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Table S1. Population PK parameter estimates for FVIII concentrates using the Standard Two-Stage method
	
	Ruffo et al., 1985 [39]
	Messori et al., 1988 [40]

	
	Mean
	SD
	Mean
	SD

	Patient and product characteristics
	
	
	
	

	Clinical phenotype
	NA
	Mild to moderate

	Concentrates
	Kryobulin
	Kryobulin TIM3, heated Hemofil, heated Koate

	Structural model
	
	
	
	

	Clearance (CL; mLh-1kg-1)
	4.42
	1.81
	4.14 a / 3.93 b
	2.16 a / 1.95 b

	Volume of central compartment (Vd; mLkg-1)
	56.3
	17.1
	53.8 a / 61.8 b
	15.8 a / 30.3 b

	Residual variability
	
	
	
	

	Proportional residual variability (%CV)
	21
	NA
	15.0 a / 18.0 b
	9.2 a / 11.1 b


SD indicates standard error; CV, coefficient of variation. NA: not available.
a Population PK model was based on 87 single-dose curves obtained from 56 patients. b Population PK model was constructed using multiple dosing data comprising 47 dosing curves from 32 patients.


Table S2. Perioperative population PK parameter estimates for FVIII concentrates using the Standard Two-Stage method
	
	Ruffo et al, 1986 [38]
	Longo et al., 1989 * [37]

	
	Mean
	SD
	Mean
	SD

	Patient and product characteristics
	
	
	
	

	Clinical phenotype
	NA
	Mild to moderate

	Concentrates
	NA
	Kryobulin TIM3, heated Hemofil, heated Koate

	Structural model
	
	
	
	

	Clearance (CL; mLh-1kg-1)
	-
	
	5.67 / 4.87
	2.91 / 2.54

	Volume of central compartment (Vd; mLkg-1)
	62.6
	10.6
	64.7 / 65.0
	14.8 / 19.9

	Initial first-order rate constant at time zero (Kin; h-1)a
	0.071 a
	0.028
	9.6 b / -
	4.8 b / -

	Final first-order rate constant at time infinity (Kfin; h-1) a
	0.049 a
	0.012
	17.8 b / -
	8.3 b / -

	Variation of first-order rate constant (Kvar; h-1) a
	0.10 a
	0.05
	10.4 b / -
	7.8 b / -

	Residual variability
	
	
	
	

	Proportional residual variability (%CV)
	19.3
	NA
	17.8 c
	


SD indicates standard error; NA: not available. CV, coefficient of variation.
a Equation for time-dependent elimination rate constant (K): K = (Kin – Kfin)*e^(-Kvar*tas) + Kfin. b half-life parameter, depicted in hours. c Based on the sum of squares from all patients, as obtained using both population PK models.
* Two population PK models were established: the first has variable clearance based on the population PK model from Ruffo et al. (1986) [38] and uses the same equation for calculating the time-dependent elimination rate constant. The second population PK model is a one-compartment model with constant-elimination.


Table S3. Population PK models for standard half-life FVIII concentrates
	
	Björkman et al. (2012)* [14]
	Björkman et al. (2009)** [48]
	Zhang et al.*** [84]
	Abrantes et al. (2017)*** [49]

	
	Estimate
	(%RSE)
	Estimate
	(%RSE)
	Estimate
	(%RSE)
	Estimate
	(%RSE) a

	Patient and product characteristics
	
	
	
	
	
	
	
	

	Clinical phenotype
	Moderate to severe
	Moderate to severe
	Severe
	Mild to severe

	Concentrates
	Advate
	Helixate, Kogenate, Octonativ-M, Immunate, Monoclate, Monoclate-P, Recombinate
	Afstyla
	Xyntha / Refacto AF

	Structural model
	
	
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	193
	2.7
	222
	5
	212
	2.70
	276
	2.13

	Volume of central compartment (V1; mL)
	2220
	1.9
	3520
	3
	3360
	2.05
	2450
	2.24

	Distribution CL to compartment 2 (Q; mLh-1)
	147
	8.6
	256
	30
	134
	25.6
	2510
	12.2

	Volume of compartment 2 (V2; mL)
	730
	7.8
	241
	14
	265
	9.15
	923
	5.92

	Baseline of endogenous FVIII (BL; IUmL-1)
	-
	
	0.012
	17
	0.00765
	22.0
	0.00474 b
	0.641

	Elimination rate to second compartment (k12; h-1)
	-
	
	-
	
	-
	
	-
	

	Elimination rate to first compartment (k21; h-1)
	-
	
	-
	
	-
	
	-
	

	Inter-individual variability (%CV)
	
	
	
	
	
	
	
	

	IIV on CL
	30
	15
	28
	33
	24.5
	6.90
	30.5
	7.75

	IIV on V1
	21
	14
	17
	37
	19.9
	9.09
	-
	

	Correlation between CL and V1 (%)
	45
	22
	64
	44
	-
	
	-
	

	IIV on baseline
	-
	
	31
	110
	63.0
	20.8
	119
	5.98

	IIV on bioavailability
	-
	
	-
	
	-
	
	13.0
	5.35

	IIV on K12
	-
	
	-
	
	-
	
	-
	

	IIV on K21
	-
	
	-
	
	-
	
	-
	

	IIV on V2
	-
	
	-
	
	-
	
	-
	

	Inter-occasion variability (%CV)
	
	
	
	
	
	
	
	

	IOV CL
	-
	
	13
	31
	-
	
	34.7
	5.25

	IOV V1
	-
	
	10
	36
	-
	
	-
	

	IOV V2
	-
	
	-
	
	-
	
	41.0
	10.1

	Residual variability
	
	
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	0.089
	3.5
	0.012
	17
	0.015
	16.3
	-
	

	Proportional (%CV)
	-
	
	8.5
	6.7
	10.9
	14.3
	19.2
	1.79

	Covariate relations
	
	
	
	
	
	
	
	

	CL – Allometric exponent
	0.80
	5.9
	0.75
	
	0.756
	4.72
	0.75
	

	V1 – Allometric exponent
	0.95
	2.8
	1.0
	
	0.903
	3.46
	0.812
	1.37

	Q – Allometric exponent
	-
	
	0.75
	
	-
	
	0.75
	

	V2 – Allometric exponent
	0.76
	18
	1.0
	
	-
	
	0.812
	1.37

	CL – (% change with age different from 22 years)
	-0.45
	41
	-
	
	-
	
	-
	

	CL – (% change with age different from 24 years)
	-
	
	-0.7
	16
	-
	
	-
	

	CL – (% difference if preparation = full-length recombinant)
	-
	
	-20
	15
	-
	
	-
	

	V1 – (% difference if preparation = full-length recombinant)
	-
	
	-20
	15
	-
	
	-
	

	CL – exponent of vWF effect
	-
	
	-
	
	-0.633
	8.36
	-
	

	Assay on residual error, % difference if OSA
	-
	
	-
	
	-
	
	40.3
	9.60

	V2 – race, % difference if black
	-
	
	-
	
	-
	
	88.4
	33.0

	CL – age up to 1 year old
	-
	
	-
	
	-
	
	0.149
	60.1

	CL – age above 1 year old
	-
	
	-
	
	-
	
	-0.00678
	12.2

	CL – inhibitor status, % difference if positive
	-
	
	-
	
	-
	
	166
	9.72

	CL - Age on CL (%)
	-
	
	-
	
	-
	
	-
	

	V1 – HIV positive status on V1
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 30 years)
	-
	
	-
	
	-
	
	-
	


IIV: inter-individual variability; RSE: relative standard error; CV: coefficient of variation; SD: standard deviation; * Parameters are scaled to 56 kg. ** Parameters are scaled to 68 kg. *** Parameters are scaled to 70 kg. **** Parameters are scaled to 75 kg and 20 years. ***** Parameters are scaled to 51.14 kg using lean body weight (LBW). ****** Parameters CL and V1 are scaled linearly to 44.8 kg using LBW. ******* Parameters are scaled to 75 kg. $$ Parameters are scaled to 70 kg. Figures on the left are obtained using the OSA, on the right with CSA.
a using sampling importance resampling (SIR); b lowest of bimodal estimation. c Parameter scaled to 1 kg body weight. d Parameter scaled to 1.76 m2 body surface area. e rate of baseline infusion, baseline implemented using infusion from a pool of infinite factor concentrate. f Using lean body mass. g baseline estimated using a multiplier. h actual body weight linear to parameter.


Table S3. Population PK models for standard half-life FVIII concentrates (continued)
	
	Jiménez-Yuste et al.**** [50]
	Garmann et al.***** [83]
	Bolon-Larger et al. (2007) [82]
	Stass et al.****** [36]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	
	
	

	Clinical phenotype
	Severe
	Severe
	Mild to severe
	Severe

	Concentrates
	NovoEight
	Kovaltry
	NA
	Kogenate-FS

	Structural model
	
	
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	302
	
	188
	4.0
	2.6 c
	11.0
	223
	6.9

	Volume of central compartment (V1; mL)
	3460
	
	3000
	1.7
	2819 d
	3.5
	2970
	4.2

	Distribution CL to compartment 2 (Q; mLh-1)
	-
	
	190
	21.9
	-
	
	159
	21.8

	Volume of compartment 2 (V2; mL)
	-
	
	637
	18.2
	-
	
	518
	11.1

	Baseline of endogenous FVIII (BL; IUmL-1)
	-
	
	-
	
	-
	
	0.80 e
	31.4

	Elimination rate to second compartment (k12; h-1)
	-
	
	-
	
	0.0479
	12.5
	-
	

	Elimination rate to first compartment (k21; h-1)
	-
	
	-
	
	0.0938
	8.8
	-
	

	Inter-individual variability (%CV)
	
	
	
	
	
	
	
	

	IIV on CL
	32
	
	37.0
	-
	45.4
	
	27.2
	43.0

	IIV on V1
	22
	
	11.2
	-
	21.1
	
	15.5
	31.4

	Correlation between CL and V1 (%)
	-
	
	-
	
	-
	
	-
	

	IIV on baseline
	-
	
	-
	
	-
	
	-
	

	IIV on bioavailability
	-
	
	-
	
	-
	
	-
	

	IIV on K12
	-
	
	-
	
	27.2
	
	-
	

	IIV on K21
	-
	
	-
	
	180.8
	
	-
	

	IIV on V2
	-
	
	-
	
	-
	
	-
	

	Inter-occasion variability (%CV)
	
	
	
	
	
	
	
	

	IOV CL
	-
	
	-
	
	-
	
	-
	

	IOV V1
	-
	
	-
	
	-
	
	-
	

	IOV V2
	-
	
	-
	
	-
	
	-
	

	Residual variability
	
	
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	NA
	
	0.011
	15.1
	-
	
	0.003
	40.0

	Proportional (%CV)
	NA
	
	26.7
	5.7
	8.6
	
	-
	

	Covariate relations
	
	
	
	
	
	
	
	

	CL – Allometric exponent
	0.95
	
	0.610 f
	11.8
	-
	
	0.055
	11.8

	V1 – Allometric exponent
	0.86
	
	0.950 f
	3.3
	-
	
	0.675
	8.0

	Q – Allometric exponent
	-
	
	-
	
	-
	
	-
	

	V2 – Allometric exponent
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 22 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 24 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% difference if preparation = full-length recombinant)
	-
	
	-
	
	-
	
	-
	

	V1 – (% difference if preparation = full-length recombinant)
	-
	
	-
	
	-
	
	-
	

	CL – exponent of vWF effect
	-
	
	-
	
	-
	
	-
	

	Assay on residual error, % difference if OSA
	-
	
	-
	
	-
	
	-
	

	V2 – race, % difference if black
	-
	
	-
	
	-
	
	-
	

	CL – age up to 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – age above 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – inhibitor status, % difference if positive
	-
	
	-
	
	-
	
	-
	

	CL - Age on CL (%)
	-1
	
	-
	
	-
	
	-
	

	V1 – HIV positive status on V1
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 30 years)
	-
	
	-
	
	-
	
	-
	


IIV: inter-individual variability; RSE: relative standard error; CV: coefficient of variation; SD: standard deviation; * Parameters are scaled to 56 kg. ** Parameters are scaled to 68 kg. *** Parameters are scaled to 70 kg. **** Parameters are scaled to 75 kg and 20 years. ***** Parameters are scaled to 51.14 kg using lean body weight (LBW). ****** Parameters CL and V1 are scaled linearly to 44.8 kg using LBW. ******* Parameters are scaled to 75 kg. $$ Parameters are scaled to 70 kg. Figures on the left are obtained using the OSA, on the right with CSA.
a using sampling importance resampling (SIR); b lowest of bimodal estimation. c Parameter scaled to 1 kg body weight. d Parameter scaled to 1.76 m2 body surface area. e rate of baseline infusion, baseline implemented using infusion from a pool of infinite factor concentrate. f Using lean body mass. g baseline estimated using a multiplier. h actual body weight linear to parameter.


Table S3. Population PK models for standard half-life FVIII concentrates (continued)
	
	Shah et al. [85]
	Delavenne et al.$$ [47]
	Karafoulidou et al.******* [45]
	Abrantes et al. (2019)$$$ [86]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	
	
	

	Clinical phenotype
	Severe
	Severe
	Mild to severe
	Severe

	Concentrates
	Kovaltry
	Nuwiq
	Refacto
	Kovaltry

	Structural model
	
	
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	151
	7.3
	200 / 271
	4 / 4
	393
	9.3
	193
	3.54

	Volume of central compartment (V1; mL)
	2360
	2.8
	2700 / 3750
	2 / 3
	4860
	5.3
	3030
	1.72

	Distribution CL to compartment 2 (Q; mLh-1)
	159
	5.5
	80.2 / 349
	15 / 18
	-
	
	169
	23.0

	Volume of compartment 2 (V2; mL)
	5350
	12.8
	451 / 960
	9 / 7
	-
	
	629
	8.79

	Baseline of endogenous FVIII (BL; IUmL-1)
	-
	
	-
	
	0.80 g
	16
	-
	

	Elimination rate to second compartment (k12; h-1)
	-
	
	-
	
	-
	
	-
	

	Elimination rate to first compartment (k21; h-1)
	-
	
	-
	
	-
	
	-
	

	Inter-individual variability (%CV)
	
	
	
	
	
	
	
	

	IIV on CL
	27.2
	13.9
	33.8 / 35.2
	8 / 8
	38.9
	33.1
	30.2
	7.31

	IIV on V1
	7.93
	36.9
	22 / 20.2
	8 / 8
	13.0
	52.9
	15.1
	8.75

	Correlation between CL and V1 (%)
	-
	
	35.1 / 9.8
	27 / 25
	-
	
	-
	

	IIV on baseline
	-
	
	-
	
	-
	
	-
	

	IIV on bioavailability
	-
	
	-
	
	-
	
	-
	

	IIV on K12
	-
	
	-
	
	-
	
	-
	

	IIV on K21
	-
	
	-
	
	-
	
	-
	

	IIV on V2
	
	
	27.8 / 16
	56 / 51
	-
	
	-
	

	Inter-occasion variability (%CV)
	
	
	
	
	
	
	
	

	IOV CL
	-
	
	-
	
	-
	
	-
	

	IOV V1
	-
	
	-
	
	-
	
	-
	

	IOV V2
	-
	
	-
	
	-
	
	-
	

	IOV on F1
	10.3
	31.7
	
	
	
	
	-
	

	Residual variability
	
	
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	-
	
	0.0002 / 0.0002
	7 / 5
	-
	
	0.015
	11.0

	Proportional (%CV)
	5.73
	6.84
	0.0867 / 0.0831
	5 / 6
	15.2
	20.9
	20.3
	5.52

	Covariate relations
	
	
	
	
	
	
	
	

	CL – Allometric exponent
	-
	
	0.75 / 0.75
	
	0.09 h
	24.6
	0.646
	10.0

	V1 – Allometric exponent
	-
	
	1 / 1
	
	0.55 h
	28.8
	0.958
	3.13

	Q – Allometric exponent
	-
	
	-
	
	-
	
	-
	

	V2 – Allometric exponent
	-
	
	0.546 / 0.613
	22 / 15
	-
	
	-
	

	CL – (% change with age different from 22 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 24 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% difference if preparation = full-length recombinant)
	-
	
	-
	
	-
	
	-
	

	V1 – (% difference if preparation = full-length recombinant)
	-
	
	-
	
	-
	
	-
	

	CL – exponent of vWF effect
	-
	
	-
	
	-
	
	-
	

	Assay on residual error, % difference if OSA
	-
	
	-
	
	-
	
	-
	

	V2 – race, % difference if black
	-
	
	-
	
	-
	
	-
	

	CL – age up to 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – age above 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – inhibitor status, % difference if positive
	-
	
	-
	
	-
	
	-
	

	CL - Age on CL (%)
	-
	
	-
	
	-
	
	-
	

	V1 – HIV positive status on V1
	-
	
	-
	
	0.36
	29
	-
	

	CL – (% change with age different from 30 years)
	-
	
	-0.00805 / -0.0058
	26 / 39
	-
	
	-
	


IIV: inter-individual variability; RSE: relative standard error; CV: coefficient of variation; SD: standard deviation; * Parameters are scaled to 56 kg. ** Parameters are scaled to 68 kg. *** Parameters are scaled to 70 kg. **** Parameters are scaled to 75 kg and 20 years. ***** Parameters are scaled to 51.14 kg using lean body weight (LBW). ****** Parameters CL and V1 are scaled linearly to 44.8 kg using LBW. ******* Parameters are scaled to 75 kg. $$ Parameters are scaled to 70 kg. Figures on the left are obtained using the OSA, on the right with CSA. $$$ Parameters are scaled using lean bodyweight to 61.1 kg.
a using sampling importance resampling (SIR); b lowest of bimodal estimation. c Parameter scaled to 1 kg body weight. d Parameter scaled to 1.76 m2 body surface area. e rate of baseline infusion, baseline implemented using infusion from a pool of infinite factor concentrate. f Using lean body mass. g baseline estimated using a multiplier. h actual body weight linear to parameter.

Table S3. Population PK models for standard half-life FVIII concentrates (continued)
	
	Chelle et al. (2019)&& [87]
	McEneny-King&&& [88]
	Allard et al.&&&& [89]
	Tiede et al.~~ [90]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	
	
	

	Clinical phenotype
	Severe to mild
	Severe and moderate
	Severe, moderate and mild
	Severe

	Concentrates
	Fandhi & Alphanate
	Advate, Emoclot, Kogenate, Kavaltry, NovoEight, Octanate, Refactor AF
	Factane, Advate, Kogenate, Kovaltry@, Afstyla@, Refacto, Novoeight, Elocta@
	NovoEight

	Structural model
	
	
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	195
	5.69
	238
	3.6
	204
	3.25
	302
	32

	Volume of central compartment (V1; mL)
	2300
	7.45
	3010
	2.5
	2640
	2.04
	3.46
	22

	Distribution CL to compartment 2 (Q; mLh-1)
	78
	21.3
	142
	14.4
	135
	20.5
	-
	

	Volume of compartment 2 (V2; mL)
	449
	27.1
	525
	7.0
	339
	10.7
	-
	

	Baseline of endogenous FVIII (BL; IUmL-1)
	-
	
	-
	
	-
	
	-
	

	Elimination rate to second compartment (k12; h-1)
	-
	
	-
	
	-
	
	-
	

	Elimination rate to first compartment (k21; h-1)
	-
	
	-
	
	-
	
	-
	

	Inter-individual variability (%CV)
	
	
	
	
	
	
	
	

	IIV on CL
	45.6
	9.22
	41.4
	4.9
	34.9
	5.13
	61.4%
	

	IIV on V1
	54.2
	11.3
	32.4
	7.0
	23.2
	6.4
	49.6%
	

	Correlation between CL and V1 (%)
	79.7
	7.5
	70.3
	5.2
	59.9
	9.75
	-
	

	IIV on baseline
	-
	
	-
	
	-
	
	-
	

	IIV on bioavailability
	-
	
	-
	
	-
	
	-
	

	IIV on K12
	-
	
	-
	
	-
	
	-
	

	IIV on K21
	-
	
	-
	
	-
	
	-
	

	IIV on V2
	-
	
	-
	
	46.8
	17.4
	-
	

	Inter-occasion variability (%CV)
	
	
	
	
	
	
	
	

	IOV CL
	-
	
	-
	
	-
	
	-
	

	IOV V1
	-
	
	-
	
	-
	
	-
	

	IOV V2
	-
	
	-
	
	-
	
	-
	

	IOV on F1
	-
	
	-
	
	-
	
	-
	

	Residual variability
	
	
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	
	
	-
	
	0.00868
	8.88
	-
	

	Proportional (%CV)
	20.5
	8.23
	17.4
	4.8
	10.8
	6.6
	-
	

	Covariate relations
	
	
	
	
	
	
	
	

	CL – Allometric exponent
	0.701
	12.0
	0.794
	6.1
	0.75
	
	0.95
	

	V1 – Allometric exponent
	0726
	13.0
	1.02
	4.2
	0.827
	4.75
	0.86
	

	Q – Allometric exponent
	-
	
	-
	
	-
	
	-
	

	V2 – Allometric exponent
	0.842
	72.7
	0.787
	16.5
	-
	
	-
	

	CL – (% change with age different from 21 years)
	-
	
	-0.205
	14.5
	-
	
	-
	

	CL – (% change with age different from 22 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 24 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 25 years)
	-0.302
	19.1
	-
	
	-
	
	-
	

	CL – (% difference if preparation = full-length recombinant)
	-
	
	30.9
	23.3
	-
	
	-
	

	V1 – (% difference if preparation = full-length recombinant)
	-
	
	15.9
	32.4
	-
	
	-
	

	CL – exponent of vWF effect
	-
	
	-
	
	-
	
	-
	

	Assay on residual error, % difference if OSA
	-
	
	-
	
	-
	
	-
	

	V2 – race, % difference if black
	-
	
	-
	
	-
	
	-
	

	CL – age up to 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – age above 1 year old
	-
	
	-
	
	-
	
	-
	

	CL – inhibitor status, % difference if positive
	-
	
	-
	
	-
	
	-
	

	CL - Age on CL (%)
	-
	
	-
	
	-
	
	-1
	

	V1 – HIV positive status on V1
	-
	
	-
	
	-
	
	-
	

	CL – (% change with age different from 30 years)
	-
	
	-
	
	-
	
	-
	

	CL – (% difference if preparation = plasma derived)
	-
	
	-0.126
	54.0
	-
	
	-
	

	V1 – (% difference if preparation = plasma-derived)
	-
	
	-0.104
	52.2
	-
	
	-
	

	CL – exponent of Age effect
	-
	
	-
	
	-0.214
	21.1
	
	

	C: - exponent of effect of extended half-life product
	
	
	
	
	-0.394
	10.1
	
	


IIV: inter-individual variability; RSE: relative standard error; CV: coefficient of variation; SD: standard deviation; * Parameters are scaled to 56 kg. ** Parameters are scaled to 68 kg. *** Parameters are scaled to 70 kg. **** Parameters are scaled to 75 kg and 20 years. ***** Parameters are scaled to 51.14 kg using lean body weight (LBW). ****** Parameters CL and V1 are scaled linearly to 44.8 kg using LBW. ******* Parameters are scaled to 75 kg. $$ Parameters are scaled to 70 kg. Figures on the left are obtained using the OSA, on the right with CSA. $$$ Parameters are scaled using lean bodyweight to 61.1 kg. && Parameters are scaled using fat free mass to 50.5 kg. &&& Parameters are scaled using fat free mass to 53 kg. @ Technically, these are extended half-life FVIII products. However, most of the patients from this study used short half-life products. &&&& Parameters were scaled using body weight to a median 64 kg.
a using sampling importance resampling (SIR); b lowest of bimodal estimation. c Parameter scaled to 1 kg body weight. d Parameter scaled to 1.76 m2 body surface area. e rate of baseline infusion, baseline implemented using infusion from a pool of infinite factor concentrate. f Using lean body mass. g baseline estimated using a multiplier. h actual body weight linear to parameter. ~~ Parameters were scaled to a median body weight of 70 kg.


Table S4. Population PK models for extended half-life FVIII concentrates
	
	Nestorov et al. [52]
	Shah et al. (2019)** [53]
	Chelle (2020)$$ [54]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	

	Clinical phenotype
	Severe
	Severe
	Severe and moderate

	Concentrates
	Eloctate
	BAY 94-9027 and rFVIIIFc
	Adynovate

	Structural model
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	173a
	-
	157
	10.5
	168
	3.3

	Volume of central compartment (V1; mL)
	3680b
	-
	2830
	3.59
	2780
	2.5

	Distribution CL to compartment 2 (Q; mLh-1)
	27.9
	-
	69
	20.2
	126
	25.1

	Volume of compartment 2 (V2; mL)
	409
	-
	6020
	14.5
	446
	11.8

	Inter-individual variability (%CV)
	
	
	
	
	
	

	IIV on CL
	25.1
	-
	33.3
	28.5
	30.6
	7.0

	IIV on V1
	13.6
	-
	11.1
	34.2
	19.1
	17.4

	Correlation between CL and V1 (%)
	56.3
	-
	-
	
	31.4
	43.1

	Inter-occasion variability (%CV)
	
	
	
	
	
	

	IOV CL
	22.0
	-
	-
	
	-
	

	IOV V1
	9.27
	-
	-
	
	-
	

	Correlation between CL and V1 (%)
	52.6
	-
	-
	
	-
	

	Covariate relationships
	
	
	
	
	
	

	Exponent on vWF
	-0.391
	-
	-
	
	-
	

	Exponent on HCT
	-0.412
	-
	-
	
	-
	

	Body weight exponent on V1
	0.423
	-
	-
	
	-
	

	Allometric exponent on CL
	-
	
	1.03
	32.9
	0.941
	7.0

	Allometric exponent on V1
	-
	
	1.10
	15.5
	0.985
	6.1

	Reduction of CL for BAY 94-9027 compared with rFVIIIFc
	-
	
	-0.21
	14.0
	-
	

	Age effect on CL
	-
	
	-
	
	-0.178%
	14.7

	Assay scaling factor##
	-
	
	-
	
	0.213
	14.4

	Residual variability
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	0.0024
	-
	0.296
	18.2
	-
	

	Proportional (%CV)
	15.4
	-
	29.7
	6.63
	20.4
	6.5


RSE indicates relative standard error; SD, standard deviation; CV, coefficient of variation.
a Parameter scaled to von Willebrand antigen concentration of 118. b parameter scaled to 73 kg actual body weight and 45 hematocrit. ** Publication does not mention how parameters were scaled. ## Individual predicted activity (corrected) = Individual predicted activity * (1 + assay scaling factor * δ-assay), with δ-assay being 0 for the one-stage assay and 1 for the chromogenic assay).$$ Parameters (CL and V1) were allometrically scaled by fat free mass to a median of 54.6 kg. % age was scaled linearly to a median of 19 years.



Table S5. Population PK models for desmopressin
	
	Schütte et al. [59]

	
	Estimate
	RSE (%)

	Patient and product characteristics
	
	

	Clinical phenotype
	Mild to moderate

	Concentrates
	Desmopressin/FVIII

	Structural model
	
	

	Clearance (CL; mLh-1)
	260
	6.5

	Volume of central compartment (V1; mL)
	1700
	6.9

	Distribution CL to compartment 2 (Q2; mLh-1)
	110
	48

	Volume of compartment 2 (V2; mL)
	240
	36

	Absorption rate constant (ka; h-1)
	3.8
	24

	Baseline FVIII (IU mL-1)
	0.15
	4.6

	Inter-individual variability (%CV)
	
	

	IIV on CL
	50
	22

	IIV on V1
	43
	33

	IIV on baseline
	37
	99

	Inter-occasion variability (%CV)
	
	

	IOV on baseline FVIII
	38
	71

	IOV on V1
	38
	28

	Residual variability
	
	

	Additive (SD; IU mL-1)
	0.018
	20

	Proportional (%CV)
	12
	9.7

	Covariate relations
	
	

	Baseline FVIII - FVIIIrecent (available/not available)
	0.74 / 1.2
	18 / 15

	V1 – FVIIIrecent (available/not available)
	-0.61 / 1.2
	16 / 15

	CL - FVIIIrecent (available/not available)
	-0.73 / 0.78
	10 / 17


CI: confidence interval; CV: coefficient of variation; SD: standard deviation.


Table S6. Perioperative population PK models for FVIII concentrates
	
	Hazendonk et al. * [57]

	
	Estimate
	RSE (%)

	Patient characteristics
	
	

	Clinical phenotype
	Moderate to severe

	Concentrates
	Kogenate FS, Helixate FS, Advate, Recombinate, Refacto AF, Aafact, Hemofil M

	Structural model
	
	

	Clearance (CL; mLh-1)
	150
	8

	Volume of central compartment (V1; mL)
	2810
	4

	Distribution CL to compartment 2 (Q2; mLh-1)
	160
	20

	Volume of compartment 2 (V2; mL)
	1900
	11

	Inter-individual variability (%CV)
	
	

	IIV on CL
	37
	14

	IIV on V1
	27
	14

	IIV on V2
	-
	

	Residual variability
	
	

	Additive (SD; IU mL-1)
	0.05
	28

	Proportional (%CV)
	23.0
	9

	Covariate relations
	
	

	CL – Age (change with increasing age)
	-0.17
	22

	CL – Blood group O
	26
	7

	CL – Major surgical procedure
	-7
	6

	V1 – Age (change with increasing age)
	-0.09
	28


RSE: relative standard error; SD: standard deviation; CV: coefficient of variation.
* Parameters scaled to 68 kg.


Table S7. Population PK models for standard half-life FIX concentrates
	
	Björkman et al. (2012) [15]
	Brekkan et al. [62]
	Björkman et al. (2013) [61]
	Suzuki et al. [63]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	
	
	

	Clinical phenotype
	Moderate to severe
	Moderate to severe
	Moderate to severe
	Moderate

	Concentrates
	Alphanine, Mononine, Preconativ, Nanotiv, Replenine-VF
	Alphanine, Mononine, Preconativ, Nanotiv, Factor IX Grifols, Immunine, Octanine
	BeneFix
	BeneFix

	Structural model
	
	
	
	
	
	
	
	

	Clearance (CL; mLh-170kg-1)
	290
	3.7
	319.8
	7.2
	560
	3.1
	551
	2.2

	Volume of central compartment (V1; mL70kg-1)
	5710
	3.6
	5922
	7.0
	6090
	14
	9770
	4.0

	Distribution CL to compartment 2 (Q2; mLh-170kg-1)
	1990
	35
	1049
	20.3
	22400
	28
	577
	12.6

	Volume of compartment 2 (V2; mL70kg-1)
	810
	19
	828.9
	50.7
	4160
	17
	4620
	4.1

	Distribution CL to compartment 3 (Q3; mLh-170kg-1)
	170
	6.7
	160.4
	8.1
	430
	15
	-
	

	Volume of compartment 3 (V3; mL70kg-1)
	2890
	10
	2234
	73.9
	3900
	7.7
	-
	

	Baseline FIX level (BL)
	-
	
	0.01588
	10.9
	-
	
	-
	

	Inter-individual variability (%CV)
	
	
	
	
	
	
	
	

	IIV on CL
	23
	64
	36.8
	36.8
	19
	18
	25.6
	18.9

	IIV on V1
	19
	37
	41.2
	34.2
	46
	36
	23.2
	10.2

	IIV on V2
	63
	30
	97.4
	72.6
	37
	44
	37.5
	13.7

	IIV on V3
	78
	81
	133.2
	34.5
	28
	71
	-
	

	IIV on Q2
	-
	
	-
	
	-
	
	69.1
	17.6

	IIV on baseline FIX level 
	-
	
	48.0
	73.2
	-
	
	-
	

	Inter-occasion variability (%CV)
	
	
	
	
	
	
	
	

	IOV CL
	15
	36
	48.8
	10.1
	-
	
	24.7
	14.3

	IOV V1
	12
	24
	47.2
	17.8
	-
	
	18.9
	8.6

	Allometric scaling
	
	
	
	
	
	
	
	

	Exponent on CL
	1.26
	16
	0.75
	
	0.66
	7.6
	0.799
	3.6

	Exponent on V1
	1.0
	
	1
	
	0.64
	11
	0.881
	3.9

	Exponent on V2
	-
	
	-
	
	0.64
	11
	1.02
	9.9

	Exponent on Q(2)
	-
	
	-
	
	0.66
	7.6
	0.741
	22.1

	Exponent on V3
	-
	
	-
	
	0.64
	11
	-
	

	Exponent on Q3
	-
	
	-
	
	0.66
	7.6
	-
	

	Covariate relations
	
	
	
	
	
	
	
	

	CL – (% difference for Mononine)
	-16
	47
	-
	
	-
	
	-
	

	V2 – (% change with age different from 23 years)
	-
	
	-
	
	1.6
	30
	-
	

	Residual variability
	
	
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	0.0037
	10
	0.0067
	3.1
	0.0064
	12
	0.00614
	8.4

	Proportional (%CV)
	9.2
	11
	6.95
	1.5
	8.7
	4.9
	26.0
	11.7


RSE: relative standard error; CV: coefficient of variation; SD: standard deviation.


Table S8. Population PK models for extended half-life FIX concentrates
	
	Collins et al.* [67]
	Diao et al.** [68]
	Zhang et al.*** [66]

	
	Estimate
	RSE (%)
	Estimate
	RSE (%)
	Estimate
	RSE (%)

	Patient and product characteristics
	
	
	
	
	
	

	Clinical phenotype
	Moderate to severe
	Moderate to severe
	Moderate to severe

	Concentrates
	Refixia
	Alprolix
	Idelvion

	Structural model
	
	
	
	
	
	

	Clearance (CL; mLh-1)
	0.684
	4.6
	239
	
	57
	2.7

	Volume of central compartment (V1; mL)
	73.9
	4.8
	7140
	
	6480
	3.2

	Distribution CL to compartment 2 (Q(2); mLh-1)
	0.614
	35.2
	167
	
	29
	36.4

	Volume of compartment 2 (V2; mL)
	15.6
	11.8
	8700
	
	1580
	12.1

	Distribution CL to compartment 3 (Q3; mLh-1)
	-
	
	3930
	
	-
	

	Volume of compartment 3 (V3; mL)
	-
	
	3990
	
	-
	

	Baseline FIX level
	-
	
	-
	
	0.0106
	11.6

	Body weight exponent on CL
	-
	
	0.436
	
	0.53
	9.3

	Body weight exponent on V1
	-
	
	0.396
	
	0.79
	6.6

	Body weight exponent on V2
	-
	
	-
	
	0.79
	6.6

	Weight-adjusted dose exponent on V1
	-
	
	-
	
	0.38
	16.9

	Inter-individual variability (%CV)
	
	
	
	
	
	

	IIV on CL
	16.8
	
	17.8
	
	22.6
	22.0

	IIV on V1
	18.71
	
	22.0
	
	26.9
	30.2

	IIV on Q(2)
	127.28
	
	37.0
	
	-
	

	IIV on V2
	-
	
	48.8
	
	-
	

	IIV on V3
	-
	
	39.1
	
	-
	

	Correlation between CL and V1 (%)
	16.09
	
	75.6
	
	-
	

	IIV on baseline
	-
	
	-
	
	41.7
	11.6

	Inter-occasion variability (%CV)
	
	
	
	
	
	

	IOV CL
	-
	
	15.2
	
	-
	

	IOV V1
	-
	
	17.5
	
	-
	

	Residual variability
	
	
	
	
	
	

	Additive (SD; IU mL-1)
	0.000267
	41.6
	0.0024
	
	0.0066
	27.6

	Proportional (%CV)
	6.47
	56.1
	10.6
	
	18
	11.4


RSE indicates relative standard error; SD, standard deviation; CV, coefficient of variation.
* Parameters scaled to 1 kg. ** Parameters CL and V1 scaled to 73 kg. *** Parameters scaled to 70 kg. Moreover, V1 was scaled to 50 IUkg-1.


Table S9. Perioperative population PK model for FIX concentrates
	
	Preijers et al. [69]

	
	Estimate
	95% CI

	Patient and product characteristics
	
	

	Clinical phenotype
	Severe to moderate

	Concentrates
	Mononine, Replenine, Nonafact, BeneFix

	Structural model
	
	

	Clearance (CL; mLh-170kg-1)
	284
	[266 - 302]

	Volume of central compartment (V1; mL70kg-1)
	5450
	[5005 - 5895]

	Distribution clearance to compartment 2 (Q2; mLh-170kg-1)
	110
	[86 - 134]

	Volume of compartment 2 (V2; mL70kg-1)
	4800
	[3793 - 5807]

	Distribution clearance to compartment 3 (Q3; mLh-170kg-1)
	1610
	[-32 - 3252]

	Volume of compartment 3 (V3; mL70kg-1)
	2040
	[1344 - 2736]

	Inter-individual variability (%CV)
	
	

	IIV on CL
	18.5
	[16.4 – 21.3]

	IIV on V1
	18.7
	[16.5 – 21.4]

	Correlation between CL and V1 (%)
	89.4
	[85.0 – 92.5]

	Residual variability
	
	

	Proportional residual error (%CV)
	21.9
	[20.2 – 23.6]

	Covariate relations
	
	

	CL – (% change with age different from 34 years)
	-0.89
	[-1.4 - -0.4]

	V1 – (% change with age different from 34 years)
	-1.15
	[-1.7 - -0.6]

	CL – plasma-derived product (%)
	88.8
	[83.8 - 93.8]

	V1 – plasma-derived product (%)
	82.7
	[74.7 - 90.7]

	V1 – if moderate hemophilia patient (%)
	89.5
	[82.8 - 96.2]


CI, confidence interval as obtained using the 2.5th and 97.5th percentiles from the non-parametric distributions; CV: coefficient of variation. In this case, the final model is presented, as the estimated parameters describing the virtual dosing were only considered for establishing the structural model.
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