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Outline of Presentation

Types of Interactions
GastroPlus DDI Module Interface
Overview of relevant regulatory guidance documents
1. Investigation of Transporter Involvement in Drug Clearance
2. Investigation of Transporter Inhibitory Potential
PBPK Models of P-gp Substrates and tDDlIs selected for today’s presentation
» Drug 1: Digoxin and DDIs with P-gp inhibitors
» Drug 2: Fexofenadine and DDIs with P-gp inhibitors
PBPK Models of OATP(1B1 & 1B3) Substrates and tDDIs selected for today’s
presentation
» Drug 3: Rosuvastatin and DDIs with OATP(1B1 & 1B3) inhibitors
» Drug 4: Pravastatin and DDIs with OATP(1B1 & 1B3) inhibitors
Evaluation of predictive performance of in silico — based DDI
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Types of Interactions

* Steady-state competitive inhibition
e Steady-state time-dependent inhibition
e Steady-state induction

may include metabolites effect with simulated perpetrator concentrations

* Dynamic competitive inhibition
 Dynamic time-dependent inhibition
* Dynamicinduction

include effect of parent and/or metabolites; include enzymes and transporters
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Dynamic Simulation — Equations
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Let’s not forget ...

In GastroPlus™, the PBPK model is linked to the ACAT™ physiological
intestinal model ....

Passive (trans- and

Blood paracellular) and
carrier mediated
transport
Enterocytes
enterocytes
Gut wall
Lumen .
C metabolism
lumen
Transit In Transit Out
* dose or from
previous
compartment

* unreleased &
undissolved &
dissolved Local pH,

fluid volume,
concentration of bile salts ...

Degradation

These phenomena:
e are happening simultaneously
e arerepeated in each of the compartments of the gastrointestinal tract




... and getting the correct dissolution/absorption is the prerequisite for getting
correct PBPK & DDI predictions for oral dosage forms!

Fa%
Dose FDp%
* (not Fa%) F%

_ Liver

Portal
vein

= §C w Bioavailability

To faeces Metabolism Metabolism

* Modified from van de Waterbeemd, H, and Gifford, E. ADMET In Silico Modelling:
Towards Prediction Paradise?Nat. Rev. Drug Disc. 2003, 2:192-204



Developing a DDI Qualification Matrix: PBPK Models of Probe Substrates,

Inhibitors, and Inducers in Various Stages of Validation

Alfentanil

Dolutegravir

Metformin

Ranitidine

S-Warfarin

Atazanavir

Efavirenz

Midazolam

Rifampicin

Atomoxetine

Fexofenadine

Omeprazole &

Rivaroxaban

Metabolites
Buproprion Fluconazole Phenytoin Rosiglitazone
Caffeine Fluvoxamine Posaconazole Rosuvastatin Atorvastatin
. Gemfibrozil & . . . .
Cyclosporine . Pravastatin Theophylline Simvastatin
glucuronide
Desipramine Imipramine Quinidine Tolbutamide
Dicoxin Itraconazole Raltegravir & Triazolam Verapamil
g &Metabolites Metabolites P
Diltiazem &
. Ketoconazole Repaglinide Clarithromycin Voriconazole
Metabolites pag y
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Periodically adding new models and updating previously built models
Users can use any GastroPlus models that they have developed and verified

The GastroDDIStandards database includes PBPK and compartmental PK models of many inhibitors, inducers,
and probe substrates
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DDI Module Interface
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Basic Interface Layout

£ Drug-Drug Interaction Predictions - X
Prediction Type Simulation Mode m—
" Steady-State Prediction * Dynamic Simulation * Single Sim " Pop Sim " DILIsym " Monolix ;:Lu::l‘iaul:e ‘ Run Full Simulation Close ‘
J
" Perpetiator (Inhibitor/Inducer) @ Victim [Substrate) Show Notes for Current Compound Perpetrator |4| 4 |RIF IV 600mg DDI RSY PO Bma Pruek 2014 EEIEI i Nglnerzggru::geracling ‘
tedeSteadu State Badictions Perpetrator Parameters
Enz/Trans |Location |Clintu |CliptUpte Uizl imeouce {Tuove [minl IHcicience [ ~ [ Inh/lnd |Inh/ind  |kinact ) A 34dd
ey T lu rator Enz/ Trans |Inh/Ind Const Type Egﬂﬁ S:rlgr !‘rglrrrw‘;j Select |Valdated | ¢ Enz/Trans
Gul 1 i I 600mg DDI RSY PO Smg Pruek |DATP1B3  [Kirev-in vitro. U 007 uM a | False -
Liver Th e I eft S I d e Of t h e D D I WI n d OW IV 600mg DDI RSY PO Smg Pruek :OATF’WEI Kiev-n vitro, :0‘07 uM 1] ¥ |Fake |- Eﬁ.g‘?ﬁ:z;
Gut d . I t h t d IV 600mg DDI RSY PO Smg Prusk | P-gp Ki-tev-in vitro. U 0.49 uM 1] F False -
T — IV 600mg DDI RSY PO Sma Pruek | BCRP IC50-rev-in vitro. U [14.9 uM 1] v False 1 —
= ue IS p ays e curren CO m po u n IV 600mg DDI RSY PO Smg Pru |0OATP2B1  JICS0-rev-in vitro, T | ER uM 1} r False D—‘ ‘i\‘.’)
AATBIRT  [Tiooia n AnFL, . . I Figeuanuitn 11 |RR b n = Irakea e
Metabolic profile detected from informatiorll Y@ CO rd W h I1C h was O pe N ed on main J 2|
king Information
1 H Dose [mgl: Int [h]: CL [Léh) 87 ka: [0 kel o
GastroPlus window at the time of ” frize “F “P
- . Perp Concs for Steady-State Predicti N =  —
L] s @ g o] g a CceSSI ng D DI m Od u Ie o Concentration type Ifm:f L lSeIecl l oL ||4 & i |t:" L
ug/m
i0mg DI R [0 M
Fraction Me| ~ Fup: ,T— Ex I”—
8 Q FDp: [ F o
a===§ You select the designation for |
current compound as a perpetrator
o S, I s - e i

Plot metabolic profile in Simulation Length (h]. 24.5
' Liver " Gut (Last dose in .mdd file starts at 5.5)

Reference

Interacting Compound Information

ACAT model: Human - Physiclogical - Fasted

PK model: Humamet alHIthy30v0_75kg_24BMI-Pruek[assumed)

NASDAQ: SLP
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Basic Interface Layout

'«!_3 Drug-Drug Interaction Predictions

File Current Compound Interacting Compounds
Prediction Type

Options  Help
Simulation Mode

" Steady-State Prediction * Dynamic Simulation & Single Sim " Pop Sim

-

Run Baseline
Simulation

" DILIsym

" Monolix

Run Full Simulation Close

" Perpetrator (Inhibitor/Inducer) @ Victim [Substrate) Show Notes for Current Compound

fm for Steady - State Predictions

lPelDellatul |4| 4 |RIF I 600mg DDI RSY PO Smg Pruek 2014 Ezl slw Nglne”s‘pigru:’:geracnng
Pespetrator Parameters

Clintu |CLint Units Tutnover [1/min] | Reference I 2

0.000¢
DATPI1EB e 0.00E+00 | L/ 0 Co 05

AATETRT T = 3
Metabolic profile detected from information in Enzyme =
table. :
cn Q0 K S@ma

Fraction Metabolized by CYPs

Fa [%]) [ll

Systemic: |99.104 Gut: [0

Other Syst CL

Full Simulation dosing:

RSV PO 5mg DDI RIF I'Y_Prueksaritanont. mdd

‘

E
Plot metabolic profile in Simulation Length (h]. 24.5
' Liver " Gut (Last dose in .mdd file starts at 5.5)

The right side of the DDI window displays the
interacting compound — this may be a record in
the same database that is opened in the main
GastroPlus window or a different GastroPlus
database. By default, the database of standard
compounds supplied with DDI Module will open
when accessing the DDI Module.

The designation of interacting compound as a
victim or a perpetrator is automatically set
depending on the user selection for the current
compound

Reference

Interacting Compound Information
PK model: Humamet alHIthy30v0_75kg_24BMI-Pruek[assumed)
ACAT model: Human - Physiclogical - Fasted

NASDAQ: SLP
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Substrate Settings

£ Drug-Drug Interaction Predictions - X
File Current Compound Interacting Compounds Options Help
Prediction Type Simulation Mode
~ ~ ghnliashne Run Full Simulation Close
" Steady-State Prediction ¢ Dynamic Simulation  Single Sim " Pop Sim " DILIsym " Monolix Simulation
V - -

" Perpetrator (Inhibitor/Inducer)

fm for Steady - State Predictions

@ Victim (Substrate)

)

Show Notes for Current Compound

Enz /Tians |Location CLint Units %] |fm source

Tutnover [1/min] | Reference

CLint.u
UGT1AT =]l §
UGT14A Gl
2C9 Liver
Gu!

OATP2B1 Tissue
OATPI1R e

AATETRT wop AT~ .
Metabolic profile detected from information in Enzyme
able.

]
0 Fa %] [II v)

N IR
I ‘ | Systemic: I‘HH 104 Gut: ‘[I
S AL KIS a
Fraction Metabolized by CYPs
Full Simulation dosing:
RSV PO 5mg DDI RIF I'Y_Prueksaritanont. mdd
(2ca )
Plot metabolic profie in Simulation Length (h) 245
' Liver " Gut (Last dose in .mdd file starts at 5.5)

The substrate metabolic profile (fm and
Fg values) needs to be specified for
steady-state predictions.

fm values:
- may be calculated from in vitro assays
using built-in converter or entered

-if K, and V_,, values are already

present in the database, program will
use them to calculate the fm values
automatically.

manually by user and saved in database.

Reference

Interacting Compound Information
PK model: Humamet alHIthy30v0_75kg_24BMI-Pruek[assumed)
ACAT model: Human - Physiclogical - Fasted
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Substrate Settings

£ Drug-Drug Interaction Predictions - X
File Current Compound Interacting Compounds Options Help
Prediction Type Simulation Mode r——
un Baseline . .
( " Steady-State Prediction @ Dynamic Simulation ‘ (G Single Sim ' Pop Sim  DiLlsym  Monolix Simulation ‘ Run Full Simulation Cloze |
" Perpetrator (Inhibitor/Inducer) @ Victim (Substrate) Show Motes for Curent Compound Perpetrator 4| 4 |RIF IV B00mg DDI RSY PO Smg Pruek 2014 L] 3 Show Na’;;gmﬂmm |
i~ fm for Steady - State Predicti P P.
Enz/Trans |Location [CLintu [CLintUnits  |m[%] [fmsource  |Tumover [1/min] [Reference Q Inh/ind Inh/ind | kinact ) A 3Add
Perpetrator Enz / Trans |Inh/Ind Const Type |Const  |Const | [min-1] | Select | Validated F Enz/Trans
UGT1AT _~JLiver 4.84E-02 [Lh 0.66 |Cale In Vive |0.0005 Walue |Units  |/Emax
UGT1A1 Gut 1.56E-03 [L/k 96.28 | Cale In Vive |0.0005 RIF I'YY 600ma DDI RSY PO 5mg Pruek [0ATP1B3  |Kirevdn vite. U [0.07 uh 0 v False |- 4 Delete
2C9 Liver 1.69E-02 |Lh 0.23 |Cale In Vive |0.0005 RIF IV 600mg DDI RSY PO 5mg Pruek |OATP1B1 | Kirev-in vitro, LI 0.07 uM 0 v False |5 Enz/Tians
] Gut 6.02E-05 |L/h 372 |Cale In Vive |0.0005 RIF IV 600mg DDI RSV PO 5mg Pruek |P-gp Ki-rev-in vitro, U 0.43 uM 0 False ot
O0ATP2B1 Tisss 0.00E+00 | L/ 0 Cale In Vive |0.0005 RIF IV 600mg DDI RSY PO 5mg Pruek |BCRP IC50+ew-in vitio. U [14.9 utd 1] v False o
0ATP1B3 Tissue 0.00E+00 |L/h 0 Cale In Vive |0.0005 e AIF IV 600mg DDI RSY PO Smg Pru |0ATP2B1 | ICS0-1ev-in vitro, T uM 0 False
NATEIRY Tiessa nanrinnlr A n Fala Te s 1N NNNS BIE IV 200, nnlpcy pn s =2 L OATE2R1 Kiganrin saibra |1 (S 1ihd n Falea
Metabolic profile detected from information in Enzyme Fal} ID FDp %} I'J Fox: [ Ll_l
table. . : _ - ai= | Dosing Information Rate Constants [1/h
1er CL [2
Dose [mal (g0 Int[h} [0 5 CL [L/h] ka [o
Add Enz/Tran | & Delete Enz/Tra culate fm value | ‘ Systemic: [99.104 Gut: [0 |”-357 |
Blood Flo

PK model: HumAmeMalHIthy30Y0_75kg_24BMI-Pruek [assumed)
ACAT model: Human - Physiological - Fasted

. . . . . Qk: [g7 701
Metabolic profile in gut and liver is
Percen
Fraction Metabolized by CYPs displayed in a pie'Cha r_t Fup IT— Fa ,u—
: FOp: o F:lo
Full Simulation dosing: ‘ | Perpetrator Steady-State Conc |
RSV PO 5mg DDI RIF IV_Prueksaritanont. mdd
Fremmerive P oy |
(2co )
Plot file in Length (b} 245
* Liver  Gut [Last dose in.mdd file starts at 5.5) Show Plat Show Stal
Reference Interacting Compound Information:
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Substrate Settings

£ Drug-Drug Interaction Predictions - X
File Current Compound Interacting Compounds Options Help
Prediction Type Simulation Mode r——
un Baseline - .
" Steady-State Prediction * Dynamic Simulation  Single Sim " Pop Sim " DILIsym " Monolix Simulation ‘ Run Full Simulation Close ‘
' Perpetrator (Inhibitor/Inducer) @ Victim [Substrate) Show Motes for Current Compound Perpetrator 4| 4 |RIF IV 600mg DDI RSY PO Smg Pruek 2014 p | p) 3 iz NEtner:plgLLrgerantmg ‘

fm for Steady - State Predictions

Perpetrator Parameters

Tumaver [1/min] | Reference

Enz/Trans [Location |CLintu  [CLint Units fm[%] |fm source

141 =]Liver 4.84E-02 |Lh
1 1.56E-0. h

Gul

le In Viv

Liver

Gut

i
C
C
372 |C
C
C

— A AnFL. ™
Mglabwhc profile detected from information in Enzyme
tal

le.
| |
snQb(o K S@a

Fraction Metabolized by CYPs

Other Syst CL

p

~ Inh/lnd [Ink/Ind [kinact A JAdd
Perpetrator Enz / Trans |Inh/Ind Const Type |Const  |Const | [min-1] | Select | Validated F Enz/Trans
Value | Units JEmax
RIF IV 600ma DDI RSY PO 5mg Pruek |0ATP1B3  fKirevin vito. U |0.07  [uM 0 v |False 4 Delete
RIF IV €00mg DDI RSY PO 5mg Pruek |0ATP1BT  JKivevdn vite. U 10.07 uhd 0 v False 5 Enz/Tians
RIF IV 600mg DDI RSY PO 5mg Pruek |P-gp Ki-tev-in vitro. U 0.49 uM 0 r False B
RIF IV 600mg DDI RSV PO 5mg Pruek |BCRP IC501ev-in vito. U [14.9 utd 0 v False —
= RIF IV 600mg DDI RSV PO 5mg Pru |0ATP2B1 IC50-1ev-in vitro, T | E&) uM 0 r False D—‘ '.\‘.’)
v mtn 11 BB Y] n T [Falea E
L1 2l

Full Simulation dosing:

RSY PO 5mg DDI RIF IV_Prueksaritanont. mdd

FDp %] [n Fo [0

Systemic: [99.104 Gut: [0

Dosing Information

Time of victim’s administration relative
to perpetrator dosing and simulation
length are required for all predictions
involving ‘simulation’ concentrations
(dynamic simulation or steady-state

prediction involving simulated

Qh: 87 741

€D perpetrator concentration)
Plot metabolic profile in Simulation Length (h): 24.5 |
@ Liver C Gut (Last dose in.mdd file starts at 5.5) | |
Reference . o | [Interacting Compound Information
PK model: HumAmeMalHIthy30Y0_75kg_24BMI-Pruek [assumed)
ACAT model: Human - Physiological - Fasted
NASDAQ: SLP
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Substrate Settings

H '_% Tabulated Data Input — O
- File Units Tools
Mixed Multiple Dose Information
| No. of Doses | C-\Users\revat\DneDrive\Desktop\Final models\Rosuvastatin PBPK Model GP
9.8.3\R5Y PO 5mg DDI RIF IV_Prueksaritanont. mdd
‘write comments here:
| Dosage Form ?;; \T,EI [?ﬂ”]“ Start [h] | End [h] Physiology or .cat file PBPK Physiology or .pbk fle
IR: Tablet 5 0 0501 |0 Hurm-fasted-BCRP Exp as R4 values Harwood
IR: Tablet 0 0 45 0 § Hum Fed STT=1 hr-BCRP Exp Révalues-Harwood
0 0 55 0 J Hum-fasted-BCRP Exp as RA values Harwood

NASDAQ: SLP
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Perpetrator Settings

Inhibition/Induction constants for all
proteins (enzymes or transporters) affected
°| by a given compound and its metabolites
need to be specified for all predictions
(steady-state and/or dynamic simulations).

'«!_3 Drug-D
File Curr|
Predi

C sl

" Per
fm for §

Multiple constants for the same compound-
protein pair may be saved in the database.

Only one competitive inhibition, one time-
dependent inhibition and one induction
constant for each compound-protein pair
may be used in any given prediction — you
specify the value to use in the prediction by

selecting the check box in the Select column.

Plot metabolic profile in Simulation Length (h]. 24.5

(Last dose in .mdd file starts at 5.5)

Run Baseline

Run Full Simulation

Perpetrator

Pespetrator Parameters

|ﬂ 4 |FlIF IV 600mg DDI RSY PO Smg Pruek 2014

»[v]=]

Show Notes for Inteflcting
Compound

Inh/lnd {Inh/ind |kinact
Peipetrator Enz / Trans |Inh/Ind Const Type |Const  [Const  [[min-1] | Select |Validated
WYalue  |Units /Emax
RIF IV 600mg DDI RSY PO Smg Pruek |0ATP1B3  |Kitew-in vitto. U 0.07 uM 1] v False
RIF IV £00mg DDI RSV PO Smg Pruek |OATPIBT  JKirevinvio. U |0.07 u 1} V False
RIF IV 600mg DDI RSY PO 5mg Pruek |P-gp Ki-tev-in vitro. U 0.49 uM 1] r False
RIF IV £00mg DDI RSY PO Sma Pruek BCRF ICE0-rev-in vio. U |14.9 uM 0 W |False
RIF IV 600mg DDI RSY PO Smg Pru |0ATP2B1  JICS0-rev-in vitio, T uM 1] r False
Kicpansin wibrn, |1 BR vk n Ll Falea E
K1 2
5ing Information
Dase [mg]: ||;[|[| Int [h]: |[|5 CL [LhE [11.367 ka |\]
Perp Concs for Steady-State Predicti I |
i Conc 14.88 A 187741
Concentration type [ugiml] Select
Sys Cman AIF IV 600mg DDI A |0 ¥
iver In Unl V 600mg DD = Fup ,-— Fi'g—
FDp ,ﬂ— F In—
3 AUC Ratio] AUC Ratio] AUC Ratio) Perpetrator
| Concentration Type - Gut - Liver - Total Classification

Reference

Interacting Compound Information
PK model: Humamet alHIthy30v0_75kg_24BMI-Pruek[assumed)
ACAT model: Human - Physiclogical - Fasted

NASDAQ: SLP
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Perpetrator Settings

12 Drug-Drug Interaction Predictions

File Current Compoun
Prediction Type

d Interacting Compounds Options Help

Simulation Mode

" Steady-Stat

" Perpetrator (|

fm for Steady -

Enz / Tians |L
UGTIAT <1

etabolic profile dij
able.

Perpetrator dosing information needs to
be specified for all predictions (steady-
state and/or dynamic).

Missing values for dose or dosing
interval (or any of the perpetrator
properties) may result in failure in
obtaining effective perpetrator
concentration (the concentration value
will be 0) and calculating DDI
predictions (the result will show N/A).

- X
Run Baseline - .
C DiLlsym ~ Monolix Simulation ‘ Run Full Simulation Close ‘
Perpetrator |4/ « |RIF IV 600mg DDI RSY PO Smg Pruek 2014 EEIE' Show Nglne”s‘pigru:’:geracnng ‘
Perpetrator Parameters
Inh/ind |Inkh/lnd |kinact A 3 Add
Perpetiator Enz / Trans |Inh/Ind Const Type [Const  |Const  |[min-1] |Select |Validated F Enz/Trans
Value  |Units /Emax
RIF IV 600mg DDI RSY PO Smg Pruek [DATF1B3  [Kidev-n viro. U [007  [uM 0 IV |False 1 4 Delete
RIF [V E00mg DDI RSY PO Smg Pruek |DATP1B1  |Kirev-n vivo. U 10.07 uM 1] ~ False - Enz/Tians
RIF I 600mg DDI RSY PO Smg Pruek |P-gp Ki-tew-in vitro. U 0.43 uM 1] r False -
RIF IV 600mg DDI RSV PO Smg Pruek |BCRF 1C50-rev-in vitro. U [14.9 ubd 1] v False 5 S
AIF IV 600mg DDI RSY PO Smg Pru | DATP2B1 1CE0-rev-in vitra, T uM 1] r False I}:I “\‘.’J)
" eR Y] n Ll Falea E
a « |
Dasing Information
Dose [mgl: [go0 Int[h]: [05 CL [L/hE |11_357 ka: |U kel |[

Qe [T Qh [g7 701

Fup ,;—
FDp: ,m—

Fa'[,—
Flg—

ALIC Ratio)
- Liver

ALIC Ratio

AUC Ratio)
- - Total

Gut

Perpetrator
Classification

Concentration Type

Plot metabolic profile in

2co))
Simulation Length (h): 245
& Liver C Gut [Last dose in .mdd file starts at 5.5)

Reference

Interacting Compound Infarmation
PK. model: HumAmetM alHthy30Y0_75kg_24BMI-Pruek[assumed)
ACAT model: Human - Physiological - Fasted
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£ Drug-Drug Interaction Predictions

Prediction Results

- X
File Current Compound Interacting Compounds Options Help
Prediction Type Simulation Mode F—
un Baseline - .
" Steady-State Prediction * Dynamic Simulation * Single Sim " Pop Sim " DILIsym " Monolix Simulation ‘ Run Full Simulation Close ‘
" Perpetrator (Inhibitor/Inducer) & Victim [Substrate) Show Nates for Curent Compound Perpetiator |4| 4 |RIF IV 800mg DDI RSY PO Smg Pruek 2014 »IM zl i NElneniplgL:Eeracling ‘
fm for Steady - State Predictions Perpetrator Parameters
Enz/Tians |Location |CLintu |CLint Units fm [%] |fmsource | Tumaver [1/min] lREfErEnce ~ InhAnd [Inh/ind  |kinact X ™ 3Add
- Peipetrator Enz / Trans |Inh/Ind Const Type |Const  |Const | [min-1] | Select |Validated F Enz/Trans
UG ~ [ Liver 4 066 |Cale 0.000¢ Value | Units JEmax
Gul 96.2i 0.0005 | J RIF IV 600mg DDI RSY PO Smg Pruek | 2C8 ECH0-n vitro. U 10.064  |utd 56 |l True B 4 Delete
Liver Lk 0.23 o [0.0005 RIF IV 600mg DDI RSV PO Smg Pruek |2C8 Kirev-in vitro, U 1302 utd 1] r True & Enz/Trans
Gut RIF IV 600mg DDI R5Y PO 5mg Pruek | 2C3 EC50-in vitro. U 0.064  |uM 32 r False —~
Tissue o o o a RIF IV 600mg DDI RSY PO Smg Pruek. | 2C3-EM ECS0-in vitro. U 0.064  |uM 3.2 r False 4 —
sue With full dynamlc SlmU|at|0nS, the RIF IV 600mg DDI RSV PO 5mg Pruek |2084M  |ECS0invino U (0084 [uM 132 [ |Fake |- IZ\?)
nATE1RY T BIE [\ E00caa DO RCY DO Bean Poial 200D nneA vibd 12 Ll Falea J v
Metabolic profile detected fill Q = »
bl simulation results are shown for every Dosinglrlomation
. Dose [mal: ,EUU— Int [h]: ,[|5— CL [L/h]: |'|T 37 ka |[| kel |[| 3826
compound in the system (substrate,
] . . Perpetrator Concs for Steady-State Predictions Qe e ok [
< = @ ] perpetrator and their metabolites). E—— Coc  [sske: [14 [er7e
Sys Cmax IR0 =
Fi Liver In Unb 0 ¥ Fup: [7 Fa [0
o o FDp |[| F: |[|
To obtain the AUC ratio, you need to |
run a full simulation as well as ” ~
“ . ” - . .
baseline” (i.e., simulation where the — e e P [ e .
. . . . ompourn 2 1 |z |weml|tes] | ng-h/ml] |ingh/el]
RSV PO Smg DDI RIF IV_Prueksaritanont-DDI 44.02 14392 3442 0.0 |25 B6.13 64.76
InteraCtlons are Ignored)' The ratlos are RIF 1% E00mg DDI RSY PO Smg Pruek 2014-DDI 9399 19998 9998 (2488 |05 88000 87700
. RIF-Gluc Metabolite-DDI 1] 1] 0 0991 |1.797 |6698.5 |6672.8
automatical |y calculated when both RSV PO 5mg DDI RIF IV_Prusksartanortatio 1032 (1032 1776 (437 (085 [2918 3078
RIF Iv 600mg DD RSY PO Sma Pruek 2014-1atio 1 1 1 1.001 |1 1.022 1.021
N Q Q AIF-Gluc Metabolite-ratio ] ] 1] 1.121 |1.048 [1.107 1.108 v
Plot metabolic profile in types Of Simu Iat 10N resu Its are Incomplete Ki Selection: Click here
Show Plot for more info )
Reference ava I | a b I e . Interacting Compound Information:
PK madel: Hum&meM alHIthy30Y0_75kg_24BMI-Pruek(assumed)
\ ACAT model: Human - Physiological - Fasted
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Prediction Results

Results: Dynamic Simulation - Baseline

[ =———— Cp-"Yenous Return-RIF IV 00mg DDI RSV PO Smg Pruek 2014

[+ O Cp-Venous Return-RIF IV §00mg DDI RSV PO Smg Pruek 2014 Obs

~ Cp-‘Yenous Return-RIF IV 600mg DDl RSV PO Smg Pruek 2014 Err

[ = Cp-“Venous Return-RS\ PO Smg DD RIF IW_Prueksaritanont

3 O Cp-“Yenous Return-RSW PO Smg DDI RIF ' _Prueksaritanont Obs

v Cp-“Yenous Return-RSY PO Smg DOI RIF W_Prueksaritanont Err

304
—
-l =20
__E_ 25 18
g i 16
- 304 L14
=
o 12
= 15 10
= b E]1 s
= 10-
g >
c 51 4
8 :
. L) 3
0 L] L] L) L] L] 0
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FDA Guidance Document: DDI & PBPK

Clinical Drug
Interaction Studies —
Cytochrome P450
Enzyme- and
Transporter-Mediated

Drug Interactions
Guidance for Industry

A4
Office af Ce
Cen
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10001 Ne dg., 4" Floor
Phone: 855-543-3 30J-431-6353

m atien AGsickam ces e fizadt him

U.S. Department of Health and Human Services
Food and Drug Adminis tration
Center for Drug Evaluation and Research (CDER)

January 2020
Clinical Pharmacology

In Silico DDI Studies: Physiologically based
pharmacokinetic (PBPK) models can be used in lieu
of some prospective DDI studies. For example, PBPK
models have predicted the impact of weak and
moderate inhibitors on the substrates of some CYP
isoforms (e.g., CYP2D6, CYP3A) as well as the
impact of weak and moderate inducers on CYP3A
substrates. These predictions were made after
prospective clinical trials showed a significant DDI

between the investigational drug and strong index

inhibitors or inducers. Before using a PBPK

modeling approach to predict the effects of
moderate or weak perpetrator drugs on the
exposure of an investigational drug, the sponsor
should verify the models using human

pharmacokinetic data and information from DDI

studies that used strong index perpetrators.

NASDAQ: SLP
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INTERNATIONAL COUNCIL FOR HARMONISATION OF TECHNICAL
REQUIREMENTS FOR PHARMACEUTICALS FOR HUMAN USE

ICH HARMONISED GUIDELINE

DRUG INTERACTION STUDIES
Mi12

Draft version

Endorsed on 24 May 2022

Currently under public consultation

7.3 Predictive Modeling
7.3.1 Using Mechanistic Static Models for DDI Predictions . ...
7.3.2 Using PBPK Models to Pradict Enzyme or Transporter-Based DDIs

Keywords Interaction, guideli tabolism, inhibition, induction, transport,
& rt protein, transporter, absorption, food, distributi

PBPK, herbal, SmPC

¥ The correction concerns section 5.3.4.1 [p 26) and the corresponding decision tree no. 6 (p 61) to read "if the
observed Ki value is lower or equal to /._./"; Appendix VII, Table 5 1o read "See section 54.2"." Decision tree 4,

Utilization of PBPK models for DDIs studies is present
in regulatory documents for different jurisdictions
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FDA Guidance Document : Transporter mediated DDI

In Vitro Drug
Interaction Studies —
Cytochrome P450
Enzyme- and
Transporter-Mediated

Drug Interactions
Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Adminis tration
Center for Drug Evaluation and Research (CDER)

January 2020
Clinical Pharmacology

The USFDA Guidance regulates that the sponsor should consider
evaluating DDI of the NCE mediated by the following
transporters:

Additionally, organic cation transporter 1 (OCT1), bile salt export
protein (BSEP) and multidrug resistance-associated protein 2
(MRP2) which are responsible for hepatobiliary transport were
recommended by EMA.

P-glycoprotein (P-gp) which also known as multidrug resistance 1 (MDR1);
Breast cancer resistance protein (BCRP);

Organic anion transporting polypeptide 1B1/1B3 (OATP1B1/1B3);

Organic anion transporter 1/3 (OAT1/3);

Organic cation transporter 2 (OCT2);

Multidrug and toxin extrusion 1/2K (MATE1/2K).

NASDAQ: SLP @ SimulationsPlus



Regulatory Requirements of Transporter Evaluation

Table 1
The regulatory requirements of transporter evaluation in USFDA, NMPA, PMDA and EMA guidelines.
Inhibition Study Substrate Study
USFDA NMPA PMDA EMA USFDA 2020 NMPA 2021 PMDA 2018 EMA 2013
2020 2021 2018 2013
Efflux Transporter
P-gp yes yes yes yes yes yes yes yes
(MDR1)
BCRP yes yes yes yes yes yes yes yes
BSEP no no no prefer no no no consider
MRP2 no no no no no no no consider
Uptake Transporter
OATP1B1 yes, time-  yes, time-  yes, time-  yes the hepatic uptake or elimination the hepatic uptake or elimination hepatic >25% of the
dependent dependent dependent is significant; or the uptake into is significant; or the uptake into metabolism or  elimination is
OATP1B3  yes, time-  yes, time-  yes, time-  yes the liver is clinically important; the liver is clinically important; bile secretion hepatic
dependent dependent dependent the other factors support the the other factors support the is the major
importance of active uptake into  importance of active uptake into  pathway for
liver liver elimination
OAT1 yes yes yes yes the active renal secretion is the active renal secretion is active >25% of the
OAT3 yes yes yes yes significant significant secretion in elimination is
OCT2 yes yes yes yes the kidney is through renal
MATE1 yes, adjust  yes, adjust  yes, adjust consider the major secretion or
pH pH pH elimination is/may be due to
MATE2ZK yes, adjust  yes, adjust  yes, adjust consider pathway biliary/gut wall
pH pH pH secretion
0OCT1 no no no consider | no no no no

Fu. S et al., Medicine in Drug Discovery. (2021)

NASDAQ: SLP
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Possible Model for Decision Making: Transporter-Based Drug-
Drug Interaction Studies

Possible Model for Decision Making: Transporter-Based Drug-Drug Interaction Studies

(Figure 5)

Figure 5. Evaluation of Investigational Drugs as Substrates for P-gp, BCRP, OATP1B1,

OATP1B3, OATI1, OAT3, and OCT2 Transporters.

All investigational drugs

i

|

Determine whether
investigational drug is a
P-gp and/or BCRP
substrale in vitro

Hepatic or biliary secretion
major?

eg., =25% of
total clearance' or unknown?

Renal active secretion major?
e.g. =25% of
total clearance’
or unknown?

1 Yes

l Yes

Determine whether
investigational drug is an
OATP1Bland/or OATP1B3
substrate in vitro

Determine whether
investigational drug is an
OATI, OAT3 and/or
OCT2 substrate in viltio

!

!

See Figure 6 lo determine
whether an in vivo human
study is needed

See Figure 8 1o determine
whether an in vivo human
study is needed

See Figure 10 to determine
whether an in vive human
study is needed

! Biliary secretion can be estimated from preclinical data, in vitro heptocyte uptake data or radiolabeled ADME data,

and nonrenal clearance data.

 Percent (%) active renal secretion was estimated from (CL,~fu®*GFR)/CLy,; fu is the unbound

fraction in plasma.

3. Investigations of transporter involvement in drug elimination (Section 5.2 4. and Appendix Il and )

Howvis the drug eliminated®
(hased o in v and i ivo ADME dafa)

|
| | |
II 225% of the elimination is hepatic " z28% of the elimination is through renal secreton
T orisfmay be due to bilianggut wall secretion
Identify candidate main transporters(s) invohked
¥ hased on /7 wifro studies
I

Are there 7 v inhibitors® of the
transporter avaiahle?

I= the drug a substrate for
OATP = i rifra?

Conduct i7 viro

Mo further |
studies study with potent
needed inhikitor®

Conduct 7 wivostudy with
miost patent inhibitor®

Label as such
based on in vitro
andin wivo
ADME cata

Fresence of
significant
interaction’?

1
Fresence of
significant
interaction?

Mo further Incluce in label.
studies Study other inhibitors

US FDA

needed i needed Study Reevaluate
inducers it transporter
availablz invateed
* or pharmacogenetic subgroup with markedly impaired activity
EMA, Guideline on the investigation of drug interactions
@B SimulationsPlus
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Decision Tree to Determine Whether An Investigational Drug is
Substrate for P-gp

P-gp and BCRP:

Figure 6. Decision tree to determine whether an investigational drug is a substrate for P-gp
and when an in vivo clinical study is needed. A similar model can be applied to a BCRP
substrate —(Modified From Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9: 215-
236, 2010).

In bi-directional transporter assay (e.g., in Caco-2 or MDR1-overexpressing

polarized epithelial cell lines) is the net flux ratio of an investigational drug 2 2?

Is efflux significantly inhibited by one or
more P-gp inhibitors?

Paor or non-P-gp substrate

Other efflux transporters are
responsible for observed

Probably a P-gp pefach

substrate

Complete an assessment of nonclinical and
clinical information to determine whether an

in vivo DDI study is warranted "

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
NASDAQ: SLP

24

@ an acceptable system produces net flux ratios of probe substrates similar to the literature values. A net flux ratio
= 2 for the investigational drug is a positive signal for further evaluation. A net flux ratio “cutoff” higher than 2 or a
relative ratio to positive controls may be used to avoid false positives if a ratio of 2 15 deemed non-discriminative as
supported by prior experience with the cell system used.

Reduction of the flux ratio significantly (> 30%) or to unity.
) A dditional data are needed to establish clinical relevance of the in vitro data. In particular, the relative
contribution of the transporter-mediated pathway to the overall clearance of the drug is the primary determinant of
whether an ihibitor will have a major effect on the disposition of the investigational new drug.
@ Selection of inhibitors could be based on likelihood of co-administration and/or its inhibitien potency on P-gp.
Strong P-gp inhibitors (e.g., itraconazole, verapmil) provide the most sensitive assessment and should generally be
tested first. If the drug is also a substrate for CYP3A| then inhibitors for both CYP3A and P-gp should be selected
gTable 14).

Based on existing knowledge of the compound class, further studies may be warranted to determine which efflux
transporters are invelved. Determining whether the drug 1s a BCRP substrate may be explored. A similar decision
model may be used for a BCRP substrate; however, clinical studies would differ.

SimulationsPlus
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Decision Tree to Determine Whether An Investigational Drug is A
Substrate for OATP1B1 or OATP1B3

Figure 8. Decision tree to determine whether an investigational drug is a substrate for
OATP1B1 or OATP1B3 and when an in vivo clinical study is needed— (Modified From
Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9: 215-236, 2010)

Does the compound have active hepatocyte uptake,
do the drug's physiological properties (e.g., low
passive membrane permeability,® high hepatic
concentrations relative to other tissues, organic
anion/charged at physiological pH) support
importance of active uptake into liver? @ Low permeability needs to be defined by each lab based on standards, such as atenolol (a biopharmaceutics
classification system (BCS3) reference drug). A general guide would be that 10 emy/sec (10 nm/see) or lower is
classified as “low” permeability.

® The following criteria suggest the investizational drug is a substrate of OATPIB] or OATP1B3: Uptake in
OATP1BI1- or OATP1B3-transfected cells greater than 2-fold of that in empty vector transfected cells and is
inhibitable (2.g, >30% reduction to unity) by a known inhibitor (2.g., rifampin) at a concentration at least 10 times of
its K;. Michaelis—=Menten studies may be conducted in the transfected cells to determine the kinetic parameters of
the investigational drug. A positive control should be included. In an acceptable cell system, the positive control
should show a = 2 fold increase in uptake compared to vector-transfected cells. An uptake ratio (fransporter
transfected vs. empty vector transfected cells) other than 2 may be used if a ratio of 2 is deemed non-diseriminative
as supported by prior experience with the cell system used.

Yes

Investigate uptake in OATP1B1- or
OATP1B3-overexpressing cell lines
compared to that in empty vector
cells. ®

Likely a poor or

not a substrate
for OATPs

If an OATP substrate, consider an in vivo drug
interaction study with single dose rifampin or
cyclosporin as perpetrator. Comparative PK study
in subjects with various genotypes of OATP1B1
can help identify the importance of this pathway.

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-
.. : @B SimulationsPlus
= decision-making NASOAQ:SLP
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Decision Tree to Determine Whether An Investigational Drug is A
Substrate for OCT2, OAT1 or OAT3

Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9: 215-236, 2010)

Is uptake of the investigational drug in the
OCT2-, OAT1- or OAT3-overexpressing
cells greater than that in empty vector

cells™?

Poor or not a substrate
of OCT2, OAT1, or OAT3

Likely a substrate. In vive DDI study with
cimetidine for OCT2 and with probenecid
for OAT1, OAT3 as perpetrators

Figure 10. Decision tree to determine whether an investigational drug is a substrate for
0OCT2Z, OATIL, or OAT3 and when an in vive clinical study is needed —(Modified From

® The ratio of the investigational dmg uptake in the cells expressing the transporter versus the control (or empty
vector) cells should be greater than 2. It is important that uptake into the transfected cells be significantly greater
than background in a control cell line and be inhibited by a known inhibitor of the transporter. Mente:
studies may be conducted in the transfected cells to d ine the kinetic p of the i g ldug. A
positive control should be included. In an acceptable cell system, the positive control should show a = 2 fold
increase in uptake compared to vector-transfected cells. An uptake ratio (transporter transfected vs. empty vector
transfected cells) other than 2 may be used if a ratio of 2 is deemed non-discriminative as supported by prior
experience with the cell system used.

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-dru

26 NASDAI

%—interactions—possibIe—modeIs-decision-making
SLP
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Regulatory Requirements of Transporter Evaluation for
Inhibition Studies

Fu. S et al., Medicine in Drug Discovery. (2021)

Inhibition Study

USFDA NMPA PMDA EMA
2020 2021 2018 2013

Efflux Transporter

P-gp yes yes yes yes

(MDR1)

BCRP yes yes yes yes

BSEP no no no prefer

MRP2 no no no no

Uptake Transporter

OATP1B1 yes, time-  yes, time-  yes, time-  yes
dependent  dependent  dependent

OATPIB3 yes, time-  yes, time-  yes, time-  yes
dependent dependent dependent

OAT1 yes yes yes yes

OAT3 yes yes yes yes

oCT2 yes yes yes yes

MATE1 yes, adjust  yes, adjust  yes, adjust  consider
pH pH pH

MATE2K yes, adjust  yes, adjust  yes, adjust  consider
pH pH pH

ocm no no no consider

NASDAQ: SLP
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Decision Tree to Determine Whether An Investigational Drug is |
An Inhibitor of P-gp |

Figure 7. Decision tree to determine whether an investigational drug is an inhibitor of P-gp
and when an in vivo clinical study is needed. A similar model can be applied to a BCRP
inhibitor) — (Modified From Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9:

215-236, 2010)

Bi port assay with a probe P-gp
substrate (e.g. in Caco-2 or MDR1-overexpressing
olarized epithelial cell lines)

Net flux ratio of a probe substrate decreases
with increasing concentrations of the
investigational drug

Net flux ratio of the probe substrate is not
with g cor
the investigational drug.

Poor or non-inhibitor

Probably a P-gp inhibitor

Determine Ki or ICs; of the
inhibitor

—

[1+/ICso (or Ki) 2 0.1

[I11Cso (or Ki) < 0.1
and

or
[NCs (or Ki) 2 10 [12/1Cs0 (or Ki) < 10

An in vivo drug interaction
study with a P-gp
substrate such as digoxin

is recommended.

An in vivo drug
interaction study with a
P-gp substrate may not
be needed.

|1]; represents the mean steady-state total (free and bound) C,, following administration of the highest proposed
clinical dose. [I];= Dose of inhibitor (in mol)/250 mL (if 1Cs; is in a molar unit). For ICs, determination, a
unidirectional assay (e.g.. B to A) based on the probe substrate can also be considered.

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making

@B SimulationsPlus
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Decision Tree to Determine Whether An Investigational Drug is
An Inhibitor of OATP1B1 or OATP1B3

Figure 9. Decision tree to determine whether an investigational drug is an inhibitor of
OATP1B1 or OATP1B3 and when an in vivo clinical study is needed —(Modified From
Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9: 215-236, 2010)

Is total Cau/ICs of the investigational drug 2 0.1
for OATP1B1 or OATP1B37

B R value = 1+ (fu x T/ TC ), where, 1, e is the estimated maximum inhibitor concentration at the inlet to the
liver and is equal to: Cpae + (ks x Dose x F, Fy/Qh). Cpyy is the maximum systemic plasma concentration of
inhibitor; Dose is the inhibitor dose; F,F, is the fraction of the dose of inhibitor which is absorbed; k, is the
absorption rate constant of the inhibitor and Qh is the estimated hepatic blood flow (e.g., 1500 mL/min). If Fa Fg
values and ka values are unknown, use 1 and 0.1 min"* (Ito et al. Pharmacol Rev. 50 (3): 387-412, 1998) for FaFg
and ka, respectively because the use of theoretically maximum value can avoid false-negative prediction. For drugs
whose fu values are less than 0.01 or fu cannot be accurately determined due to high protein-binding, then assume fu
In vivo study may not be = 0.01, to err on the conservative side to avoid false negative predictions.

needed

Is the AUC of statin (e.g., rosuvastatin, pravastatin,
pitavastatin) predicted to increase 2 1.25-fold in the
presence of the investigational drug using

extrapolation (e.q., R-value!™ >1.25%7 " hese are the suggested values according to the upper limit of equivalence range. We are open to discussion

based on sponsors’ interpretation.

In vivo DDI study with a

sensitive substrate (e.g.,

rosuvastatin, pravastatin,
pitavastatin)

In vivo study may
not be needed

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making
@B SimulationsPlus
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Decision Tree to Determine Whether An Investigational Drug is |
An Inhibitor of OCT2, OAT1 or OAT3

Figure 11. Decision tree to determine whether an investigational drug is an
inhibitor of OCT2, OAT1, or OAT3 and when an in vive clinical study is needed —
(Modified From Figures in Giacomini KM, ef al, Nat. Rev Drug Discov. 9: 215-236,

2010)

Is the i | drug an i of OCT2, OAT1, or OAT3?
Criteria: Uptake of model suhslrales (e.g., MPP+, for OCT2; PAH for OAT1, or ES for
OAT3) decreases with i i of the i igational drug.

Determine the ICsy

Poor or not an inhibitor of
0CT2, DAT1, or OAT3
! 1

Unbound Cpuf1Csp of
the investigational
drug 0.1

Unbound Cpaf1Csp of
the investigational

drug <0.1

In vivo DDI study In vivo DD study is not
with a sensitive needed
substrate’™

MPP’, 1-methyl-4-phenylpyridinium; PAH. para-aminohippuric acid; ES, estrone-3-sulfate

& For the investigational drug that is an OCT2 inhibitor, metformin may be used as the substrate for the
clinical drug interaction study.

For investigational drugs that are OAT1 or OAT3 inhibitors, multiple OAT1 or OAT3 substrates could be
used in clinical DDI studies, including zidovadine, acyclovir, ciprofloxacin, tenofovir, or methotrexate.

https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-possible-models-decision-making

@B SimulationsPlus
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Determining if the Investigational Drug is an Inducer of a Transporter

* Transporters such as P-gp are induced through mechanisms similar to those for
CYP enzymes (ex: by activation of specific nuclear receptors).

* Because of these similarities, information from CYP3A inductions studies can
inform P-gp induction studies.

* Invitro methods to evaluate the induction of P-gp and other transporters are not
well established.

NASDAQ: SLP @ SimulationsPlus



Analysis and Interpretation of Transporter Inhibition Assay

The data analysis and interpretation of transporter inhibition assay recommended by USFDA, NMPA, PMDA and EMA guidelines.

Transporters USFDA 2020 NMPA 2021 PMDA 2018 EMA 2013
P-gp (MDR1), BCRP  For NCE administered orally, L,,/1Cs, or K; > 10; For NCE administered orally, I,,/ICs, or K; > 10; Lw/1C50 2 10 Ki 0.1 % Ly,
Where, L, = dose of NCE/250 mL Where, L, = dose of NCE/250 mL Where, I,,, = maximum single dose of NCE/250 mL Where, I,, = dose of NCE/

OATP1BI,
OATPIB3

0ATI1, OAT3,
OCT2, MATEI,
MATE2K

For NCE administered by parental route, I,/ICs, or
K210
Where, [, = C,, of NCE

1+ (.fu,p X Imax in]e[)/lcs{) 2 11

Where, f, , is the unbound fraction in plasma. Imax inlet
is the estimated maximum plasma NCE concentration at
the inlet to the liver, which is calculated as: I,

inter = Imax +(Fy X Fg Xk x dose)/Qy/RgF, is the
fraction absorbed. F, is the intestinal availability. k, is the
absorption rate constant. Qy, is the hepatic blood flow
rate. Ry is the blood-to-plasma concentration ratio.

F, = 1,F, = land k, = 0.1/min can be used as a worst-
case estimate. The unbound fraction (f,, ;) should be set to
1% if experimentally determined to be less than 1%.
Imax u/ICEO 2 0.1

Where, Iy  is maximal unbound plasma concentration
of NCE at steady state.

For NCE administered by parental route, I/1Cs; or
K> 10
Where, [, = C_,, of NCE

1+ (fu,p X Imax inlet)/lcsﬂ 2 1.1

Where, f, , is the unbound fraction in plasma. Imax inlet
is the estimated maximum plasma NCE concentration at
the inlet to the liver, which is calculated as: I,

inter = Imax T (Fy X Fy X ka, dose)/Q,/RgF, is the
fraction absorbed. F, is the intestinal availability. k, is the
absorption rate constant. Qy, is the hepatic blood flow
rate. Ry is the blood-to-plasma concentration ratio.

F, = 1,F, = 1 and k, = 0.1/min can be used as a worst-
case estimate. The unbound fraction (£, ;) should be set to
1% if experimentally determined to be less than 1%.
Imax u/ICsa 2 0.1

Where, Iy  is maximal unbound plasma concentration
of NCE at steady state.

1+ [fu,b X ]max in.let)lfKi 2 11

Where, Imax inlet = Cp+(k, % dose X FF/Qp).
Cpax = the maximum blood concentration of the
inhibitor, dose is the dose of the inhibitor, F,F, is the
intestinal availability of the inhibitor, k, is the absorption
rate constant of the inhibitor, and Q, is the hepatic blood
flow rate (97 L/hr/70 kg). If the F.F; and k, values are
unknown, 1 and 0.1 mincan be used as the values for
the F,F, and k,, respectively. f,}, is blood unbound
fraction of drugs.

For OAT1, OAT3, OCT2, 1 + Cpex o/Ki = L1;
For MATEL, MATE2K, 1 + Cpa /K = 1.02
Where, Cpay o is the unbound maximum blood
concentration of NCE.

250 mL, or if low solubility,
Loy = the maximum possible
concentration at the pH range
of the GI tract

K‘i < 25 X Imax u inlet

Where, Iy u inter = the
unbound hepatic inlet
concentration

Ki < 50 x Cmax u

Where, Cpay w is the unbound
maximum blood concentration
of NCE.

Fu. S et al., Medicine in Drug Discovery. (2021)
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Regulatory Guidance Assessing tDDIs
PBPK Modeling Considerations

Parameters USFDA (2020) PMDA (2018) EMA (2013)
PBPK modeling & ADME processes-mediated by e PBPK models to guide clinical studies ® Can be used to inform the design of in
considerations  transporters or designs vivo DDI studies and to support

 Verify models for transporter sub- * Can determine necessity of in vivo labeling
strates when evaluating inhibitory interaction studies * Subpopulation impact (PBPK predic-
effect * To support interaction study in case of tion of relative contribution of en-

+ Limitations of establishing models for dose, regimen or formulation change zymes to clearance, inhibition of
tDDIl's, enzyme transporter interplay enzymes, well validated)

Vijaywargi G., Biopharm Drug Dispos. 2023
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Literature — tDDI and PBPK Modeling

25

20

10

NUMBER OF PUBLICATIONS

(N =135)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

YEAR OF PUBLICATION

aywargi G., Biopharm Drug Dispos. 2023

NASDAQ: SLP

FIGURE 1 Bar graph showing the steady
increase in the number of publications in last
decade (2010-September 2022) where
transporter-mediated disposition of drug
molecules has been captured using PBPK
modeling
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Transporter based PBPK Models in Healthy

TABLE 1 \Literature survey of available transporters-based PBPK models of drug molecules in normal, diseased, and special populations

Acceptance
Transporter Molecule Mechanism Model objective  Minimal or full PBPK Data input Data source  criterion® Outcome® Software used Reference
Healthy population
OAT3, MRP4 Furosemide Substrate DDl Full PBPK Uptake parameters In vitro, PE, 3 1 PK-5im Britz
OP, SA et al. (2020)
Probenecid Inhibitor Inhibition
parameters
P-gp Rivaroxaban Substrate DDl Full PBPK Metabolism by CYPs, non-CYPs, GFR and  Inwvitro, PE, 3 2 PK-Sim and ‘Willmann
renal secretion by P-gp SA MoBi et al. (2021)
OATP1B1 Simvastatin acid Substrate DGl Full PBPK Literature reported uptake parameters In vivo, PE, 3 1 PK-Sim Wojtyniak
op et al. (2021)
BCRP Simvastatin lactone
OATP1B1, 1B3 and Rosuvastatin Substrate tDDI Full PBPK Literature reported uptake parameters In vivo, PE, 3 1 PK-5im Hanke
BCRP oP et al. (2021)
OATP1B1, 1B3, Dasatinib Inhibitor tDDI Full PBPK Literature reported inhibition parameters  Inwvitro, PE, 3 1 Simcyp Chang
MATEs and O, BC et al. (2022)
OcT2
P-gp Edoxaban Substrate P-gp impact on Full PBPK P-gp clearance in each Gl segment, biliary  In vitro, in 2 1 Gastroplus Kato
absorption and metabolic CL vivo, PE, et al. (2021)
O, BC
OATP1B1, 1B3 emurafenib Inhibitor tDDI Minimal PBPK Experimental inhibition parameters Experimental 7 1 Simcyp Kayesh
in vitro et al. (2021)
PEPT1 Cefadroxil Substrate PEPT1 impact on inimal PBPK Experimental transporter kinetics in mouse Experimental 5 1 Gastroplus Tan et al. (2021)
absorption (extrapolated to humans) in vitro,
oP

Vijaywargi G., Biopharm Drug Dispos. 2023
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Transporter based PBPK Models in Diseased and
Geriatric Population

Transporter Molecule Mechanism

Diseased population [hepatidﬂ. renal imr_nairedIa and cancer®)

“OATP1B1 Pemafibrate Substrate
BocT2 Pramipexole Substrate
Transporter Molecule Mechanism

Geriatric population

Specific transporter  Bilastine Substrate of efflux and
is not

influx transporters
characterized

Vijaywargi G., Biopharm Drug Dispos. 2023

Model objective

Clinical PK.

Clinical PK

Model objective

Clinical PK

Minimal or full PBPK Data input

Full PBPK Experimental metabolic and uptake
clearances

Full PBPK RAF value for OCT2 in PD patients and
literature reported disposition
parameters

Minimal or full PBPK Data input

Full PBPK and Pop-PK Transporter kinetics estimated using SA

and attributed to P-gp and BCRP

NASDAQ: SLP

Data source

Experimental
in vitro,
PE, OP
In vitro, in

vivo, PE,
opP

Data source

In vivo, SA,
PE

Acceptance

criterion™ Outcome”

5 1
5 1
Acceptance

criterion” Outcome"®

Software used Reference

Simcyp Ogawa
et al. (2020)
Gastroplus You et al. (2020)

Software used Reference

Gastroplus and JKim et al. (2021)
NLME

@ SimulationsPlus



Transporter Mediated DDI in Regulatory Submissions

Table 2 Examples of DDI PBPK analyses and their impact on drug development and regulatory decision

Key theme (impact

37

Drug level) and question(s) Victim/perpetrator? Brief description Internal impact Qualification dataset FDA/EMA response
£ N
Trametinib Dol (high) Perpetrator: Weak In vitro Trametinib is a weak, Previously constructed Gas- In vitro BCRP inhibition data. FDA: Mot submitted by S
(marketed) BCRP inhibitor BCRP inhibitor, however troPlus Model of trametinib the sponsor.
Requested to provide based upon the EMA DDI was developed for other Sponsor was requested to fur
Chen et al., clinical studies to guidance chtera the in vivo applications, therefore mini- | ther discuss the interaction
20155 imvestigate the inhibi- risk in the gut could not be mal work was required to potential between trametinib

tion of intestinal BCRF. excluded using in vitro data

In vitro BCRP inhibition

alone. Predicted intestinal

construct the model in
response to the agency.

and drugs mainly absorbed in
the duodenum and jejunum.

data flagged the potenr
tial risk of in vivo DDI
according to the EMA
regulatory guidelines.

concentrations were simu-
lated using GastroPlus. Comr
plete inhibition was predicted
for the first 40 minutes post
dose and partial inhibition
was predicted upto 1.6
hours post dose and
restricted to the duodenum
and jejunum. Recommenda-
tion was to limit the co-
administration of sensitive
BCRP substrates to 2 hours
posttrametnib
administration

Outcome: Using the University
of Washington database a list of
BCRP substrates absorbed
within 1-2 hours after oral
administration was constructed.
This list was further refined to
exclude those substrates in
which the DDI mechanism was
known, leaving behind a list of
substrates that may potentially
be affected by BCRP inhibition.

and the outputs of the model
(predicted concentrations vs.
time) along the intestinal
track were used as input in
the DD prediction guide-
lines, internal static model-
ing as well as cross
referencing data in the Wash-
ington database to inform
concomitant medications at
risk. Mo dlinical BCRP DDI

Shebley Clin Pharm Ther 2018 study was conducted

Table 3 Examples of transporter-mediated DDI PBPK analyses and their impact on drug development and regulatory decision

Key theme
Transporter (location
function)
Example Inhibitor - inh Victim/perpetrator/ and
number Drug Substrate - sub question(s)? Impact® Qualification dataset FDA/EMA response
4 Axitinib Intestinal transporter:) Does P-gp inhibition in vitro ACAT model using Gastroplus| High Impact: l FDA: Accepted!
(marketed) P-gp (apical efflux) translate to clinical DDI liability was built to simulate axitinib | Agreement of HA o itted

inhibitor unbound C__ of 0.0008 pM, that no formal
DDI trial with P-gp

substrate is needed

concentrations in segments
of Gl tract

Taskar Clin Pharm Ther 2019



Strategies for Validating tDDI Models

Validating / Verifying tDDI models
(with data not used in model building)

Single or multiple tDDI studies

To get further confidence in the model

Single and/or multiple doses

To verify linearity, auto-induction / inhibition

Individuals with different
genotypes

When no selective inhibitors/inducers
reported

Matrix of inhibitors

To estimate fraction of drug
eliminated/absorbed by specific transporter,
to calculate fraction transported (Ft)

Vijaywargi G., Biopharm Drug Dispos. 2023

Changes in urine / bile conc

When changes in plasma conc. are not
evident & Involvement of uptake transporters
in kidney & liver were observed

Observe PK parameters to

recognize transporters impact

When transporters present in multiple
locations

DDI data of substrate after
intravenous and oral

To understand impact of transporters at
absorption level

Data available from charcoal

administration studies

To rule out possibility of EHC / transporters
involvement

FIGURE 5 \Various strategies for validating tDDI models with external data. tDDI, transporter-mediated drug-drug interaction.




Challenges — PBPK Modeling Involving Drug Transporters

* There has been considerable effort in the area of transporters over the last decade to
understand and build robust IVIVE for transporters
* Some information is still lacking like
* invitro data (ex: K., J...» CLlpp),
* Protein abundance/ expression of the transporters in different tissues
* Localization of transporters
* Transporter Induction/inhibition parameters
 Time-dependent inhibition of transporters



Development, Validation, and Application of PBPK Models of
Transporter- Mediated Processes

Step-wise PEPK model development and verification
Dose —= #———— Bain = DOl
» PET Irnaging
= ADME biornarker

Parameler estimation = PGx

| Kidmey or aplimization = RWD
| Smma.ch -—
[:I spleen | +—
= Liwer
Drug-dependent System/physiological l | Pancres | e— Plasma and tissue PK profiles
parameters parameters Dose E
= Physicochemical = Blood flows, tissus S-mall mtes:me — -t
praperties wolurmes E
= I vitro {2.g., = Transporter =
transparter kinatics) proteomics (2EV) E — | Muscle |[+——— E g
= In silico (e.g.. K, ) 3 = 2
E Al = Model sutput i
| ¥
3 — | skn |+— g H
¥ &
 Bottom up | — [ Bone |—— g
]
e | i2at of body | s—
- Tirree {Fuoiara)
L |
T
Human PE predictions/ Disease effect on Drug-drug Special populations

IVIVE efficacyfioxicity interactions (eg., pediatrics, organ impalmment)



DDI Qualification Approach

Literature collection collated in a spreadsheet

Model building and verification of single doses and multiple doses

Verification for all mechanisms of DDI

PowerPoint

MS-Word Reports (context of use) that can be submitted along with PBPK reports
for investigational drugs
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In Silico DDI Predictive Performance: Guest Criteria

10 T T T |

Predicted AUC Ratio
v

N
.
\
A\
-‘-‘-
AN
L1l

0.1 LA L1l L1 1 111

0.1 1 10
Observed AUC Ratio

Fig. 1. Schematic graph displaying the limits of the different predictive measures;
the traditional two-fold predictive measure (dashed lines) and the proposed new
predictive measure (dotted lines). Observed AUC ratios include both induction and
inhibition DDIs.

Guest EJ, Aarons L, Houston JB, Rostami-Hodjegan A, Galetin A. Critique
of the two-fold measure of prediction success for ratios: application for
the assessment of drug-drug interactions. Drug Metab Dispos. 2011

Feb;39(2):170-3

Upper limit: R

L

be ¥ Limit

Lower limit: R, /Limit

1 +2(R

L PI"J.‘M

— 1)

Limit =

R'.I‘.hh

wider.

Predictive performance (i.e., fold of deviation) is related to
the magnitude of DDl interactions (i.e., if the ratio of
observed post- and pre- DDI values are greater, the
acceptable limits for in silico DDI predictive performance are

NASDAQ: SLP
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for
the P-gp Substrate Digoxin, and Model Validation of Known Drug-Drug
Interactions (DDIs) with Rifampicin and Itraconazole
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Overview of Modeling Strategy of Digoxin

Baseline Model Model
Model Development Verification
Physicochemical Single IV dose in Single PO doses :
and HV 0.5. 1, 1.5mg 0.25.0.5.0.75. DDI data with DDI data with
biopharmaceutical and single PO i and lmg in Rifampicin PO Itraconazole PO
data dose 1 mg in HV Fasted/Fed state

45

DDI Interaction : Inhibition for P-gp

NASDAQ: SLP @ SimulationsPlus



Key Physicochemical and Biopharmaceutical Parameters for Digoxin
Used in GastroPlus Simulations

Parameter Value Reference Parameter Value Reference
logP 1.26 [ PUBCHEM] OATP4C1 (kidney)
Diffusion coefficient 0.44x10-5cm2/s ADMET Predictor K (M) 7.8 [Mikkaichi et al. 2004]
pKa NA (None in Vimax (Mg/s/mg trans protein) 0.1 Optimized value
Physiological Range)
+/K+
Reference solubility 0.058 mg/mL @ pH = [ Florence et al. 1976] Na*/K*-ATPase (muscle)
7.0 K., (mg/L) 6.2 Assumed
Dissolution Model Johnson with Particle GastroPlus default
size of 5 M (Lu et al. 1993) V,ax (Mg/s/mg trans protein) 0.03 Optimized value
Precipitate radius 1um GastroPlus default P-gp (PBPK)
. ’ K (M) 177 (Troutman et al. 2003)
Drug particle density 1.2g/mL GastroPlus default
Mean precipitation time 900s GastroPlus default Viax (Me/s/meg tra.ns protein) O itz Lz
P-gp (gut-apical)
Human Jejunal P (x10#) 1.765 cm/sec Assumed to be 10 times of rat
permeability 0.4 x10 cm/s K (LM) 177 (Troutman et al. 2003)
[Varma et al. 2005] V..., (mg/s/mg trans protein) 0.15 Optimized value
g2uyplasma &> R redictor Liver Apical PStc 0.5 (mL/s) Optimized value (MDR3 P-gp
concentration ratio (Rbp) inli
Plasma protein binding 75 % US FDA granspofgecirgliver)
SpecPStc 0.35 (mL/s/mL) Optimized value
(Fup%)
A *
Adjusted plasma fraction 69.249 GastroPlus algorithm Renal Clearance Estimation fuo* GFR

unbound %

method

a Predicted using ADMET Predictor® v10.0

46
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Digoxin Characteristic Properties

P-gp substrate that reaches C,_, 1-3 hrs after oral administration
Mainly excreted unchanged in human urine (only16 — 25 % of a dose is metabolized)

The fact that renal CL of Digoxin is greater than creatinine CL indicates that it is excreted by tubular
secretion as well as by glomerular filtration

Studies indicate OATP uptake of Digoxin in rat small intestine

Distribution Characteristics

Na+/K+ - ATPase (sodium pump) acts as receptor for Digoxin

Skeletal muscle pool of sodium pumps constitutes the main determinant of the V,, of Digoxin
Receptor binding is relatively slow

Transcapillary permeation of Digoxin is rapid relative to tissue binding

So, tissue binding is the rate-limiting step in Digoxin distribution kinetics

NASDAQ: SLP @ SimulationsPlus



Schematic View of Transporters Involved in Absorption and
Disposition of Digoxin in Gut, Liver, Muscle and Kidney
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Digoxin and MDR3 P-gp Transporter

MDR3 P-glycoprotein, a Phosphatidylcholine Translocase,
Transports Several Cytotoxic Drugs and Directly Interacts with
Drugs as Judged by Interference with Nucleotide Trapping*

Received for publication, November 8, 1999, and in revised form, April 20, 2000
Published, JBC Papers in Press, May 1, 2000, DOI 10.1074/jbc.M909002199

49

The human MDR3 gene is a member of the multidrug
resistance (MDR) gene family. The MDR3 P-glycoprotein
is a transmembrane protein that translocates phos-
phatidylcholine. The MDRI1 P-glycoprotein related
transports cytotoxic drugs. Its overexpression can make
cells resistant to a variety of drugs. Attempts to show
that MDR3 P-glycoprotein can cause MDR have been
unsuccessful thus far. Here, we report an increased di-
rectional transport of several MDR1 P-glycoprotein sub-
strates, such as digoxin, paclitaxel, and vinblastine,
through polarized monolayers of MDR3-transfected
cells. Transport of other good MDR1 P-glycoprotein sub-
strates, including cyclosporin A and dexamethasone,
was not detectably increased. MDR3 P-glycoprotein-de-
pendent transport of a short-chain phosphatidylcholine
analog and drugs was inhibited by several MDR reversal
agents and other drugs, indicating an interaction be-
tween these compounds and MDR3 P-gp. Insect cell

Smith J- J Biolo Chemistry-275(31)-23530-2000

NASDAQ: SLP

Asterisk indicates important transporters in the organ as identified in the organ diagram.
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Brain Nishimura
Kidney, Nishimura e’ 9.600425 \
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Model Validation of Digoxin

Observed vs Predicted Values for C,_, and AUC of Digoxin

100
100 o
jry
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0.1
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Purple Circles and Blue Circles represent C_,,

Red lines (—) represent 2-fold prediction error, Black lines (—) represent the 1.25-fold prediction error.

and AUC, ¢, respectively.

NASDAQ: SLP

@ SimulationsPlus



DDI Accuracy

10 10
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E ° E
] —2-fold(+) = ——2-fold(+)
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(&) <t
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E Unity = ——Unity
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@ lItraconazole @ Itraconazole
0.1 0.1
0.10 1.00 10.00 0.1 1 10
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Observed vs Predicted AUC,, and C, ., Ratios for DDI Between Digoxin, Rifampicin, and Itraconazole

Green (circles) represent the AUC and Cmax for DDI with Rifampicin, and Orange (Circles) represent the AUC and Cmax for DDI with

Itraconazole. Red lines (—) represent 2-fold prediction error, and black lines (—) represent fold prediction error per Guest’s criteria
(Guest et al. 2011).
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for
the P-gp, OATP2B1, OAT3 Substrate Fexofenadine and Model Validation of
Known Drug-Drug Interactions (DDIs) with Rifampicin, Itraconazole,
Verapamil, and Efavirenz
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4 1119 0.0932 55.9 167.8 -4.43E400 M
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Overview of Modeling Strategy of Fexofenadine

Baseline
Model

Physicochemical and
Biopharmaceutical
data

54

Model
Development
Microdose of 100ug IV Single PO Tab and Soln
and PO Soln in doses ranging from 10 mg
Caucasians and Japanese to 800mg in Caucasian and
HvV Japanese HV in Fasted/Fed
state.

Model
Verification

DDI Interaction :
Induction/Inhibition of P-gp,
Inhibition of OATP2B1

DDI data with Rifampicin , Itraconazole,
Verapamil, and Efavirenz single and
multiple oral doses
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Key Physicochemical and Biopharmaceutical Parameters
for Fexofenadine Used in GastroPlus Simulations

Parameter

Value

Reference

logP
Diffusion coefficient

pKa

Reference solubility

Solubility Factor

FaSSIF solubility
FeSSIF solubility
Bile salt solubilization ratio

Human effective permeability

(Peff)
(derived from Caco-2 assay)

Particle radius
Precipitate radius
Drug particle density

Mean precipitation time

0.5
0.53x10° cm?/s

9.462 (base)
3.931 (acid)

0.14 mg/mL @ pH =6.0

59.31 (base)
14.76 (acid)
0.14 mg/mL

0.21 mg/mL
1802.1

0.626x 104 cm/s

25mm
1mm
1.2 g/mL

20000s

(Chen chen et al. 2007)

ADMET Predictor?

Based on fitting to Sol. vs. pH profile

(NDA-FDA-Alegra-Fexofenadine-

20872-label)

Based on fitting to Sol. vs. pH profile

ADMET Predictor?
ADMET Predictor?
GastroPlus algorithm

(Absorption Systems Lighthouse

Database)

GastroPlus default
GastroPlus default
GastroPlus default

Fitted

Parameter Value Reference
Blood:plasma concentration ratio 0.74 (Takano et al.,2016)
(Rpp)
Plasma protein binding (F,,) 31% (NDA-FDA-Alegra-Fexofenadine-

Spec PStc

Transporters

P-gp K,

P'gp Vmax

OATP2B1K,,

OATP2B1V,,

X

OAT3K,,

OAT3 YV,

max

22% (R-Fexo)
40% (S-Fexo)
6.0 x 10 mL/s/mL tissue

25.9 uM
20 uM
0.05 mg/s (Gut)
0.02 mg/s/mg-trans (PBPK)

428 uMm

4.2 nmol/min/mg protein

0.06 mg/s

70.2 uM

0.12 nmol/min/mg protein

0.012 mg/s/mg-trans

20872-label)

(Kusuhara et al. 2013)
Fitted

(Takano et al. 2016)
Fitted
(Fitted)

(Shirasaka et al. 2014)

(Fitted)

(Tahara et al. 2006)

(Tahara et al. 2006)

55

a Predicted using ADMET Predictor® v10.0
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GastroPlus PBPK Model : Fexofenadine

File Model
Size Parameters
Age [yearst [57

weight [kal: [30

Height [eml: [175 411603881

=
S

i

Used the log P = 0.5

Changed the kidney and muscle model to
Permeability-limited with SpecPstc =6E-4 mL/s/mL
PBPK Vmax values (P-gp & OATP2B1) and SpecPStc
were optimized against IV dose

Gut transporter Vmax values were fitted against the
PO dose

Plasma Parameters

ynp: 00035

yphp: [0.00225

Yup [0545

Het |0.45

111

Protein %: |100.

Blood Cell: Parameters

Physiology Information: Human; American; Male: Healthy

‘enous Return)
, Q= 1008

i
Junction

W= 4349 91

Adipost

rterial Supp
Q=1006
v =2174.95

Q=92401,
WV =27748.1

Hea

Q=430
' = 353 495

Vnbe: |0.0017

‘phbe: (0.0029

Wwbe: |0.603

Cap: |05

o
o
—

¥ Uss SpacPStc
SpecPhits
[mL¢s/mL][B-0E-4

Close }

Brain|
Q=128
V=1491

ReproOry|
. Q=10.186]
V=538

RedMarrov

Q=5.7064

V= 114128
‘ellowMarrow|
Q= 1.586
V= 31723

RestOfBod:

. Q=1428

V = 2856
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Model Validation of Fexofenadine

Observed vs Predicted Values for C,_, and AUC of Fexofenadine

10000.00 o 10000.00 H
- =
E 1000.00 £ 1000.00 |
S~
" <
£ uh
% =
© ) ]
£ 100.00 s 100.00
o <
2 3
£ 10004 S 10.00 1
© =]
S 3
a o
1.00 A
0.10 4 0.10 T r r T T
0.10 1.00 10.00 100.00 1000.00 10000.00 0.10 1.00 10.00 100.00 1000.00 10000.00
Observed Cmax (ng/mL) Observed AUC (ng.h/mL)

Purple Circles and Blue Circles represent C ., and AUC, ¢, respectively.

max
Red lines (—) represent 2-fold prediction error, Black lines (—) represent the 1.25-fold prediction error.
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DDI Accuracy

10

00 ——2-Fold(+)
—2-Fold(-)
—Lower
——Upper
——Unity

@ Itraconazole

Predicted Cmax (ng/mL)
=

@ Verapamil
@ Rifampicin

@ Efavirenz

0.1
0.1 1 10

Observed Cmax (ng/mL)

10.00

—2-Fold(+)
—2-Fold(-)
—Lower
—Upper
— Unity

@ Itraconazole

@ Verapamil

Predicted AUC (ng.h/mL)
g

@ Rifampicin

@ Efavirenz

0.10
0.10 1.00 10.00

Observed AUC (ng.h/mL)

Observed vs Predicted AUC,, and C_., Ratios for DDI Between Fexofenadine, Itraconazole, Verapamil, Rifampicin, and Efavirenz.

Green (circles), Blue (Circles), and Orange (Circles) represent the AUC and Cmax respectively. Red lines (—) represent 2-fold prediction
error, and black lines (—) represent fold prediction error per Guest’s criteria (Guest et al. 2011).
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for
the BCRP, OATP1B1, and OATP1B3 Substrate Rosuvastatin, and Model
Validation of Known Drug-Drug Interactions (DDIs) with Rifampicin and
Gemfibrozil
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Schematic View of Enzymes and Transporters Involved in Absorption and
Disposition of Rosuvastatin in Gut, Liver and Kidney of Human Body

Enterohepatic circulation

Lumen CYPZCQ llllllll
UGT1A1

Dissolved

-

Intestine CYP2C9

UGT1Al

Liver

Urine

60 NASDAQ: SLP

NTCP
OAT3
BCRP
OATP1B1
OATP1B3
OATP2B1

sodium-taurocholate co-transporting polypeptide
organic anion-transporter

breast cancer resistance protein

organic anion-transporting polypeptide 1B1
organic anion-transporting polypeptide 1B3

organic anion-transporting polypeptide 2B1
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Overview of Modeling Strategy of Rosuvastatin

Baseline Model Development Model Verification

Model
Verification of ft for

0OATP1B1 &1B3,2B1,
NTCP,O0AT3 and BCRP

physicochemical, Administration: SD SD: 5, 10, 20,40 * DDIs with single doses of [V DDI with
, in silico, invitro | 1V infusion: 8 me and 80 mg and oral Rifampicin oral doses of
and clinical PK Oral (IR tablet): hr, and DDI studies - DDIs Withl multiple oral doses Gemfibrozil
data 40 mg of Rifampicin

Verification of ft for

Verification of t & OATP1B1 &1B3,NTCP,
‘eritficalion o or .

s QOAT3 and fm for
jale dose OATP1BI, 1B3 & 2B1, CYP2C9 and UGT1A1

DDIs: Drug-Drug

p NTCP,0AT3 and BCRP and
Interactions

fm for CYP2C9 and UGTI1A1
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Key Physicochemical and Biopharmaceutical Parameters for

Rosuvastatin Used in GastroPlus Simulations

Parameter Value Reference Parameter Value Reference
logD -0.33 @ pH=7.4 (Jones et al. 2012) Transporters
Diffusion coefficient 0.57x10° cm?/s ADMET Predictor? Influx: Basolateral side
oka 4.329 (acid), (Jamei et al. 2014), ADMET OATP1B1 (liver)
2.26 (base) Predictor® Kin,u (MM) 4 (Ho et al. 2006)
Raference solubiitg 0.5mg/mL @ (EDA 2003) Voo (mg/s/mg-trans) 0.069 Optimized value
pH=1.2 Sl T OATP1BS3 (liver)
(Human jejunal P value is K, (MM) 9.8 (Ho et al. 2006)
estimated from geo mean of V..., (mg/s/mg-trans) 0.086 Optimized value
7 o ; P,oo(a-s) @nd P, 5 4 data in Caco- NTCP (liver)
Human effective permeability (P) 1.02 x10* cm/s el 2))using gz(ilt-)in ABSCa K., (mM) . (Ho et al. 2006)
conversion. V,hax (Mg/s/mg-trans) 0.261 Optimized value
(Li et al. 2012) OATP2B1 (liver)
Particle radius 25 mm GastroPlus default Kinu (MM) 2.4 (Ho et al. 2006)
Precipitate radius 1mm GastroPlus default V..., (mg/s/mg-trans) 0.0054 Optimized value
Drug particle density 1.20g/mL GastroPlus default OAT3 (kidney)
Mean precipitation time 900s GastroPlus default Kinu (MM) 7.4 (Windass et al. 2007)
Blood: plasma concentration ratio 0.625 (Jamei et al, 2014) Vinax (mg/S/lmg-t.rans) 0.08 Optimized value
(Rep) ) Efflux: Apical side
Plasma protein binding (F,,) 10.7% (Jamei et al. 2014) BCRP (liver, kidney)
Adjusted F, 10.697 % GastroPlus algorithm® Kinu (MM) 307 (Huang et al. 2006)
Metabolism Vnax (Mg/s/mg-trans) 0.012 Optimized value
CYP2C9K,, ,(mM) 23.03 ADMET Predictor? BCRP (gut) C
CYP2C9 V., (nmol/min/mg protein) 0.0001 Optimized value Ko (MM) 307 (Huang et al. 2006)
UGT1A1K, ,(mM) 16 (Schirris et al. 2015) BCRP V. (mg/s) 0.11 Optimized value
UGT1A1V, ... (hmol/min/mg protein) 0.0002 Optimized value CLyy (mL/min/million cells) 0.0264 Optimized value
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Model Validation of Rosuvastatin

Goodness-of-Fit Plots Showing Observed vs Predicted Values for C__, and AUC of Rosuvastatin
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Model Validation of Rosuvastatin: DDI Accuracy

Observed vs Predicted DDI Ratios for C_, and AUC of Rosuvastatin with Perpetrators (Rifampicin and

Gemfibrozil)
DDI Accuracy C,,,, Ratio DDI Accuracy AUC Ratio
o 10.00 1 o 10.00 -
3 2
g 1.00 O 1.00 A
Q -]
5 <
g 3
S 0.10 S 0.10 -
e 3
o @
0.01 T T T 0.01 T T r
0.01 0.10 1.00 10.00 0.01 0.10 1.00 10.00
Observed C,,,, Ratio Observed AUC Ratio
—Unity —Upper —2-fold(+) —Unity —Upper —2-fold(+)
@ Rosuvastatin — Lower —2-fold(-) @ Rosuvastatin —Lower —2-fold(-)
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Development of a Physiologically Based Pharmacokinetic (PBPK) Model for
the OATP1B Substrate Pravastatin, and Model Validation of Known Drug-
Drug Interactions (DDIs) with Rifampicin, Gemfibrozil, Fluconazole, and
Itraconazole
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Schematic View of Enzymes and Transporters Involved in Absorption and
Disposition of Pravastatin in Gut, Liver and Kidney of Human Body

Systemic
Circulation

OATP1B1 organic anion-transporting polypeptide 1B1
""" OATP1B3 organic anion-transporting polypeptide 1B3

OAT3 organic anion-transporter
Portal

blood MRP2 multi-drug resistance protein 2

4

' CYP3A4 CYP3A4

e

cypP3asa )

Gut
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Overview of Modeling Strategy of Pravastatin

Baseline Model Development Model Verification
Model
Verification of fm for 3A4,
m ft for OATP1B1, OAT3
physicochemical, SD SD: 5. 10, 20,40 DDI with DDI with DDI studies with
, in silico, in vitro IV infusion: 9.9 mg and 80 mg Rifampicin Gemfibrozil Itraconazole and
and clinical PK Oral solution: 19.2 MD: 20, 40 mg Fluconazole
data me DDI studies

SD: single dose
MD: multiple dose
DDIs: Dmg-Drug
Interactions

Verification of ft
for OATP1B1,

OAT3

NASDAQ: SLP
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for CYP3A4
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Key Physicochemical and Biopharmaceutical Parameters for

Pravastatin Used in GastroPlus Simulations

Parameter Value Reference Parameter Value Reference
Molecular weight 424.5 ADMET predictor Transporters
LogD at pH 7 0.59 (EDA) Influx: Basolateral side
Optimized to describe IV C,- OATP1B1 (liver)
LogP 1.89 time profile and to better Km (uM) 27 (Izumi et al. 2015)
capture observed Vg Vmax (Mg/s/mg-trans) 0.023 Optimized
lonization constant (pKa) 4.92 (acid) ADMET predictor OAT3 (kidney)
Km (uM) 27.7 (Nakagomi-Hagihara et al. 2007a)
Reference solubility (mg/mL) 479.6 @ pH 6.8 (Ruiz-Picazo et al. 2019) V... (mg/s/mg-trans) 0.1 Optimized
Papp (10" cm/s, Caco-2) 0.3 (Varma et al. 2012) Efflux: Apical side
Peff (104 cm/s) 1.18 ABSCa conversion? MRP2 (liver, kidney)
Mean precipitation time (s) 900 GastroPlus default value Km (uM) 7.2 (Ellis et al. 2013)
Blood to Plasma concentration ratio 0.56 (Watanabe et al. 2009) Vinax (M8/s/mg-trans) 01 Optimized
Plasma fraction unbound (%) 50 (FDA) MRP2 (gut) )
Adjusted plasma fraction unbound 49.96 GastroPlus algorithm¢ Km (um) 7.2 (Ellis et al. 2013)
(%) Viax (Mg/s/) 0.002 Optimized
Metabolism Clpp (HL/min/million cells) 0.5 (Varma et al. 2012)
CYP3A4 (gut and liver)
Km (uM) 3480 (Jacobsen et al. 1999)
V..., (hmol/min/mg-enz) 75 Optimized
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Model Validation of Pravastatin

Goodness-of-Fit Plots Showing Observed vs Predicted Values for C ., and AUC of Pravastatin
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Observed vs Predicted DDI Ratios for C

Model Validation of Pravastatin: DDI Accuracy

max

Gemfibrozil, and Its Metabolite, Itraconazole, and Fluconazole)

and AUC of Pravastatin with Perpetrators (Rifampicin,

Predicted C,,,, Ratio

DDI Accuracy C,,,, Ratio

10.00 -

1.00 A

0.10 4

0.01

0.01

Unity @ Pravastatin

0.10 1.00

Observed C,, Ratio
2-fold(+) 2-fold(-) —— Upper

10.00

Lower

Predicted AUC Ratio

DDI Accuracy AUC Ratio

10.00 A

1.00

0.10 A

0.01

0.01

Unity @ Pravastatin

0.10 1.00
Observed AUC Ratio

2-fold(+) 2-fold(-) —— Upper

10.00
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Investigational Drugs as Victim Drug-Findings/Guidance

4 R

For Investigational drugs, initial
simulations can be carried out
using in vitro metabolism and
transporter data and DDI
potential as victim drug can be
carried out

\_ /

\_

Based on our findings, it is likely that a

clinical DDI study with strong inhibitor
and or mass balance study is warranted

to define the relative contribution of
enzymes/transporters for the total
clearance of the drug

/

NASDAQ: SLP

\_

Thereafter, we can test the
untested scenarios like the
effect of moderate or weak
inhibitors of relevant
transporters using the DDI
Qualification matrix

N

J
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Investigational Drugs as Transporter Inhibitors-
Findings/Guidance

4 N

For Investigational drugs, using the in vitro Ki
values, if the R values calculated are higher than
cut-off values, then relevant substrates (our
compounds in the DDI matrix can be used) can be
used to test the effect of IND on these substrates

\_ /

é )

Depending on the predicted magnitude of
interaction, whether significant or not.

In the former case, a clinical DDI study is still
required whereas in the later a sensitivity analysis
will suffice

\_ J
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Additional Literature on GastroPlus DDI Applications

Perrier Jeremy, Gualano V, Helmer E, Namour F, Lukacova V, Taneja A. Drug-drug interaction
prediction of Ziritaxestat using a physiologically based enzyme and transporter
pharmacokinetic network interaction model. 2023 Sep; Clin Transl Sci. 16:2222-2235.

Deb S, Hopefl R. Simulation of drug-drug interactions between breast cancer
chemotherapeutic agents and antiemetic drugs. Daru. 2023 May 24. doi: 10.1007/s40199-
023-00463-1.

Deb S, Reeves AA. Simulation of Remdesivir Pharmacokinetics and Its Drug Interactions. J
Pharm Pharm Sci. 2021;24:277-291.

Yamada M, Ishizuka T, Inoue S, Rozehnal V, Fischer T, Sugiyama D. Drug-drug risk assessment of
Esaxerenone as a perpetrator by In vitro studies and static and physiologically based
pharmacokinetic models. Drug Metab Dispos. 2020;48:769-777.
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Additional Literature on GastroPlus DDI Applications

Sohlenius-Sternbeck AK, Meyerson G, Hagbjork AL, Juric S, Terelius Y. A strategy for early-risk
predictions of clinical drug-drug interactions involving the GastroPlus™ DDI module for time-
dependent CYP inhibitors. Xenobiotica. 2018 Apr;48(4):348-356

Dodd S, Kollipara S, Sanchez-Felix M, Kim H, Meng Q, Beato S, Heimbach T. Prediction of

ARA/PPI Drug-Drug Interactions at the Drug Discovery and Development Interface. J Pharm
Sci. 2019 Jan;108(1):87-101.
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Important Resources

In Vitro Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated Drug

Interactions Guidance for Industry | FDA

Clinical Drug Interaction Studies — Cytochrome P450 Enzyme- and Transporter-Mediated Drug
Interactions Guidance for Industry | FDA

Drug Development and Drug Interactions | Table of Substrates, Inhibitors and Inducers | FDA

European Medical Agency (EMA)-Guideline on the investigation of drug interactions

Japanese Pharmaceuticals and Medical Devices Agencies (PMDA) 2019-Development of a new Japanese
guideline on drug interaction for drug development and appropriate provision of information

Question & Answer document (live document, EMA website)- Section 2. Drug interactions

ICH Guideline M12 on drug interaction studies (draft)

NASDAQ: SLP @ SimulationsPlus


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/in-vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/in-vitro-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-drug-interaction-studies-cytochrome-p450-enzyme-and-transporter-mediated-drug-interactions
https://www.fda.gov/drugs/drug-interactions-labeling/drug-development-and-drug-interactions-table-substrates-inhibitors-and-inducers#table2-2

Additional Information
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DDI Inhibition Parameters

Supplementary Table 1 DDI Inhibition and Induction Input Parameters for Rifampicin

Enzyme Interact.io.n.ParameteE' Value Reference
(Inhibition/Induction)
CYP3A4 Inhibition: Competitive, K;-rev-in vifro, u = 18.5 pM (Kajosaari et al. 2005)
MRP2 Inhibition: Competitive, Ki-rev-in vitro, u = 0.87 nM (Yoshikado et al. 2016)
OATPIBI1 Inhibition: Competitive, Kyrev-in vifro, u = 0.07 pM (Morse et al. 2019)
OATPLIB3 Inhibition: Competitive, K;-rev-in vifro, u = 0.07 nM (Morse et al. 2019)
OATP2B1 Inhibition: Competitive, IC50-in vifro, u = 65 uM (Karlgren et al. 2012)
BCRP Inhibition: Competitive, IC50-in vitro, u = 14.9 pM (Costales et al. 2021)
NTCP Inhibition: Competitive, IC50-in vitro, u = 127 pM (Zhang et al. 2019)
OAT3 Inhibition: Competitive, IC50-in vifro, u = 33 uM (Parvez et al. 2016)
o _ I N
CYP3IA4 g:::(:“f?' ECs5o (unbound) = 0.064 uM (Asz;l.lijr]t:de:;:i;?lg)
————— - - ~
UGT1A3 gf:il:r: ECso (unbound) = 0.064 uM (Asz:]ijrlt:de;:i];gls)
P—— _ - S
UGTIAL glnflaxuc:n‘c:.r: ECs5o (unbound) = 0.064 uM (Asz;l}];:dezgi.];?ls)
Cypcy | i EC Gabound) 0081 e

“Rev” represents reversible inhibition and “u”™ stands for unbound.

*fitted values for UGT1A3 and CYP3A4 were previously validated against clinical rifampicin PK studies and DDI
studies with rifampicin and CYP3A4 substrates (midazolam, triazolam. alfentanil); the same Emax value as fitted for

UGT1A3 is assumed also for UGT1AL.

NASDAQ: SLP

@ SimulationsPlus



DDI Inhibition Parameters Cont.,

Supplementary Table 2 DDI Inhibition Parameters for Gemfibrozil and Gemfibrozil-Glucuronide

Interaction Parameter Value

Perpetrator Enzyme (Inhibition/Tnduction) Reference
Gemfibrozil | OATPIBI | Inhibition: Competitive, IC50-in vifro, u = 7.4 uM (Sall 2013)
Gemfibrozil | OATP1B3 | Inhibition: Competitive, IC50-in vifro, u= 10 uM (Yoshida et al. 2012)
Gemfibrozil OAT3 Inhibition: Competitive, K;-rev-in vifro, u = 3.4 uM (Nakagom;—;—(])z;g)_lhara etal.
Gemfibrozil NTCP Inhibition: Competitive, IC50-in vifro, u =23 uM (Ho et al. 2006)
Gemfibrozil CYP2C9 | Inhibition: Competitive, K;-rev-in vifro, u =4 uM (Wang et al. 2002)
Gemfibrozil | UGT1ALl | Inhibition: Competitive, IC50-in vifro. u= 110 uM (Gan et al. 2010)
Gemfibrozil- |\ 15151 | [nhibition: Competitive, [C50-in vifro, u = 4.3 uM (Sdll 2013)
glucuronide
Gemfibrozil- o o, o .

ehibroz, OATPIB3 | Inhibition: Competitive, IC50-in vitro, u= 74 uM (Yoshida et al. 2012)
glucuronide
Gemfibrozil- o, A Nak i-Hagil t al.

ehibroz, OAT3 Inhibition: Competitive, K;-rev-in vifro, u = 9.9 uM (Nakagomi-Hagihara et a
glucuronide 2007)
Gemfibrozil- o o, -

ehibroz, UGT1Al | Inhibition: Competitive, IC50-in vitro, u= 130 pM (Gan et al. 2010)
glucuronide

“Rev” represents reversible inhibition and “u™ stands for unbound and “T” represents total binding.
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DDI Inhibition Parameters Cont.,

Supplementary Table 4 DDI Inhibition Parameters of Ifraconazole and Its Metabolites
Interaction Parameter
Perpetrator Enzyme Value Reference
(Inhibition/Induction)
Itraconazole Inhibition: Competitive
(ITZ) CYP3A4 Ki-rev-in vitro, u = 1.3 1M (Isoherranen et al. 2004)
Hydroxy PPETCR e
itraconazole CYP3A4 Ki{?glj;:?(i?r;-fcznjclit?zb{ (Isoherranen et al. 2004)
(OH-ITZ) ' i )
Keto _— ",
itraconazole CYP3A4 K?nhll_:n_tlor‘l_.n(?omzefli‘\-]el\d (Isoherranen et al. 2004)
(Keto-ITZ) i-rev-in vitro,u =141
N-desalkyl e o
itraconazole CYP3A4 Ki?:ljzl:t?rrfiinj;tggzM (Isoherranen et al. 2004)
(ND-ITZ) SHT

““rev” represents reversible inhibition and “u” stands for unbound.
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DDI Inhibition Parameters Cont.,

Supplementary Table 5

DDI Inmhibition Parameters of Fluconazole

Interaction Parameter

Ki-rev-in vitro, T = 15 pM

Perpetrator Enzyme Value Reference
(Inhibition/Induction)
Fluconazole CYP3A4 Inhibition: Competitive (Isoherranen et al. 2008)

““rev” represents reversible inhibition and “T™ represents total binding.
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