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ICHM12 Guideline on interaction studies
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Home | JAMA | Vol. 332, No. 7

Medical News in Brief

Study: Polypharmacy Nearly Doubled in 20 Years Among Older
Adults in US

More than 4 out of every 10 adults aged 65 years or older reported using 5 or more prescription medications in
the past 30 days between 2017 and 2020, according to an analysis of cross-sectional survey data from about
14 900 participants. Only about 24% of older people between 1999 and 2000 said they had used 5 or more
medications during the past month, which the researchers defined as polypharmacy.

The potential for drug interactions for new medicinal products should be evaluated
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ICH-M12 Guideline on interaction studies

Implementation

Scope and goal of the guideline:

« To have global harmonized and systematic, risk-based approaches to assess DDIs to avoid regional
heterogenous recommendations in use of new therapeutic products with concomitant drugs

« DDiIls of interest for this harmonization effort are PK-driven and mediated by drug metabolizing
enzymes and transporters

ICH M12 will replace EMA drug interaction guideline CPMP/EWP/560/95/Rev.1.

However, there are parts of the EMA drug interaction guideline CPMP/EWP/560/95/Rev.1 that are not covered
by ICH-M12 such as food effect, interactions in the gastrointestinal tract, details mass balance.
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Implementation strategy ICH-M12 in EU

* Guideline on the investigation of interactions in the gastrointestinal tract
Open for consultation till 31 December 2026
* Guideline on radiolabeled mass balance studies
Will be released soon
* For which medicinal product is a drug drug interaction with oral contraceptives
needed?
Clinical pharmacology and pharmacokinetics: questions and answers 2.8
* Reflection paper on the requirements to study the interaction potential of herbal
medicinal products

Will be released soon
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ICHM12 Guideline on interaction studies

Training on the ICH M12
guideline (EU NTC) 2024

ICH M12 Drug interaction
studies: summary of the efforts

to achieve global convergence,
CPT 2025

Advances and challenges for
drug interaction evaluation -
Perspectives on the ICH M12
guideline, CPT 2025

Scientific rationale for the
selection of in vitro and in vivo
substrates, inhibitors, and
inducers in the ICH M12
framework, in prep




ICH-M12 enzyme and transporter mediated interactions

Stepwise, risk based approach

In vitro DDI positive signal
study cut-off values

No signal
cut-off values

DDI risk in vivo is low
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Mechanistic static
modelling

PBPK modelling

In vivo DDI study




Draft ICH M12 - over 1000 comments

Emerging areas / challenges / discussion points in ICH-M12

In or out of scope new modality medicinal products
In vitro study considerations
- Unbound concentrations
Plasma protein binding
Non-specific binding
- Intestinal concentrations / poor solubility drug
Transporters
Endogenous substrates
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Emerging new medicines and DDI potential

—
Increasing risk of DDI

Increasing complexity

Biologics
A

Type of treatment/product modality

Medical Devices Tissue Therapy Cell Therapy Gene Therapy Vaccine Biotech Chemicals
@ > 100 pm @ 10-50 pm @ 10 nm @1nm
Addition of non- Addition of; Attenuated
biological structure Addition of tissues; Addition of cells; * recombinant viruses, viral Recombinant Synthetic small
+ Scaffolds + Autologous + Autologous genetic sequence  vectors, mAbs proteins eg. mAbs, or complex
*  Medical device +  Allogeneic + Allogeneic +  Genetic mRNA insulin, drug- molecules
*  xenogeneic *  xenogeneic modification antibody conjugates,
| fusion proteins |
L ! J I '
By EMA legal classification all Synthetic oligonucleotides, legall
Not all ATMPs gene therapies are ATMPs eaking, are not gene thera
v \
2004-2005: 0% 6% 18% 76% 0%
2014-2015: 2% 1% 28% 69% 0%
2024-2025: 4% 12% 35% 44% 4%
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Emerging new medicinal modalities and DDI potential

In vitro in vivo DDI potential

In vitro DDI

- small molecules

- Proteins/monoclonal antibodies
- Antibody drug conjugates
- Antibody
- Small molecule
- Precipitant
- Object
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Emerging new medicinal modalities and DDI potential

In vitro in vivo DDI potential

In vitro DDI

small molecules
Peptides
Oligonucleotides
Protacs

Clinical Pharmacology Considerations for the
Development of Oligonucleotide Therapeutics
Guidance for Industry 2024

nature » nature reviews drug discovery » news in briefs > article

NEWS IN BRIEF 08 May 2026 Update 12 May 2026

First PROTAC gains FDA approval,
bolstering targeted protein
degradation and induced proximity
ambitions

- Proteins/monoclonal antibodies
- Antibody drug conjugates
- Antibody

- Small molecule
- Precipitant
- Object
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ICH-M12 enzyme and transporter mediated interactions

Stepwise, risk based approach

Mechanistic static
modelling

In vitro DDI positive signal
PBPK modelling

cut-off values

In vivo DDI study

DDI risk in vivo is low
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Stepwise, risk based approach

in vitro in vivo evaluation

in vitro in vivo evaluation (K;,, C,,..,, DDI effect in vivo) - cut-off values in vitro assays

e (Qualitative evaluation: error matrix
e (Quantitative evaluation: static models

Selection criteria for the cut-off values:
1) no (low) False Negative rate
2) not too high False Positive rate

Re-evaluation of False Negatives:

- Invitro assay condition e.g non-specific binding
- Effect size of in vivo interaction
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Predicted condition

Total population
=P+N

Positive (PP)

Negative (PN)

Actual condition

Positive (P)

True positive (TP)

False negative (FN)

Negative (N)

False positive (FP)

True negative (TN)




Emerging areas / challenges / discussion points in ICH-M12

High protein binding

The free drug hypothesis assumes that the free drug is only available to interact with a target receptor
or enzyme to exert a pharmacological or toxicological effect

EMA/FDA/PMDA have considered 99% binding as the upper limit of high confidence measurement

[ ]
[ ]
[ ]
.
[ ]
L]
0.0001

0.0001 0.001

* Not sensitive enough methodologies and bioanalytical methods

fu

Equlibrium Dialysis
]

Ultracentrifugation f,

* Improvement in bioanalytical methods detection drugs at pg/mL possible.

5. Ryu et al. { Journal of Pharmaceutical Sciences 108 (2019) 3745-3749

 More methodologies available to measure protein binding with high accuracy and precision which
showed comparable protein binding across methodologies with similar variability for drugs with
protein binding > 99% and <99%
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Emerging areas / challenges / discussion points in ICH-M12

High protein binding

Measured fraction unbound (fu,p) can be used if

14

Methodology should be suitable for the compound
Qualify protein binding assay with appropriate positive controls
Bioanalytical assay have appropriate precision and accuracy at the required sensitivity range

A positive control should be included and the positive control should within 3-fold of the
mean fu,p value that was previously reported at qualification

Novel protein binding assay methodologies should be qualified against an orthogonal method
that is previously established and accepted for a range of highly bound compounds

If no compliance to above = fu,p = 0.01 will be used for >99% protein bound
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Challenges / discussion points in ICH-M12
High protein binding — compounds with > 99% protein binding

Re-evaluation of the cut-off values with/without capping of fu,p

In vitro in vivo evaluation for induction with/without capping fu,p

TP FP ™ FN

M capped 15Cmaxu B not-capped 15 Cmaxu B not-capped 50Cmaxu

60

w1
o

S

Number of medicinal products
S 8

=
o

o



Challenges / discussion points in ICH-M12

In vitro considerations example of induction study

Test c ra Mean fold change in mRNA level ® C123 Cut—Off: 50 X Cmax u = 1.47 IJ'M
compound oncentration 4
Donor 1 Donor 2 Donor 3
. - = - * Only donor 2 has dose dependent >2-fold mRNA
0.1 M 0,690 0.043 0.557 response, however at higher than the cut-of
1 uM 0.840 0.920 0.617 Va| ue
Cl;"?pﬁ'"fTaao"'"Tos"""os;" o
= No in vivo follow-up needed
10 uM 0.943 1.39 0.663
20 uM 0.850 1.87 0.540
25 uM 0.900 2.16 0.597
ifampicin 1 i i ~L0,
Riampien [ o o e However, concentration in medium was ~5% of
control) . . .
Fumazen nominal value at end of incubation?
(negative 25 pM 1.27 1.40 0.703
control)
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In vitro considerations example of induction study

nominal vs binding corrected concentrations

F2 analysis for CYP3A4 mRNA induction in on hepatocyte batch

- Nominal concentrations Binding corrected
concentrations

0

1

10 12
5 8

3 6

Ramsden Eur J of Drug Metabolism and Pharmacokinetics 2022
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Challenges / discussion points in ICH-M12

In vitro considerations

EC50 In vitro 24h conc %
remaining

carbamazepine >80%

nifedipine 23 20 <20%-60% conc dep
phenytoin 24 9,5 >50% conc dep
pioglitazone 1,6 7,2 <10% ->75% conc dep
rifampicin 1,0 57 ~50%

rifapentine 1,3 44 10-50%
phenobarbital 310 34 >75%

troglitazone 3,2 38 <25%

rosiglitazone 14 13 <20 % conc dep
pleconaril 16 7 30-50%

aprepitant 3,0 8,1 Variable but >75%

Vermet et al.Drug Metab Dispos 2016
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Challenges / discussion points in ICH-M12

In vitro considerations

Measurement of compound remaining in EC50 In vitro 24h conc %
. . . . remaining

incubation time — what if the

carbamazepine >80%
concentration is lower than the nominal
nifedipine 23 20 <20%-60% conc dep
ion?
concentration: phenytoin 24 9,5 >50% conc dep
- non-specific binding (materials and e asone 16 72 <10% ->75% conc dep
cells) | Correction rifampicin 1,0 57 ~50%
Precipitati concentration . .
- Precipitation rifapentine 1,3 44 10-50%
- Instability in culture medium _ phenobarbital 310 34 >75%
- Metabolic instability hepatocytes No correction  troglitazone 3,2 38 <25%
rosiglitazone 14 13 <20 % conc dep
Q&A 7.1 pleconaril 16 7 30-50%
aprepitant 3,0 8,1 Variable but >75%

Vermet et al.Drug Metab Dispos 2016
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Challenges / discussion points in ICH-M12

Intestinal concentrations and poor solubility drugs

In vitro studies:
solubility limits concentration used in assay
nominal vs actual concentration in assay
uncertainty in vitro in vivo translation

Interactions in the intestine (inhibition CYP enzymes, transporters)
False positive signal based on in vitro / basic static models S

Cutoff ,  ZI25x
Criteria ' Pred & Ohs

Use of solubility in biorelevant media? Consideration formulation? _
Tsjeng DMD 2021

Insufficient data for in vitro in vivo evaluation

No recommendations for poorly soluble drug substances
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Emerging areas / challenges / discussion points in ICH-M12

Investigation of transporter mediated DDI studies

21
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2010-2011
in vitro transporter studied

4

=0 =13 =>3

2010-2011
in vivo studies at MAA

\

= Pgp =BCRP = OATP1B OCT2/MATE = OAT

2020-2021
in vitro transporters studied

/

=0 =13 =>3

2020-2021
in vivo studies at MAA

\

W

= Pgp = BCRP = OATP1B OCT2/MATE

= OAT



Challenges / discussion points in ICH-M12

Investigation of transporter mediated DDI studies

Various transport systems : vesicles, transfected cells, bidirectional transport
Pre-incubation

. iy . . 1C 5 UDF) 1C 5 UDE) IC5,(V)
Correction for non-specific binding Compounds
Alngl'lptin 2070« 910 ~HIT.0 =910 = 00
Amiodarone 10.6 %= 0.6 0.3 = 0.02 148 = 0.7
Predicted DDI Risk  Predicted DDI Risk Apixnbau =150 =150 =150
mhibitor (ML Trnsporter CouICso pre ConsICsg +pre 0 PreINCUDAION - wiRreineubation Asunaprevir  23.7 £ 3.0 237 + 3.0 32402
FDA/PMDA EMA FDA/PMDA EMA Atorvastatin =100 =10 1700+ 1.7
Cyclosporin A° 1.83 0.1  OATPIBI 0.2744 1.8626 Y Y Y Y Azilsartan W9 +25 42035 B2+07
OATPIB3 03624 1.0958 Y Y Y Y Bosentan =15 =13 =13
Daclatasvir’ 234 001 OCT2 0.0003 0.0118 N N N N - e -
oCTI 0.0439 0.2481 — Y — Y
Dolutegravit! 9.9 0011 OCT2 0.0068 0.0772 N N N Y Yabut DMD 2022
Isavuconazole®  17.1 0.01  OCT2 0.0102 0.1352 N N Y Y
MATEI 0.0239 0.0366 Y % % Y
MATE2 K 0.0082 0.0114 N N N N
oCTI 0.0328 0.0980 — % - Y
Trinotecan” 25 032 OCT2 0.0140 0.0296 N N N Y
oCT1 6.6390 35.8744 — Y — Y
Ledipasvir® 0363 <001 OCT2 <0.0001 0.0002 N N N N
OCTI <0.0001 0.0186 N N N N
Saquinavir’ 141 002 OATPIBI 0.0077 0.0275 N N N N
OATPIB3 0.0026 0.0097 N N N N . . .
st bR Y4 Y use of appropriate in vitro
Vandetanib” 332 006 OCT2 0.0101 0.0422 N N N Y
MATEI 0.2509 0.4548 Y Y Y Y
MATE2 K 0.2264 0.6799 Y Y Y Y . ey e .
| I BRI cXxperimental conditions — details are
Venetoclax’ 242 <001 OATPIBI 0.0006 0.0365 N N N N
OATPIB3  <0.0001 0.0007 N N N N

Tatrai et al. Drug Metab Dispos 2019, Omote et al. Sci Rep. 2018 |m pO rta nt — dCrossS mOd e' com pa r|SO N
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Challenges / discussion points in ICH-M12

Transporters: extrapolation challenges - classification system

CYP enzymes:
- Mild:

-  Moderate:
- Strong:
Transporters:

- Sensitivity: magnitude of DD

1.25-2 fold increase / decrease
2-5 fold

> 5 fold

no classification

Include

endogenous
substrates?

Include
measurement
metabolites?

ad by transporters G

Dabigatran

Sofosbuvir/velpatasvir/voxilapreviT
Ketoconazole

Dronedarone

Rifampici n"’
Glecaprevir/pibrentasvir

Amiodarone
Quinidine
Clopidogrel®
Ticagrelo r
Bosutinib
Diclofenac
Digoxin
Enoxaparin
Rabeprazole
Ranitidine
Atorvastatin
Pantoprazole

Foerster et al., Clin Pharm 2020

'
'
]
1
1
1

2 3 4 5 o 7

- Selectivity: interacting mechanisms transporter/transporter and transporter/metabolism

- Invivo study choice of substrate/perpetrator is typically based on the likelihood of concomitant use for transporters
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Emerging areas / challenges / discussion points in ICH-M12

Metabolites as precipitant — high excretion in faeces

15-20% of new chemical entities had >75%
excretion in faeces with moderate to high absorption

CYP metabolltes

Blle
Insufficient data to provide recommendations # *b
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metabolites excreted directly in bile
- potential high liver concentrations not reflected in plasma

- liver function / toxicity
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Emerging areas / discussion points in ICH-M12

Endogenous substrates

Renal tubular

OCT2/MATE1/2K Current Drug Metabolism, 2017, 18, 757-768
lumen Metformin REVIEW ARTICLE
MNJ
P-gp  MATE1/2K grealinine i
) OAT1 Endogenous Biomarkers to Assess Drug-Drug Interactions by Drug Transporters and
M Probe drugs 4 Potential ) Enzymes
biomarkers ?defov:r
aurine
OATP1B1/1B3 OCT1
Plavastati  Sumatrtan L Endogenous Probes for Drug Transporters:
Rosuvastatin 6pHC . - . .
Balancing Vision With Reality

GCDCA-S
HDA®, TDA®P
CB, UCB

Dose-Dependent Inhibition of OATP1B
by Rifampicin in Healthy Volunteers:
Comprehensive Evaluation of Candidate
Biomarkers and OATP1B Probe Drugs

Review
Endogenous Biomarkers for SLC Transporter-Mediated
Drug-Drug Interaction Evaluation

Digosin Clinical Probes and Endogenous Biomarkers

Fesuariading as Substrates for Transporter Drug-Drug

B Interaction Evaluation: Perspectives From the
Hepatocyte Rosuvastatin International Transporter Consortium

P-gp BCRP

. XNiaovan Chu', Mingxiang Liao®, Hong Shen”, Kenta Yoshida®* &, Arik A. Zor®, Vikram Arya®
25 Bio Br|d es 2026 Intestinal Chuetal. CPT 2018 Aleksandra Galetin’, Kathleen M. Giacomini® &), Imad Hanna®, Hiroyuki Kusuhara', Yurong Lai'' |
g lumen David Rodrigues'?, Yuichi Sugivama'® (2, Maciej J. Zamek-Gliszczynski'?, and Lei Zhang' on behalf of the

| . L [ - o . S



Emerging areas / challenges / discussion points in ICH-M12

endogenous biomarkers - coproporphyrin 1 (CPI) as example

10" i
E s atorvastatin
] B = plta'.rastam
g » rosuvastatin
- v pravastatin Are there in vitro data that suggests
74 ! . fuvastatin transporter and enzyme inhibition?
e .l : T e valsartan
i H y
g e
< 5| *
a l 1 10+ TR C"D
a + Eeieer] 1l « atorvastatin .
ii - i ; Phase-| SAD and MAD studies:
T l 4 9- ' = pitavastatin Eo—— Is endogenous biomarker
34 j—4 ! Label as non-inhibitor AUCR or CLg > cutoff?
1 ;_._- . LE i 4 Fosuvastaiin or non-inducer based
2- ""“".i' ............. v pravastatin on in vitro data In vivo study
I i o P e
P O & PEod e \valsarian B Vi Shar
0 S 2l PR S— with a sensitive
o 1 2 3 4 85 & 1 8 aq 5 substrate
CPlI AUCR 8 4 —— ) )
. .  — Mariappan et al. Current Drug Metabolism 2017,
34 . * Chuetal. CPT 2018,
0 il

o 1 2 3 4 5 & T 8
CPI CmaxR
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Emerging areas / challenges / discussion points in ICH-M12

endogenous biomarkers - CPl as example

Fenebrutinib potential inhibitor of BCRP / OATP1B1 /OATP1B3 (IC50 values 9.4/19.7/7.2)
In vivo DDI study with rosuvastatin

90

—o—  Rosuvastatin (&) i
80 —&—  Rosuvastatin + Fenebrutinib 10
'_,g?n— = 1 ﬂ
_— 60_ E":H.'-i—
£ 508 =
= E 00
W 40 -
{; &
3 30 - E A00
£ 20 B
! O 2004
10_ 33 (hdpad | i
04 || T |_* 4
0 4 8 12 16 20 24 i 2 4 L B 10 12
Time Postdose (h) Time Pasidose (h)

Jones et al., CPT 2020

Use in early dose escalating clinical studies to provide information regarding the

drug’s potential as an enzyme/ transporter perpetrator
Use in DDI studies to elucidate mechanism of action
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Emerging areas / challenges / discussion points in ICH-M12

Endogenous biomarkers ICH M12

Transporter Biomarker

Knowledge caps OATP1B1/1B3 Coproporphyrin (CP-I)

* No biomarkers BCRP and Pgp

* Qualifiaction other endogenous
biomarkers (ITC paper)

« Endogenous biomarkers in disease
populations.

Bilirubin
glycochenodeoxycholate-3-O-sulfate
(GCDCA-S)
Hexadecanedioate (HDA)
OAT1/3 4-pyridoxic acid
GCDCA-S
6B-hydroxycortisol (6bHC)
OCT2/MATE1/2K N1-methylnicotinamide (NMN)
N1- methyladenosine
Creatinine
CYP3A4 4B-hydroxycholesterol/cholesterol ratio

6B-hydroxycortisol/cortisol ratio
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Emerging areas / challenges / discussion points in ICH-M12

Endogenous markers CP-1: healthy subjects — special populations

Renal impairment Hepatic impairment Cancer patients
| Coproporphyrin | AUC (nh.h) g 5
&0 £,
g
2.0~ 40+ 7 E : e 6-
p Pee & e = = AP R R e .
g 197 i s s ST 2 5 * S ° e Cancer Patients
g 2GFR {mLimin/1.73m?) ‘g E 4_ (o] Healthy volunteers
= c | & ‘E
S o- g ¢ ° & ¢
s 3 Aend & “
o o 3 Q
o ©
I S NER
% CPSSZ ..... % 8 ] g g .
o a L (o]
g . I & S
O O 056 ﬁ % 0.55 6———— O
0.0 I | I | 0
Healthy Mild Moderate Severe Hea:lthy CF-l'-A CFl’-B CF-l-C 0 ! I I I I
Different reports
Tatosian D, et al. Clin Pharmacol Ther. 2021, 403-415 Lin J, et al. Clin Pharmacol Ther. 2022 (Online) Tsuboya, et al. Cancer Chemother Pharmacol, 2001, 543-553.

Mori D et al Drug Metab Dispos. 2020, 387-394
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Emerging areas / challenges / discussion points in ICH-M12

Endogenous markers: healthy subjects — special populations

o~ ) transporter Cirrrhosis AUC change Clinical action
Hepatic impairment
rosuvastatin OATP1B CP-B ™ 2x
) CP-C 1 5x recommended
, 3
1 i -3
= i o e atorvastatin OATP1B CP-B T2-4x Dose reduction
£ 64 |I]ls. ?"’f'?? . T CP-C M1x contraindication
: by (2 B T K 8 W 1 a2
o ®
= 5-
£
E 4- ® pitavastatin OATP1B CP-B N Dose reduction
S A CP-C contraindication
3
s
g8 2
= pravastatin OATP1B CP-B ™15 Lower starting
g 17 é dose
& ose- ﬂ ......
0
Healulthy CFL-A CF'!'-B CFLC valsartan OATP1B CP-B ™2 Dose reduction

contraindication
Lin I, et al. Clin Pharmacol Ther. 2023 (Online)
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ICH-M12 enzyme and transporter mediated interactions

Stepwise, risk based approach

Mechanistic static
modelling

In vitro DDI positive signal
study cut-off values PBPK modelling

No signal
cut-off values

In vivo DDI study

DDl risk in vivo is low
What is the therapeutic window

Likelihood of the drug’s concomitant use
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EMA Product-Specific Bioequivalence Guidelines (PSBGL) Survey
2027

EMA is developing product-specific bioequivalence guidelines (PSBGLs) for products where applying the current guidelines may not be
straightforward. They are drafted by the Clinical Pharmacology Operational Expert Group (CP OEG) of the Methodology Working Party
(MWP) at request of CMDh, CHMP or SAWP. Additionally, National Competent Authorities (NCAs) can nominate products via CMDh.

As part of the yearly consultation on its workplan, MWP would like to give their EU Trade Organisations the possibility to highlight their
needs in terms of PSBGL guidelines to be developed.

https://forms.cloud.microsoft/Pages/ResponsePage.aspx?id=XMGdvLxhAO-

2C-
W22Jlo0OdLFvIRYpuJFnx_19TByOD1UOUdYTEZXSzVDSFIVV1kyWFZPN1ZFNVR

YTS4u&fsw=0
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