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MODEL OF PK STIMULATING IP-10 & ISG15

Population Pharmacokinetics/Pharmacodynamics of a Toll-Like-Receptor 7 
(TLR7) Agonist that Induces IP-10 and ISG15 in Cynomolgus Monkeys

BACKGROUND
• TLR7 agonists stimulate the innate immunity by inducing cytokines and

interferon-stimulated genes (ISGs) to trigger an antiviral or antitumor effect [1-2].

• OBJECTIVES: To develop a pharmacokinetic/pharmacodynamic (PK/PD) model
for an oral, small molecule TLR7 agonist that characterizes its plasma
exposures and type I interferon (IFN)-dependent innate immune response in
healthy cynomolgus monkeys. To this purpose, two PD biomarkers were
considered: IFN-γ-inducible protein 10 (IP-10) and IFN-stimulated gene 15
(ISG15).

RESULTS

CONCLUSIONS

Presented at the Population Approach Group in Europe (PAGE) 27th Meeting, 29 May – 1 June 2018, Montreux, Switzerland

METHODS

REFERENCES

Estimate 
(%RSE)

IIV %CV 
(%RSE, shr)

CL/F (L/h) 22.6 (32.6) 10.4 (59.8, 70.5)

CLd/F (L/h) 71 (35.4)

Vp/F (L) 133 (31.4)

ktr (1/h) 2.68 (6.57) 33.9 (12.2, 17.9)

RmaxA (ng) 4000 (31.5) 47.6 (11.5, 15.1)

KSSA (ng) 679 (33.6)

kint (1/h) 14.1 (55.0)

CLd2 (L/h) 25.1 (34.8)

Vp2 (L/h) 680 (32.8)

Female on ktr 1.4 (8.0)

RUV 0.680 (4.59)

RUV: residual unexplained variability, modeled as additive normal error on the log
scale; IIV: inter-individual variability, calculated as sqrt(exp(OMEGA)-1) [7]; RSE:
Relative Standard Error, calculated as SE/estimate*100; for IIV calculated as
(SE/variance estimate)/2*100; shr: shrinkage

• A novel semi-mechanistic population PK/PD model has been developed for a
small molecule TLR7 agonist in cynomolgus monkeys.

• Inclusion of saturable pre-systemic elimination adequately captured the greater-
than-dose-proportional pharmacokinetics. This process is likely associated with
TLR7 engagement in the gut-associated lymphoid tissues and liver [8]. PK is
time-invariant and relative bioavailability was higher in female monkeys.

• Stimulation of innate immune response, as measured by the induction of ISGs
(IP-10 and ISG15), was adequately described using an indirect response model
type III, a slope/power stimulation function, and signal transduction using transit
compartments. Higher doses are needed to characterize the expected
physiological saturation of the effect.

Study No. Dose (mg/kg) N Nveh Data

2014 0.15, 0.5, 1.5 sd 18 - PK

2015 0.6, 3, 15 sd 18 - PK

2016.1 0.05, 0.1, 0.15, 0.6 sd 12 3 PK, ISG15, IP-10

2016.2 0.1, 0.6 sd 18 2 PK, ISG15, IP-10

2017.1 0.1, 0.6 biw 6 3 PK, ISG15, IP-10

2017.2 0.1, 0.6 qw 6 - PK, ISG15, IP-10

112478 0.3, 1, 3 e3d; 3, 4.5 qw 48 - PK
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Estimate 
(%RSE)

IIV %CV 
(%RSE, shr)

TDE (h) 10.1 (8.54) 20.2 (25.5, 59.1) 8.7 (10.6) 27.1 (18.3, 50.0)

kout (1/h) 0.328 (10.7) 0.122 (12.5)

Slope 122 (46.4) 219 (27.9, 34.8) 2230 (21.3) 155 (19.7, 25.9)

 1.62 (5.92) 1.55 (3.14)

Baseline 124 (5.24) 31.8 (12.5, 14.3) 62.8 (8.33) 38.0 (20.0, 30.3)

RUV 0.422 (6.52) 1.12 (5.28)

Plasma PK IP-10 ISG15

sd: single dose; biw: twice weekly; e3d: every 3 days; qw: once weekly; veh: vehicle

Table 1. Cynomolgus Monkey Study Design

Table 2. Model Parameter Estimates

Power ST

Figure 1. PK/PD Model Structure

Figure 5. Relative Bioavailability vs Dose

Figure 2. Visual Predictive Check of the Plasma PK Model

PK: A 3-compartment model with saturable pre-systemic elimination, modeled using quasi-
steady-state approximation of target-mediated drug disposition model (TMDD) [5], and transit
absorption using 3 compartments.

IP-10 and ISG15: An indirect response model type III [6], with plasma concentration (Cp)
stimulating production rate kin, and signal transduction using 3 transit compartments, where
the mean delay time is denoted as TDE. Power and Emax stimulation function were tested.
However, Emax models did not result in a statistically significant better fit.

• Relative bioavailability, defined as cumulative fraction of dose entering the systemic
circulation, are plotted in Figure 5. The PK of TLR7 is approximately dose proportional below
2 mg and greater-than-dose-proportional above 2 mg. In addition, female has higher relative
bioavailability compared to male. Points are derived based on individual monkey parameter
estimates (N=126). Lines are median and shaded areas are 5th-95th percentiles of
simulations (n=100).

• Mean (95%CI) drug effect on ISG15 (black) and IP-10 (blue) production rates, defined as
BL·kout·(1+Slope·Cp

), are presented in Figure 6 for a typical subject. Whole blood ISG15
production is increased already at lower drug plasma concentration levels compared to
plasma IP-10.

• Nonlinear mixed-effects modeling and simulations were performed in NONMEM V7.4.1
ADVAN6 [3].

• Observations below the lower limit of quantification were accounted for by using the M3
method [4].

• IP-10 and ISG15 were modeled sequentially based on individual PK estimates.

• Model selection was guided by the objective function value, diagnostic plots, standard error
of parameters, evaluation of condition number, shrinkage, and visual predictive checks.

• Data consisted of 1714 plasma
PK measured using LC/MS/MS
(N=126), 773 plasma IP-10
levels measured using ELISA,
and 773 whole blood ISG15
microarray data (N=50).

• Body weights (range 2.2 to 6 kg)
were multiplied by the mg/kg
dose to get the total dose.

• IP-10 and ISG15 time profiles were adequately described by the power function models.
ISG15 model showed overestimation at 0.6 mg/kg BIW because the drug clearance and
baseline ISG15 for the monkeys in this group (N=3) were low compared to the others.

Figure 3. Prediction-Corrected Visual Predictive Check of the Plasma PK Model
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Plots are paneled by study, dose and day.
Observations (black open circles) are overlaid with
median (red), 5th and 95th percentiles (purple) of
simulations (n=100).

Figure 4. Visual Predictive Check of the IP-10 and ISG15 Model
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Observations (black open circles) are overlaid with median (red), 5th and 95th percentiles (purple) of simulations (n=1000). 

Figure 6. Drug Effect vs Concentration

Plasma Concentration (ng/mL)
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Solid red lines are the median and dashed red lines are the 5th and 95th percentiles of observed data. Shaded regions are 95% confidence
intervals for the median, 5th and 95th percentiles of the model predictions (n=100).
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