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Worldwide prevalence of Zika virus (ZIKV) infection 

• Serious and long-term health consequences associated with 

infection, especially during pregnancy, where devastating 

birth defects such as microcephaly, brain damage, and fetal 

loss have been reported.

• Neurological complications have also been linked to ZIKV 

infection in adults



• What is the minimal effective dose of a drug and how often do we need to give that drug to 

maximize viral suppression and prevent resistance.

• Antiviral therapies for ZIKV do not exist.

• Drug repurposing strategy: New use for existing drug(s).

• Safety and Pharmacokinetics (including drug metabolism) profiles are defined

• Formulation and bulk manufacturing process are complete

Development of therapy against  ZIKV infection

Focused on Antiviral Agents with Broad-Spectrum Activity

Ribavirin Interferon-a Favipiravir



Research design
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Monotherapy results

Favipiravir Interferon-alpha

RibavirinFAV and RBV 

suppressed the 

production of infections 

ZIKV

Cytostatic

Continued suppression 

was achieved 

at 10,000 IU/mL of IFN



Combination therapy results

FAV+IFN combotherapy FAV+RBV combotherapy RBV+IFN combotherapy



Mechanism-based pharmacodynamic modeling
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Mechanism-based pharmacodynamic modeling

kinfect: Infection of host cells

kdeath: Infected cell death

kcytotox: Cytotoxicity of RBV

ksyn: Intracellular virus synthesis

ktr: Virus maturation and replication

kloss: Loss of extracellular virus
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Mechanism-based pharmacodynamic modeling

INTERACTION FACTOR: PSI = 1.73 (ANTAGONISM)

Chakraborty, Abhijit, and William J. Jusko. "Pharmacodynamic Interaction of Recombinant Human 

Interleukin-10 and Prednisolone Using in vitro Whole Blood Lymphocyte Proliferation." Journal of 

Pharmaceutical Sciences 91, no. 5 (2002): 1334-342. doi:10.1002/jps.3000.

Antagonism explained by 

(1) Competition target occupancy. And RBV crowd out FAV, 

resulting in incomplete inhibition (Imax = 0.92)

(2) Interaction factor, PSI > 1

Competitive interaction model



Mechanism-based pharmacodynamic modeling
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Favipiravir

T705_Report on the Deliberation Results (2014)
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1600 mg BID on Day 1, 400 mg BID on Day 2 to 6

1200 mg BID on Day 1, 600 mg BID on Day 2 to 6

Single dose study

Multiple dose study

Saturated elimination/Auto inhibition

Pharmacokinetic modeling



Favipiravir
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(INH)
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Pharmacokinetic modeling



Observed vs. fitted plasma concentration-time profiles (Auto inhibition model)

1600 mg BID for day 1 and 400 mg BID for day 2-6 (cohort 1) 1200 mg BID for day 1 and 600 mg BID for day 2-6 (cohort 2)
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Predicted plasma concentration-time profiles (Auto inhibition model)

Target concentration: 165, 85, 35 μg/mL

BID

Loading dose: 2100 mg (2 days)

Maintenance dose: 1400 mg

MW 157.1 157.1 157.1

Target conc. 500 300 100 μM

Protein binding 0.53 0.53 0.53

Plasma conc. 167.13 83.56 33.43 μg/mL

TID (interval: 8 h)

Loading dose: 2300 mg (1 day)

Maintenance dose: 950 mg
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Predicted plasma concentration-time profiles (Auto inhibition model)

Target concentration: 165, 85, 35 μg/mL

Favipiravir

Target (free, μM) Target (total, μg/mL) Regimen Loading Maintenance Cavg (μg/mL)

500 167.128 TID 2300 950 167.77

250 83.564 TID 1300 550 80.22

100 33.426 TID 600 350 32.36

50 16.713 TID 400 250 15.44

Time (h)

F
A

V
_
to

ta
l_

u
g

m
L

Time (h)

F
A

V
_
to

ta
l_

u
g

m
L

Time (h)

F
A

V
_
to

ta
l_

u
g

m
L

Time (h)
F

A
V

_
to

ta
l_

u
g

m
L

Loading: 2300 mg

Maintenance: 950 mg

Cav: 167.7 µg/mL

Loading: 1300 mg

Maintenance: 550 mg

Cav: 80.22 µg/mL

Loading: 600 mg

Maintenance: 350 mg

Cav: 32.36 µg/mL

Loading: 400 mg

Maintenance: 250 mg

Cav: 15.44 µg/mL



Interferon alpha-2a

Central

CL

Muscle
ka

Group t1/2 (h) Tmax (h) Cmax (IU/mL) AUCall (IU.h/mL) AUCinf (IU.h/mL) Vz/F (L) CL/F (mL/min)

3 11.6 3.0 22.6 405.7 437.5 114.9 114.3

9 7.0 2.0 48.5 895.3 905.3 100.0 165.7

36 5.3 8.0 151.6 2806.2 2813.9 97.9 213.2

72 7.3 8.0 270.9 6092.7 6179.3 123.0 194.2

108 10.4 8.0 431.0 7231.3 7528.0 215.0 239.1

198 7.9 3.0 1168.3 20681.4 21048.3 106.9 156.8

Pharmacokinetic modeling



Observed vs. fitted serum concentration-time profiles
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Predicted plasma concentration-time profiles

Target plasma concentration: 100-1,000 IU/mL

36 million IU, twice a day (IM injection)

Interferon alpha-2a
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150 million IU, twice a day (IM injection)

The pharmacokinetics of interferon alfa-2a after single intramuscular doses to patients with disseminated cancer 

and chronic hepatitis B were similar to those found in healthy volunteers. Dose-proportional increases in serum 

concentrations were observed after single doses up to 198 million IU. There were no changes in the distribution 

or elimination of interferon alfa-2a during twice daily (0.5-36 million IU), once daily (1-54 million IU), or three 

times weekly (1-136 million IU) dosing regimens up to 28 days of dosing.



Target (IU/mL) Regimen Loading Maintenance Cavg (IU/mL)

1000 BID 140 million IU 140 million IU 1017

500 BID 70 million IU 70 million IU 508.5

200 BID 28 million IU 28 million IU 203.4

50 BID 7 million IU 7 million IU 50.9

Predicted serum concentration-time profiles

Target plasma concentration: 100-1,000 IU/mL

Interferon alpha-2a

Time (h)

S
e
ru

m
 I

F
N

a
-2

a
 c

o
n

c
. 

(I
U

/m
L

)

Time (h)

S
e
ru

m
 I

F
N

a
-2

a
 c

o
n

c
. 

(I
U

/m
L

)

Time (h)

S
e
ru

m
 I

F
N

a
-2

a
 c

o
n

c
. 

(I
U

/m
L

)

Time (h)

S
e
ru

m
 I

F
N

a
-2

a
 c

o
n

c
. 

(I
U

/m
L

)

Loading: 140 million IU

Maintenance: 140 million IU

Cav: 1017 IU/mL

Loading: 70 million IU

Maintenance: 70 million IU

Cav: 508.5 IU/mL

Loading: 28 million IU

Maintenance: 28 million IU

Cav: 203.4 IU/mL

Loading: 7 million IU

Maintenance: 7 million IU

Cav: 50.9IU/mL



Combination therapy results



PK/PD modeling
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Prediction of anti-viral effect in humans

Time (h)
FAV Dose (mg)

High Middle Low

0 2400 1800 1800

8 2400 1800 -

12 - - 1800

16 1800 1800 -

24 (BID) 1200 900 800

Clinically relevant FAV and 

IFN combination

regimens have great 

potential as a treatment 

strategy for ZIKV infections



Summary

Worldwide prevalence of Zika virus (ZIKV) infection 

• Serious and long-term health consequences associated with 

infection, especially during pregnancy, where devastating 

birth defects such as microcephaly, brain damage, and fetal 

loss have been reported.

• Neurological complications have also been linked to ZIKV 

infection in adults

Research design
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Combination therapy results

FAV+IFN combotherapy FAV+RBV combotherapy RBV+IFN combotherapy

PK/PD modeling
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Pharmacokinetic modeling Prediction of anti-viral effect in humans

Time (h)
FAV Dose (mg)

High Middle Low

0 2400 1800 1800

8 2400 1800 -

12 - - 1800

16 1800 1800 -

24 (BID) 1200 900 800

Clinically relevant FAV and 

IFN combination

regimens have great 

potential as a treatment 

strategy for ZIKV infections
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