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Overview

e [ntroduction
— Transporters in drug development

— 2017 FDA in vitro drug-drug interaction (DDI) guidance transporter
updates

e (Case study 1: solute carrier transporter inhibition
e (Case study 2: P-gp transport in Caco-2 cells

e (Case study 3: permeability in Caco-2 cells

e Conclusions: lessons learned
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Transporter assays in drug development

e |nvitro drug transporter assays performed throughout drug
development to answer myriad questions (DDI focus)

— Cell permeability studies
— Inhibition / substrate potential

e Range from simple screens to kinetic assessments in
complex assay formats

e When the compounds behave, things are straightforward

e When drugs misbehave, understanding the data and
establishing a path forward can be challenging
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Assay formats

e Numerous human transporter proteins

* Invitro study designs based on availability of a test
system to study the protein in question

e Generally

A8 e

Membrane vesicles

HEK293 s i s S, R
Polarized/transfected cell lines Hepatocytes

b ool
N

e Each test system needs appropriate conditions and
controls to be useful
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Transporter assays in 2017 FDA DDI guidance

e Several changes related to
transporter assays were made

e Some easily accommodated

— e.g., 30 min preincubation for OATP
assays

e Some were more challenging
— e.g., 2 inhibitors for each transporter
e Some spoke to practical

considerations and the ways data
should be interpreted

— What we are about to talk about...

In Vitro Metabolism-
and Transporter-
Mediated Drug-Drug

Interaction Studies
Guidance for Industry

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

«of availability that publishes in the Fes

r questions regarding this draft document, contact (CDER) Office of Clinical Pharmacology.
uidance and Policy Team at CDER_OCP_GPT(@ fda.hhs.gov.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

October 2017
Clinical Pharmacology
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Factors for consideration

e FDA 2017 DDI guidance emphasized need for more rugged
transporter study designs, considering

— Stability in the test system

— Non-specific binding to cells and experimental apparatus
— Solubility limits

— Effect of additive serum protein

— Effect of prefiltration

— Effect of cytotoxicity

— Effect of other experimental steps

e Why?
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Case 1: solute carrier (SLC) inhibition

e Study scope: substrate and inhibition potential of compound
for
— OATP1B1
— OATP1B3
— OAT1
— OAT3
— OCT2
— MATE1
— MATE2-K

e Discussion will focus on inhibition for DDI potential
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Case 1: SLC inhibition data — positive result
e Inhibition of OATP1B1 observed

OATP1B1

Uptake (pmolimg)

OATP1B1 Inhibition
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Case 1: SLC inhibition data — positive result
e Inhibition of OATP1B3 observed

OATP1B3 0.7 OATP1B3 Inhibition B OATP1B3
0.6 0O Control
E“» 0.5 —I_ 1 T ES —I—
3
5 0.4 FE _[-
203
a
=
0.2
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oo L1 ] LT T |
0 Mo solvent  0.03 0.4 0.3 1 3 10 30
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i Positive Control DOATP1B3 e OATP1B3 - ICsq ICap: 6.20 UM
‘ oControl Slope: 0.924
-~ Min: 0 %
g on + 100 [ Max: 94.0 %
3 05 - I
£ -
g 04 g
L] k-]
:"; 0.3 :E
02 &a
01 | .
00 | = —1 el -
Solvent control 10 uM Rifampin 1M

Cyclosporine
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Case 1: SLC inhibition data — negative result
e No inhibition of OCT2

_— OCT2 Inhibition

OCTZ BOCT2 OControl
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Data interpretation: FDA basic model

e Starting point to evaluate need for clinical studies

X [;
OATP1B1, OATP1B3 1 + (fup X linmax) > 1.1
ICs,
P-gp, BCRP lgut > 10
’ ICs ~

I

OAT1, OAT3, OCT2 maxt > 0.1
ICs,
I

MATE1, MATE2-K marz > 0.02
ICs

Where

| max = Unbound plasma C

F, = fraction absorbed I — (Fa@ X kq X Dose)
. . . . mmmax max

F, = intestinal availability Qn/ Rp

k, = absorption rate constant

Q,, = hepatic blood flow

R, = blood-to-plasma concentration ratio

max.ss

If unknown, use FF, =1 and k, = 0.1 min"t as worst-case scenario
May have to assume R, =1 and Q,=1.6 L min!
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Case 1: compound recovery data

e Recovery data for compound in HEK293 cells and apparatus
— Compound incubated for 30 min in the presence and absence of cells

Theoretical M.e a .
e T experimental Recovery | Adsorption
(M) concentration
(LM)
0.03 (2.22+1.3)x102%2 4.7 74.0 26.0
No cells
80 62.3 +/- 2.6 4.3 77.9 22.1
Eoirtie] 0.03 (2.27£1.2)x102% 45 75.5 24.5
HEK cells 80 44.6 + 9.6 223 | 55.8 44.2 || Low recovery

in the
presence of
cells

12
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Case 1: Cutoff data for SLC transporter inhibition

e Calculations performed using established IC., values

OATP1B1 11.2 1.0950 >1.1

OATP1B3 6.2 1.1715 >21.1 Yes
OAT1 35.6 0.0026 >0.1 No
OAT3 11.2 0.0082 >0.1 No
OCT2 >30 No inhibition >0.1 No
MATE1 22.3 0.0041 >0.02 No
MATE2-K >30 No inhibition >0.02 No

e But ~“50% nonspecific binding, so theoretically IC.,values could
be half the calculated values (at worst)
— NSB-corrected IC., values gave Roprpipy = 1.1899 2 1.1
— OATP1B1 recommended for conservative scenario inhibition potential too

13
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Case 2: P-gp substrate potential

e Study scope — P-gp transport in Caco-2 cells
e Assays performed in transwell format

e Polarized cell monolayer

Transwell insert se——l- 200 U.L

Ato B r— Apical side
Cell monolayer—-\‘ ‘ Bto A
Filter mambransg .— Basolateral side

980 uL

* B to A: active transport Donor: side where drug is administered

Receiver: opposite side

e A to B: passive permeability

Ye, Dawson and Lynch Analyst, 2015, 140: 83-97



\V4
VAN

XENOIECH

A BiolVT Company

Data processing: some math

 Permeability calculations based on Fick’s first law:

Jwait = Pwau X C

Where J,.,=flux P = permeability coefficient C = maximal intestinal concentration

wall —

e Normal transwell assay data process' 3

b, (0
PP~ At

Where P, , = apparent permeability coefficient (cm/s) = receiver volume (cm3)
A = membrane surface area (cm?) Cpo = donor concentration at time zero
AC, / At = change in receiver concentration over time (s)

e Mass equation (for mass balance):

P, = —2—
- I
Where P, = apparent permeability coefficient (cm/S] V= donor volume (cm?)
A = membrane surface area (cm?) My = donor amount (mol)

AM; / At = change in receiver amount (mol) over time (s)

Youdim, Avdeef and Abbott Drug Discovery Today, 2003, 8 (21): 997 — 1003
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Case 2: transwell substrate assay challenge

e Transwell assays can suffer from nonspecific binding problems
— Different surface area: volume on A and B sides
— Compound binds to the apparatus and also to the cell monolayer

200 plL
Transwell insert se——l-
r— Apical side
Cell monolayer———\
overocre
Filter membraneg _ Basolateral side
980 pL

e For substrate assays, need to be able to measure the
compound to low levels

Ye, Dawson and Lynch Analyst, 2015, 140: 83-97
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Case 2: recovery data in apparatus/control cells

e Recovery in the absence of cells

Theoretical Mean Deviation Mean Mean
concentration | concentration from concentration | Recovery (%) [ concentration Recovery (%)
(LM) stock (LM) nominal (%) | at2 min (uM) at 90 min (uM)
78.2 41.8

0.5 0.480 4.0 0.375 0.200

2.5 2.65 6.2 2.13 80.1 1.44 54.3
10 9.89 1.1 8.78 88.8 7.47 75.5
30 26.1 13.0 24.9 95.6 23.1 88.5

e Up to 58.2% lost through apparatus adsorption at the low
concentrations

17
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Case 2: recovery data in apparatus/control cells

e Recovery in the presence of control cells (90 min)

Theoretical Recovery apical to basal Recovery basal to apical
concentration (uM) VA) V)
1 41.2 74.8
3 55.5 69.7
10 54.0 76.6

Can confuse conclusions

200 pL

Transwell insert

Apical side
Cell monolaye

Filter membran — Basolateral side

980 plL

All low
recovery
A>B lowest

18
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Case 2: Caco-2 P-gp substrate data

P.o, @nd efflux ratios

cc-)r:::r:tertaI:?c:n PaPP A>B Papp B>A
1x10% cm st 1x10¢ cm s
(uM) ( b )
5.86 11.7 1.99

No inhibitor
0.3
Inhibitor 9.27 14.1 1.52
No inhibitor 8.54 16.2 1.90
3
Inhibitor 13.3 18.3 1.46

e Per FDA DDI Guidance 2017: The following suggests that a drug is an in
vitro P-gp substrate
— A net flux ratio (or efflux ratio) of >2 in cells that express P-gp

— A flux that is inhibited by at least one known inhibitor at a concentration at least
10x its K,

Inconclusive??

19
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Data processing binding correction

e Mass equation (for mass balance):

: Vp AMpg,
WP 4 x @ At
Where P, = apparent permeability coefficient (cm/s) V,, = donor volume (cm3)
A = membrane surface area (cm?) M, = donor amount (mol)

AM; / At = change in receiver amount (mol) over time (s)

 Correction equation:

P V, < AMp
app — 4 X@ At

M. = amount of material in monolayer (mol) M, = donor amount (mol)
AM; / At = change in receiver amount (mol) over time (s)

Mceys = Mpo — (MDt + z MR)

Where M, = donor amount (mol) at time zero M, = donor amount (mol) at time t
2M; = sum of receiver amount (mol) at all time points

Youdim, Avdeef and Abbott Drug Discovery Today, 2003, 8 (21): 997 — 1003
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Case 2: Caco-2(P-gp) substrate data

P.o, @nd efflux ratios calculated accounting for monolayer material

cc-br:ceeor:terta"t:ia(:n PaPP A>B Papp B>A
1x10% cm st 1x10¢ cm s
(uM) ( b )
15.8 16.6 1.05

No inhibitor
0.3
Inhibitor 21.6 22.6 1.05
No inhibitor 19.1 28.7 1.50
3
Inhibitor 31.4 30.1 0.959

e Not a human P-gp substrate

— Efflux ratio does not approximate 2 when M__. is taken into account

cells

Conclusive!

21
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Case 3: Caco-2 permeability

e Study: Caco-2 permeability screen in transwell format

 Screen
— 1 compound concentration; * inhibitor (valspodar)
— 1 time point
— Quick LC-MS/MS method development
P, Efflux ratio and recovery measurement
— High and low permeability controls
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Case 3: Caco-2 permeability screen

e Screening so minimal information; no structure

P.opA>B P.p B>A Recovery Recovery
(1x10¢ cm s?) (1x10¢ cm s?) A>B (%) B>A (%)
0 0 150 387

10 uM Compound No data

10 uM Compound +

inhibitor 0 0 No data 161 182
10 uM Digoxin 1.86 68.0 36.6 105 94.3
10 uM Mannitol 0.831 0.720 0.867 80.9 76.3
10 pM Caffeine 19.9 21.5 1.08 75.9 81.8

Digoxin — P-gp positive control
Mannitol — low permeability control
Caffeine — high permeability control

No P,,, data — nothing in receiver samples -
and impossibly high recovery

e Repeated assay and obtained same results

 Nonspecific binding again? Unlikely because HIGH recovery

23



Case 3: troubleshooting

e Screening: no supporting data available — requested structure

_ ROE
Amides can hydrolyze enzymatically and non-
enzymatically in Caco-2 cells

Compound

Monoisotopic Mass = 595.326618 Da

|
l 2 Products proposed lv

HO
NH, 3

Amide hydrolysis product A Wea kIy ionizable by

Amide hydrolysis product B eIectrospray (LC-MS/MS)
Monoisotopic Mass = 328.24023

Monoisotopic Mass = 285.096952 Da

lonizable by electrospray
(LC-MS/MS)

EFFIECIENC Y *SUPE@RFPRECISIHDN
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Case 3: exploring hydrolysis hypothesis

e High-resolution product ion spectrum for compound standard

596.3202 40685

11111111

286.1033
1060252 135.0559 . 386.2397
| ‘ | ‘ 261 0452987 2006 311.2324 ‘
o 41.0452267 2096 4 9ECE
0532 | ) Iullu. l|.“ |.”| .I||.|| ||||. A L M | Il 334.2696 | uil .
L R ) L LR LA I L A L B LAl L ) LA L L ) R Lt R o] R R U R L) Al ) o B L R i Bl Lk L ) L) L L LAk Rl L Rl Wi AR ikl A A R A M i wis e o1 4
0 100 120 140 180 180 200 220 240 260 280 300 320 340 350 380 400 420 440 460 480 500 520 540 580 530 600 620

e |dentical spectrum obtained for donor samples
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Case 3: exploring hydrolysis hypothesis

e Production spectrum for product A in donor sample

247 i —

/CHa Compound hydrolysis

NH, confirmed in the
177 incubation samples by
209 detection of hydrolysis

product A
Ea_
236.0989
175.0839
QQQQQ
|||||||||||||| ‘ SRR LARAS || T "!II LSRR RARA LR LA AR LA Mll LA RARA) RRAL LARM T |Ah1|uh1|: T |“| e Mz

""""""" 18 9 2 2 22 23 24 25 26 > 2 29 3

 Product A also detected in receiver samples
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Case 3: back to the math

e Normal transwell assay data processin
Ve _(BCg

= X
app — » X@
Where P, = apparent permeability coefficient (cm/s) V; = receiver volume (cm?3)
A = membrane surface area (cm?) Cpo = donor concentration at time zero
AC, / At = change in receiver concentration over time (s)

 Dimensional analysis: all units cancel except cm st
e So?
— This is a relative assay and the units of concentration don’t matter as
long as they are consistent

— Can calculate P, using area ratio of the hydrolysis product without a

reference standard
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Case 3: corrected data

e Reinjected sample batch with longer LC method and
monitored hydrolysis product A as well as compound

P.op A>B P,p B>A Recovery Recovery
(1x10% cm s?) (1x10® cm s?) A > B (%) B>A (%)
101

10 uM Compound 0 0 No data 79.9

10 uM Compound +

inhibitor 0 0 No data 78.8 76.1
ATIEE DT REL R 26.4 62.5 2.37 NA NA
product A
Amide hydrolysis
roduct A + inhibitor 24.7 8.33 0.337 NA NA

Amide hydrolysis product A values calculated using peak area ratio data

Sensible recovery
Useable P, values

e Confirmed permeability results for parent compound

e Evaluated permeability characteristics of product A

28
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Case 3: conclusion

e Confirmed active transport of hydrolysis product A by targeted
metabolite monitoring
— Efflux ratio > 2
— Reduced in the presence of the P-gp inhibitor valspodar

e Confirmed instability of parent compound in incubation

e Conclusion: compound rapidly hydrolyzed to product A which
then required active transport for efflux across the cells
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Conclusion: lessons learned

e Critical factors highlighted in the 2017 FDA DDI guidance can
have a big impact on interpreting transporter data
— Solubility
— Cytotoxicity
— Nonspecific binding
— Stability in the test system

e Remember practical factors of the assays and assumptions
when troubleshooting

e Can reach useful conclusions in challenging situations

e Give partners the compound structure to access their
knowledge and get the best results!

30
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End — Questions?

Joanna Barbara
VP — Scientific Operations

jbarbara@xenotechllc.com
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www.xXenotech.com

Featuring publications, posters, webinars and other useful resources.

Webinar Topic Request Form:
www.xenotech.com/scientific-resources/upcoming-webinars

XenoTech’s Services & Products:
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- Protein Binding o Subcellular Fractions
« Metabolite Identification + Liver Microsomes
« ADME Screening * 89 Fractions
* Toxicology * Cytosol
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In Vivo ADME/PK & Distribution . (ysosomes & Tritosomes
* QWBA +» Mitochondria
* Microautoradiography « Extrahepatic Fractions
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* Tissue Distribution GUStom PrOdUCts
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Recombinant Enzymes
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« In Vitro Ligand Binding & Radioreceptor Assays
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Chemical Synthesis
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