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Isavuconazole
When the model was translated to pediatrics, all drug model parameters remained the same as the adult model. The CLint for CYP3A4 and CYP3A5 that was calculated for the adult model remained the same for the pediatric model. Altering CLint was not required since simulated total clearance is dependent on the population CYP abundance for each simulated patient. For the pediatric simulations, the designated ontogeny (discussed more in the Population model section) drives the virtual patient CYP abundance. Of note, due to the clinical trial design, participants were allowed to receive their first maintenance dose (starting on day 3 of dosing) anywhere from 12 to 24 hours following their last loading dose. Therefore, participants were split into two categories based on if they receive their first maintenance dose 12 or 24 hours following the last loading dose. PK parameters were summarized based on a combination of these categories while observed versus simulated plasma concentration-time curves remain separated.
[bookmark: _Ref212558297]Fig. S1	Mass balance diagram of the prodrug isavuconazonium sulfate
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[bookmark: _Ref212216974][bookmark: _Ref221108090]Table S1	Summary of PK studies used in the development and verification of the isavuconazole PBPK model
	Study (reference)
	Dose
	Form
	Cohort
	N
	Age
(years)
	Weight
(kg)

	adult SAD(13) 
	100, 200, 400 mg
	oral
	healthy males
	15
	22-45
	57-88

	adult SAD(13) 
	40, 80, 160 mg
	iv
	healthy males
	18
	23-45
	57-89

	adult MAD(14) 
	day 1: 100 / 200 mg
day 2-14: 50 / 100 mg
	oral
	healthy males
	12
	21-45
	66-94

	adult MAD(14) 
	day 1: 80 / 160 mg
day 2-14: 40 / 80 mg
	iv
	healthy males
	12
	26-45
	65-101

	pediatric(15) 
	10 mg/kg (200 mg max)
day 1: Q8H
day3-28: daily
	iv
	children requiring antifungal prophylaxis
	29
	1 to <18
	9-104

	pediatric(15) 
	10 mg/kg (200 mg max)
day 1: Q8H
day3-28: daily
	oral
	children requiring antifungal prophylaxis
	20
	6 to <18
	18-93


SAD: single ascending dose, MAD: multiple ascending dose, Q8H: every 8 hours 
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[bookmark: _Ref212216983]Table S2	Summary of DDI studies used in the development and verification of the isavuconazole PBPK model
	Perpetrator
	Perpetrator Dosing
	Victim 
	Victim Dosing
	Cohort
	N
	Age (yr)
	Ref

	ketoconazole
	day 1: 200 mg
	isavuconazole
	day 1: 400 mg
	healthy males
	12
	21-45
	(9)
	 ketoconazole
	day 1-24: 200 mg Q12H
	isavuconazole
	day 4: 200 mg
	Healthy
(0.33 female)
	12
	19-53
	(9)
	 ketoconazole
	day 1-36: 200 mg QD
	isavuconazole
	day 9: 400 mg
day 10-22: 100 mg (2h lag)
	healthy males
	26
	19-64
	(9)
	 rifampicin
	day 1-36: 600 mg QD
	isavuconazole
	day 9: 400 mg
day 10-22: 100 mg (2h lag) 
	healthy males
	26
	19-64
	(9)
	 isavuconazole
	day 1: 400 mg
day 2-28: 100 mg
	warfarin
	day 21: 10 mg (2h lag)
	healthy males
	12
	22-45
	(16)
	 isavuconazole
	day 1-2: 200mg Q8H
day 3-13: 200 mg QD
	warfarin
	day 5: 20 mg
	healthy males
	20
	23-54
	(16)
	 isavuconazole
	day 1: 400 mg
day 2-20: 100 mg QD
	cyclosporine
	day 15: 300 mg
	healthy males
	26
	22-43
	(17)
	 isavuconazole
	day 1-2: 200mg Q8H
day 3-8: 200 mg QD
	cyclosporine
	day 5: 300 mg
	Healthy
(0.21 female)
	24
	18-54
	(17)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-11: 200 mg QD
	midazolam
	day 10: 3 mg 
	Healthy
(0.3 female)
	23
	19-54
	(9)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-12: 200 mg QD
	digoxin
	day 5: 0.5 mg
	Healthy
(0.25 female)
	24
	20-55
	(18)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-7: 200 mg QD
	dextromethorphan
	day 5: 30 mg
	Healthy
(0.29 female)
	24
	21-53
	(19)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-13: 200 mg daily
	repaglinide
	day 10: 0.5 mg
	healthy males
	24
	24-52
	(19)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-8: 200 mg daily
	ethinyl estradiol
	day 5: 0.035 mg
	healthy females
	24
	51-65
	(9)
	 isavuconazole
	day 1-2: 200 mg Q8H
day 3-13: 200 mg daily
	bupropion
	day 8: 100 mg
	Healthy
(0.46 female)
	24
	21-55
	(19)
	Isavuconazole
	day 1: 200 mg Q8H
	rivaroxaban
	day 1: 25 µg
1 hr after
	Healthy
(0.42 femal)
	12
	20-48
	(20)

	 isavuconazole
	day 1: 200 mg Q8H
	edoxaban
	day 1: 50 µg
1 hr after
	Healthy
(0.42 female)
	12
	20-48
	(20)



yr: year, QXH: every X hours, QD: every day
[bookmark: _Ref212627146][bookmark: _Ref219802854][bookmark: _Hlk214285140]Table S3	Predicted and observed PK parameters for single dose isavuconazole in adults
	[bookmark: _Hlk214284046] 
	AUCinf (ng·h/mL)
	Cmax (ng/mL)
	CL (L/h)

	
	Predicted
	Observed
	Predicted
	Observed
	Predicted
	Observed

	100 mg oral
	44,600
(50.8)
	36,700
(18.4)
	1,290
(24.9)
	1,450
(12.2)
	2.89
(55.6)
	2.81
(19.6)
	

	200 mg oral
	89,200
(49.5)
	77,900
(13.7)
	2,560
(26.5)
	2,590
(17.4)
	2.86
(55.2)
	2.61
(14.0)
	

	[bookmark: RANGE!A6]400 mg oral
	183,000
(56.4)
	211,000
(19.8)
	5,680
(24.0)
	5,570
(3.8)
	2.74
(43.9)
	1.96
(22.2)
	

	[bookmark: RANGE!A7]40 mg iv
	19,100
(49.6)
	11,500
(41.9)
	632
(13.3)
	446
(17.1)
	2.64
(51.6)
	4.04
(41.9)
	

	80 mg iv
	38,300
(49.7)
	26,200
(24.3)
	1,270
(13.3)
	1,030
(17.9)
	2.64
(51.6)
	3.22
(26.9)
	

	160 mg iv
	77,100
(49.4)
	72,100
(17.8)
	2,530
(13.4)
	2,470
(15.1)
	2.62
(51.6)
	2.28
(19.4)
	

	GMFE
	1.27
	1.13
	1.22
	


iv: intravenous, GMFE: geometric mean fold error, AUCinf: area under the curve from 0 to infinity, Cmax maximum concentration, CL: total clearance (dose/AUCinf)
CL/F reported for oral formulations
data presented as arithmetic mean (%coefficient of variance)


Table S4	 Summary of predicted by the PBPK model and observed PK parameters (AUC and Cmax ratio) of DDI for isavuconazole as the victim drug
	 
	Without Inhibitor
	With Inhibitor
	 

	 
	‡AUCinf (ng*h/mL)
	Cmax (ng/mL)
	‡AUCinf (ng*h/mL)
	Cmax (ng/mL)
	‡AUCinf ratio
	Cmax ratio

	Single dose 200 mg ketoconazole 

	Observed
	154,000
	4,260
	181,000
	4,690
	1.17
	1.10

	90% CI
	
	
	
	
	(1.10, 1.25)
	(0.993, 1.22)

	Predicted
	162,000
	4,950
	190,000
	5,170
	1.17
	1.04

	90% CI
	
	
	
	
	(1.16, 1.18)
	(1.04, 1.05)

	Criteria
	
	
	
	
	0.861 - 1.59
	0.834 - 1.45

	Multiple dose 200 mg ketoconazole BID 

	Observed
	82,309
	2,180
	430,000
	2,380
	5.22
	1.09

	90% CI
	
	
	
	
	(4.09, 6.66)
	(0.933, 1.27)

	Predicted
	82,500
	2,514
	351,000
	2,630
	4.25
	1.04

	90% CI
	
	
	
	
	(4.01, 4.50)
	(1.04, 1.05)

	Criteria
	
	
	
	
	2.81 - 9.69
	0.831 - 1.43

	Multiple dose 200 mg ketoconazole daily + multiple dose isavuconazole

	Observed
	42,600‡
	2,730
	68,800‡
	4,130
	1.61‡
	1.51

	90% CI
	
	
	
	
	(1.50, 1.74)
	(1.39, 1.64)

	Predicted
	34,700‡
	2,460
	56,300‡
	3,400
	1.62‡
	1.38

	90% CI
	
	
	
	
	(1.59, 1.66)
	(1.36, 1.40)

	Criteria
	
	
	
	
	1.05 - 2.47
	1.00 - 2.27

	Multiple dose 600 mg rifampicin daily + multiple dose isavuconazole

	Observed
	37,100‡
	2,340
	3,770‡
	584
	0.102‡
	0.250

	90% CI
	
	
	
	
	(0.0936, 0.110)
	(0.230, 0.271)

	Predicted
	34,700‡
	2,453
	7,480‡
	1,191
	0.216‡
	0.485

	90% CI
	
	
	
	
	(0.208, 0.224)
	(0.477, 0.494)

	Criteria
	 
	 
	 
	 
	0.0530 - 0.196
	0.138 - 0.453


AUCinf: area under the curve from 0 to infinity, Cmax: maximum concentration, CI: confidence interval
AUC ratio: AUC(with inhibitor)/AUC(without inhibitor), Cmax ratio: Cmax(with inhibitor)/Cmax(without inhibitor)
Criteria determined by GUEST method assuming 20% variability in pharmacokinetic parameters(21)
‡Multiple dose studies reported as AUC24h


Table S5	Summary of Predicted by the PBPK Model and Observed PK parameters (AUC and Cmax ratio) of DDI for Isavuconazole as the Perpetrator
	 
	Without Isavuconazole
	With Isavuconazole
	 

	 
	AUCinf (ng*h/mL)
	Cmax
(ng/mL)
	AUCinf (ng*h/mL)
	Cmax
(ng/mL)
	AUCinf ratio
	Cmax ratio

	S Warfarin 10 mg (20 mg Warfarin) - *CYP2C9

	Observed
	37,500
	1,110
	41,500
	978
	1.11
	0.884

	90% CI
	
	
	
	
	(1.06, 1.16)
	(1.06, 1.21)

	Predicted
	38,600
	873
	46,800
	886
	1.21
	1.01

	90% CI
	
	
	
	
	(1.21, 1.22)
	(1.01, 1.03)

	Criteria
	
	
	
	
	0.838 - 1.47
	0.661 - 1.18

	S Warfarin 5 mg (10 mg Warfarin) - CYP2C9

	Observed
	17,100
	628
	19,300
	658
	1.13
	1.05

	90% CI
	
	
	
	
	(1.03, 1.24)
	(0.911, 1.20)

	Predicted
	19,300
	483
	21,400
	487
	1.11
	1.01

	90% CI
	
	
	
	
	(1.10, 1.12)
	(1.01, 1.01)

	Criteria
	
	
	
	
	0.846 - 1.51
	0.817 - 1.35

	Cyclosporine 300 mg (study 1) - *CYP3A4, CYP3A5

	Observed
	6,660
	1,360
	7,330
	1,490
	1.10
	1.09

	90% CI
	
	
	
	
	(0.996 - 1.22)
	(0.990 - 1.20)

	Predicted
	6,420
	1,800
	7,260
	1,890
	1.13
	1.05

	90% CI
	
	
	
	
	(1.13, 1.13)
	(1.05, 1.05)

	Criteria
	
	
	
	
	0.834 - 1.45
	0.831 - 1.43

	Cyclosporine 300 mg (study 2) - CYP3A4, CYP3A5

	Observed
	7,300
	1,320
	9,390
	1,400
	1.29
	1.06

	90% CI
	
	
	
	
	(1.15, 1.44)
	(0.953, 1.19)

	Predicted
	4,090
	1,150
	5,110
	1,260
	1.25
	1.09

	90% CI
	
	
	
	
	(1.24, 1.26)
	(1.09, 1.10)

	Criteria
	
	
	
	
	0.909 - 1.83
	0.820- 1.37

	Midazolam 3 mg - CYP3A4, CYP3A5, UGT

	Observed
	43.8
	9.99
	88.9
	17.2
	2.03
	1.72

	90% CI
	
	
	
	
	(1.73, 2.38)
	(1.44, 2.05)

	Predicted
	33.5
	10.1
	41.3
	11.0
	1.23
	1.09

	90% CI
	
	
	
	
	(1.22, 1.24)
	(1.08, 1.10)

	Criteria
	
	
	
	
	1.24 - 3.31
	1.10 - 2.69

	Digoxin 0.5 mg - P-gp

	Observed
	32.8
	1.54
	41.1
	2.04
	1.25
	1.33

	90% CI
	
	
	
	
	(1.17, 1.34)
	(1.19, 1.49)

	Predicted
	27.3
	2.09
	32.8
	2.39
	1.20
	1.14

	90% CI
	
	
	
	
	(1.19, 1.21)
	(1.14, 1.15)

	Criteria
	
	
	
	
	0.893 - 1.75
	0.926 - 1.91

	Dextromethorphan 30 mg - *CYP2D6, CYP2B6, CYP2C9, CYP2C18, CYP2C19, CYP3A4

	Observed
	18.58
	2.00
	21.8
	2.35
	1.18
	1.17

	90% CI
	
	
	
	
	(1.02, 1.35)
	(1.02, 1.35)

	Predicted
	29.6
	3.01
	34.7
	3.59
	1.17
	1.19

	90% CI
	
	
	
	
	(1.15, 1.19)
	(1.18, 1.21)

	Criteria
	
	
	
	
	0.865 - 1.61
	0.861 - 1.59

	Repaglinide 0.5 mg - *CYP2C8, CYP3A4

	Observed
	10.3
	7.96
	9.54
	6.83
	0.923
	0.858

	90% CI
	
	
	
	
	(0.855, 0.997)
	(0.794, 0.927)

	Predicted
	9.01
	6.93
	8.16
	6.44
	0.91
	0.929

	90% CI
	
	
	
	
	(0.897, 0.914)
	(0.923, 0.935)

	Criteria
	
	
	
	
	0.706 - 1.21
	0.633 - 1.16

	Ethinyl estradiol 35 µg - CYP3A4, CYP1A2, CYP2C9, CYP2C8

	Observed
	1.02
	0.0870
	1.11
	0.0991
	1.08
	1.14

	90% CI
	
	
	
	
	(1.03, 1.13)
	(1.03, 1.26)

	Predicted
	1.08
	0.0712
	1.13
	0.0719
	1.05
	1.01

	90% CI
	
	
	
	
	(1.05, 1.05)
	(1.01, 1.01)

	Criteria
	
	
	
	
	0.827 - 1.41
	0.849 - 1.53

	Bupropion 100 mg - *CYP2B6, CYP3A4, CYP2C19

	Observed
	686
	140
	397
	96.8
	0.578
	0.690

	90% CI
	
	
	
	
	(0.521, 0.641)
	(0.618, 0.771)

	Predicted
	664
	119
	370
	82.1
	0.557
	0.689

	90% CI
	
	
	
	
	(0.540, 0.574)
	(0.672, 0.706)

	Criteria
	
	
	
	
	0.369 - 0.905
	0.465 - 1.02

	Rivaroxaban 20 µg - CYP3A4, P-gp

	Observed
	3.63
	0.822
	4.12
	0.871
	1.13
	1.06

	90% CI
	
	
	
	
	NR
	NR

	Predicted
	2.10
	
	2.21
	
	1.05
	1.02

	90% CI
	
	
	
	
	(1.05, 1.06)
	(1.00, 1.06)

	Criteria
	 
	 
	 
	 
	0.846 - 1.51
	0.820 - 1.37

	Edoxaban 50 µg - CYP3A4, P-gp

	Observed
	0.862
	0.132
	1.31
	0.210
	1.51
	1.59

	90% CI
	
	
	
	
	NR
	NR

	Predicted
	1.52
	0.253
	2.41
	0.374
	1.59
	1.48

	90% CI
	
	
	
	
	(1.54, 1.63)
	(1.43, 1.53)

	Criteria
	 
	 
	 
	 
	1.00 - 2.27
	1.04 - 2.43


AUCinf: area under the curve from 0 to infinity, Cmax: maximum concentration, CI: confidence interval
AUC ratio: AUC(with inhibitor)/AUC(without inhibitor), Cmax ratio: Cmax(with inhibitor)/Cmax(without inhibitor)
Criteria determined by GUEST method assuming 20% variability in pharmacokinetic parameters(21) 
*Enzyme or transporter in red optimized with the indicated simulation

[bookmark: _Ref223442062]Fig. S2	Plasma concentration time curves of the observed and simulated multiple iv dose isavuconazole in pediatric patients
1 to <6 years old
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12 to <18 years old
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12hr/24h: received first maintenance dose 12 or 24 hours after the last loading dose
Black circles: observed clinical data, solid black line: simulated arithmetic mean, dark grey line: simulated 95th percentile, light grey line: simulated 5th percentile

[bookmark: _Ref212668813]Fig. S3	Plasma concentration time curves of the observed and simulated multiple oral dose isavuconazole in pediatric patients
6 to <12 years old
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12 to <18 years old
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12hr/24h: received first maintenance dose 12 or 24 hours after the last loading dose
Black circles: observed clinical data, solid black line: simulated arithmetic mean, dark grey line: simulated 95th percentile, light grey line: simulated 5th percentile


[bookmark: _Ref220580077]Table S6	Sensitivity analysis for isavuconazole Ki,CYP3A4/5
	
	Midazolam
	Cyclosporine

	
	Ki,CYP3A4
	Ki,CYP3A5
	Ki,CYP3A4
	Ki,CYP3A5

	Ki,CYP3A
(µmol/L)
	AUC ratio
	Cmax ratio
	AUC ratio
	Cmax ratio
	AUC ratio
	Cmax Ratio
	AUC ratio
	Cmax Ratio

	0.019
	3.28
	1.59
	2.05
	1.48
	3.45
	1.51
	2.14
	1.45

	0.032
	2.40
	1.40
	1.78
	1.35
	2.51
	1.39
	1.87
	1.35

	0.053
	1.85
	1.26
	1.55
	1.24
	1.92
	1.28
	1.63
	1.25

	0.088
	1.50
	1.15
	1.38
	1.16
	1.55
	1.18
	1.45
	1.16

	0.15
	1.28
	1.08
	1.26
	1.10
	1.32
	1.11
	1.31
	1.09

	0.25
	1.14
	1.04
	1.17
	1.06
	1.17
	1.05
	1.22
	1.06

	0.41
	1.06
	1.01
	1.12
	1.04
	1.08
	1.02
	1.15
	1.04

	0.68
	1.01
	0.991
	1.08
	1.02
	1.03
	0.996
	1.11
	1.02

	1.14
	0.981
	0.980
	1.06
	1.01
	0.992
	0.988
	1.09
	1.02

	1.90
	0.962
	0.973
	1.04
	1.01
	0.971
	0.983
	1.07
	1.01


PM: poor metabolizer, EM: extensive metabolizer, ISA: isavuconazole, POSA: posaconazole
Values above and below the thick black line are respectively 10-fold lower and higher than the final model value
Highlighted rows represent the closest values to the observed AUC and Cmax ratio for the respective studies
*Sensitivity analysis for Ki,CYP3A5 was carried out in a CYP3A5 extensive metabolizer
Table S7	Sensitivity analysis for isavuconazole Ki,P-gp,liver
	
	Digoxin
	Edoxaban

	Ki,P-gp,liver
(µmol/L)
	AUC ratio
	Cmax ratio
	AUC ratio
	Cmax Ratio

	0.0010
	1.39
	1.28
	2.07
	1.75

	0.0017
	1.36
	1.25
	2.01
	1.74

	0.0028
	1.32
	1.22
	1.93
	1.73

	0.0046
	1.27
	1.18
	1.82
	1.70

	0.0077
	1.22
	1.14
	1.70
	1.67

	0.013
	1.18
	1.11
	1.57
	1.62

	0.022
	1.14
	1.08
	1.44
	1.55

	0.036
	1.11
	1.06
	1.32
	1.46

	0.060
	1.09
	1.05
	1.23
	1.37

	0.100
	1.08
	1.04
	1.16
	1.29


Values above and below the thick black line are respectively 10-fold lower and higher than the final model value
Table S8	PBPK predicted DDI in pediatric population vs adult population
	
	Adult Observed
	Adult Predicted
	Pediatric Predicted
1 to <3 years
	Pediatric Predicted
3 to <18 years

	Substrate or inhibitor
	AUCinf ratio
	Cmax ratio
	AUC ratio
	Cmax ratio
	AUC ratio
	Cmax ratio
	AUC ratio
	Cmax ratio

	Isavuconazole victim DDI

	Single dose ketoconazole
	1.17
	1.10
	1.17
	1.04
	1.21
	1.03
	1.20
	1.03

	
	(1.10, 1.25)
	(0.993, 1.22)
	(1.16, 1.18)
	(1.04, 1.05)
	(1.19, 1.23)
	(1.03, 1.04)
	(1.18, 1.22)
	(1.03, 1.03)

	Multiple dose ketoconazole
	5.22
	1.09
	4.25
	1.04
	2.61
	1.03
	2.90
	1.03

	
	(4.09, 6.66)
	(0.933, 1.27)
	(4.01, 4.50)
	(1.04, 1.05)
	(2.44, 2.80)
	(1.03, 1.04)
	(2.71, 3.10)
	(1.03, 1.03)

	Multiple dose ketoconazole and isavuconazole
	1.61
	1.51
	1.62
	1.38
	1.68
	1.33
	1.75
	1.38

	
	(1.50, 1.74)
	(1.39, 1.64)
	(1.59, 1.66)
	(1.36, 1.40)
	(1.62, 1.74)
	(1.31, 1.36)
	(1.69, 1.81)
	(1.36, 1.41)

	Multiple rifampicin and isavuconazole
	0.102
	0.250
	0.216
	0.485
	0.326
	0.673
	0.287
	0.626

	
	(0.0936, 0.110)
	(0.230, 0.271)
	(0.208, 0.224)
	(0.477, 0.494)
	(0.312, 0.342)
	(0.661, 0.685)
	(0.273, 0.301)
	(0.612, 0.640)

	Isavuconazole perpetrator DDI

	warfarin
	1.11
	0.884
	1.21
	1.01
	1.51
	1.05
	1.34
	1.03

	
	(1.06, 1.16)
	(1.06, 1.21)
	(1.21, 1.22)
	(1.01, 1.03)
	(1.48, 1.54)
	(1.04, 1.05)
	(1.32, 1.36)
	(1.03, 1.03)

	cyclosporine
	1.29
	1.06
	1.25
	1.09
	1.54
	1.27
	1.36
	1.18

	
	(1.15, 1.44)
	(0.953, 1.19)
	(1.24, 1.26)
	(1.09, 1.10)
	(1.52, 1.57)
	(1.26, 1.28)
	(1.34, 1.38)
	(1.18, 1.19)

	midazolam
	2.03
	1.72
	1.23
	1.09
	1.52
	1.31
	1.33
	1.22

	
	(1.73, 2.38)
	(1.44, 2.05)
	(1.22, 1.24)
	(1.08, 1.10)
	(1.50, 1.54)
	(1.30, 1.33)
	(1.33, 1.36)
	(1.21, 1.23)

	digoxin
	1.25
	1.33
	1.20
	1.14
	1.38
	1.23
	1.28
	1.21

	
	(1.17, 1.34)
	(1.19, 1.49)
	(1.19, 1.21)
	(1.14, 1.15)
	(1.36, 1.41)
	(1.22, 1.24)
	(1.26, 1.30)
	(1.20, 1.22)

	dextromethorphan
	1.18
	1.17
	1.17
	1.19
	NA
	NA
	1.24
	1.29

	
	(1.02, 1.35)
	(1.02, 1.35)
	(1.15, 1.19)
	(1.18, 1.21)
	NA
	NA
	(1.18, 1.30)
	(1.26, 1.33)

	ethinyl estradiol
	1.08
	1.14
	1.05
	1.01
	NA
	NA
	1.08
	1.03

	
	(1.03, 1.13)
	(1.03, 1.26)
	(1.05, 1.05)
	(1.01, 1.01)
	NA
	NA
	(1.08, 1.09)
	(1.03, 1.03)

	rivaroxaban
	1.13
	1.06
	1.05
	1.02
	1.12
	1.04
	1.07
	1.02

	
	NR
	NR
	(1.05, 1.06)
	(1.00, 1.06)
	(1.12, 1.13)
	(1.03, 1.04)
	(1.07, 1.08)
	(1.02, 1.03)


Data presented as geometric mean ration (90% confidence interval)
Edoxaban
The PBPK model for edoxaban was constructed based on previously reported PBPK models (22, 23). The clinical data utilized in the model building and verification of the edoxaban PBPK model are listed in Table S9. The major metabolite M4 was not included in the present model since M4 is not cleared by P-gp or CYP3A4; therefore, its inclusion was determined to be out of scope for use to verify P-gp inhibition by posaconazole and isavuconazole. The model was first built using single dose iv data from Matsushima, et. al.(24)  and single oral solution mass balance data from Bathala, et. al.(25). The model performance was verified with additional 60 mg single dose oral data and observed DDI data with CYP3A4 and P-gp inhibitors ketoconazole, cyclosporine, verapamil, and quinidine. The final parameters used in the adult edoxaban PBPK model can be found in Table S10. A summary of observed and simulated PK parameters is listed in Table S11. A summary of model performance in DDI studies can be found in Table S12. Visual model performance for 60 mg of edoxaban can be found in Fig. S4.
The model was built using ADAM absorption model with Mech Peff model method 1 prediction, full PBPK for distribution, permeability limited liver model for P-gp transport with EHRC. Vss was predicted using Method 2 (Rodgers et al.(26)) and a Kp scalar of 1.75 to capture literature reported Vss (107 L) in healthy volunteers receiving 30 mg iv edoxaban (24). Model predicted Vss for 30 mg iv edoxaban was 110 L.
CLint through CYP3A4 was calculated using the built-in Simcyp retrograde calculator, assuming 10% metabolism through CYP3A4(23, 27), CLiv of 21.8 L/h, and renal clearance (CLR) of 10.7 L/h (24). The value of CLint,CYP3A4 was verified with Simcyp mass balance analysis and reported clearance of metabolites M6 (2.11%) and M8 (0.34%) from the mass balance study(25). Secondarily, CYP3A4 contribution was verified with several clinical DDI studies. Clearance through esterase CES1 was estimated based on the recovery of metabolite M4 (3.5%) from the mass balance study(25). Kinetic clearance through P-gp was included based on published literature and the % available for reabsorption was estimated based on mass balance recovery of unchanged edoxaban in the feces(22, 23, 25). Additional systemic clearance was included to capture clearance of edoxaban through methods not included in the PBPK model (hydrolysis and other unidentified pathways). The PBPK model overestimated the percentage of unchanged edoxaban in the urine (1.42-fold higher) when utilizing the published value of 10.7 L/h. However, it was determined not to impact the predicted DDI with posaconazole and isavuconazole; therefore, it was left unmodified from the published value. A summary of observed and predicted mass balance data can be found in Table S13.
Based on the performance of the edoxaban PBPK model in capturing the observed clinical PK data, observed DDI studies, and mass balance data, it was determined that edoxaban was well verified to be utilized to predict P-gp inhibition by posaconazole and isavuconazole.


[bookmark: _Ref219386521]Table S9.	Clinical data utilized in the edoxaban compound file development
	Study (reference)
	Dose
	Cohort
	N
	Age
(years)
	BMI
(kg/m2)

	Single dose (24) 
	30 mg iv over 30 min
	Healthy
(0.08 female)
	35
	18-45
	21-32

	Single dose
(24, 27) 
	60 mg oral
	Healthy
(0.08 female)
	35
	18-45
	21-32

	Mass balance (25) 
	60 mg oral
	Healthy male
	6
	30-55
	19-29

	DDI ketoconazole (28) 
	day 1-7: 400 mg oral ketoconazole daily
day 4: 60 mg oral edoxaban
	Healthy
(0.125 female)
	39
	18-45
	18-32

	DDI cyclosporine (28) 
	Single oral dose 500 mg cyclosporine + 60 mg edoxaban
	Healthy
(0.125 female)
	39
	18-45
	18-32

	DDI verapamil (29) 
	day 1-11: 240 mg SR verapamil
day 10: 60 mg oral edoxaban
	Healthy
(0.176 female)
	30
	31.4 (8.3)
	79.0 (12.8)†

	DDI quinidine (29) 
	day 1: 300 mg quinidine
day 2-3: 300 mg oral quinidine Q8H
day 4: 300 mg quinidine
day 3: 60 mg oral edoxaban
	Healthy
(16.7 female)
	29
	30.9 (7.5)
	79.7 (12.0)†

	DDI quinidine (24) 
	day 1-3: 300 mg oral quinidine Q8H
day 1: single 30 mg iv edoxaban (over 30 min)
	Healthy
(0.08 female)
	28
	18-45
	21-32


*BSA (m2) reported
†weight in kg, mean(SD)
iv: intravenous, min: minute, EM: extensive metabolizer, PM: poor metabolizer, NR: not reported.

[bookmark: _Ref219386690]Table S10	Input Parameters of the Edoxaban PBPK Model
	Parameter 
	Value 
	Assumption(s) and references 

	Physicochemical properties and blood binding

	Compound type 
	Small molecule
	

	Molecular weight 
	548.6
	(22)
	Log P 
	1.61
	(22)
	Charge
	Monoprotic base
	(22)
	pKa 1
	6.7
	(22)
	B/P ratio 
	0.96
	(22)
	fu 
	0.45
	(22)
	Plasma binding protein
	HSA
	(22)
	Absorption

	Absorption Model
	ADAM
	

	fuGut
	0.236
	Predicted by Simcyp

	Peff,man (10-4 cm/s)
	4.61
	Predicted by Simcyp using MechPeff model method 1. Pttrans,O = 112.4 10-6 cm/s

	pH-Solubility (mg/mL)
	
	(22, 23)
	pH 3
	4.4
	

	pH 4
	4.2
	

	pH 5
	1.8
	

	pH 6
	0.54
	

	pH 7
	0.14
	

	Formulation
	Immediate Release
	Diffusion layer model

	Transit Time
	Segregated transit time
	

	Distribution

	Distribution model
	Full PBPK
	

	Prediction method of Vss
	Method 2
	

	Vss (L/kg)
	1.42
	Simcyp predicted

	Kp scalar
	1.75
	Optimized to match observed Vss (24) 

	Elimination

	CYP3A4 CLint (µL/min/pmol isoform)
	0.0034
	Calculated with retrograde calculator
(CLiv 21.8 L/h, fCL,Bile 20%, fm,CYP3A4 10%)(27) 

	CES1 (µL/min/mg protein)
	0.29
	Optimized to match M4 recovery (3.5%) from mass balance study (25) 

	Percentage available for re-absorption (%)
	75
	(23)
	CLR (L/h)
	10.7
	(24) 

	Additional systemic clearance (L/h)
	1.4
	non-CYP3A4 and CES1 clearance (25) 

	Transporter

	P-gp 
	
	

	Jmax (pmol/min)
	108
	(22)
	Km (µM)
	9.1
	

	RAF/REF
	0.99
	Set to match default value for Caco-2 cells

	CLPD - liver (mL/min/million hepatocytes)
	1.01
	Calculated by Simcyp using Mech Peff


LogP: octanol:buffer partition, B/P ratio: blood-to-plasma partition, fu: fraction unbound, HSA: Human Serum Albumin, ADAM: advanced dissolution, absorption and metabolism, fuGut: fraction unbound in the gut, Peff,man: Human jejunum effective permeability, Mech Peff: mechanistic passive reginal permeability, Vss: volume of distribution at stead-state, Kp scalar: value applied to all tissue:plasma partition coefficients, CLR: renal clearance, CLint: intrinsic clearance, CLiv: intravenous clearance, fm,CYP3A4: fraction metabolized CYP3A4, Jmax: in vitro maximum rate of transporter-mediated efflux, Km: Michaelis constant, RAF/REF: Relative activity factor or relative expression factor, CLPD: passive diffusion clearance

[bookmark: _Ref219460622]Table S11	Predicted and observed PK parameters for edoxaban in adults
	 
	AUCinf (ng·h/mL)
	Cmax (ng/mL)
	CL/F (L/h)

	
	Predicted
	Observed
	Predicted
	Observed
	Predicted
	Observed

	30 mg IV
	1,200
(26.2)
	1,320
(14.4)
	518
(15.4)
	424
(27.1)
	26.9
(28.7)
	21.8
(13.9)*

	60 mg PO
	1,780
(35.5)
	1,770
(24.6)
	304
(38.9)
	256
(34.3)
	39.5
(52.0)
	35.7
(21.4)

	60 mg PO (MB study)
	2,090
(30.8)
	1,600
(19.4)
	367
(35.9)
	332
(32.5)
	32.0
(37.0)
	37.6
(NR)

	GMFE
	1.14
	1.17
	1.17


*CL
NR: not reported, GMFE: geometric mean fold error, AUCinf: area under the curve from 0 to infinity, Cmax: maximum concentration, CL: total clearance (dose/AUC)
data presented as arithmetic mean (%coefficient of variance)
[bookmark: _Ref219460712]Fig. S4	Predicted and observed plasma concentration curve of oral edoxaban in adult healthy volunteers
[image: ]
Observed data extracted from Parasrampuria, et. al.(27)
Black circles: observed clinical data, solid black line: simulated arithmetic mean, dark grey line: simulated 95th percentile, light grey line: simulated 5th percentile
[bookmark: _Ref219460678]Table S12	Summary of predicted by the PBPK model and observed PK parameters (AUC and Cmax ratio) of DDI for edoxaban as the victim
	 
	Without Inhibitor
	With Inhibitor
	 

	 
	AUCinf (ng*h/mL)
	Cmax (ng/mL)
	AUCinf (ng*h/mL)
	Cmax (ng/mL)
	AUCinf ratio
	Cmax Ratio

	400 mg ketoconazole(28) 

	Observed
	1,650
	245
	3,000
	441
	1.87
	1.89

	90% CI
	
	
	
	
	(1.76, 1.98)
	(1.68, 2.12)

	Predicted
	1,640
	256
	3,480
	504
	2.12
	1.97

	90% CI
	
	
	
	
	(2.07, 2.18)
	(1.97, 2.01)

	Criteria
	
	
	
	
	1.17 - 2.99
	1.18 - 3.03

	500 mg cyclosporine (28) 

	Observed
	1,830
	246
	3,130
	411
	1.73
	1.74

	90% CI
	
	
	
	
	(1.63, 1.83)
	(1.56, 1.93)

	Predicted
	1,640
	257
	2,350
	358
	1.44
	1.39

	90% CI
	
	
	
	
	(1.41, 1.46)
	(1.36, 1.42)

	Criteria
	
	
	
	
	1.10 - 2.71
	1.11 - 2.73

	240 mg verapamil SR(29) *

	Observed
	1,450
	223
	2,490
	390
	1.53
	1.53

	90% CI
	
	
	
	
	(1.41, 1.65)
	1.34, 1.76)

	Predicted
	1,380
	259
	1,940
	330
	1.41
	1.27

	90% CI
	
	
	
	
	(1.38, 1.43)
	(1.26, 1.29)

	Criteria
	
	
	
	
	1.01 - 2.3
	1.01 - 2.31

	300 mg quinidine (oral edoxaban)(29) *

	Observed
	1,440
	226
	2,110
	320
	1.77
	1.85

	90% CI
	
	
	
	
	(1.65, 1.89)
	(1.65, 2.09)

	Predicted
	1,590
	289
	2,520
	494
	1.59
	1.71

	90% CI
	
	
	
	
	(1.56, 1.61)
	(1.67, 1.74)

	Criteria
	
	
	
	
	1.12 - 2.79
	1.16 - 2.95

	300 mg quinidine (iv edoxaban)(24) 

	Observed
	1,390
	438
	1,870
	471
	1.35
	1.07

	90% CI
	
	
	
	
	(1.28, 1.43)
	(0.963, 1.20)

	Predicted
	1,120
	509
	1,460
	580
	1.30
	1.14

	90% CI
	
	
	
	
	(1.29, 1.32)
	(1.13, 1.14)

	Criteria
	 
	 
	 
	 
	0.935 - 1.95
	0.824 - 1.39


*AUC0-24h: area under the curve from 0 to 24 hour
AUCinf: area under the curve from 0 to infinity, Cmax: maximum concentration, CI: confidence interval, iv: intravenous
AUC ratio: AUC(with inhibitor)/AUC(without inhibitor), Cmax ratio: Cmax(with inhibitor)/Cmax(without inhibitor)
Criteria determined by GUEST method assuming 20% variability in pharmacokinetic parameters(21) 
[bookmark: _Ref219465156]Table S13	Edoxaban mass balance analysis from clinical study and predicted by the PBPK model
	
	% Feces
	%Urine
	%Total Recovery

	Analyte
	Predicted
	Observed
	Predicted
	Observed
	Predicted
	Observed

	% of dose
	-
	62.2
	-
	35.4
	100
	97.6

	Edoxaban
	53.1
	49.1
	33.9
	23.8
	87.0
	72.8

	CYP3A4 metabolism
	-
	2.00
	-
	0.45
	2.80
	2.45

	CES1 metabolism
	-
	1.93
	-
	1.56
	5.32
	3.49

	Additional CL
	-
	0.05
	-
	3.22
	4.58
	3.27
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