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In the Context of Drug-Drug Interactions, there

are Generally Two Types of CYP Inhibition

Reversible Inhibition
IC., unchanged with incubation time

Most drugs are these
Competitive, noncompetitive, “mixed”

Time-Dependent Inhibition (TDI)
Changes in IC., with incubation time
Irreversible - covalently bound

Mechanism based inactivation
Quasi-Irreversible

Metabolite-intermediate complex [MIC]
Reversible

Metabolite more inhibitory than parent
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Consequences of TDI

When TDI is the mode of inhibition, the
iInhibitory interaction will generally be greater
over time following multiple dosing and be
longer lasting after discontinuation

Compared to reversible inhibition, prediction
of inhibition response In vivo Is more
challenging
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These Factors Drive Testing Behaviors
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O Discovery

Percent of Response
&

CYP Enzyme

Percentage of respondents who test new chemical entities for their ability to cause ﬂ‘Vb
time-dependent inhibition from a survey of 17 companies (2/3 large pharma) in B D
March to April 2008 [Grimm SW et al (2009), Drug Metab. Dispos. 37:1355]



Goals of Abbreviated Testing for TDI

Detect TDI in a robust but simplified test

Use information to assess need for further investigation, such
as determination of K/k, .., or testing in additional systems

Avoid false negatives

TDI missed in assay, found later unexpectedly, after
significant resources consumed — to be avoided

Avoid false positives

TDI found in assay, but proved not to be inactivator upon
subsequent testing

Chasing issues unnecessarily. A nuisance, but tolerable
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Regulatory Guidance - USFDA

“Time-dependent inhibition should be examined in standard in vitro
screening protocols. A 30-minute pre-incubation of a potential inhibitor
before the addition of substrate is recommended”

FDA DRAFT Guidance for Industry — Drug Interaction Studies (Sept. 2006)

“TDI should be studied in standard in vitro screening protocols by pre-
Incubating the drug... before the addition of a substrate. Any time-
dependent loss of initial product formation rate may indicate time-
dependent inhibition, and definitive in vitro studies to obtain TDI
parameters (i.e., ki, and K,). Detalls of this tiered approach were
proposed by the PhRMA Drug Metabolism Technical Group (Grimm et
al. 2009).”

FDA DRAFT Guidance for Industry — Drug Interaction Studies (Feb. 2012)

A, B D



Regulatory Guidance - EMEA

“...If the inhibition is enhanced by pre-incubations,
time-dependent inhibition may be present. In this
situation kinact and Kl should be determined”

- Draft EMEA Guideline on the Investigation of Drug Interactions
(April, 2010)
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Time-dependent Inhibition Testing Practices

A typical initial test is an “IC,
shift” assay

47% of companies in 2009
PhRMA survey! use this model
as initial TDI assessment

5% measure percent decline
or inactivation rate at a single
Inhibitor concentration

1Grimm et al, 2009
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ABSTRACT:

Time-dependent inhibition (TDI) of cytochrome P450 (P450) en-
zymes causad by new molecular entities (NMEs) is of concemn

be for clinically relevant
drug-grug ons (DDI). Although the bi undertying
mechanism-based inactivation (I} of P450 enzymes has been
generally understood for several years, significant advances have
been made only in the past few years regarding how in vitro
time-dependent inhibition data can be used to understand and
predict clinical DDL In this article, a team of scientists from 16
pharmaceutical research organizations that are member compa-
nies of the Pharmaceutical Research and Manufacturers of Amer-
ica offer a discussion of the phenomenon of TDI with emphasis on
the laboratory methods used in its measurement. Results of an

anonymous survey regarding pharmaceutical indusiry practices
and strategies around TDI are reported. Specific topics that still
possess a high degree of uncertainty are raised, such as parame-
ter estimates needad to make predictions of DDI magnitude from
in vitro inactivation parameters. A description of follow-up mech-
anistic expariments that can be done to characterize TDI are de-
scribed. A consensus recommendation reganting common prac-
tices to address TDIis includad, the salient points of which include
the use of a tiered approach wherein sbbreviated sssays are first
used todetermine whether NMEs d emanstrate TDI or not. followed
by more thorough inactivation studies for those that @0 to define
the parameters needed for prediction of DDI.

Pharmacokinetic drug-drug interactions (DDIs) can occur when one

als.org
10.124/dmd. 108.026716.

ing drug to severe adverse drug reacticas,
ificant drug-dmg interactions can lead to
termination of development of otherwise promising new therapies.
withdrawal of a drug from the o
tions on its use (Wienkers and Heath,
patient health and safety, DDI was the subject of & position paper in
2003 by scien m memher companies of the Pharms
Research and Manufacturers of America (PRRMA) that f

ABBREVIATIONS: DDI, drug-drug inter:

NME, new molecular enti
emoretion; PK, pharmacokinetic;
activity relationships: HLM, human lver microsome.

cHions: PhAMA, Pharmace sical Research and Manufacturers of America; FDA, Food and Drug Admn-
istration; P450, cytochrome Pa50; TDI, time-dependent inhibition; MBI, mechanism-based inactivation; MIC,
WIVE, in vitro-in vivo extrapolation; ALIC, area under the curve; ADME, absorption, distribution, metabolism, and
: PBPK, physiologically based pharmacokinetics; MDMA, 3,4-methylenediatymethamphet

aholite-intermeciate complex:

etamine; SAR, structure
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For Respondents Conducting the IC;,

Shift...

About half of respondents perform I1C., shift
experiments by conducting the pre-incubation at a
higher concentration of | and E and then diluting into

Incubation with probe substrate (like a typical k
experiment)

inact

...while the other half conduct the activity incubation
by adding the probe substrate with no dilution step
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Dilution Method for IC;, Shift

400 L

\_/

Preincubation

40 uL preincubation matrix

360 pL

\—/

Secondary Incubation
different vessel

10X Test article, n=7, 0.5 log spacing*

1X Test article, n =7, 0.5 log spacing

10X Microsomal protein

1X Microsomal protein

1X NADPH regenerating system

1X NADPH regenerating system

Probe Substrate not present

Probe Substrate present

30 min Preincubation time

5 min incubation time

*This fold dilution is a typical value
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Non-dilution Method for IC;, Shift

390 L
10 pL substrate
Preincubation Secondary Incubation
same vessel
1X Test article, n= 7, 0.5 log spacing 1X Test article, n = 7, 0.5 log spacing
1 X Microsomal protein 1X Microsomal protein
1X NADPH regenerating system 1X NADPH regenerating system
Probe Substrate not present Probe Substrate present
30 min Preincubation time 5 min Incubation time
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IC;, Shift Defined

Simple ratio of IC., values

“Plus NADPH” IC;, value as
denominator - [
“Minus NADPH” ICy, value as NADPHE
numerator (or direct IC,, value) s =%

If the ratio is > than cut-off

value, this indicates TDI

A recommended cut-off value is
1.5 to 2-fold (Grimm et al, 2009) ™

0%

Note: Comparison of percent oo oo o1 ‘1
Inhibition data is also important, nhibior Final Concentraion (1)
particularly when inhibition or

solubility limitations preclude

calculation of an IC., value

o 40% |
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How Long to Preincubate?

A 30 min preincubation period Is often used
Why?

There Is a general assumption that this is adequate
to permit detection of TDI

It was recommended in 2006 draft FDA guidance
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Comparison of 10 and 30 Min Preincubation

Results from our laboratory
demonstrate that comparing
pre-incubation times of 10
to 30 minutes distinguish
rapid from slow acting time-
dependent inhibitors?.

We found significant
decreases in shifted IC,
values in the interval 10 to
30 minutes for some, but
not all compounds,
suggesting the 30 min
period is arbitrary and
possibly too short

Relative IC50 value

1.2

1 I
@ - NADPH in preincubation
08 ® + NADPH - 10 min preinc
' 0O+ NADPH - 30 min preinc
0.6
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] I: I:: t I:
0 ‘ | | LLL ll
& . X O & e & D Q & D Q
S & & N S S N N
T I P
S S S ¥ @S @9
/,\}\Q KX %
O
l\\
OQ’&
CYP1A2 2B6 2C8 2C9 2C19 2D6 3A4/Midazolam  3A4/Testosterone
P\ | /N
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L-Perloff et al (2009) Xenobiotica, 39:99-112; US patent 7,968,314




Longer Incubation Times to Enhance
Sensitivity in Detecting TDI

Case Study with Diltiazem




Sequential Metabolism of Diltiazem is Responsible

for Time-Dependent Inhibition of CYP3A

N-desmethyl metabolite is a more potent inactivator
than parent diltiazem

Further oxidation to N-hydroxydesmethyl diltiazem
leads to MIC and TDI

Y

Kinact KI %N\L
< oa
N-desmethy 0.047 1.1 @ jj
diltiazem s,
Diltiazem 0.012 0.48 @Q

O—

Adapted from Zhao et al (2007) Sequential Metabolism Is Responsible for
Diltiazem-Induced Time-Dependent Loss of CYP3A. Drug Metab Dispos 35:704. é‘w& BD



Seguential Metabolism Leading to TDI

M

Py

primary amine

and longer preincubation times

IH o
H OH
_ CH3 _ CHs / Primary amine \ R-NZ0O
R-N —» 0 \
CH3 CYP3A4 ‘H b\‘ - / R—N Fe+2
4 o3 ,CH - -
D(llt|azem Secondary R—N R—;l 2
Tertiary amine ‘ 3 : :
amine) Gh o MIC (inactive)
Secondary
hydroxyl amine
Secondary hydroxyl amine « Conditions that promote

_ — sequential metabolism are

% - e, s...;.,.-.‘?,f_.._...vf;_ expected to drive MIC formation
o 100, ala $o . .

g | "« secondary amine » This would include higher [I],
3,0 higher protein (because v ~ E),
€

S

O

=

Hansen et al (2010) Sequential Metabolism of Secondary Alkyl Amines to Metabolic-Intermediate Complexes: Opposing Roles for the v

1

0 5 10

min

15

R
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Secondary Hydroxylamine and Primary Amine Metabolites of Desipramine, (S)-Fluoxetine, and N-Desmethyldiltiazem Drug Metab Dispos.

38:963-972



Effect of Increasing Preincubation Times in the Dilution and Non-
dilution Method IC50 Shift Assay for Diltiazem for CYP3A4 with

Testosterone and Midazolam as Substrates

Dilution method Non-dilution method

Substrate  Precincubation ime Exp! IC50 (- NADPH) IC50 (+NADPH)  Shift  IC50 (- NADPH) IC50 (+NADPH)  Shift

Midazolam 30 min 1 109 10 11 100 45 22
Testosterone 30min 1 151 5.7 27 74 29 25
Midazolam 90 min 1 107 0.02 5711 98 13 75
Testosterone 90 min 1 197 0.04 4545 183 13 14
Midazolam 3 min 2 82 56 15 117 123 0.9
Midazolam 10 min 2 108 46 24 146 98 15
Midazolam 30 min 2 123 20 6.1 151 80 19
Midazolam 3 min 3 87 59 15 111 96 12
Midazolam 10 min 3 74 A 2.2 132 109 12
Midazolam 30 min 3 92 13 6.8 150 74 2.0
Midazolam 90 min 3 154 0.10 1493 234 41 57

! . Experiment number
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Effect of Extended Incubation Times in the Dilution

and Non-dilution Method IC50 Shift Assay - Diltiazem

CYP3A4/Midazolam Dilution Method
120%

100%

80%

60%

40%

Percent of Vehicle Only

20%

0% - T T T 1
0.1 1 10 100 1000

[Diltiazem] (uM) in Final Incubation

CYP3A4/Testosterone Dilution Method

120%
100%
80%
60%
40%

20%

Percent of Vehicle Only

O% T T T T 1
0.1 1 10 100 1000

[Diltiazem] (M) in Final Incubation

Percent of Vehicle Only

Percent of Vehicle Only

CYP3A4/Midazolam Non-dilution Method

120% —e— 30 min w/ NADPH
—>— 30 min w/out NADPH
100% —&— 90 min w/ NADPH
—— 90 min w/out NADPH
80%
60%
40%
20%

0% T T T T
1 10 100 1000

[Diltiazem] (M) in Final Incubation

bl 1

10000

CYP3A4/Testosterone Non-dilution Method

—— 30 min w/ NADPH
—>— 30 min w/out NADPH

120%

100% —A— 90 min w/ NADPH
—— 90 min w/out NADPH
80%
60%
40%
20%

0% T T T T 1
1 10 100 1000 10000

[Diltiazem] (uM) in Final Incubation ’F&

\/
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Metabolism of 100 uM Diltiazem in 0.1

or 1 mg/mL HLM

120 Diltiazem I 12000 DSy (1"anine) aiNCesnettyenie 120 I 5.

(2 anire) famatin Seoochry hydogylanirefamation
100 10000 100 4l
S
£
am an 2
80 1 ~ - £
el = —+— Zanire Qlnght. = %
£ £ 600 ——2aiglngnt a0 2 =1
o 60 - £ —o— I°anirg Q1ngnt. £ g,
é & —o— Panirg 1nght. °, 22
a 4! AD E
40 - S
& ——0lng
—e— 0.1 mg/mL 1]
00 a0 ——1nyht
20 - —m— 1 mg/mL
0¥ 0 0 :
‘ ‘ 0 D 0 0
O T T 1 0 3) a) % .
0 30 60 90 Tine(nin) Tine ()

Time (min)

Confirmation that the longer incubation times as well as _
higher protein concentrations are driving metabolism &' BD



Other Examples

Dilution method Non-dilution method

Inhibitor ~ Precincubation ime  Exp?  1C50 (NADPH)  1C50 (+NADPH) ~ Shift  IC50 (NADPH)  IC50 (+NADPH)  Shift

Amiodarone 10 min 1 49 19 2.6 46 40 12

Amiodarone 30 min 1 51 6.7 7.5 61 22 2.7 (

Amiodarore 90 min 1 21 0.9 23 55 45 12 i i -
Amiodarone 10 min 2 81 L7 24 40 25 16 Oi;i\@o”‘v N
Amiodarone 30 min 2 28 n 25 41 15 27 ;,;,amne

Amiodarone 90 min 2 13 0.8 16 30 4.0 75

Verapamil 3mn 1 26 15 1.7 41 31 13

Verapamil 10min 1 2 7.5 3.9 40 20 20

Verapamil 30 min 1 26 0.54 438 37 10 36 ,fn\“

Verapamil 3 min 2 2 n 1.9 29 21 14 ‘*0/1“ \j

0

Verapamil 10 min 2 18 3.7 4.8 28 12 22 Verap;m”

Verapamil 30 min 2 23 0.32 70 30 41 7.2

Verapamil 90 min 2 28 0.03 962 25 12 21.0 .

_ Negative

Ketoconazole 3mn 1 0.0002 0.0113 0.8 0.0153 0.0144 11 «— con tr0|
Ketoconazole 10min 1 0.0100 0.0114 0.9 0.0099 0.0107 0.9

Ketoconazole 30min 1 0.0096 0.0126 0.8 0.0088 0.0113 0.8 B D
L . Experiment number



AMG487

A potent and selective CXCR3
antagonist, displayed a dose-
and time-dependent reduction
in oral clearance in a Phase |
multiple dose clinical study.

One explanation for this
observation is time-dependent
Inhibition of CYP3A4, the
enzyme primarily responsible
for AMG487 metabolism

The major phenol metabolite

(M2), but not parent AMG487
shows TDI of CYP3A4 in vitro

Tonn GR, et al. (2009) An inhibitory metabolite leads to dose- and time-dependent pharmacokinetics of (R)-N-{1-[3-(4-ethoxy-
phenyl)-4-oxo-3,4-dihydro-pyrido[2,3-d]pyrimidin-2-yl]-ethyl}-N-pyridin-3-yl-methyl-2-(4-trifluoromethoxy-phenyl)-acetamide
(AMG 487) in human subjects after multiple dosing Drug Metab Dispos 37:502-513.

CYPy AMG487 \:PSM

OEt T
7 \f't I\\r TR Jl‘“N” EV’”
19’ Seve
ST iCFT

LN
T H
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LY DI
M3

A, ]E;l:,




AMG487 and M2 with 30 Min Preincubation

Midazolam Testosterone

120!
120% +
100
100% 1 —e— Direct
= —a— 30 min preinc
= 80%
<
§
AMG487 ¢ ™
- Yo
T N P
[
(3]
T 40%
o 40
20%
0%
0% . . . . )
0.01 0.1 1 10 100 1000
Inhibitor Concentration (uM) o 100 o
|||||||||||||||||||||| (um)
100% - 100% -
90% 90% +
80% 4 —e— Direct 80% —e— Direct

—a— 30 min preinc —a— 30 min preinc

M2

Percent Remaining
ol
o
=

Percent Remaining

0.01 100 0.01 100

01 1 10
Inhibitor Concentration (uM)

01 . 1 10
Inhibitor Concentration (uM)

Hypothesis: Driving metabolism with higher protein and longer &%,
preincubation time will permit detection of TDI of AMG487 BD



AMG487 - Dilution and Substrate Addition

Method (30 and 90 min Preincubation)

30 Minute Preincubation

Substrate Addition method

Dilution method

IC50 (uM)  IC50 (uM)  IC50 | IC50 (uM)  IC50 (uM)  IC50
Substrate Inhibitor (-NADPH)  (+NADPH)  Shift | (-NADPH) (+NADPH)  Shift
Midazolam AMGA487 8.3 5.7 15 7 5.2 14
Testosterone AMGA487 20 22 0.9 26 25 1.1
90 Minute Preincubation Substrate Addition method Dilution method

IC50 (M)  IC50 (uM)  IC50 | IC50 (uUM)  IC50 (uUM)  IC50
Substrate Inhibitor (-NADPH)  (+NADPH)  Shift | (-NADPH) (+NADPH)  Shift
Midazolam AMGA487 9.2 2.9 3.2 8.0 2.7 2.9
Testosterone AMGA487 27 30 1.1 30 21 1.4

Longer preincubation gave higher shifts
No difference between dilution and non-dilution method
Henne et al (2012) Sequential Metabolism of AMG 487, a Novel CXCR3 Antagonist, Results in Formation of Quinone

Reactive Metabolites that Covalently Modify CYP3A4 Cys239 and Cause Time-Dependent Inhibition of the Enzyme.
Drug Metab Dispos. Manuscript in review




Summary and Conclusions

The time-course of the “IC., shift” was examined and
extended beyond the conventional 30 min
preincubation period to examine the effect on assay
sensitivity.

All compounds tested exhibited increases in ICg; shift
when incubating for 90 min compared to 30 min.

The increase occurred in both the dilution and non-
dilution methods, but the increase was much larger
for diltiazem and verapamil in the dilution method.

~ BD



Summary and Conclusions

In all cases, the increase in shift was attributable to a
lowering of the +NADPH IC., values.

The finding of larger shifts at 90 min in both the
dilution and non-dilution methods demonstrate
enzyme inactivation is not complete at the
conventional 30 min period

The data suggest broad application of extended
preincubation times represents a simple method to
enhance sensitivity of the 1C5, shift assay in detection
of TDI and may improve opportunities to de-risk
compounds

~ BD
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Questions?

Contact information

David M. Stresser, Ph.D.
e-mail: david_stresser@bd.com
or admetox@bd.com

Our services website: Click

http://www.bdbiosciences.com/research/admetox/services/index.jsp

For research use only. Not intended for use in diagnostic or therapeutic procedures.
BD, BD Logo, and all other trademarks are property of Becton, Dickinson and Company. ©2010 BD
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