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S1 PBPK Model Building

S1.1 System-dependent parameters

Table S1.1: System-dependent parameter

Protein Reference concentration Localization Half-life

Meana GSDb Relative expressionc liver [h] intestine
[h]

AADAC d1.00 [1] e1.40 RT-PCR [2] Intracellular 36 23
CYP3A4 4.32 [3] 1.18 liver [4] RT-PCR [5] Intracellular 36 [6] 23 [7]

1.46 int. [4]
FMO3 d1.00 1.00 [1] RT-PCR[2] Intracellular - 23
UGT1A4 f1.32 [8] 1.07[4] RT-PCR [2] Intracellular 36 23
P-gp h1.41 1.60 [9] RT-PCR [10] Apical (Efflux) 36 23

AADAC: arylacetamide deacetylase, CYP: cytochrome P450, FMO: flavin-containing monooxygenase, P-gp: P-glycoprotein, RT-PCR:
reverse transcription-polymerase chain reaction measured expression profile, UGT: UDP-glucuronosyltransferase.
a µmol protein/l in the tissue of highest expression
b geometric standard deviation of the reference concentration
c in the different organs (PK-Sim® expression database profile)
d if no information was available, the mean reference concentration was set to 1.00 µmol/l and the catalytic rate constant was
optimized according to [1]
e if no information was available, a moderate variability of 35% CV was assumed (= 1.40 GSD)
f calculated from protein per mg microsomal protein x 40 mg microsomal protein per g liver [11]
g calculated from transporter per mg membrane protein x 26.2 mg human kidney microsomal protein per g kidney [11]
h optimized
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S1.2 Mathematical implementation of drug interactions

S1.2.1 Drug-food interactions (DFIs)

DFIs were implemented by extending the gastric emptying time (GET). Extended GET was assumed for clincial studies
with (i) reported food intake, (ii) a delayed observed time of maximum concentration (Tmax) of more than two hours, (iii)
multiple dose asministrations within a day and (iv) doses above 600 mg.

S1.2.2 Drug-drug interactions (DDIs)

The simulated DDIs included competitive inhibition of cytochrome P450 (CYP3A4) and P-glycoprotein (P-gp).

Equation: Competitive inhibition

KM,app = KM ∗ (1+ [I]
Ki

) (S1)

v =
vmax ∗ [S]

KM,app +[S]
=

kcat ∗ [E]∗ [S]
KM,app +[S]

(S2)

KM,app = Michaelis-Menten constant in the presence of inhibitor
KM = Michaelis-Menten constant
[I] = free inhibitor concentration
Ki = dissociation constant of the inhibitor-protein complex
v = reaction velocity
[S] = free substrate concentration
kcat = catalytic/transport rate constant
[E] = protein concentration
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S1.3 Physiologically based pharmacokinetic (PBPK) model evaluation

The model performances were evaluated by illustrating predicted and observed plasma concentration-time profiles and
goodness-of-fit plots. Furthermore, the models were evaluated by comparing predicted to observed area under the
plasma concentration-time curve from the time of drug administration to the last concentration measuremente (AUClast)
and maximum plasma concentration (Cmax) values.
As quantitative performance measures, a mean relative deviation (MRD) was calculated for all profiles from their
respective predicted and observed plasma concentrations. Furthermore, the geometric mean fold error (GMFE) of the
AUClast and Cmax were calculated.

S1.4 Sensitivity analysis

Sensitivity of the final models to single parameters (local sensitivity analysis) was calculated as relative change of the
area under the plasma concentration-time curve extrapolated to infinity (AUCinf). The analysis was carried out using a
relative perturbation of 1000% (variation range 10.0, maximum number of 9 steps). Parameters were included into the
analysis if they have been optimized, if they are associated with optimized parameters or if they might have a strong
impact due to calculation methods used in the model. Sensitivity to a parameter changes was calculated according to
Eq. (S3):

Equation: Sensitivity analysis

S =
∆AUCin f

∆p
∗ p

AUCin f
(S3)

S = sensitivity of the AUCin f to the examined model parameter
∆AUCin f = change of the AUCin f
AUCin f = simulated, AUCin f with the original parameter value
∆p = change of the examined parameter value
p = original parameter value

A sensitivity of + 1.0 signifies that a 10% increase of the examined parameter value causes a 10% increase of the
simulated AUC.
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S1.5 Ketoconazole – Clinical studies

Table S1.2: Clinical study data used for ketoconazole model development

Dose [mg] Route N Age [years] Weight [kg] Height [cm] BMI [kg/m²] Females [%] Dataset Reference

200 sol s.d 12 - - - - - training Heel 1982 [12]
200 sol s.d 12 20 (18-25) 76.4 (61.2-95.3) 180 (167.6-188) - 0 test Huang 1986a [13]
200 sol s.d 23 20 (18-25) 76.4 (61.2-95.3) 180 (167.6-188) - 0 test Huang 1986b [13]
400 sol s.d 12 20 (18-25) 76.4 (61.2-95.3) 180 (167.6-188) - 0 test Huang 1986b [13]
800 sol s.d 12 20 (18-25) 76.4 (61.2-95.3) 180 (167.6-188) - 0 training Huang 1986b [13]
100 tab s.d 12 - - - - - test Heel 1982 [12]
200 tab s.d 9 (22-41) - - - 33.34 test Chin 1995 [14]
200 tab s.d 8 25 (21-46) - - - 0 test Daneshmend 1983 [15]
200 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 test Daneshmend 1984a [16]
200 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 training Daneshmend 1984b [16]
200 tab s.d 23 - - - - - test FDA 1998b [17]
200 tab s.d 39 - - - - - test FDA 1998a [17]
200 tab s.d 39 - - - - - training FDA 1998a [17]
200 tab s.d 12 - - - - - test Heel 1982 [12]
200 tab s.d 23 20 (18-25) 76.4 (61.2-95.3) 180 (167.6-188) - 0 test Huang 1986a [13]
200 tab s.d 12 30 (24-36) 78.8 180.7 - 0 test Knupp 1993 [18]
200 tab s.d 10 24 (22-26) 62 (55-70) - - 50 test Mannistoe 1982 [19]
400 tab s.d 12 (23-29) (59-78) - - 0 test Sadeghina 2005b [20]
400 tab s.d 12 (23-29) (59-78) - - 0 test Sadeghina 2005a [20]
200 tab s.d 24 23.2 (18-45) - - 22.5 (20-24) 0 test Solomon 2007b [21]
200 tab s.d 24 23.2 (18-45) - - 22.5 (20-24) 0 test Solomon 2007a [21]
200 tab s.d 3 (28-42) - - - - test Van der Meer 1980 [22]
200 tab s.d 18 - - - - - test Yuen 1999a [23]
200 tab s.d 18 - - - - - test Yuen 1999b [23]
400 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 test Daneshmend 1984a [16]
400 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 test Daneshmend 1984b [16]
400 tab s.d 12 - - - - - test Heel 1982 [12]
400 tab s.d 12 23 (19-41) 77.4 (64.2-99.8) 175.8 (163.2-185.4) - 0 test Polk 1999 [24]
400 tab s.d 6 (18-30) - - - 0 test Piscitelli 1991 [25]
400 cap s.d 12 33.7 (22-55) - - 22.56 (20.34-28.04) 75 test Sriwiriyajan 2007 [26]
400 tab s.d 12 27.34 (20-48) 74.44 (57.5-100) 173.33 (162-180) 25.27 (21.9-29.9) 0 test Weiss 2022 [27]
600 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 training Daneshmend 1984a [16]
600 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 test Daneshmend 1984b [16]
800 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 test Daneshmend 1984a [16]
800 tab s.d 8 23 (20-31) 64 (50-75) - - 62.5 training Daneshmend 1984b [16]
200 tab m.d 24 26.6 (18-39) 73.5 (53.8-98.8) - 23.8 (18-28) 41.67 test Boyce 2012b [28]

(Continued on next page...)
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Table S1.2: Clinical study data used for Ketoconazole model development (continued)

Dose [mg] Route N Age [years] Weight [kg] Height [cm] BMI [kg/m²] Females [%] Dataset Reference

200 tab m.d 24 26.6 (18-39) 73.5 (53.8-98.8) - 23.8 (18-28) 41.67 test Boyce 2012a [28]
200 tab m.d 8 25 (21-46) - - - 0 test Daneshmend 1983 [15]
200 tab m.d 15 36 (22-43) 74.7 (50.1-95) 168.8 (154-179) 26 (21.1-30.3) 19 test Patel 2011 [29]
200 tab m.d 21 - - - - - test Tiseo 2002 [30]
200 tab m.d 15 - - - - - training Wire 2007 [31]
200 tab m.d 8 (18-38) - - - - test Greenblatt 1998 Control [32]
800 tab m.d 2 - - - - - test Craven 1983 [33]

1200 tab m.d 2 - - - - - test Craven 1983 [33]

BMI: body mass index, cap: capsule, m.d: multiple dose, N: number of individuals studied, Route: route of administration, tab: tablet, s.d: single dose, sol: solution
-: no data available. Values are means with ranges, if available.

* median
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S1.6 Ketoconazole – Drug-dependent parameters

Table S1.3: Drug-dependent parameters of the ketoconazole PBPK model

Parameter Unit Value Source Literature Reference

Ketoconazole
MW g/mol 531.43 lit. 531.43 [35]
logP - 2.52 lit. 2.73 [36]
fu % 1 lit. 1 [12]
pka (base) - 2.94, 6.51 lit. 2.94, 6.51 [35]
Solubility (pH) mg/ml 2.03·104 (1.2),

4.3·104 (3), 7.00
(6.8). 5.40 (7),

6.00 (7.5)

lit. 2.03·104 (1.2),
4.3·104 (3), 7.00

(6.8). 5.40 (7),
6.00 (7.5)

[37]

Density g/cm3 1.40 lit. 1.40 [38]
Aqueous diffusion coefficient dm2/min 3.75·10-7 opt. *2.56·10-6 [4]
Spec. intest. perm. fasted cm/min 1.56·10-5 opt. *4.28·10-6 [4]
Spec. intest. perm. fed cm/min 9.95·10-6 opt. *4.28·10-6 [4]
GET fasted min 15 lit. 15 [4]
GET fed min 45 asm. 45–120 [39]
Cellular permeabilities - PK-Sim - - [4]
Partition coefficient - Berez. - - [40]
GFR fraction - 1 asm. - -
EHC fraction - 1 asm. - -
AADAC KM nmol/l 1880 lit. 1880 [41]
AADAC kcat 1/min 0.87 opt. - -
CYP3A4 KM nmol/l 8.46 asm. - [27]
CYP3A4 kcat 1/min 0.10 opt. - -
UGT1A4 KM nmol/l 7000 asm. - [42]
UGT1A4 kcat 1/min 0.31 opt. - -
P-gp KM nmol/l 35 asm. - [27]
P-gp kcat 1/min 0.33 opt. - -
CYP3A4 Ki nmol/l 8.46 lit. a8.46 [27]
P-gp Ki nmol/l 35 lit. a35 [27]
Particle dissolution br (Bin1) nm 11.75 calc. b11.75 [43]
Particle dissolution cr (Bin2) nm 111.06 calc. c111.06 [43]
Particle dissolution dr (Bin3) nm 205.46 calc. d205.46 [43]

N-Deacetylketoconazole
MW g/mol 489.40 lit. 489.40 [44]
logP - 3.75 lit. 4.58 [44]
fu % 1 asm. e1 [12]
pka (base) - 0.20, 6.42, 8.90 lit. 0.20, 6.42, 8.90 [44]
Solubility (pH) mg/ml 1240 (6.5) lit. 1240 (6.5) [44]
Cellular permeabilities - Ch.d.S. - - [45]
Partition coefficient - R&R - - [46]
GFR fraction - 1 asm. - -
EHC fraction - 1 asm. - -
FMO3 KM nmol/l 1170 lit. 1170 [47]
FMO3 kcat 1/min 378.65 opt. - -
CYP3A4 Ki nmol/l 22 lit. a52 [27]
P-gp Ki nmol/l 119 lit. a119 [27]

(Continued on next page...)
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Table S1.3: Drug-dependent parameters of the ketoconazole PBPK model (continued)

Parameter Unit Value Source Literature Reference

N-Deacetyl-N-hydroxyketoconazole
MW g/mol 505.40 lit. 505.40 [48]
logP - 4.20 lit. 4.20 [48]
fu % 1 asm. e1 [12]
pka (base) - 3.42, 6.42 lit. 3.42, 6.42 [48]
Solubility (pH) mg/ml 4400 (6.5) lit. 4400 (6.5) [48]
Organ permeability cm/min 0 asm. *0.05 [4]
Cellular permeabilities - Ch.d.S. - - [45]
Partition coefficient - Berez. - - [40]
GFR fraction - 1 asm. - -
EHC fraction - 1 asm. - -
FMO3 Cl l/µmol/min 0.09 opt. - -
CYP3A4 Ki nmol/l 22 asm. a,f52 [27]
P-gp Ki nmol/l 119 asm. a,f119 [27]

AADAC: arylacetamide deacetylase, asm.: assumed, Berez.: Berezhkovskiy calculation method, calc.: calculated,
Ch.d.S.: charge dependent Schmitt calculation method, Cl: first order clearance rate constant,CYP3A4: cytochrome
P450 3A4, EHC: enterohepatic circulation, FMO3: flavin-containing monooxygenase 3, fu: fraction unbound, GET:
gastric emptying time, GFR: glomerular filtration rate, intest.: intestinal, kcat: catalytic/transport rate constant, Ki:
concentration for half-maximal inhibition, KM: Michaelis-Menten constant, lit.: literature, logP: lipophilicity, MW:
molecular weight, opt.: optimized, P-gp: P-glycoprotein, perm.: permeability, pka: acid dissociation constant, PK-Sim:
PK-Sim® standard calculation method , r: particle radii used for particle dissolution, R&R: Rodgers and Rowland,
spec.: specific, tab: tablet, UGT1A4: uridine diphosphate glucuronosyltransferase 1A4,
* calculated by the software
a in-vitro values calculated from respective IC50 values. Inhibitions were implemented as competitive inhibitions.
b respective particle radii for 99.0025% of dose (calculated according to Dallmann et al. [34])
c respective particle radii for 0.895% of dose (calculated according to Dallmann et al. [34])
d respective particle radii for 0.1025% of dose (calculated according to Dallmann et al. [34])
e assumed from value for ketoconazole, as no data available
f assumed from value for N-deacetylketoconazole, as no data available
-: no data available.
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S2 Ketoconazole – PBPK model evaluation

S2.1 Plasma concentration-time profiles (Linear)

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.1: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.2: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.3: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.4: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.5: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.6: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.7: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). m.d: multiple dose, n: number of individuals studied, s.d: single dose
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S2.2 Plasma concentration-time profiles (Semilogarhitmic)

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.8: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.9: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.10: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.11: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.12: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.13: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). n: number of individuals studied, s.d: single dose
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S2.14: Ketoconazole plasma concentration-time profiles. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). m.d.: multiple dose, n: number of individuals studied, s.d: single dose
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S2.3 Predicted compared to observed concentrations goodness-of-fit plots

(a) Fasted conditions (b) Fed conditions (c) Unknown food intake

Figure S2.15: Predicted compared to observed ketoconazole plasma concentration values. The solid line marks the line
of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation.

S2.4 AUClast and Cmax goodness-of-fit plots

(a) AUClast (b) Cmax

Figure S2.16: Predicted compared to observed ketoconazole AUClast and Cmax values. The solid line marks the line
of identity. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. AUClast: area under the plasma
concentration-time curve from the time of drug administration to the last concentration measurement, Cmax: maximum
plasma concentration
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S2.5 Mean relative deviation of plasma concentration predictions

Table S2.4: Mean relative deviation values of ketoconazole and N-deacetylketoconazole

Dose [mg] Route N DFI MRD Dataset Reference

Ketoconazole
200 sol s.d 12 fasted 1.71 training Heel 1982 [12]
200 sol s.d 23 fasted 1.30 test Huang 1986a [13]
200 sol s.d 12 fasted 1.36 test Huang 1986b [13]
400 sol s.d 12 fasted 1.63 test Huang 1986b [13]
800 sol s.d 12 fasted 1.39 training Huang 1986b [13]
100 tab s.d 12 fasted 2.08 training Heel 1982 [12]
200 tab s.d 9 fasted 1.09 test Chin 1995 [14]
200 tab s.d 8 unknown 1.24 test Daneshmend 1983 [15]
200 tab s.d 8 fasted 1.23 test Daneshmend 1984a [16]
200 tab s.d 39 fasted 1.48 training FDA 1998a [17]
200 tab s.d 39 fasted 1.48 test FDA 1998a [17]
200 tab s.d 23 fasted 1.16 test FDA 1998b [17]
200 tab s.d 12 fasted 4.39 test Heel 1982 [12]
200 tab s.d 23 fasted 1.30 test Huang 1986a [13]
200 tab s.d 12 unknown 1.21 test Knupp 1993 [18]
200 tab s.d 10 fasted 1.73 training Mannistoe 1982 [19]
200 tab s.d 10 fasted 1.76 test Mannistoe 1982 [19]
200 tab s.d 10 fasted 1.10 test Mannistoe 1982 [19]
200 tab s.d 10 fasted 1.39 test Mannistoe 1982 [19]
200 tab s.d 12 unknown 1.07 test Sadeghina 2005 [20]
200 tab s.d 12 unknown 1.06 test Sadeghina 2005 [20]
200 tab s.d 3 fasted 1.12 test Van der Meer 1980 [22]
200 tab s.d 18 fasted 1.22 test Yuen 1999a [23]
200 tab s.d 18 fasted 1.20 test Yuen 1999b [23]
200 tab s.d 6 fed 1.10 test Daneshmend 1981 [49]
200 tab s.d 8 fed 1.32 test Daneshmend 1984b [16]
200 tab s.d 23 fed 1.11 training FDA 1998b [17]
200 tab s.d 23 fed 1.18 test FDA 1998b [17]
200 tab s.d 10 fed 1.35 test Mannistoe 1982 [19]
400 tab s.d 8 fasted 1.18 test Daneshmend 1984a [16]
400 tab s.d 12 fasted 4.66 test Heel 1982 [12]
400 tab s.d 12 fasted 1.09 test Polk 1999 [24]
400 tab s.d 24 fasted 1.38 test Solomon 2007a [21]
400 tab s.d 24 fasted 1.34 test Solomon 2007b [21]
400 tab s.d 6 fasted 1.11 test Piscitelli 1991 [25]
400 cap s.d 12 unknown 3.23 test Sriwiriyajan 2007 [26]
400 tab s.d 12 fasted 1.16 training Weiss 2022 [27]
400 tab s.d 8 fed 1.20 test Daneshmend 1984b [16]
600 tab s.d 8 fasted 1.08 training Daneshmend 1984a [16]
600 tab s.d 8 fed 1.13 test Daneshmend 1984b [16]
800 tab s.d 8 fasted 1.24 test Daneshmend 1984a [16]
800 tab s.d 8 fed 1.18 training Daneshmend 1984b [16]
200 tab m.d 24 unknown 1.16 training Boyce 2012b [28]
200 tab m.d 24 unknown 1.12 test Boyce 2012a [28]
200 tab m.d 8 unknown 1.07 test Daneshmend 1983 [15]
200 tab m.d 15 unknown 1.39 test Patel 2011 [29]
200 tab s.d 21 unknown 1.24 test Tiseo 2002 [30]
200 tab m.d 15 unknown 1.09 training Wire 2007 [31]
400 tab m.d 9 fed 1.39 test Greenblatt 1998 Control

[32]
800 tab m.d 2 unknown 1.05 test Craven 1983 [33]

(Continued on next page...)
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Table S2.4: Mean relative deviation values of ketoconazole and N-deacetylketoconazole (continued)

Dose [mg] Route N DFI MRD Dataset Reference

1200 tab m.d 2 unknown 1.23 test Craven 1983 [33]

N-Deacetylketoconazole
400 tab s.d 12 fasted 2.51 training Weiss 2021 [27]

Mean MRD for ketoconazole 1.42
Mean MRD for N-deacetylketoconazole 2.51

Overall mean MRD (range) 1.45 (1.09–2.69)
92.45% (49/53) ≤ 2

cap: capsule, DFI: drug-food-interaction, m.d: multiple dose, MRD: mean relative deviation, N: number of individuals
studied, Route: route of administration, s.d: single dose, sol: solution, tab: tablet
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S2.6 Geometric mean fold error of predicted AUClast and Cmax values

Table S2.5: Predicted and observed AUClast and Cmax values of ketoconazole and N-deacetylketoconazole

Dose [mg] Route N DFI AUClast [µg*h/ml] Cmax [µg/ml] Dataset Reference
Pred Obs Pred/Obs Pred Obs Pred/Obs

Ketoconazole
200 sol s.d 12 fasted 28.07 14.89 1.88 6.74 3.59 1.88 training Heel 1982 [12]
200 sol s.d 23 fasted 24.91 16.58 1.50 6.40 5.16 1.24 test Huang 1986a [13]
200 sol s.d 12 fasted 24.91 14.60 1.71 6.40 5.04 1.27 test Huang 1986b [13]
400 sol s.d 12 fasted 87.95 52.96 1.66 15.09 11.46 1.32 test Huang 1986b [13]
800 sol s.d 12 fasted 303.31 156.86 1.93 33.11 20.88 1.59 training Huang 1986b [13]
100 tab s.d 12 fasted 4.27 3.29 1.30 1.54 1.20 1.29 training Heel 1982 [12]
200 tab s.d 9 fasted 10.59 16.92 0.63 3.59 4.00 0.90 test Chin 1995 [14]
200 tab s.d 8 unknown 11.99 9.73 1.23 4.04 3.56 1.13 test Daneshmend 1983 [15]
200 tab s.d 8 fasted 13.45 11.63 1.16 4.07 3.18 1.28 test Daneshmend 1984a [16]
200 tab s.d 39 fasted 11.12 18.68 0.60 3.59 4.02 0.89 training FDA 1998a [17]
200 tab s.d 39 fasted 11.12 17.16 0.65 3.58 3.66 0.98 test FDA 1998a [17]
200 tab s.d 23 fasted 11.12 15.94 0.70 3.58 3.44 1.04 test FDA 1998b [17]
200 tab s.d 12 fasted 13.87 11.25 1.23 4.02 3.10 1.30 test Heel 1982 [12]
200 tab s.d 23 fasted 13.79 13.76 1.00 4.02 3.26 1.23 test Huang 1986a [13]
200 tab s.d 12 unknown 10.66 22.84 0.47 3.49 4.56 0.76 test Knupp 1993 [18]
200 tab s.d 10 fasted 13.63 16.14 0.84 4.38 3.95 1.11 training Mannistoe 1982 [19]
200 tab s.d 10 fasted 13.61 12.46 1.09 4.38 2.94 1.49 test Mannistoe 1982 [19]
200 tab s.d 10 fasted 12.84 13.65 0.94 4.38 3.98 1.10 test Mannistoe 1982 [19]
200 tab s.d 10 fasted 12.89 13.24 0.97 4.38 3.41 1.28 test Mannistoe 1982 [19]
200 tab s.d 12 unknown 32.84 36.04 0.91 8.50 6.82 1.25 test Sadeghina 2005 [20]
200 tab s.d 12 unknown 32.84 35.31 0.93 8.50 6.73 1.26 test Sadeghina 2005 [20]
200 tab s.d 3 fasted 8.82 13.69 0.64 3.61 4.51 0.80 test Van der Meer 1980 [22]
200 tab s.d 18 fasted 11.08 18.89 0.59 3.58 4.91 0.73 test Yuen 1999a [23]
200 tab s.d 18 fasted 11.08 17.76 0.62 3.58 4.46 0.80 test Yuen 1999b [23]
200 tab s.d 6 fed 11.11 15.96 0.70 2.52 3.55 0.71 test Daneshmend 1981 [49]
200 tab s.d 8 fed 14.88 12.50 1.19 3.09 3.09 1.00 test Daneshmend 1984b [16]
200 tab s.d 23 fed 11.13 14.40 0.77 2.52 2.90 0.87 training FDA 1998b [17]
200 tab s.d 23 fed 11.41 14.14 0.81 2.52 2.90 0.87 test FDA 1998b [17]
200 tab s.d 10 fed 12.99 8.10 1.60 3.17 1.96 1.61 test Mannistoe 1982 [19]
400 tab s.d 8 fasted 38.44 33.67 1.14 8.46 7.71 1.10 test Daneshmend 1984a [16]
400 tab s.d 12 fasted 34.20 27.62 1.24 8.46 5.83 1.45 test Heel 1982 [12]
400 tab s.d 12 fasted 32.79 35.69 0.92 8.04 6.52 1.23 test Polk 1999 [24]
200 tab s.d 24 fasted 34.90 24.30 1.44 9.01 9.61 0.94 test Solomon 2007a [21]

(Continued on next page...)

26



Table S2.5: Mean relative deviation values of ketoconazole and N-deacetylketoconazole (continued)

Dose [mg] Route N DFI AUClast [µg*h/ml] Cmax [µg/ml] Dataset Reference
Pred Obs Pred/Obs Pred Obs Pred/Obs

200 tab s.d 24 fasted 35.46 22.40 1.58 9.01 8.46 1.06 test Solomon 2007b [21]
400 tab s.d 6 fasted 29.48 34.32 0.86 7.86 6.57 1.20 test Piscitelli 1991 [25]
400 cap s.d 12 unknown 38.61 65.85 0.59 8.34 9.02 0.93 test Sriwiriyajan 2007 [26]
400 tab s.d 12 fasted 32.05 30.02 1.07 8.14 4.96 1.64 training Weiss 2022 [27]
400 tab s.d 8 fed 35.64 36.91 0.97 6.70 6.44 1.04 test Daneshmend 1984b [16]
600 tab s.d 8 fasted 61.56 64.92 0.95 11.93 12.15 0.98 training Daneshmend 1984a [16]
600 tab s.d 8 fed 106.05 98.72 1.07 12.73 13.55 0.94 test Daneshmend 1984b [16]
800 tab s.d 8 fasted 166.39 153.04 1.09 17.15 18.09 0.95 test Daneshmend 1984a [16]
800 tab s.d 8 fed 166.38 135.94 1.22 17.15 18.37 0.93 training Daneshmend 1984b [16]
200 tab m.d 24 unknown 58.75 67.41 0.87 4.49 4.83 0.93 training Boyce 2012b [28]
200 tab m.d 24 unknown 63.94 66.77 0.96 5.73 5.14 1.12 test Boyce 2012a [28]
200 tab m.d 8 unknown 19.74 21.94 0.90 4.91 4.47 1.10 test Daneshmend 1983 [15]
200 tab m.d 15 unknown 17.19 43.67 0.39 4.21 6.87 0.61 test Patel 2011 [29]
200 tab s.d 21 unknown 109.29 42.47 2.57 4.48 3.91 1.15 test Tiseo 2002 [30]
200 tab m.d 15 unknown 13.25 17.51 0.76 2.81 3.40 0.83 training Wire 2007 [31]
400 tab m.d 9 fed 68.89 81.00 0.85 3.44 4.86 0.71 test Greenblatt 1998 Control

[32]
800 tab m.d 2 unknown 170.53 172.40 0.99 23.32 15.48 1.51 test Craven 1983 [33]

1200 tab m.d 2 unknown 134.16 123.24 1.09 16.61 11.43 1.45 test Craven 1983 [33]

N-Deacetylketoconazole
400 tab s.d 12 fasted 0.11 0.08 1.48 0.01 0.01 2.15 training Weiss 2021 [27]

Mean GMFE for ketoconazole 1.37 1.24
Mean GMFE for N-deacetylketoconazole 1.48 2.15

Overall mean GMFE (range) 1.37 (1.00–2.57) 1.26 (1.00–2.15)
94.34% (50/53) ≤ 2 98.11% (52/53) ≤ 2

AUClast: area under the plasma concentration-time curve calculated from the first to last time point of measurement, cap: capsule, Cmax: maximum plasma concentration, DFI:
drug-food-interaction, GMFE: geometric mean fold error, m.d: multiple dose, N: number of individuals studied, obs: observed, pred: predicted, Route: route of administration,
s.d: single dose, sol: solution, tab: tablet
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S2.7 Ketoconazole – DFI model evaluation

S2.7.1 Plasma concentration-time profiles (Linear)

(a) (b) (c)

(d) (e) (f)

(g)

Figure S2.17: Comparison of predicted and observed ketoconazole plasma concentration-time profiles under fasted
and fed conditions. Model predictions are shown as lines, observed data as dots (arithmetic mean ± SD). n: number of
individuals studied.
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S2.7.2 Plasma concentration-time profiles (Semilogarhitmic)

(a) (b) (c)

(d) (e) (f)

(g)

Figure S2.18: Comparison of predicted and observed ketoconazole plasma concentration-time profiles under fasted
and fed conditions. Model predictions are shown as lines, observed data as dots (arithmetic mean ± SD). n: number of
individuals studied.
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S2.7.3 DFI AUClast and DFI Cmax goodness-of-fit plots

(a) (b)

Figure S2.19: Predicted compared to observed DFI AUClast and Cmax ratios. The straight solid line marks the line
of identity. The curved solid lines show the prediction acceptance limits proposed by Guest et al. including 1.25-fold
variability [50]. Dotted lines indicate 1.25-fold, dashed lines indicate 2-fold deviation. AUClast: area under the plasma
concentration-time curve from the time of drug administration to the last concentration measurement, Cmax: maximum
plasma concentration, DFI: drug-food interaction
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S2.7.4 Geometric mean fold error of predicted AUClast and Cmax values

Table S2.6: Predicted and observed DFI AUClast and Cmax ratios of ketoconazole

Dose [mg] Route N DFI AUClast ratio DFI Cmax ratio Reference
Pred Obs Pred/Obs Pred Obs Pred/Obs

200 tab s.d 8 1.11 1.08 1.03 0.76 0.97 0.78 Daneshmend 1984 [16]
200 tab s.d 39 1.00 0.84 1.19 0.70 0.79 0.89 FDA 1998 a [17]
200 tab s.d 23 1.03 0.89 1.16 0.70 0.84 0.83 FDA 1998 b [17]
200 tab s.d 10 0.95 0.65 1.47 0.72 0.67 1.08 Mannistoe 1982 [19]
400 tab s.d 8 1.29 1.56 0.83 0.94 1.23 0.76 Daneshmend 1984 [16]
600 tab s.d 8 1.72 1.52 1.13 1.07 1.12 0.96 Daneshmend 1984 [16]
800 tab s.d 8 1.00 0.89 1.13 1.00 1.02 0.98 Daneshmend 1984 [16]

Overall mean GMFE (range) 1.19 (1.02–1.47) 1.15 (1.02–1.32)
100.00% (7/7) ≤ 2 100.00% (7/7) ≤ 2

AUClast: area under the plasma concentration-time curve calculated from the first to last time point of measurement, cap: capsule, Cmax: maximum plasma concentration, DFI:
drug-food-interaction, GMFE: geometric mean fold error, n: number of individuals studied, obs: observed, pred: predicted, Route: route of administration, tab: tablet, s.d:
single dose31



S2.8 Sensitivity Analyses

Figures S2.20 and S2.21 show the results of the local sensitivity analyses on the AUC of the compounds ketoconazole
and N-deacetylketoconazole. Sensitivity of the model to single parameter changes was determined after the last
application of a 7 day multiple dose regimen of 200 mg once daily.
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Figure S2.20: Local sensitivity analysis of ketoconazole PBPK model– calculated for sensitivity on ketoconazole plasma
AUCinf. AADAC: arylacetamide deacetylase, Aqu. diff. coef.: aqueous diffusion coeffecient, AUCinf: area under the
plasma concentration-time curve from the time of the last drug administration extrapolated to infinity, Cl: clearance, CYP:
cytochrome P450, DAHK: N-deacetyl-N-hydroxyketoconazole, DAK: N-deacetylketoconazole, FMO: flavin-containing
monooxygenase, fu: fraction unbound, GET: gastric emptying time, GFR: fraction of glomerular filtration rate, kcat:
catalytic rate constant, Ki: concentration for half-maximal inhibition, KM: Michaelis-Menten constant, pKa: acidic
dissociation constant, P-gp: P-glycoprotein, ThicknessUWL: thickness of unstirred water layer for particle radii of the
respective bin, UGT: uridine diphosphate glucuronosyltransferase
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Figure S2.21: Local sensitivity analysis of ketoconazole PBPK model– calculated for sensitivity on N-
deacetlyketoconazole plasma AUCinf. AADAC: arylacetamide deacetylase, Aqu. diff. coef.: aqueous diffusion coefficient,
AUCinf: area under the plasma concentration-time curve from the time of the last drug administration extrapolated to
infinity, Cl: clearance, CYP: cytochrome P450, DAHK: N-deacetyl-N-hydroxyketoconazole, DAK: N-deacetylketoconazole,
FMO: flavin-containing monooxygenase, fu: fraction unbound, GET: gastric emptying time, GFR: fraction of glomerular
filtration rate, kcat: catalytic rate constant, Ki: concentration for half-maximal inhibition, KM: Michaelis-Menten constant,
pKa: acidic dissociation constant, P-gp: P-glycoprotein, ThicknessUWL: thickness of unstirred water layer for particle radii
of the respective bin, UGT: uridine diphosphate glucuronosyltransferase
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S3 Ketoconazole – DDI Modeling

S3.1 Ketoconazole – Clinical studies

Table S3.7: Clinical study data used for ketoconazole DDI model development

Drug administration Dose gap [h] N Age [years] Weight [kg] Females [%] Dataset Reference
Ketoconazole Victim

Alfentanil
- 1 mg iv bol seq (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol seq (D5) +8 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 DDI [51]
- 1 mg iv bol sim (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol sim (D5) +8 6 28 (21–33) 79 (63–106) 50.00 training Kharash 2011 DDI [51]
- 4 mg po tab seq (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 1 mg po tab seq (D5) +8 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 DDI [51]
- 4 mg po tab sim (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 1 mg po tab sim (D5) +8 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 DDI [51]
- 1 mg iv bol & 4 mg po tab s.d. seq (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol & 1 mg po tab seq (D5) +8 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 DDI [51]
- 1 mg iv bol & 4 mg po tab s.d. sim (D0) - 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 Control [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol & 1 mg po tab sim (D5) +8 6 28 (21–33) 79 (63–106) 50.00 test Kharash 2011 DDI [51]

Alprazolam
- 0.5 mg po tab (D0) - 8 18–38 - - test Boulenc 2016 Control [52]
200 mg po tab bid (D1–D6) 0.5 mg po tab (D4) 0 8 18–38 - - test Boulenc 2016 DDI [52]
400 mg po tab qd (D1–D6) 0.5 mg po tab (D4) 0 8 18–38 - - test Boulenc 2016 DDI [52]
- 1 mg po cap (D0) - 8 18–38 - - test Greenblatt 1998 Control[32]
200 mg po tab bid (D1–D3) 1 mg po cap (D3) +1 7 21–44 - - training Greenblatt 1998 DDI [32]

Midazolam
- 0.0003 mg po sol (D0) - 6 18–50 - 41.67 test Halama 2013 Control [53]
400 mg po tab qd (D1–D15) 0.0003 mg po sol (D2) 0 6 18–50 - 41.67 test Halama 2013 DDI [53]
- 0.075 mg po sol (D0) - 4 33 (23-55) 62 (50-78) 61.9 test Eap 2004 Control [54]
200 mg po tab bid (D1–D4) 0.075 mg po sol (D4) 0 4 33 (23-55) 62 (50-78) 61.9 test Eap 2004 DDI [54]
- 0.075 mg/kg po sol (D0) - 19 38.7 73.4 52.63 test Chung 2006 Control [55]
400 mg po tab qd (D1–D10) 0.075 mg/kg po sol (D6) -2 19 38.7 73.4 52.63 training Chung 2006 DDI [55]
- 0.4 mg iv bol (D0) - 6 42.80 (28–53) - - test Krishna 2009 Control [56]
400 mg po tab qd (D1–D7) 0.4 mg iv bol (D7) 0 6 42.80 (28–53) - - test Krishna 2009 DDI [56]
- 2 mg po tab (D0) - 8 18–38 - - test Boulenc 2016 Control [52]
200 mg po tab bid (D1–D5) 2 mg po tab (D4) 0 8 18–38 - - test Boulenc 2016 DDI [52]
400 mg po tab qd (D1–D5) 2 mg po tab (D4) 0 8 18–38 - - test Boulenc 2016 DDI [52]
- 2 mg po tab (D0) - 7 38.80 (21–54) - - test Stoch 2009 Control [57]

(Continued on Next Page...)
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Table S3.7: Clinical study data used for ketoconazole DDI model development (continued)

Drug administration Dose gap [h] N Age [years] Weight [kg] Females [%] Dataset Reference
Ketoconazole Victim

400 mg po tab qd (D1) 2 mg po tab (D1) 0 12 38.80 (21–54) - - test Stoch 2009 DDI [57]
400 mg po tab qd (D1–D2) 2 mg po tab (D2) 0 9 38.80 (21–54) - - test Stoch 2009 DDI [57]
400 mg po tab qd (D1–D5) 2 mg po tab (D5) 0 9 38.80 (21–54) - - test Stoch 2009 DDI [57]
- 2 mg po tab (D0) - 6 42.80 (28–53) - - test Krishna 2009 Control [56]
400 mg po tab qd (D1–D7) 2 mg po tab (D6) 0 6 42.80 (28–53) - - test Krishna 2009 DDI [56]
- 2 mg iv bol (D0) - 9 26 (19–41) 77.5 33.34 test Tsunoda 1999 Control [58]
200 mg po tab bid (D1–D2) 2 mg iv bol (D1) 0 9 26 (19–41) 77.5 33.34 test Tsunoda 1999 DDI [58]
- 3 mg po sol (D0) - 6 18–50 - 41.67 test Halama 2013 Control [53]
400 mg po tab qd (D1–D15) 3 mg po sol (D8) 0 6 18–50 - 41.67 test Halama 2013 DDI [53]
100 mg po tab qd (D1) 5 mg po sol (D1) 0 9 24–54 56–85 22.22 test Liu 2017 DDI [59]
200 mg po tab qd (D1) 5 mg po sol (D1) 0 9 24–54 56–85 22.22 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) 0 9 24–54 56–85 22.22 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) +12 6 21–46 67–80 50.00 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) +2 6 21–46 67–80 50.00 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) 0 6 21–46 67–80 50.00 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) -2 6 21–46 67–80 50.00 test Liu 2017 DDI [59]
400 mg po tab qd (D1) 5 mg po sol (D1) -4 6 21–46 67–80 50.00 test Liu 2017 DDI [59]
- 6 mg po sol (D0) - 9 26 (19–41) 77.5 33.34 test Tsunoda 1999 Control [58]
200 mg po tab bid (D1–D2) 6 mg po sol (D1) 0 9 26 (19–41) 77.5 33.34 test Tsunoda 1999 DDI [58]
- 7.5 mg po sol (D0) - 9 (19-26) (52-85) 77.78 test Olkkolla 1994 Control [60]
400 mg po tab qd (D1–D4) 7.5 mg po sol (D4) +1 9 (19-26) (52-85) 77.78 test Olkkolla 1994 DDI [60]
- 10 mg po sol (D0) - 10 34.20 72.10 57.50 test Lam 2003 Control [61]
200 mg po tab qd (D1–D12) 10 mg po sol (D12) +1 10 34.20 72.10 57.50 test Lam 2003 DDI [61]

Triazolam
- 0.25 mg po cap (D0) - 8 18–38 - - test Greenblatt 1998 Control[32]
200 mg po tab bid (D1–D3) 0.25 mg po cap (D3) +1 6 21–44 - - test Greenblatt 1998 DDI [32]
- 0.25 mg po tab (D0) - 9 23.80 (20–26) 65.30 (50–86) - test Varhe 1994 Control [62]
400 mg po tab qd (D1–D4) 0.25 mg po tab (D4) +1 9 23.80 (20–26) 65.30 (50–86) 66.67 test Varhe 1994 DDI [62]

Digoxin
- 0.5 mg po tab - 10 24–34 53–115 50.00 test Larsen 2007 Control [63]
200 mg po tab qd (D1–D4) 0.5 mg po tab (D4) 0 10 24–34 53–115 50.00 test Larsen 2007 DDI [63]

bid: twice daily, bol: bolus injection, cap: capsule, D: day, iv: intravenous, m.d.: multiple dose, n: number of individuals studied, po: oral, qd: once daily, Route: route of administration, s.d.:
single dose, seq: iv and po administration on D0 were either given sequentially with a three hour gap, sim: iv and po administration on D0 were either given simultaneously, sol: solution, tab:
tablet
-: no data available. Values are means and ranges, if available.
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S3.2 Ketoconazole – Drug-dependent parameters

The DDI partner models with their respective parameters were derived from literature for the victim drugs alfentanil [64],
alprazolam [65], midazolam [64], triazolam [66] and digoxin [64].
For the alprazolam model, Weibull model parameters Dissolution shape and Dissolution time (50%) were adpated.

Table S3.8: Drug-dependent alprazolam parameters adapted for the ketoconazole-alprazolam DDI (fed state)

Parameter Unit Value Source Original model Reference

Weibull Dissolution shape - 2.09 opt. 1.12 [65]
Weibull Dissolution time (50%) min 110.10 opt. 2.20 [65]

opt.: optimized

S3.3 Ketoconazole – DDI model evaluation

S3.3.1 Plasma concentration-time profiles (Linear)

(a) (b) (c)

(d) (e) (f)

Figure S3.22: Comparison of predicted and observed ketoconazole-alfentanil DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data
as dots (arithmetic mean ± SD). DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole, M2:
N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, tab: tablet.
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(a) (b) (c)

Figure S3.23: Comparison of predicted and observed ketoconazole-alprazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sol: solution,
tab: tablet.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S3.24: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure S3.25: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.
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(a) (b) (c)

(d) (e)

Figure S3.26: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.

(a) (b)

Figure S3.27: Comparison of predicted and observed ketoconazole-triazolam DDI plasma concentration-time profiles for
CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as dots
(arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, tab: tablet.
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(a)

Figure S3.28: Comparison of predicted and observed ketoconazole-digoxin DDI plasma concentration-time profiles for
P-gp DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as dots
(arithmetic mean). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole, M2:
N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, tab: tablet.
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S3.3.2 Plasma concentration-time profiles (Semilogarhitmic)

(a) (b) (c)

(d) (e) (f)

Figure S3.29: Comparison of predicted and observed ketoconazole-alfentanil DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data
as dots (arithmetic mean ± SD). DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole, M2:
N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, tab: tablet.

42



(a) (b) (c)

Figure S3.30: Comparison of predicted and observed ketoconazole-alprazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sol: solution,
tab: tablet.
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(d) (e) (f)

(g) (h) (i)

Figure S3.31: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.
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(d) (e) (f)

(g) (h) (i)

Figure S3.32: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.
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(a) (b) (c)

(d) (e)

Figure S3.33: Comparison of predicted and observed ketoconazole-midazolam DDI plasma concentration-time profiles
for CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as
dots (arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, sd: single
dose, sol: solution, tab: tablet.

(a) (b)

Figure S3.34: Comparison of predicted and observed ketoconazole-triazolam DDI plasma concentration-time profiles for
CYP3A4 DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as dots
(arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, qd: once daily, tab: tablet.
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(a)

Figure S3.35: Comparison of predicted and observed ketoconazole-digoxin DDI plasma concentration-time profiles for
P-gp DDIs with and without ketoconazole metabolites. Model predictions are shown as lines, observed data as dots
(arithmetic mean ± SD). bid: twice daily, DDI: drug-drug interaction, KTZ: ketoconazole, M1: N-deacetylketoconazole,
M2: N-hydroxy-N-deacetylketoconazole, n: number of participants, P: ketoconazole alone, tab: tablet.
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S3.3.3 DDI AUClast and DDI Cmax goodness-of-fit plots

(a) AUClast (P+M1+M2) (b) AUClast (P+M1) (c) AUClast(P)

(d) Cmax (P+M1+M2) (e) Cmax (P+M1) (f) Cmax (P)

Figure S3.36: Predicted compared to observed victim drug DDI AUClast and DDI Cmax ratios for ketoconazole DDIs
with and without its metabolites. The straight solid line marks the line of identity. The curved solid lines show the
prediction acceptance limits proposed by Guest et al. including 1.25-fold variability [50]. Dotted lines indicate 1.25-fold,
dashed lines indicate 2-fold deviation. AUClast: area under the plasma concentration-time curve from the time of drug
administration to the last concentration measurement, Cmax: maximum plasma concentration, DDI: drug-drug interaction,
M1: N-deacetylketoconazole, M2: N-hydroxy-N-deacetylketoconazole, P: ketoconazole alone.
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S3.3.4 Geometric mean fold error of predicted DDI AUClast and DDI Cmax ratios

Table S3.9: Predicted and observed DDI AUClast and Cmax ratios of the victim drugs during DDIs, simulated with and without ketoconazole metabolite involvement

Drug administration N DDI AUClast ratio DDI Cmax ratio Reference

Ketoconazole Victim Gap [h] Pred Obs Pred/Obs Pred Obs Pred/Obs

Alfentanil
400 mg po tab qd (D1–D4) 0.5 mg iv bol seq (D5) +8 6 3.31 3.88 0.85 - - - Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol seq (D5) +8 6 1.12 3.88 0.29 - - - Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol seq (D5) +8 6 1.12 3.88 0.29 - - - Kharash 2011 DDI (P) [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol sim (D5) +8 6 2.85 3.76 0.76 - - - Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol sim (D5) +8 6 1.08 3.76 0.29 - - - Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 0.5 mg iv bol sim (D5) +8 6 1.07 3.76 0.29 - - - Kharash 2011 DDI (P) [51]
400 mg po tab qd (D1–D4) 1 mg po tab seq (D5) +8 6 3.98 5.97 0.67 2.50 2.96 0.84 Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 1 mg po tab seq (D5) +8 6 1.46 5.97 0.25 1.47 2.96 0.50 Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 1 mg po tab seq (D5) +8 6 1.09 5.97 0.18 1.08 2.96 0.37 Kharash 2011 DDI (P) [51]
400 mg po tab qd (D1–D4) 1 mg po tab sim (D5) +8 6 4.12 8.11 0.51 2.55 4.99 0.51 Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 1 mg po tab sim (D5) +8 6 1.52 8.11 0.19 1.52 4.99 0.30 Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 1 mg po tab sim (D5) +8 6 1.20 8.11 0.15 1.20 4.99 0.24 Kharash 2011 DDI (P) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 1.28 1.63 0.78 - - - Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 0.43 1.63 0.26 - - - Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 0.37 1.63 0.23 - - - Kharash 2011 DDI (P) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 1.20 1.96 0.61 - - - Kharash 2011 DDI (P+M1+M2) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 0.43 1.96 0.22 - - - Kharash 2011 DDI (P+M1) [51]
400 mg po tab qd (D1–D4) 0.5 bol & 1 mg tab seq (D5) +8 6 0.40 1.96 0.20 - - - Kharash 2011 DDI (P) [51]

Mean GMFE DDI (P+M1+M2) 1.48 1.57
Mean GMFE DDI (P+M1) 4.12 2.65

Mean GMFE DDI (P) 4.76 3.44

Alprazolam
200 mg po tab bid (D1–D6) 0.5 mg po tab (D4) 0 8 1.93 2.03 0.95 1.17 1.25 0.94 Boulenc 2016 DDI (P+M1+M2) [52]
200 mg po tab bid (D1–D6) 0.5 mg po tab (D4) 0 8 1.27 2.03 0.62 1.16 1.25 0.93 Boulenc 2016 DDI (P+M1) [52]
200 mg po tab bid (D1–D6) 0.5 mg po tab (D4) 0 8 1.26 2.03 0.62 1.16 1.25 0.93 Boulenc 2016 DDI (P) [52]
400 mg po tab qd (D1–D6) 0.5 mg po tab (D4) 0 8 1.83 1.88 0.97 1.16 1.13 1.02 Boulenc 2016 DDI (P+M1+M2) [52]

(Continued on next page...)
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Table S3.9: Predicted and observed DDI AUClast and Cmax ratios of the victim drugs during DDIs, simulated with and without ketoconazole metabolite involvement
(continued)

Drug administration N DDI AUClast ratio DDI Cmax ratio Reference

Ketoconazole Victim Gap [h] Pred Obs Pred/Obs Pred Obs Pred/Obs

400 mg po tab qd (D1–D6) 0.5 mg po tab (D4) 0 8 1.14 1.88 0.61 1.12 1.13 0.98 Boulenc 2016 DDI (P+M1) [52]
400 mg po tab qd (D1–D6) 0.5 mg po tab (D4) 0 8 1.14 1.88 0.61 1.12 1.13 0.98 Boulenc 2016 DDI (P) [52]
200 mg po tab bid (D1–D3) 1 mg po cap (D3) +1 7 1.90 1.87 1.01 0.85 1.10 0.78 Greenblatt 1998 DDI (P+M1+M2) [32]
200 mg po tab bid (D1–D3) 1 mg po cap (D3) +1 7 1.36 1.87 0.72 0.84 1.10 0.77 Greenblatt 1998 DDI (P+M1) [32]
200 mg po tab bid (D1–D3) 1 mg po cap (D3) +1 7 1.35 1.87 0.72 0.84 1.10 0.77 Greenblatt 1998 DDI (P) [32]

Mean GMFE DDI (P+M1+M2) 1.03 1.12
Mean GMFE DDI (P+M1) 1.55 1.13

Mean GMFE DDI (P) 1.54 1.13

Midazolam
400 mg po tab qd (D1–D15) 0.0003 mg po sol (D2) 0 6 16.91 21.56 0.78 4.09 5.06 0.81 Halama 2013 DDI (P+M1+M2) [53]
400 mg po tab qd (D1–D15) 0.0003 mg po sol (D2) 0 6 10.08 21.56 0.47 3.89 5.06 0.77 Halama 2013 DDI (P+M1) [53]
400 mg po tab qd (D1–D15) 0.0003 mg po sol (D2) 0 6 10.07 21.56 0.47 3.89 5.06 0.77 Halama 2013 DDI (P) [53]
200 mg po tab bid (D1–D4) 0.075 mg po sol (D4) 0 4 9.63 5.82 1.65 4.25 4.39 0.97 Eap 2004 DDI (P+M1+M2) [54]
200 mg po tab bid (D1–D4) 0.075 mg po sol (D4) 0 4 5.94 5.82 1.02 3.44 4.39 0.78 Eap 2004 DDI (P+M1) [54]
200 mg po tab bid (D1–D4) 0.075 mg po sol (D4) 0 4 5.93 5.82 1.02 3.44 4.39 0.78 Eap 2004 DDI (P) [54]
400 mg po tab qd (D1–D10) 0.075 mg/kg po sol (D6) -2 19 18.39 10.24 1.80 2.82 2.34 1.20 Chung 2006 DDI (P+M1+M2) [55]
400 mg po tab qd (D1–D10) 0.075 mg/kg po sol (D6) -2 19 3.56 10.24 0.35 1.31 2.34 0.56 Chung 2006 DDI (P+M1) [55]
400 mg po tab qd (D1–D10) 0.075 mg/kg po sol (D6) -2 19 2.38 10.24 0.23 1.01 2.34 0.43 Chung 2006 DDI (P) [55]
400 mg po tab qd (D1–D7) 0.4 mg iv bol (D7) 0 6 6.57 9.21 0.71 - - - Krishna 2009 DDI (P+M1+M2) [56]
400 mg po tab qd (D1–D7) 0.4 mg iv bol (D7) 0 6 2.41 9.21 0.26 - - - Krishna 2009 DDI (P+M1) [56]
400 mg po tab qd (D1–D7) 0.4 mg iv bol (D7) 0 6 2.41 9.21 0.26 - - - Krishna 2009 DDI (P) [56]
200 mg po tab bid (D1–D5) 2 mg po tab (D4) 0 8 19.30 14.55 1.33 5.17 4.08 1.27 Boulenc 2016 DDI (P+M1+M2) [52]
200 mg po tab bid (D1–D5) 2 mg po tab (D4) 0 8 8.15 14.55 0.56 4.24 4.08 1.04 Boulenc 2016 DDI (P+M1) [52]
200 mg po tab bid (D1–D5) 2 mg po tab (D4) 0 8 8.14 14.55 0.56 4.24 4.08 1.04 Boulenc 2016 DDI (P) [52]
400 mg po tab qd (D1–D5) 2 mg po tab (D4) 0 8 11.94 13.51 0.88 4.57 3.96 1.16 Boulenc 2016 DDI (P+M1+M2) [52]
400 mg po tab qd (D1–D5) 2 mg po tab (D4) 0 8 4.53 13.51 0.34 3.16 3.96 0.80 Boulenc 2016 DDI (P+M1) [52]
400 mg po tab qd (D1–D5) 2 mg po tab (D4) 0 8 4.52 13.51 0.33 3.15 3.96 0.80 Boulenc 2016 DDI (P) [52]
400 mg po tab qd (D1) 2 mg po tab (D1) 0 12 9.91 9.75 1.02 3.59 4.75 0.76 Stoch 2009 DDI (P+M1+M2) [57]
400 mg po tab qd (D1) 2 mg po tab (D1) 0 12 7.67 9.75 0.79 3.59 4.75 0.76 Stoch 2009 DDI (P+M1) [57]

(Continued on next page...)
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Table S3.9: Predicted and observed DDI AUClast and Cmax ratios of the victim drugs during DDIs, simulated with and without ketoconazole metabolite involvement
(continued)

Drug administration N DDI AUClast ratio DDI Cmax ratio Reference

Ketoconazole Victim Gap [h] Pred Obs Pred/Obs Pred Obs Pred/Obs

400 mg po tab qd (D1) 2 mg po tab (D1) 0 12 7.66 9.75 0.79 3.58 4.75 0.76 Stoch 2009 DDI (P) [57]
400 mg po tab qd (D1–D2) 2 mg po tab (D2) 0 9 12.21 11.90 1.03 3.77 5.17 0.73 Stoch 2009 DDI (P+M1+M2) [57]
400 mg po tab qd (D1–D2) 2 mg po tab (D2) 0 9 7.67 11.90 0.64 3.59 5.17 0.69 Stoch 2009 DDI (P+M1) [57]
400 mg po tab qd (D1–D2) 2 mg po tab (D2) 0 9 7.67 11.90 0.64 3.59 5.17 0.69 Stoch 2009 DDI (P) [57]
400 mg po tab qd (D1–D5) 2 mg po tab (D5) 0 9 15.63 11.46 1.36 3.94 5.04 0.78 Stoch 2009 DDI (P+M1+M2) [57]
400 mg po tab qd (D1–D5) 2 mg po tab (D5) 0 9 7.68 11.46 0.67 3.59 5.04 0.71 Stoch 2009 DDI (P+M1) [57]
400 mg po tab qd (D1–D5) 2 mg po tab (D5) 0 9 7.67 11.46 0.67 3.59 5.04 0.71 Stoch 2009 DDI (P) [57]
400 mg po tab qd (D1–D7) 2 mg po tab (D6) 0 6 16.94 7.01 2.42 4.92 2.81 1.75 Krishna 2009 DDI (P+M1+M2) [56]
400 mg po tab qd (D1–D7) 2 mg po tab (D6) 0 6 7.09 7.01 1.01 3.95 2.81 1.41 Krishna 2009 DDI (P+M1) [56]
400 mg po tab qd (D1–D7) 2 mg po tab (D6) 0 6 7.09 7.01 1.01 3.95 2.81 1.41 Krishna 2009 DDI (P) [56]
200 mg po tab bid (D1–D2) 2 mg iv bol (D1) 0 9 2.55 4.53 0.56 - - - Tsunoda 1999 DDI (P+M1+M2) [58]
200 mg po tab bid (D1–D2) 2 mg iv bol (D1) 0 9 1.76 4.53 0.39 - - - Tsunoda 1999 DDI (P+M1) [58]
200 mg po tab bid (D1–D2) 2 mg iv bol (D1) 0 9 1.76 4.53 0.39 - - - Tsunoda 1999 DDI (P) [58]
400 mg po tab qd (D1–D15) 3 mg po sol (D8) 0 6 19.14 19.85 0.96 3.94 5.18 0.76 Halama 2013 DDI (P+M1+M2) [53]
400 mg po tab qd (D1–D15) 3 mg po sol (D8) 0 6 7.21 19.85 0.36 3.54 5.18 0.68 Halama 2013 DDI (P+M1) [53]
400 mg po tab qd (D1–D15) 3 mg po sol (D8) 0 6 7.21 19.85 0.36 3.54 5.18 0.68 Halama 2013 DDI (P) [53]
200 mg po tab bid (D1–D2) 6 mg po sol (D1) 0 9 7.23 11.39 0.63 2.77 3.40 0.81 Tsunoda 1999 DDI (P+M1+M2) [58]
200 mg po tab bid (D1–D2) 6 mg po sol (D1) 0 9 5.21 11.39 0.46 2.62 3.40 0.77 Tsunoda 1999 DDI (P+M1) [58]
200 mg po tab bid (D1–D2) 6 mg po sol (D1) 0 9 5.21 11.39 0.46 2.62 3.40 0.77 Tsunoda 1999 DDI (P) [58]
400 mg po tab qd (D1–D4) 7.5 mg po sol (D4) +1 9 11.12 11.53 0.96 3.05 4.24 0.72 Olkkolla 1994 DDI (P+M1+M2) [60]
400 mg po tab qd (D1–D4) 7.5 mg po sol (D4) +1 9 6.24 11.53 0.54 2.98 4.24 0.70 Olkkolla 1994 DDI (P+M1) [60]
400 mg po tab qd (D1–D4) 7.5 mg po sol (D4) +1 9 6.23 11.53 0.54 2.98 4.24 0.70 Olkkolla 1994 DDI (P) [60]
200 mg po tab qd (D1–D12) 10 mg po sol (D12) +1 10 9.87 11.18 0.88 2.86 3.23 0.88 Lam 2003 DDI (P+M1+M2) [61]
200 mg po tab qd (D1–D12) 10 mg po sol (D12) +1 10 5.05 11.18 0.45 2.65 3.23 0.82 Lam 2003 DDI (P+M1) [61]
200 mg po tab qd (D1–D12) 10 mg po sol (D12) +1 10 5.05 11.18 0.45 2.65 3.23 0.82 Lam 2003 DDI (P) [61]

Mean GMFE DDI(P+M1+M2) 1.40 1.30
Mean GMFE DDI (P+M1) 2.10 1.36

Mean GMFE DDI (P) 2.20 1.38
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Table S3.9: Predicted and observed DDI AUClast and Cmax ratios of the victim drugs during DDIs, simulated with and without ketoconazole metabolite involvement
(continued)

Drug administration N DDI AUClast ratio DDI Cmax ratio Reference

Ketoconazole Victim Gap [h] Pred Obs Pred/Obs Pred Obs Pred/Obs

Triazolam
200 mg po tab bid (D1–D3) 0.25 mg po cap (D3) +1 6 11.67 11.90 0.98 3.20 2.47 1.29 Greenblatt 1998 DDI (P+M1+M2) [32]
200 mg po tab bid (D1–D3) 0.25 mg po cap (D3) +1 6 4.52 11.90 0.38 2.93 2.47 1.19 Greenblatt 1998 DDI (P+M1) [32]
200 mg po tab bid (D1–D3) 0.25 mg po cap (D3) +1 6 4.51 11.90 0.38 2.93 2.47 1.19 Greenblatt 1998 DDI (P) [32]
400 mg po tab qd (D1–D4) 0.25 mg po tab (D4) +1 9 10.64 8.56 1.24 3.19 2.65 1.20 Varhe 1994 DDI (P+M1+M2)[62]
400 mg po tab qd (D1–D4) 0.25 mg po tab (D4) +1 9 7.27 8.56 0.85 3.00 2.65 1.13 Varhe 1994 DDI (P+M1) [62]
400 mg po tab qd (D1–D4) 0.25 mg po tab (D4) +1 9 7.26 8.56 0.85 3.00 2.65 1.13 Varhe 1994 DDI (P) [62]

Mean GMFE DDI (P+M1+M2) 1.13 1.25
Mean GMFE DDI (P+M1) 1.91 1.16

Mean GMFE DDI (P) 1.91 1.16

Digoxin
200 mg po tab qd (D1–D4) 0.5 mg po tab (D4) 0 10 1.47 1.75 0.84 1.52 1.63 0.93 Larsen 2007 DDI (P+M1+M2) [63]
200 mg po tab qd (D1–D4) 0.5 mg po tab (D4) 0 10 1.45 1.75 0.83 1.50 1.63 0.92 Larsen 2007 DDI (P+M1) [63]
200 mg po tab qd (D1–D4) 0.5 mg po tab (D4) 0 10 1.45 1.75 0.83 1.50 1.63 0.92 Larsen 2007 DDI (P) [63]

Mean GMFE DDI(P+M1+M2) 1.19 1.07
Mean GMFE DDI (P+M1) 1.21 1.09

Mean GMFE DDI (P) 1.21 1.09

Overall mean GMFE (range) DDI (P+M1+M2) 1.35 (1.01–2.41) 1.27 (1.02–1.96)
pred/obs DDI ratios within two-fold 96.30% (26/27) ≤ 2 100.00% (21/21) ≤ 2

Overall mean GMFE (range) DDI (P+M1) 2.44 (1.01–5.34) 1.42 (1.02–3.28)
pred/obs DDI ratios within two-fold 44.45% (12/27) ≤ 2 90.48% (19/21) ≤ 2
Overall mean GMFE (range) DDI (P) 2.64 (1.01–6.75) 1.52 (1.02–4.15)
pred/obs DDI ratios within two-fold 44.45% (12/27) ≤ 2 85.71% (18/21) ≤ 2

AUClast: area under the plasma concentration-time curve calculated from the first to last time point of measurement, bid: twice daily, cap: capsule, Cmax: maximum plasma
concentration, DDI: drug-drug-interaction, GMFE: geometric mean fold error, iv: intravenous, M1: N-deacetylketoconazole, M2: N-hydroxy-N-deacetylketoconazle, N: number of
individuals studied, obs: observed, pred: predicted, P: ketoconazole alone, seq: iv and po administration on D0 were either given sequentially with a three hour gap, sim: iv and
po administration on D0 were either given simultaneously, sol: solution, tab: tablet
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