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Framework for
Evaluating RWD/RWE < '
“ can provide adequate scientific
evidence to answer the
iRl

for use in regulatory
RWE Study Design reg ulatory q uestion

Whether the trial or study
02 design used to generate RWE

decisions (US-FDA)

01

&=
~@— T
Whether the RWD : Regulatory
are fit for use i A Consideration

RWD Fitness for Use
Whether the study conduct meets

regulatory requirements

* Reference: Framework for FDA’s Real-World Evidence Program, US FDA, 2018 neren 8
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Framework for FDA’s Real-World Evidence Program
(2018)

Submitting Documents Using Real-World Data and Real-
World Evidence to FDA for Drugs and Biologics (2019)

Scientific Guidance on Post-Authorization Efficacy
Studies (2016)

Optimizing the Use of RWE to Inform Regulatory
Health Canada Decision-Making (2019)

Basic principles on Utilization of Registry for
Applications (2021)

Points to Consider for Ensuring the Reliability in
Utilization of Registry Data for Applications (2021)
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Ibrance (palbociclib)

e Adult patients with HR-positive, HER2-negative advanced or
metastatic breast cancer in combination with

— an aromatase inhibitor as initial endocrine-based therapy in
postmenopausal women or in men; or

— fulvestrant in patients with disease progression following endocrine
therapy

o Flatiron Health (EHR), IQVIA (medical claims), Pfizer Global Safety
Database

C ) @ %= @ F 3
O = ooy
C/’FDA :?W DEoo%nd#?ug%mi%raﬁ

- 53



Taiwan Food and Drug Administration Ministry of Health and Welfare

ngj ngj H? Ficy

mw A 8B
ﬁnnﬁ#@gﬁg

Taiwan Food and Drug Administration

http://www.fda.gov.tw/




@HE)V%P%R%
¥ MFDAR B 52 3 (£
B 74y 31
SR

i A ?&f R
2021.06.23

/\v



(, Jik ¥ T B8
SINEW PHARMA

Outline

 Evolution of FDA DDI Guidances

e 2020 DDI Guidances
— Scope
— Goal: From In vitro to In vivo

— In vitro DDI Evaluation
« NME as Substrate
« NME as inhibitor
« NME as inducer

— DDI potential of Metabolites
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Evolution of FDA DDI Guidances

« 1997 (In vitro)
e 1999 (In vivo)
« 2006 (Draft; In vitro and In vivo)
— P-gp
— Detailed appendices- methodology
e 2012 (Draft; In vitro and In vivo)
— More transporters
— Model-based DDI evaluations
— Labeling recommendations
— Removed the appendices
« 2017 (Draft)
— Two separate guidances: in vitro and in vivo (clinical)
— In vitro guidance includes appendices

2020 Final

' Reynolds KS and Yang X, Updated on FDA’s

rs, April 24, 2020.

Interaction Final Guidances



2020 DDI Guidances: Scope

 Scope: Evaluation of cytochrome P450 (CYP) or
transporter mediated DDIs

 Topics not addressed in the 2020 guidances
— Therapeutic protein DDIs
— Gastric pH change-dependent DDIs
— DDIs involving oral contraceptives
— Protein displacement-mediated DDIs
— Phase Il enzyme-mediated DDIs
— Pharmacodynamic DDIs
— Detailed guidance on product labeling language

Reynolds KS and Yang X, Updated on FDA’s

Interaction Final Guidances rs, April 24, 2020.



From In vitro and In vivo

* |In vitro Guidance

— Define the potential for DDI of an investigational
drug as substrate or perpetrator

— Help determine when and which clinical DDI
assessments are needed

Reynolds KS and Yang X, Updated on FDA’s

Interaction Final Guidances s, April 24, 2020.
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In Vitro Evaluation — NME As Substrates

« Metabolic phenotyping: CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A

 |f the above CYP enzymes do not play a major role, consider other
enzymes

— CYP2A6, CYP2J2, CYP4F2, and CYP2E1

— Other Phase | enzymes including aldehyde oxidase (AO),
carboxylesterase

— (CES), monoamine oxidase (MAO), flavin monooxygenase (FMO),
xanthine oxidase (XO), and alcohol/aldehyde dehydrogenase
(ADH/ALDH)

— Phase Il enzymes, e.g., UDP glucuronosyl transferases (UGTs) and
sulfotransferases (SULTSs)

* If >25% clearance by an enzyme (in vitro phenotyping; human PK),
need to consider further clinical evaluation, I.e., evaluate effect of
Inhibitor and inducer of the enzyme on the PK of the NME

' Reynolds KS and Yang X, Updated on FDA’s

Interaction Final Guidances rs, April 24, 2020.
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In Vitro Study — NME As Substrates

» System: S9, cytosol, rCYP, pooled human liver
microsomes(HLM), Human Hepatocytes

» Metabolic pathway identification (ID) before first
In human (FIH)

* Use both chemical/antibodies inhibitors with
HLM & rCYPs

* |dentify number and structures of metabolites
produced

* Robust and reproducible methods with
appropriate positive controls

Reynolds KS and Yang X, Updated on FDA’s

rs, April 24, 2020.
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Determine If NME 1s an Inhibitor or
Inducer of Metabolic Enzymes

CYP inhibitor
(CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A)

CYP inducer
(CYP1A2, 2B6, 2C8, 2C9, 2C19, 3A4)

Determine in vitro parameters

v

Basic Model

v

Mechanistic, static model
Mechanistic, dynamic model (e.g. PBPK)

b

—* | Invivo DDI study

Reynolds KS an ng X, Updated on FDA’s

Interaction Final Guidances
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Basic Model for Reversible
Inhibition

Ri=1+ (Imax.u / Kl)

_ AUC with inhibitor
AUC no inhibitor Rl‘gut =1+ (Igm Kl)

Ri1 or Ru, gut 1 the predicted ratio of the victim drug’s AUC m the presence and absence of an inhibitor for basic
models of reversible mhibition.

Imaxu 15 the maximal unbound plasma concentration of the interacting drug.™

Igut 1s the 1ntestinal luminal concentration of the mteracting drug calculated as the dose/250 mL.

Ki 1s the unbound inhibition constant determuned in vitro.

Note: I and K need to be expressed in the same unit (e.g., in a molar concentration unit).

*Considering uncertainties in the protein binding measurements, the unbound fraction in plasma should be set to 1%
(fraction unbound in the plasma (f, )= 0.01) 1f experimentally determined to be < 1%.

kl
E+1 ﬁ E:1 K=k /k, =
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Mechanistic Static Model for

Reversible Inhibition
1 1

X
A xXfm+(1-fm) Agx(l—Fg)+Fg
1 1

A —_— — A —_— —_— A 1s the effect of reversible inhibitions.
H 1+ [I ] H ’ g 1+ [I ] g Fg 1s the fraction available after intestinal
K : K : metabolism.

f . 1s the fraction of systemic clearance of
the substrate mediated by the CYP enzyme
that 1s subject to inhibition.
Subscripts ‘H’ denote liver.
[I]n = fup*(Cmax + FaxkaxDose/Qu/Rs) (Ito, Iwatsubo, et al. 1998)  Subscripts ‘g’ denote gut.
[I]e = Faxka*Dose/Qen (Rostanmi-Hodjegan and Tucker 2004)
fup 15 the unbound fraction in plasma. When it 1s difficult to measure accurately due to high protein binding (1.e., fu,
<0.01) in plasma, a value of 0.01 should be used for fup.
C nax 15 the maximal total (free and bound) inhibitor concentration in the plasma at steady state.
Fa 1s the fraction absorbed after oral admumstration: a value of 1 should be used when the data are not available.
Ka 15 the first order absorption rate constant in vivo; a value of 0.1 min* (Ito, Iwatsubo, et al. 1998) can be used
when the data are not available.
Qen 1s the blood flow through enterocytes (e.g., 18 L/hr/70 kg (Yang, Jamei, et al. 2007a)).
Qn 1s the hepatic blood flow (e.g., 97 L/ht/70 kg (Yang, Jamei, et al. 2007D)).

Rs 1s the blood-to-plasma concentration ratio.
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Determining If Investigational Drug Is
Reversible Inhibitor Of Metabolizing Enzymes

In-vitro investigation for the major CYP enzymes CYPIA2,
CYP2B6, CYP2CS8, CYP2C9, CYP2C19, CYP2D6 & CYP3A4/5

Data Analysis:

|. Basic Model
P\I:' |+ (Imax.u / K|)
Rigu= 1+ (e / K) where |, =dose/250 mL

2. AUCR prediction [using inhibition data only] by:

Mechanistic Static Model

C =
_ 1 1 4 I
SIS [CHXfm+(I—fm)XCGX(I—fG) +fG] S

Dynamic Mechanistic Model such as PBPK Model
3. In-Vivo Studies using a sensitive index substrate

Data
Interpretation

IfR;2 1.02
OrR g 2 11

!

If AUCR 2 |.25

!

Conduct a clinical
DDI

e ———————
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Basic Model for Time-dependent
Inhibition

k kinzwl )
_ AUC with inhibitor E+1 é E-1l S E-T
®= uc k-l
no inhibitor k, ... describes the rate at which the mhibitor-enzyme

complex 1s ureversibly transformed nto E:T*

R> = (kobs + kcleg) / kdeg

Where kobs = (kinact x 50 X Imax.u) / (KI + 50 % Imax-u)

R: 1s the predicted ratio of the victim drug’s AUC in the presence and absence of an inhibitor for basic models of
enzyme TDI.

Kobs 15 the observed (apparent first order) inactivation rate constant of the affected enzyme.

Kaeg 15 the apparent first-order degradation rate constant of the affected enzyme.

Ki 1s the mhibitor concentration causing half-maximal mactivation.

Kinact 15 the maximal 1nactivation rate constant.

Imaxu 1 the maximal unbound plasma concentration of the interacting drug.*

Note: I and Kjneed to be expressed in the same unit (e.g., in a molar concentration unit).

*Considering uncertainties in the protein binding measurements, the unbound fraction in plasma should be set to 1%
(fraction unbound m the plasma (fup) = 0.01) if experimentally determined to be < 1%.

. s T T—
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Mechanistic Static Model for Time-
dlependenlt Inhibition

X
B, xXfm+(1-fm) ng(l—Fg)+Fg B is the effect of TDI.
Fg 1s the fraction available after intestinal

AUCR =

kde g, H 111e?[ab0115‘111. | ‘ |
B H™= I I f , 1s the fraction of systemic clearance of
k n [ ] _H_X inact the substrate mediated by the CYP
deg, H [I ] gt K i enzyme that 1s subject to inhibition.

Subscripts ‘H’ denote liver.
Subscripts ‘g’ denote gut.

B = kd@ﬂ g Kgeg 18 the enzyme degradation rate.
g [I] X kinact K, .. 1s the first-order mactivation rate
k + 5 : constant of the enzyme.
deg.g ™ I, + Ki ~

[Mn = fup"(Cmax + Faxka*Dose/Qw/Rp) (Ito, Iwatsubo, et al. 1998)

[T]g = FaxkaxDose/Qen (Rostami-Hodjegan and Tucker 2004)

fu,p 1s the unbound fraction in plasma. When it is difficult to measure accurately due to high protein binding (i.e., f,
<0.01) 1n plasma, a value of 0.01 should be used for f, .

Cnax 15 the maximal total (free and bound) mhibitor concentration in the plasma at steady state.

Fa 1s the fraction absorbed after oral adminisiration; a value of 1 should be used when the data are not available.

Kka 1s the first order absorption rate constant in vivo: a value of 0.1 min! (Ito, Iwatsubo, et al. 1998) can be used

when the data are not available.

Qen 1s the blood flow through enterocytes (e.g.. 18 L/hr/70 kg (Yang, Jamer, et al. 2007a)). ’
Qu is the hepatic blood flow (e.g.. 97 L/hr/70 kg (Yang, Jamei. et al. 2007b)).

Re is the blood-to-plasma concentration ratio.



Determining If Investigational Drug Is Time-
dependent Inhibitor Of Metabolizing Enzymes

In-vitro investigation for the major CYP enzymes CYPI1A2, CYP2B6, CYP2CS8, Data
CYP2C9, CYP2CI9, CYP2D6 & CYP3A4/5 Interpretation
Data Analysis:
|. Basic Model IR, > 1.25
R2= (Kobs * Kdeg )/ Kdeg
where I(obs = (KinactX 50X Imax,u ) / (KI +50 X lmax,u) l
2. AUCR prediction [using TDI data only] by: If AUCR > | 25
* Mechanistic Static Model - |
AUCR = [ - X L ] A { S L } 1
A XFf +(I=f) " A X (I-=fo) +f, w0 T K
Conduct a clinical
* Dynamic Mechanistic Model such as PBPK Model DD
3. In-Vivo Studies using a sensitive index substrate

A |




In Vitro Study — NME As @&k
Inhibitors

System: Pooled HLM (>10), recombinant
CYP enzymes, or pooled hepatocytes (>10)

HLM protein concentration should be < |
mg/mL. Correct for binding when
necessary

Solvents should be <1%, 0.5% is preferred
Include vehicle control & no-solvent control

Validated & reproducible analytical assays
and Positive controls kinetic constants (k,,

K;and k
literature

...) should be comparable to

Reversible inhibition

* Initially, test drug at high concentration as much as

possible
e.g., S0 X | oxu ©F 0.1 X dose/250 mL

* If positive, then retest to calculate IC, or k

A

TDI:

* Initially, preincubate drug for at least 30 min before adding

the substrate

* If significant time- and NADPH-dependent, then retest in

a definitive study for estimation of K, & k

inact




Determine if NME is an Inducer &%

of CYP Enzymes

« Evaluate CYP1A2, CYP2B6, and CYP3A4
Initially.

* If no induction of CYP3A4 is observed,
evaluating the induction potential of CYP2C
enzymes not needed because CYP3A and CYP2C

enzymes are induced via activation of the
pregnane X receptor (PXR) and CYP3A Is more
sensitive to inducer.

* If the drug induces CYP3A4, evaluate the drug’s
potential to induce CYP2C enzymes.




Evaluate Induction Potential of @5

CYPs - Basic Model

* Fold-change method

— using a cutoff determined from known positive and
negative controls

— Ex: a > 2-fold increase in mRNA and a response >
20% of the response of the positive control

 Correlation methods

— Method 1: Calculate a relative induction score

(RIS) USing (Emaxxlmax,u) / (EC50+|max,u)
— Method 2: Calculate I, ,/ EC5ovalues

/\

max,u
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Evaluate Induction Potential of
CYPs - Basic Kinetic Model

_AUC

with inducer

AUC

no inducer

R3 =1/ [1 + (d X Emax x 10 x Imax.u) (ECSD + (10 X Ima};.u))]

Rs 1s the predicted ratio of the victim drug’s AUC 1n the presence and absence of an inducer for basic models of
enzyme induction.

d 1s the scaling factor and 1s assumed to be 1 unless supported by prior experience with the system used.

Emax 1s the maximum induction effect determined 1n vitro.

Imax.u 18 the maximal unbound plasma concentration of the interacting drug.*

ECso 1s the concentration causing half-maximal effect determined in vitro.

*Considering uncertainties in the protein binding measurements, the unbound fraction should be set to 1% 1f
experimentally determined to be <1%.




Evaluate Induction Potential of @ %%
CYPs - Mechanistic Static Model

1
X
C, xXfm+(1-fm) C,x(1-Fg)+Fg

AUCR =

_ d X Emax X [I]H _ d x Emax X [I]g
CH B 1 T [I]H+ EC50 Cg - 1 T [I]g'l'ECSO

C 1s the effect of mduction.

F, is the fraction available after intestinal metabolism.

f , 1s the fraction of systemic clearance of the substrate mediated by the CYP enzyme that 1s
subject to induction.

Subscripts ‘“H” denote liver.

Subscripts ‘g’ denote gut.

[In = fup”(Cmax + FaxkaxDose/Qw/Rp) (Ito, Iwatsubo. et al. 1998)

[T]g = FaxkaxDose/Qen (Rostami-Hodjegan and Tucker 2004)

fup 15 the unbound fraction 1n plasma. When 1t 1s difficult to measure accurately due to high protem binding (1.e.. 1,
<0.01) m plasma, a value of 0.01 should be used for f, .

Cmax 15 the maximal total (free and bound) inhibitor concentration in the plasma at steady state.

Fa 1is the fraction absorbed after oral administration: a value of 1 should be used when the data are not available.
Ka 1s the first order absorption rate constant in vivo; a value of 0.1 min™ (Ito, Iwatsubo, et al. 1998) can be used

when the data are not available.

Qen 1s the blood flow through enterocytes (e.g., 18 L/ht/70 kg (Yang, JTamei, et al. 2007a)). /
Qu 15 the hepatic blood flow (e.g., 97 L/hr/70 kg (Yang, Jamer, et al. 2007b)).

Rs is the blood-to-plasma concentration ratio.
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Determining if Investigational Drug Is
an Inducer of CYP Enzymes

In-vitro investigation for the major CYP enzymes CYPIA2, CYP2B6 & CYP3A4/5 Preset Cutoff
* Basic Model ‘
* Fold Change Method (pre-established cutoff, of fold induction, % relative to PC) R3 <08
* Correlation methods (RIS OR** | /ECg)
» Basic Kinetic Model 1
= 1/[1+(d X Epe X (10 X 1)/ (ECs0+ (10X L )] AUCR <08
+ AUCR prediction [analyze induction data only] by: 1

* Mechanistic Static Model]
dx<E__ =[] Conduct a clinical

1
AUCR =[ C,XT. f T N CX (=T +, ] [I]+EC,, DD using a
* Dynamic Mechanistic Model such as PBPK Model sensitive index

* If no CYP3A4/5 induction, then evaluation of CYP2C8/2C9/2C19 is not necessary substrate

G It
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In Vitro Study — NME As Inducers

System: Plateable, cryopreserved or freshly isolated, human hepatocytes
from at least 3 donors

— Immortalized hepatic cell lines could be used also
— Cell receptor assays results are considered supportive and not definitive

MRNA and/or enzyme activity levels are acceptable. If TDI, then mMRNA
approach is recommended

In vitro test system should be validated to show that all major 6 CYPs are
functional and inducible with positive controls. System should be robust
and reproducible

Drug concentrations investigated should span the range of therapeutic
exposures. If the drug solubility permits, this range of drug concentrations
should include at least one concentration that is an order of magnitude
greater than the maximum unbound steady-state plasma drug
concentration in vivo

Measure concentrations of the actual unbound parent drug in the
medium

— If the drug is highly bound to human plasma protein, and the medium contains
serum (or proteins, e.g., bovme serum albumin)

— if the ay have si nt non-specific binding
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Additional Considerations

Investigational drug is an inhibitor of multiple CYP
enzymes

* may first carry out an in vivo study with a
sensitive Index substrate of the CYP with the

largest R or AUCR value

— If this In vivo study shows no interaction, in vivo
evaluations of other CYPs with lower potencies (e.g.,
smaller R or AUCR) are not needed.

— If this in vivo study shows a positive interaction
between the drug and the sensitive index CYP
substrate, the sponsor should conduct additional in
vivo studies for other CYPs, starting with the CYP
with the next largest R or AUCR value.
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DDI Potential of Metabolites

* As a substrate: for metabolites with safety concern or
significantly contributing to overall efficacy (estimated

based on potency, protein binding, tissue distribution of
metabolites relative to parent)

 As an inhibitor:

— for metabolites more polar than parent: AUC
AUCparent

— for metabolites less polar than parent: AUC, ...noiite = 25%
X AUCparent

— for metabolite that acts as time-dependent inhibitor (TDI),
consider a lower exposure than parent

— Exposure comparison based on Molar units!

metabolite >
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Evolution of DDI Guidances of FDA, EMA and
PMDA

ITC
{International DA
Ui iied ITC_ ; publish final f’.‘ll’.‘ﬂ puidance for
Consortium) further discuss publish draft o . )
) = in vitro and clinical studies
continue aspects of guidance

transporter-mediated

discussions on

transporter- |ntemct|ur!ts and later b Vitro Metsbolioar. |

miediated publishes and Transparter- In Vit Drag Climbal Drg

interacticns Summarizing Mediated Drug-Drug R —. B ——
started in 2010 Advances in the Role I:irlr:tl'lhln_: ::Td:uw R
with publication of Transporters in e it

Membrane Drug Development
Transporters in In 2018 ~ —

Drug . S—
Development -
L] L3
202 | 2013 | 2014 | 2005 | 206 | 2017 | 2018 | 2019 200
L
EMA, EMA PMDA
publish DD consultation on lapanese 2018
Euidance update to 2013 DD guidance
DOl guidance published
completed
-] 2
EMA
- . _ ongoing review of proposed updates to
| DD guidance

Compare FDA guidance to EM



https://blog.covance.com/2020/06/a-comparison-of-fda-ema-pmda-regulatory-agency-guidance-for-in-vitro-drug-drug-interaction-ddi-assessments/

CYP mediated DDI-A comparison among FDA,
EMA, and PMDA guidance and guidelines(l)

In vitro test  Subcellular human liver tissue fractions, Human liver microsomes or S9 Human liver microsomes or S9
recombinant human CYP enzymes, fraction, recombinant human fraction, recombinant human
system human liver tissue, including freshly enzymes, and human hepatocytes enzymes, and human hepatocytes
prepared or cryopreserved
hepatocytes
Metabolic Major CYP enzymes: CYP and non-CYP enzymes. Major CYP enzymes:
CYP1A2, CYP2B6, CYP2C8, CYP2C9, Genetic polymorphic CYP1A2, CYP2B6, CYP2C8, CYP2C9,
EAinEs CYP2C19, CYP2D6, and CYP3A. enzymes and special CYP2C19, CYP2D6, and CYP3A4/5.
Additional CYP enzymes: populations. Additional CYP enzymes:
CYP2A6, CYP2J2, CYP4F2, and CYP2E1 Identification of enzymes involved CYP2A6, CYP2J2, CYP4F2, and
Other Phase | enzymes: in minor pathways may be needed if CYP2E1
Aldehyde oxidase (AO), the pathways have a marked Other Phase | enzymes:
carboxylesterase (CES), importance in some monoamine oxidase (MAO),
monoamine oxidase (MAO), subpopulations due to intrinsic or Flavin monooxygenase (FMO),
Flavin monooxygenase (FMO), Xanthine extrinsic factors. Xanthine oxidase (XO), and
oxidase (X0), and alcohol//aldehyde alcohol//aldehyde dehydrogenase
dehydrogenase (ADH/ALDH). (ADH/ALDH).
Phase Il enzymes: Phase Il enzymes:
UDP glucuronosyl transferases UDP glucuronosyl transferases
(UGTs) and sulfotransferase (SULTs). (UGTs).

A
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CYP mediated DDI-A comparison among FDA,
EMA, and PMDA guidance and guidelines(l1)

ltem | FDA 2020 EMA 2013 PMDA 2018

NME As
Substrates

Evaluate
inhibition
potential of
metabolite

Specific enzyme contributes to

225% of the drug’s elimination based
on in vitro data or human PK data
should be identified.

Metabolite with significant plasma
exposure or pharmacological activities
may need to be evaluated for its DDI
potential. The in vitro enzyme
inhibition study should be performed
if:

e The metabolite is less polar than
parent and the AUC 25% of
AUCparent'

e The metabolite is more polar than
parent drug and the metabolite
AUCmetaboIite 2the parent AUCparent'

¢ A lower cutoff value for AUC ratio
may also be considered for
metabolites with structural alerts for

metabolite =

potential mechanism-based inhibition.

Enzymes that are involved

in metabolic pathways
contributing to 225% of
drug elimination should be
identified if possible and the
in vivo contribution should
be quantified.

It is recommended to
investigate the enzyme
inhibitory potential of phase
| metabolites with an AUC
both >25% of the parent
drug AUC and >10% of the
drug related

exposure (radioactive
moieties in the mass-
balance study).

The in vivo contribution ratio (CR) of
the elimination pathway

controlled by a certain drug
metabolizing enzyme to the overall
elimination of the investigational
drug is estimated to be 225% from in
vitro metabolism studies and clinical
pharmacokinetic Studies

It is recommended to investigate the
enzyme inhibitory potential of major
metabolite when:

e The metabolite is less polar than
the parent drug and the metabolite
AUC is 225% of the parent drug AUC.
e The metabolite is more polar than
the parent drug and the metabolite
AUC is 2100% of the parent drug AUC.
* The metabolite contains a

chemical structural alert(s) for TDI
and the metabolite AUC is 225% of
the parent drug AUC and is 210% of
total AUC of drug-related substances.
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CYP mediated DDI-A comparison among FDA,
EMA, and PMDA guidance and guidelines(111)

ltem | FDA 2020 EMA 2013 PMDA 2018

NME As

Inducers:
In vitro test
system

NME As
Inducers:
CYP
enzymes

Plateable, cryopreserved or freshly
isolated, human hepatocytes.
Immortalized hepatic cell lines may
also be used and are acceptable
methods to determine CYP induction
potential.

Initial induction of CYP1A2,
CYP2B6, and CYP3AA4.

CYP2C8, CYP2C9, CYP2C19
(when induction of CYP3A4 is
observed).

Cultured hepatocytes (fresh

or cryopreserved) are the

preferred in vitro system for
induction (and downregulation)in
vitro studies.

Minimally derived hepatocyte lines
(e.g. HepaRG), nuclear receptor
binding assays, or reporter gene
assays are considered as supportive
data only.

Initial induction of CYP1A2, CYP2B6,
and CYP3AA4.

CYP2C8, CYP2C9, CYP2C19 (when
induction of CYP3A4 is observed).

Cultured hepatocytes (fresh

or cryopreserved) are the

preferred in vitro system for
induction (and downregulation)in
vitro studies.

Minimally derived hepatocyte lines
(e.g. HepaRG), nuclear receptor
binding assays, or reporter gene
assays are considered as supportive
data only.

Initial induction of CYP1A2, CYP2B6,
and CYP3A (CYP3A4 and
CYP3A5).

CYP2C8, CYP2C9, CYP2C19 (when
induction of CYP3A4 is observed).
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CYP mediated DDI-A comparison among FDA,
EMA, and PMDA guidance and guidelines(1V)

Fold-change
method

Correlation
method

R-value
calculation
method

A cutoff can be determined from

known positive and negative controls

to calibrate the system

* ex) mRNA > 2-fold & >20% of
positive control

Method 1: Calculate a relative
induction score (RIS) using (E

/ (EC50+|max,u)
Method 2: Calculate |

maxXI max,u)

/ ECgpvalues

max, u

R(Rs)=1/(1+d x E ., % 10 x [1]/(ECso+
10x 1)

[I]=unboundC__,d=1

max’

R < 0.8 for positive

mRNA > 2-fold & concentration
dependent changes

* mRNA< 2-fold & >20% of
positive control

Predicted positive criteria defined
by known positive controls

can be used

RIS: E, ., X [1]/(ECso +[I])

[1] = unbound C

max

Not specified

A cutoff can be determined from
known positive and negative
controls to calibrate the system

mMRNA > 2-fold & concentration-
dependent changes

MRNA< 2-fold & > 20% of
positive control

Not specified

Not specified




CYP mediated DDI-A comparison among FDA,
EMA, and PMDA guidance and guidelines(V)

Basic model Reversible inhibition: Reversible inhibition: Reversible inhibition:
Ry =1+ (10 o/ Ki ) [11/K; 20.02; [1] =Cpay 0 [11/K; 20.02; [1] =Cay 0
Ry, gut =1+ (o /K u) 5 ONly for CYP3A [110¢/K; 210; [1],,, = Dose/250mL; [110¢/K; 210; [1],, = Dose/250mL;
Time-dependent inhibition: only for CYP3A only for CYP3A
Ry =(KopstKeg)/Kaeg Time-dependent inhibition: Time-dependent inhibition:
Induction: R =(kobs+kdeg)/kdeg R =(kobs+kdeg)/kdeg
Fold change or correlation Induction: Induction:
method Fold change or correlation Fold change or correlation
R; =1/[1+d X ((E, 2 X 10 X method. method.
Imax,u)/(ECSO + 10 X Imax,u))]
Static If AUCR (AUC 115 investigational drug/ AUC If AUCR is outside of 0.8 - 1.25, in If AUCR is outside of 0.8 - 1.25, in
mechanistic  minus investigational drug) 1S 2 1._25 (for vivo st.udles should'be Fonducted to vivo st'udles should'be _conducted to
inhibition) and <0.8 (for induction) a quantify the effect in vivo as well as, quantify the effect in vivo as well as,
models clinical DDI should be conducted using  if needed, characterize the time if needed, characterize the time

sensitive index substrate. course of the net effect. course of the net effect.
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Conclusions

New enzymes: FDA 2020 guidance recommends to
consider two phase | enzymes, AO and CES, and a phase I
enzyme, SULTS

The major change with recent FDA and PMDA guidance,
which aligns with the EMA, was to use unbound
concentrations of investigational drug concentrations (not
total drug) for the calculation of DDI R cut-off values

All regulatory authorities recommend testing for CYP1AZ2,
2B6 and 3A4 induction, at least in the first instance

The FDA, EMA and PMDA guidance(s) now require
major metabolites of parent drugs (or those that
contribute significantly to pharmacological activity or
contain structural alerts for known DDI mechanisms) to be
assessed for DDI potential
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