g/dL from baseline to D14 in studies 1B and 2A. In study 1B, in macaques 200 

receiving 150 mg/kg BID, the food consumption decreased continuously during the dosing 201 

period, leading to dosing discontinuation on day 11. However, there were no abnormalities in 202 

body weights, serum electrolyte concentrations or general status. In the study 2A macaques 203 

receiving 100 mg/kg BID, a moderate increase of creatinine concentration (+18.6 µmol/L) was 204 

observed at the end of follow-up. However, this biological abnormality was not found in groups 205 

receiving higher dosing of 150 and 180 mg/kg BID. In conclusion, no serious abnormalities 206 

were observed at the different dose regimens explored in the four studies. More details can be 207 

found in the supplementary material. 208 

Non-compartmental analysis. The results showed a strong non-linearity of favipiravir over 209 

doses and time in Chinese cynomolgus macaques in studies 1A and 1B (Table 2). Clearance at 210 

D7 decreased with dose, from 0.13 L/h/kg to 0.04 L/h/kg for 60 mg/kg BID to 150 mg/kg BID, 211 

respectively. Data from study 1B showed in addition a non-linearity over time, with a 80% 212 

decrease of clearance between day 1 and day 7, occurring from the second administration, and 213 

then a 25% increase in clearance between days 7 and 14, for the two levels of maintenance 214 

dose.  215 

A significantly lower exposure was found in studies 2A and 2B performed in macaques from 216 

Mauritius Island, with Cave on day 14 of 47.9 mg/L compared to 102.2 mg/L for the maintenance 217 

dose of 100 mg/kg BID (p=0.040), and a Cave on day 7 of 187.1 mg/L compared to 241.4 mg/L 218 

for the maintenance dose of 150 mg/kg BID (p=0.024).  219 
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PK model building. A one-compartment model with first order elimination was inadequate to 220 

describe the favipiravir PK over 7 days repeated administrations. Addition of a nonlinear 221 

Michaelis-Menten elimination term improved the fit of the data but it did not allow to describe 222 

the concentration increase from the first to the second administration. Finally, a model including 223 

enzyme mediated elimination with concentration dependent inhibition, described in Equation 224 

1, provided the best description of the PK profiles of favipiravir and a combined residual error 225 

model was retained: 226 

𝑑𝐴𝑐
𝑑𝑡

= −𝑘 × 𝐴𝑐 −  𝑘𝑒𝑛𝑧 × 𝐴𝑒 × 𝐴𝑐 

𝑑𝐴𝑒
𝑑𝑡

= 𝑅𝑖𝑛 − 𝑘𝑜𝑢𝑡 × (1 + 𝐶𝑐 × α𝑑𝑒𝑔) × 𝐴𝑒 

𝑅𝑖𝑛 = 𝑘𝑜𝑢𝑡 × 𝐴𝑒0 

𝐶𝑐 =
𝐴𝑐
𝑉

 

 

 

 

Eq.1 

 

 

where Ac is the amount of favipiravir in central compartment, Cc the favipiravir plasma 227 

concentration, Ae the enzymatic activity level, k the first order elimination rate, kenz the enzyme 228 

dependent first order elimination rate, kout the enzyme elimination rate, Rin the zero-order 229 

enzyme synthesis rate and αdeg the favipiravir concentration linear effect on enzyme elimination 230 

rate. Activity level of enzyme at baseline Ae0 was set to 1. This model makes the assumption 231 

that favipiravir increases enzyme degradation, in accordance with the irreversible inhibition 232 

mechanism proposed by the manufacturer. 233 

Next, data of study 1B, where female cynomolgus macaques were treated and anesthetized daily 234 

for the 14 days, were included. Because the model predicts that the drug rapidly reaches steady-235 

state it could not capture the decrease in drug concentrations between day 7 and day 14. To 236 

account for this feature a time dependent variation in enzyme kinetic on αdeg was added: 237 

𝑑𝐴𝑒
𝑑𝑡

= 𝑅𝑖𝑛 − 𝑘𝑜𝑢𝑡 × (1 + 𝐶𝑐 × α𝑑𝑒𝑔 × 𝑒−𝜆×𝑡) × 𝐴𝑒 Eq.2 

This model has one additional parameter, λ, which is the rate at which enzyme elimination 238 

becomes less and less sensitive to favipiravir concentration. Thus, with this model, the enzyme 239 

activity increases over time and returns to its baseline value, leading to a decrease in drug 240 

concentration. Effect of the sex and/or anaesthesia was then explored using this model and 241 

selected on kout.  242 



9 
 

Lastly, data from study 2A and 2B were included and the faster drug elimination in macaques 243 

from Mauritian origin was attributed to larger values of kenz and αdeg (Table 2). Selection of the 244 

random effect led to fixing kout and αdeg and the final model had four independent random 245 

effects. Individual fits (Figures 3 and A5) and diagnostic plots of the final model did not point 246 

any misspecification (See Figures A6, A7, A8 in the supplemental material). 247 

Model predictions. At the first administration of favipiravir, the enzyme dependent elimination 248 

part is much larger than the independent one, with kenz and k equal to 2.85 and 0.065 h-1, 249 

respectively (Table 3). However the inhibition of the enzyme by favipiravir leads to a rapid 250 

decrease of the enzyme dependent pathway. The enzyme is continuously synthetized at a rate 251 

Rin equal to 0.024 h-1 and consequently it takes about 4 days after complete drug elimination to 252 

return to baseline enzyme level. Sex difference was found on parameter kout, equal to 0.024 h-1 253 

in female and 0.036 h-1 in male (Likelihood ratio test (LRT) p = 3.10-6) In order to fit the 254 

decrease in drug concentration after repeated administration of favipiravir, we estimated λ at 255 

0.0016 h-1 (Table 3). Regarding differences between the two geographic origins, cynomolgus 256 

macaques from Mauritius Island had a larger enzyme dependent elimination constant than 257 

Chinese macaques (kenz equal to 2.85 h-1 and 1.25 h-1, respectively, LRT p = 5.10-5), and a higher 258 

favipiravir concentration linear effect on enzyme elimination rate (αdeg equal to 0.179 vs 0.100 259 

L.mg-1, respectively, LRT p = 0.0007). The fact that there is a faster inhibition of the enzyme 260 

by favipiravir in Mauritian macaques suggests that the discrepancy in drug concentration 261 

between the two groups might reduce with high doses.  262 

Simulations with different dosing regimens. Average and residual concentrations were 263 

predicted to be lower in Mauritian macaques than in Chinese macaques in all scenarios. At day 264 

7, the average total plasma concentration in Mauritian (resp. Chinese) cynomolgus macaques 265 

were equal to 67 (resp. 124), 215 (resp. 284) and 312 (resp. 384) mg/L for maintenance doses 266 

of 100, 150 and 180 mg/kg BID, respectively. In order to achieve similarly high concentrations 267 

in Mauritian cynomolgus macaques, maintenance dose would need to be equal to 120, 170 and 268 

200 mg/kg BID respectively (not shown). Loading dose was found to increase concentrations 269 

on day 1 and 2, but had limited impact on enzyme inhibition afterwards (Table A1). No steady 270 

state was reached during the dosing period and concentrations were predicted to decrease over 271 

time with a fall in average concentration of 51%, 39 % and 30% between day 7 and day 14 for 272 

maintenance doses of 100, 150 and 180 mg/kg BID, respectively, in Mauritian cynomolgus 273 

macaques. Increasing the maintenance dose from 100 to 120 mg/kg BID (Chinese origin) and 274 
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from 150 to 180 mg/kg BID (Mauritian origin) on day 7 would allow to maintain concentration 275 

until day 14 (Figure 4). 276 

Drug exposure and EC50 against hemorrhagic fever viruses. In Chinese cynomolgus 277 

macaques the model predicted that a maintenance dose of 100 mg/kg BID may be sufficient to 278 

maintain median trough concentrations at day 7 above the EC50 of all virus except EBOV and 279 

YFV (Figure 4). In order to maintain free drug concentrations above EC50 until day 14, the 280 

model predicted that an increase in dose at day 7 from 100 to 120 mg/kg BID is necessary. For 281 

EBOV and YFV, higher doses of 150 mg/kg BID until day 7 followed by180 mg/kg BID 282 

afterwards were predicted to maintain free concentrations above the drug EC50 until day 14 283 

(Figure 4).  284 

In Mauritian macaques the model predicted that a maintenance dose of 150 mg/kg BID may be 285 

sufficient to maintain median trough concentrations at all time above the EC50 of all viruses 286 

except EBOV and YFV (Figure 4, Table A1). In the case of EBOV and YFV, a maintenance 287 

dose of 180 mg/kg BID maintains the concentrations above the drug EC50 until day 7, but not 288 

afterwards (Figure 4).  289 

DISCUSSION 290 

The pharmacokinetics of favipiravir exhibited nonlinearity over dose and over time, with a 291 

marked increase in drug concentration between the first and the second administration followed 292 

by a progressive reduction afterwards until the end of the dosing period. A model with an 293 

enzyme inhibition process was developed to characterize this complex profile, which allowed 294 

us to fit the data and to make predictions for a variety of unobserved scenarios.   295 

The complexity of the drug PK and the large variability in drug concentrations across animals 296 

is likely due to the fact that favipiravir inhibits aldehyde oxidase, which is the main enzyme 297 

involved in the drug elimination (21). This enzyme targets and is inhibited by many molecules 298 

in vitro, such as raloxifene, menadione or amitriptyline (27). There are no data to our knowledge 299 

on the aldehyde oxidase phenotypes across macaque populations. However it is known that 300 

Mauritian and South East Asia cynomolgus populations have a genetic gap (28, 29) and 301 

therefore it is possible that this genetic difference explains the discrepancy in PK between the 302 

two species. In spite of the efforts to standardize the protocol studies and animal handling, the 303 

experiments were performed in two different laboratories and thus one cannot rule out that 304 

differences found between the two species are due to confounding factors.   305 
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Another intriguing pattern of the drug PK was the decrease in drug concentrations over time, 306 

which was captured by using a time-varying parameter. We also tested a more physiological 307 

model with a feedback mechanism where the decrease of the aldehyde oxidase activity due to 308 

favipiravir increases enzyme synthesis but the data fitting was not improved. It is noteworthy 309 

that a decrease in drug concentrations over time was also reported in EBOV infected patients 310 

treated with high doses of favipiravir (unpublished results).  311 

In terms of safety, a decrease in food consumption imputed to favipiravir was observed during 312 

the dosing period in the study 1B at the dose of 150 mg/kg BID leading to dosing 313 

discontinuation on day 11, but not in those of study 2B treated for 7 days with 180 mg/kg BID, 314 

which still had higher exposure (Table 2). Global impairment of psychomotor activities, 315 

including decrease in food intake, was previously reported during oral dose toxicity study in 316 

Chinese cynomolgus receiving 1000 mg/kg/day, confirming results in other species that high 317 

concentrations of favipiravir transiently depress central nervous system (Japanese 318 

Pharmaceuticals and Medical Devices Agency (PMDA) report, 319 

https://www.pmda.go.jp/files/000210319.pdf). Besides this observation, no other abnormalities 320 

in body weights, serum electrolyte concentrations, general condition or necropsy were reported 321 

in macaques which required dosing interruption. Considering the four studies, some biological 322 

alterations were noticed, in particular anemia and liver cytolysis (see supplementary material). 323 

These changes were also previously reported in toxicity studies (PMDA report, 324 

https://www.pmda.go.jp/files/000210319.pdf) and they were reversible after one month 325 

recovery.  326 

In order to simulate the drug exposure with different dosing regimens a number of assumptions 327 

have been done. First, the studies were conducted in non-infected animals and the infection 328 

may alter the drug concentration. For instance a decrease of favipiravir concentration was 329 

observed in a hamster model of arenavirus hemorrhagic fever (30). Besides, no PK sample was 330 

performed from the tissues to explore favipiravir diffusion. Second, the criterion used to 331 

propose the dosing regimens was based on the comparison between the EC50 observed in vitro 332 

and the free plasma concentration of favipiravir, which yet may not be the best marker of 333 

nucleoside analogue antiviral activity. Indeed, the active form of favipiravir is the intracellular 334 

triphosphate metabolite (31), which could present a different kinetic from the parent form, as it 335 

was observed for other nucleoside analogues in HIV infection (32). Nonetheless the half-life of 336 

the intracellular triphosphate metabolite, as estimated in human peripheral blood mononuclear 337 

cells, is equal to 2 hours (PMDA report, https://www.pmda.go.jp/files/000210319.pdf). 338 
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Although a longer value (5.6 hr) was found in influenza infected MDCK cells (33), these values 339 

are comparable to plasma favipiravir half-life that range from 2h to 6h, as found in this study 340 

and in other contexts (21). Therefore, the PK of the active intracellular metabolite is likely 341 

limited by its rate of formation and it is reasonable to assume that the antiviral activity is driven 342 

by favipiravir PK. Third, the criterion to find relevant dosing regimens was based on the pre-343 

dose drug concentrations but average or cumulative exposure may also be relevant. More 344 

generally, the exposure-response relationship cannot be anticipated and a PK-viral dynamic 345 

analysis, as proposed for in instance in mice infected with EBOV (34), will be needed to fully 346 

characterize the antiviral activity of favipiravir. In that respect, viral dynamic modeling teaches 347 

that the time of treatment initiation is critical to reduce viral levels, and that a drug affecting 348 

viral replication, such as favipiravir, will only have a very limited impact on viremia if it is 349 

administered after the peak viremia (34). Further, the duration of the treatment may also be 350 

critical as previous studies showed that EBOV-infected macaques treated with BCX4430 or 351 

ZMapp may still have detectable viremia 14 days post challenge (35, 36). Treatment duration 352 

and exposure can also in theory affect resistance emergence. Although there is no evidence so 353 

far of resistance to favipiravir in influenza or HF viruses (10, 37), the emergence of 354 

Chikungunya resistant mutants consecutive to a low-level exposure to favipiravir in cellular 355 

culture was reported (38). Therefore, it cannot be ruled out that treatment duration, in particular 356 

if drug concentration decline over time, may increase the risk of resistance emergence.  357 

To conclude, we developed a mathematical model to predict the plasma exposure to favipiravir 358 

in NHPs with various dosing regimen. This information can be used to design studies evaluating 359 

favipiravir efficacy and to characterize the dose-response relationship of favipiravir against a 360 

variety of viruses responsible for HF 361 
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Tables  511 

 512 

Table 1: In vitro favipiravir antiviral activity against several hemorrhagic fever viruses obtained by virus titer reduction assays on Vero cells. 513 

Virus Strain EC50 (µg/mL) EC90 (µg/mL) References 

MARV Leiden 6.8 11.4 (Supplementary material) 

RVFV MP-12 5 ND (17) 

JUNV Candid 1 0.79 ND (17) 

JUNV Romero 1.9 3.3 (17) 

LASV Ba366 4.6 6.8 (13) 

LASV Josiah 1.7-11.1 1.7-11.1 (15) 

CCHFV Afg-09 2990 1.1 1.2-4.7 (12) 

EBOV Mayinga 1976 10.5 17.3 (11) 

EBOV Kikwit 1995/E718 31-63 31-63 (16) 

YFV 17D 42.4 51.8 (18) 

ND: not determined     

 514 

 515 
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Table 2: Non compartmental analysis of favipiravir pharmacokinetic studies in cynomolgus macaques. Median [min-max] of each parameters 516 

were reported for the different studies. Study 1A: Non anesthetized Male Chinese Cynomolgus treated for 7 days; Study 1B: Anesthetized Female 517 

Chinese Cynomolgus treated for 14 days; Study 2A: Anesthetized Female Mauritian Cynomolgus treated for 14 days; Study 2B: Anesthetized 518 

Female Mauritian Cynomolgus treated for 7 days. BLQ data below the limit of quantification. 519 

Study 

Number 

of 

animals 

Loading dose  

(mg/kg BID) 

Maintenance 

dose  

(mg/kg BID) 

Ctrough (mg/L) 

Median (min-max) 

Cmax (mg/L) 

Median (min-max) 

Cave  (mg/L) 

Median (min-max) 

CL (L/h/kg) 

Median (min-max) 

D1 D7 D14 D1 D7 D14 D1 D7 D14 D1 D7 D14 

 1A n=3 300  150  
76.5 

 [51.2-120.0] 

97.4 

 [61.8-231.0] 
ND 

482.0 

 [472-597] 

425  

[415-593] 
ND 

244.1  

[222.2-263.2] 

240.7  

[210.6-

358.2] 

ND 

0.10  

[0.10-

0.11] 

0.05  

[0.03-0.06] 
ND 

 n=3 300  100  
58.6  

[32.9-175.0] 

24.3  

[2.8-35.5] 
ND 

520 

 [508-653] 

265.0  

[229.0-

288.0] 

ND 
223.1  

[187.9-351.3] 

110.9  

[61.1-117.8] 
ND 

0.11  

[0.07-

0.13] 

0.08  

[0.07-0.14] 
ND 

 n=3 300  60  
98.9  

[51.1-127.0] 

BLQ  

[BLQ-15.7] 
ND 

408.0  

[327.0-575.0] 

115.0  

[106.0-

165.0] 

ND 
203.5  

[189.9-309.9] 

23.6  

[18.0-73.9] 
ND 

0.12  

[0.08-

0.13] 

0.22  

[0.07-0.28] 
ND 

1B n=4 250  150  
31.2  

[0.5-99.3] 

105.6 

[68.4-178.0] 

56.8* 

[34.2-130.0] 

545.0  

[531.0-642.0] 

509.5  

[467.0-

590.0] 

470.5*  

[368.0-

506.0] 

88.4 

 [54.3-117.7] 

241.4  

[214.0-

347.6] 

194.3*  

[167.3-

283.8] 

0.25  

[0.18-

0.38] 

0.03  

[0.02-0.04] 

0.04* 

[0.03-0.05] 

 n=4 200  100  
3.3  

[0.6-5.5] 

30.9  

[17.8-52.8] 

11.6 

 [7.1-32.9] 

473.5  

[362.0-539.0] 

328.5  

[310.0-

370.0] 

289.5  

[271.0-

317.0] 

60.3  

[51.0-72.9] 

131.6  

[107.5-

159.0] 

102.2  

[85.3-133.2] 

0.28  

[0.23-

0.33] 

0.06  

[0.05-0.08] 

0.09  

[0.06-0.10] 

2A n=5 200  100  
BLQ  

[BLQ-5.8] 

9.7  

[BLQ-18.1] 

10.3 

[BLQ-37.3] 

316.2  

[227.9-378.9] 

274.8  

[133.2-

354.0] 

291.4  

[175.4-

339.2] 

40.1  

[20.9-63.0] 
ND 

47.9  

[16.9-89.9] 

0.42  

[0.26-

0.80] 

ND 
0.17  

[0.09-0.49] 

2B n=4 250  180  
10.4  

[BLQ-35.9] 

138.8  

[85.4-397.8] 
ND 

546.1 

[515.8-692.1] 

829.2  

[683.0-

898.7] 

ND ND 

368.3  

[263.3-

626.7] 

ND ND 
0.04  

[0.02-0.06] 
ND 

  n=4 250  150  
BLQ  

[BLQ-8.4] 

46.0  

[21.8-70.5] 
ND 

481.8  

[449.8-573.7] 

445.9  

[337.8-

491.9] 

ND ND 

187.1  

[150.6-

217.8] 

ND ND 
0.07  

[0.06-0.08] 
ND 

*Non-compartmental parameters calculated at day 11 due to premature dosing interruption; ND: not determined 

 520 

 521 
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Table 3: Pharmacokinetic model parameter estimates and associated relative standard errors.  522 

Fixed effect Fixed effects  

Estimates (RSE,%) 

Interindividual variability  

ω (%) (RSE, %) 

Vd  (L/kg) 0.359 (2.8%) 13.9% (14.5%) 

k (h-1) 0.0654 (6.6%) 23.4% (15.2%) 

kenz Mauritian origin(h-1) 2.85 (9.8%) 24.2% (13.0%) 

kenz Chinese origin (h-1) 1.25 (8.8%) 
 

αdeg Mauritian origin (mg-1.L) 0.179 (10.1%) 0% (fixed) 

αdeg Chinese origin (mg-1.L) 0.100 (9.5%) 
 

kout Male (h-1) 0.036 (6.4%) 0% (fixed) 

kout Female (h-1) 0.024 (6.0%) 
 

λ (h-1) 0.00155 (18.7%) 104.1% (16.3%) 

Residual error Estimation (rse)  

additive (mg/L) 2.77 (7.9%) 
 

proportional 0.155 (3.1%) 
 

 523 

 524 
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 525 

Figure 1: Individual observed pharmacokinetic profiles of favipiravir from study 1A (top left), 526 

study 1B (top right), study 2A (bottom left) and study 2B (bottom right). Study 1A: Non 527 

anesthetized Male Chinese Cynomolgus treated for 7 days; Study 1B: Anesthetized Female 528 

Chinese Cynomolgus treated for 14 days; Study 2A: Anesthetized Female Mauritian 529 

Cynomolgus treated for 14 days; Study 2B: Anesthetized Female Mauritian Cynomolgus 530 

treated for 7 days. Pharmacokinetic profile from macaques receiving maintenance dose of 60 531 

mg/kg BID are represented in blue, 100 mg/kg BID in red, 150 mg/kg BID in green and 180 532 

mg/kg BID in purple. Dashed line represents limit of quantification. 533 

 534 
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 535 

 536 

Figure 2: Strategy used to build the pharmacokinetic model (top), and final pharmacokinetic 537 

model of favipiravir in cynomolgus macaques (bottom). Parameter k is the enzyme 538 

independent elimination rate constant, kenz is the enzyme dependent elimination rate, Rin is the 539 

0-order enzyme synthesis rate, kout is the 1-order elimination rate, and αdeg is the linear effect 540 

of favipiravir concentration on enzyme elimination constant. Parameter αdeg decreased 541 

exponentially over time with a rate λ. 542 

 543 

 544 
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 545 

Figure 3: Individual observed concentrations (black dots) and model predictions (solid line) 546 

for macaques treated with various dosing regimens. Red dots indicate data under the limit of 547 

quantitation, represented with a dashed line. 548 

 549 

 550 



26 
 

 551 

Figure 4: Prediction of plasma free concentration (assuming a protein binding rate of 50%) 552 

of favipiravir in female Chinese (green) and Mauritian (red) cynomolgus, on day 1 (left 553 

panel), day 7 (middle panel) and day 14 (right panel) with various dosing regimen. Top line: 554 

200 mg/kg BID on day 1, 100 mg/kg BID on day 2-7, 120 mg/kg on day 8-14; Middle line: 555 

250 mg/kg BID on day 1, 150 mg/kg BID on day 2-7, 180 mg/kg on day 8-14; Bottom line: 556 

250 mg/kg BID on day 1, 180 mg/kg BID on day 2-14. For each profile, 1000 macaques were 557 

simulated, and median (solid line), 25th and 75th percentiles (dashed lines) were given, EC50 558 

are given in Table 1. EBOV: Ebola virus; YFV: Yellow fever virus; LAV: Lassa fever virus; 559 

MARV: Marburg virus; RVFV: Rift valley fever virus; CCHFV: Crimea-Congo hemorragic 560 

fever virus; JUNV: Junin virus 561 

 562 

 563 

 564 

 565 

 566 
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Supplementary material: 567 

Macaque handling: 568 

In studies 1A and 1B, cynomolgus macaques (Macaca fascicularis) from China were provided 569 

by Charles River Laboratories Japan, Inc., and were quarantined and acclimated for 6 weeks or 570 

more at the test facility. Macaques were kept in individual cages, with temperature range of 24 571 

– 27 °C and lightening period of 12 hours per day. Diet (pellets, high calorie liquid and fruit) 572 

was given daily, water was delivered throughout the day with automatic system. Macaques 573 

were assigned to the test groups three days before initial dosing by weight-stratified 574 

randomization. 575 

In studies 2A and 2B, cynomolgus macaques (Macaca fascicularis) from Mauritius were 576 

provided by LCL-Cynologics (Port-Louis, Mauritius), and were quarantined and acclimated for 577 

1 weeks at the test facility. Macaques were kept in individual cages, with temperature range of 578 

23 – 24°C and lightening period of 12 hours per day in study 2A and 14.5 hours per day in 579 

study 2B. Diet (pellets, fruit) was given daily, water was available throughout the day. 580 

Macaques were assigned to the test groups using body weights before initial dosing by weight-581 

stratified randomization. 582 

Safety: 583 

Several adverse events were reported consecutively to favipiravir administration in the four 584 

studies, yet none of them was considered as serious abnormality. Vomiting was the most 585 

common, systematically occurred within 4 days after treatment initiation, and was reported once 586 

in 3 animals in study 1A, once in 5 animals in study 1B, once in one animal in study 2A and 587 

once to thrice in 5 animals in study 2B. Transient absence of stool lasting 1 or 2 days, excepted 588 

for one animal (4 days), was observed in 3 animals in study 1B and 6 animals in study 2B. 589 

Stereotypies, described as intermittent backward head movements, were reported only in 590 

studies 2A and 2B, respectively in one and two animals.    591 

Food consumption had large intra and inter individual variability along the studies (Figure A1). 592 

Transient decrease of food consumption was observed in the four studies within the 3 days after 593 

treatment initiation, followed with clear rebound, excepted in the study 1B group receiving 150 594 

mg/kg BID. In this last group, food intake remains irregular after D3. After premature dosing 595 

interruption, food intake quickly increased in 3 of 4 monkeys.  596 

Median loss of weight along the experimentation were 0.10, 0.30, 0.32 and 0.27 kg in studies 597 

1A, 1B, 2A and 2B respectively. No significant difference was found between the studies 598 

(Kruskal-Wallis test, p=0.54), the levels of maintenance dose (Kruskal-Wallis test, p=0.87) and 599 

the duration of the study (Wilcoxon test, p=0.73). 600 

Median drop of hemoglobin blood level was found to 2.3, 2.3, 2 and 1.3 g/dL respectively in 601 

studies 1A, 1B, 2A and 2B. No significant difference was found between the studies (Kruskal-602 

Wallis test, p=0.75), the levels of maintenance dose (Kruskal-Wallis test, p=0.75) and the 603 

duration of the study (Wilcoxon test, p=0.12).  604 
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Considering blood chemistry parameters, moderate increase of ALT activity, biomarker of 605 

hepatocyte cytolysis was observed in the four studies, to 38, 25, 32 and 26 IU/L. No significant 606 

difference was found between the studies (Kruskal-Wallis test, p=0.16), the levels of 607 

maintenance dose (Kruskal-Wallis test, p=0.68) and the duration of the study (Wilcoxon test, 608 

p=0.21). Plasma creatinine, biomarker of renal function, had a median increase of 18.3 µmol/L 609 

in study 2A, whereas decrease was found in study 1A (-16.8 µmol/L). Changes were low in 610 

studies 1B and 2B, +8.8 and +1.5 µmol/L respectively. These interstudies discrepancies were 611 

statically significant (Kruskal-Wallis test, p=0.003). Study duration effect was found significant 612 

(Wilcoxon test, p=0.013), pointing out a possible time related impact of favipiravir 613 

administration on renal function. Yet, the clinical impact of the observed increase remains 614 

moderate, and the statistical effect is strengthened by the creatinine decrease in study 1A. No 615 

other clinically relevant changes of blood chemistry parameters were reported. 616 

No abnormalities were noticed in animal necropsies in studies 1B, 2A and 2B. 617 

 618 

 619 

 620 

 Figure A1: Food consumption evolution over study periods. Top left study 1B, light green lines 621 

100 mg/kg group, dark green lines 150 mg/kg group, vertical red dashed line dosing interruption 622 

for 150 mg/kg. Top right study 1A, light blue lines 60 mg/kg group, blue lines 100 mg/kg group, 623 
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dark blue lines 150 mg/kg group. Bottom left study 2A, red lines 100 mg/kg group. Bottom 624 

right study 2B, magenta lines 150 mg/kg group, purple lines 180 mg/kg group. Bold solid line 625 

in each plot represent group median. 626 

 627 

Figure A2: Clinical and biological parameters changes from baseline to end of studies. Green 628 

Chinese cynomolgus macaques, red Mauritian cynomolgus macaques. 629 

 630 

 631 

 632 

Non compartmental analysis of favipiravir concentrations: 633 
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The maximal concentrations, Cmax was measured 5 min after the end of the infusion and the 634 

residual concentrations, Ctrough, was measured just before the beginning of the second infusion 635 

of the day. We considered steady state was reached at day 6. The terminal half-lives (HL) were 636 

approximated by linear regression of logarithm concentrations of the 3 final points before new 637 

administration. Areas under curve (AUC) were computed using trapezoidal method with natural 638 

concentrations. We computed AUC0-12h for the first dose on day 1 and last doses on day 7-14, 639 

and AUC extrapolated to infinity (AUCinf) on day 1, equal to 𝐴𝑈𝐶012 +
𝐻𝐿×𝐶12ℎ

ln(2)
.  The average 640 

concentrations, Cave, were calculated as AUC0-12h/12. Non compartmental clearance, CL, on 641 

day 1 and days 7-14 were calculated as CL = Dose/AUCinf and CL = Dose/AUC0-12h, 642 

respectively. Data below the limit of quantification were set at the limit of quantification value 643 

for the non-compartmental analysis. The analysis was performed using R software version 644 

3.1.2. 645 

 646 

Analysis Methods and cross validation of favipiravir concentration assay: 647 

Methods: 648 

Blood samples of 0.8-1.5 mL were collected in cynomolgus macaques on EDTA K2 tubes for 649 

each time point, and centrifuged in the hour following the sampling. 650 

Analytical methods for Japanese and French studies were performed separately. Favipiravir 651 

plasma concentrations from studies 1 were assayed using reference method developed by 652 

Toyama Chemicals, Japan, called method A below, consisting in high performance liquid 653 

chromatography (HPLC) associated to UV detection (Shimadzu 10A coupled to SPD-10A, 654 

Shimadzu Corporation). The limit of quantitation of the method was 0.1 mg/L. Samples from 655 

studies 2 were assayed by Eurofin/ADME Bioanalyses, Strasbourg, France, using HPLC 656 

(Kromasil C18) coupled to tandem mass spectrometry detection (API4000), designed as 657 

method B, with a limit of quantitation of 5 mg/L. 658 

In order to allow comparison of Chinese and Mauritian cynomolgus macaques, assessment of 659 

reproducibility of favipiravir plasma concentration analytical process was evaluated in a cross 660 

validation study. Fifteen samples of cynomolgus macaques from study 2A, 9 peaks and 6 661 

residuals, were blindly assayed by the two laboratories. Assessment of the agreement of the two 662 

analytical processes was performed using method B concentrations vs method A concentrations 663 
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plot, differences against method A concentrations plot, and computing absolute error and 664 

relative error for each sample, as:  665 

Error = Method B concentration – Method A concentration 666 

Relative error = (Method B concentration – Method A concentration)/ Method A concentration 667 

Mean, median, maximum, minimum and standard deviation of errors and relative errors were 668 

calculated. Bias and relative bias were defined as mean of error and relative error, respectively. 669 

Data below the limit of quantitation (LOQ) of Reaction’s analytical process (5 mg/L) were 670 

excluded from the analysis and reported separately. 671 

Results: 672 

N=13 
error 

(mg/L) 

relative 

error 

mean -5.48 -1.1% 

sd 15.59 10.1% 

min -35.16 -15.1% 

max 26.35 19.8% 

median -3.60 -3.9% 

 673 

Agreement between the two assays was stated by the cross validation study.  Method B slightly 674 

under-predicts peak concentrations of favipiravir, and over predicts residual concentrations 675 

(Figures A3 and A4). However, only two absolute relative errors were higher than 15%, one is 676 

positive and the second negative, and the relative bias was computed to -1.1%, so is quite low. 677 

Two residual concentrations were found under the LOQ (5 mg/L) by method B, and these 678 

samples were assayed to 2.22 and 2.62 mg/L by method A, showing good agreement for the 679 

lowest concentrations. 680 
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 681 

Figure A3: Favipiravir natural concentrations assayed by method B plotted vs ones assayed by 682 

method A. Red dots are peak concentrations, blue ones are residual concentrations. 683 

 684 

Figure A4: Error and relative errors of favipiravir concentrations plotted versus method A 685 

concentrations. Red dots are peak concentrations, blue ones are residual concentrations. 686 
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Favipiravir in vitro EC50 assessment for Marburg virus 687 

Because it was not reported in the literature, an experiment was performed to determine the 688 

EC50 of favipiravir against Marburg virus in the biosafety level 4 (BSL-4) laboratory at the 689 

Bernhard Nocht Institute for Tropical Medicine in Hamburg. Methodology was previously 690 

described in (12, 13). In brief, Vero E6 cells (4 x 104 cells per well) were inoculated with MARV 691 

strain Leiden (2) with a multiplicity of infection of 0.01 and drug was added 1 h post infection. 692 

Concentration in cell culture supernatant of infectious virus particles was measured 5 days post 693 

infection by real time PCR. The concentrations that reduced the virus titer by 50% and 90% 694 

(EC50 and EC90, respectively) were calculated from dose– response curves by nonlinear 695 

regression. 696 

 697 

 698 
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Table A1: Model prediction of favipiravir plasmatic total concentration profiles in female Chinese and Mauritian cynomolgus, on day 1, day 7 699 

and day 14 after treatment initiation. Five thousand individual profiles were simulated for each scenario, and median, 5th and 95th percentiles 700 

were reported. 701 

Origin Dosing (mg/kg BID) Ctrough(mg/L) Cmax (mg/L) Cave (mg/L) 

 D1 D2-D7 D8-D14 D1 D7 D14 D1 D7 D14 D1 D7 D14 

Mauritian 200 60 60 
0.0  

[0.0-43.0] 

0.0  

[0.0 - 3.6] 

0.0  

[0.0 - 0.6] 

413.0  

[308.8 - 531.8] 

142.4  

[107.0  - 183.2] 

136.0  

[101.6  - 176.4] 

30.6  

[13.6  - 136.8] 

12.8  

[5.4  - 46.8] 

9.0  

[4.2 - 31.8] 

Mauritian 100 100 100 
0.0 

 [0.0-0.0] 

3.4  

[0.0 - 72.6] 

0.0  

[0.0 - 50.0] 

200.8  

[154.8 - 247.8] 

265.4  

[193.4 - 374.8] 

246.4  

[182.6 - 345.8] 

9.8  

[6.0 - 16.8] 

67.2  

[12.6 - 184.6] 

33.0  

[0.0 - 157.0] 

Mauritian 200 100 100 
0.0  

[0.0 - 43.0] 

3.0  

[0.0 - 71.6] 

0.0  

[0.0 - 49.8] 

413.0  

[308.8 - 531.8] 

264.2  

[194.2 - 371.8] 

246.4  

[0.0 - 345.8] 

30.6  

[13.6 - 136.8] 

67.6  

[13.2 - 184.8] 

33.0  

[8.2 - 157.0] 

Mauritian 200 100 120 
0.0  

[0.0 - 43.0] 

3.0  

[0.0 - 71.6] 

1.6  

[0.0 - 97.8] 

413.0  

[308.8 - 531.8] 

264.2  

[194.2 - 371.8] 

306.8  

[227.4 - 479.0] 

30.6  

[13.6 - 136.8] 

67.6  

[13.2 - 184.8] 

59.8  

[11.0 - 244.0] 

Mauritian 200 100 150 
0.0  

[0.0 - 43.0] 

3.0  

[0.0 - 71.6] 

15.6  

[0.0 - 199.0] 

413.0  

[308.8 - 531.8] 

264.2  

[194.2 - 371.8] 

406.8  

[291.2 - 689.8] 

30.6  

[13.6 - 136.8] 

67.6  

[13.2 - 184.8] 

125.0  

[15.2 - 393.6] 

Mauritian 250 130 130 

0.2 

[0.0 - 

102.6] 

31.0  

[0.0 - 165.8] 

4.6  

[0.0 - 127.4] 

520.4  

[389.6 - 670.4] 

379.0  

[265.2 - 559.8] 

339.0  

[245.0 - 518.2] 

53.4  

[19.0 - 237.2] 

149.2  

[25.6 - 330.2] 

81.8  

[12.2 - 287.2] 

Mauritian 150 150 150 
0.0  

[0.0 - 0.2] 

60.2  

[0.0 - 225.3] 

16.8  

[0.0 - 188.8] 

304.0  

[233.8 - 375.2] 

459.3  

[317.8 - 686.7] 

408.8  

[287.6 - 640.8] 

17.2  

[9.8 - 33.8] 

215.0  

[39.3 - 423.0] 

132.0  

[15.2 - 380.4] 

Mauritian 250 150 150 

0.2  

[0.0 - 

102.6] 

60.6  

[0.0 - 225.4] 

16.8  

[0.0 - 188.8] 

520.4  

[389.6 - 670.4] 

459.6  

[318.0 - 689.0] 

408.8  

[287.6 - 641.0] 

53.4  

[19.0 - 237.2] 

215.0  

[39.4 - 423.2] 

132.0  

[15.2 - 380.4] 

Mauritian 250 150 180 

0.2  

[0.0 - 

102.6] 

60.6  

[0.0 - 225.4] 

52.0 

 [0.0 - 275.6] 

520.4  

[389.6 - 670.4] 

459.6  

[318.0 - 689.0] 

523.0  

[353.2 - 841.0] 

53.4  

[19.0 - 237.2] 

215.0  

[39.4 - 423.2] 

219.8  

[20.0 - 524.0] 

Mauritian 250 180 180 

0.2  

[0.0 - 

102.6] 

117.8  

[0.6 - 318.0] 

52.2  

[0.0 - 275.6] 

520.4  

[389.6 - 670.4] 

597.8  

[395.6 - 878.6] 

523.0  

[353.2 - 841.0] 

53.4  

[19.0 - 237.2] 

312.2  

[76.0 - 571.0] 

219.8  

[20.0 - 524.0] 

Chinese 200 60 60 
4.0  

[0.0 - 88.2] 

1.2  

[0.0 - 26.8] 

0.2 

 [0.0 - 14.8] 

482.6  

[375.6 - 605.0] 

160.0  

[121.0 - 208.6] 

154.4  

[118.4 - 197.8] 

76.4  

[33.4 - 205.8] 

33.4  

[13.2 - 88.4] 

23.0  

[9.8 - 71.2] 

Chinese 100 100 100 
0.0  

[0.0 - 0.8] 

33.4  

[0.2 - 130.4] 

9.4  

[0.0 - 107.2] 

237.4  

[185.6 - 289.4] 

302.2  

[216.2 - 434.8] 

277.8  

[206.4 - 407.2] 

22.8  

[13.8 - 38.6] 

123.8  

[33.4 - 254.0] 

78.8  

[20.2 - 226.0] 

Chinese 200 100 100 
4.0  

[0.0 - 88.2] 

34.4  

[0.2 - 131.8] 

9.4  

[0.0 - 107.4] 

482.6  

[375.6 - 605.0] 

302.6  

[216.2 - 435.0] 

277.8  

[206.4 - 407.2] 

76.4  

[33.4 - 205.8] 

124.0  

[34.0 - 255.6] 

78.8  

[20.2 - 226.0] 

Chinese 200 100 120 
4.0  

[0.0 - 88.2] 

34.4  

[0.2 - 131.8] 

24.6  

[0.0 - 175.6] 

482.6  

[375.6 - 605.0] 

302.6  

[216.2 - 435.0] 

347.2  

[263.2 - 558.6] 

76.4  

[33.4 - 205.8] 

124.0  

[34.0 - 255.6] 

119.2  

[26.2 - 324.4] 

Chinese 200 100 150 
4.0  

[0.0 - 88.2] 

34.4  

[0.2 - 131.8] 

63.2  

[0.0 - 296.2] 

482.6  

[375.6 - 605.0] 

302.6  

[216.2 - 435.0] 

466.6  

[340.0 - 753.2] 

76.4  

[33.4 - 205.8] 

124.0  

[34.0 - 255.6] 

211.2  

[37.8 - 475.6] 
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Chinese 250 130 130 

21.2  

[0.0 - 

158.6] 

86.8  

[2.8 - 223.4] 

39.2  

[0.0 - 188.8] 

604.4  

[470.0 - 758.6] 

434.0  

[300.6 - 628.6] 

387.4  

[280.0 - 597.4] 

128.2  

[48.0 - 306.2] 

216.0  

[64.4 - 394.4] 

152.4  

[28.8 - 368.4] 

Chinese 150 150 150 
0.2  

[0.0 - 9.2] 

123.4  

[8.6 - 289.4] 

67.2 

 [0.0 - 255.8] 

356.8  

[278.8 - 435.4] 

527.2  

[359.2 - 756.6] 

464.4  

[327.8 - 718.8] 

41.4  

[23.0 - 78.4] 

284.0  

[93.2 - 493.2] 

214.2  

[38.0 - 455.4] 

Chinese 250 150 150 

21.2  

[0.0 - 

158.6] 

123.6  

[8.8 - 290.2] 

67.2  

[0.0 - 255.8] 

604.4  

[470.0 - 758.6] 

527.4  

[359.4 - 758.6] 

464.4  

[328.0 - 719.0] 

128.2  

[48.0 - 306.2] 

284.2  

[93.4 - 493.4] 

214.2  

[38.0 - 455.4] 

Chinese 250 150 180 

21.2  

[0.0 - 

158.6] 

123.6  

[8.8 - 290.2] 

119.4  

[0.0 - 360.8] 

604.4  

[470.0 - 758.6] 

527.4  

[359.4 - 758.6] 

593.6  

[405.0 - 904.8] 

128.2  

[48.0 - 306.2] 

284.2  

[93.4 - 493.4] 

305.4  

[50.2 - 598.8] 

Chinese 250 180 180 

21.2  

[0.0 - 

158.6] 

187.6  

[21.0 - 396.4] 

119.4  

[0.0 - 360.8] 

604.4  

[470.0 - 758.6] 

670.6  

[454.4 - 958.2] 

593.6  

[405.0 - 904.8] 

128.2  

[48.0 - 306.2] 

383.6  

[145.6 - 639.0] 

305.4  

[50.4 - 598.8] 

 702 

 703 

Table A2: Proportions of macaques with predicted plasmatic free trough concentration below the HF viruses EC50s, on day 1, day 7 and day 14 704 

after treatment initiation. Five thousand individual profiles were simulated for each scenario. 705 

 706 

 707 

 708 

Origin 
Dosing (mg/kg 

BID) 
CCHFV, JUNV LAV EBOV 

 D1 
D2-

D14 
 D1 D7 D14 D1 D7 D14 D1 D7 D14 

Mauriti

an 
250 150  67.7% 12.1% 36.2% 88.9% 26.6% 51.1% 99.4% 67.3% 82.1% 

Mauriti

an 
250 180  67.7% 6.0% 25.1% 88.9% 14.6% 39.2% 99.4% 42.4% 65.2% 

Chinese 200 100  44.3% 12.0% 35.0% 80.7% 37.7% 60.8% 99.6% 89.7% 94.2% 

Chinese 250 150  19.7% 2.6% 14.9% 51.5% 9.5% 28.3% 94.9% 40.3% 61.8% 
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 709 

 710 

 711 

Figure A5A 712 

 713 
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 714 

 715 

 716 

 717 

Figure A5B 718 
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 719 

 720 

 721 

 722 

Figure A5C 723 
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 724 

Figure A5D 725 

Figure A5: Individual fits obtained with the enzyme inhibition pharmacokinetic model for study 1A (A), study 2A (B), study 1B (C) and study 726 

2B (D). Loading dose on day 1 and maintenance dose are annotated for each cynomolgus macaque. Dots represent observations, solid line model 727 

predictions. Red dots stand for observation below the limit of quantitation. 728 
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 729 

 730 

 731 

 732 

Figure A6: Observations vs population (left) and individual (right) predictions of final PK 733 

model. Red dots correspond to residuals of observations below the limit of quantitation. 734 

 735 

 736 

Figure A7: Individual weighted residuals (left) and npde (right) plotted vs time (top line) and 737 

vs individual predictions (bottom line) of final PK model. Red dots correspond to residuals of 738 

observations below the limit of quantitation. 739 

 740 
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 741 

Figure A8: Visual predictive checks of the final PK model, stratified on maintenance doses. 742 

 743 

 744 


