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Supplementary Materials

Supplementary Methods
Physiologically based pharmacokinetic (PBPK) modeling is a strategy for predicting the pharmacokinetics (PK) of drugs in human subjects [1]; this strategy organizes the tissues, organs, and blood connecting them into compartments and considers the concentration of drugs in and flow of drugs between these compartments. Simcyp™ version 16 (Certara) is a platform for creating PBPK models for drugs and using those models to simulate drug exposures in human subjects. We first used Simcyp™ to create PBPK models for ivacaftor, lumacaftor, tezacaftor, and elexacaftor using physiochemical properties and other PK-interaction parameters for each drug. We then used Simcyp™ to predict exposures of these drugs during immediate transitions from ivacaftor monotherapy, lumacaftor/ivacaftor, or tezacaftor/ivacaftor to the triple combination.


Supplementary Tables

Table S1. Parameters Used to Develop the Ivacaftor Model in Simcyp™ version 16 (Certara)
	Parameter
	Value

	Physiochemical properties

	Molecular weight (g/mol)
	392.49

	log P
	5.68

	Compound type
	Diprotic acid

	pKa 1
	9.4

	pKa 2
	11.6

	B/P
	0.55

	Fuplasma
	0.001

	Absorption

	Absorption model
	ADAM

	Input type
	Predicted

	Caco-2 permeability (10×10−06 cm/sec)
	11.9

	Distribution

	Distribution model
	Minimal PBPK model

	SAC Q (L/h)
	3.752

	Vsac (L/kg) 
	6.70×10−01

	Vss (L/kg) 
	1.74

	Elimination

	Clearance type
	Enzyme kinetics

	Enzyme
	CYP3A4

	Vmax (pmol/min/mg protein)
	1519.2

	Km (µM)
	4

	Fumic
	0.105

	Biliary CLint (Hep) (µL/min/106)
	30


ADAM, advanced dissolution, absorption, and metabolism; B/P, blood-to-plasma ratio; CLint, intrinsic clearance; Fumic, fraction unbound in microsome; Fuplasma, fraction unbound in plasma; Km, Michaelis-Menten constant; log P, partition coefficient; PBPK, physiologically based pharmacokinetic; pKa, logarithm of acid dissociation constant; SAC Q, blood flow; Vmax, maximum rate of reaction; Vsac, single adjusted compartment volume of distribution; Vss, steady-state volume of distribution.


Table S2. Parameters Used to Develop the Lumacaftor Model in Simcyp™ version 16 (Certara)
	Parameter
	Value

	Physiochemical properties

	Molecular weight (g/mol)
	452.41

	log P
	5.357

	Compound type
	Ampholyte

	pKa 1
	4.28

	pKa 2
	2.51

	B/P
	0.55

	Fuplasma
	3.00×10−04

	Absorption

	Absorption model
	First order

	Fa
	0.415

	ka (1/h)
	0.54

	Tlag (h)
	0.975

	Distribution

	Distribution model
	Minimal PBPK model

	SAC Q (L/h)
	1.08×10−05

	Vsac (L/kg)
	1.07×10−05

	Vss (L/kg)
	0.206

	Elimination

	Clearance type
	Enzyme kinetics

	Enzyme
	CYP3A4

	CLint (µL/min/pmol)
	0.311

	Additional HLM clearance (µL/min/mg protein)
	170.3

	Additional systemic clearance (L/h)
	0.25

	Interaction

	Enzyme
	CYP3A4

	Indmax
	6.4

	IndC50 (µM)
	2.8

	Fuinc
	0.05


B/P, blood-to-plasma ratio; CLint, intrinsic clearance; Fa, fraction absorbed; Fuplasma, fraction unbound in plasma; Fuinc, fraction unbound incubation; HLM, human liver microsome; IndC50, concentration at half-maximum induction; Indmax, maximum fold change in mRNA; ka, absorption rate constant; log P, partition coefficient; PBPK, physiologically based pharmacokinetic; pKa, logarithm of acid dissociation constant; SAC Q, blood flow; Tlag, lag time; Vsac, single adjusted compartment volume of distribution; Vss, steady-state volume of distribution.


Table S3. Parameters Used to Develop the Tezacaftor Model in Simcyp™ version 16 (Certara)
	Parameter
	Value

	Physiochemical properties

	Molecular weight (g/mol)
	520.5

	log P
	3.6

	Compound type
	Neutral

	B/P
	0.658

	Fuplasma
	0.009

	Absorption 

	Absorption model
	First order

	Fa
	0.82

	ka (1/h)
	0.894

	Distribution

	Distribution model
	Minimal PBPK model

	SAC Q (L/h)
	0.873

	Vsac (L/kg)
	0.113

	Vss (L/kg)
	0.332

	Elimination

	Clearance type
	Enzyme kinetics

	Enzyme
	CYP3A4

	CLint (µL/min/pmol)
	0.175

	Additional HLM clearance (µL/min/mg protein)
	7.359

	Interaction

	CYP3A4 Ki (µM)
	12.5

	Fumic
	0.876


B/P, blood-to-plasma ratio; CLint, intrinsic clearance; Fa, fraction absorbed; Fuplasma, fraction unbound in plasma; Fumic, fraction unbound in microsome; HLM, human liver microsome; ka, absorption rate constant; ki, inhibitory constant; log P, partition coefficient; SAC Q, blood flow; Vsac, single adjusted compartment volume of distribution; Vss, steady-state volume of distribution.


Table S4. Parameters Used to Develop the Elexacaftor Model in Simcyp™ version 16 (Certara)
	Parameter
	Value

	Physiochemical properties

	Molecular weight (g/mol)
	597.66

	log P
	6.00

	Compound type
	Monoprotic acid

	pKa 1
	5.04

	B/P
	0.55

	Fuplasma
	0.00704

	Absorption

	Absorption model
	First order

	Fa
	0.82

	ka (1/h)
	0.59

	Tlag (h)
	2.17

	Distribution

	Distribution model
	Minimal PBPK model

	SAC Q (L/h)
	10.05

	Vsac (L/kg)
	0.27

	Vss (L/kg)
	0.62

	Elimination

	Clearance type
	Enzyme kinetics

	Enzyme
	CYP3A4

	CLint (µL/min/pmol)
	0.22

	Biliary CLint (Hep) (µL/min/106)
	4.56


B/P, blood-to-plasma ratio; CLint, intrinsic clearance; Fa, fraction absorbed; Fuplasma, fraction unbound in plasma; ka, absorption rate constant; log P, partition coefficient; pKa, logarithm of acid dissociation constant; SAC Q, blood flow; Tlag, lag time; Vsac, single adjusted compartment volume of distribution; Vss, steady-state volume of distribution.


Table S5. PK Parameters for Independent PBPK Modeling
	
	Ivacaftor
	Lumacaftor
	Tezacaftor
	Elexacaftor

	
	Observeda
	Predicted
	Observeda
	Predicted
	Observeda
	Predicted
	Observeda
	Predicted

	AUC (mg×h/L)
	10.6
	10.09
	198
	278.78
	84.5
	82.42
	162
	169.05

	Cmax (mg/L)
	0.768
	1.45
	25
	25.81
	5.95
	5.85
	8.7
	8.74


AUC, area under the curve; Cmax, maximum concentration; PBPK, physiologically based pharmacokinetic; PK, pharmacokinetic.
a As reported in the product label [2-5].


Supplementary Figures
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Fig. S1. Transitions from mono- or dual-combination regimens to the TC regimen. a Transition from ivacaftor to the TC regimen. b Transition from lumacaftor/ivacaftor to the TC regimen. c Transition from tezacaftor/ivacaftor to the TC regimen. q12h, once every 12 hours; QD, once daily; TC, triple-combination.
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