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Purpose:

This webinar will be an introduction to the GastroPlus DDI Standards Update project. This project is an extensive review of our current DDI
Standards in order to update and document the input sources and assumptions for all of the substrates and perpetrators included in the
GastroPlus (GP) library. This update will include addition of many new inhibition and induction mechanisms of perpetration for both enzymes
and transporters. In addition to literature studies for current standards in the DDI Standards Update project, each one of the DDI standards will
be accompanied by a full GP9.8.1 database, spreadsheet, slide set, and written report. The webinar will also provide a summary of the new
mechanisms that have been added to midazolam, ketoconazole, gemfibrozil, and rifampicin.

Methods:

For each standard, the GP9.8.1 database has been extensively documented with literature references and if any parameters are fitted, that is
described in the comments section. An Excel spreadsheet will be prepared, listing physicochemical, biochemical, and biopharmaceutical
properties and sources of information. Also, in vivo preclinical (if any), and clinical studies used in development of the PBPK models and in the
validation of each mechanism of DDI will be included. An MS-PowerPoint document will summarize the model development for each standard
and finally an MS-Word report (suitable for inclusion in regulatory submissions) will be prepared.

Results:

Updates and documentation have been completed or will soon be released for 3A4 substrates midazolam, triazolam, and alfentanil and 2C8
substrates repaglinide and rosiglitazone. Also available for download will be the following perpetrators: fluconazole (validated for moderate
reversible 3A4 inhibition), ketoconazole (validated for strong 3A4 rev. and irrev. inhibition), voriconazole (validated for strong rev. and irrev. 3A4
inhibition), and rifampicin (validated for strong induction of 3A4, 2C8, and 2C9). Many other DDI mechanisms are included inthe perpetrator
tables and additional validation documentation will be released as it becomes available from the DDI Task Force. In addition, you will see a new
column in the Perpetrator Table that highlights which entries have been validated.

Conclusions:

This DDI Update project will be an extensive and time-consuming process. In the next few years, Simulations Plus will update the databases

and documentation for more than 40 DDI substrates and perpetrators. These resources will be available for licensed users to download.
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Primary Focus

* This webinar will describe or provide:

— How to approach and document any project involving mechanistic absorption
and PBPK simulations.

— Description of the historical GastroPlus (GP) database of substrate and
perpetrator DDI standards and a discussion of how these standards are being

extensively documented for the development and validation of simulation
models.

— A process of DDI Standard development and documentation that is currently
available to users who request the information.

e This webinar is not:

However, the next couple of slides will help answer those questions.
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Alfentanil

Dolutegravir

Metformin

Rifampicin

Warfarin

Atazanavir

Efavirenz

Midazolam

Rivaroxaban

Atomoxetine

Fexofenadine

Omeprazole &

Rosiglitazone

Metab.

Buproprion Fluconazole Phenytoin Rosuvastatin

Caffeine Fluvoxamine Posaconazole Theophylline Atorvastatin

: Gemfibrozil & . . : :
Cyclosporine . Pravastatin Tolbutamide Simvastatin
glucuronide

Desipramine Imipramine Quinidine Triazolam

Digoxin Itraconazole &Metab.| Raltegravir & Metab. Verapamil

Diltiazem & Metab.

Ketoconazole

Repaglinide

Voriconazole
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Efavirenz, Fluconazole, Gemfibrozil and glucuronide, Ketoconazole, Itraconazole + 3
metabolites, Midazolam, Repaglinide, Rifampicin, Voriconazole, Rosiglitazone, Triazolam

e Literature collection complete and collated in spreadsheet
 Model building and validation of single compound

* Validation for all mechanisms of DDI

* PowerPoint

* MS-Word Reports

As we are prioritizing the next batch of DDI standards to build and/or update, we welcome
your feedback on compounds that are most important for your projects.
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Outline of Process for Model Development and Documentation

* Creation of GP a project starts with structure import using ADMET Predictor Module
for both substrates and perpetrators.
— Physicochemical, biopharmaceutical, and biochemical properties

— Initial evaluation via “Chemistry Classification” with all aspects of ADMET

 Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

— Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

— First simulations for “Measured Properties” with parameter sensitivity analysis.

— Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

— DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

— Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

— Preparation of slides and written reports suitable for regulatory submission.
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Estimated Solubility Factor after fitting pH
Vs solubility profile = 156.9
Adjusted Sol factor = 180

Exp pKa =5 (Luner et. al., Pharm. Res.11(12):1755 (1994)

S+Sw =0.0826 mg/ml @ pH 4.24 (AP 10.0)

Exp Sw =0.02 mg/ml @ pH 1 37 deg C (LOW) (Luner et. al., Pharm. Res.11(12):1755 (1994)
S+Solubility Factor = 276.89

S+FaSSIF = 0.42 mg/ml, S+ FeSSIF = 0.62 mg/ml (AP 10.0)

Exp FaSSIF = N.A

S+Peff = 7.33x 104 (cm/s) (AP 10.0) (HIGH)

Caco-2 Papp A->B = 5.89E-5 (Absorptions Systems Lighthouse Database)

Caco-2 Papp B->A = 4.73E-5 (Absorptions Systems Lighthouse Database)

Caco-2 Converted to Hum Peff = 5.60E-4 cm/s (From GeoMean =5.28E-5 cm/s from Abs Sys Caco-2)

S+hum_fup% = 5.18 %(AP 10.0)

Exp. Fup = 3.5%(Oprea and Benet Wombat database)

S+RBP = 0.67( AP 10.0)

Exp Rbp =0.75(Deguchi et. al., Drug.Metab.Disp0s.39(5):820 (2011)

S+Enzyme Substrate: CYP2C9(48%), CYP2C19(71%), UGT1A1(68%), UGT1A3(97%), UGT1A9(76%),
UGT2B7(93%)

AP 10.0 = ADMET Predictor v. 10.0

S+ = properties predicted with Simulations Plus models

S+Sw = native solubility in pure water
S+Peff = human jejunal permeability estimate
N.A = Not Available

S+Transporter Substrate: P-gp(75%), OATP1B1(99%), OAT1(87%),
Exp Enzyme Substrate: 2C9, 2C19, UGT1A3, UGT2B7

Exp Transporter Substrate: OATP1B1 (liver influx)

S+Enzyme Inhibitor: CYP2C9(77%)

S+Transporter Inhibitor: OAT1(95%), OAT3(76%),

Exp Enzyme Inhibitor: 2C8, 2C9

Exp Transporter Inhibitor: NTCP, OAT3, OATP1B1, OATP1B3

SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS



Transporter Substrate Classification:

— OATP1B1-Substrate=Yes (99%); OATP1B3-Substrate=No (60%); OCT1-Substrate=Yes (96%); OCT2-

Substrate=Yes (74%); OAT1-Substrate=Yes (87%); OAT3-Substrate=Yes (75%); Pgp-Substrate=Yes (75%);
BCRP-Substrate=No (95%);

Transporter Km Values:

— OATP1B1-Km=24.62uM; OATP1B3-Km=66.47uM; OCT1-Km=8.66uM; OCT2-Km=18.12uM; OAT1-
Km=25.48uM; OAT3-Km=122.11uM;

Transporter Inhibitor Classification:

— OATP1B1-Inhibitor=No (54%); OATP1B3-Inhibitor=No (96%); OCT1-Inhibitor=No (77%); OCT2-Inhibitor=No
(99%); OAT1-Inhibitor=Yes (95%); OAT3-Inhibitor=Yes (76%); Pgp-Inhibitor=No (96%); BSEP-Inhibitor=No
(66%); BCRP-Inhibitor=No (97%);

Transporter IC50 Values:

— BSEP-IC50=48.26uM;
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Fig. 1. (A) Chemical structure of gemfibrozil (5-(2,5-dimethyl-
phenoxy)-2,2-dimethylpentanoic acid). The molecular weight is

250.4 (B) Gemfibrozil pH-solubility profile, 37°C. Each data point
represents the mean (n = 3) and SD is within the symbols.

Luner et al., Pharm. Res. 11(12):1755 (1994)
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After fitting the pH-solubility profile
Acid pKa =5.025
Sol factor= 180
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{form 1) Solubility (mgfmL)

AP 10.0 = ADMET Predictor v. 10.0

S+ = properties predicted with Simulations Plus models
S+Sw = native solubility in pure water

S+Peff = human jejunal permeability estimate

N.A = Not Available

10

Exp pKa =N.A

S+Sw = 3.0900 mg/ml @ pH 3.15 (AP 9.5)

Exp Sw =N.A

S+Solubility Factor = 43.48

S+FaSSIF = 1.13 mg/ml, S+ FeSSIF = 2.71 mg/ml
Exp FaSSIF =N.A

S+Peff = 4.0E-5 (cm/s) (AP 10.0)

S+hum_fup% = 11.2% (AP 10.0)
Exp. Fup% =11.5% (Shitara et al., J.Pharmacol. Exp.Ther. 311(1):228(2004)
NOTE: For all simulations Fup% = 5.0 to correct the Vdss for glucuronide

S+RBP = 0.65 (AP 10.0)
Exp Rbp =N.A

S+Enzyme Substrate:

Exp Enzyme Substrate: Hydrolase

S+Transporter Substrate: P-gp(99%), OATP1B1(99%), OATP1B3(93%), OAT1(65%), OAT3(97%), OCT1(76%)
Exp Transporter Substrate: OATP1B1 (liver influx), OAT3 (kidney influx), MRP2 (liver-bile efflux), MRP3 (liver-
systemic efflux), MRP4 (kidney-tubule efflux)

S+Enzyme Inhibitor: CYP2C9(35%), CYP3A4(42%)

S+Transporter Inhibitor:

Exp Enzyme Inhibitor: 2C8, 2C9

Exp Transporter Inhibitor: NTCP, OAT3, OATP1B1, OATP1B3 SimulationsPlus
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* lransporter Substrate Classitication:

— OATP1B1-Substrate=Yes (99%); OATP1B3-Substrate=Yes (92%); OCT1-Substrate=Yes (76%); OCT2-
Substrate=No (91%); OAT1-Substrate=Yes (65%); OAT3-Substrate=Yes (97%); Pgp-Substrate=Yes (99%); BCRP-
Substrate=No (95%);

* Transporter Km Values:

— OATP1B1-Km=42.7uM; OATP1B3-Km=74.53uM; OCT1-Km=6.99uM; OCT2-Km=2.99uM; OAT1-Km=24.36uM,;
OAT3-Km=50.64uM;

* Transporter Inhibitor Classification:

— OATP1B1-Inhibitor=No (54%); OATP1B3-Inhibitor=No (49%); OCT1-Inhibitor=No (89%); OCT2-Inhibitor=No
(99%); OAT1-Inhibitor=No (94%); OAT3-Inhibitor=No (83%); Pgp-Inhibitor=No (96%); BSEP-Inhibitor=No
(99%); BCRP-Inhibitor=No (97%);

* Transporter IC50 Values:

— BSEP-1C50=41.79uM;
11 SimulationsPlus
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Gemfibrozil S+CL_Mech = Metabolism

Compound are assigned to one of six MW 5400 (o Class 2
classes based on: gl |\ Gl A A Clasie ]
1) High or low permeability N I etabolem
2) High or low MW (400 g/mol) 5| [[MeEetemi o
3) lonization class: Acids/Zwitterions =l } i

versus Bases/Neutrals e Loommoommeee '

MW <400 MWw:fJI:ia —

Class 1A and 2 are metabolism ﬁ T TR T
Classes 3A and 4 are renal E | | Hepatic | Renal
Class 1B is hepatic uptake : Renal uplake ;Ior)
Class 3B is hepatic uptake or renal o oy

Varma M., et. al. Pharm. Res. 2015, 32, 3785. Acids/Zwiks Bases/Neutrals

GEM-glucuronide S+CL_Mech = Hepatic Uptake &

SimulationsPlus
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Statistic  |ECCS | Hum CL Mech Bin

Concordance 91% 96%
Youden 0.78 0.94
Coverage 88% 92%

Varma M., et. al. Pharm. Res. 2015, 32, 3785.
13 SimulationsPlus
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LE_,» GastroPlus(TM]): ~003 DDI Standard 55 MEB 2021-02-19.mdb (C\Users\Public\Simul.\Gastr.\Drug ADDI-2019Gemnfi. L)

File Edit Database Simulation Setup Controlled Release  Tools  Modules (Optional)  Help

_I;“umpuumi T Gut Phyziolagy-Hum T Pharmacokinetics T Simulation T Graph
~Selected Compound
— ver, 9.8.1003
4| 4 |Gemfibrozil AP10.0 GP3.8.7 3 | M | El 51 Trang Time [h) = 3.3 tean Abs Time [h] = 0.227
Longest Disz. Time [h] is @& pH 1.0 =1.32 hours
|I:urrent= 1; Tatal = 25 Max &bz Dose (S+)= 1.098E +5 ma. b aw bz Dose [lit) = 3.34E+4 ma.

All properties are predictions from ADMET Predictor v10.0.0.0

Tendency Supersaturate=SupSat (89%); Likelihood of BBB Penetration=Low (42%);

ECCS Classification=Class_1A (Metabolism); S+ Mechanistic Clearance Classification=Metabolism;
Human Rbp prediction saved in database. Predicted Rat Rbp = 0.67

Human Fup prediction saved in database. Predicted Rat Fup = 4.2%

Transporter Inhibitor Classification: OATP1B1-Inhibitor=No (54%); OATP1B3-Inhibitor=No (96%); OCT1-Inhibitor=No (77%); OCT2-Inhibitor=No (99%); OAT1-
Inhibitor=Yes (95%); OAT3-Inhibitor=Yes (76%); Pgp-Inhibitor=No (96%); BSEP-Inhibitor=No (66%); BCRP-Inhibitor=No (97%);

Transporter Substrate Classification: OATP1B1-Substrate=Yes (99%); OATP1B3-Substrate=No (60%); OCT1-Substrate=Yes (96%); OCT2-Substrate=Yes (74%);
OAT1-Substrate=Yes (87%); OAT3-Substrate=Yes (75%); Pgp-Substrate=Yes (75%); BCRP-Substrate=No (95%);

Transporter Km Values: OATP1B1-Km=24.62uM; OATP1B3-Km=66.47uM; OCT1-Km=8.66uM; OCT2-Km=18.12uM; OAT1-Km=25.48uM; OAT3-Km=122.11uM;
Transporter IC50 Values: BSEP-IC50=48.26uM;

Gl | - i ' T

Transporter Table Particle Size [form 1) B=25.00, D=50.00 | _

All properties are predictions from ADMET Predictor »+10.0.0.0

S
Tendency Supersaturate=5upS at [89%); Likelihood of BEE Penetration=Low [42%];
ECCS Clazzification=Clazz_14 [Metabolizm); S+ Mechanistic Clearance Clazsification=Metabolizm;
Hurnan Rbp prediction saved in database. Predicted Rat Rbp = 067
Hurnan Fup prediction saved in database. Predicted Rat Fup = 4.2%
Transporter Inhibitor Classification: OATP1B1-Inhibitor=No [54%); DATP1B 3 nhibitor=No [36%2); DCT1Inhibitor=Na [77%); OCT 2nhibitor=Mo (99%); DAT14nhibitor=es (95%); DAT3- v
pk.a Table | logD: Stuct-E.1 Digz Model: Johnzon PartSize-Sol: OM | BileSal-Sal: OM | Ditf; ON H ConztRad: OFF | Precip: Time  Ppara: Zhim |EHE: OFF | ACAT: Conc y
14 SimulationsPlus
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Gemfibrozil AP10.0 GP9.8.1

R A

C 351
Q

Gemfibrozil 300 mg PO Cp vs. Time
% of Dose Dissolved
% of Dose into Portal Vein

o = = Lrocy
% of Dose into Systemic Circulation

Percent (%)

Record: Gemfibrozil AP10.0 GP32.8.1

Total simulation time (h): 10
Result Observ simul
Fa (%): il 99,94
FDp (%) : o 98. 87
F (%) o 95.77
cmax (ug/mL): o 40.23
Tmax (hl: o 1.3
AUC 0-inf (ug-h/mL): O 360
AUC 0-T {ug-h/mL]: o 251.5
CMax Liver (ug__!mL]: 5.235

c1 T ¥ J L) T T d

0 1 2 3 4 5 6 7 8 9 1

Simulation Time (h)

Physiology used: Healthy Male 23 years 73 Kg 23 BMI
All mechanisms PBPK Model: Liver and Kidney were assumed Permeability limited organs; the rest were assumed perfusion
limited Kps for the Glucuronide record were calculated using the Poulin-extracellular method was used for both Perfusion

Limited and for Permeability limited tissues.

Honkalammi et.al., Drug. Metab. Dispos. 39(10):1977(2011)

Hum PO 900 mg Tab Honk -opt

6.0044 L110
5.5e4 I/—— £100
1 5.0e4- e Lao
5 4-5e41 N 80
..E, 4.0e44 4 20
§ 3504
§ 304
£ 2564
S 2.0e4- 40
S 1.5e4 30
O 4 vesd 20
5.0e3 L10
0.0e04} , , _ : 2
0 2 4 6 g 10

Simulation Time (h)

v Gemfibrozil 800 mg PO Cp vs. Time

I % of Dose Dissolved

I3 % of Dose into Portal Vein

W % of Dose Absorbed

v % of Dose into Systemic Circulation
Record:

Percent (%)

Hum PO 200 mg Tab Honk -opt
10

Total simulation time (h):

Result Observ Simul
Fa (%): o 109. 4
FDp (%): o 107. 4
S H o 97.16
cmax (ng/mL): 45500 45060
Tmax (hl: 1.5 1.433
AUC 0-inf (ng-h/mL): 1.31E+5 1.22E+5
AUC 0-Tt (ng-h/mL): 1.27E+5 1.21E+5
CMax Liver (ng/mL}: 55280
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Conclusions and Recommended Testing
Based on in silico properties

Low solubility in stomach probably won’t reduce bioavailability but may
result in slow dissolution and longer T, ...

Low MWst, high permeability, and acidic pKa of parent GEM suggest
mainly metabolic clearance by Phase | (2C9 and 2C19) and Phase Il
(UGT1A3 and UGT2B7) enzymes.

AP10.0 transporter module suggests possible liver and kidney influx.

High MWt, low permability, and acidic pKa of GEM-glucuronide suggests
systemic clearance by hepatic and renal influx.

Both parent and glucuronide metabolite may be involved in DDI

inhibition of enzymes.

E¥) SimulationsPlus
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Physicochemical, biopharmaceutical, and biochemical properties

Initial evaluation via “Chemistry Classification” with all aspects of ADMET

* Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

First simulations for “Measured Properties” with parameter sensitivity analysis.

Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

Preparation of slides and written reports suitable for regulatory submission. &0 SimulationsPlus
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Human Cp vs. time profiles before and after
GEM and GEM-glucuronide DDIs

Subset of 13 references from a total of 83:

© 00N O W e

el el
W N - O

18

Hermening-JChromatogrBBiomedSci-741-2-129-2000-PK profiles-of-gemfibrozil-and-glucuronide-and-covalent-adducts-PO-900-mg
Hirano-DrugMetabDisp-34-7-1229-2006-DDI-Pitavastatin-Verapamil-Ki-hepatic-uptake-OAT1B1
Ho-Gastroenterology-130-6-1793-2006-Rosuvatatin-hepatic-uptake-OATP and NTCP-Vmax-Km transporters
Honkalammi-DrugMetabDispos-39-10-1977-2011-Human data-Repaglinide-Gemfibrozile DDI-2C8 activity
Kajosaari-Backmann-BasicClinPharmcolToxicol-97-249-2005-Metabolism-Repaglinide-Gemfibrozil-CYP2C8-Ki-CYP3A4
Nakagomi-Xenobiotica-37-4-416-2007_Inhibition of hOAT3 pravastatin transport by gemfibrozil and glucuronide human
Nakagomi-Hagihara-Xenobiotica-37-5-474-2007-Gemfibrozil-and-its-glucuronide-inhibit-OATP1B1
Ogilvie-DrugMetabDispos-34-1-191-2006-Gemfibrozil Glucuronide-HLM study-NADPH dependent inactivation-2C8
Schneck-ClinPharmacolTher-75-5-455-2004-Rosuvastatin and Gemfibrozil DDI

. Wang-CPT- PharmacometSysPharmacol-6-4-228-2017-Transporter Based DDI Rosuvastatin PBPK model SimCyp

. Wen-Neuvoven-DrugMetabDisposition-29-11-1359-2001-invitro-2C9 inhibition-Gemfibrozil

. Yamazaki-Lin-Xenobiotica-35-7-737-2005-OATP1B1-MRP2-P-gp-mediated transport-Gemfibrozil-DDI-Fibric acid derivatives
. Yoshida-ClinPharmTherap-91-6-1053-2012-Transporter-DDI-of-OATP-Substrates-from-in-vitro-studies-w-Supplements

E¥) SimulationsPlus
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A | B | F | & | w | 0 | 0 | k¥ | L | m | N | q
Gemfibrozil Physicochemical Properties Estimated free base solubility using GSE Ref. Sanghvi-Yalkowsky-QSARCombSci-22-2-258-2003-Estimg
88, 05\18\20_|20 Updated 09\22\2020
Property Value Units Ref.
ADMET Predictor ver. 10.0
File Edit Opfions Object Deisbase Search List Mindow Help
& Eb I -DBfMain
S+Acid pKa 4.92 ADMET Predictor ver. 10.0 E i 1515/Base :
~ opamdpa 5 luner-Radebaugh-PharmRes-11-12-1755-1994-Gemfibrozil-pH sol\ o | e e e
L .
i Solubility g
— = E Q Upd <{Root> 1 of1 1=
13 S+Sw  0.0826 mg/mL  ADMET Predictor ver. 10.0 0 [ TE B Search Domain: Al il
14 | S+pH 4,24 ADMET Predictor ver. 10.0 * Structure D LDS_PN
15 | S+Solublity Factor  276.89 ADMET Predictor ver. 10.0 ; 186 LO186
L7 * Compound_Name CAS_RegistryNumber
18 | S+FaSSIF @ pH 6.5 0.4200 mg/mL  ADMET Predictor ver. 10.0 E CH, Gemfibrazil 25812.30.0
19 S+FeSSIF @ pH5.0  0.6200 mg/mL  ADMET Predictor ver. 10.0 /@E Q,
| ., —OH
po | Permeability - . H,C O/\/\’ZCH3 “fmla_Structure *mol weight_Structure
P1 S+Peff 7.33E+04 cm/s ADMET Predictor ver. 10.0
1 /! CHy Cq5H3904 2503408
p3 |
ba 5 Selected Therapeutic_Category
L [ Antihyperlipoprateinemic
PG | P-gp Substrate No Yes/No
P7 | Caco-2 Converted to Hum Peff 5.60E-04 cm/s Converted from GeoMean of Absorption Systems Caco-2 PetBound_HumanFlasmaProt_Log PetBound_RatPlasmaProt_Log OralBioavaiabiity_| tvalus WMolssight_LDS_File
b3 Blood to Plasma Conc. Ratio 95.0000 2502000
] - = PetRemaining_HumanLiverhtsomes PetRemaining_RatLivertsomes Papp_Caco2_AB_Log (Papp x 10EE) Papp_Caco2_BA_Log
P9 + 5 . 10. st
= StRbp.  0.67 ADMET predictor ver. 10.0 - 35,3000 67 5000 17692 16746
B0 Ex Rbp BrainPlasmaRatioRsl_Log Clearance_Litvalue (L) Papp_MDR_MDCK_AB_Log Papp_MDR_MDCK_BA_Log
B1 Fitted for PBPK | 1.7000
b2 Fract'lon. llnhound iﬂ PIBSII'IB E Dosetlumber_Lity'shue EffluxRatio_Caco2_Log phal pHa2
ik S+PrUnbnd 5.18 % ADMET Predictor ver. 10.0 I - 2400000 - 00959 48900 -
- EffhuzRatio_MDR_MDCK_Log H&_Lit''alue pkad HI&_Lit''alue
i Ex fup 3.5 % Oprea and Benet Wombat database
B Ex fup 2% Miller-ClinPharmacokinet-34-2-155-1998-Clinical PK of Fibric Acid IntvitroHalfLife_HumanLwrksomes (min) | InitroHsliLife_RatLivertsomes (min) | Solubiity_Litvalue (mainL) Solubility_pH20 (mgimL)
b6 Melting Point - |= §32.3000 379000 0.0100
— LogP_Predicted LogP Solubility_pHT4 Uptake_RatBrainPerfusion_Log
» Gemfibrozil-Physicochemical GGluc-Physicochemical Metabolism-Hermening 2000 Metab & CLint-UGT Transporter-OATP1B1 | CYPE 4.5000 46370
MaximumDoseStrencgth_Litvalue “olumeOtDistribution_LitValue (L) | CLint_ul_min_milCels CLirt_mlL_min_tmg
0.0700 0.7400
Papp_Caco2_AB_BCS_pHES Recov_Caco2_ABR_BCS_pHES Papp_Caco2_AB_BCS_pHT4 Recov_Caco2_AB_BCS_pH74
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Al = e Gemfibrozil and Gem Glucuronide inhibits uptake of pravastatin mediated by OATP1B1
A | B | ¢ | b | E | F | & | H | v | 4 | k | L | M| N | O P | a | R | 5 | T | U | ¥V | w X | ¥ |z | Aan | AB | AC |
1_ Gemfibr*zil and Gem Glucuronide inhibits uptake of pravastatin mediated by OATP1B1
2 |Ref: Nakagomi-hagihara-Xenobiotica-37-5-474-2007-Gemfibrozil-and-its-glucuronide-inh-0ATP1B1
3 |58, 06/15/2020
4_
2_ Abstract Ref: i-hagihara-Xenobiotica-37-5-474-2007-Gemfibrozil-and-its-gl ide-inh-OATP1B1
— When pravastatin (40 mg/day) was co-administered with gemfibrozil (600 mg, b.i.d., 3 days) to man, ’ el syt
7| C of .o R f 6 0 . Gemfibrozil and ms Glucuronide mediated inhibition of I.lptake of Pravastatin via OATP1B1
g | the AUC of pravastatin increased approximately 2-fold. We have clarified that OATP1BI is a key OATP1B1 inhibition by Gemfibrozil in OATP1BL - Laevis oocy OATP1EL inhibition by Gemfibrozil using cryopreserved Hepatocytes
g | determinant pf the hepatic uptak'e of pravastatin in humans. Thus, we hypothesm{ed th:qt gemﬁbro;l] Ki |Gemfibrozil) 15.1]um Ki (Gemfibrozil) 317]um
10| and the main plasma metabolites, a glucuronide (gem-glu) and a carboxylic acid metabolite Concentration of Gemfibrozil 20[um Concentration of Gemfibrozil 20[um
11| (gem-M3), might inhibit the hepatic uptake of pravastatin and lead to the elevation of the plasma
12| concentration of pravastatin. Gemfibrozil and gem-glu inhibited the uptake of '*C-pravastatin by
13| human hepatocytes with |-(1 values of 31.7 ”M and 15.7 “M, mpmv'ely and also inhibited pravastann O:ATPLBI. inhibition by Gemfibrozil Glucuronide in OATP1B1 expressing Xenopus Laevis oocytes O:ATPl.Bl. inhibition by Gemfibrozil Glucuronide in OATP1B1 cryopreserved Hepatocytes
12| uptake by OATP1Bl-expressing Xenopus laevis oocytes with K; values of 15.1pM and 7.6 pM. Ki (Gem Gluc) — 7.6{uM Ki (Gem Gluc) — 15.7|uM
]1:;'— Additonally, we examined the biliary transport of pravastatin and demonstrated that pravastatin was Concentration of Gemfibrozil Glucur 20juM Concentration of Gemfibrozil Giug 20luM
= transported by MRP2 using both human canalicular membrane vesicles (hCMVs) and human MRP2-
1g| expressing vesicles. However, gemfibrozil, gem-glu and gem-M3 did not affect the biliary transport of
10| pravastatin by MRP2. Considering the plasma concentrations of gemfibrozil and gem-glu in humans,
20| the inhibition of OATP1BI1-mediated hepatic uptake of pravastatin by gem-glu would contribute, Inhibition of hepatic uptake of pravastatin 481
21| at least in part, to the elevation of plasma concentration of pravastatin by the concomitant use of () 015
22| gemfibrozil. - Fp—"
= 2 610 m Gem
24 | - ~
25 | £
26 | ! ) £
7 480 R. Makagomi-Hagihara et al. -
28 | 30
29 g ==
. =
L T =
S £ .. ©
2 | g
33 g 10 -
34| 5 s 2
— 2
35 o 3
5 +gem-ghu I +gam-M3 é
— nEtor =
37 =
33_ Figure 2. Inhibitory effects of gemfibrozil-glicuronide (gem-glu) and gemfibrozil- M3 (gem-M3) on
all *C-pravastatin uptake by cryopreserved human hepatocyies. The uptake of “C-pmavastatin (10 pM)
39 for 2min in the absence () and presence (M) of mhibitors (300 pM) & shown. Bach value represents
40_ the mean + S of three uptake measureaments obtained from three 4 An T k os 1.0 1.5 2.0
B indicates = significant difference fom the uptake without an inhibitor (none) (*p=<0.05). Ve (Pmolmin1 0° celis)
a7 | @ 1.5 Figure 4. Badie-Hofsee plot of ‘l".:plwﬂsmnn uptake by OATP1B1 -exprssing oocyies in the presence
= o of () and gem (b). The uptake of "*C-provastatin in the absence of
43 - inhibitors (), in the presence u!'gcmh'bﬂ;zil {Gem) (B} and gemfibrozil-ghicuronide (Gem-glu) (e}
— B is shown. "*C-pravastatin was incubated in a concentration range of 2-100 uM at 37°C for 60 min. The
44 = tion_ of il and g gucuronide was 20uM. Data are expressed as the
= = mean + S of three o seven uptake measurements in the one represeniative preparation of pwo
45 | % separate oocyte preparations. The solid and dot line represents the least-sguares fit of the dam to
a5 = 05 3anddd in the Materials and methods, without and with an inhibitor, respectively.

Transporter-OATP1B1 | CYP Enzymes-Invitro Inhibition CYP2C8-invitro inhibition

Transporter-OATP1B1 Inhibition

Transp-OATP inhibition Transp-OATP1B1-Nakagomi

Transp-OATP1I ...

® [«]
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X77 & Fe
4 A B | C | D | E | F | & | H | 1 | ] | K| L | M | N | O | P | a | R | s | T | U | ¥ | W | X i Z | AA | AB | AC | AD | AE | AF |
75 | All subjects received 3 mg oral MDZ, followed by the indicated dose of oral ALF. Results are given as mean * SD (N = 10).
76 ND. Not determined (the caleulated Fy; for MDE after rifampin was either zero or indefinite because Fyy was zero): CL/F. oral clearance: VJF. volume of central
F,a- 0ral bi ilability: Fy.. intestinal bicavailabilite: CL, - effect clearance.
77 arat o —
%l *Significantly different from same-dose control (P < 05), :l

Midaz. 3 mg PO 12 hr after RIF 600 mg QD for 6 days Baseline

Midaz 3 mg PO 12 hr after RIF 600 mg PO QD for 6 days Full DDI

iz}

80|

81

82 |

83

84|

85 |—I7 Rifampicin 600 mg Cpvs. Time ¥ Midazolam 3 mg PO Cp vs. Time | 1= Rifampicin 600 mg PO Cpvs. Time v Midazolam 3 mg PO Cp vs. Time

86 | GastroPlus(TM)9.8.0008 12/23/2020 9:24:33 AM M - -+ Fold Increase in UGT1A3 Activity in Liver ¥ = =-=-=-Fald Increase in 344 Activity in Liver

87 |Compound 1: Victim 10 PR - I ctivity in Jejunumi

88 | Database: Midazolam-GF-5.7-D0I-Standard-VL-2020-05-07-MBB-2020-12-22.mdb

83 |Record: Midaz PO 3.0mg vs RIF 800mg 5d Kharasch 10‘ |

90 | Compound 2: Perpetrator: 3A4 ind. & inh., UGT1A3 ind., MRP2 inh., and OATP1B1 inh. 3

91 |Database: Rifampicin-GP3.8-DDI-5tandard-K5-MBB-5A-RC-2020-12-22.mdb 10

592 |Record: Rifamp 600mg PO DDI PO 3mg MDZ Kharasch :‘ :‘ 103 | Q

9 E E 2

94 |[NewTable] Dynamic Simulation Results a 1074 ) t;

AUCIO-t) | AUCIO- £ E’ 102 <

Cmax [ne- inf [ng- c - c

95 | Compound Fa [3] FDp [3] F 5] [ug/mL] Tmax[h] hfmL]  hjmL] g 10 E ';

896 |Midaz PO 3.0mg vs RIF 800mg 5d Kharasch-baseline 599.99 27.54 15.15 0.00683 132.7 18.26 20.13 g = 101 . w

97 | Rifamp 600mg PO DDI PO 3mg MDZ Kharasch-baseline 95.35 57.86  50.54 1276  121.6 473000 474000 = g g

93_ RIF-Gluc Metabolite-baseline 0 a 0 1.507 99.64 99500 100000 g o [ c 5‘3

99 | Midaz PO 3.0mg vs RIF 600mg 5d Kharasch-DDI 95.33 5487 0756 0.00034 1324 0524 0.54] c 1074 o 10 =

100| Rifamp 600mg PO DDI PO 3mg MDZ Kharasch-DDI 55.57 8652 7582 1218 15 251000 251000 8 g ;

101 | RIF-Gluc Metabelite-DDI o o o 2418 376 92500 52600 g o -

102 | Midaz PO 3.0me vs RIF 500mg 5d Kharasch-ratio 1 0136 o0os|  o0o0s] osss| o023 o027 10" O 40! E —

103 Rifsmp 600mg PO DDI PO 3mg MDZ Kharasch-ratio 1 0.884  0.83% 0555 0012 0531 0.53

104 | RIF-Gluc Metabelite-ratio 1] [+] 0 1268 0038 0526  0.52§ 2

105 | 1 04 107+ u T T T T u ¥ T T T T ¥ ¥ —-1

106| 10 20 30 40 50 60 70 80 90 100 110 120 130 140 ¢ 10 2 ¥ & ssu G'IJ o 19" Qoh 100 110 120 130 140

sor] Simulation Time (h) imulation Time (h)

109

110/

111

112

113

114/

115/

116/

17|

118/

119|

120| —

194 A

i Peloquin 600mg PO Results Acocella 800mg 900mg PO QD Acocella 600mg 900mg Results Kharasch 2011 600mg DDI Alf IV Khar. 2004 600mg vs Midaz [V Khar. 2004 600mg vs Midaz PO | ko B [«] [»]
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H58 &7 5 Ogilvie-Parkinson-DrughetabDispos-34-1-191-2006-Reversible Inhibition (1C50,t, HLM) of paclitaxel metabolism by gemfibrozil glucuronide in HLM.
A | B C D E F G - | I 1 K M
L | Perpetrators Table
InhibitionC
InhibitionC onstantUni InhibitionConstant InVitroProt
2 DrigDrE Generic Enzyme |E| onstant |E| ts E| Type E| Substrate E| Reference E| InVithlE InVitroFuType E| Conc E Kinact E ValidateE
84 | 82 Gem Gluc Tornio EC Kps 2C8 20 ul IC50-irr-in vitro, T Paclitaxel Ogilvie-Parkinson-DrugMetabDispos-34 0.992 Calc(Hallifax)-HLM 0.1 0.21  TRUE
85 | 83 Gem Gluc Tornio EC Kps 2C8 24 uM IC50-rev-in vitro, T Paclitaxel Ogilvie-Parkinson-DrughetabDispos-34 0.826 Calc{Hallifax)-HLM 0.5 0  FALSE
86 | B4 Gem Gluc Tornio EC Kps OAT3 9.9 uM Ki-rev-in vitro, U 14C-Pravastatin  Nakagomi-Hagihara-Xenobiotica-37-4-4 -1 Unknown 0.5 0  TRUE
87 85 Gem Gluc Tornio EC Kps OAT3 13 uM 1C50-rev-in vitro, U Unknown Yoshida-ClinPharmTherap-91-6-1053-20 -1 Unknown 0.5 0  FALSE
88 86 Gem Gluc Tornio EC Kps OATP1B1 22.6 umM Ki-rev-in vitro, U 3H-Pitavastatin  Hirano-Sugiyama-DrugMetabDispositior -1 Unknown 0.5 0 FALSE
89 | 87 Gem Gluc Tornio EC Kps OATP1B1 15.7 uM Ki-rev-invitro, T 14C-Pravastatin  Nakagomi-hagihara-Xenobiotica-37-5-4° 0.987 Calc{Austin)-Hep 0.5 0  FALSE
90 | 88 Gem Gluc Tornio EC Kps OATP1B1 7.6 uM Ki-rev-invitro, U 14C-Pravastatin  Nakagomi-hagihara-Xenobiotica-37-5-4° -1 Unknown 0.5 0 TRUE
91| 89 Gem Gluc Tornio EC Kps OATP1B1 14 uM 1C50-rev-in vitro, U Unknown Yoshida-ClinPharmTherap-91-6-1053-20 -1 Unknown 0.5 0  FALSE
92 90 Gem Gluc Tornio EC Kps OATP1B3 74 uM 1C50-rev-in vitro, U Unknown Yoshida-ClinPharmTherap-91-6-1053-20 -1 Unknown 0.5 0  FALSE
93 | 91 GEM PO 600 mg DDI Repag Tornio  2C8 30.4 uM Ki-rev-in vitro, T Paclitaxel Kajosaari-Backmann-BasicClinPharmcol’ 0.826 Calc(Hallifax)-HLM 0.5 0  TRUE
94 | 92 GEM PO 600 mg DDI Repag Tornio  2C8 120 uM IC50-rev-in vitro, T Paclitaxel Ogilvie-Parkinson-DrugMetabDispos-34 0.826 Calc(Hallifax)-HLM 0.5 0  FALSE
95 | 93 GEM PQ 600 mg DDI Repag Tornio  2C9 30 ulM IC50-rev-in vitro, T Diclofenac Ogilvie-Parkinson-DrugMetabDispos-34 0.826 Calc(Hallifax)-HLM 0.5 0  FALSE
96 | 94 GEM PO 600 mg DDI Repag Tornia  2C9 4 umM Ki-rev-in vitro, U Tolbutamide Wang-JPET-302-1-43-2002-Unbound inhi -1 Unknown 0.5 0 FALSE
97 | 95 GEM PO 600 mg DDI Repag Tornio  2C89 5.8 uM Ki-rev-invitro, T Tolbutamide Wen-Neuvoven-DrughMetabDisposition- 0.826 Calc(Hallifax)-HLM 0.5 0  TRUE
98 | 96 GEM PO 600 mg DDI Repag Tornio NTCP 23 uM 1C50-rev-in vitro, U Rosuvastatin Ho et al-Gastroenterology. 2006-130(6)1 -1 Unknown 0.5 0  FALSE
39| 97 GEM PO 600 mg DDI Repag Tornio  OAT3 3.4 uM Ki-rev-in vitro, U 14C-Pravastatin  Nakagomi-Hagihara-Xenobiotica-37-4-4 -1 Unknown 0.5 0 FALSE
100 98 GEM PO 600 mg DDI Repag Tornio  OAT3 3.2 uM IC50-rev-in vitro, U Unknown Yoshida-ClinPharmTherap-91-6-1053-20 -1 Unknown 0.5 0  FALSE
101 99 GEM PO 600 mg DDI Repag Tornio  OATP1B1 25.2 uM Ki-rev-in vitro, U 3H-Pitavastatin  Hirano-Sugiyama-DrugMetabDispositior -1 Unknown 0.5 0  FALSE
102 100 GEM PQ 600 mg DDI Repag Tornic  OATP1BE1 317 uM Ki-rev-invitro, T 14C-Pravastatin  Nakagomi-hagihara-Xenobiotica-37-3-4° 0.645 Calc(Austin)-Hep 0.5 0  FALSE
103 101 GEM PO 600 mg DDI Repag Tornic  OATP1B1 15.1 uM Ki-rev-in vitro, U 14C-Pravastatin  Nakagomi-hagihara-Xenobiotica-37-53-4° -1 Unknown 0.5 0  FALSE
104 102 GEM PO 600 mg DDI Repag Tornic  OATP1B1 4 uM IC50-rev-in vitro, U 3H-Rosuvastatin Schneck-ClinPharmacolTher-75-5-455-2( -1 Unknown 0.5 0  FALSE
105| 103 GEM PO 600 mg DDI Repag Tornio  OATP1B1 12.5 uM Ki-rev-in vitro, U 3H-E217BETAG Yamazaki-Lin-¥Xenobiotica-35-7-737-200! -1 Unknown 0.5 0 TRUE
106 104 GEM PO 600 mg DDI Repag Tornio  OATP1B1 20 umM 1C50-rev-in vitro, U Unknown Yoshida-ClinPharmTherap-91-6-1053-20 -1 Unknown 0.5 0  FALSE
22 SimulationsPlus
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Tendency Supersaturate=SupSat; Likelihood of BBB Penetration=Low (92%); Pgp-Inhibitor=Yes (97%); Pgp-Substrate=Yes
(94%); OATP1B1-Inhibitor=Yes (91%); OCT2-Inhibitor=No (95%); BSEP-Inhibitor=Yes (83%); BCRP-Substrate=Yes (54%);
ECCS Classification=Class_4; High_MWt; S+ Mechanistic Clearance Classification=HepUptake;

Human Rbp prediction saved in database. Predicted Rat Rbp = 1.25

Human Fup prediction saved in database. Predicted Rat Fup = 11.27%

[5 GastroPlus(TM]): ~tandard-KS-MBB-5A-RC-VL-2021-02-18.mdb (C:\Users\Public\Simul.\Gastr.\Drug .\DDI-201%\Rifam..\...\) - a X
File Edit Database SimulationSetup Controlled Release Tools Modules (Optional) Help M_B_B’ 4/5/2020’ Updated 12/27/2020
Compound I Gut Physiology-Hum T Fharmacokinetics T Simulation T Graph C|II"IIC3.| data from
| Selectad Compound o — Changed log P to log D(7.4) = 1.3 Ref. Measured in Roche discovery assays: Baneyx-EurJPharmSci-56-1-2014-PBPK
M <|leamnEDDmuPD DDI PO 3mg MDZ | >|>||;| 3 Trane Time [h] = 3.228 Mean Abs Time b = 065 . . . . ..
G 72~ i ST & i modeling of CYP3A4 induction by rifampicin
it S50ma 0 D1 8 mg MOZ FharaschepdFirsp 600 PO DI PD 3 MDZ Khteschmee Used log P = 1.5 to calculate Kps and chnaged back log p= 1.3
Changed Solubility to 0.64 at pH 5.5 Ref. Becker-J Pharm Sci-98-7-2252-2009-Rifampicin Biowaiver monograph- pH Vs
Dosse  [VdWuieboee =] (T |Effective Permeability Solubility profile
ferm I Dose e[ | S [P =l Roche PAMPA based conversion to Peff = 0.4E-4 cm/s (a value determined from PAMPA. Ref. Measured in Roche discovery
; Subsequent Doszs (gl 0 e (e 248 assays: Baneyx-EurJPharmSci-56-1-2014) was increased by 6.2-Fold to 2.48E-4 cm/s per Baneyx for all records.
= asing Interval Sim Peff #1074 Human] 248 R )
o Formi [——CEREOTE - ['“3,_ = U[ : : | Changed fup% = 7% Ref. Yoshikado-ClinPharmTherap-100-5-513-2016-Supplement
olecular Formula: oFe Volume onvert from User Data .
MokculrWeighlginel; | B2 S, — Changed Rbp = 0.8 to calculate Kps that match the Noncompartmental Vdss for healthy subjects.
ReferencelogD:| 13 @pH: [ 7.4 |  Solbilly (ma/ml @pH=55] u54 STy Bicrelesvant Solibillies | etc.
Mean Precipitation Time (sec): |
e | Dift. Cosff. [em™2/s % 1075); 041 . . . . .
Enzyme Table | Drug Patice Dersy (gl | 12 Induction Added: NOTE: EC50.u = 64 nM Unbound 3A4 induction from Asaumi R, CPT Pharmacometrics Syst. Pharmacol. 7:
Transporter Table | Particle Size (form 1); R=25.00, D=50.00 | 186 (2018) Applled to a" PXR related genes

P-gp EC50,t,HLM = 26 uM and Emax = 4.4 Ref: Anuzanit-J pharm Pharm Sci-14-2-236-2011- Induction of P-gp by rifampin
B P-gp EC50,t,Hep = 0.064 uM and Emax = 2.2 Ref. Lutz-CPT-104-6-1182-2018 concludes that EC50 for PXR induced genes

i should be the same.

0,t.HLM = 26 uM and Emax = 4.4 Ret Anuzanit-) pharm Pharm Sei-14-2-236-2011- Induction of P-gp by ritampin

P gp EC50.tHep = 0.192 uM and Emax = 2.5 (start test walue) Ref. Lutz-CPT-104-6-1182-2018 concludes that ECS0 for PR induced genes should be the same. etc_
344 ECROtLHep = 0192 uM and Emax = 47.5 Ref: Ave. of 4 values from Moscovitz, JE. JPET, 365(2):262 (201 8) and Varma-Drug Metab Dispos-41-366-201 2, Applied to all PXR related v

PKaTable|logD: Stuct61 | DissModetJahnson  PantSize-Sok ON | BikSakSol ON IDif ON | Constad: ON || Precip: Tine  PoaraiZhim || EHC: OFF |ACAT: Cone UGT1A1 EC50,t,Hep = 0.0.64 uM and Emax = 4.4 Emax is the average of 3 values from Moscovitz (Note: Same Emax as
UGT2B7 which are in both Gut and Liver Ref. Moscovitz, 2018
etc.

Inhibition Added:

P-gp inhibition Ki,t,HLM = 13.7 uM Substrate E17G and NMQ Ref. for HEK293 iinverted memb. vessicles Ave. Pedersen-
EurJPharmSci-103-70-2017

OATP1B1 inhibition Ki = 0.62 uM Substrate = 3H-TIC Ref. Takashima T. J. Nucl. Med. 53:741 (2012)

3A4 inhibition Ki,u = 18.5 uM Ref. Kajosaari-BasicClinicalPharmacolToxicol-97-249-2005

etc.
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A. Hermening et al. | J. Chromatogr. B 741 (2000) 129-144

f-D-1-0 ACYL GLUCURONIDES OF ALL ABOVE COMPQUNDS

Excretion balances (% of dose) of gemfibrozil and its phase-I and

phase-II metabolites in young hyperlipidaemic patients after oral
administration of a single gemfibrozil dose (900 mg)

Urinary recovery (% of dose)

Aglycones Acyl glucuronides
Gemfibrozil 0.04+0.01 34.1+89
Metabolite 1 0.02x0.01 50x1.7
Metabolite 2 — 1.1+0.2
Metabolite 3 0.6x24 151+29
Metabolite 4 — 0.6x0.1
Total 0.6x24 559+11.5

* Amounts execreted into urine extrapolated to infinity were
_ I —Az-f _
calculated as Ade, .. =dey, /(1—e 7). (All values are

expressed as mean®=SD: n=3.)

24

Hermening et al., J. Chromatogr. B. BiomedSci.741(2) :129 (2000)
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Table 1

Human
(Orally Adm.

600mg Twice
daily)

Fractionation of 0—48 h urinary tritium obtained from 6 human
subjects maintained on a 600 mg twice daily dose schedule

66% excreted in

Urine in 5 days Metabodite

Gemfibrozil
MMetabolite [
Metabolite 11
6% of Dose Metabolite T1T

. Metabolite IV
excreted in etabotite

Taotal
Faeces

Perceniage of dose

Unconjugated Conjugated Toral
026 036 30.62
0.07 1.40 1.47
0.00 1.65 1.65
6.95 5.02 11.97
0.00 6.78 6.78
7.28 45.21 52499

& Total non-volatile tritium recovery in the 0—48 h urine
collections =63.6%

Okerholm et al. Proc. Roy. Soc. Med. 29 (2):11 (1976)
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CH,

CH,
/O: OH
H3C o]
C

Gemfibrozil o

l UGT2B7

CH, COOH
/@: o oﬁm
H.C O/W_H/ OH
HE o HO
Gemfibrozil 1-O-R-glucuronide

} CYP2C8

CH, COOH
/@i CH, o OH
H.C O/W_Wo OH
ne o HO

Proposed reactive species

|

Covalent binding to the heme of CYP2C8

Glucuronidation converts
Gemfibrozil to a mechanism-based
inhibitor of CYP2C8 resulting in an
irreversible inhibition.

Tornio-Backman-Exp.Opin. Drug Metab. Toxicol. 13(1):83 (2017)
Ogilvie et al. Drug. Metab. Dispos. 34(1):191 (2006)
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CYP2C9
CYP2C19

OAT3

Parent on
Oral ——— Stomach o cemcnen /E? Different organs
o X o of the body

administration
gemfibrozil (29.0 uL/mjn/my HLM proteiny gemfibrozil - M1 (32%)
ggal tion~94% pai Vi /
Sor Ionlv A CYP2CY (10.3]
P J Fb~ 97%
=
Gut N — ' Rbp=0.75
Systemic Fup% = 3.5%

CYP2C9 Gemfibrozil €YP2CS, ‘ .

CYP2C19 cypacrs” MIMRNBL o wo ngg Circulation

UGT2B7 \ 8 "

Unchanged Emﬁh:l“ w3 3% gemfibrozil - M2 (45%)
UGT2B7 Gemfibrozil AN )
OATP1B1 \

OAT3 (GG, Parent Uptake ?)
Kidney OAT1 (GG Uptake ?)

Gemfibrozil Glucuronide (GG) < MRP3
- Gemfibrozil Glucuronide (GG)
MRP4
Ho\f{\ﬂo A= ) T B Lao.ﬂ

—— Tl UGT2B7
v .
Fecal excretion MRP2 | | Bile Urinary excretion
(~6%) R (~66% in conjugated form)
A 4
Gall bladder OAT3
OATP1B1
27 Figure by Saima Subhani SimulationsPlus
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Gut
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UGT2B7?7

2

Enterocytes

Hepatocytes
OATP1B1 CYP2C3
Km =7uM, Fitted Vmax CYP2C19
UGT2B7

D 4

‘ Passive
Permeability
Carrier Mediated
Transport

Bile Duct

Parent- Gemfibrozil

SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS



v GP9.8.1

Allows for conversion Hydrolase | Hydrolase
of all glucuronide
metabolite to parent
in the gut lumen when
EHC option is selected

Hepatocytes

Gut

OATP1B1
Km=25uM, Fitted Vmax

Enterocytes

&

Bile Duct

Passive Permeability

=)
Metabolite- Gemfibrozil Glucuronide
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Renal secretion

Metabolism

@ Enterchepatic Circulation Parameters —

— Biliary Excretion Model

Biliary Clearance Fraction: IDEII

v Allow to Re-d8sorh

v Convert to Parent in Lumen

— Phypziological EHC Parameters

Gallbladder Emptying Time: [mir)

Gallbladder Diversion Fraction:

a0

075

0K

Cancel

30

This is not a general solution for compound metabolism in
gut lumen (that is coming in GPX)

It is applicable primarily for acyl-glucuronide metabolites
It produces parent compound in the lumen for re-absorbtion
Assumes breakdown of glucuronides so molecular ratio = 1
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Physicochemical, biopharmaceutical, and biochemical properties

Initial evaluation via “Chemistry Classification” with all aspects of ADMET

» Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

First simulations for “Measured Properties” with parameter sensitivity analysis.

Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

Preparation of slides and written reports suitable for regulatory submission. &0 SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS



MW = 325.77
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AP 9.5 = ADMET Predictorv. 9.5

S+ = properties predicted with Simulations Plus models
S+Sw = native solubility in pure water

S+Peff = human jejunal permeability estimate

32

Exp pKa =6.04 (Andersin-JPharmaceutBioMedAnal-9-6-451-1991)

S+Sw = 2.1 uyg/mL @ pH = 7.05 (AP 9.5)
Exp Sw =54 pg/mL @ pH 9.5 Andersin, 1991) LOW

S+FaSSIF = 33 ug/mL, S+ FeSSIF = 210 pg/mL
Exp FaSSIF = 11 ug/mL, (personal communication ??)

S+Peff = 7.55 x 104 (cm/s) (AP 9.5) HIGH
Exp Ussing Papp = 3.8E-5 cm/s (Sjoberg-Ungel, 2013)
Conversion to Hum. Jej. Peff = 3.82E-4 cm/s

S+HLM-3A4 Km =21 uM Vmax = 3.5 nmol/min/mg Prot. (AP 9.5)
Exp CYP3A4 Km = 3.7 uM (Paine, 1997)

Exp CYP3A4 Vmax = 0.85 nmol/min/mg Prot.

Exp CYP3A4 Km =2.27 mM (Walsky, 2004)

Exp CYP3A4 Vmax = 1.22 nmol/min/mg Prot.

S+hum_fup% = 6.61 (AP 9.5)
Exp. Fup = 4.4% Ave. (de Vries, 199) and (Fisher, 1999)

S+RBP = 0.78 (AP 9.5)

Exp Rbp = 0.55 (Gertz, 2011) SimulationsPlus
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Compound
Antipyring

Atenolol
imetidi faliel 0271

Calibration of Ussing Papp

8
g . y =1.35994x - 0.38335
= R? = 0.84770 [
X 6
<
Calibration of Ussi £S5 o
[T
1.00 g 4
F 0.80 y= 1.226613x -0.1 -3
b R*=0.98739| @ ok
‘;' 0.60 c 2
©
< 0.40 €1 :
£ 3
<~ 020 I
T 0.00 0
@ o
= 0 1 2 3 4 5 6 dedede
o -0.20
ﬁ Ussing Chamber Papp (cm/s x 1075) . NS .
§ -0.40 | B & & @-&;&a@
= '0.60 . N [ =3 - < q@ < \&f
o o
gn -0.80 Fig. 5. Bidirectional permeability in human jejunal tissue of transporter dependent
- -0.60 -0.40 -0.20 0.00 0.20 0.40 0.60 0.80 compounds (P,,, m-sfs-m) (=10 ®cm/s) vinblastine (1.31/5.55, n =4), digoxin
(1.44(7.79, n = 7), cimetidine (3.?4{6.68, n= 5J,quinidine_(336{19.6,_n = 5), diclofe-
log Ussing Chamber Papp (cm/s x 1015) 7= 4) Non tansport dependent contiol Compotds mannitl (5.36/4.72, - 253
68), propranolol (20.6/13.7, n=2) and uptake transported p-glucose (101/1.78,
n=2), Error bars indicate standard deviation from the mean.

33 SimulationsPlus
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Compound
Antipyrine
Atenolol
Cimetidine
Mannitol
Metoprolol
Propranclol
Werapamil
LinMidaz
Midazolam

Hum_Peff Uszing_Papp
[cm/fsx 1074 [cm/sx 1075

5.6 497
0.2 0.411
0.26 0.37
0.28 0.556
124 155
291 3.1%
6.7 EN-Y
3.99 3.8
3.82 3.8

Caco-2

Hum_Peff
[cmfsx 1075} [cm/fsx 10

E.34 5.6

i0.019 0.2

0.027 0.26

i0.044 0.28

1.17 134

1.8 291

474 Gﬁ

474 4.20

34

log Human Jej. Peff (cm/s x 10°4)

1.00
0.80
0.60
0.40
0.20
0.00
-0.20
-0.40
-0.60
-0.80

Calibration of Caco-2 Papp

y = 0.55999x + 0.24505

R? = 0.98044

-2.00

-1.50 -1.00 -0.50 0.00 0.50 1.00
log Caco-2 Papp (cm/s x 10°5)
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— Perfusion-limited midazolam

— Permeability-limited liver and kidney
for 1-OH-midazolam

— Added MRP3 liver basolateral to
efflux metabolite to systemic
circulation for PO records only.

ot = 100%
e Clearance:

— fu

— Paine-J). Pharmacol. Exp. Ther.,
283:1552 (1997) unbound K, =3.7
pM and V., = 0.85 nmol/min/mg
micro. Prot.

 Distribution:

— Midazolam Lukacova default Kp
calculation

— 1-OH-midazolam reduced log P = 2.2
to calc. Kps and then ran simulation
with log P = 2.57

35

PO Soln 7.5 mg - PBPK

] ¥ Midazolam Cp vs. Time
554 - 100 Ird 1-0H-midazolam Cp vs. Time
i v Percent Dissobved
— 504 90 v Percent absorbed
=1 [ I Percent to Portal Wein
E 45- 'BD ¥ Percent Bicavailable
S 404 :TD [¥ === Metabolized by 344 in Liver
c 3 E W Metabolized by 344 in Gut
~ 354 ! 2
c =60 T
! =
2 30 . <
£ 25 N
c L40 ©
o 204 [ o
— £30
= 154 [ Record: PO Soin 7.5 mg - FEPK
(=] [ Total simulation time (h): 12
U 10’ .zu Result Observ Simul
i Fa (%): 0 100. 00|
L EDp (%): 0 50.75
5 :10 E FE%S::] 0 29.12
0 0 ek (ngam 65 oa
é j_ é é 1-[} 12 AUC 0-inf (ng-h/mL): 83.61 105.3
. . thax LiverSingrmiy: ¥ e
Simulation Time (h)
Clinical data from:
Bornemann-EurJClinPharmacol-29-1-91-1985 SimulationsPlus
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ABSTRACT

Purpose Several poorly watersoluble drugs have previously
been shown to bind to intestinal (IFFABF) and liver fatty acid
binding protein (L-FABF) in vitro. The purpose of this study was
to examine the potential role of drug binding to FABPs on
intestinal permeability and gut wall metabolism in vivo.
Methods The intestinal permeability of ibuprofen, progester
one and midazolam (which bind FABPs) and propranolol
(which does not) was examined using an autoperfused
recirculating permeability model in control rats and rats where
FABP levels were upregulated via pre-feeding a fat-rich diet.
Results The intestinal permeability of drugs which bind FABPs
in vitro was increased in animals where FABP levels were
upregulated by prefeeding a high fat diet. The gut wall
metabolism of midazolam was also reduced in animals with
elevated FABF levels.

Conclusions Consistent with their role in the cellular
transport of endogenous lipophilic substrates, FABPs appear
to facilitate the intracellular disposition of drug molecules
that bind FABPs in wvitro. Drug binding to FABPs in the
enterocyte may also attenuate gut wall metabolism in a
manner analogous to the reduction in hepatic extraction
mediated by drug binding to plasma proteins in the systemic
circulation.

Pharm Res (2011) 28:2176-2190
DOl 10.1007/s1 1095-011-0446-1

RESEARCH PAPER

Fatty Acid Binding Proteins: Potential Chaperones of Cytosolic

Drug Transport in the Enterocyte?

MNatlie L. Trevaskis » Gary Nguyen « Martin |. Scanlon » Christopher |. H. Porter

extraction ratio (Table V). It seems likely, therefore, that
midazolam binding to FABP in the enterocyte promoted
uptake into the cell but reduced drug access to intracel-
lular metabolic enzymes via a reduction in the intracellu-
lar free concentration.

drug molecules that bind FABPs @ mitro. The extent of gut
wall metabolism of midazolam is alo reduced in animals
with elevated FABP levels, suggesting that drug binding to
FABPs in the enterocyte may attenuate gut wall metabolism
in a manner analogous to the reduction in hepatic
extraction mediated by drug binding to plasma proteins in
the systemic circulation. Finally, it should be noted that the

SimulationsPlus
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Perfusion-limited midazolam

Permeability-limited liver and kidney
for 1-OH-midazolam

Added MRP3 liver basolateral to
efflux metabolite to systemic
circulation for PO records only.

fu,,, = 4.4%

Clearance:

Paine-J. Pharmacol. Exp. Ther.,
283:1552 (1997) unbound K, =3.7
pM and V., = 0.85 nmol/min/mg
micro. Prot.

Distribution:

Midazolam Lukacova default Kp
calculation

1-OH-midazolam reduced log P = 2.2
to calc. Kps and then ran simulation
with log P = 2.57

Concentration

PO Soln 7.5 mg - PBPK

1401 - £100
1304 :
120 r90
110+ -80
100+ 70
g'n' [
80 =60
704 50
604 [
50 40
404 £30
30 20
20 :
10 ~10
0 Dﬁ='_="n
2 4 6 8 10 12

Simulation Time (h)

Percent (%)

v 1-0H-midazelam Cp ve. Time

v Widazolam Cp vs. Time

v Percent Dizzohved

v Percent Absorbed

v Percent to Portal Vein

v Percent Bicavailable

[ Percent metabolized by 344 in Gut
[¥ = =-=.-Percent Metabolized by 344 in Liver
Record: PO Soln 7.5 mg - PBEPK
Total simulation time (h): 12
Result observ Simul
Fa (%): ] 100, 00
FDp (%): ] 40,08
F o(%): ] 22,96
Ccmax (ng/mL): 27 29.05
Tmax (h): 0.5 0. 64
AUC o-inf (ng-h/mL): 83.61 82Z.98
AUC 0-t (ng-h/mL7: T3.42 7B.43
CMax Liver (ng/mL): 50.23

Clinical data from:

Bornemann-EurJClinPharmacol-29-1-91-1985 SimulationsPIus
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— Perfusion-limited midazolam

— Permeability-limited liver and kidney
for 1-OH-midazolam

— Added MRP3 liver basolateral to
efflux metabolite to systemic
circulation for PO records only.

- fu,.=4.4%

e Clearance:

— Paine-J). Pharmacol. Exp. Ther.,
283:1552 (1997) unbound K, =3.7
pM and V., = 0.85 nmol/min/mg
micro. Prot.

 Distribution:

— Midazolam Lukacova default Kp
calculation

— 1-OH-midazolam reduced log P = 2.2
to calc. Kps and then ran simulation
with log P = 2.57

38

-
—
| -

4 6 g 10

Simulation Time (h)

Percent (%)

e
PO Soln 15 mg - PBPK

[¥ =.=.=.2Percent Metabolized by 344 in Liver
I 1-0OH-midazolam Cp vs. Time

v Midazolam Cp vs. Time

v Percent Metabolized by 344 in Gut
v Percent Dissolved

v Percent to Portal Wein

v Percent Abzorbed

v Percent Bioavailable

Record: PO Soln 15 mg - PBPK
Total simulation time (h): 12
Result Obserwv Simul
Fa (%): o 100, 00
FDp (%): ] 49,01
Fo(%): o 27.76
cmax {ng/mL]: £8.5 64.94
Tmax (h): 0.75 0.68
AUC 0-inf (ng-h/mLy: 190.5 197.1
AUC 0-t (ng-h/mL): 171.0 187.0
CMax Liver (ng/mL): 107.2

Clinical data from:

Bornemann-EurJClinPharmacol-29-1-91-1985

SimulationsPlus
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— Perfusion-limited midazolam

— Permeability-limited liver and kidney
for 1-OH-midazolam

— Added MRP3 liver basolateral to
efflux metabolite to systemic
circulation for PO records only.

ot = 8.4%
e Clearance:

— fu

— Paine-J). Pharmacol. Exp. Ther.,
283:1552 (1997) unbound K, =3.7
pM and V., = 0.85 nmol/min/mg
micro. Prot.

 Distribution:

— Midazolam Lukacova default Kp
calculation

— 1-OH-midazolam reduced log P = 2.2
to calc. Kps and then ran simulation
with log P = 2.57

39

Concentration (ng/mL

PO Soln 30 mg - PBPK

LT

Simulation Time (h)

8 10

Percent (%)

[¥ =-=.=.-Percent Metabolized by 344 in Liver
v 1-0H-midazolam Cp vs. Time

v Midazolam Cp vs. Time

I Percent Metabolized by 344 in Gut
I Percent Dissolved

v Percent to Pertal Wein

v Percent Abzorbed

Il Percent Bioavailable

Record: PO Soln 30 mg - PBPK
Total simulation time (h): 16
Result obserwv Simul
Fa (#): o 100, 00
FDp (%): ] 58.53
Fo(%): o 33.20
Ccmax (ng/mL): 137 141.1
Tmax (h): 0.5 0.75
AUC 0-inf (ng-h/mL): 530.4 472.1
AUC 0-t (ng-h/mL]: 480.7 461.8
CMax Liver (ng/mL): 227.3

Clinical data from:

Bornemann-EurJClinPharmacol-29-1-91-1985

SimulationsPlus
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Perfusion-limited midazolam

Permeability-limited liver and kidney for 1-OH-
midazolam

Ketoconazole: 3A4 total Rev. IC;; = 26 nM, 3A4
total Irrev. IC;, = 15 nM, Kinact = 0.001 min-! and
P-gp total IC;, = 5.6 uM

Reduced fu,,, = 4.4% (Ref. Trevaskis-PharmRes-
28-9-2176-2011)

Clearance:

Paine-J. Pharmacol. Exp. Ther., 283:1552 (1997)
unbound K., ,=3.7 uM and vV, = 0.977
nmol/min/mg micro. Prot. The 1.15-fold higher
clearance was used due to the Olkkola population of
7 females and 2 male subjects.

Distribution:

Midazolam Lukacova default Kp calculation

1-OH-midazolam reduced log P = 2.2 to calc. Kps
and then ran simulation with log P = 2.57

Midazolam clinical data from: Olkkola-ClinPharmacol Therap-55-5-481-1994

Ketoconazole clinical data from: Daneshmend-Antimicrobial agents and Chemotherapy-25-1-1-1984 and Olkkola-ClinPharmacol Therap-55-5-481-1994
Ketoconazole TDI parameters from: Haarhoff-Xenobiotica-47-6-470-2017

Midaz. PO 7.5 mg 1 hr. after Keto. PO 400 mg for 4 days. Baseline

Concentration (ng/mL)

(v Ketoconazole 400 mg Cp vs. Time ¥ Midazolam 7.5 mg Cg vs. Time I
10° % %
al ity

|}§| (
10'{ o
a
u| ) h
& Observed AUC, ;¢ ratio = 15.9
10° Simulated AUC,; ratio = 0.0
o i
107

*""U"'U""'m"'
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Simulation Time (h)

SimulationsPlus
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—  Perfusion-limited midazolam

— Permeability-limited liver and kidney for 1-OH-
midazolam

— Ketoconazole: 3A4 total Rev. IC;, = 26 nM, 3A4
totollpron 6 =48 b e e = 0007 caip - and
P-gp total IC;, = 5.6 uM
— Reduced fu,,, = 4.4% (Ref. Trevaskis-PharmRes-
28-9-2176-2011)
Clearance:

— Paine-J). Pharmacol. Exp. Ther., 283:1552 (1997)
unbound K, =3.7 uM and v, _, = 0.977
nmol/min/mg micro. Prot. The 1.15-fold higher
clearance was used due to the Olkkola population of
7 females and 2 male subjects.

Distribution:
— Midazolam Lukacova default Kp calculation

— 1-OH-midazolam reduced log P = 2.2 to calc. Kps
and then ran simulation with log P = 2.57

Midazolam clinical data from: Olkkola-ClinPharmacol Therap-55-5-481-1994

Concentration (ng/mL)

Midaz. 7.5 mg PO Tab 1 hr after Keto. 400 mg for 4 days.

Using only Reversible |IC50s for 3A4 and P-gp

[~

Ketoconazole 400 ma Cp vs. Time M Midazolam 7.5 mg Cp vs. Time I

10{ C .
|- Observed AUC, ;s ratio = 15.9
5 Simulated AUC, ;¢ ratio = 7.6
10°;
O i
e N
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 BO 85 90

Simulation Time (h)

Ketoconazole clinical data from: Daneshmend-Antimicrobial agents and Chemotherapy-25-1-1-1984 and Olkkola-ClinPharmacol Therap-55-5-481-1994

Ketoconazole TDI parameters from: Haarhoff-Xenobiotica-47-6-470-2017

SimulationsPlus
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474  Z. E. Haarhoff et al.
Table 2. Evaluation of CYP3A inhibition with HLM and CLM.

Xenobiotica, 2017; 47(6): 470-478

HLM CLM
ICso (M) ICso (HM)
Non-preincubation Preincubation Non-preincubation Preincubation
Inhibitor (Omin) (30 min) Ratio (Omin) (30 min) Ratio
Amprenavir 0.55+0.08 0.084 £0.025 6.5 0.3+0.04 0.2+0.03 1.7
Azithromycin >100 >100 1.0 >100 >100 1.0
Bergamottin >50 0.17+0.04 >294.1 >50 1.3+04 >38.5
Buspirone >50 15.8+2.9 >32 >50 >50 1.0
Cimetidine >100 >100 1.0 >100 >100 1.0
Clarithromycin >50 8.2+0.3 >06.1 >50 15.1+04 >3.3
Clozapine >50 21.2+3.7 >24 >50 27.2+6.2 >1.8
Cyclosporin A 244+58 58+£1.0 42 120+£2.6 70+1.5 1.7
Dextromethorphan >50 >50 1.0 >50 >50 1.0
Diltiazem 435+£8.6 TTx1.7 5.6 30.7+4.38 1.4+£04 219
Erythromycin >100 12.1+3.3 >8.3 >100 542+10.2 >1.8
Ethynylestradiol 417+ 1.7 52+0.5 8.0 314+1.6 4.5+0.8 7.0
Felodipine 41+13 4.0x+04 1.0 45+ 1.1 74+£22 0.6
Fluconazole 32406 3.7+0.7 0.86 6.8+0.9 6.9+0.6 1.0
Fluoxetine >50 >50 1.0 >50 >50 1.0
Fluvoxamine >50 >50 1.0 >50 >50 1.0
Furafylline >50 >50 1.0 >50 >50 1.0
Irinotecan >100 >100 1.0 >100 >100 1.0
Isoniazid >100 >100 1.0 >100 >100 1.0
L TCONZ0E e 006840017, 00174999 cvvneenn. 4. 0.12+0.02 0.054+0.009 2.2
Ketoconazole 0.026 +0.010 0.015+0.003 : 0.04 +0.006 0.056 +0.009 0.7
b N e oo [y A5k} iy & RRRELEEL IR B OTT L 00 4 94.. 10202 0.17 £.0.04 5.9

42

Optimized K;,,,=0.001
min-1was used for
irreversible inhibition

Publication supporting competitive and time-dependent inhibition by ketoconazole
Haarhoff-Xenobiotica-47-6-470-2017
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Assumptions:

Perfusion-limited midazolam

Permeability-limited liver and kidney for 1-OH-
midazolam

Ketoconazole: 3A4 total Rev. IC;, = 26 nM, 3A4
total Irrev. IC;, = 15 nM, Kinact = 0.001 min-! and
P-gp total IC;; = 5.6 uM

Reduced fu,,, = 4.4% (Ref. Trevaskis-PharmRes-
28-9-2176-2011)

Clearance:

Paine-J. Pharmacol. Exp. Ther., 283:1552 (1997)
unbound K., =3.7 uM and v, _, = 0.977
nmol/min/mg micro. Prot. The 1.15-fold higher
clearance was used due to the Olkkola population of
7 females and 2 male subjects.

Distribution:

Midazolam clinical data from: Olkkola-ClinPharmacol Therap-55-5-481-1994

Midazolam Lukacova default Kp calculation

1-OH-midazolam reduced log P = 2.2 to calc. Kps
and then ran simulation with log P = 2.57

Midaz. PO Tab 7.5 mg 1 hr after Keto. PO 400 mg for 4 days Full DDI

Ketoconazole clinical data from: Daneshmend-Antimicrobial agents and Chemotherapy-25-1-1-1984 and Olkkola-ClinPharmacol Therap-55-5-481-1994

Ketoconazole TDI parameters from: Haarhoff-Xenobiotica-47-6-470-2017

¥ Ketoconazole 400 mg Cp vs. Time ¥ Midazolam 7.5 mg Cp vs. Time
W -------3A4 Activity in Jejunum 1 ¥ --------3A4 Activity in Liver
10" _
_1 1.1
— 3 1
3 0%
S 3
£ 2 0.9 <
: . I <t
5 Observed AUC¢ ratio = 15.9 s <
© @] 3 imulated AUC ;¢ ratio = 18.8 = R =
£ 10''o 07 €
3 0 . 2
= T  _©
o 0 _-U.E o
O 10" Ok
E_'U.ﬁ
1 3
10 S e S I B I — X L —r-0.4
0 10 20 30 40 50 60 70 80 a0
Simulation Time (h)
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~ Ny ocnen dl, DIOPNarmaceu dl, dNad pDlocnen dl propertie

Initial evaluation via “Chemistry Classification” with all aspects of ADMET

» Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

Vi

Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

First simulations for “Measured Properties” with parameter sensitivity analysis.

Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

Preparation of slides and written reports suitable for regulatory submission. &0 SimulationsPlus
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2 Drug-Drug Interaction Predictions

File Current Compound  Interacting Compounds  Options  Help

Simulation Mode

Fun Baseline
Simulation

Run Full Simulation

Close

: - =how Motes for Interacting
Ferpetrator |4| 4 |SEMFOB00 mg DDl Repag Tornio b | Pl :, Compound
- Perpetrator Parameters

Inkdlnd {Inkhdlnd | kinact - - s

Perpetratar Enz “J IkhAnd Const Type  [Const |Const |[min-1] | Select |V alidated ::n YD) |y e Type 7 40 5 JAdd EnzfTrans
rans Yalue  |[Unitz AErnaw 8 e

Gem Gluc EC Kps Tomio OATPIBT  RKires-in witro, L FlL= L4 1] F True -1 nknown 05
Gem Gluc EC Kps Tomio OATPIBT  JICEO-resw-in witro, |14 Libd 1] I Falze -1 nknown 05 4 Delate
Gem Gluc EC K.ps Tomio OATPIBE JICEO-rev-in witro, 1 |74 Libd 1] I Falze -1 Unknown 05 E_
GEM PO B00 ma DDI Frepag Tomio | 205 Ki-tesein vitro, T 04 |uM 0 |¥ |Tue  |0.825 |CalciHalifax-HLH 05 nz{Trans
GEM PO 600 mg DDI Repag Tomio | 208 [CEO-rev-in witro, T (120 Likd 1] I Falze 0.826 |Calc[Hallfax]-HLE 0.5
GEM PO 600 mg DDN Repag Tomio | 209 [CRO-rev-in witro, T 30 Litd 1] I Falze 0.826 |CalcHallfax]-HLE 0.5
EM PO BO0 mg DD Bepag Tomio | 203 Ki-rev-in witra, 1 4 Litd 1] I Falze -1 nknawn R4
GEM PO 600 mg DO Repag Tamio |2C9 Fi-rese-inn witro, T 5.4 LIk 1] v Tiue 0826 |Calc[Hallifax])-HLE 0.5 v
CCud o con Cra o T LT Farr) O . Tl - [l -1 a T -

R

Cosing Information

Fate Constants [1/h]

2+

45

Cose [ma]. IEDD Int [h]: |1 ? CL [Lh]: |1 1.228 ka: [ kel |n_95939
I I ! I
Feference Interacting Compound Information:
PK model: HumArmekdalHithy 280 _7 3kg_24BMI-Tormio
ACAT model: Hum Phys Fasted Tormio
Optional Settings: Show RELEVAMT Interacting Crpds Recoanize Enzpme Families: OM | Total-Unbound Ki Corwersion: ON
SimulationsPlus

SCIENCE + SOFTWARE =SUCCESS




Repag. PO 0.25 mg on Day 3 after 5 doses of Gemfibrozil PO 600 mg BID Baseline

v Gemifibrozil 600 mg PO BID Cp vs. Time ¥
v GEM-glucuronide Cp vs. Time

Repaglinide PO 0.25 mg Cp vs. Time

Concentration (ng/mL)

25 30 35 40 45
Simulation Time (h)

(=)
o
-
(=)
-
L2y ]
o]
(=)

Results: Dynamic Simulation - Compet - TDI

I3 Gemfibrozil PO 600 mg Cp vs. Time W Repaglinide PO 0.25 mg Cp vs. Time
I3 GEM-glucuronide Cp vs. Time 2 Fractional Activity of 2C8 in liver
[ =mmimes EnzAct-2C8-Liver

Concentration (ng/mL)

Fractional Activity of 2C8 in Liver

=)

0 5 10 15 20 25 30 35 40 45 50 55 6
Simulation Time (h)

Ki values selected are:

1.) 12.5 uM for OATP1B1 ( Gemfibrozil parent)

2.) 7.6 uM for OATP1B1 ( Glucuronide )

3.) 30.4 uM for the CYP2CS8 ( Reversible) for the parent and

4.) 20 uM for Irrev inhibition and Kinact= 0.21 min of CYP2C8 for the Glucuronide
5.) 3.4 uM for the OAT3 ( Rev inhibition) for the parent and

6.) 9.9 uM for the OAT3 (Rev inhibition) Glucuronide

7.) 5.8 uM for the CYP2C9 (Rev Inhibition) by Parent

Repaglinide record: Repaglinide_PO_0.25mg_Gem 600 mg

GEM Record:GEM PO 600 mg DDI Repag Tornio

GEM-Gluc record: Gem-Gluc EC Kps Tornio

Gemfibrozil was dosed with DDI module ( 600 mg, BID dosing interval)
Observed data for GEM and GEM gluc and Repaglinide before and after DDI in
the plot is from Tornio et. al., 2008

Tornio et. al., Clin. Pharmacol. Thera. 84(3):403(2008)
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ysicocnemica Iopnarmaceutical, an lochemical properties

Vi

Initial evaluation via “Chemistry Classification” with all aspects of ADMET

» Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

First simulations for “Measured Properties” with parameter sensitivity analysis.

Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

Preparation of slides and written reports suitable for regulatory submission. &0 SimulationsPlus
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Materials and Methods

traditional two-fold limits as the ratio becomes larger (Fig. 1).

inhibition DDIs. The new predictive measy

To allow for uncertainty in the observed

variability is now introduced into the limit as shown in eq. 4.

The traditional two-fold predictive measure is bounded two-fold above and [ I T T TTTT] I T :]- T
below the observed value: any prediction within these boundaries is classed as B "‘:rf T
a successful prediction (see Fig. 1). Therefore, if the observed ratio, B .-"""_," _
AUC ,ipnimitod AUC onirors 15 1, the boundaries would be from 0.5 to 2.0. As | o 5
noted in the Introduction, this range 1s too wide for an interaction, which is in oo : ?{,{
fact not present. As a result, we propose new limits, as shown in egs. | to 3 B /- . S0
below. The limits coalesce when the observed ratio is | and approach the - Y o }r"""'f —
o B ,-'"'# ,r L ;.-"' |
Upper limit: Ry, * Limit ) E s s
" - - - - - - - - “f
Lower limit: Rf fold. The trend of lower prediction accuracy at higher potency of |-~ ,
1 +2x| DDIs reported in previous studies is no longer apparent when , /s e
Limit = —1 - . ... 7]
" K} predictions are assessed via the new predictive measure. Thus, the i
where Ry represents AUC. .ni/AUC] Study proposes a more logical method for the assessment of 7
prediction success and its application for induction and inhibition
DDls.
assessed by considering DDIs involving midazolamr; a commonlyJused y f:,, 4 |
CYP3A4 victim drug (Bjornsson et al., 2003; Galetin et al., 2005). In this case, L
upper and lower limits are as defined in eqs. 1 and 2, respectively, but the . 7
0.1 A | Lttt 1 I I I |
2R D) 01 1 10
Limit = ——p——— @) Observed AUC Ratio
where § is a parameter that accounts for variability. If 8 = 1, there is no Fic. 1. Schematic graph displaying the limits of the different predictive measures;
variability and limits revert (o those defined by eq. 3. If § = 1.25 and Ry, = the traditional two-fold predictive measure (dashed lines) and the proposed new
1, then the limits on R are between 0.80 and 1.25, corresponding to the predictive measure (dotted lines). Observed AUC ratios include both induction and
conventional 20% limits used in bioequivalence testing (United States Food inhibition DDIs.
and Drug Administration, 2003). Note that these limits are symmetrical on the
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Compound 1: Victim
Database: Repaglinide-GP9.8-DDI-Standard-2021-01-13.mdb Table 1 Pharmacokinetics of repaglinide after a single oral dose of 0.25 mg repaglinide in 10 healthy volunteers, after pretreatment
Record: Repag PO 0.25mg DDI Gem 600mg-Tornio2008 with 600 mg gemfibrozil twice daily, when repaglinide was administered 0, 3, 6, or 12 h after the last gemfibrozil dose
Compound 2: Perpetrator: Gemfibrozil 600 mg PO BID for 5 doses Time from the last gemfibrozil dose
Database: Gemfibrozil GP9.8.1003 DDI Standard S5 MBE 2021-02-19.mdb i
Record: GEM PO 600 mg DDI Repag Tornio Variable Control Oh 3h 6h 1zh
Repaglinide
[NewTable] Dynamic Simulation Results C,.. (Ng/ml) 37227 8.1 £3.2% 7.212.3% 83+ 2.8%# 8.1+ 2.4%%#
AUC(0-t) AuUC{o-

Cmax [ng- inf) [ng- Fold (range) 22(14-29) 1.9(1.1-2.9) 22(1.1-34) 2.2(1.2-3.3)
Compound Fa [%] FDp[%]  F[%]  [ug/ml Tmax[h] h/ml]  h/mi] ty, () 1.2£02 3.0+ 0.4 2.7 +0.3%ent 24020t 20+ 0.3t
Repag PO 0.25mg DDI Gem 600mg-Tornio2008-baseline 100 B80.74 51.87 0.00239 48.6 5.076 5.079]
GEM PO 600 mg DDI Repag Tornio-baseline 109.1 1067 9615  27.08 37.3 348000 348000 Fold (range) 26(1.9-43) 23(1.7-37) 21(1.6-33) 1.7(1.5-26)
Gem Gluc EC Kps Tornio-baseline 0 0 0 1457 505 229000 229000 AUC, g, (ng-h/ml) 48+43 293+ 7.7 27.8+9.4%* 27586 229+ 7 4uttE

P ——
Repag PO 0.25mg DDI Gem 600mg-Tornio2008-DDI 100 80.63 72.99  0.00512 49.2  29.47 3112 fold ( 6106 12) R c70500 470178
GEM PO 600 mg DDI Repag Tornio-DDI 109.1 106.7  96.74 27.98 37.3 397000 397000 old (range) 1(26-12) 8(25-13) 7(25-9.2) 7(21-7.8)
Gem Gluc EC Kps Tornio-DDI o 0 0 19.25 50.6 AUC, _ (ng-h/ml) 49+44 342+9.3% 315+ 11.2%% 302 +9.3%* 24,5+ g 2wt AN
Repag PO 0.25mg DDI Gem 600mg-Tornio2008-ratio 1 0.999 1.40?' 2.142| 1.01. Fold (range) 7.0(2.9-14) 6.5(2.8-15) 6.2(2.7-10) 50(2.2-85)
GEM PO 600 mg DDI Repag Tornio-ratio 1 1 1.006 1.033
Gem Gluc EC Kps Tornio-ratio 0 0 0 1.321
Observed Simulated Cmax  AUC(0-t)
Cmax Ratio 2.2 2.1 Guest Method Limit  1.66 1.88
AUC(0-t) Ratio 6.1 5.8 Upper Limit 3.65 11.45
Lower Limit 1.33 3.25

Observed DDI ratio for Repaglinide AUC ,, = 6.1

Predicted DDI ratio for Repaglinide AUC 5.8
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Variability IDE Limits
Obs Ratio Variability [CV) Limit Upper Lower Unity 2-fold{+}] 2-fold]-} uL LL Center
S o 0.10 1.25 1.83 0.19 0.05 0.10 0.20 0.05 028 0.28 1]
B - 0.13 1.25 1.91 0.24 0.07 0.13 0.25 0.06 0.28 0.28 o]
E r; 0.25 1.25 1.21 0.45 0.14 0.25 0.50 .13 0.26 0.26 o]
TE 0.22 1.25 1.75 0.52 0.19 032 0.57 0.17 024 0.24 1]
= 0.50 1.25 1.63 0.81 0.21 0.50 1.00 0.25 0.21 0.21 0.00
1.00 1.25 1.25 1.25 0.80 1 2.00 0.50 0.10 40,10 1]
2.00 1.25 1.63 3.25 1.23 2 4.00 1.00 0.21 40.21 8]
3.00 1.25 1.75 5.25 1.71 3 E.00 1.50 0.24 40.24 8]
4.00 1.25 1.81 7.25 2.21 4 8.00 2.00 0.26 -0.26 1]
8.00 1.25 1.91 15.25 4.20 2 16.00 4.00 0.28 -0.28 1]
10.00 1.25 1.83 19.25 5.19 10 20.00 5.00 0.28 -0.28 8]
Guest Criteria for Ki = 15 ulM Guest Criteria for Ki =15 uM
v Limit UpLim Low Lim Predicted cv Limit UpLim Low Lim Predicted
Cmax AUCH-t
1.25 1.67 3.84 1.37 2.07 1.25 1.80 E.7D 2.07 3.69
1.25 1.58 2.82 1.13 186 1.25 1.78 E.13 1.83 3.23
1.25 - - - - 1.25 1.57 2.73 1.11 1.79
Guest Criteria for Ki = 7.4 ulM Guest Criteria for Ki = 7.4 uM
[0 Limit UpLim Low Lim Predicted cv Limit UpLim Low Lim Predicted
Cmax AUCD-t
1.25 1.67 3.84 1.37 257 1.25 1.80 B.70 2.07 6.19
1.25 1.58 2.82 1.13 232 1.25 1.78 £.13 1.83 5.50
1.25 - - - - 1.25 1.57 2.73 1.11 237
50
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Initial evaluation via “Chemistry Classification” with all aspects of ADMET

» Solubility vs. pH, dissolution, absorption (w/ influx and efflux transporters), clearance (metabolic,
biliary, and renal), distribution, excretion, and toxicity.

Extensive literature collection and spreadsheet documentation.

* Workbook with multiple sheets for Physicochemical, Metabolic, Transporter, Preclinical, and Clinical
single compound and DDI study data for multiple perpetration mechanisms.

First simulations for “Measured Properties” with parameter sensitivity analysis.

Model building for individual substrate and/or perpetrator simulations compared to observed
data for single escalating doses (for nonlinear dose dependence), multiple dosing (for
autoinhibition / autoinduction).

DDI simulations for all appropriate mechanisms on both substrate and perpetrator.

Analysis of results using the “Guest”” criterion for different levels of accuracy cutoff for increasing
AUC (inhibition) and decreasing AUC (induction).

Preparation of slides and written reports suitable for regulatory submission. & SimulationsPlus
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PBPK MODEL: RIFAMPICIN

bevelopment of a Whole-Body Physiologically Based Pharmacokinetic Model of
Rifampicin and Model Validation with Known Drug-Drug Interactions (Midazolam,
Triazolam, Rosiglitazone, Repaglinide, Voriconazole)

Suvarchala Avvarn, Viera Lukacova, Michael B. Bolger

L. Introduction

A whole-body physiologically based pharmacokinetic (PBPK) model of rifampicin (RIF) was
developed accounting for the enzymes involved in the auto-induction and metabolism of RIF
such as (CYP3A4, CYP2CS8, CYP2C9, UGT1A3), active uptake transporter (OATP1B1), and
efflux transporter (MRP2) for the prediction of known drug-drug interactions (DDIs) with
midazolam (MDZ), triazolam, and rosiglitazone substrates using GastroPlus® version 9.8
(Simulations Plus. Inc.). The model was developed to capture the different in-vivo mechanisms
involved in the absorption, distribution, metabolism, and elimination of RIF. PBPK models
parameterized with in silico, in vitro, and in vivo data have been extensively used to evaluate the
potential for DDIs, arising due to enzyme and/or transporter induction and reversible or
irreversible time-dependent inhibition (Zhang et al. 2020). The current report describes a model
of RIF built using GastroPlus that includes all the relevant enzyme and transporter related
mechamsms for DDI modeling of novel substrates and perpetrators.

2, Model Development (GastroPlus v.9.8) of Rifampicin and Parameter Input
Selection

In this study, PBPK models of RIF were built using the i vitro data when possible. Plasma
concentration-time (Cp-time) profiles of published clinical studies covering the full reported
dosing range were used for model development in both healthy subjects and tuberculosis (TB)
patients. In some studies, the information regarding the amount of unchanged drug excreted in
urine was available and it was utilized to inform the model optimization. All clinical studies used
for model development in healthy subjects and TB patients are listed in Table 1 with descriptions
pertaining to the study. Simulations were carried out using age, sex, weight, and body mass
index (BMI) that matched the corresponding clinical studies. If information regarding the
demographics of the study population was not available, a reasonable assumption was made to
describe the individual and population physiology of each study.

PBPK MODEL: RIFAMPICIN

Table 1. Clinical PK Data used for RIF PEPK Model Calibration and Qualification

Study Type

| Description

| Reference

Rifampicin

Pharmacokinetic (PK) study of
intravenous (IV) RIF

The time course of the serum and vrine concentrations
of RIF were evaluated during and after IV
administration of RIF in healthy subjects. Dose levels of
300 mg, 450 mg, and 600 mg as I'V infusions (3 hr) in
300 mL of glucoze solution.

(Nitti et al. 1977)

Population PK modeling of RIF

Subjects fasted from 10 p.m. before the doses were
given until 4 by afterward. Water was allowed until 2 fir
before the doses were administered. On the study day,

2 capsules (each containing 300 mg of RIF) were
administered. The Cp-time profiles were measured in
twenty-four healthy male subjects.

PK of oral (PO) and IV RIF
during chronic administration in
TB patients.

(Peloquin et al
1997)

After overnight fasting the subjects ingested 600 mg of
RIF for either PO or IV infusion (1 fy). The solution for
the RIF infusion was prepared by dissolving the content
of a 600 mg vial in 10 mL of solvent, which was
transferred into 300 mL isotonic saline solution. Both
the PO and IV PK of RIF were measured on Days 1-2,
Days 8-9, and Days 22-23 in 12 TB subjects.

(Loos et al. 1985)

PK study of RIF

The study was carried out in 18 healthy subjects. RIF

(Acocella et al

was administered as 300 mg capsules and the treatment 1971)

lasted for 14 days. Three dose levels were mvestigated:

900 mg and 600 mg in a single dose, and 600 mgz

divided daily into 2 doses of 3000 mg each. The plazsma

concentrations of RIF were measured on Days 1, 4, 6,

and 14
DDI studies used for model verification
DDI study of the effect of RIF For the study of hepatic and intestinal CYP3A4 (Kharasch et al
PO 600 mg on the PK of MDZ induction, RIF (INN, rifampicin) (600 mg) was 2004)
PO (3 mg) and IV (1 mg) in administered orally at bedtime for 5 days; 1 mg IV MDZ
healthy subjects was then administered, followed 1 i later by

administration of 15 pg/kg IV Alfentanil (ALF), RIF at

bedtime, and on the next day 3 mg PO MDZ with 30 mL

apple juice, followed 1 by later by 60 g/kg oral ALF.
The effect of RIF treatment on The subjects were given PO doses of either 600 mg RIF | (Backman,
the PK and pharmacodynamics (two 300 mg capeules) or matched placebo once daily at | Olkkola, and
(PD) of MDZ PO (15 mg) in 8 PM for 5 days. On Day 6, a 15 mg tablet of MDZ was | Neuvoaen 1996)
healthy subjects

ingested with 150 mL water at 1 PM, that is, 17 g after
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Table 6 Baseline Simulations of Sensitive CYP3Ad4 Substrates: Simulated Versus Observed
PK Parameters of Triazolam and Midazolam. Trazolam 0.25 mg PO 1 he after 400 mg Keto on 4th day Baseline_ Varhe 1904

101' c —f.ehownnznle simulaied Eo_:s Time
Reference Substrate Dose Observed® Simulated _ £ mon e
and Regimen Cuas.(ng/mL)  AUCo Cras AUCHK E' 10%]
(ng*hr/ml) (mg/ml)  (ng*hr/ml) @
(Varhe, Olkkola et al. 1994) 0.25 mgsingle  15=02 59=07 149 8.86 £ 10
dose triazolam S o'
. tablet E
(Greenblatt, Wright et al. 0.25 mg single 26=03 106+1.6% 1.82 11.06% g 10"
1998) dose triazolam £
tablet 0 10
(Olkkola, Backman et al. 7.5 mg PO 22+6 65+ 108 25 82.99% ,
1994) midazolam T » % @ %
#Dbserved values are from the average of individual values, and represent mean + standard error; *represent AUCo.ins Simulation Time (h)
Table 7 DDI Simulations of Sensitive CYP3A4 Substrates: Simulated Versus Observed PK THiazolam 0.25 mg PO 1 h afer 400 mg Keto on dth day Ful DDY_ Varhe 1934
Parameters of Triazolam and Midazolam With or Without Co-administration of B : — 1 7 —— Keloonazon srd G v Tow
Ketoconuole j g — T DA !l!lll!'.e.ﬂ CovaTme
W ——— 3&d Activity in Jenum 1
Reference Substrate Crpx (ng/mL) AUCq+ (ng*h/mL) ‘g
<
(Varhe, Olkkolaet  Triazolam Observed baseline® 15£02 39+07 2
al 1994) Simulated baseline 145 8.86 £
Observed DDI = 46%05 481=53 g
Simulated DDI 4.24 55.82 S
Observed DDI ratic” 3.07 8.1 )
Simulated DDI ratio 285 63 R S R S S R
(Greenblait, Wright Triazolam Ohbserved baseline” 2603 10.6£1.6% Simulation Time (h)
etal 1998) Simulated baseline 182 11.06% Figure  Baseline Simulation Wihout a Drag Drag Interaction (A, Top) and Fall Dynami
= 4 + 5 gure aseline »>Imuliatnon thout a Urug-vrug interaciion 5 1Op) an o aAmic
gpsml red D“:]J:)[il 5'1 ?i]_fi 145;‘1 5 239 1 Simulation With a Drug-Drug Interaction (B, Bottom) Between Ketoconazole and
- . = Triazola
Observed DDI ratio® 21 13.7% razetm
Simulated DDI ratio 7 59 1293 Ketoconazole (400 mg) was administered for four doses, and 0.25 mg triazolam was given at 3 PM
(Olkkola, Backman Midazolam Observed baseline® 22+ 6% 65+ 104 after the fourth dose of KCZ (given at 2 PM) (Varhe, Olkkola et al. 1994).
etal 1994 imulated i 3
) S Obser rﬂdb:[i:'sgllj#ns 902;5: 7 13l}23§933 The open squares and error bars represent the mean observed data and coefficient of variation,
Simulated DDI 95 1300.7% respectively, and the simulated (line) Cp-time profiles for triazolam (red) and ketoconazole
Observed DDI ratio 409 15.9% (purple). The simulated CYP3A4 activity in liver is highlighted in green, and the simulated
Simulated DDI ratio 3.84 15.7%
“Parameters are from the average of observed individual values and represent mean + standard error; *represent
AUCqar; the simulated DDI ratios were highlighted in green while observed DDI ratios were highlighted in blue. : &
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The GP DDI Standard Update Project Team have made significant advances in the ability
to simulate complex mechanistic drug-drug interactions involving enzymes, transporters,
and enterohepatic circulation.

Now DDI simulations will be accomplished with a full database of validation study records
for both substrates and perpetrators

We provide extensive literature references, data compilation, slides, and written
documentation and GastroPlus model files that can be used for regulatory submissions
When documentation is in a complete draft form, all components are scientifically
reviewed and formatted as a complete package for regulatory review of novel compound
results.

All complete models will be available for download by registered GP license holders.
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. 2021 Virtual Conference
Questions & Answers

For more information about the DDI Standards project
email info@simulations-plus.com

Register for the 2021 MIDD+ Scientific Conference on
March 37 and 4th. Bookmark my talk, on March 3™ at
1:05 PM. https://www.accelevents.com/e/SLPMIDD
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