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Introduction
A consistent description of the dose/exposure/effect relationship across conditions is a powerful tool in the context of model-based drug development. In this context, drug S and its
active metabolite M were studied in a sequential PKPD approach in order to assess their effect on a surrogate biomarker SB, depending on two independent variables (time=IDV1
and IDV2).
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Objective
To develop a single PKPD model of SB as a function of IDV1 (time) and IDV2 after the administration of drug S, describing the effect of drug S and its active metabolite M,
consistently with in vitro activity assays and drug mechanism knowledge.
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Methods Results
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Study description: PK model
2-groups, 3-per|ods, dose-escalation . Sequential first order absorption, With 2 depot  mceso  wmsg-so  macemocme  wemacmorsme
Period duration : 1 week
Administration of drug S on D1-D5 each week (W1-W2-W3) compartments (KAL and KA21 then KA22). OO O O
MINSrAtion oTArdg > oh DAL each wee B * 1-cpt disposition (M volume of distribution is set to S’s) for — —
both compounds "Al\ /MM' K‘"\ /MM'
4 doses planned : Dosel < Dose2 < Dose3 < Dose4 : . kaz2 kazz
_ _ _ * First order elimination for both compounds
Group 1 (n=10): Dosel during W1, Dose2 during W2, Dose3 during W3 : . . . s CLPm=a * cLp M
_ _ _  Absorption is dissolution limited, thus assumed to be >
Group 2 (n=15): Dose2 during W1, Dose3 during W2, Dose4 during W3 : : v v
identical for S&M.
o ] * M formation from S central compartment was set to a C“’l “Ml
PK Samplmg ina perlod : previously determined value (negligible compared to FPE).
D3: predose; D4: predose; D5: predose, 0.5, 1, 2, 3,4,5, 6, 8, 12 and 16 h after dosing; D6: 20 and 24 h after the e« 2 occasion structure for IOV estimation: 1 occasion/week &
morning dose of D5. 1 occasion/day .
100 Cartesian scale — Mean (SD) 50 _Cartesian scale — Mean (SD) THETA ROS 2 ”\{) OICI?EEGA Wleoe\ll(Iy GAT\jEMA ITgl\lly GAIT;E/IA
- T a5 O e v o v )
80 Drug S a0 MEt. M o CLP (L/h) 160 7.19
S o 5 25— Dosel 103—i Drugs Met, M VE_L)) 0023011le 9.1 47.1 42.2 32.2 61.3
:EU z: P g Zz: Dosez /:'J?—:"‘\;\ Dose2 | Dose2 CLM (L/h) 556 871 246 28.6 18.3 52.7
% :: — % 2:: Dose3 KAL (1/h) O..158 8.1.6 |
Q 20_' Q 1 ” KA21 (1/h) 0.0073 17.7 63.8 53.1 66 31.5
° ] 4 Dose4 KA22 (1/h) 0.00271 413 - . 141 321
o —= | 6 | ﬁ'll' '?' LAG1 (h) 0.754 58
0 2 4 6 8 1DTAD12; ) )14 16 18 20 22 24 0 2 4 6 8 10TAD h )14 16 8 20 22 24 " (h) 1-FIX . e .
PD sampling in a period (IDV2 = 0): we o I
DO: triplicate measurement at t=0, then 1, 2, 3, 4, 6, 8 and 12 h after theoretical DO dose; D1: predose, 1, 2, 3, 4, E AR AR S AR AR R AL A0 S A D DA A A A A A A S I
6, 8 and 12 h after dosing; D4: predose, 1, 2, 3, 4, 6, 8 and 12 h after dosing; D2, D3, D5: predose; D6: 24 h after et . e o o 8
the last dose. = M:;:m m Med:a:s%rls; :H::k Psggss YK Pg5 0BS PROP_M (%) 162 5.7
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PD sampling in a period (IDV2 ={0, 1, ..., 6}): ) .
DO: t=7h after theoretical DO dose; D5: 3.5, 7, 11, 24h after D5 dose. cpe 1 oge .
S Identifiability analysis
p Expected RSEs (%) Expected RSEs (%)
* Estimating 2 different (kon/koff) parameters for 0 .
ST S & M led to > 100% RSEs 500 -
Model building strategy * Estimating a single effect (i.e. fixing M’s relative 400 - =
activity) led to < 25% RSEs. = 10 |
1) Sequential PK modelling was performed. First a PK model of drug S was built, then metabolite M was  The relative activity of M compared to S was . |
added and disposition parameters for M were estimated. fixed to a value from an in vitro assay mz: I I N -
2) PK parameters for S and M were input into a semi-physiological kon/koff PKPD model, and an determining the binding kinetics of the 2 Kons  Koffs Kon Koff EmaxBase U ko ema e
identifiability analysis was performed in order to in order to assess the data’s and model’s ability to molecules.
estimate both S and M activities. ) ’
3) Sequential approach (fit of SB(IDV1), then fit of SB(IDV1, IDV2)) and simultaneous approach (direct fit of 4 PKPD model h
SB(IDV1, IDV2)) [1] were used for final PKPD modelling of SB(IDV1, IDV2). ot
‘: : Baseline SB (poly-cosine model) SBBASE(t) =SBy <1 T ZAn COS(24/2n—1 + ¢n)>
N\ Drug$S
T/\PK ¥
/ 9 SB under treatment SB(t» IDV2 = 0) = SBBASE (t) X (1 — Emax X p(t))
W . e SRS e o
Identifiability analysis
_/ SB as a function of IDV2
PK Parameters
(fixed) SB(t,IDV2) = (y X (1 — Kk X p) X SBgssp(t) + Sl X IDV2P) x (1 — Emax X p(t))
Kon, * C, Koff,
_ Where y=1 and k=0 if IDV2=0.
—> Occupied PKPD parameters FIM | LB d RSE . .
— (to be estimated) computation xpected RSEs Final model evaluation
Kony, * Cy ° . T
study design Flnal models parameters 3 (simultaneous r:mdel-bwldmg only)
SB(t) = BASE * (1 - EMAX *p(t)) After sequential & simultaneous model-building | Croupd, Dose2 eroup2, Dose2
Sequential modelling  Simultaneous modelling
(MVOF = 12601) (MVOF = 12571)
(a8} an)
RSE IV OISI?EZA THETA RSE IV OI\TI?EZA ok ok
|dentifiability analysis was performed in order to evaluate the ability of the model to estimate a separate drug (V) ) )
effect of S & M on SB(IDV1): N M B B
qbl -0..987 12:2 -1.14 9.8.2 ?:s‘z‘llzgu‘?ln ;“éelz‘m z;‘n‘alz;‘z; 25'210‘“ vl
Final PK parameters and expected PKPD parameters were input into POPDES 4.0, together with study design. 2 R . “ t=7h 3] oroupd, Dosez
Kon and Koff values of the PKPD model first were assumed to be estimated for S and M. Other runs evaluated (o 00175 319 885 328 0021 168 581 312 "
the ability to estimate a single value for KonD and KoffD, and assume a known relationship of the compound’s :°ff z;’zi i“z-;‘ . >’ 2::3 ;89-2 e 0 o
activity (KonM = a * KonS and KoffM = b * KoffS). , . e e ™ e
Using the design evaluation feature of POPDES, the Fisher Information Matrix relative to the study design was i' 01_'17429 i; . 01_'17723 ;i e , 1DV2 ;o bv2
computed, thus outputing expected RSEs. The expected precision of estimation of fixed effects parameters was Cuon(lDV2=0) 397 3.5 41 307 — MmO HH o 085 K PSORS K SO
considered too low when RSEs were greater than 40%. — — e R "
Both final parameter estimates and precision of estimation .. .

N __ were very similar after the 2 approaches. VPCs for each condition were satisfactory. p.
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Conclusion
A PKPD model successfully described the effect of drug S and its metabolite M on SB with respect to two independent variables and will be used for further PKPD simulations. A
sequential PD model-building and a simultaneous model-bulding led to very similar models in terms of both fixed effects and variances.
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