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Background and Aim

The sodium-potassium chloride cotransporter (NKCC1) has been implicated in the control of neuronal
excitability with evidence for increased transporter activity in several pathological conditions. In particular, it
plays a crucial role in regulating CI- homeostasis and GABAergic transmission in neurons.
IAMA-6 is a small molecule, selective inhibitor of the NKCC1, showing encouraging both in vitro and in vivo
proof-of-concept results in idiopathic autism and Down syndrome.

In this work, a stepwise methodology was applied to extrapolate IAMA-6 human expected exposure levels
to support starting dose selection for First In Human (FIH) trial, integrating population (popPK) and
physiologically-based (PBPK) pharmacokinetic modelling strategies.

Fig. 1 Example of a rat individual
concentration profile.

Dataset

Data coming from 13 in vivo studies of three preclinical species (i.e.
rat, mouse, and dog) treated with single or repeat dose of IAMA-6 2o
given either orally (PO) with solutions, suspension or nhanosuspension “
formulation, Iintravenously (IV) or Intraperitoneally (IP) were
considered. Different doses were tested, ranging from 1 to 300 mg/kg.
Brain concentration data were also collected for mouse species.
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Multiple peaks were observed in the individual concentration time curves of different species (Fig.1),

potentially due to compound precipitation or the presence of enterohepatic circulation (EHC).
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Methods

PopPK models

For each preclinical species, PO, IV and IP raw data collected in the different studies were pooled together to
build up the popPK models to characterize subjects PK profile and assess the bioavailability of the
administration routes. PopPK models were developed by using nonlinear mixed effects (MonolixSuite ™),
Including the interindividual variability term on some parameters to explain inter-subject differences.
Competing models were compared using the Bayesian Information Criterion Corrected (BICc).

PBPK model

A mechanistic PBPK model was built with GastroPlus® combining in silico predicted data (ADMET Predictor)
with in vitro and in vivo measured data. Renal clearance (CL) was predicted by multiplying plasma fraction
unbound for glomerular filtration. Hepatic CL was estimated by subtracting renal CL to the experimental total
CL. All other parameters were set as default. Tissue distribution (Kp) was defined using the Lukacova
(RodgersSingle) model.

Human dose prediction

A multispecies allometric scaling was applied to the PK parameters derived from popPK models to predict
human drug distribution and elimination, by correcting for the protein binding difference across species and
assuming a human body weight of 70 kg [1].

Two different human PK models were implemented via either GastroPlus® (PBPK model) and
(popPK model) to properly characterize the absorption process and to simulate different scenarios in humans
at different doses to support FIH dose selection. For the PBPK model, human predictions were made by
using the same assumptions used for the preclinical species and the allometrically scaled CL.

The predicted total exposure, i.e. the Area Under the Curve between 0 and 24 hours after dosing (AUC24), of
the simulated population were compared to the safety threshold derived applying a 20-fold safety margin to
rats’ No Observed Adverse Effect Level (NOAEL) exposure [2]; the maximum dose for which at least 75% of
the simulated population has the exposure below the threshold was selected as the human recommended
starting dose.

Fig. 2 Human PK prediction Workflow
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Results

PopPK models

Developed popPK models considered various absorption models to account for the observed heterogeneous
absorption process across species (Fig.3, Fig.4, Fig.5 and Tab.1, Tab.2, Tab.3, respectively). A simple first
order process well captures mouse data, while for rat and dog models a double first order absorption model
with a lag time in the onset of the second process was adopted to describe the individual PK curves, where
multiple peaks appear. With regards to the distribution and disposition processes, a two compartmental
model with linear elimination was adequate in each species. Overall, popPK models shown good capability in
describing the PK profiles and precise estimated parameters (Relative Standard Error <50%) were obtained.

Fig. 3 Rat model results. A: schematic representation of Tab. 1 Parameters estimates of the rat model.
the structural model; B: Goodness of Fit (GoF) plot of

plasma individual predictions (Log scale). Parameter Estimate (CV%) SE RSE (%)
Fixed Effects
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Individual predictions (ng/mL) The parameter b is the proportional component of the residual error of the model.

Fig. 4 Dog model results. A: schematic representation Tab. 2 Parameters estimates of the dog model.
of the structural model; B: GoF plot of plasma individual

predictions (Log scale). Parameter Estimate (CV%) SE RSE (%)
" Fixed Effects
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Individual predictions (ng/mL) The parameter b is the proportional component of the residual error of the model.

Fig. 5 Mouse model results. A: schematic representation Tab. 3 Parameters estimates of the mouse model.
of the structural model; B: GoF plot of plasma individual

predictions (Log scale). i?;i?eéi;ects Estimate (CV%) SE RSE (%)
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g . V2 0.91 (113.67%) 0.18 19.7
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RSE: Percentage of relative standard error (100%-SE/Estimate).
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Fig. 6 PBPK model results considering EHC contribution as
simulated (continuous line) and observed (empty squares and

The PBPK model well predicted all bars) Cp profiles. Fig 6A reports rat PO; Fig 6.B reports dog PO.
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Human dose prediction

Tab. 4 Human predicted parameters through allometric scaling

Parameter CL (L/h) V1 (L) V2 (L) Q (L/h) TY% (h)
Human value 32.95 31.89 18.24 553 2.79

Fig. 7 Human Population PBPK model results. Simulation of 500 individuals administered with 200 mg of drug given as
suspension (A) and as nanosuspension (B), both without and with EHC.
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Fig. 8 Human PK predicted exposures. Comparison of the exposures of the simulated population obtained for different dose
levels and scenarios (graphically represented via boxplots) with the safety thresholds.

Regimen

10000 4 E 20mg The integrated

_ B3 xny  POPPK-PBPK approach
g ol B 20nmg provided a human

= recommended starting
*CC» E 35 mg

"

& B5 n,  0OSe of 30 mg/day,
4 FL
-)
<
10% NOAEL
AUCIast ey I D ‘-l"

corresponding to
1l i -
| '
5% NOAEL ] ..
AUCIast N * * é # f::

B8 wm o edian [25th-75th
1 BA 7sms percentiles] predicted

il
[ @ =™ AuC24 following five
| B3 % Quagque Die (QD)
E 180 mg

administrations of 465

YR R S A | T S T A ) Ed 20m  [223-893] ng-h/mL
G #) el . ! G L/ L 1
W o Y % 4, 8 0, (looking at 5% exposure
% % B .--,'{.,r.?. ”"e{._-ﬁ at NOAE L)
_@ GastroPlus scenarios _ T

Conclusions

An integrated approach based on popPK and PBPK modelling has been proposed to predict IAMA-6 human
exposure at different doses to support FIH dose selection to be tested for upcoming clinical trials. The
popPK-PBPK modelling integration results in a robust approach to predict human PK considering both
human physiology and information derived from preclinical species.
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