Solvo Biotechnology Meet the Experts Transporter‘i

Cambridge, Boston
Sept 4th-5th, 2019

8/23/2019

ADME Biomarkers:
Vision and Status Report

David Rodrigues, PhD

Snr Scientific Director, Head of Transporter Sciences Group
ADME Sciences, PDM-Medicine Design, Pfizer Inc., Groton CT

@ WORLDWIDE RESEARCH & DEVELOPMENT

a.david.rodrigues@pfizer.com

Thanks to numerous colleagues

Andrew Rowland (Flinders)
Michael Sorich (Flinders)

Hiroyuki Kusuhara (Tokyo U.)
Yuichi Sugiyama (Riken Inst.)
Daiki Mori (Tokyo U.)

Yusuke Kondo (Tokyo U.)
Kenichi Furihata (P1 Clinic)

o0 0o

@ WORLDWIDE RESEARCH & DEVELOPMENT

Q Pfizer

Manoli Vourvahis
Ragu Ramanathan
Brian Rago

Amanda King-Ahmad
Lina Luo

Emi Kimoto

Chieko Muto
Manthena Varma
Sumathy Mathialagan
Yi-An Bi

Chester Costales
Susan Mahoney
Jack Cook

Olga Kavetska

1 Dennis Scott

o000 000000000 0

[N Iy Iy Iy Iy Iy Ny

Sarah Lazzaro
Christine Orozco
Matt Cerny
Mark West
Adam Ogden
Ted Johnson
Martin Dowty
Art Bergman
Jillian Johnson
Linda Wood
James Gosset
David Tess




8/23/2019

PK-ADME-DDI in the age of translation

Endogenous
Compounds
(Urine/Plasma)

Plasma-Derived
Tissue Exosomes
(Liquid Biopsy)

\\‘ Translational

.  PK-ADME-DDI

Science ‘

From Endogenous Compounds as Biomarkers
to Plasma-Derived Nanovesicles as Liquid
Biopsy; Has the Golden Age of Translational
Pharmacokinetics-Absorption, Distribution,
Metabolism, Excretion-Drug-Drug Interaction
Science Finally Arrived?

D R and A Rorwbond’

CLINICAL PHARMACOLOGY & THERAPELTICS | VOLUME 105 NUMBER & | June 2019

Commentary

Protein-protein interactions of drug uptake transporters that are important
for liver and kidney

Yuchen Zhang.ﬂ Bruno Hagenbuchb" Biochemical Pharmacology 168 (2019) 384-391
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PK-ADME-DDI in the age of translation

ADME BIOMARKER

@ WORLDWIDE RESEARCH & DEVELOPMENT

Introduction

0 Acknowledged that DDI involving transporters are important

(e.g., patient safety concerns or when there is impact on PD)
U Especially statins involving inhibition of liver OATP1B1/3 (AUC ratio > 3)

U But agencies also focused on non-OATP1B DDI (AUC ratio >1.25 to < 3)
U Metformin (renal OCT2 + MATEs, liver OCT1)
U Digoxin (gut Pgp)
U Rosuvastatin (gut BCRP)
U Furosemide (kidney OAT1/3)

Clinical Aspects of Transporter-Mediated Drug-Drug
Interactions. Gessner A, Kénig J, Fromm MF. Clin

@ WORLDWIDE RESEARCH & DEVELOPMENT Pharmacol Ther. 2919 Jan 16. doi: 10.1002/cpt.1360.
[Epub ahead of print]



https://www.ncbi.nlm.nih.gov/pubmed/30648735
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Introduction

U Transporter DDIs can be complicated by interplay with enzymes,
genotype, metabolic disease (e.g., T”2DM, NAFLD), organ
impairment age, pregnancy, infection, cancer, etc

O Acknowledged that DDI IVIVEs are complex and current agency
DDI risk cut offs are conservative (significant number of FP)

U Greater emphasis on development/validation of tools to

facilitate clinical DDI assessment and de-risk DDI in Phase 1
U E.g., Drug probe cocktails, micro-dosing, imaging, and biomarkers, etc

@ WORLDWIDE RESEARCH & DEVELOPMENT

Introduction

O Endogenous compounds in plasma and urine present as

transporter substrates that can serve as biomarkers. Therefore....
O Characterization of biomarkers ongoing
O In vivo, GWAS, transgenic animals, in vitro
U Development & publication of bioanalytical methods to support
biomarker quantitation in biofluids
U Push for tools to support biomarker M&S (PBPK)

U Clinical validation of biomarkers is underway
O Versus drug probes (e.g., tool inhibitors such as CsA & RIF)
U Leveraging of ongoing Phase 1 (SAD/MAD) studies and formal DDI studies (NCEs)

@ WORLDWIDE RESEARCH & DEVELOPMENT
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Introduction; examples of publications

Ecr:e"'e‘l’"i/c:m’;‘e";;"is 106(9):2357-236 D CIinicaI StUdiES
u et al., J Pharm Sci. 7 Sep; :2357- 7 . . .
O Rodrigues et al., Clin Pharmacol Ther. 2018 Mar;103(3):434-448 F:;uiﬁ’h?ai'oilg;ﬁml e AT By T2 ol T e AT
O Mariappan e.t al., Curr Drug Metab. 2017 Oct 16;18(8):757-768 Shen et al,, Drug Metab Dispos. 2017 Aug;45(8):908-919
O Chu et al., Clin Pharmacol Ther. 2018 Nov;104(5):836-864
O Muller et al., Pharmacol Rev. 2018 Apr;70(2):246-277 Barnett et al., ) Pharmacol Exp Ther. 2019 Jan;368(1):125-135.
’ ’ ! ’ Takehara et al., Pharm Res. 2017 Aug;34(8):1601-1614

Ito et al., Clin Pharmacol Ther. 2012 Nov;92(5):635-41

Liu et al., J Clin Pharmacol. 2018 Nov;58(11):1427-1435

Mori et al., Drug Metab Pharmacokinet. 2019 Feb;34(1):78-86
Tsuruya et al., Drug Metab Dispos. 2016 Dec;44(12):1925-1933
Imamura et al., Drug Metab Dispos. 2014 Apr;42(4):685-94
Kato et al., Pharm Res. 2014 Jan;31(1):136-47

Shen et al., Drug Metab Dispos. 2018 Aug;46(8):1075-1082
Kunze et al., Clin Pharmacokinet. 2018 Dec;57(12):1559-1570

] Animal studies (e.g., Cyno monkey)

O Shen et al., Drug Metab Dispos. 2018 Feb;46(2):178-188

O Shen et al., Drug Metab Dispos. 2016 Feb;44(2):238-49

O Shen et al., J Pharmacol Exp Ther. 2013 Mar;344(3):673-85.
O Chu et al., Drug Metab Dispos. 2015 Jun;43(6):851-63

O Thakare et al., Drug Metab Dispos. 2017 Jul;45(7):721-733

o o o o

U Biomarker PK modeling (e.g., CP-I)

QO Yoshikado et al., CPT Pharmacometrics Syst Pharmacol. 2018 Nov;7(11):739-747

O Yoshida et al., CPT Pharmacometrics Syst Pharmacol. 2018 Aug;7(8):517-524
@ | Q Barnett et al., Clin Pharmacol Ther. 2018 Sep;104(3):564-574

Introduction; examples of publications

(] Bioanalytical methods (e.g., CP-I, NMN, bile acids)
O Luo et al., Bioanalysis. 2018 May 1;10(9):673-689 (NMN)

O Rago et al., Bioanalysis. 2018 May 1;10(9):645-657 (bile acids)

O King-Ahmad et al., Bioanalysis. 2018 May 1;10(9):691-701

0 Ramanthan et al., Bioanalysis. 2017 Nov;9(22):1787-1806

O Kandoussi et al., Bioanalysis. 2018 May 1;10(9):633-644

O Njumbe et al., ) Chromatogr B Analyt Technol Biomed Life Sci. 2018 Jan 15;1073:80-89

SCHOOL OF PHARMACY
UNIVERSITY of WASHINGTON

Drug Interaction Database Program

Biomarker information appearing in Percent Change in AUC or CL

Wash UDDIdb ! 3
- o |

https://didb.druginteractioninfo.org/

@ WORLDWIDE RESEARCH & DEVELOPMENT
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Introduction; examples of biomarkers

ADME Target Biomarker(s) Drug Probe(s)

OATP1B, MRP2 Coproporphyrin-l (CP-1), Coproporphyrin-Iil (CP-Il1)
OATP1B Glycochenodeoxycholic Acid 3-O-Sulfate (GCDCA-S) LS SIS
Glycochenodeoxycholic Acid 3-O-Glucuronide (GCDCA-G)
OCT1 Isobutyryl-L-Carnitine (IBC)? Sumatriptan?
(Metformin?)
OCT2/MATE1/MATE2K N:-Methylnicotinamide (NMN), Creatinine Metformin
OAT3 6B-Hydroxycortisol (6BHC) Benzylpenicillin
Glycochenodeoxycholic Acid 3-O-Sulfate (GCDCA-S) (Rosuvastatin)
OAT1 Taurine Adefovir
OAT1 + OAT3 Pyridoxic Acid (PDA) Furosemide
BCRP ?? Sulfasalazine
(ABCG2 Pgx subjects) (Rosuvastatin)
Pgp ?? Digoxin, DABE
CYP3A 6BHC/Cortisol Ratio Midazolam
@ 4B-Hydroxycholesterol (Iv/PO)

ADME Target Biomarker(s) Drug Probe(s)

OATP1B, MRP2 Coproporphyrin-I (CP-1), Coproporphyrin-Iil (CP-I1)
OATP1B Various Statins
OCT1 Isobutyryl-L-Carnitine (IBC)? Sumatriptan?
(Metformin?)
OCT2/MATE1/MATE2K N!-Methylnicotinamide (NMN), Creatinine Metformin
CH, °
; He-. +._,CH.- . /jL\NH
R i 2
r T g U-\N«j
1 i © O‘T’\‘CHJ on,
o
N Isobutyryl L-carnitine Nl_Methymicotinamide
Copropaiphrinl T aBo) (NMN)
Plasma AUCR or APlasma Conc Plasma AUCR + ACL

renal

U Pfizer has developed methods to support bioanalysis
U Select portfolio compounds, that trigger agency DDI risk cut off, prioritized for clinical biomarker assessment (SAD/MAD)
U Biomarkers incorporated into select number of formal DDI studies (e.g., OATP-statin; OCT2/MATE-metformin)
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Balanced view of biomarkers
Pros (utility) Cons (considerations)

O Rapid assessment of DDI in SAD/MAD studies U Cannot study effect of victim-perpetrator dose
interval on DDI

O Can prioritize formal DDI studies
L U Diurnal variation

O DDI assessment at rising doses of perpetrator .

O SLC/ABC Pgx impact
(e-g., SAD) U Inter-subject variability

U Generation of in vivo K; U Dynamic range to differentiate none, weak,

O Avoid/minimize probe drug dosing moderate, strong DDI

QO Study full DDI time course (onset, washout) QO Largely reflect liver/kidney

@ Can multiplex BA across biomarkers QO Impact of disease, pregnancy

U DDl assessment in non-NHV O ABC/SLC profile vs probe drug
U Knowledge of PK-ADME profile
U BA assay; availability of stds, sample handling, etc
U Substrate-dependent inhibition
U Food effect

@ WORLDWIDE RESEARCH & DEVELOPMENT

Agency Transporter DDI Risk Cutoffs

Transporter(s) Parameter
Intestinal Efflux Transporters (Pgp/BCRP) 1,/1C5,(K;) 210 >10
System Efflux Transporters (Pgp/BCRP) Crnaxu/Ki n/a >0.02
Hepatic OATP1B1 + OATP1B3 21.1

R-Value >1.04
Hepatic OCT1 n/a
Renal Basolateral SLCs

20.1
(OAT1/0AT3/0OCT2) Conax.o/1Cso(K) >0.02
Renal Apical SLCs (MATE1/MATE2K) 20.02
Fy * Fy + kg * Dose || Revalue = 1 + Leptlmmex | IR | ICs/2 = K, when [S] = K, || ICsp ~ K; when [S] <<K,
linmax = Imax + n A s : zs0ml
g B
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% Inhibition

CLint' _ [1]
CL [+K,
CL,,» = intrinsic active uptake CL in presence of inhibitor
sl e I
% Inhibition = —1—* 700
1] +IC,,

Fractional inhibition =1 —
int

[l] = Free(C,,,, (renal SLCs)
=Freel,, ;. (liver SLCs)

1.

When [S]/K,, ratio < 0.1

@ Q 1C5p~ K,

Q Applies to competitive, non-competitive and mixed inhibition

Liver SLCs Renal SLCs

% Inhibition = [y nfecu/(Imaxinieta + 1Cs0)1* 100 \ 100 ‘ % INhibition = [Cryax o/ (Crvaxu + 1C50)]*100 \

) j CrlIC =10 }

100
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Pfizer portfolio transporter DDI risk assessment

@ O

L Kidneys Small Intestine
OATP1B1 | OATP1B3 } ocT1 w OAT3 Wm MATE2K® Pgp BCRP
I Generate in vitro data (ICq, K;) using standardized assays

* Projected

+ Observed » » - * Apply agency decision trees
(SAD/MAD) * Apply DDI risk cut offs
Portal |,

in,max,u

I Assess DDl risk for each transporter; ratio of exposure versus IC;, or K;
Ratio > DDI risk cut off

Clinical follow up (DDI study)
required

@ WORLDWIDE RESEARCH

Concept of biomarker integration with agency decision trees

I Assess DDI risk for each transporter; ratio of exposure versus ICsq or K;

Ratio > DDI risk cut off

Clinical follow up (DDI study) required

A

Dose-dependent
effect of NCE on biomarker
(SAD/MAD)

Current
. Approach
LY
e - |
s‘\~
*|f Anticipate no DDI at efficacious e
dose (e.g., lower end of SAD/MAD) Conduct Formal DDI study
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Examples of OAT1 & OAT3 Biomarkers

A Drug Metab Dispos 44:1925-1933, December 2016
[°H] taurine (hOAT1) [°H] taurine (hOAT3) 0.60 taurine
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GCDCA-S (hOAT1) GCDCA-S (hOAT3) G _ GCDCA-S
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2 e & E

a0 S40 E 0 g0

o = 3¢ E
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E = Q e i 0 01 1 10 100 1000

2 9 g- 0 .00 geometric mean of unbound plasma

= mock  hOAT1 mock  hOAT3 0 500 750 1500 probenecid concentration (M)

probenecid (mg)

CP-l1 as OATP1B biomarker

‘ CP-1 vs statins at all doses, single + cocktail (literature)

U N =4 statins
O N =9 perpetrators

= Antimicrob Agents Chemother. 2014 ;58(8):4555-64
= Clin Transl Sci. 2019 Apr 13. doi: 10.1111/cts.12625
= Biopharm Drug Dispos. 2016 ;37(8):479-490

= J Clin Pharmacol. 2018 ;58(11):1427-1435.
= Clin Pharmacokinet. 2018 Apr 16. [Epub ahead of print]
= CPT (2012) 91: 1053

= Bioanalysis. 2018 May 1;10(9):691-701
= JPET. 2016 Sep;358(3):397-404
= DMD 2018 Aug;46(8):1075-1082.

= Clin Pharmacol Ther. 2019 Aug 2. doi: 10.1002/cpt.1599
Z WORLDWIDE RESEARCH & DEVELOPMENT
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CP-l1 as OATP1B biomarker

CP-1 vs single statin at therapeutic dose only (literature)

O N =4 statins
O N =9 perpetrators

= Antimicrob Agents Chemother. 2014 ;58(8):4555-64
= Clin Transl Sci. 2019 Apr 13. doi: 10.1111/cts.12625
= Biopharm Drug Dispos. 2016 ;37(8):479-490

= J Clin Pharmacol. 2018 ;58(11):1427-1435.
= Clin Pharmacokinet. 2018 Apr 16. [Epub ahead of print]
= CPT (2012) 91: 1053

= Bioanalysis. 2018 May 1;10(9):691-701
= JPET. 2016 Sep;358(3):397-404
= DMD 2018 Aug;46(8):1075-1082.

= Clin Pharmacol Ther. 2019 Aug 2. doi: 10.1002/cpt.1599
Z WORLDWIDE RESEARCH & DEVELOPMENT

CP-l1 as OATP1B biomarker

‘ CP-1 to assess OATP induction?

U Evidence that multi-dose RIF administration impacts OATP substrate AUC
U One report describing decreased CP-I plasma levels with multi-dose RIF*
U But what of induction of P450s, ABC transporters ?

U Also RIF is a known auto-inducer (decreased OATP inhibition vs induction?)

| Clin Pharmacokinet. 2018 Dec;57(12):1559* | [

Precipitant ‘ Object | % Change AUC ‘ Precipitant Dose‘ Object Dose ‘
rifampin asunaprevir -21 600 mg (7 days) |600 mg (14 days)
500 1 single RIF multiple RIF
— = rifampin pravastatin -14.9 2 mg (17 days) 20 mg
% 4.00 rifampin pravastatin -19.6 10 mg (17 days) 20 mg
= 3.00 rifampin pravastatin -30.9 600 mg (5 days) 40 mg
g rifampin pravastatin -50.5 600 mg (17 days)| 20 mg
% 2.00 rifampin pravastatin -55 75 mg (17 days) 20mg
= 100 rifampin rosuvastatin -4.2 450 mg (6 days) 20 mg
L rifampin rosuvastatin -8.8 2 mg (17 days) 10 mg
0.00 rifampin rosuvastatin -21.6 10 mg (17 days) 10 mg
ifampin rosuvastatin -53.5 75 mg (17 days) 10 mg
& s+ & = I
@ & bé"b ‘:.33' (}& rifampin rosuvastatin -56.2 600 mg (17 days)| 10 mg
b@b’ ,b-c’ rifampin simvastatin -86.1 600 mg (5 days) 40 mg
& rifampin simvastatin - mg (9 days mg
& &% ifampi i i 91 600 mg (9 days) 40
Wash U DDI db

11
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CP-l1 as OATP1B biomarker

CP-l to assess OATP induction?

U Evidence that multi-dose RIF administration impacts OATP substrate AUC
U One report describing decreased CP-I plasma levels with multi-dose RIF*
U But what of induction of P450s, ABC transporters ?

U Also RIF is a known auto-inducer (decreased OATP inhibition vs induction?)

| Clin Pharmacokinet. 2018 Dec;57(12):1559* |

8 1st day 4th day 6th day 1dth day
.
5.00 single RIF multiple RIF %)
= 400 o0
= e
‘m 3.00 T8
£ %
@ 2,00 =12
=% E ]
= 2
5 100 g
0.00 [/ \1
S s+ S >
o <« bc,a"‘" «* D1z 4 B 1 O0iZ 4 B 120124 8 12 124 8 2
Q&’bp & Hours Hours Hours Hours

Clinical Pharmacokinetics 3: 108-127 {1978)

Human liver biopsy pre/post rifampicin (600 mg x 7 days) or ursodeoxycholic acid (1 g/day x 3 weeks);

mRNA data
MNuclear Receptors and Transport Systems GASTROENTEROLOGY 2005;129:476-485
%4:::.“: | Control
control RIFA
zo0 - B uDCA
250

*p=005

No increase in OATP1B1 mRNA after
RIF, but 5-fold increase in CYP3A4
) mMRNA

‘g_s“ S a5 ?99@

=

Bile Acid and Bilinubin Metabolizing Enzymes
o g cent
oot | Comtrol ¥ 247 +65% /D plasma 4BHC (biopsied subjects)

| B uDca
500 1 38 +13% 1 plasma 4BHC (biopsied subjects)
400

|

300 -
zo0
o Gl (i (i e [l i
o v v v v B
S . A < e Lo é"?:\ Qé?.gp-

“p <005
a
&
o

o i
&5 &5 =% T @F T =

< < i=3 =S B
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CP-l1 as OATP1B biomarker

Weak induction of gut OATPs!! (gut biopsy data)

[———

Transcriptional and Post-Transcriptional Regulation of Duodenal
P-Glycoprotein and MRP2 in Healthy Human Subjects after Chronic
Treatment with Rifampin and Carbamazepine

Susanne Brueck,
Stefan Oswald,

Henrike Bruckmueller,” Danilo Wegner,” Diana Busch,” Paul Martin,
Ingolf Cascarbi,”® and Werner Siegmund*”

None of the organic anion transporting polypeptides
(OATPs) or organic cation transporting polypeptides were
affected in their expression to a significant extent by
rifampicin. OATP2, which is regulated by PXR in mouse

Effects of rifampicin on global gene expression in

human small intestine

Mikael Oscarson®, Oliver Burk®®, Stefan Winter°, Matthias Schwab®®,
Renzo Wolbold“, Juergen Dippon®, Michel Eichelbaum® and Urs A. Meyer"

Pharmacogenetics and Genomics 2007 Vol 17 No 11 I

fold change in mMRNA expression

- [ rampin x "
e FFE I carbamazepine 131 ;
5 s
AL F a4
e :’19
0
g &
- x
4 5.
é *kk
B
. :
£
o,
24 E? LL ey e "
**
I %3_ *k * ek
FEAN b II. s .l I I [ T 2+
e
14
o0+ [
EGBSBNNFNFFMVWFNDWE\-FGE.( gmsggﬁ
-
8800008888 i 88sSEagsgeL 80 dRA3
Do @OpnL L RN TT000000 8 D B & oo oo o
<22328000890899005300005F 5850606
DhDBDDDDDD honh0g 7

CP-l1 as OATP1B biomarker

Citation: CPT Pharmacometrics Syst. Pharmacol. (2018) 7, 647-659; dux

PBPK Models for CYP3A4 and P-gp DDI Prediction:
A Modeling Network of Rifampicin, ltraconazole,
Clarithromycin, Midazolam, Alfentanil, and Digoxin

Induction ECs umol/L
Eres OATP1B1

Enas AADAC

BP0

Enas CYP3A4

@ WORLDWIDE RESEARCH & DEVELOPMENT

What??

CPT: Pharmacometrics &
Systems Pharmacology

| Articles

© Open Access

Expanded PBPK Model of Rifampicin for Predicting Interactions with Drugs and
an Endogenous Biomarker via Complex Mechanisms including OATP1B Induction

Ryuta Asaumi, Karsten Menzel. Wooin Lee, Ken-ichi Nunoya, Haruo Imawaka,
Kusuhara Hiroyuki, Yuichi Sugiyama

First Published: 16 August 2019

Abstract | PDF

Parameter Rifampicin

Eyar for OATPIB 230£018/226£0.18/223£0.19

13
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CP-l1 as OATP1B biomarker

Rosuvastatin + biomarkers to cover OATP1B + BCRP + OAT3

OATP1B OATP1B + OAT3 OATP1B + OAT3 + BCRP
CP-I GCDCA-S RSV
AUCR AUCR, ACL,,,,
s . kL : ’ WA e o >
Lo " ~ - » @ . . LI, J Pl
I - w L -
repersie — ; va(nom‘ —
u:’urocvr: X I Y. HEPATOOTE ./ \_ ) HEPATOCYTE _, i _'

CP-l1 as OATP1B biomarker

Rosuvastatin + CPI to cover OATP1B + BCRP

U Fenebrutinib is an OATP1B and BCRP inhibitor in vitro and triggers agency DDI cutoffs
O Minimal inhibition of OAT3 at conc. tested in vitro

U Clinical follow up with fenebrutinib (200mg BID X 6 days)
U No impact on plasma CPI & CPIlI
U Rosuvastatin AUCR = 2.66; C,,,, ratio = 4.99

Table 81: In Vitro to In Vivo Extrapolation of Fenebrutinib Interaction Potency

Inhibition potency Criferia® Predicted numbers
BCRP 94 LICsz 10 LICs 128
OATPIBI  ICw(uM) 197 [t et madICs0 02
- o Lusbousd.iter, mar/[Cs0
OATPIB3 715 201 05

Complex drug-drug interaction (DDI) by fenebrutinib and the use of transporter endogenous
biomarker to elucidate the mechanism of DDI. Jones N, Yoshida K, Salphati L, Kenny JR, Durk
M, Chinn L. Clin Pharmacol Ther. 2019 Aug 2. doi: 10.1002/cpt.1599. [Epub ahead of print].

14
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NMN as SLC biomarker

BLOOD RENAL PROXIMAL TUBULE URINE
EPITHELIAL CELL —
r
o

o . < i
L D W — SN X JJ\NH
e y o - 0
CH, 3 CH]
MATE2K .
N'-Methylnicotinamide N'-Methylnicotinamide N'.Methylnicotinamide

(NMIN) (NMN) (NMN)
-
- -
| AUC | Renal CL > \ Ae
AUCR = % Inhibition of renal CL =
OCT2 inhibition? OCT2 + MATE inhibition

@ WORLDWIDE RESEARCH & DEVELOPMENT

NMN as SLC biomarker

Comparison of Metformin, Creatinine and NMN as Renal SLC Substrates
(Single Transfect HEK Cell Panel; [S] << K[,)

[Substrate OAT1 OAT2 OAT3 OCT2 MATE1 MATE2K |
[Creatinine .6+0. 4+0. .8+0.1|28+45|21+£0.9|7.7£0.2
L=l 0.8+0.1| 1.6+0.1 | 1.1+0.1 | 3940.722+0.2 | 7.8+0.6
NMN |1.4+03]0.7+0.1 |1.1+£0.2|72+43| 8+0.4 [9.0+0.6

Sumathy Mathialagan, Pfizer, Unpublished

U Only creatinine presents as OAT2 substrate

U Considerable uncertainty regarding the role of OAT2 vs OCT2 in creatinine renal CL, **
(1 NMN as viable biomarker for metformin (vs creatinine?)

U SLC phenotype

U Reported renal CL,,. vs total CL,,,,, (> creatinine)

renal

Fraction Reabsorbed

**Clin Pharmacol Ther. 2016 Nov;100(5):437-440
A, 0-t (urine)

Cl,ena = ———— =(1-FR) * (f,"GFR + CL,,.) Drug Metab D!spos. 2016 Sep;44(9):1498-509
AUC,, t Drug Metab Dispos. 2017 Feb;45(2):228-236
(plasma) Tubular secretion Drug Metab Dispos. 2015 Jul;43(7):984-93.
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as SLC biomarker

BLOOD e - URINE Older publication has described
ERTHELAL CEL- - NMN as hOCT1 substrate
a DNA AND CELL BIOLOGY
° Volume 16, Number 7, 1997
° s \ ? Mary Ann Liebhert, Inc.
° e a L - P Pp. 871-881
w4 ocT2 ),,} o Ay D
N a | - ) N N
o, 2 N e P s0]
N Methylnicotinamide NLMethyinicotinamide N1 Methytnicotinamide
NMN) (NMN) (NMN)
; - Tl
i 5
[ s
2 D . — J g
BLOOD -y :
HEPATOCYTE ]
g
e 104
Yo i
> A,
— o )
— N /1:\-,“ ] o-
— /,qf?;"\ H\ > : o TEA MPP NMN
v & y ———\ N-Methylnicotinamide FIG. 7. Expression of cyanine inhibitable cation uptake by
4 CH, NMN) hOCTL. Oocytes af Xenopus laevis were injected with water
Metabolism\ o (open bars) or with ¢cRNA of hOCT1 (dotted bars) and incu-
NLMethyinicotinamide plLE bated for 2 days. Uptake of 100 ud 1“C-labeled TEA, 14 uM
NMN) *H-labeled MPP, and 300 ;M *H-labeled NMN was measured
in the absence or presence of 36 uM cyanine863, and the cya-
nine-inhibited fraction was calculated. Medians + SEM values
of 10 parallel with and without are
presented.
— -_“_-—

NMN as SLC biomarker

Comparison of Metformin, Creatinine and NMN as Renal SLC Substrates
(Single Transfect HEK Cell Panel; [S] << K[,)

Substrate | OAT1 | OAT2 | OAT3 | OCT1 | OCT2 | MATE1|MATEXK!
[P 06+01 7.4%09 0801 17#0.1 2845 21+09 77402 . =
08+01 16+01 11+0.1 19414 39+07 22+0.2 7.8406 T

[ 14£03 0701 1.1:02 11£04 72+43 8+0.4 9.0+06

Sumathy Mathialagan, Pfizer, Unpublished

BLOOD

Expressed in Liver Q
HEPATOCYTE

M)

i
O NMN profile similar to metformin . ST 1“ =
(implies hepatic OCT1 role also?)

16



8/23/2019

NMN as SLC biomarker

Inhibition of uptake in the presence of plated human hepatocytes

W-m

RIFsv Ketoprofen Quinidine  KETO + QND RIFsv -
(1 mM) (0.3mM) (0.3 mM) (0.3 +0.3 mM) (KETO+QND)

Creatinine  84% 36% 19% 48% 36% - ':
NMN 80% <5% 73%* 76% 4% W=
*Similar to metformin Sumathy Mathialagan, Pfizer, Unpublished % ! J \:‘N;
J Pharmacol Exp Ther. 2019 Jul;370(1):72-83 St ”"'73:73'" e /q""‘n.«mm..m
1 Evidence for NMN active uptake (80%) with plated human - | 2 —
primary hepatocytes (PHH) o @
O OCT1 plays a major role in NMN uptake in PHH (73%)
U PHH inhibitor profile similar to metformin but different from PPN = "N
creatinine ¢ L == [ v
O But what is contribution of hepatic CL to overall NMN CL (vs renal e 1'“
CL)? ——

NMN as SLC biomarker

For NMN need to consider inhibition of NMT and/or AO?

A CONH, | Metabolc pathways of N'methylncotinamide. AW,
} DMD 34:208-212, 206 W
CHy
Nicotinamide

N'-Methyhicotinamide
N-methyltransferase ‘ ST

0
CONH, CONH,
I3 ‘ Q @’ CONty BLOOD

—_— +
I Aldehyde oxidase CH | HEPATOCYTE
3 CHy

i \|tl|l)|llltﬂ|ll|lmld(‘ v “Methyl-2-pyridone- \"-\Iﬂh)H-p}ﬁth j
(NMN) Scarbovamide (PY)  3.carboxamide (-PY) — . \\J "N,
N ~ W
. ™ ‘ &,
N —
p A N'-Methylnicotinamide
X Cth r (NMN)
Metabollse N Methyhicotinamide fllE
(NMN)

@ WORLDWIDE RESEARCH & DEVELOPMENT
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NMN as SLC biomarker

Substrate-dependent inhibition observed for some compounds (NMN vs MET), especially for OCT2

Q Pfizer has determined in vitro I1C;,s for NMN vs oCT2 / | MATE1
metformin for tool inhibitors ([S] << K_,) 7

e
1, et pline i

U Wide range of IC,;s <1 to >100 pM 2

Identity + 3-Fold e Identity + 3-Fold

e Mmoo 61

] ‘ 1 W W
e OCT2- KS)M) Mesioenin_MATE? - CS0(gM)

)

U Consistent with the literature, OCT2 presents
substrate-dependent effect with some inhibitors

(> 3-fold difference) e e
O NMN ICq, right shift (vs metformin) &
U To date, DDI risk assessment for Pfizer compounds i
based on metformin ICg,s “ oty 3o
0 Beginning to use NMN as second OCT2 and MATE L R T

substrate with portfolio compounds : : -
Sumathy Mathialagan, Pfizer, Unpublished

NMN as SLC biomarker

U NMN data available for two tool compounds that present as more potent
MATE inhibitors (vs OCT2)

O Only one reference (Trimethoprim) describing NMN & MET in same study3 !11!

O Metformin (MET) data for Pyrimethamine more variable!

NMN Metformin
% Inhibition Metformin
% Inhibition NMN Precipitant Plasma AUC (e Plasma AUC CLrenal
.. % Increase | % Decrease | % Increase | % Decrease

Precipitant 0oCT2 MATE1 | MATE2K

methami 32 94 85 PYR 50 mg SD*? <1 70! 352, 170° 352, 70°
Pyrimethamine (PYR) 10 75 65 TRIM 200 mg BID X 4 days3 <1 20 30 26

. . 16 88 96 1CPT (2012) 92:635 ; CPT (2011) 89: 837; 2UWash DDI db.

[Trimethoprim (TRIM) 10 93 85 3Eur J Clin Phamacol (2015) 71: 85

’ % INhibition = [Cpye o/ (Cruax * 1Cs0)]*¥100

@ WORLDWIDE RESEARCH & DEVELOPMENT
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NMN as SLC biomarker

Dabigatran etexilate (DABE) + NMN for Pgp and MATEs

Drug Metab Dispos. 2014 Feb;42(2):201-6 U DABE (not dabigatran) presents as a Pgp substrate
Q _ Q Typically, Pgp DDI reported as a dabigatran AUCR
NN."D\;\ U Majority of a DABE dose (~¥85%) is recovered in urine
o \/:\/ | Pgp substrate .
0 9 as unchanged dabigatran
s - Q renal active secretion ~25% of total clearance
Intestinal lepatic.
l O Dabigatran identified as MATE1 + MATE2K substrate

Q Should inhibition of renal MATEs be considered

) N
::H;wfmwov B when evaluation Pgp inhibition with DABE?
‘ e S Q Consider running NMN as renal MATE biomarker to
"mc'l — check for MATE inhibition?
Ay
J N lvN

Shen H, Yao M, Sinz M, Marathe P, Rodrigues AD, Zhu M. Renal Excretion of Dabigatran: The
Poor Pgp substrate Potential Role of Multidrug and Toxin Extrusion (MATE) Proteins. Mol Pharm. 2019 Jul 23. doi:
10.1021/acs.molpharmaceut.9b00472. [Epub ahead of print]

IBC as OCT1 biomarker

U Plasma IBC conc associated with SLC22A1 LOF allele (GWAS)
U ~50% decrease in plasma IBC (p = 3 X 1018)
U Proposed that OCT1 mediates efflux of acylcarnitine (AC) species out of liver

HEPATOCYTE
MITOCHONDRIA

OH
cH

Mo N
oM

CH.
Carnitine

BLOOD : A@-_

Emerging Clinical Importance of Hepatic Organic Cation Transporter 1

(OCT1) in Drug Pharmacokinetics, Dynamics, Pharmacogenetic Fine Mapping and Functional Analysis Reveal a Role of SLC22A1
Variability, and Drug Interactions. Zamek-Gliszczynski et ak. Clin in Acylcarnitine Transport. Kim Hl, et al . Am J Hum Genet. 2017
Pharmacol Ther. 2018 May;103(5):758-760. Oct 5;101(4):489-502
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https://www.ncbi.nlm.nih.gov/pubmed/29193038
https://www.ncbi.nlm.nih.gov/pubmed/28942964

IBC as OCT1 biomarker

U AC species present as substrates of human & mouse OCT1
U Transfected protein (vs mock)
U Primary hepatocytes (murine) after addition of carnitine

U Preliminary Pfizer in vitro data with human hepatocytes consistent with IBC as
OCT1 substrate

U Pfizer has developed BA method for plasma IBC to support selected SAD/MAD
studies and deployment in certain DDI studies

U significant % of portfolio compounds trigger EMA OCT1

Emerging Clinical Importance of Hepatic Organic Cation Transporter 1

(OCT1) in Drug Pharmacokinetics, Dynamics, Pharmacogenetic Fine Mapping and Functional Analysis Reveal a Role of SLC22A1
Variability, and Drug Interactions. Zamek-Gliszczynski et ak. Clin in Acylcarnitine Transport. Kim Hl, et al . Am J Hum Genet. 2017
Pharmacol Ther. 2018 May;103(5):758-760. Oct 5;101(4):489-502

HEPATOCYTE

Oy 00
M

o
1

Carnline

BLOOD

8/23/2019

MITOCHONDRIA

IBC as OCT1 biomarker

Metformin OCT1 Sumatriptan® OCT Biomarker
Precipitant ICii (uM) R-Value* (AUC % 1) (% J Plasma IBC)
PFE-2 0.38 15.7 - 30%**
OuenIBE Cenparison i Poried Piase s PFE-2 decreases plasma IBC levels 30% (p < 0.01) T
) QO Directionally correct (vs impact of SLC22A1 Pgx)
2 O Magnitude consistent with high (¥90%) inhibition h
; " (R-value =15.7) "
< O Subjects in study were NOT SLC22A1 genotyped
17 BLOOD

Placeso Kigh Dose G1p

*Same approach as for OATP1B

MITOCHONDRIA ‘

Simultaneous Measurements of N1-Methylnicotinamide, Creatinine, Isobutyryl-L-
carnitine by Liquid Chr aph- High

Mass Spectrometry for

**Clin Pharmacol Ther. 2016 Jun;99(6):633-41; Am J Hum Genet. 2017 Oct 5;101(4):489-502 | agsessing the Activities of Multiple Cationic Transporters in a First-in-Human Clinical
***Statistically significant (p < 0.01) Trial Lina Luo, et al; 2018 North American ISSX Meeting Poster
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IBC as OCT1 biomarker

Metformin OCT1 Sumatriptan# OCT Biomarker
Precipitant 1C, (kM) R-Value* (AUC % 1) (% J Plasma IBC)
PFE-2 0.38 15.7 - 30%**

Telcagepant 3.6 2.4 23 -
Propranolol 3.2 1.2 2.5 -
Clarithromycin 500 1.0 7.0 -
Naproxen 500 1.0 0.4-128 -
Flunarizine 227 1.0 <1.0 -
Atorvastatin 103 1.0 09-3.1 -

Sumatriptan as possible OCT1 selective drug probe? CL,,,,, <20%
Clin Pharmacokinet. 1994 Nov;27(5):337-44; ) Pharm Sci. 1993 Jan;82(1):73-6

*Same approach as for OATP1B

**Clin Pharmacol Ther. 2016 Jun;99(6):633-41; Am J Hum Genet. 2017 Oct 5;101(4):489-502
***Statistically significant (p < 0.01); Lina Luo, Pfizer, ISSX NA 2018 mtg, poster

#UWash DDI db

PK-ADME-DDI in the age of translation

@ WORLDWIDE RESEARCH & DEVELOPMENT
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Plasma-derived tissue exosomes as liquid biopsy

U Various extracellular vesicles (EV) constitute the “secretome”
O Present in most human biofluids (blood, saliva, urine, feces)

U EV carry cargo and support intercellular communication
O “Remote sensing” between cells, organs, people, species (e.g., microbiome)

NATURE CELL BIOLOGY | VOL 20 | MARCH 2018 | 225-232

& PORTLAND

o Biogenesis EV size classes Size range
. "
| Roview Article
. i Exo ~as:
Fed-EXosome: extracellular vesicles and cell-cell Lo iy o
Inatian | ! g ks @ Exo-S 6080
communication in metabolic regulation L » _—© = o
[reR———_rr] i Exo-L 90-120nm
Early endosome @ rMicrovesicie <1000 nm
From Endogenous Compounds as Biomarkers to Plasma-Derived Nanovesicles as Liquid 2 =
Biopsy; Has the Golden Age of Translational PK-ADME-DDI Science Finally Arrived? Rodrigues ( ' Exophers —apm
D, Rowland A. Clin Pharmacol Ther. 2018 Dec 16. doi: 10.1002/cpt.1328. [Epub ahead of ? . > —_— o |
print] Review.
Migrasome =1pm
Plasma extracellular nanovesicle (exosome)-derived biomarkers for drug metabolism i
pathways: a novel approach to characterize variability in drug exposure. Rowland A, ) Large oncosome 1—10um
Ruanglertboon W, et al., Br J Clin Pharmacol. 2019 Jan;85(1):216-226 -

Plasma-derived tissue exosomes as liquid biopsy

O “Remote sensing” between cells, organs, people, species (e.g., microbiome)

NATURE CELL BIOLOGY | VOL 20 | MARCH 2018 | 225-232

Mol Pharmacol. 2011 May;79(5):795-805. Remote communication Biogenesis EV size classes size range
through solute carriers and ATP binding cassette drug transporter

pathways: an update on the remote sensing and signaling hypothesis. Wu — _o;rnm
W, Dnyanmote AV, Nigam SK = — - s r’(H,lmmv
The drug transporter OAT3 (SLC22A8) and endogenous metabolite S et i SO
communication via the gut-liver-kidney axis. Bush KT, Wu W, Lun C, Nigam \'C.Sw

SK. J Biol Chem. 2017 Sep 22;292(38):15789-15803 Early endosome Q@ icovesicie 21000 i

? ™ |
[ ) Exophers —apm
? } —_— - |

Migrasome =1pm

@ WORLDWIDE RESEARCH & DEVELOPMENT | |
) Large oncosome 1—10pum
1
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Nigam%20SK%5bAuthor%5d&cauthor=true&cauthor_uid=21325265
https://www.ncbi.nlm.nih.gov/pubmed/28765282
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Plasma-derived tissue exosomes as liquid biopsy

U Differentiated by size, mechanism of formation

s
- [
@ Nano- vs micro-vesicles, MVB-mediated exocytosis vs budding T A
O Protein marker signatures (exosomal TSG101, CD9, CD63, Alix) L
U EV cargo can be subjected to analysis
\ Q' Lipids (Lipidomics)
O microRNA (miR), mRNA, DNA, protein, lipids, activity "\ O Moo
Plasma extracellular nanovesicle (exosome)-derived biomarkers for drug metabolism
pathways: a novel approach to characterize variability in drug exposure. Rowland A,
Ruanglertboon W, et al., Br J Clin Pharmacol. 2019 Jan;85(1):216-226

Er

s (Metabolomics)

om Endogenous Compounds as Biomarkers to Plasma-Derived Nanovesicles as Liquid Biopsy; Has the
Golden Age of Translational PK-ADME-DDI Science Finally Arrived? Rodrigues D, Rowland A. Clin
Pharmacol Ther. 2018 Dec 16. doi: 10.1002/cpt.1328. [Epub ahead of print] Review.

Plasma-derived tissue exosomes as liquid biopsy

Concept of immunocapture of tissue-derived exosomes in plasma
Plasma

7 Exosome

Plasma extracellular nanovesicle (exosome)-derived biomarkers for drug metabolism
pathways: a novel approach to characterize variability in drug exposure. Rowland A,
Ruanglertboon W, et al., Br J Clin Pharmacol. 2019 Jan;85(1):216-226

From Endogenous Compounds as Biomarkers to Plasma-Derived Nanovesicles as Liquid Biopsy; Has the
Golden Age of Translational PK-ADME-DDI Science Finally Arrived? Rodrigues D, Rowland A. Clin
Pharmacol Ther. 2018 Dec 16. doi: 10.1002/cpt.1328. [Epub ahead of print] Review.
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Plasma-derived tissue exosomes as liquid biopsy

| see exosomes!!!

Plasma-derived tissue exosomes as liquid biopsy

Immunocapture of gut-derived exosomes from human plasma

SEIENTIELE REP(K;}RTS

Circulating ir.\te;;inien-de:i;:d .
A S Lver Small Itestine e |
GPA33 “ . l - e vowone
E miR-215
Exosome marker [ R : : -
(internal control) (D9 m -: i SR - 1 | I | S
B x miR-122
g
Intestine-specific miRNAs  Liver-specific miRNA LI
$29 824 1 82y i miR-192
=N =1 =N
2o WE i ; b I
94 932 970, P PRI A E
mgz mg ME A F TS -_.xn{,ﬂé;‘qa"t &
£ 0 it P EU input P £ 0 Toput P http://mirnamap.mbc.nctu.edu.tw/php/mirna_entry.php?acc=MI0000291
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Plasma-derived tissue exosomes as liquid biopsy

Immunocapture of gut-derived exosomes from human plasma
SCIENTIFIC REPLIRTS

Correlation of sulfasalazine plasma AUC with miR-328 Circulating intestine-derived
levels in plasma-derived gut (GPA33 IP) exosomes sl sl e

=1 BCRP function in the human
~ intestines

Total exosome samples Immunoprecipitated samples
1 _ 1M
d r=-015 3 1= 0.346 . .
£ W ©opzoas €' pran ' @ miR-328 modulates expression of BCRP (ABCG2)
g 3 m - O Sulfasalazine (SASP) is intestinal BCRP probe
§oeq i 600 . U Anticipated a correlation between SASP plasma AUC vs
g oo g fe iR-328 level
7 M " , 3 W 0" mi evels
Iy '.nf. . 0 N he |,t
a M{ &N coogm yhe )
NI I LR miR-328 T ABCG2{ BCRP{ SAsP Auct

0 12 3 0 05 1 15 2
Relative miR-328 levels Relative miR-328 levels

Figure 4. Relationship between miR-328 levels in total exosomes or intestine-derived exosomes in plasma
and SASP AUC, 5. MiR-328 evels were normalized with the most stable reference genes selected by geNorm
forall samples. Significance was determined by Spearmans correlation test.

Plasma-derived tissue exosomes as liquid biopsy

Immunocapture of gut-derived exosomes from human plasma
SCIENTIFIC REP{IRTS

Correlation of sulfasalazine plasma AUC with miR-328 Circulating intestine-derived
levels in plasma-derived gut (GPA33 IP) exosomes e

BCRP function in the human
intestine:

Total exosome samples Immunoprecipitated samples
1 _ 1M
2 UL T LT . .
i vope0gs f P=0.049 ' U miR-328 modulates expression of BCRP (ABCG2)
g 800 g &0 O Sulfasalazine (SASP) is intestinal BCRP probe
Oz 60y * ) 03 600 , ' U Anticipated a correlation between SASP plasma AUC vs
7 s'; 7 4 .a ¢ miR-328 levels
o 'n:‘. ] . . o .%0% : v
?, medg,, ! g ) TR O ABCG2 genotype not considered?

0 —— T Vo Q Liver BCRP not considered?
0 12 3 0 05 1 15 2 QL R.378 .
Relative miR-328 levels Relative miR-328 levels Iver mik- expressions:

U BCRP protein expression not determined
Figure 4. Relationship between miR-328 levels in total exosomes or intestine-derived exosomes in plasma
and SASP AUC, 5. MiR-328 evels were normalized with the most stable reference genes selected by geNorm
forall samples. Significance was determined by Spearmans correlation test.
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Urine/media-derived tissue exosomes!!

Isolation of exosomes from HEK293 cells and reconstituted in proteoliposomes to measure Na*-dependent
OCTN2-mediated carnitine uptake

Media/HEK293
DMD 37:2275-2283, 2009

Exo. Cell

TsG101 N < 55kDa b
@ HepG2
cD9 - < 25kDa Caco-2
= Saos-2
Tomzo [ < 2skoe :
i @ K562
Golga2 n < 130kDa @ HL-60
HEK293
OCTN2 [ s < 70kDa g Hela

E
£
g
=
E]
H
=
5
2
£
]
& -
- ' N
o 20 40 80 80 100 4m000<dL0
¥ o
e v PEEELELE
Characterization of Exosomal gErgiiid

SLC22A5 (OCTN2) carnitine

transporter
Mardafrancesca scalise’, Annamania Tonazzit, Nicoa Gianaregeriota | SCIENTIFIC REPORTS| (2018) 8:3758 | DOI:10.1038541598-018-22170-7

Urine/media-derived tissue exosomes!!

Isolation of exosomes from human urine and reconstituted in proteoliposomes to measure Na*-dependent
OCTN2-mediated carnitine uptake

) Clin Pharmacol Ther. 2018 Nov;104(5):890-899
Human Urine

Urine Exosomes
55kDab |
TSG101 OCTN2

¥

4 70kDa

o
w
@

—i%

o
N
N

Carnitine uptake
(nmol/mg/60 min)
o

o
] NaGl tg OCTN1,0CTN2
« 1 S ENTI

Characterization of Exosomal
SLC22A5 (OCTN2) carnitine

transporter
Mardafrancesca scalise’, Annamania Tonazzit, Nicoa Gianaregeriota | SCIENTIFIC REPORTS| (2018) 8:3758 | DOI:10.1038541598-018-22170-7
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Thanks for’
attention !
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