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Outline

* Why run these studies?

* Types of in vitro ADME & Drug-Drug Interaction (DDI) studies

* Areas of concern: Proper design & interpretation
* When to conduct?

* Important highlights
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Why conduct these studies? Is this just box checking?

No! The information is important for multiple aspects:
1. Provide deeper understanding of the molecule

* Metabolism, enzymes involved in metabolism etc.

* The information generated from DDI studies goes on the drug label.

* From the pharma company’s perspective these studies help decide on a different candidate early on
2. Prepare for clinical studies
* Prediction of FIH dose and DDI risk

3. Comply with regulatory guidance
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FDA: Final January 2020 EMA: Final 2013 PMDA: Final 2019

In Vitro Drug s w a
. . EURRI’E ‘_A‘N\ MEDIC[\NE% "\GHLT\. Tk 314 2 H 8 H
Interaction Studies —||
CPMP/EWP/560/95/Rev. 1 Comr, 2%*
Committes for Human Medidnal Products (CHMP) EECHFFIREE SR () SR g
Cytochrome P450

Guideline on the investigation of drug interactions

Enzyme- and .
Discussion in the Efficacy Working Party (EWP) June/October 1996

February 1997
1° ) Transmission to the CPMP March 1937
-
a S 0 e e 1 a e Transmission to interested parties March 1997 __ . 5 N - A
ran I [EM MR L EER R HA K4 ) Bok
Deadline for = ber 1957 o . e
. eadline for comments eptember O E A T T
Drug Interactions S e —
] Approval by the CPMP December 1997
G . f I X t Date for coming inte cperation June 1998
( I ( I I 5} BEz T, B L BT 2 @ - BT  FREREEr
UI ance Or n us Draft Rev. 1 Agreed by the EWP April 2010 Gl C Rl kU2 < BB TBRREA
A LTHEBFEENLET,
Aa’a’fﬁonafcopfes m'eavaﬁabfeﬁ'om: Adoption Rewv. 1 by CHMP for release for consultation 22 April 2010
Office of Communications, Division of Drug Information G of eaci deadline for .
Cen i'e?'ﬁ)‘?'DITIg Evaluation and Research End of consultation Rev. 1 (deadline for comments) 31 Octocber 2010
~ Foodand'Dmg Aa’r?.’m:sa‘mnon h Agreed by Pharmacokinetics Working Party February 2012
10001 New Hampshire Ave , Hillandale Bldg , 4" Floor
~ SilverSpring, MD 20093-0002 ) Adopted by CHMP 21 June 2012
Phone: 835-543-3784 or 301-796-3400; Fax: 301-431-6353
Email: druginfo@fda.hhs.gov Date for coming into effect 1 January 2013

https-www fila. govDrnigs/'Guidance Complian ceRegulatorvinform ation/Guidances/default him

This guideline replaces guideline CPMP/EWP/560/95.

Keywords Interaction, guideline, metabolism, inhibition, induction, transport, BIIfis 1 Guideline on drug interaction for drug development and appropriate
enzyme, transport protein, transporter, absorption, food, distribution, Lo £ inf X
T i ,- PBPK, herbal, SmPC provision of information
U.s. Depmime nt of Health and Human Services * The correction concerns section 5.3.4.1 (p 26) and the corresponding decision tree no. & (p 61) to read *if the
inis trati bserved Ki val I I'ta /" Appendix VIL, Table 5 to read "See section 5.4.2°.* Declsion tree 4. : . o . . . .
Food and Drug Adminis tration opserved K valug s fowsr or squa / e abie 3 for=ad "See section eclslon tres B2  Question and Answer for the “Guideline on drug interaction for

Center for Drug Evaluation and Research (CDER)

0 Churchill Pl * Lo
Talephone +4 Facsimille +
January 2020 Send a question via our websibe W

Clinical Pharmacology & Eu

drug development and appropriate provision of information”™

n Medic
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Safety Testing of Drug
Metabolites

Guidance for Industry

FDA “MIST”: Rev 2
March 2020

TU.5. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

March 2020
Pharmacology/Toxicology

Revision 2
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FDA / ICH: Final 2010

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)
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B ADME and DDI

Compounds are evaluated for ADME properties Drug-Drug Interaction

e Absorption — Drug Transporters, passive diffusion

- ;
¢ Distribution — Drug Transporters, passive diffusion

Possible Effects

e Metabolism — Drug Metabolizing Enzymes (CYP450s, UGTs, etc.) S S A

Y Excretion — Drug Metabolizing Enzymes and Drug Transporters Retrieved from https://aidsinfo.nih.gov/understanding—hiv—
aids/glossary/213/drug-drug-interaction
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In vitro ADME & DDI study types

ADME component

Type of in vitro study

Drug Metabolism (M, E)

Drug Metabolizing Enzymes (M, E)

Drug Transporters (A, D, E)

1

. Inter-species comparative metabolism

2

. Metabolite ID — Qualitative analysis of metabolite profile

3

1

. Reaction phenotyping — Determine which CYPs are metabolizing

. CYP Inhibition — Profile specific CYP inhibitions

2

. CYP induction — Induction potential for specific CYPs

. Transporter substrate — Determine Transporter substrate profile

2

. Transporter inhibition — Profile specific inhibition of major Transporters
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Drug Metabolism Studies
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Drug Metabolism: 1. Inter- -Species Comparative Metabolism

* Design: Drug incubations with hepatocytes or subcellular fractions from various species
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* Typical species: Human, Rat, Mouse, Dog, Rabbit, Monkey, Pig
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Drug Metabolism: 2. Inter- -Species Comparative Metabolite ID
* Goals:
* Complete profile of metabolites
* Are there human specific metabolites?

* Which other species have a similar metabolic profile?

CIL
@) O

Human CouTnarin Rat
| I
L
L L
HO 0] @)
O 0
7-Hyd ro>iycouma rin Coumarin-3,4-epoxide

No toxicity Hepatotoxicity
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Metabolite ID
LC-MS/MS analysis — Qualitative identification of the metabolites

50 uM Repaglinide; Human hepatocytes; 60 minutes; 37°C

Hydroxyrepaglinide LC-MS/MS

Repaglinide 100+ 469.2693 1.64e5
9.11 228.1756
1.1e-2§ Range: 1. 246.18
1.0e-2§
] "CHs
9.08-3*;
8.06-3
70 3; 162.1281
.0e-37
_ s0.3, Hydroxyrepaglinide Repaglinide dicarboxylic = 246.1857
T end acid metabolite (M2)
. 9-3*E
4.0e-3§ Repag linide aies 470.2721
203 glucuronide Unknown Ve
E iR 10.28
2.0e-37 (RG) \ 189,068 250.1070 395.1962
E 451.2581
1.0e-3 161.0625 M{ ‘ “ 2511123290 1414 \‘ 3712700
OOE 0“"I"‘H\"Hw""H‘Hll" T e ‘--1/‘\”-‘\‘”-HH-‘H‘“H-www‘-w‘w-wmfZ

" ey ) Mg i e 50 100 150 200 | 250 | 300 350 | 400 450
6.00 8.00 10.00 12.00 14.00 16.00
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Cross-species Met ID

Retention time
i g e o Y S

3.43 255.9889 Sulfation + glucuronidation

363 3540783 Dl-glucuronldapon + . . N N N
hydrogenation

3.78 159.9135 Di-sulfation + + + + +

4.00 258 0045 Sulfation + glucuro.nldatlon + . s . N N
hydrogenation

4.41 161.9298 Di-sulfation + hydrogenation + + + + +

444 194.0478 Glu.curonldatlon+. @ ND | ND |+ )
oxygenation + hydrogenation
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Drug Metabolism: 3. CYP Reaction Phenotyping (Victim potential)

. DehsIOgn Incubate drug + recombinant human CYPs or human liver microsomes or hepatocytes * selective
inhibitors

* Goal: Determine which CYPs drive the metabolism of the drug
* Unique CYP metabolism is of concern

High DDI potential: few enzymes involved

100 —
90 -

§ 38 : Follow-up studies:

2 60  Confirm with selective inhibitors

"‘é’ Zg‘ * Evaluate non-CYP pathways in hepatocytes

° 30 .

£ 201 A/\/(j>< M

* 1‘8&’ m__am o H | ) L CYP3A4 ()
&éo A @ R0 AP w&n@’ S %\% & 'b‘? ¥ oFy w or (Y o "

%“\Q‘C\ Terfenadine Fexofenadine

Recombinant human CYP enzyme (Seldane® - withdrawn) (Allegra®)
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Drug Metabolizing Enzymes
(Perpetrator potential)
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Drug Metabolizing Enzymes: 1. CYP Inhibition

e Design: Drug incubations with HLM + marker substrate + pre-incubation
* Goal: Predict clinically relevant inhibition of CYP enzymes

CYP Activity Assay

CYP1A2 Phenacetin O-dealkylation
CYP2B6 Bupropion hydroxylation

CYP2C8 Amodiaquine N-dealkylation
CYP2C9 Diclofenac 4’-hydroxylation
CYP2C19 S-Mephenytoin 4’-hydroxylation
CYP2D6 Dextromethorphan O-dealkylation
CYP3A4 Testosterone 6B-hydroxylation
CYP3A4 Midazolam 1°-hydroxylation
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Drug Metabolizing Enzymes: CYP Inhibition

CJF
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Time dependent)

Mibefradil: Removed from market

Ketoconazole: Potent inhibitor of

CYP3A4 precludes coadmin of other
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<
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70
—
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(Direct vs.

in 1998 due to potential for fatal

DDls

drugs
Human-liver-microsomes-+-Ketoconazolen
120 _|—@— zero-min preincubation ICso = 0.017 yM
—(O— 30-min preincubation 1Csp = 0.024 uM
~ 100
£9
2 €
g8
32 60
[
[xg B 0]
& o
O i 40
20
0 I \IIIIII| I IIIIIII| I IIIIIII| I T TTTTI
0.0001  0.001 0.01 0.1 1
[Ketoconazole] (uM)

. . . . !
Human-liver-microsomes-+-Mibefradil=
120 _|—@— zero-min preincubation 1Cs0 = 5.5 uM ;
-—0O— 30-min preincubation  ICs0 = 0.063 pM
— 100 —
29 -
= E n
-lglg 80 ]
Iz 60 -
™ O
S S |
20 —
0 IIII| I IIIIIH| I IIII\II| I(PIIIII(P? T TTTTH
0.01 0.1 1 10 100
[Mibefradil] (uM) o
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Drug Metabolizing Enzymes: 2. CYP Induction

* Design: Drug incubations in cultured human hepatocytes, Measure mRNA of various CYPs

e Goal: Predict clinically relevant induction of CYP enzymes

8 3.5
o
4| Donor1l | Donor 2 1 Donor 3
3 .
S s > '
+~ O
== o 1
= E o 4 )]
€ 2 ' o
1.5
2 .
1 LR | T T T LI P L T T T T T T T T T T T T T T 1 T T T T LRI LRI LR
0.001 0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100 0.001 0.01 0.1 1 10 100
[Rifampin] (uM) [Rifampin] (uM) [Rifampin] (uM)
C u It ure d H uman H epa to CVt es Parameter  Value Std. Error Parameter  Value Std. Error Parameter  Value Std. Error
Emax 3.2417 0.3163 Emax 6.0649 0.1981 Emax 3.3378 0.1200

EC50 0.1371 0.1427 EC50 0.5795 0.1244 EC50 0.1362 0.0528
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Drug Transporters
(Victim and Perpetrator potential)
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Kidney Proximal Tubules

) ) ) Hepatocytes s Blood Urine
a. Intestinal Epithelia b. — THTR2
Blood Lumen of Intestine MAP4 OAT2 ENT1JOATPIB] CpTP281 OAT4
oy MRP3 ocT OAT7 ENT2 NTCP o
’ URAT1
THTRY ~— OATP2B1 S PEPT1, PEPT2
OSTe/fp TERRLEErI —_— OAT1 MRP2, MRP4
add SEP [* MDR1 (P-gp) . MATE1, MATE2-K
MRP3 MCT1 BCRP MRP& MDR1 (P-gp)
MRP2 | . ‘._* OCTN1,0CTN2
ENT1, Bile
ENT2 BCRP
= MATES ENT2 1?: ENTI
MDR1 (P-gp)
MRP2 MDR3 d
Brain Capillary Endothelial Cells
ENTI,
Inhibition for all in red (FDA & PMDA); orange (EMA) G
. Brain Basolateral
Substrate potential: *
P-gp and BCRP (all orally administered drugs)
. . . oy . MDR1 (P-gp)
Hepatic uptake: If hepatic metabolism or biliary secretion 225%
Renal: If active renal secretion >25% of total clearance y
Blood ..’ Apical/luminal

ENT2 OATP1A

Figures from Zamek-Gliszczynski et al. ITC3 (2018) CPT 104:890-899
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1. Transporter Substrate

* Design: a) Drug incubations with transporter-expressing cells
b) Confirmation of specificity with positive control inhibitors
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e Goal: Predict a drug’s ability to be transported by specific transporters

Apical
1 Vv Basal
Trans-well

-
L/\**

|
\ X

Vesicles

*

Transporter-expressing cells

Control cells

*
*

*

»*

* %
* x x

m

2. Transporter Inhibition
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e Design: Drug incubations with transporter-

expressing cells or vesicles and marker

substrate

* Goal: Predict clinically relevant inhibition of
major transporters

NN W W
v O U1 O Un

Pal)p (<10 cm/sec)
=
o

o wun

Verapamil

N%}

JApical to basal
—o-Efflux ratio

™

N

= =] |+

CJBasal to apical

0

0.1

0.3 1 3 10 30
Inhibitor concentration (LM)

100

35
30
25
20
15
10

01184 XN[}3
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Areas of Concern

IN VITRO - IN VIVO CONTRACT RESEARCH & TEST SYSTEMS
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Areas of concern: CYP Inhibition study de5|gn
False negative results arise from poorly designed studies

* Example: Clinically relevant time-dependent inhibition of CYP2C19 by omeprazole
missed with high [protein] and long marker substrate incubation

Missed Detected
1 mg/mL protein, 30 min substrate incubation 0.1 mg/mL protein, 5 min substrate incubation

160 160 Time-dependent
g j—k zero-min preincubation ICs0 = 8.3 uM g —@— zero-min preincubation ICs0 = 6.9 uM . L
= 140 o S 140 e5e, sesssee inhibition of CYP2C19 by
- —+—O— 30-min preincubation +NADPH ICs0 = 6.3 uM g —1— 30-min preincubation -NADPH [Cs0 = 8.7 uM | . dl
E 6 1?0 E /T;D\ ! 90— 30-min preincubation +NADPH IGso = 1.7 uM Omeprazo € I'S readi y
25 1 5 detectable with HLM at
v O 1 v O . .
TS 8 1.3-fold shift ¥ 5 4-fold shift 0.1 mg/mL with a
= C — = C .
28 64 28 5-min substrate
T 5 incubati iod (righ
8L d S incubation period (right)
Q — Q.
G o4 < but not at 1.0 mg/mL
@ o | @ with a 30-min

T TTI T TTI T TTI T TTI I
0.01 0.1 1 10 100 1000 001 0.1 1 10 100 1000 | incubation period (left)
[Omeprazole] (LM) [Omeprazole] (LM)
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Areas of concern: CYP Induction study de5|gn

* CYP induction studies: positive controls with very large induction

Control hepatocytes Rifampin-treated (20 uM) hepatocytes Fold induction
CYP3A4 activity CYP3A4 activity 300 -
G 8000 S 18000 ]
g 7000 E 16000 - 250
% 1 > ] c
S = 6000 S — 14000 S 200
T g ; 5 : 5
2E 5000 > E 12000 3
a2 5 S 2 10000 SRS
RS 4000*: % = ] _5
22 3000- 0O 8000 S 100-
s £ ] § E ] L ]
°©g5 ] S5 6000 ]
B 2000 o~ 1 50
@ ] = 4000 - ]
% 1000 2 2000 - KN 0
] (7] R n
2 0+——r——r———r——r 1 o+ 0 5 10 15 20 25 30 35 40
0 5 10 15 20 25 J0FFSSTH0 0 5 10 15 20 25 30 35 40 Rank order based on control rates
Rank order of control rates Rank order based on control rates

 When it comes to induction, more is not always better

« A high fold-induction (>20 fold) of CYP3A4 activity by rifampin is a sign of hepatocellular
dedifferentiation of the cultured human hepatocytes
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Areas of concern: Reaction phenotyping study design
Metabolism studies: Choose the right test system based on the structure

* Ezetimibe is oxidized by CYP3A4 however results with HLM & NADPH alone can be
misleading.

F F
OH OH
OH OH

g % >
UGT1A1, 1A3, 2B15

g O COOH

Inm

Ezetimibe

Ezetimibe glucuronide

Oxidation does not occur clinically due to rapid phenolic glucuronidation. Recombinant human
UGTs or human hepatocytes would be a better test system

CYPs are not the only enzyme system
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Timing of ADME studies
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Drug D evélépment Plpellne — Timeline of in vitro DDI studies

Type of drug Pre-IND Phase | to NDA

1. Comparative 1. CYP inhibition/Induction 1. Reaction phenotyping
Typical small molecule metabolism 2. Transporter inhibition 2. Additional transporter
2. Metabolite ID 3. Limited transporter substrate (dependent on
3. Screening for others substrate routes of elimination)
1. Metabolite ID
Small molecule with 1. Comparative 2. CYP inhibition
orphan, breakthrough ' P . May be able to defer 3. Transporter inhibition
metabolism . .
status, etc. 4. Reaction phenotyping
5. CYP induction
1. Metabolite ID
2. CYP inhibition
Pepti li ADC TR
eptides, o.lgos,. g May be able to defer May be able to defer 3. Transporter inhibition
other biologics . :
4. Reaction phenotyping

5. CYP induction

Priority depends on strategy for each drug & need for de-risking at each stage
FDA: “Collect enough DDI information to prevent patients from being unnecessarily excluded”
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Conclusions: In vitro ADME & DDI studies
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U
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{mn

* Provide understanding of drug characteristics and insight concerning future
performance in in vivo systems; notably concerning predictive toxicology,
dose/species selection for IND enabling studies, and FIH trial considerations.

 Satisfaction of regulatory interests is critical for prevention of delays
* Prioritization varies based on drug class and program de-risking needs

* Conduct and interpretation can be deceptively simple; they both benefit expert
design and understanding

* Provide as much information of the drug as possible for appropriate guidance
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Thank you

Questions or Comments?

IN VITRO - IN VIVO CONTRACT RESEARCH & TEST SYSTEMS
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