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Transporters and Enzymes — Drug Clearance

Major proteins
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Extended Clearance Classification System [ECCS]

Clearance mechanism (rate-determining step)
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O Permeability cut off =

« 5X10%cm/sec
Q lonization:

 Acids/Zwits vs Bases/Neutrals
0 Molecular Weight cut off:

* 400 [Class 1/3]

Varma et al., Pharm Res. 2015, 3785-3802

El-Kattan and Varma. Drug Metab Dispos. 2018, 729-739.
Varma et al., Adv Drug Deliv Rev. 2017 Jul 1;116:92-99.
Varma et al., Clin Pharmacol Ther. 2017, 33-36

El-Kattan et al., Pharm Res. 2016, 3021-3030.

Varma and El-Kattan. J Clin Pharmacol. 2016, $99-5109.
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Hepatocyte

Liver

O - SLC transporters
@ - ABC transporters

ECCS Class and Drug Transporters

Kidney

Intestine

ECCS Class Intestinal Transporters Hepatic uptake Renal secretory
transporters transporters
1A P-gp, BCRP (OAT2)
18 P-gp, BCRP OATP1B1, OATP1B3
2 P-gp, BCRP
3A P-gp, BCRP (PEPT1) OAT1, OAT3
3B P-gp, BCRP (PEPT1, OATP2B1) OATP1B1, OATP1B3 OAT1, OAT3
4 P-gp, BCRP (OATP2B1) OAT1, OAT3, OCT2, MATEs

Varma et al. CPT 2017, 33-36.



Transporter Victim DDIs with probe inhibitors

Clinical A) DDIs with rifampicin, an OATP1B1/1B3 probe inhibitor
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Transporter Victim DDIs with probe inhibitors

Clinical A) DDIs with porbenecid, an OAT1/3 probe inhibitor
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“Middle-out” PBPK reports
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Poirier A, et al, (2009) JPKPD
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Gertz M, et al, (2013) Pharm
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Varma MV, et al, (2013)
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Varma MV, et al, (2016) CPT
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Jones HM et al. DMD, 2012, 1007.



CLuptake’ CI-p's'sive’ CI-bile ’

CLmet

| ECCS 1B l

Atorvastatin

Bosantan
Cerivastatin
Fluvastatin
Pitavastatin

#HRepaglinide
Gﬂ pag

Glyburide

‘no consideration
to uptake’

(A)

(mLiminkg)

Pragicsed human CL_

LECCS3B

Pravastatin

Rosuvastatin
Valsartan

Direct scaling

1 10 00

Observed human CL__ __ (mL'minkg)

‘Bottom-up’ ‘Middle-out’
Extended CL Extended CL with SF_. .
(8) A (€)
g 100 # / ' 2 1o
'; 0 é _3 0
: 01t ® B 0.t
) o1 ) 10 ww : ‘f] 1 1 10 100
Obsarved human CL . (mL/minkg) Observed human CL_ ., (mL'minkg)
Empirical /\
SF of 10.6
(O Cliwcve +Cligsi)
int, CYP int, bile
CLint,h = (SFactive 'CLactive + CLpassive) CL CL CL
( passive + Z int, CYP + int, bile )

Varma et al. JPET, 2014, 214.
Kimoto et al. JPS, 2017




In vitro — In vivo Extrapolation
Metabolic CL compds
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Fig. 6 Relation of predicted CL,, n vitro and CL,,,, in vivo for hepatocytes (A) and microsomes (B). Dashed lines represent unity, fitted power functons
and (A) upper and lower limits of bias correction for hepatocytes
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ECCS Class Intestinal Transporters Hepatic uptake Renal secretory
transporters transporters
1A P-gp, BCRP (OAT2)
18 P-gp, BCRP OATP1B1, OATP1B3
2 P-gp, BCRP
3A P-gp, BCRP (PEPT1) OAT1, OAT3
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ECCS 1A drugs - List of drugs

1s
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° u idi izati i ° fraction £ L ® z
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I HH
c g 32 os
& o K ® 2
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Transporter phenotype per class
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Invigoration of Human Based In Vitro Reagents as Driver for Accurate Human Clearance and
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