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d Current strategies to assess clinical DDIs for
OATP inhibitor

d Endogenous probes for OATP inhibition

>  Preclinical evaluation
>  Clinical studies
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OATP inhibition decision tree

Is total C__ /ICs, of the investigational drug 2 0.1
for OATP1B1 or OATP1B3?

Yes

Is the AUC of statin (e.g., rosuvastatin, pravastatin,

pitavastatin) predicted to increase > 1.25-fold in the In vivo study may not be

needed

presence of the investigational drug using
extrapolation (e.g., R-valuel® >1.25")?

R= 1+(fu*lin’max/ IC;,)

EMA

Is Ki = than
25%Imax, ;. (hepatic uptake transporiers).
50'Cmax, (hepatic efflux and renal transporters)
or 0.1"dose/250 (intestinal efflux transporters)?

In vivo DDI study with a
sensitive substrate (e.g.,
rosuvastatin, pravastatin,

pitavastatin) Cut-offs: R21.25 or 1.04 (EMA)

In vivo study
is not needed




Variability in Ki or IC50 of Inhibitors

amprenavir- P. +-

atazanavir - + LR
atorvastatin-{ + -= A
bezafibrate - i ® ]L.'
clarithromycin 1rl | -q
clopidogrel- i e i
If:yclnspnrin— 450 in | edeem I -a
darunavir E t# E i
digoxin .. L gL
eltrombopag - "E | . *
erythromycin LT JH; . :

gemfibrozil R
ketoconazole 4 av |u-il
lapatinib- S
lopinavir- . +-
S SIS

K; or IC5q (1M)

montelukast -
nelfinavir
pazopanib-
pioglitazone-
gquercetin-
rifarmpin-
rlpivirine
ritonavir
saquinavir
simeprevir
simvastatin
tacrolimus—
telithromycin
telmisartan-

verapamil

I\
3
o

N 0

K; or IC5, (uM)
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Relationships between observed AUCR
and Imax(free)/ Ki or IC50.
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Summary of the challenges in assessing
potential OATP inhibition DDIs

 The potential for a high rate of false-positive
(and negative) prediction has been a particular

concern
(Prueksaritanont et al., 2013; Tweedie et al., 2013)

e Other challenges
 Dilemma: the timing for human DDI studies and the selection
of does
e Selection of probe substrates
e Extrapolating DDIs to different population or ethnic group
e Complex DDIs
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Learning from “Rotor Syndrome”

Rotor Syndrome: complete deficiency of OATP1B1 &1B3
Coproporphyrin | Coproporphyrin I
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Coproporphyrin | and 11l (CP | and i)

« CP I and CP lll are byproducts of heme synthesis.

« They are not further metabolized by the liver and excreted in
bile and urine. CP | predominates (70%) over CP Il in bile
whereas the reverse is found in urine.
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Substrate specificity of CPs

CP-l and CP-lll are substrates of OATP1B1
and 1B3

Both CP-I and Ill are not substrates for
OAT1/2/3/4, OCT2, MATE1 and MATE2k

CPs are metabolically stable in human,
monkey and mouse hepatocytes

(Shen et al., JPET 2016)



Deletion of Oatpla/1b genes increased plasma
conc. and urinary excretion of CPs in mice
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Oatpla/1b cluster genes deleted: Slcolal, 1a4, 1a5, 1a6 and 1b2.

Shen et al., JPET 2016, 357: 382



CsA increased plasma CPs and urinary
excretion of CP-l in monkeys
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RIF significantly increased plasma conc. and
urinary excretion of CPs in monkeys
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Clinical study on CPs as probes for OATP
inhibition

Open label, three-treatment, three-period, single dose crossover
study in twelve healthy male adult subjects without carrying
OATP1B1*5, *15, *17 polymorphisms.

Screening _ _
Enroliment | Fhase 1(n=12) | wagshout Phase 2 (n=11)

) | 600 mg RIF, PO | ™) | 5mg RSV, PO

Day 1 Day 8
Washout —

l——l

Phase 3 (n=11)
600 mg RIF + 5 | Discharge

—)
mg RSV, PO

Day 15
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RIF Pharmacokinetics

e C,,andC,,, of ¥30 and 1 uM, respectively.

e |C50 values of OATP1B1/1B3-mediated CP transport were

e Systemic exposure of RIF was comparable to literature reports

e Similar exposure when dosed alone or in combination with RSV

Plasma RIF Conc. (uM)

—&—RIF alone (P1)

- RIF + RSV (P3)
100 1

Time (h)

RIF
Parameter RIF alone  RIF + RSV
Cmax (uM) 26.7+10.7  306+78
Tmax (h) 25+1.7 22+0.9
AUCo24 m (M*h)  206.8 +70.9  219.5 + 57.9
AUCio; (uM*h) 215.4+79.4 2245+ 61.9
T1/2 (h) 42+1.4 35+ 1.2




RIF significantly increased plasma conc. of CP-l and
CP-Ill, and urinary excretion of CP-I

Plasma concentrations (nil)

—+—RIF alone (P1)
—=-RSV alone (P2)

=—a=RIF+RSV (P3)

AUC(0-24 h)
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Urinary excretion of CPS
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Plasma conc. of CPs in OATP1B1*1b heterozygous
(9) and homozygous (3)

1.2
OOATP1B1*1b heterozygous B OATP1B1*1b homozygous
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20% reduction of CP-l in plasma was detected in *1b homozygous,
but there is no statistically significant difference (likely small N?)




RIF increased (marginally) the levels of total- and
indirect-, but not direct-bilirubin in plasma

Total bilirubin
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AUCo-p4n, (mg/dL*hr)
(mean + SEM)
RSV alone (P2) RIF+RSV (P3) ratio
Total bilirubin 35.7+3.60 47.10+2.64 1.32%
Direct bilirubin 22.7+£2.88 1941221 0.85
Indirect 143+ 1.27 27.7+£2.39 1.94*
bilirubin

*P<0.05




Plasma conc. of bile acids—with
statistical significance
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Endogenous probes for DDI assessment

e Specific
* A specific endogenous substrate of the transporter
* Not a biomarker of a disease or a dietary constituent—
* rejecting bile acids and bilirubin as probes
« Reflect instant response, v.s. delayed (compensatory) effects
e Predictive and Translational
» Correlate with the extent of transporter inhibition, e.g fold increases of statins?
» Reflect site of inhibition, e.g Imax/IC50
e Accessible

* Non-invasive sampling from either blood or urine

e Can be monitored during early drug development phase, e.g Phase | does finding
trials

 Reproducible
« Rapid, accurate and reproducible detection, e.g LC/MS

e Cost effective

 Manageable lists

GT0Z doysyiom Janodsuely Sdyy IUILIODRID UQ WO} PaIJIPOIA



Summary

Plasma CP-I and CP-lll are relatively consistent, with
minimum fluctuation over the three study periods.

CPs are determined by LC/MS which is is amendable
to high throughput, GLP setting

OATP inhibitor, RIF, significantly increased plasma conc.
of CP-l and CP-III.

CPs in plasma or CP-l in urine could serve as
endogenous probes for OATP inhibition, and be
monitored during phase | dose finding trials

Changes of CPs with less potent OATP inhibitors, and
the impacts of genetic polymorphisms, gender/age,
disease state, and organ impairments etc need to be
further investigated



Integration of endogenous probes into OATP DDI

decision trees

Is the drug
candidate a
potent OATP

inhibitor

YES

NO

4 )

Phase | does escalation
trials:

Is the concentrations of
endogenous probe
panel e.g CPs in plasma
and/or urine
significantly increased
(e.g 21.25-fold) in the
presence of the
investigational drug

NO

YES

across all dose ranges?

. J

In vivo study may
not be needed

Vo N
No OATP
inhibition DDI
liability
Q J
4 N\

In vivo human
study to assess
OATP inhibition

DDIs

- /
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