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1) Introduction;  
Rate-determining process (focusing on the liver)

(Uptake, efflux, elimination, metabolism)  DDI

2)  PGx of OATP1B1: PBPK model based analysis

3-1)  PBPK model based analysis of OATPs  mediated drug-drug interaction 
(Top down + Bottom-up)

(i)  victim drugs-perpetrator drugs
(ii)  endogenous biomarker (CP-I) – rifampicin

3-2)  Simple bottom-up predictions dot not always work well.
(i) prediction of hepatic clearance of highly protein bound  drugs 

(albumin-mediated hepatic uptake mechanisms should be considered)
(ii) Time-dependent inhibition (inhibitors for OATP1B and OCTs)

4)  Target-mediated drug disposition (TMDD);  To obtain dose-dependent change in 
molecular target occupancies only from the plasma concentration time-profile
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Substrates Uptake 
transporter

Metabolic 
enzymes

Efflux 
transporter

Anti-Hyperlipidemic drugs (statins)

atorvastatin OATPs CYP3A4 -
cerivastatin OATPs CYP2C8, 3A4 -
fluvastatin OATPs CYP2C9 -
pravastatin OATPs - MRP2

rosuvastatin,
pitavastatin

OATPs - BCRP

Anti-hypertension or -cardiovascular disease

bosentan OATPs CYP3A4, 2C9 -
torasemide OATPs CYP2C9 -
telmisartan OATP1B3 UGTs -
valsartan OATPs - MRP2

Anti-cancer drug

docetaxel OATP1B3 CYP3A4 -

Examples of substrates for uptake/efflux transporters and enzymes (1)
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Substrates Uptake 
transporter

Metabolic 
enzymes

Efflux 
transporter

Anti-diabetes

repaglinide OATPs CYP2C8, 3A4 -
nateglinide,

glibenclamide
OATPs CYP2C9, 3A4

Anti-HCV

simeprevir,
grazoprevir

OATP1B1 CYP3A4 -

asunaprevir,
danoprevir,
paritaprevir

OATPs CYP3A4 Pgp

Etc.

Montelukast OATP2B1 CYP2C8, 2C9, 3A4 -
maraviroc OATP1B1 CYP3A4 Pgp

fexofenadine OATPs - Pgp
5

Examples of substrates for uptake/efflux transporters and enzymes (2)
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“Extended Clearance Concept”

• enough to predict the change in AUC and/or Css both in 
plasma and tissue

(PGx,   DDI (at least for static analyses, 
and not for dynamic analysis)

“PBPK modeling” 

• Appropriate model for describing the drug conc-time course
both in plasma and tissue as well as AUC, Css

Understanding Extended Clearance Concept
is very important (I have been training  this concept 
to all the students , post-doc  in my lab (UOT, RIKEN)
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Extended clearance concept

(lipophilic basic/neutral drugs; 
quinidine, diazepam) 

Intrinsic 
Clearance-limited
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Maeda K et al., CPT (2011)
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Maeda K, Ikeda Y, Fujita T, Yoshida K, Azuma Y, Haruyama
Y, Yamane N, Kumagai Y and Sugiyama Y. 
Identification of the rate-determining process in the 
hepatic clearance of atorvastatin in a clinical cassette 
microdosing study. Clin Pharmacol Ther 90:575-581 (2011).
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1) Introduction;  
Rate-determining process (focusing on the liver)

(Uptake, efflux, elimination, metabolism)  DDI

2)  PGx of OATP1B1: PBPK model based analysis

3-1)  PBPK model based analysis of OATPs  mediated drug-drug interaction 
(Top down + Bottom-up)

(i)  victim drugs-perpetrator drugs
(ii)endogenous biomarker (CP-I) – rifampicin

3-2)  Simple bottom-up predictions dot not always work well.
(i) prediction of hepatic clearance of highly protein bound  drugs 

(albumin-mediated hepatic uptake mechanisms should be considered)
(ii) Time-dependent inhibition (inhibitors for OATP1B and OCTs)

4)  Target-mediated drug disposition (TMDD);  To obtain dose-dependent change in 
molecular target occupancies only from the plasma concentration time-profile
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The impact of OATP1B1 on the PK of drugs
～Plasma conc. of drugs is increased in subjects with OATP1B1*15～

HMG-CoA reductase inhibitors
pravastatin
simvastatin acid 
pitavastatin
atorvastatin 
rosuvastatin

Anti-diabetes

repaglinide  
nateglinide
glybenclamide

Anti-allergic drug
fexofenadine

Anti-pulmonary hypertension drug

Atrasentan
bosentan

Anti-cancer drug

irinotecan（SN-38）
docetaxel, paclitaxel

Chol-absorption inhibitor
ezetimibe 

Loop diuretics
Torasemide

12

Angiotensin receptor antagonists
Olmesartan



Relationship between  OATP1B1 genetic polymorphism and
Pharmacological effect and adverse effect of statins

Odds ratio  of this SNPs for simvastatin-
induced myopathy

521C/T vs T/T → 4.5 fold

521C/C vs T/T →16.9 fold(SEARCH Collaborative Group et al., New Engl J Med, 359, 
789-99 (2008))

Simvastatin-induced myopathy
strong correlation with OATP1B1 polymorphism

★Adverse Effect
Target; Muscle (via plasma)

★Pharmacological effect
Target; HMG CoA-reductase in the liver

No effect or small effect if any
(Igel M et al.,Clin Pharmacol Ther, 79, 419-26 (2006))
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Summary
#  All of these pharmacogenetic and DDI studies on OATP1B1 
suggested that the hepatic uptake plays an important role in the 
plasma clearance of therapeutically important drugs (mostly 
anionic drugs; statins, ARA, ACE inhibitors, anti-HCV drugs, 
anticancer drugs, etc).

14

Why did this polymorphism and/or DDI  affect only side-effect (myopathy; 
muscle is a target tissue), and not pharmacological effect (lipid lowering 
effect; liver is a target organ)  ?

To answer this question, it is important to estimate the exposure in the 
plasma (muscle ; side effect tartet) and in the liver (Pharmacological 
target)  (statins, HCV drugs)

Watanabe T, Kusuhara H, Maeda K, Shitara Y and Sugiyama Y.  Physiologically based 
pharmacokinetic modeling to predict transporter-mediated clearance and distribution of 
pravastatin in humans.   J Pharmacol Exp Ther 328:652-662 (2009)

Yoshikado T, Yoshida K, Kotani N, Nakada T, Asaumi R, Toshimoto K, Maeda K, Kusuhara H, 
Sugiyama Y. Quantitative analyses of hepatic OATP-mediated interactions between statins and 
inhibitors using PBPK modeling with a parameter-optimization method. 
Clin Pharmacol Ther. 100:513-523(2016)

↓

(11)
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PBPK model

PBPK modeling of pravastatin disappearance

i.v. 0.134mg/kg （observed)
p.o. 0.26mg/kg （observed）

Plasma conc-time profile of 
pravastatin in human
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0.0436638

0.0286543

0.0435263

0.0283875

0.043389

0.0281248

0.0432519

0.0278653

0.0431149

0.0276105

0.0429781

0.0273589

0.0428415

0.0271109

0.0427051

0.0268664

0.0425688

0.0266254

0.0424328

0.0263881

0.0422969

0.0261535

0.0421612

0.0259232

0.0420258

0.0256955

0.0418905

0.0254714

0.0417555

0.0253236

0.0416206

0.0251773

0.041486

0.0249602

0.0413517

0.0247463

0.0412175

0.0245352

0.0410836

0.0243273

0.0409499

0.0241221

0.0408165

0.0239195

0.0406833

0.0237202

0.0405503

0.0235233

0.0404176

0.0233292

0.0402852

0.0231378

0.0401529

0.0229487

0.040021

0.0227627

0.0398893

0.0225786

0.0397579

0.0223977

0.0396268

0.0222187

0.0394959

0.0220423

0.0393653

0.0218683

0.039235

0.0216965

0.0391049

0.0215269

0.0389751

0.0213596

0.0388456

0.0211946

0.0387164

0.0210314

0.0385875

0.020871

0.0384589

0.0207121

0.0383305

0.0205558

0.0382025

0.0204011

0.0380747

0.0202486

0.0379473

0.0200978

0.0378201

0.0199493

0.0376932

0.0198025

0.0375667

0.0196576

0.0374825

0.0195146

0.0373984

0.0193731

0.0372726

0.0192338

0.037147

0.0190959

0.0370218

0.01896

0.0368968

0.0188256

0.0367722

0.018693

0.0366479

0.0185617

0.0365239

0.0184326

0.0364003

0.0183046

0.0362769

0.0181784

0.0361539

0.0180537

0.0360311

0.0179303

0.0359087

0.0178087

0.0357867

0.0176882

0.0356649

0.0175695

0.0355434

0.0174519

0.0354223

0.017336

0.0353015

0.017221

0.0351811

0.017108

0.0350609

0.0169959

0.0349411

0.0168851

0.0348216

0.0167758

0.0347024

0.0166673

0.0345836

0.0165608

0.0344651

0.0164547

0.0343469

0.0163506

0.0342291

0.0162471

0.0341116

0.0161452

0.0339944

0.0160441

0.0338775

0.0159441

0.033761

0.0158455

0.0336448

0.0157474

0.0335289

0.0156513

0.0334134

0.0155558

0.0332982

0.0154612

0.0331834

0.0153679

0.0330688

0.0152754

0.0329546

0.015184

0.0328408

0.0150936

0.0327272

0.0150041

0.032614

0.0149155

0.0325012

0.0148279

0.0323887

0.0147413

0.0322765

0.0146555

0.0321646

0.0145706

0.0320531

0.0144866

0.0319419

0.0144035

0.031831

0.0143213

0.0317205

0.0142398

0.0316103

0.0141592

0.0315005

0.0141058

0.0313909

0.0140531

0.0312818

0.0139743

0.0311729

0.0138964

0.0310644

0.0138192

0.0309562

0.0137429

0.0308484

0.0136672

0.0307408

0.0135924

0.0306336

0.0135181

0.0305268

0.0134447

0.0304203

0.013372

0.0303141

0.0132998

0.0302082

0.0132286

0.0301027

0.0131578

0.0299975

0.0130879

0.0298926

0.0130183

0.0297881

0.0129499

0.0296838

0.0128817

0.02958

0.0128144

0.0294764

0.0127476

0.0293732

0.0126812

0.0292703

0.0126158

0.0291677

0.0125507

0.0290655

0.0124862

0.0289636

0.0124225

0.028862

0.0123589

0.0287607

0.0122965

0.0286598

0.0122341

0.0285592

0.0121728

0.0284589

0.0121115

0.0283589

0.0120512

0.0282593

0.011991

0.02816

0.0119316

0.0280609

0.0118724

0.0279623

0.0118141

0.0278639

0.0117561

0.0277659

0.0116986

0.0276682

0.0116416

0.0275708

0.0115847

0.0274737

0.0115289

0.0273769

0.0114731

0.0272805

0.0114181

0.0271844

0.0113633

0.0270886

0.011309

0.0269931

0.0112552

0.0268979

0.0112015

0.026803

0.0111488

0.0267085

0.011096

0.0266142

0.0110441

0.0265203

0.0109922

0.0264267

0.0109409

0.0263334

0.01089

0.0262404

0.0108392

0.0261477

0.0107893

0.0260554

0.0107392

0.0259633

0.0106901

0.0258715

0.0106409

0.0257801

0.0105922

0.0256889

0.010544

0.0255981

0.0104957

0.0255076

0.0104485

0.0254173

0.0104009

0.0253274

0.0103543

0.0252378

0.0103075

0.0251485

0.0102615

0.0250594

0.0102155

0.0249707

0.0101698

0.0248823

0.0101247

0.0247942

0.0100795

0.0247063

0.0100352

0.0246188

0.00999077

0.0245316

0.00994688

0.0244446

0.00990304

0.024358

0.00985979

0.0242716

0.00981655

0.0241856

0.00977388

0.0240998

0.00973117

0.0240144

0.00968915

0.0239292

0.00964712

0.0238443

0.00960527

0.0237597

0.00956408

0.0236754

0.00952282

0.0235914

0.00948214

0.0235076

0.0094413

0.0234242

0.00940125

0.023341

0.00936103

0.0232582

0.00932139

0.0231756

0.00928169

0.0230932

0.00924253

0.0230112

0.00920329

0.0229295

0.00916469

0.022848

0.00912605

0.0227668

0.00908757

0.0226859

0.00904967

0.0226053

0.00901161

0.0225249

0.00897423

0.0224449

0.00893666

0.0223651

0.0088997

0.0222856

0.00886252

0.0222063

0.00882607

0.0221273

0.0087894

0.0220486

0.00875331

0.0219702

0.00871715

0.0218921

0.00868133

0.0218142

0.00864575

0.0217365

0.00861018

0.0216592

0.00857511

0.0215821

0.00853994

0.0215053

0.00850529

0.0214288

0.00847057

0.0213525

0.00843621

0.0212765

0.00840203

0.0212007

0.00836772

0.0211252

0.00833418

0.02105

0.0083004

0.0209751

0.00826707

0.0209128

0.00823356

0.0208507

0.00820053

0.0208507

0.00816782

0.00813499

0.00810253

0.00806991

0.00803797

0.00800583

0.00797413

0.00794228

0.00791096

0.00787953

0.00784833

0.00781742

0.00778628

0.0077559

0.0077251

0.00769503

0.00766471

0.00763469

0.00760485

0.00757497

0.00754551

0.00751593

0.00748676

0.00745741

0.00742862

0.00739969

0.00737105

0.00734246

0.00731371

0.00728574

0.00725744

0.00722956

0.00720151

0.00717395

0.00714625

0.00711874

0.00709149

0.00706398

0.0070372

0.00700996

0.00698343

0.00695661

0.0069301

0.00690369

0.00687706

0.00685116

0.00682493

0.00679911

0.00677309

0.00675176

0.00673045

0.00673045



報告値

		

		Time(hr)		iv		po

				9.9mg		19.2mg		/73.8kg				uM表示 ヒョウジ

				0.134		0.260						iv		po

		Dose		0.134		0.26		mg/kg				0.3001119821		0.5823068309		umol/kg

		5		0.42						5		0.9406494961

		10		0.205						10		0.4591265398

		20		0.115		0.005				20		0.2575587906		0.0111982083

		40		0.05		0.02				40		0.1119820829		0.0447928331

		60		0.03		0.023				60		0.0671892497		0.0515117581

		90		0.016		0.018				90		0.0358342665		0.0403135498

		120		0.01		0.0135				120		0.0223964166		0.0302351624

		180		0.0045		0.009				180		0.0100783875		0.0201567749

		MOMENT parameters by PKUT Ver17

		iv

		i.v.

		Dose		0.134		mg/kg

		Time		Conc

		min		μg/mL

		5		0.42

		10		0.205

		20		0.115

		40		0.05

		60		0.03

		90		0.016

		120		0.01

		180		0.0045

		AUC		MRT		CL		Vdss		Vdz		AUCL		MRTL		CLL		VdssL		VdzL		extra		AIC		Cz		ke		t1/2

		μg･min/mL		min		mL/min/kg		L/kg		L/kg		μg･min/mL		min		mL/min/kg		L/kg		L/kg						μg/mL		1/min		min

		8.1775		32.635279731		16.3864261694		0.5347756018				7.9139043184		34.2453058769		16.9322239198		0.5798491873

		8.5156307422		41.4702966855		15.7357692056		0.6525670175		1.1823882936		8.2520350607		43.2965692442		16.2384186464		0.7030678173		1.2201574555		2		-infinite		0.0045		0.0133084616		52.0831934753

		8.4960997249		40.8433214429		15.7719429312		0.6441785349		1.1279959556		8.2325040434		42.6538516461		16.276943114		0.6942743168		1.1641131396		3		-19.6499239211		0.0044547471		0.013982269		49.5732973258

		8.4518173751		39.5106890797		15.8545782586		0.6264253121		1.0221307766		8.1882216935		41.288110555		16.3649697108		0.6756786787		1.0550352666		4		-15.1820113065		0.0042550194		0.0155113011		44.686591748

		8.4152046666		38.4678453858		15.9235580486		0.612544969		0.9413908459		8.1516089851		40.2195280308		16.4384724839		0.6611476048		0.971832267		5		-13.512117663		0.0040207572		0.0169149277		40.9784301118

		8.360684909		36.9953784534		16.027395059		0.5929395458		0.8275453163		8.0970892274		38.7109203813		16.5491568928		0.6406330949		0.8544855371		6		-6.9729029664		0.0035478141		0.0193673926		35.7893906462

		8.3221086398		36.0002921545		16.101688382		0.5796654859		0.7453308171		8.0585129583		37.6914969317		16.6283780511		0.6267484603		0.7697107475		7		-2.4611995569		0.00312404		0.0216034115		32.0850796657

		8.2878616172		35.1478686519		16.1682236249		0.5682786003		0.6681352265		8.0242659357		36.8182894187		16.6993468404		0.6148413851		0.6900833476		8		3.8883738257		0.002670644		0.0241990289		28.6435949441

		extrapolation to time zero

		lead		AIC		C0		t1/2		ΔAUC		ΔAUMC		ΔAUCL		ΔAUMCL		AUC		MRT		CL		Vdss		Vdz		AUCL		MRTL		CLL		VdssL		VdzL

		2		-infinite		0.8604878049		4.8320130459		2.1512195122		0		2.0206939008		1.516824888		10.6473192371		32.5912020057		12.5853275379		0.4101709521		0.945663587		10.2727289615		34.9275867826		13.0442456432		0.4556040217		0.9801467692

		3		-8.847196958		0.5607603534		8.4245877503		1.4019008834		0		1.3849722651		0.544587436

		4		-7.7147448431		0.4298152431		12.280547651		1.0745381078		0		1.0744436339		0.0406608435

		5		-6.1823937779		0.3642814426		15.420489315		0.9107036066		0		0.9074004267		-0.2404577777

		6		-3.4489641818		0.3033955604		19.263080938		0.7584889009		0		0.742715943		-0.5257113738

		7		-0.7356270941		0.2606438549		22.8936791523		0.6516096372		0		0.6200505112		-0.7441344557

		8		3.8883738257		0.2081262404		28.6435949441		0.5203156011		0		0.4588361696		-1.040090423

		MOMENT parameters by PKUT Ver17

		po

		p.o.

		Dose		0.26		mg/kg

												MAT		128.1157718408		min

		Time		Conc								Ka		0.0078054402		min^-1

		min		μg/mL

		20		0.005

		40		0.02

		60		0.023

		90		0.018

		120		0.0135

		180		0.009

		AUC		MRT		CL		Vdss		Vdz		AUCL		MRTL		CLL		VdssL		VdzL		extra		AIC		Cz		ke		t1/2		BA		Cmax		Tmax

		μg･min/mL		min		mL/min/kg		L/kg		L/kg		μg･min/mL		min		mL/min/kg		L/kg		L/kg						μg/mL		1/min		min		%		μg/mL		min

		2.4925		89.3079237713		104.3129388164		9.3159719882				2.4771090002		90.74929093		104.9610654929		9.5251422687																0.023		60

		3.8243038697		172.4242290135		67.986229353		11.7224731797		10.0604803708		3.8089128699		173.6974706881		68.2609471216		11.8567538618		10.1011326139		2		-infinite		0.009		0.0067577518		102.5706774811

		3.6675601735		160.7069738465		70.8918157312		11.3928091766		9.3688037386		3.6521691736		161.9854815243		71.1905685742		11.5318385305		9.4082858244		3		-18.5524775062		0.0088914393		0.0075667948		91.6038026339

		3.6156919587		157.0563477457		71.9087806624		11.2937304617		9.1610612087		3.6003009589		158.3376682786		72.2161849721		11.4345423405		9.2002240156		4		-23.540359853		0.0088163764		0.0078493942		88.3058186946

		3.9230837771		178.4288885456		66.2743940159		11.8252664633		10.1866371076		3.9076927773		179.6935950097		66.5354250757		11.9559897273		10.2267586163		5		-15.6625924437		0.0093073967		0.0065060131		106.5394696602

		64.9196540231		4853.0621704737		4.0049504871		19.4362737034		19.4771250173		64.9042630233		4854.2468286267		4.0059001965		19.4456283247		19.4817437035		6		3.0612360431		0.0128364767		0.0002056233		3370.956603518





報告値

		



iv

po

time(min)

concentration(nmol/mL)



simulation

		



iv

po

time(min)

concentration(μg/mL)



Sheet3

		Values at t =		0.0 minutes						PSinf		45.5				PSinf		45.5				PSinf		55.9				PSinf		55.9

										PSeffh		2.23				PSeffh		2.23				PSeffh		9.57				PSeffh		9.57

		CLbile		9.35						po 0.5823umol/kg						i.v. 0.3umol/kg						po 0.5823umol/kg						i.v. 0.3umol/kg

		CLmet		0						t		s1				t		s1				t		s1				t		s1

		CLrenal		11.3						0		0				0		1.364				0		0				0		1.363

		Cp		-						0.36		0				0.36		1.298				0.36		0				0.36		1.287

		Fa		0.47						0.72		0				0.72		1.252				0.72		0				0.72		1.225

		Kpbr		0.033						1.08		0				1.08		1.21				1.08		0				1.08		1.171

		Kplu		0.67						1.44		0				1.44		1.171				1.44		0				1.44		1.121

		Kpmu		0.2						1.8		0				1.8		1.134				1.8		0				1.8		1.075

		Kpr		0.1						2.16		0				2.16		1.098				2.16		0				2.16		1.033

		PSeffh		2.23		9.57				2.52		0				2.52		1.064				2.52		0				2.52		0.994

		PSinf		45.5		55.9				2.88		0				2.88		1.032				2.88		0				2.88		0.959

		Qbr		10						3.24		0				3.24		1.001				3.24		0				3.24		0.926

		Qh		20.7						3.6		0				3.6		0.971				3.6		0				3.6		0.896

		Qmu		10.7						3.96		0				3.96		0.943				3.96		0				3.96		0.868

		Qr		15.7						4.32		0				4.32		0.916				4.32		0				4.32		0.842

		Qtot		74.9						4.66		0				4.66		0.891				4.68		0				4.68		0.817

		Rb		0.56						5		0				5		0.868				5.04		0				5.04		0.794

		Va		393						5.36		0				5.36		0.844				5.4		0				5.4		0.773

		Vbr		20.7						5.72		0				5.72		0.821				5.76		0				5.76		0.753

		Vh		17.4						6.08		0				6.08		0.799				6.12		0				6.12		0.734

		Vhe		6.7						6.44		0				6.44		0.778				6.48		0				6.48		0.716

		Vlu		16.7						6.8		0				6.8		0.758				6.84		0				6.84		0.699

		Vmu		429						7.16		0				7.16		0.738				7.2		0				7.2		0.683

		Vr		4.43						7.52		0				7.52		0.72				7.56		0				7.56		0.668

		ex1.bolus		300.1						7.88		0				7.88		0.701				7.92		0				7.92		0.653

		ex1.infusion		0						8.24		0				8.24		0.684				8.28		0				8.28		0.639

		ex3.bolus		0						8.6		0				8.6		0.667				8.64		0				8.64		0.626

		ex3.infusion		0						8.96		0				8.96		0.651				9		0				9		0.613

		fB		0.839						9.32		0				9.32		0.636				9.36		0				9.36		0.601

		fTh		0.51						9.66		0				9.66		0.622				9.72		0				9.72		0.589

		flux(0,7)		0						10		0				10		0.608				10.08		0				10.08		0.578

		flux(0,15)		0						10.36		0				10.36		0.594				10.44		0				10.44		0.567

		flux(0,16)		0						10.72		0				10.72		0.58				10.8		0				10.8		0.556

		flux(0,17)		0						11.08		0				11.08		0.567				11.16		0				11.16		0.546

		flux(0,19)		0						11.44		0				11.44		0.555				11.52		0				11.52		0.536

		flux(1,3)		0						11.8		0				11.8		0.542				11.88		0				11.88		0.527

		flux(2,1)		11.988728						12.16		0				12.16		0.53				12.24		0				12.24		0.518

		flux(3,2)		0						12.52		0				12.52		0.519				12.6		0				12.6		0.509

		flux(3,4)		0						12.88		0				12.88		0.508				12.96		0				12.96		0.5

		flux(3,5)		0						13.24		0				13.24		0.497				13.32		0				13.32		0.492

		flux(3,18)		0						13.6		0				13.6		0.486				13.68		0				13.68		0.483

		flux(4,1)		7.636132						13.96		0				13.96		0.476				14.04		0				14.04		0.475

		flux(5,1)		8.170662						14.32		0				14.32		0.466				14.4		0				14.4		0.467

		flux(6,1)		15.806794						14.68		0				14.68		0.457				14.76		0				14.76		0.46

		flux(6,7)		0						15.04		0				15.04		0.448				15.12		0				15.12		0.452

		flux(6,8)		0						15.4		0				15.4		0.439				15.48		0				15.48		0.445

		flux(7,6)		0						15.76		0				15.76		0.43				15.84		0				15.84		0.438

		flux(8,7)		0						16.12		0				16.12		0.421				16.2		0				16.2		0.431

		flux(8,15)		0						16.48		0				16.48		0.413				16.56		0				16.56		0.424

		flux(8,16)		0.00E+00						16.74		0				16.74		0.407				16.78		0				16.78		0.42

		flux(8,17)		0.00E+00						17		0				17		0.401				17		0				17		0.416

		flux(8,19)		0.00E+00						17		0				17		0.401				17		0				17		0.416

		flux(9,8)		0.00E+00						17.36		2.58E-04				17.36		0.393				17.36		2.15E-04				17.36		0.41

		flux(11,6)		0.00E+00						17.72		1.57E-03				17.72		0.386				17.72		1.27E-03				17.72		0.404

		flux(11,15)		0.00E+00						18.08		3.16E-03				18.08		0.379				18.08		2.62E-03				18.08		0.397

		flux(12,1)		8.63E+00						18.44		4.76E-03				18.44		0.371				18.44		4.07E-03				18.44		0.391

		flux(13,11)		0.00E+00						18.8		6.34E-03				18.8		0.364				18.8		5.59E-03				18.8		0.386

		flux(13,16)		0.00E+00						19.16		7.89E-03				19.16		0.357				19.16		7.16E-03				19.16		0.38

		flux(14,13)		0.00E+00						19.52		9.41E-03				19.52		0.351				19.52		8.76E-03				19.52		0.374

		flux(14,17)		0.00E+00						19.76		1.04E-02				19.76		0.346				19.76		9.85E-03				19.76		0.37

		flux(15,11)		0.00E+00						20		1.14E-02				20		0.342				20		1.09E-02				20		0.367

		flux(16,13)		0.00E+00						20.36		1.29E-02				20.36		0.336				20.36		1.26E-02				20.36		0.361

		flux(17,14)		0.00E+00						20.72		1.43E-02				20.72		0.33				20.72		1.42E-02				20.72		0.356

		flux(18,14)		0.00E+00						21.08		1.57E-02				21.08		0.324				21.08		1.59E-02				21.08		0.351

		flux(18,19)		0.00E+00						21.44		1.70E-02				21.44		0.318				21.44		1.75E-02				21.44		0.346

		flux(19,18)		0.00E+00						21.8		1.83E-02				21.8		0.312				21.8		1.91E-02				21.8		0.341

		k(0,7)		0.00E+00						22.16		1.96E-02				22.16		0.307				22.16		2.07E-02				22.16		0.336

		k(0,15)		0.00E+00						22.52		2.09E-02				22.52		0.301				22.52		2.23E-02				22.52		0.331

		k(0,16)		0.00E+00						22.88		2.21E-02				22.88		0.296				22.88		2.39E-02				22.88		0.326

		k(0,17)		0.00E+00						23.24		2.33E-02				23.24		0.291				23.24		2.54E-02				23.24		0.322

		k(0,19)		0.00E+00						23.6		2.45E-02				23.6		0.285				23.6		2.69E-02				23.6		0.317

		k(1,3)		6.69E+00						23.96		2.56E-02				23.96		0.28				23.96		2.84E-02				23.96		0.312

		k(2,1)		3.99E-02						24.32		2.67E-02				24.32		0.276				24.32		2.98E-02				24.32		0.308

		k(3,2)		3.54E+01						24.68		2.78E-02				24.68		0.271				24.68		3.13E-02				24.68		0.304

		k(3,4)		1.46E+01						25.04		2.88E-02				25.04		0.266				25.04		3.26E-02				25.04		0.299

		k(3,5)		1.25E-01						25.4		2.99E-02				25.4		0.261				25.4		3.40E-02				25.4		0.295

		k(3,18)		1.54E+01						25.76		3.08E-02				25.76		0.257				25.76		3.53E-02				25.76		0.291

		k(4,1)		2.54E-02						26.12		3.18E-02				26.12		0.253				26.12		3.66E-02				26.12		0.287

		k(5,1)		2.72E-02						26.48		3.27E-02				26.48		0.248				26.48		3.79E-02				26.48		0.283

		k(6,1)		5.27E-02						26.84		3.36E-02				26.84		0.244				26.84		3.91E-02				26.84		0.279

		k(6,7)		6.54E-02						27.2		3.45E-02				27.2		0.24				27.2		4.03E-02				27.2		0.275

		k(6,8)		8.50E-03						27.56		3.54E-02				27.56		0.236				27.56		4.15E-02				27.56		0.272

		k(7,6)		6.67E+00						27.92		3.62E-02				27.92		0.232				27.92		4.26E-02				27.92		0.268

		k(8,7)		2.74E-01						28.28		3.70E-02				28.28		0.228				28.28		4.37E-02				28.28		0.264

		k(8,15)		2.74E-01						28.64		3.78E-02				28.64		0.224				28.64		4.48E-02				28.64		0.261

		k(8,16)		2.74E-01						29		3.85E-02				29		0.221				29		4.59E-02				29		0.257

		k(8,17)		2.74E-01						29.36		3.93E-02				29.36		0.217				29.36		4.69E-02				29.36		0.254

		k(8,19)		2.74E-01						29.72		4.00E-02				29.72		0.213				29.72		4.79E-02				29.72		0.25

		k(9,8)		9.59E-03						30.08		4.07E-02				30.08		0.21				30.08		4.89E-02				30.08		0.247

		k(11,6)		1.54E+01						30.44		4.13E-02				30.44		0.206				30.44		4.98E-02				30.44		0.243

		k(11,15)		6.54E-02						30.8		4.20E-02				30.8		0.203				30.8		5.07E-02				30.8		0.24

		k(12,1)		2.88E-02						31.16		4.26E-02				31.16		0.2				31.16		5.16E-02				31.16		0.237

		k(13,11)		1.54E+01						31.52		4.32E-02				31.52		0.196				31.52		5.25E-02				31.52		0.234

		k(13,16)		6.54E-02						31.88		4.38E-02				31.88		0.193				31.88		5.34E-02				31.88		0.231

		k(14,13)		1.54E+01						32.24		4.44E-02				32.24		0.19				32.24		5.42E-02				32.24		0.228

		k(14,17)		6.54E-02						32.6		4.49E-02				32.6		0.187				32.6		5.50E-02				32.6		0.225

		k(15,11)		6.67E+00						32.96		4.55E-02				32.96		0.184				32.96		5.58E-02				32.96		0.222

		k(16,13)		6.67E+00						33.32		4.60E-02				33.32		0.181				33.32		5.66E-02				33.32		0.219

		k(17,14)		6.67E+00						33.68		4.65E-02				33.68		0.178				33.68		5.73E-02				33.68		0.216

		k(18,14)		1.54E+01						34.04		4.70E-02				34.04		0.175				34.04		5.81E-02				34.04		0.213

		k(18,19)		6.54E-02						34.4		4.75E-02				34.4		0.173				34.4		5.88E-02				34.4		0.21

		k(19,18)		6.67E+00						34.76		4.79E-02				34.76		0.17				34.76		5.95E-02				34.76		0.208

		ka		8.50E-03						35.12		4.84E-02				35.12		0.167				35.12		6.01E-02				35.12		0.205

		q1		3.00E+02						35.48		4.88E-02				35.48		0.165				35.48		6.08E-02				35.48		0.202

		q2		0.00E+00						35.84		4.92E-02				35.84		0.162				35.84		6.14E-02				35.84		0.2

		q3		0.00E+00						36.2		4.96E-02				36.2		0.16				36.2		6.20E-02				36.2		0.197

		q4		0.00E+00						36.56		5.00E-02				36.56		0.157				36.56		6.27E-02				36.56		0.194

		q5		0.00E+00						36.92		5.04E-02				36.92		0.155				36.92		6.32E-02				36.92		0.192

		q6		0.00E+00						37.28		5.07E-02				37.28		0.152				37.28		6.38E-02				37.28		0.189

		q7		0.00E+00						37.64		5.11E-02				37.64		0.15				37.64		6.44E-02				37.64		0.187

		q8		0.00E+00						38		5.14E-02				38		0.148				38		6.49E-02				38		0.185

		q9		0.00E+00						38.36		5.18E-02				38.36		0.145				38.36		6.54E-02				38.36		0.182

		q11		0.00E+00						38.72		5.21E-02				38.72		0.143				38.72		6.59E-02				38.72		0.18

		q12		0.00E+00						39.08		5.24E-02				39.08		0.141				39.08		6.64E-02				39.08		0.178

		q13		0.00E+00						39.44		5.27E-02				39.44		0.139				39.44		6.69E-02				39.44		0.175

		q14		0.00E+00						39.72		5.29E-02				39.72		0.137				39.72		6.73E-02				39.72		0.174

		q15		0.00E+00						40		5.31E-02				40		0.135				40		6.76E-02				40		0.172

		q16		0.00E+00						40.36		5.34E-02				40.36		0.133				40.36		6.81E-02				40.36		0.17

		q17		0.00E+00						40.72		5.36E-02				40.72		0.131				40.72		6.85E-02				40.72		0.168

		q18		0.00E+00						41.08		5.39E-02				41.08		0.129				41.08		6.89E-02				41.08		0.166

		q19		0.00E+00						41.44		5.41E-02				41.44		0.127				41.44		6.94E-02				41.44		0.164

		s1		1.36E+00						41.8		5.43E-02				41.8		0.126				41.8		6.97E-02				41.8		0.162

		s1_res		-						42.16		5.46E-02				42.16		0.124				42.16		7.01E-02				42.16		0.159

		s1_wres		-						42.52		5.48E-02				42.52		0.122				42.52		7.05E-02				42.52		0.158

		s2		0.00E+00						42.88		5.50E-02				42.88		0.12				42.88		7.09E-02				42.88		0.156

		s3		0.00E+00						43.24		5.52E-02				43.24		0.118				43.24		7.12E-02				43.24		0.154

		s4		0.00E+00						43.6		5.54E-02				43.6		0.116				43.6		7.16E-02				43.6		0.152

		t		0.00E+00						43.96		5.55E-02				43.96		0.115				43.96		7.19E-02				43.96		0.15

										44.32		5.57E-02				44.32		0.113				44.32		7.22E-02				44.32		0.148

										44.68		5.59E-02				44.68		0.111				44.68		7.25E-02				44.68		0.146

										45.04		5.60E-02				45.04		0.11				45.04		7.28E-02				45.04		0.144

										45.4		5.62E-02				45.4		0.108				45.4		7.31E-02				45.4		0.143

										45.76		5.63E-02				45.76		0.107				45.76		7.34E-02				45.76		0.141

										46.12		5.65E-02				46.12		0.105				46.12		7.36E-02				46.12		0.139

										46.48		5.66E-02				46.48		1.04E-01				46.48		7.39E-02				46.48		0.138

										46.84		5.67E-02				46.84		1.02E-01				46.84		7.41E-02				46.84		0.136

										47.2		5.68E-02				47.2		1.01E-01				47.2		7.44E-02				47.2		0.134

										47.56		5.69E-02				47.56		9.91E-02				47.56		7.46E-02				47.56		0.133

										47.92		5.70E-02				47.92		9.77E-02				47.92		7.48E-02				47.92		0.131

										48.28		5.71E-02				48.28		9.63E-02				48.28		7.51E-02				48.28		0.129

										48.64		5.72E-02				48.64		9.49E-02				48.64		7.53E-02				48.64		0.128

										49		5.73E-02				49		9.36E-02				49		7.55E-02				49		0.126

										49.36		5.74E-02				49.36		9.23E-02				49.36		7.56E-02				49.36		0.125

										49.72		5.75E-02				49.72		9.10E-02				49.72		7.58E-02				49.72		0.123

										50.08		5.75E-02				50.08		8.97E-02				50.08		7.60E-02				50.08		0.122

										50.44		5.76E-02				50.44		8.84E-02				50.44		7.62E-02				50.44		0.121

										50.8		5.76E-02				50.8		8.72E-02				50.8		7.63E-02				50.8		1.19E-01

										51.16		5.77E-02				51.16		8.60E-02				51.16		7.65E-02				51.16		1.18E-01

										51.52		5.77E-02				51.52		8.48E-02				51.52		7.66E-02				51.52		1.16E-01

										51.88		5.78E-02				51.88		8.36E-02				51.88		7.67E-02				51.88		1.15E-01

										52.24		5.78E-02				52.24		8.24E-02				52.24		7.69E-02				52.24		1.14E-01

										52.6		5.79E-02				52.6		8.13E-02				52.6		7.70E-02				52.6		1.12E-01

										52.96		5.79E-02				52.96		8.02E-02				52.96		7.71E-02				52.96		1.11E-01

										53.32		5.79E-02				53.32		7.91E-02				53.32		7.72E-02				53.32		1.10E-01

										53.68		5.79E-02				53.68		7.80E-02				53.68		7.73E-02				53.68		1.08E-01

										54.04		5.79E-02				54.04		7.70E-02				54.04		7.74E-02				54.04		1.07E-01

										54.4		5.80E-02				54.4		7.59E-02				54.4		7.75E-02				54.4		1.06E-01

										54.76		5.80E-02				54.76		7.49E-02				54.76		7.76E-02				54.76		1.05E-01

										55.12		5.80E-02				55.12		7.39E-02				55.12		7.77E-02				55.12		1.04E-01

										55.48		5.80E-02				55.48		7.29E-02				55.48		7.77E-02				55.48		1.02E-01

										55.84		5.80E-02				55.84		7.19E-02				55.84		7.78E-02				55.84		1.01E-01

										56.2		5.80E-02				56.2		7.10E-02				56.2		7.79E-02				56.2		1.00E-01

										56.56		5.79E-02				56.56		7.00E-02				56.56		7.79E-02				56.56		9.90E-02

										56.92		5.79E-02				56.92		6.91E-02				56.92		7.80E-02				56.92		9.79E-02

										57.28		5.79E-02				57.28		6.82E-02				57.28		7.80E-02				57.28		9.68E-02

										57.64		5.79E-02				57.64		6.73E-02				57.64		7.81E-02				57.64		9.57E-02

										58		5.79E-02				58		6.64E-02				58		7.81E-02				58		9.46E-02

										58.36		5.78E-02				58.36		6.56E-02				58.36		7.81E-02				58.36		9.36E-02

										58.72		5.78E-02				58.72		6.47E-02				58.72		7.81E-02				58.72		9.25E-02

										59.08		5.78E-02				59.08		6.39E-02				59.08		7.82E-02				59.08		9.15E-02

										59.44		5.77E-02				59.44		6.30E-02				59.44		7.82E-02				59.44		9.05E-02

										59.72		5.77E-02				59.72		6.24E-02				59.72		7.82E-02				59.72		8.97E-02

										60		5.77E-02				60		6.18E-02				60		7.82E-02				60		8.89E-02

										60.36		5.76E-02				60.36		6.10E-02				60.36		7.82E-02				60.36		8.80E-02

										60.72		5.76E-02				60.72		6.02E-02				60.72		7.82E-02				60.72		8.70E-02

										61.08		5.75E-02				61.08		5.95E-02				61.08		7.82E-02				61.08		8.61E-02

										61.44		5.75E-02				61.44		5.87E-02				61.44		7.82E-02				61.44		8.51E-02

										61.8		5.74E-02				61.8		5.80E-02				61.8		7.82E-02				61.8		8.42E-02

										62.16		5.74E-02				62.16		5.72E-02				62.16		7.81E-02				62.16		8.33E-02

										62.52		5.73E-02				62.52		5.65E-02				62.52		7.81E-02				62.52		8.24E-02

										62.88		5.72E-02				62.88		5.58E-02				62.88		7.81E-02				62.88		8.15E-02

										63.24		5.72E-02				63.24		5.51E-02				63.24		7.81E-02				63.24		8.06E-02

										63.6		5.71E-02				63.6		5.45E-02				63.6		7.80E-02				63.6		7.98E-02

										63.96		5.70E-02				63.96		5.38E-02				63.96		7.80E-02				63.96		7.89E-02

										64.32		5.70E-02				64.32		5.31E-02				64.32		7.79E-02				64.32		7.81E-02

										64.68		5.69E-02				64.68		5.25E-02				64.68		7.79E-02				64.68		7.73E-02

										65.04		5.68E-02				65.04		5.18E-02				65.04		7.79E-02				65.04		7.64E-02

										65.4		5.67E-02				65.4		5.12E-02				65.4		7.78E-02				65.4		7.56E-02

										65.76		5.67E-02				65.76		5.06E-02				65.76		7.77E-02				65.76		7.48E-02

										66.12		5.66E-02				66.12		5.00E-02				66.12		7.77E-02				66.12		7.41E-02

										66.48		5.65E-02				66.48		4.94E-02				66.48		7.76E-02				66.48		7.33E-02

										66.84		5.64E-02				66.84		4.88E-02				66.84		7.76E-02				66.84		7.25E-02

										67.2		5.63E-02				67.2		4.82E-02				67.2		7.75E-02				67.2		7.18E-02

										67.56		5.62E-02				67.56		4.77E-02				67.56		7.74E-02				67.56		7.10E-02

										67.92		5.62E-02				67.92		4.71E-02				67.92		7.73E-02				67.92		7.03E-02

										68.28		5.61E-02				68.28		4.66E-02				68.28		7.73E-02				68.28		6.96E-02

										68.64		5.60E-02				68.64		4.60E-02				68.64		7.72E-02				68.64		6.89E-02

										69		5.59E-02				69		4.55E-02				69		7.71E-02				69		6.82E-02

										69.36		5.58E-02				69.36		4.50E-02				69.36		7.70E-02				69.36		6.75E-02

										69.72		5.57E-02				69.72		4.44E-02				69.72		7.69E-02				69.72		6.68E-02

										70.08		5.56E-02				70.08		4.39E-02				70.08		7.68E-02				70.08		6.61E-02

										70.44		5.55E-02				70.44		4.34E-02				70.44		7.67E-02				70.44		6.55E-02

										70.8		5.54E-02				70.8		4.29E-02				70.8		7.66E-02				70.8		6.48E-02

										71.16		5.53E-02				71.16		4.25E-02				71.16		7.66E-02				71.16		6.42E-02

										71.52		5.52E-02				71.52		4.20E-02				71.52		7.64E-02				71.52		6.35E-02

										71.88		5.51E-02				71.88		4.15E-02				71.88		7.63E-02				71.88		6.29E-02

										72.24		5.49E-02				72.24		4.10E-02				72.24		7.62E-02				72.24		6.23E-02

										72.6		5.48E-02				72.6		4.06E-02				72.6		7.61E-02				72.6		6.17E-02

										72.96		5.47E-02				72.96		4.01E-02				72.96		7.60E-02				72.96		6.10E-02

										73.32		5.46E-02				73.32		3.97E-02				73.32		7.59E-02				73.32		6.05E-02

										73.68		5.45E-02				73.68		3.93E-02				73.68		7.58E-02				73.68		5.99E-02

										74.04		5.44E-02				74.04		3.88E-02				74.04		7.57E-02				74.04		5.93E-02

										74.4		5.43E-02				74.4		3.84E-02				74.4		7.56E-02				74.4		5.87E-02

										74.76		5.42E-02				74.76		3.80E-02				74.76		7.54E-02				74.76		5.81E-02

										75.12		5.40E-02				75.12		3.76E-02				75.12		7.53E-02				75.12		5.76E-02

										75.48		5.39E-02				75.48		3.72E-02				75.48		7.52E-02				75.48		5.70E-02

										75.84		5.38E-02				75.84		3.68E-02				75.84		7.51E-02				75.84		5.65E-02

										76.2		5.37E-02				76.2		3.64E-02				76.2		7.49E-02				76.2		5.59E-02

										76.56		5.36E-02				76.56		3.60E-02				76.56		7.48E-02				76.56		5.54E-02

										76.92		5.34E-02				76.92		3.57E-02				76.92		7.47E-02				76.92		5.49E-02

										77.28		5.33E-02				77.28		3.53E-02				77.28		7.45E-02				77.28		5.44E-02

										77.64		5.32E-02				77.64		3.49E-02				77.64		7.44E-02				77.64		5.39E-02

										78		5.31E-02				78		3.46E-02				78		7.43E-02				78		5.34E-02

										78.36		5.30E-02				78.36		3.42E-02				78.36		7.41E-02				78.36		5.29E-02

										78.72		5.28E-02				78.72		3.39E-02				78.72		7.40E-02				78.72		5.24E-02

										79.08		5.27E-02				79.08		3.35E-02				79.08		7.39E-02				79.08		5.19E-02

										79.44		5.26E-02				79.44		3.32E-02				79.44		7.37E-02				79.44		5.14E-02

										79.8		5.24E-02				79.8		3.28E-02				79.8		7.36E-02				79.8		5.09E-02

										80.16		5.23E-02				80.16		3.25E-02				80.16		7.34E-02				80.16		5.05E-02

										80.52		5.22E-02				80.52		3.22E-02				80.52		7.33E-02				80.52		5.00E-02

										80.88		5.21E-02				80.88		3.19E-02				80.88		7.31E-02				80.88		4.95E-02

										81.24		5.19E-02				81.24		3.16E-02				81.24		7.30E-02				81.24		4.91E-02

										81.6		5.18E-02				81.6		3.12E-02				81.6		7.28E-02				81.6		4.87E-02

										81.96		5.17E-02				81.96		3.09E-02				81.96		7.27E-02				81.96		4.82E-02

										82.32		5.15E-02				82.32		3.06E-02				82.32		7.25E-02				82.32		4.78E-02

										82.68		5.14E-02				82.68		3.03E-02				82.68		7.24E-02				82.68		4.74E-02

										83.04		5.13E-02				83.04		3.00E-02				83.04		7.22E-02				83.04		4.69E-02

										83.4		5.11E-02				83.4		2.98E-02				83.4		7.21E-02				83.4		4.65E-02

										83.76		5.10E-02				83.76		2.95E-02				83.76		7.19E-02				83.76		4.61E-02

										84.12		5.09E-02				84.12		2.92E-02				84.12		7.17E-02				84.12		4.57E-02

										84.48		5.07E-02				84.48		2.89E-02				84.48		7.16E-02				84.48		4.53E-02

										84.84		5.06E-02				84.84		2.87E-02				84.84		7.14E-02				84.84		4.49E-02

										85.2		5.05E-02				85.2		2.84E-02				85.2		7.13E-02				85.2		4.45E-02

										85.56		5.03E-02				85.56		2.81E-02				85.56		7.11E-02				85.56		4.41E-02

										85.92		5.02E-02				85.92		2.79E-02				85.92		7.09E-02				85.92		4.38E-02

										86.28		5.01E-02				86.28		2.76E-02				86.28		7.08E-02				86.28		4.34E-02

										86.64		4.99E-02				86.64		2.74E-02				86.64		7.06E-02				86.64		4.30E-02

										87		4.98E-02				87		2.71E-02				87		7.04E-02				87		4.26E-02

										87.36		4.97E-02				87.36		2.69E-02				87.36		7.03E-02				87.36		4.23E-02

										87.72		4.95E-02				87.72		2.66E-02				87.72		7.01E-02				87.72		4.19E-02

										88.08		4.94E-02				88.08		2.64E-02				88.08		6.99E-02				88.08		4.16E-02

										88.44		4.93E-02				88.44		2.62E-02				88.44		6.98E-02				88.44		4.12E-02

										88.8		4.91E-02				88.8		2.59E-02				88.8		6.96E-02				88.8		4.09E-02

										89.16		4.90E-02				89.16		2.57E-02				89.16		6.94E-02				89.16		4.05E-02

										89.52		4.88E-02				89.52		2.55E-02				89.52		6.93E-02				89.52		4.02E-02

										89.76		4.87E-02				89.76		2.53E-02				89.76		6.91E-02				89.76		4.00E-02

										90		4.87E-02				90		2.52E-02				90		6.90E-02				90		3.97E-02

										90.36		4.85E-02				90.36		2.50E-02				90.36		6.89E-02				90.36		3.94E-02

										90.72		4.84E-02				90.72		2.47E-02				90.72		6.87E-02				90.72		3.91E-02

										91.08		4.82E-02				91.08		2.45E-02				91.08		6.85E-02				91.08		3.88E-02

										91.44		4.81E-02				91.44		2.43E-02				91.44		6.83E-02				91.44		3.85E-02

										91.8		4.80E-02				91.8		2.41E-02				91.8		6.82E-02				91.8		3.82E-02

										92.16		4.78E-02				92.16		2.39E-02				92.16		6.80E-02				92.16		3.78E-02

										92.52		4.77E-02				92.52		2.37E-02				92.52		6.78E-02				92.52		3.75E-02

										92.88		4.75E-02				92.88		2.35E-02				92.88		6.76E-02				92.88		3.72E-02

										93.24		4.74E-02				93.24		2.33E-02				93.24		6.75E-02				93.24		3.69E-02

										93.6		4.73E-02				93.6		2.31E-02				93.6		6.73E-02				93.6		3.66E-02

										93.96		4.71E-02				93.96		2.29E-02				93.96		6.71E-02				93.96		3.64E-02

										94.32		4.70E-02				94.32		2.28E-02				94.32		6.69E-02				94.32		3.61E-02

										94.68		4.69E-02				94.68		2.26E-02				94.68		6.67E-02				94.68		3.58E-02

										95.04		4.67E-02				95.04		2.24E-02				95.04		6.66E-02				95.04		3.55E-02

										95.4		4.66E-02				95.4		2.22E-02				95.4		6.64E-02				95.4		3.52E-02

										95.76		4.64E-02				95.76		2.20E-02				95.76		6.62E-02				95.76		3.50E-02

										96.12		4.63E-02				96.12		2.19E-02				96.12		6.60E-02				96.12		3.47E-02

										96.48		4.62E-02				96.48		2.17E-02				96.48		6.58E-02				96.48		3.44E-02

										96.84		4.60E-02				96.84		2.15E-02				96.84		6.57E-02				96.84		3.42E-02

										97.2		4.59E-02				97.2		2.14E-02				97.2		6.55E-02				97.2		3.39E-02

										97.56		4.57E-02				97.56		2.12E-02				97.56		6.53E-02				97.56		3.36E-02

										97.92		4.56E-02				97.92		2.10E-02				97.92		6.51E-02				97.92		3.34E-02

										98.28		4.55E-02				98.28		2.09E-02				98.28		6.49E-02				98.28		3.31E-02

										98.64		4.53E-02				98.64		2.07E-02				98.64		6.48E-02				98.64		3.29E-02

										99		4.52E-02				99		2.06E-02				99		6.46E-02				99		3.26E-02

										99.36		4.50E-02				99.36		2.04E-02				99.36		6.44E-02				99.36		3.24E-02

										99.72		4.49E-02				99.72		2.02E-02				99.72		6.42E-02				99.72		3.21E-02

										100.08		4.48E-02				100.08		2.01E-02				100.08		6.40E-02				100.08		3.19E-02

										100.44		4.46E-02				100.44		1.99E-02				100.44		6.38E-02				100.44		3.17E-02

										100.8		4.45E-02				100.8		1.98E-02				100.8		6.37E-02				100.8		3.14E-02

										101.16		4.44E-02				101.16		1.97E-02				101.16		6.35E-02				101.16		3.12E-02

										101.52		4.42E-02				101.52		1.95E-02				101.52		6.33E-02				101.52		3.10E-02

										101.88		4.41E-02				101.88		1.94E-02				101.88		6.31E-02				101.88		3.08E-02

										102.24		4.39E-02				102.24		1.92E-02				102.24		6.29E-02				102.24		3.05E-02

										102.6		4.38E-02				102.6		1.91E-02				102.6		6.28E-02				102.6		3.03E-02

										102.96		4.37E-02				102.96		1.90E-02				102.96		6.26E-02				102.96		3.01E-02

										103.32		4.35E-02				103.32		1.88E-02				103.32		6.24E-02				103.32		2.99E-02

										103.68		4.34E-02				103.68		1.87E-02				103.68		6.22E-02				103.68		2.97E-02

										104.04		4.33E-02				104.04		1.86E-02				104.04		6.20E-02				104.04		2.95E-02

										104.4		4.31E-02				104.4		1.84E-02				104.4		6.18E-02				104.4		2.93E-02

										104.76		4.30E-02				104.76		1.83E-02				104.76		6.17E-02				104.76		2.90E-02

										105.12		4.28E-02				105.12		1.82E-02				105.12		6.15E-02				105.12		2.88E-02

										105.48		4.27E-02				105.48		1.81E-02				105.48		6.13E-02				105.48		2.86E-02

										105.84		4.26E-02				105.84		1.79E-02				105.84		6.11E-02				105.84		2.84E-02

										106.2		4.24E-02				106.2		1.78E-02				106.2		6.09E-02				106.2		2.82E-02

										106.56		4.23E-02				106.56		1.77E-02				106.56		6.07E-02				106.56		2.80E-02

										106.92		4.22E-02				106.92		1.76E-02				106.92		6.06E-02				106.92		2.79E-02

										107.28		4.20E-02				107.28		1.75E-02				107.28		6.04E-02				107.28		2.77E-02

										107.64		4.19E-02				107.64		1.73E-02				107.64		6.02E-02				107.64		2.75E-02

										108		4.18E-02				108		1.72E-02				108		6.00E-02				108		2.73E-02

										108.36		4.16E-02				108.36		1.71E-02				108.36		5.98E-02				108.36		2.71E-02

										108.72		4.15E-02				108.72		1.70E-02				108.72		5.96E-02				108.72		2.69E-02

										109.08		4.14E-02				109.08		1.69E-02				109.08		5.95E-02				109.08		2.67E-02

										109.44		4.12E-02				109.44		1.68E-02				109.44		5.93E-02				109.44		2.66E-02

										109.8		4.11E-02				109.8		1.67E-02				109.8		5.91E-02				109.8		2.64E-02

										110.16		4.09E-02				110.16		1.66E-02				110.16		5.89E-02				110.16		2.62E-02

										110.52		4.08E-02				110.52		1.65E-02				110.52		5.87E-02				110.52		2.60E-02

										110.88		4.07E-02				110.88		1.64E-02				110.88		5.85E-02				110.88		2.59E-02

										111.24		4.06E-02				111.24		1.62E-02				111.24		5.84E-02				111.24		2.57E-02

										111.6		4.04E-02				111.6		1.61E-02				111.6		5.82E-02				111.6		2.55E-02

										111.96		4.03E-02				111.96		1.60E-02				111.96		5.80E-02				111.96		2.54E-02

										112.32		4.02E-02				112.32		1.59E-02				112.32		5.78E-02				112.32		2.52E-02

										112.68		4.00E-02				112.68		1.58E-02				112.68		5.76E-02				112.68		2.50E-02

										113.04		3.99E-02				113.04		1.57E-02				113.04		5.75E-02				113.04		2.49E-02

										113.4		3.98E-02				113.4		1.57E-02				113.4		5.73E-02				113.4		2.47E-02

										113.76		3.96E-02				113.76		1.56E-02				113.76		5.71E-02				113.76		2.46E-02

										114.12		3.95E-02				114.12		1.55E-02				114.12		5.69E-02				114.12		2.44E-02

										114.48		3.94E-02				114.48		1.54E-02				114.48		5.67E-02				114.48		2.42E-02

										114.84		3.92E-02				114.84		1.53E-02				114.84		5.66E-02				114.84		2.41E-02

										115.2		3.91E-02				115.2		1.52E-02				115.2		5.64E-02				115.2		2.39E-02

										115.56		3.90E-02				115.56		1.51E-02				115.56		5.62E-02				115.56		2.38E-02

										115.92		3.88E-02				115.92		1.50E-02				115.92		5.60E-02				115.92		2.36E-02

										116.28		3.87E-02				116.28		1.49E-02				116.28		5.58E-02				116.28		2.35E-02

										116.64		3.86E-02				116.64		1.48E-02				116.64		5.57E-02				116.64		2.33E-02

										117		3.85E-02				117		1.47E-02				117		5.55E-02				117		2.32E-02

										117.36		3.83E-02				117.36		1.47E-02				117.36		5.53E-02				117.36		2.31E-02

										117.72		3.82E-02				117.72		1.46E-02				117.72		5.51E-02				117.72		2.29E-02

										118.08		3.81E-02				118.08		1.45E-02				118.08		5.50E-02				118.08		2.28E-02

										118.44		3.79E-02				118.44		1.44E-02				118.44		5.48E-02				118.44		2.26E-02

										118.8		3.78E-02				118.8		1.43E-02				118.8		5.46E-02				118.8		2.25E-02

										119.16		3.77E-02				119.16		1.42E-02				119.16		5.44E-02				119.16		2.24E-02

										119.52		3.76E-02				119.52		1.42E-02				119.52		5.42E-02				119.52		2.22E-02

										119.76		3.75E-02				119.76		1.41E-02				119.76		5.41E-02				119.76		2.21E-02

										120		3.74E-02				120		1.41E-02				120		5.40E-02				120		2.21E-02

										120.36		3.73E-02				120.36		1.40E-02				120.36		5.38E-02				120.36		2.19E-02

										120.72		3.71E-02				120.72		1.39E-02				120.72		5.37E-02				120.72		2.18E-02

										121.08		3.70E-02				121.08		1.38E-02				121.08		5.35E-02				121.08		2.17E-02

										121.44		3.69E-02				121.44		1.37E-02				121.44		5.33E-02				121.44		2.15E-02

										121.8		3.68E-02				121.8		1.37E-02				121.8		5.31E-02				121.8		2.14E-02

										122.16		3.66E-02				122.16		1.36E-02				122.16		5.30E-02				122.16		2.13E-02

										122.52		3.65E-02				122.52		1.35E-02				122.52		5.28E-02				122.52		2.12E-02

										122.88		3.64E-02				122.88		1.34E-02				122.88		5.26E-02				122.88		2.10E-02

										123.24		3.63E-02				123.24		1.34E-02				123.24		5.24E-02				123.24		2.09E-02

										123.6		3.62E-02				123.6		1.33E-02				123.6		5.23E-02				123.6		2.08E-02

										123.96		3.60E-02				123.96		1.32E-02				123.96		5.21E-02				123.96		2.07E-02

										124.32		3.59E-02				124.32		1.32E-02				124.32		5.19E-02				124.32		2.05E-02

										124.68		3.58E-02				124.68		1.31E-02				124.68		5.18E-02				124.68		2.04E-02

										125.04		3.57E-02				125.04		1.30E-02				125.04		5.16E-02				125.04		2.03E-02

										125.4		3.55E-02				125.4		1.29E-02				125.4		5.14E-02				125.4		2.02E-02

										125.76		3.54E-02				125.76		1.29E-02				125.76		5.12E-02				125.76		2.01E-02

										126.12		3.53E-02				126.12		1.28E-02				126.12		5.11E-02				126.12		2.00E-02

										126.48		3.52E-02				126.48		1.27E-02				126.48		5.09E-02				126.48		1.99E-02

										126.84		3.51E-02				126.84		1.27E-02				126.84		5.07E-02				126.84		1.97E-02

										127.2		3.49E-02				127.2		1.26E-02				127.2		5.06E-02				127.2		1.96E-02

										127.56		3.48E-02				127.56		1.26E-02				127.56		5.04E-02				127.56		1.95E-02

										127.92		3.47E-02				127.92		1.25E-02				127.92		5.02E-02				127.92		1.94E-02

										128.28		3.46E-02				128.28		1.24E-02				128.28		5.01E-02				128.28		1.93E-02

										128.64		3.45E-02				128.64		1.24E-02				128.64		4.99E-02				128.64		1.92E-02

										129		3.43E-02				129		1.23E-02				129		4.97E-02				129		1.91E-02

										129.36		3.42E-02				129.36		1.22E-02				129.36		4.96E-02				129.36		1.90E-02

										129.72		3.41E-02				129.72		1.22E-02				129.72		4.94E-02				129.72		1.89E-02

										130.08		3.40E-02				130.08		1.21E-02				130.08		4.92E-02				130.08		1.88E-02

										130.44		3.39E-02				130.44		1.21E-02				130.44		4.91E-02				130.44		1.87E-02

										130.8		3.38E-02				130.8		1.20E-02				130.8		4.89E-02				130.8		1.86E-02

										131.16		3.36E-02				131.16		1.19E-02				131.16		4.87E-02				131.16		1.85E-02

										131.52		3.35E-02				131.52		1.19E-02				131.52		4.86E-02				131.52		1.84E-02

										131.88		3.34E-02				131.88		1.18E-02				131.88		4.84E-02				131.88		1.83E-02

										132.24		3.33E-02				132.24		1.18E-02				132.24		4.82E-02				132.24		1.82E-02

										132.6		3.32E-02				132.6		1.17E-02				132.6		4.81E-02				132.6		1.81E-02

										132.96		3.31E-02				132.96		1.16E-02				132.96		4.79E-02				132.96		1.80E-02

										133.32		3.30E-02				133.32		1.16E-02				133.32		4.77E-02				133.32		1.79E-02

										133.68		3.28E-02				133.68		1.15E-02				133.68		4.76E-02				133.68		1.78E-02

										134.04		3.27E-02				134.04		1.15E-02				134.04		4.74E-02				134.04		1.77E-02

										134.4		3.26E-02				134.4		1.14E-02				134.4		4.73E-02				134.4		1.76E-02

										134.76		3.25E-02				134.76		1.14E-02				134.76		4.71E-02				134.76		1.75E-02

										135.12		3.24E-02				135.12		1.13E-02				135.12		4.69E-02				135.12		1.74E-02

										135.48		3.23E-02				135.48		1.13E-02				135.48		4.68E-02				135.48		1.73E-02

										135.84		3.22E-02				135.84		1.12E-02				135.84		4.66E-02				135.84		1.73E-02

										136.2		3.21E-02				136.2		1.11E-02				136.2		4.65E-02				136.2		1.72E-02

										136.56		3.19E-02				136.56		1.11E-02				136.56		4.63E-02				136.56		1.71E-02

										136.92		3.18E-02				136.92		1.10E-02				136.92		4.61E-02				136.92		1.70E-02

										137.28		3.17E-02				137.28		1.10E-02				137.28		4.60E-02				137.28		1.69E-02

										137.64		3.16E-02				137.64		1.09E-02				137.64		4.58E-02				137.64		1.68E-02

										138		3.15E-02				138		1.09E-02				138		4.57E-02				138		1.67E-02

										138.36		3.14E-02				138.36		1.08E-02				138.36		4.55E-02				138.36		1.66E-02

										138.72		3.13E-02				138.72		1.08E-02				138.72		4.53E-02				138.72		1.66E-02

										139.08		3.12E-02				139.08		1.07E-02				139.08		4.52E-02				139.08		1.65E-02

										139.44		3.11E-02				139.44		1.07E-02				139.44		4.50E-02				139.44		1.64E-02

										139.8		3.10E-02				139.8		1.06E-02				139.8		4.49E-02				139.8		1.63E-02

										140.16		3.08E-02				140.16		1.06E-02				140.16		4.47E-02				140.16		1.62E-02

										140.52		3.07E-02				140.52		1.05E-02				140.52		4.46E-02				140.52		1.61E-02

										140.88		3.06E-02				140.88		1.05E-02				140.88		4.44E-02				140.88		1.61E-02

										141.24		3.05E-02				141.24		1.04E-02				141.24		4.43E-02				141.24		1.60E-02

										141.6		3.04E-02				141.6		1.04E-02				141.6		4.41E-02				141.6		1.59E-02

										141.96		3.03E-02				141.96		1.04E-02				141.96		4.40E-02				141.96		1.58E-02

										142.32		3.02E-02				142.32		1.03E-02				142.32		4.38E-02				142.32		1.57E-02

										142.68		3.01E-02				142.68		1.03E-02				142.68		4.37E-02				142.68		1.57E-02

										143.04		3.00E-02				143.04		1.02E-02				143.04		4.35E-02				143.04		1.56E-02

										143.4		2.99E-02				143.4		1.02E-02				143.4		4.33E-02				143.4		1.55E-02

										143.76		2.98E-02				143.76		1.01E-02				143.76		4.32E-02				143.76		1.54E-02

										144.12		2.97E-02				144.12		1.01E-02				144.12		4.30E-02				144.12		1.54E-02

										144.48		2.96E-02				144.48		1.00E-02				144.48		4.29E-02				144.48		1.53E-02

										144.84		2.95E-02				144.84		9.99E-03				144.84		4.27E-02				144.84		1.52E-02

										145.2		2.94E-02				145.2		9.95E-03				145.2		4.26E-02				145.2		1.51E-02

										145.56		2.93E-02				145.56		9.90E-03				145.56		4.24E-02				145.56		1.51E-02

										145.92		2.92E-02				145.92		9.86E-03				145.92		4.23E-02				145.92		1.50E-02

										146.28		2.91E-02				146.28		9.82E-03				146.28		4.22E-02				146.28		1.49E-02

										146.64		2.90E-02				146.64		9.77E-03				146.64		4.20E-02				146.64		1.49E-02

										147		2.89E-02				147		9.73E-03				147		4.19E-02				147		1.48E-02

										147.36		2.88E-02				147.36		9.69E-03				147.36		4.17E-02				147.36		1.47E-02

										147.72		2.87E-02				147.72		9.65E-03				147.72		4.16E-02				147.72		1.46E-02

										148.08		2.86E-02				148.08		9.61E-03				148.08		4.14E-02				148.08		1.46E-02

										148.44		2.85E-02				148.44		9.56E-03				148.44		4.13E-02				148.44		1.45E-02

										148.8		2.84E-02				148.8		9.52E-03				148.8		4.11E-02				148.8		1.44E-02

										149.16		2.83E-02				149.16		9.48E-03				149.16		4.10E-02				149.16		1.44E-02

										149.52		2.82E-02				149.52		9.44E-03				149.52		4.08E-02				149.52		1.43E-02

										149.88		2.81E-02				149.88		9.40E-03				149.88		4.07E-02				149.88		1.42E-02

										150.24		2.80E-02				150.24		9.36E-03				150.24		4.06E-02				150.24		1.42E-02

										150.6		2.79E-02				150.6		9.32E-03				150.6		4.04E-02				150.6		1.41E-02

										150.96		2.78E-02				150.96		9.28E-03				150.96		4.03E-02				150.96		1.40E-02

										151.32		2.77E-02				151.32		9.24E-03				151.32		4.01E-02				151.32		1.40E-02

										151.68		2.76E-02				151.68		9.20E-03				151.68		4.00E-02				151.68		1.39E-02

										152.04		2.75E-02				152.04		9.16E-03				152.04		3.98E-02				152.04		1.38E-02

										152.4		2.74E-02				152.4		9.13E-03				152.4		3.97E-02				152.4		1.38E-02

										152.76		2.73E-02				152.76		9.09E-03				152.76		3.96E-02				152.76		1.37E-02

										153.12		2.72E-02				153.12		9.05E-03				153.12		3.94E-02				153.12		1.36E-02

										153.48		2.71E-02				153.48		9.01E-03				153.48		3.93E-02				153.48		1.36E-02

										153.84		2.70E-02				153.84		8.97E-03				153.84		3.91E-02				153.84		1.35E-02

										154.2		2.69E-02				154.2		8.94E-03				154.2		3.90E-02				154.2		1.35E-02

										154.56		2.68E-02				154.56		8.90E-03				154.56		3.89E-02				154.56		1.34E-02

										154.92		2.67E-02				154.92		8.86E-03				154.92		3.87E-02				154.92		1.33E-02

										155.28		2.66E-02				155.28		8.83E-03				155.28		3.86E-02				155.28		1.33E-02

										155.64		2.65E-02				155.64		8.79E-03				155.64		3.85E-02				155.64		1.32E-02

										156		2.64E-02				156		8.75E-03				156		3.83E-02				156		1.32E-02

										156.36		2.63E-02				156.36		8.72E-03				156.36		3.82E-02				156.36		1.31E-02

										156.72		2.62E-02				156.72		8.68E-03				156.72		3.81E-02				156.72		1.30E-02

										157.08		2.61E-02				157.08		8.65E-03				157.08		3.79E-02				157.08		1.30E-02

										157.44		2.61E-02				157.44		8.61E-03				157.44		3.78E-02				157.44		1.29E-02

										157.8		2.60E-02				157.8		8.58E-03				157.8		3.76E-02				157.8		1.29E-02

										158.16		2.59E-02				158.16		8.54E-03				158.16		3.75E-02				158.16		1.28E-02

										158.52		2.58E-02				158.52		8.51E-03				158.52		3.74E-02				158.52		1.28E-02

										158.88		2.57E-02				158.88		8.47E-03				158.88		3.72E-02				158.88		1.27E-02

										159.24		2.56E-02				159.24		8.44E-03				159.24		3.71E-02				159.24		1.26E-02

										159.6		2.55E-02				159.6		8.40E-03				159.6		3.70E-02				159.6		1.26E-02

										159.96		2.54E-02				159.96		8.37E-03				159.96		3.69E-02				159.96		1.25E-02

										160.32		2.53E-02				160.32		8.33E-03				160.32		3.67E-02				160.32		1.25E-02

										160.68		2.52E-02				160.68		8.30E-03				160.68		3.66E-02				160.68		1.24E-02

										161.04		2.51E-02				161.04		8.27E-03				161.04		3.65E-02				161.04		1.24E-02

										161.4		2.51E-02				161.4		8.23E-03				161.4		3.63E-02				161.4		1.23E-02

										161.76		2.50E-02				161.76		8.20E-03				161.76		3.62E-02				161.76		1.23E-02

										162.12		2.49E-02				162.12		8.17E-03				162.12		3.61E-02				162.12		1.22E-02

										162.48		2.48E-02				162.48		8.13E-03				162.48		3.59E-02				162.48		1.21E-02

										162.84		2.47E-02				162.84		8.10E-03				162.84		3.58E-02				162.84		1.21E-02

										163.2		2.46E-02				163.2		8.07E-03				163.2		3.57E-02				163.2		1.20E-02

										163.56		2.45E-02				163.56		8.04E-03				163.56		3.56E-02				163.56		1.20E-02

										163.92		2.44E-02				163.92		8.01E-03				163.92		3.54E-02				163.92		1.19E-02

										164.28		2.44E-02				164.28		7.97E-03				164.28		3.53E-02				164.28		1.19E-02

										164.64		2.43E-02				164.64		7.94E-03				164.64		3.52E-02				164.64		1.18E-02

										165		2.42E-02				165		7.91E-03				165		3.51E-02				165		1.18E-02

										165.36		2.41E-02				165.36		7.88E-03				165.36		3.49E-02				165.36		1.17E-02

										165.72		2.40E-02				165.72		7.85E-03				165.72		3.48E-02				165.72		1.17E-02

										166.08		2.39E-02				166.08		7.82E-03				166.08		3.47E-02				166.08		1.16E-02

										166.44		2.38E-02				166.44		7.79E-03				166.44		3.46E-02				166.44		1.16E-02

										166.8		2.38E-02				166.8		7.76E-03				166.8		3.44E-02				166.8		1.15E-02

										167.16		2.37E-02				167.16		7.73E-03				167.16		3.43E-02				167.16		1.15E-02

										167.52		2.36E-02				167.52		7.70E-03				167.52		3.42E-02				167.52		1.14E-02

										167.88		2.35E-02				167.88		7.66E-03				167.88		3.41E-02				167.88		1.14E-02

										168.24		2.34E-02				168.24		7.63E-03				168.24		3.39E-02				168.24		1.13E-02

										168.6		2.33E-02				168.6		7.60E-03				168.6		3.38E-02				168.6		1.13E-02
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										180		2.09E-02				180		6.73E-03				180		3.02E-02				180		9.89E-03
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Uptake-limited hepatic elimination of statins 

CLint,all= PSinf × PSeff + CLint
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We need PET studies
to know the drug exposure
change in the liver



Summary :

1)  Sensitivity analysis indicated that the change in hepatic uptake
ability alters the plasma concentration profile sensitively 
(toxicity) and may not affect the profile in the liver, target tissue
(pharamcological effect). GWAS for simvastatin in fact 
demonstrated it was the case.

2) Alteration in the biliary excretion ability (MRP2, BCRP) may 
affect the pharmacological effect（hepatic exposure) much more 
sensitively than that of the uptake, though there is little change
in the plasma exposures.

⇒ We have to confirm it by PET analyses

This prediction has been supported by several studies
published by other groups (simvastatin GWAS study,
rosuvastatin Jupiter trial)

17 (13)
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Brain penetration

Renal excretion

Hepatic uptake/metabolism

Intestinal
absorption

Distribution to 
targeting organ

Drug
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Takashima T et al., J Nucl Med. 2011: 52: 950-7 

Takashima T et al., JPET 2010; 335: 314-323
Takashima T et al., J Nucl Med. 2012; 53: 1-8

Takashima T et al., Mol Pharm. 2011; 8: 1789-98

Takashima-Hirano M et al., Bioorg Med Chem.
2011; 19:2997-3004. Yashio K et al., Bioorg Med Chem Lett.

2012 ;22:115-9.

Drug development with the Use of Microdosing Clinical Trial:  
Based on the Quantitative Prediction Technology of ADME
(NEDO Research Project (2008-2011) collaboration with Y.Watanabe



[11C]DHP PET studies

19

[11C]DPV chemical structure

cf. Pravastatin chemical structure

PET imaging human studies

Metabolsim is minimized

Kaneko K et al., A clinical quantitative evaluation of hepatobiliary transport of 
[11C]Dehydropravastatin in humans using positron emission tomography. 
Drug Metab Dispos. 46(5):719-728 (2018).



[11C]DHP dynamic model fitting

20

[11C]DPV chemical structure Fitted blood radioactivity-time profile of DPV 
using 2-exponential curve ( #2)

Fitted radioactivity-time profile of DPV on 
control phase using dynamic model (#2)

Fitted radioactivity-time profile of DPV on 
+rifampicin phase using dynamic model (#2)

%
D

os
e/

m
L

Time (min)

cf. Pravastatin chemical structure

(17)
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1) Introduction;  
Rate-determining process (focusing on the liver)

(Uptake, efflux, elimination, metabolism)  DDI

2)  PGx of OATP1B1: PBPK model based analysis

3-1)  PBPK model based analysis of OATPs  mediated drug-drug interaction 
(Top down + Bottom-up)

(i)  victim drugs-perpetrator drugs
(ii)endogenous biomarker (CP-I) – rifampicin

3-2)  Simple bottom-up predictions do not always work well.
(i) prediction of hepatic clearance of highly protein bound  drugs 

(albumin-mediated hepatic uptake mechanisms should be considered)
(ii) Time-dependent inhibition (inhibitors for OATP1B and OCTs)

4)  Target-mediated drug disposition (TMDD);  To obtain dose-dependent change in 
molecular target occupancies only from the plasma concentration time-profile

Contents



Drug-Drug Interaction between CER 
and Cyclosporine A/Gemfibrozil
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Cmax: x 5.0

t1/2: x 1.2
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t1/2: x 2.4

AUC: x 3.8
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Mück W et al., Clin Pharmacol Ther., (1999) 

(CYP3A4)
CYP2C8

OATP1B1
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M-1 M-23
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CYP3A4
(CYP2C8)

CYP3A4
CYP2C8

CYP2C8

CsA GEM/GEM-glu

To develop PBPK models to quantitatively 
describe the transporter- and enzyme-
mediated DDIs of CER

CLh ↓ Vd ↓  T ½ → CLh ↓ Vd T ½ 
22



PBPK analyses of transporter/enzyme 
mediated complex DDI

23

Yoshikado T et al.,
Clin Pharmacol Ther., (2016)

Cerivastatin (CER)

Cyclosporine A (CsA)

Gemfibrozil (GEM)

Integration of bottom-up approach
And top-down approach is important
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Best simulation of CER vs CsA / CER vs GEM

CER vs CsA CER vs GEM

○：Observed Data
Backman JT et al., Clin Pharmacol Ther. (2002)

○：Observed Data
Mück W et al. Clin Pharmacol Ther. (1999)

Present PBPK models were able to well reproduce the clinical DDIs

We may have to consider 
the inhibition of GI Pgp

Yao Y, Toshimoto K, Kim SJ, Yoshikado T, Sugiyama Y. Quantitative Analysis of Complex Drug-Drug 
Interactions between Cerivastatin and Metabolism/Transport Inhibitors Using Physiologically Based 
Pharmacokinetic Modeling. Drug Metab Dispos. 46:924-933. (2018)

In vivo Ki of CsA
Obtained for other
drugs

In vitro Ki value of GEM 
and its glucuronide
(Ki,app and kinact) MBI



Summary

• The concentration-time profiles for CER and GEM/GEM-glu described by PBPK 
models were well agreed with the clinically observed data.

• The present PBPK models were able to capture the clinical DDIs
 CER and CsA : using x1/2 in vivo Ki value for OATP1B1 which is previously 

reported (substrate-dependent Ki).  We may have to take into account the 
inhibition of intestinal Pgp to better describe this DDI 

 CER and GEM: using reported in vitro kiact value (GEM-glu) and Ki value for 
OATP1B1 or CYP2C8 when fm_2C8 = 0.85 value was used

Complex DDIs involving both transporters and metabolic enzymes could be 
quantitatively predicted by PBPK modeling (Bottm-up approach) based on the 
in vitro parameters (Ki, kinact )

(18)
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1) Albumin-mediated hepatic uptake observed 
for highly protein bound drugs (OATP1B, OAT2 substrates)

2) Time-dependent inhibition constant (Ki,app value) observed   
for some OATP1B inhibitors and OCT1 inhibitors

We now know some cases where simple bottom up prediction (IVIVE) cannot be applied. 



Albumin-mediated uptake of 10 OATPs substrates 

27

fu,p: 0.0281 fu,p: 0.0988 fu,p: 0.00405

Solid line: fitted data by Taso’s model
Broken line: free theoretical line

fu,p: 0.00961 fu,p: 0.502
No albumin effect, 
Low protein binding drug

Uptake clearance for total drug in various HSA concentrations

Soo-JinKim, Kyeong-RyoonLee, Seiji Miyauchi, and Yuichi Sugiyama
Extrapolation of In Vivo Hepatic Uptake Clearance from In Vitro Uptake Clearance by Suspended 
Human Hepatocytes (IVIVE) for Anionic Drugs with High Binding to Human Albumin:
Improvement of IVIVE by Considering the “Albumin-Mediated” Hepatic Uptake Mechanism
Based on the Facilitated-Dissociation Model

Drug Metab Dispos. 47(2):94-103 (2019). 



λ : the ratio of bound albumin 
concentration to total albumin 
concentration; 
Bmax is the binding capacity of 
albumin to  the cell surface.

The interaction of the albumin-ligand complex with the surface of 
hepatocytes enhances the dissociation of the ligand from albumin
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Tsao SC, Sugiyama Y, Sawada Y, Iga T and Hanano M. Kinetic analysis of albumin-mediated 
uptake of warfarin by perfused rat liver. J Pharmacokinet Biopharm 16:165-181 (1988).
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9 compounds
The CLuptake,u (at 5% HSA) 
predicted by fitting with 
Taso model was used.

Improvement of IVIVE of hepatic uptake clearance by taking into account 
of albumin-mediated hepatic uptake mechanism

IVIVE  was improved by  taking into account of the 
albumin-mediated hepatic uptake, though not perfect.
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Yi-an Bi, Sangwoo Ryu, David A. Tess, A. David Rodrigues, Manthena V. S. Varma
Effect of Human Plasma on Hepatic Uptake of Organic Anion-Transporting Polypeptide 1B 
Substrates: Studies using Transfected Cells and Primary Human Hepatocytes 

DMD Fast Forward. Published on November 2, 2020 as DOI: 10.1124/dmd.

19 OATP1B substrates

Facilitated-dissociation (FD) model 

The parameter ‘r’represents a ratio of uptake clearance of the 
unbound ligand dissociated from the ligand-albumin complex at cell 
surface to the uptake clearance of the unbound ligand dissociated 
in the plasma away from cell surface. For data fitting, ‘r · Bmax’ was 
considered as a hybrid constant as they were individually 
un-identifiable.

(24)
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1) Albumin-mediated hepatic uptake observed 
for highly protein bound drugs (OATP1B, OAT2 substrates)

2) Time-dependent inhibition constant (Ki,app value) observed   
for some OATP1B inhibitors and OCT1 inhibitors

We now know some cased where simple IVIVE cannot be applied. 
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S

[CsA]out
(CsA outside cells)

Cis- and trans-inhibition of CsA on OATP1B1

33

cis-Inhibition
=inhibition from outside

trans-Inhibition
= inhibition from inside

[CsA]in
(CsA inside cells)

CLuptake(+I)= 
Vmax/(1 + fu,H*IH/Ki,in) 

Km*(1 + fu,B*IEH/Ki,out) + S 
*IH, IEH: inhibitor (CsA) concentrations in the liver and at the extracellular
space of the liver, respectively

Uptake clearance of OATP1B1 substrates in the liver 
when co-administered with CsA:

cis-Inhibition (competitive)

trans-Inhibition (non-competitive)

Ki,out
Ki,in
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Simulation analysis of time-dependent enhancement effect 
of inhibition of OATP1B1 by CsA

IC50 = 0.246 µM
(preincubation = 0 min)

IC50 = 0.0261 µM
(preincubation = 60 min)

cis-Inhibition

cis-Inhibition 
+ trans-Inhibition

1/(1 + Iout/IC50,app) = 1/[(1 + Iout/Ki,out)x(1 + Iu,in,unbound/Ki,in)]
:with respect to time  Iu,in↑, Ki,in→  ⇒ IC50,app↓

Inhibition of OATP1B1-mediated 
uptake of estrone 3-sulfate

Izumi S et al. (2015)
Drug Metab Dispos 43, 235

Coincubation

Preincubation
with CsA

IC50 = 0.253 µMIC50 = 0.0264 µM

Add CsA Preincubation w/CsA Replace w/ [3H]E1S + CsA Uptake study w/CsA

Observed Data



(1) A Systematic In Vitro Investigation of the Inhibitor Preincubation Effect 
on Multiple Classes of Clinically Relevant Transporters

Péter Tátrai, Patrick Schweigler, Birk Poller, Norbert Domange, Roelof de Wilde, Imad Hanna,

Zsuzsanna Gáborik, and Felix Huth

Solvo Biotechnology, Budapest, Hungary; Novartis Institutes for Biomedical Research, Basel, 
Switzerland and Novartis Institutes for Biomedical Research, East Hanover, New Jersey 
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Drug Metab Dispos 47:768–778,  2019

OATP1B1, OATP1B3, OAT1, OAT3, OCT1, OCT2, MATE1, and MATE2-K
(Some inhibitors exhibited more than 200 folds decrease in apparent IC50 value by pre-incubation)

(2) Long-term trans-inhibition of the hepatitis B and D virus receptor NTCP 
by taurolithocholic acid



Long-term trans-inhibition of the hepatitis B and D virus 
receptor NTCP by taurolithocholic acid

Kira AAT Lowjaga, Michael Kirstgen, Simon F Müller, Nora Goldmann, Felix Lehmann, Dieter 
Glebe, Joachim Geyer
Institute of Pharmacology and Toxicology, Faculty of Veterinary Medicine, Justus Liebig University 
Giessen, Germany

36

Am J Physiol Gastrointest Liver Physiol 320: G66–G80, 2021. 



What is the best translational approach until the 
mechanism is fully elucidated?

1) Benefit in using ‘shifted’ IC50 in the PBPK models as 
conservative approach? 
(Current recommendation by regulations)

2) More mechanism based PBPK modeling;  distribution of 
inhibitor from extracellular space to intracellular sites ⇒
estimation of Permeability clearance, tissue binding,
Ki,in,  Ki,out⇒ estimation of inhibiting effects which are
changed with preincubation-time

(31)
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1) Introduction;  
Rate-determining process (focusing on the liver)

(Uptake, efflux, elimination, metabolism)  DDI

2)  PGx of OATP1B1: PBPK model based analysis

3-1)  PBPK model based analysis of OATPs  mediated drug-drug interaction 
(Top down + Bottom-up)

(i)  victim drugs-perpetrator drugs
(ii)endogenous biomarker (CP-I) – rifampicin

3-2)  Simple bottom-up predictions dot not always work well.
(i) prediction of hepatic clearance of highly protein bound  drugs 

(albumin-mediated hepatic uptake mechanisms should be considered)
(ii) Time-dependent inhibition (inhibitors for OATP1B and OCTs)

4)  Target-mediated drug disposition (TMDD);  To obtain dose-dependent change in 
molecular target occupancies only from the plasma concentration time-profile

Contents
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Current criteria may request pharmaceutical industry to conduct false 
positive DDI study, and overlook DDI risk.

R-value = 1 + Iu, in, max / Ki or IC50

Iu, in, max = fu* Imax + (ka x Dose x Fa*Fg / Qh)

EMA
R ≧ 1.04

PMDA
R ≧ 1.25

FDA
R ≧ 1.25 

Imax/Ki ≧ 0.1

If Fa*Fg values and ka values are unknown, use 1 and 0.1 min-1

If fu values are <0.1 or undetermined, assume fu =0.01

Vaidyanathan J et al., J. Clin. Pharmacol. 2016

True positive rate 
True negative rate

Concerns about the clinical DDI assessment: 
R-value

11 substrates and 61 inhibitors (total 106 studies) Many false positive
prediction 
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Rodrigues AD, Taskar KS, Kusuhara H, Sugiyama Y. 
Clin Pharmacol Ther.103(3):434-448(2018)

Need PBPK
Model analyses

In future, we do not need 
to perform DDIclinical
studies using probe 
substrates ? 
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Effect of rifampicin on the plasma concentration time profiles of 4 probe drugs and 28   
endogenous substrates
Plasma concentrations of the endogenous substrates were determined at designated times in healthy volunteers 
treated with or without an oral dose of rifampicin (150, 300 and 600 mg). 

C4, 7-hydroxy-4-cholesten-3-one; 
CA, cholate; CDCA, chenodeoxycholate; CDCA-24G, 
chenodeoxycholate-24-glucuronide; 
CP-I, coproporphyrin I; 
D-Bil, direct bilirubins; DCA, deoxycholate; 
GCDCA-G, glycochenodeoxycholate-3-glucuronide; 
GCDCA-S, glycochenodeoxycholate-3-sulfate; 
GDCA-G, glycodeoxycholate-3-glucuronide; 
GDCA-S, glycodeoxycholate-3- sulfate; 

HDA, hexadecanedioic acid; 
LCA-S, lithocholate-3-sulfate; RIF, rifampicin; 
T-Bil, total bilirubins

Mori D, Kimoto E, Rago B, Kondo Y, King-Ahmad A, 
Ramanathan R, Wood LS, Johnson JG, Le VH, 
Vourvahis M, Rodrigues AD, Muto C, Furihata K, 
Sugiyama Y, Kusuhara H.

Dose-Dependent Inhibition of OATP1B by 
Rifampicin in Healthy Volunteers: 
Comprehensive Evaluation of Candidate 
Biomarkers and OATP1B Probe Drugs. 
Clin Pharmacol Ther. 107(4):1004-1013 (2020).

Diurnal variation, and 
interday variation:

small;  CP-I,  D-Bil
large;  GCDCA-G,S

HDA, TDA
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AUCR with 90% confidence interval assuming log normal distribution of various endogenous 
substrates with increasing dose of rifampicin. AUC0-24h was used to calculate AUCR. 

Mori D, Kimoto E, Rago B, Kondo Y, King-Ahmad A, Ramanathan R, Wood LS, Johnson JG, Le VH, Vourvahis M, Rodrigues 
AD, Muto C, Furihata K, Sugiyama Y, Kusuhara H. 
Dose-Dependent Inhibition of OATP1B by Rifampicin in Healthy Volunteers: Comprehensive Evaluation of Candidate 
Biomarkers and OATP1B Probe Drugs. Clin Pharmacol Ther. 107(4):1004-1013 (2020).



Structure of PBPK models for CP-I and rifampicin

CP-I Rifampicin

vsyn

 The basic model structure for OATP1Bs substrates was reported previously (Yoshikado et 
al., Clin Pharmacol Ther 100:513-523, 2016).

 The biosynthesis rate (vsyn) of CP-I is incorporated.
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Asaumi et al., CPT-PSP 7:186-196, 2018



Simultaneously fitted blood concentration–time profiles of CP-I in the absence 
and presence of RIF after parameter optimization using the PBPK model 
incorporating the inhibition of OATP1Bs and MRP2.
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Yoshikado T, Toshimoto K, Maeda K, Kusuhara H, Kimoto E, Rodrigues AD, Chiba K, Sugiyama Y. PBPK 
Modeling of Coproporphyrin I as an Endogenous Biomarker for Drug Interactions Involving Inhibition of 
Hepatic OATP1B1 and OATP1B3. CPT Pharmacometrics Syst Pharmacol. 7(11):739-747 (2018).

＋RIF 600 mf

＋RIF 300 mg



Step 1 phase I trial of New 
Chemical Entity (NCE)

CP-I levels

time

co
nc doses 

of NCE

Obtain in vivo Ki,OATP1Bs (CP-I) 
using 

CP-I (an endogenous probe)

Step 2

in vitro transport study to obtain 
inhibitory potency of NCE 

using CP-I and a probe drug

PBPK modeling-based 
simulations

in vitro Ki,OATP1Bs (Drug) 

in vitro Ki,OATP1Bs (CP-I) 

in vivo 
Ki,OATP1Bs (CP-I) 

Xin vivo 
Ki,OATP1Bs (Drug) 

in vitro Ki,OATP1Bs (CP-I) 

in vitro Ki,OATP1Bs (Drug) 
=

Step 3

Obtain

Quantitative prediction of the impact of NCE 
on the pharmacokinetics of a probe drug 
(concentration-time profiles, AUC, Cmax)

Strategy to predict DDI for a probe substrate using CP-I 
as an endogenous biomarker 
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Yoshikado T, Toshimoto K, Maeda K, Kusuhara H, Kimoto E, Rodrigues AD, Chiba  K,Sugiyama Y. PBPK 
Modeling of Coproporphyrin I as an Endogenous Biomarker for Drug Interactions Involving Inhibition of 
Hepatic OATP1B1 and OATP1B3.

CPT Pharmacometrics Syst Pharmacol. 7:739-747 (2018)

Flowchart: Thanks to Dr. Wooin Lee

https://www.ncbi.nlm.nih.gov/pubmed/30175555


Pitavastatin (Ki,u = 0.22 μM)
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Rosuvastatin (Ki,u = 0.14 μM)

Atorvastatin (Ki,u = 0.28 μM) Fluvastatin (Ki,u = 0.35 μM)

+RIF (600 mg)
+RIF (300 mg)
Control

Prediction of the effect of RIF on blood concentration-time profiles of statins
(Correction of in vivo Ki,uOATP1Bs based on substrate-dependent difference of in vitro Ki,u)

Observations: Takehara I et al., Pharm Res., 35:138 (2018) 
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Predicted and observed AUC ratios and Cmax ratios for statins
using our PBPK models

Without taking substrate-dependent Ki,u,OATP1Bs into consideration

With Taking substrate-dependent Ki,u,OATP1Bs into consideration

Observations: Takehara I et al., Pharm Res., 35:138 (2018) 

Lower panel

Ki(CP-I) 
= Ki (statins)

Upper panel

Ki(CP-I) 
≠ Ki (statins)

AFE:
Average fold errors



Summary

The PBPK modeling approach provides an insightful understanding of the 
mechanisms governing changes in the plasma conc. of an endogenous biomarker 
(CP-I) for OATP1Bs and MRP2 (CP-I)  and enables complex analyses of the 
dose-dependent inhibitory effects of RIF on the hepatic OATP1Bs/MRP2-
mediated transport of CP-I. 
It also lead to the successful prediction of RIF interaction with several probe 
substrates (statins) for OATP1Bs.

Ki value for MRP2 (as a biliary excretion transporter of CP-I)  cannot be 
determined only from the top-down analyses, and the value  obtained by PET 
imaging analyses of different probe (TIC-Me (PGI2 receptor imaging in the 
brain))  was used to obtain Ki,MRP2 (0.87 uM).
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Perspective

Emphasize the importance of the use of multiple biomarkers (coproporphyline I, 
bilirubin glucuronide and glycochenodeoxycholic acid sulfate) to assess the 
OATP1Bs mediated interaction of new NCE as perpetrators in their phase 1 clinical 
studies. 

Some of recent manuscripts indicate the advantage and validity of the use of 
coproporphyline I as a biomarker of OATP1Bs function in vivo. However, it is not 
so easy to confirm that your NCE does not modulate other transporters and enzymes 
which will be responsible for the biosynthesis, intestinal absorption and biliary 
excretion and renal clearance of this biomarker. In fact, rifampicin and cyclosporine 
which are well known to inhibit OATP1Bs mediated hepatic uptake are also known 
to affect P-gp/BCRP in the intestine, BSEP and MRP2/BCRP in the liver.  

Use of multiple biomarkers will ultimately increase the confidence in our 
prediction of clinical DDI using biomarkers from pharmaceutical and 
regulatory perspectives. (41)
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1) Introduction;  
Rate-determining process (focusing on the liver)

(Uptake, efflux, elimination, metabolism)  DDI

2)  PGx of OATP1B1: PBPK model based analysis

3-1)  PBPK model based analysis of OATPs  mediated drug-drug interaction 
(Top down + Bottom-up)

(i)  victim drugs-perpetrator drugs
(ii)endogenous biomarker (CP-I) – rifampicin

3-2)  Simple bottom-up predictions dot not always work well.
(i) prediction of hepatic clearance of highly protein bound  drugs 

(albumin-mediated hepatic uptake mechanisms should be considered)
(ii) Time-dependent inhibition (inhibitors for OATP1B and OCTs)

4)  Target-mediated drug disposition (TMDD);  To obtain dose-dependent change in 
molecular target occupancies only from the plasma concentration time-profile

Contents



Target-mediated Drug Disposition (TMDD)

Introduced by Dr. Gerhard Levy (1994)
Type of nonlinear PK
When drugs bind to a target with high affinity and to a 

significant extent (relative to dose), part of the initial dose is 
rapidly acquired by the target sites and only then the drug will 
distribute to other tissues. 

Gerhard Levy, PharmD
(1928-2017)

(Clin Pharmacol Ther, 1994)

Well-recognized with biologics 
(e,g, monoclonal antibodies),

but earliest examples were in fact
small-molecule drugs

(more cases being reported/identified lately) 5
1

Courtesy from Wooin Lee



Can the prediction of dose-dependent molecular target 
occupancy be possible from the phase-1 clinical studies ?

Just measuring the blood concentration of drugs over a wide range of dose 
without measuring the tissue concentration such as PET imaging

This is the methodology presented in a recent NRDD review(1) and in a recent 
original article on bosentan (2)

(1) Burt T, Young G, Lee W, Kusuhara H, Langer O, Rowland M, Sugiyama Y. 
Phase 0/microdosing approaches: time for mainstream application in drug development? 

Nat Rev Drug Discov. 19(11):801-818 (2020).

(2) Koyama S, Toshimoto K, Lee W, Aoki Y, and Sugiyama Y. 
Revisiting nonlinear   bosentan pharmacokinetics by PBPK modeling: Target binding, albeit 
not a major contributor to nonlinearity, can offer prediction of target occupancy

Drug Metab Dispos.,    in press

52



Volz A-K, Dingemanse J, 
Krause A, and Lehr T (2019) 
Target-mediated population 
pharmacokinetic modeling of 
endothelin receptor antagonists. 
Pharm Res 37:2.

53

Saturation of OATP1B mediated 
hepatic uptake mostly accounted
for the non-linear PK of bosentan.  
We did not analyze such a 
discrepancy between observed 
value and fitted line at the lowest 
dose (10mg)

(44)
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Li R, Niosi M, Johnson N, Tess DA, Kimoto E, Lin J, Yang X, Riccardi KA, Ryu S, El-Kattan AF, et al. 
A study on pharmacokinetics of bosentan with systems modeling, part 1: translating systemic 
plasma concentration to liver exposure in healthy subjects. 

Drug Metab Dispos 46: 346–356 (2018).
(Major mechanism for non-linear PK:Multiple mechanism,  OATP1B, CYPs, TMDD) 

Sato M, Toshimoto K, Tomaru A, Yoshikado T, Tanaka Y, Hisaka A, Lee W, and Sugiyama Y 
Physiologically based pharmacokinetic modeling of bosentan identifies the saturable hepatic 
uptake as a major contributor to its nonlinear pharmacokinetics.

Drug Metab Dispos 46: 740–748 (2018)
(Major mechanism for non-linear PK:   Hepatic uptake (OATP1B)

Volz A-K, Krause A, Haefeli WE, Dingemanse J, and Lehr T: 
Target-mediated drug disposition  pharmacokinetic–pharmacodynamic model of bosentan and 
endothelin-1.

Clin Pharmacokinetics 56:1499–1511 (2017).

Volz A-K, Dingemanse J, Krause A, and Lehr T :
Target-mediated population pharmacokinetic modeling of endothelin receptor antagonists.

Pharm Res 37:2 (2019) .
(Major mechanism for non-linear PK:   Target binding followed by the internalization(TMDD)) 

Recent studies on the analyses of non-linear PK of bosentan
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Volz A. et al., ClinPhamacokinet. 2017

 Population PK/PD Model considering only TMDD.
 There is no evidence that bosentan can be internalized and eliminated after binding to ET

receptor. (Endothelin can be interenalized and degradated.)

Binding to ET Receptor

Internalization
(Elimination)

(45)
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PBPK Model Structure of Bosentan

 Combined dissolution/absorption, 5 liver, tissue distribution, and target binding.
 Target binding is directly connected to central compartement.

 Considered saturable hepatic uptake and target binding, and non-saturable
metabolism.

 Assuming linear and dissolution-rate limited absorption.

Dissolution
Absorption

5-Liver Tissue
Distribution

Target
Binding

Koyama S, Toshimoto K, Lee W, Aoki Y, and Sugiyama Y.  
Revisiting nonlinear   bosentan pharmacokinetics by PBPK modeling: 
Target binding, albeit not a major contributor to nonlinearity, can offer prediction of target occupancy

Drug Metab Dispos., 49:298-304 (2021)

(48)
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Aoki Y, Hayami K, Toshimoto K, Sugiyama Y.  (2020)
Cluster Gauss–Newton method; An algorithm for finding multiple approximate 
minimisers of nonlinear least squares problems with applications to parameter 
estimation of pharmacokinetic models.  
Optimization and Engineering  https://doi.org/10.1007/s11081-020-09571-2
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Now the data at all the doses are well captured by the model including target binding
and saturable hepatic uptake.
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(A) I.V. (B) P.O.

Calculated Time-Course of Receptor Occupancy

Receptor occupancy was calculated 0.6-0.8 when clinical
dose of Bosentan (62.5, 125 mg P.O.) was administered.

ROmax = 0.6 ~ 0.8

Lines of rank1-401 are shown.
Deep-colored lines indicate calculated reuslt of rank 1.
Light-colored lines indicate calculated results of from 2 to 401.

(50)
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Workflow for assessment of drug candidates with possible TMDD. 
PBPK modeling-based prediction with target considerations can be combined 
with PK data analysis from a microdose analysis in human subjects. 

Burt T, Young G, Lee W, Kusuhara H, 
Langer O, Rowland M, Sugiyama Y. 

Phase 0/microdosing approaches: time 
for mainstream application in drug 
development? 
Nat Rev Drug Discov. 19::801-818 
(2020).

If a small dose (e.g., microdose) PK data
is included in Phase 1 clinical dose escalation
study, we may be able to detect the TMDD and 
predict the doses which exhibit the appropriate
target occupancy (therapeutic dose)



To assess how the inclusion of microdosing(small dosing) data 
improves the prediction accuracy of overall target occupancy 
based on blood PK profiles  

We may be able to estimate the therapeutic dose during the phase 1 clinical 
studies once the starting dose is microdose or relevant small dose.
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Our efforts for PBPK modeling to analyze TMDD will continue



65

Disclosure for COI

I am a scientific advisory board member of SimCYP.

I have been serving as a chair and a vice-chair of the 
global consortia of Pharma Industries:

(i) PET-IVIVE (6 companies) as a chair
(ii) Endogenous biomarker-DDI prediction (8 companies)
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