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S1. PBPK Model Building
S1.1. Clinical Studies
Plasma and renal excretion profiles of (E)-clomiphene ((E)-Clom) and its metabolites from a pharma-
cokinetic panel study with 20 healthy female volunteers, that were assigned to six different cytochrome 
P450 (CYP) 2D6 activity scores (AS), were available for model building and evaluation (see Table 1 
in the main manuscript for demographic information). The pharmacokinetic panel study was com-
plemented with digitized data from published clinical studies (study search criteria were (a) studies 
with intravenous or oral (E)-Clom administration and (b) reported pharmacokinetic data of (E)-
Clom and/or its metabolites (E)-4-hydroxyclomiphene ((E)-4-OH-Clom), (E)-N-desethylclomiphene 
((E)-DE-Clom) and (E)-4-hydroxy-N-desethylclomiphene ((E)-4-OH-DE-Clom). Data originating 
from two single dose and two multiple dose studies with oral (E)-Clom administration could be 
integrated. To the best of our knowledge, plasma profiles o f  ( E )-Clom a n d i t s m e tabolites after 
intravenous administration were not publicly available. Information on the identified a nd integrated 
published clinical studies are listed in Table S2. As CYP2D6 AS and phenotype of corresponding 
study participants were not reported, CYP2D6 catalytic rate constants (kcat) values in the PBPK 
model were estimated (see Table S1).

Table S1. Optimized CYP2D6 kcat values for each study.
CYP2D6 kcat values Mikkelson et al.

1986 [1]
Study Ratioph.
1991 [2]

Wiehle et al.
2013 (a) [3]

Wiehle et al.
2013 (b)[3]

Wiehle et al.
2013 (c) [3]

Miller et al.
2018 [4]

(E)-Clom → (E)-4-OH-Clom 213.0 283.1 87.7 124.1 43.3 18.1
(E)-Clom → undef. 90.6 120.5 37.3 52.8 18.4 7.7
(E)-Clom → (E)-DE-Clom 84.4 112.1 34.8 49.1 17.1 7.2

CYP: cytochrome P450, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene,
kcat: catalytic rate constant, Ratioph.: Ratiopharm® GmbH, undef.: undefined metabolite

Of note, in the pharmacokinetic panel study, two study participants with the CYP2D6 genotypes
*9/*10 and *9/*41 had been classified as AS=0.75. Here, a high interindividual variability in the
plasma profiles could be observed. The study participant genotyped as *9/*41 showed unexpectedly
high (E)-Clom plasma concentrations for an AS=0.75 individual with (E)-Clom levels comparable
with those of poor metabolizers (PM). Since the allele haplotype *41 has shown a high dispersion in
CYP2D6 enzyme activity, the respective individual was excluded from the dataset [5].
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Table S2. Overview of clinical study data from literature used for model evaluation.

Clinical study Route Dose
[mg]a

E/Z
ratio

n Females
[%]

Age
[years]b

Weight
[kg]b

BMI
[kg/m2]b

Metabolites
measured

CYP2D6
genotyped

Mikkelson et al. 1986 [1] po, tab, s.d. 50 -c 23 100 32 62.4 - no no
Study Ratioph. 1991 [2] po, tab, s.d. 50 62/38 18 - - - - no no
Wiehle et al. 2013 (a) [3] po, caps, m.d. 6.25 100/0 16 0 53.3±10.2 - 34.7±7.2 no no
Wiehle et al. 2013 (b) [3] po, caps, m.d. 12.5 100/0 14 0 53.3±10.2 - 34.7±7.2 no no
Wiehle et al. 2013 (c) [3] po, caps, m.d. 25 100/0 16 0 53.3±10.2 - 34.7±7.2 no no
Miller et al. 2018 [4] po, tab, m.d. 50 62/38 12 0 31.5±3.6 77.9±8.2 24.4±2.4 no no

BMI: body mass index, caps: capsule, CYP: cytochrome P450, E/Z : (E)-/(Z)-clomiphene, m.d.: multiple dose, n: number of subjects, po: per oral,
Ratioph.: Ratiopharm® GmbH, s.d.: single dose, tab: tablet
a (E)-/(Z)-clomiphene citrate
b mean (±SD) if applicable
c E/Z-ratio of 62/38 was assumed
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S1.2. System-dependent Parameters and Virtual Populations

Virtual individuals were created in PK-Sim®, using the published information on the respective study 
population, including mode of ethnicity and gender as well as mean values of age, weight and height. 
For the study population in the study from Ratiopharm® GmbH [2], demographic information were 
not provided. Here, the default values of a 30-year-old male European individual with body weight 
of 73 kg and height of 176 cm according to the International Commission on Radiological Protection 
(ICRP) reference values were used [6]. Distribution and abundance of enzymes in the different 
tissues was implemented according to the PK-Sim® expression database [7]. For the generation 
of virtual populations, 1000 individuals were created according to the respective study population 
demographics. Demographic characteristics of virtual individuals were varied within the ICRP [6] and 
the third National Health and Nutrition Examination Survey (NHANES) [8] limits by an implemented 
algorithm in PK-Sim®. The corresponding algorithms for the generation of virtual populations have 
been reported by Willmann and coworkers [9]. For the study by Mikkelson et al. [1] and the study 
from Ratiopharm® GmbH [2] an age range of 20 to 50 years was assumed.
Variabilities for CYP2B6 and CYP3A4 enzyme abundances in the virtual populations were integrated 
and variability in CYP2D6 abundance was allowed for study populations that were not genotyped 
and thus not stratified by CYP2D6 AS. For the pharmacokinetic panel s tudy, CYP2D6 k cat values 
differ across CYP2D6 AS groups, already accounting for varying CYP2D6 abundance and/or activity. 
Thus, CYP2D6 expression variability was set to 0 for the respective population simulations. 
System-dependent parameters including reference concentrations and enzyme expression variabilities 
are listed in Table S3.
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Table S3. System-dependent parameters and expression of relevant enzymes.

Enzyme /
Processes

Mean reference
concentration [µmol/L]a

GeoSD of the reference
concentration

Relative expression
in different organsb

Half-life
liver [hours]

Half-life
intestine [hours]

Enzymes
CYP2B6 1.56 [10] 1.40c RT-PCR [11] 32 23
CYP2D6 0.40 [10] 0d RT-PCR [11] 51 23
CYP3A4 4.32 [10] 1.18 (liver)[7]

1.45 (duodenum)[7]
RT-PCR [11] 36 [12] 23 [13]

Processes
Unspec. hep. CL of (E)-4-OH-Clom - 1.40c

Unspec. hep. CL of (E)-4-OH-DE-Clom - 1.40c

CYP: cytochrome P450, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene, GeoSD: geometric standard deviation,
RT-PCR: reverse transcription polymerase chain reaction, unspec. hep. CL: unspecific hepatic clearance
a [µmol protein/L] in the tissue of the highest expression
b PK-Sim® expression database profile
c geometric standard deviation with coefficient of variation (CV) of 35 % assumed
d as described in Section 1.26



S1.3. Supplementary Information on (E)-clomiphene PBPK Model Building
The parent-metabolite PBPK model of (E)-Clom was developed using a middle-out approach, com-
bining information on drug- and system-specific parameters from literature with a parameter estima-
tion step based on clinical trial data [14]. In vitro, in silico and clinical in vivo data were combined 
to inform model input parameters [14]. Information about absorption, distribution, metabolism and 
excretion (ADME) processes were used to incorporate relevant enzymes.
Metabolism via CYP enzymes was implemented as Michaelis-Menten kinetic processes. To account 
for nonspecific binding in in vitro assays, apparent Michaelis-Menten constant (Km) values informed 
from literature were adjusted by the free fraction of drug compound as suggested by Obach and 
Austin et al. [15, 16]. Km and vmax values were available only for composite metabolic pathway 
reactions, while parameters for each specific C YP e nzyme i nvolved i n t he r espective p athway were 
not reported. When multiple CYP enzymes were incorporated in one metabolic pathway (see Fig-
ure 2 in the main manuscript), identical Km values were allocated to each CYP enzyme and the 
corresponding kcat estimated with a fixed r atio b ased o n i n v itro r esults o n t he m etabolic enzyme 
activities [17, 18].
In the PBPK model, three metabolic pathways were implemented for the parent compound (E)-
Clom: metabolism to (E)-DE-Clom, metabolism to (E)-4-OH-Clom and metabolism to
(Z )-3-hydroxyclomiphene (implemented as an undefined m etabolite). The latter enzymatic pathway, 
mediated via CYP2D6, was estimated with a 1.8-fold higher intrinsic clearance compared to the 
formation of (E)-4-OH-Clom in the PBPK model according to literature [19]. Further, the forma-
tion of (E)-DE-Clom is primarily catalyzed by CYP3A4 and to some extent by CYP2D6 [17, 18]. 
This was integrated by accounting for the 80:20 metabolic ratio of CYP3A4 to CYP2D6 reported by 
Mazzarino and coworkers [20]. (E)-DE-CLOM itself is also metabolized via CYP3A4 and CYP2D6 
to (E)-N,N-didesethylclomiphene (implemented as an undefined metabolite) [ 17, 1 8]. As previously 
described, the ratio of the corresponding measured in vitro metabolic enzyme activities was used dur-
ing the parameter estimation step for optimization of kcat values (kcat, CYP3A4 = 0.13 * kcat, CYP2D6)
[17, 18].
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S1.4. Drug-dependent Parameter Tables

Table S4. Drug-dependent parameters for (E )-clomiphene.
Parameter Value Unit Source Literature Reference Description

MW 405.96 g/mol Literature 405.96 [22] Molecular weight
pKa (base) 9.31 - Literature 9.31 [23] Acid dissociation constant
Solubility (pH 6.8) 0.0138 mg/ml Literature 0.0138 [24] Solubility
logP 5.67 - Optimized 5.18, 6.08, 6.48, 6.65 [23, 25–27] Lipophilicity
fu 0.08 % Optimized 1.42a [21] Fraction unbound
CYP2D6 Km → (E)-4-OH-Clom 0.13 µmol/l Literature 0.13b [19] Michaelis-Menten constant
CYP2D6 kcat → (E)-4-OH-Clom 306.4c 1/min Optimized - - Catalytic rate constant
CYP2D6 Km → undef. 0.03 µmol/l Literature 0.03b [19] Michaelis-Menten constant
CYP2D6 kcat → undef. 130.4c 1/min Optimized - - Catalytic rate constant
CYP2B6 Km → (E)-4-OH-Clom 0.60 µmol/l Literature 0.60b [17, 18] Michaelis-Menten constant
CYP2B6 kcat → (E)-4-OH-Clom 7.5 1/min Optimized - - Catalytic rate constant
CYP2D6 Km → (E)-DE-Clom 0.78 µmol/l Literature 0.78b [17, 18] Michaelis-Menten constant
CYP2D6 kcat → (E)-DE-Clom 121.4c 1/min Optimized - - Catalytic rate constant
CYP3A4 Km → (E)-DE-Clom 0.78 µmol/l Literature 0.78b [17, 18] Michaelis-Menten constant
CYP3A4 kcat → (E)-DE-Clom 45.0 1/min Optimized - - Catalytic rate constant
GFR fraction 0.92 - Optimized - - Fraction of filtered drug in the urine
EHC continuous fraction 1.00 - Assumed - - Fraction of bile continually released
Partition coefficients Diversed - Calculated Schmitt [28] Cell to plasma partition coefficients
Cellular permeability Diversed cm/min Calculated Ch. dep. Schmitt [29] Permeability into the cellular space
Intestinal permeability 0.08 cm/min Optimized - - Transcellular intestinal permeability
Tablet Weibull time 6.80 min Assumed - e Dissolution time (50 % dissolved)
Tablet Weibull shape 0.47 - Assumed - e Dissolution profile shape

Ch. dep. Schmitt: Charge dependent Schmitt calculation method, CYP: cytochrome P450, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene,
(E)-DE-Clom: (E)-N-desethylclomiphene, EHC: enterohepatic circulation, GFR: glomerular filtration rate, IM: intermediate metabolizers,
IVSF: in vitro scaling factor, NM: normal metabolizers, UM: ultrarapid metabolizers, undef.: undefined metabolite
a fu was estimated with the classification model by Watanabe et al. [21]
b Km values from literature were adapted with the calculated fu,inc=0.024, considering nonspecific binding in in vitro assays according to [15, 16]
c Only CYP2D6 kcat values of NM are shown while IM- and UM-kcat values were extrapolated according to Equation 1 in the main manuscript
(IVSFs represented in Table S8)
d values differ across the organs
e see Section 1.6
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Table S5. Drug-dependent parameters for (E )-N-desethylclomiphene.
Parameter Value Unit Source Literature Reference Description

MW 377.91 g/mol Literature 377.91 [30] Molecular weight
pKa (base) 8.14 - Optimized 9.59 [30] Acid dissociation constant
Solubility (pH 6.5) 0.46 mg/ml Literature 0.46 [30] Solubility
logP 4.17 - Optimized 5.74, 6.4 [30, 31] Lipophilicity
fu 0.86 % Optimized 1.37a [21] Fraction unbound
CYP2D6 Km → (E)-4-OH-DE-Clom 0.49 µmol/l Literature 0.49b [17, 18] Michaelis-Menten constant
CYP2D6 kcat → (E)-4-OH-DE-Clom 64.5c 1/min Optimized - - Catalytic rate conbstant
CYP2D6 Km → undef. 0.97 µmol/l Literature 0.97b [17, 18] Michaelis-Menten constant
CYP2D6 kcat → undef. 5.8c 1/min Optimized - - Catalytic rate constant
CYP3A4 Km → undef. 0.97 µmol/l Literature 0.97b [17, 18] Michaelis-Menten constant
CYP3A4 kcat → undef. 0.8 1/min Optimized - - Catalytic rate constant
GFR fraction 0.10 - Optimized - - Fraction of filtered drug in the urine
EHC continuous fraction 1.00 - Assumed - - Fraction of bile continually released
Partition coefficients Diversed - Calculated R&R [32, 33] Cell to plasma partition coefficients
Cellular permeability Diversed cm/min Calculated Ch. dep. Schmitt [29] Permeability into the cellular space

Ch. dep. Schmitt: Charge dependent Schmitt caclulation method, CYP: cytochrome P450,
(E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene, EHC: enterohepatic circulation, GFR: glomerular filtration rate,
IM: intermediate metabolizers, IVSF: in vitro scaling factor, NM: normal metabolizers, R&R: Rodgers and Rowland calculation method,
UM: ultrarapid metabolizers, undef.: undefined metabolite
a fu was estimated with the classification model by Watanabe et al. [21]
b Km values from literature were adapted with the calculated fu,inc=0.059, considering nonspecific binding in in vitro assays according to [15, 16]
c Only CYP2D6 kcat values of NM are shown while IM- and UM-kcat values were extrapolated according to Equation 1 in the main manuscript
(IVSFs represented in Table S8)
d values differ across the organs
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Table S6. Drug-dependent parameters for (E )-4-hydroxyclomiphene.
Parameter Value Unit Source Literature Reference Description

MW 421.97 g/mol Literature 421.97 [34] Molecular weight
pKa (acid) 8.64 - Literature 8.64 [34] Acid dissociation constant
pKa (base) 7.90 - Optimized 9.41 [34] Acid dissociation constant
Solubility (pH 6.5) 0.06 mg/ml Literature 0.06 [34] Solubility
logP 5.50 - Optimized 5.31, 5.64 [25, 34] Lipophilicity
fu 0.45 % Optimized 0.6, 1.33a [21, 35] Fraction unbound
CYP2D6 Km → undef. 3.60 µmol/l Literature 3.60b [19] Michaelis-Menten constant
CYP2D6 kcat → undef. 855.2c 1/min Optimized - - Catalytic rate constant
CYP3A4 Km → (E)-4-OH-DE-Clom 3.40 µmol/l Literature 3.40b [17, 18] Michaelis-Menten constant
CYP3A4 kcat → (E)-4-OH-DE-Clom 19.5 1/min Optimized - - Catalytic rate constant
Unspec. hep. CL → undef. 23.78 1/min Optimized - - Elimination from plasma

(first-order process in the liver)
GFR fraction 0.24 - Optimized - - Fraction of filtered drug in the urine
EHC continuous fraction 1.00 - Assumed - - Fraction of bile continually released
Partition coefficients Diversed - Calculated Berez. [36] Cell to plasma partition coefficients
Cellular permeability 2.23 cm/min Calculated PK-Sim [37] Permeability into the cellular space

Berez.: Berezhkovskiy calculation method, CYP: cytochrome P450, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene,
EHC: enterohepatic circulation, GFR: glomerular filtration rate, IM: intermediate metabolizers, IVSF: in vitro scaling factor,
NM: normal metabolizers, PK-Sim: PK-Sim standard calculation method, UM: ultrarapid metabolizers, undef.: undefined metabolite,
unspec. hep. CL: unspecific hepatic clearance
a fu was estimated with the classification model by Watanabe et al. [21]
b Km values from literature were adapted with the calculated fu,inc=0.099, considering nonspecific binding in in vitro assays according to [15, 16]
c Only CYP2D6 kcat values of NM are shown while IM- and UM-kcat values were extrapolated according to Equation 1 in the main manuscript
(IVSFs represented in Table S8)
d values differ across the organs
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Table S7. Drug-dependent parameters for (E )-4-hydroxy-N-desethyl-clomiphene.
Parameter Value Unit Source Literature Reference Description

MW 393.91 g/mol Literature 393.91 [38] Molecular weight
pKa (acid) 8.69 - Literature 8.69 [38] Acid dissociation constant
pKa (base) 9.65 - Literature 9.65 [38] Acid dissociation constant
Solubility (pH 6.5) 0.17 mg/ml Literature 0.17 [38] Solubility
logP 3.71 - Optimized 4.47 [38] Lipophilicity
fu 1.32 % Calculated 1.32a [21] Fraction unbound
CYP2D6 Km → undef. 8.86 µmol/l Assumed 8.86b,c - Michaelis-Menten constant
CYP2D6 kcat → undef. 211.7d 1/min Optimized - - Catalytic rate constant
Unsp. hep. CL → undef. 8.50 1/min Optimized - - Elimination from plasma

(first-order process in the liver)
GFR fraction 0.13 - Optimized - - Fraction of filtered drug in the urine
EHC continuous fraction 1.00 - Assumed - - Fraction of bile continually released
Partition coefficients Diversee - Calculated Schmitt [28] Cell to plasma partition coefficients
Cellular permeability Diversee cm/min Calculated Ch. dep. Schmitt [29] Permeability into the cellular space

Ch. dep. Schmitt: Charge dependent Schmitt calculation method, CYP: cytochrome P450, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene,
(E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene, EHC: enterohepatic circulation, GFR: glomerular filtration rate,
IM: intermediate metabolizers, IVSF: in vitro scaling factor, NM: normal metabolizers, UM: ultrarapid metabolizers,
undef.: undefined metabolite, unsp. hep. CL: unspecific hepatic clearance
a fu was estimated with the classification model by Watanabe et al. [21]
b Km values from literature were adapted with the calculated fu,inc=0.243, considering nonspecific binding in in vitro assays according to [15, 16]
c Km value for CYP2D6-mediated hydroxylation of (E)-4-OH-DE-Clom was assumed to be equal to Km value of the CYP2D6-mediated hydroxylation
of (E)-4-OH-Clom
d Only CYP2D6 kcat values of NM are shown while IM- and UM-kcat values were extrapolated according to Equation 1 in the main manuscript
(IVSFs represented in Table S8)
e values differ across the organs

S1.5. Calculation of Fractions Metabolized
The fraction metabolized (fm) of (E)-Clom via CYP2D6 was calculated according to Equation S1, 
using the observed relative AUClast increase between the PM population and the control group
(normal metabolizers (NM)) [39]. Calculation yielded a CYP2D6 fm of ˜90%. In addition, data from 
the CYP2D6 NM population in the clarithromycin DDI scenario (CYP3A4 inhibition) was used to
estimate fm of (E)-Clom via CYP3A4 to inform model development regarding CYP3A4-dependent 
(E)-Clom degradation. For this, the observed relative AUClast increase in the NM population between 
the DDI scenario with CYP3A4 inhibition and the control scenario without inhibition was used, 
yielding a CYP3A4 fm of about 13%. Of note, a complete CYP3A4 inhibition through clarithromycin 
was assumed, given the strong and mechanism-based inhibition through clarithromycin, which was 
administered twice a day for four days before the victim drug, (E)-Clom, was administered.

1
1 − fm

= AUClast,effect, AS=i
AUClast,control

(S1)

In case of CYP2D6 fm calculation, AUClast, effect represents the AUClast of (E)-Clom for the PM
population, while AUClast, control represents the AUClast of (E)-Clom for the NM population. For
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calculation of the CYP3A4 fm, AUClast, effect represents the A UClast of (E)-Clom for the NM popula-
tion in the DDI scenario with clarithromycin, while AUClast, control represents the AUClast of (E)-Clom 
for the NM population without concomitant clarithromycin administration.

S1.6. Formulations
Dissolution profiles f or c lomiphene c itrate t ablets a nd ( E)-Clom c itrate c apsules were n ot publicly 
available. However, according to the U.S. pharmacopoeia, the dissolution rate within the first 30 
minutes of clomiphene citrate tablets is required to be at least 75% [40]. This information was used 
to inform the dissolution shape and time (50% dissolved) parameters of a Weibull function, which 
was employed as the formulation in PK-Sim® (mathematical implementation see Equation S2 and 
Equation S3). The respective parameter values are represented in Table S4.

m = 1 − exp
⎛
⎝
−(t − Tlag)β

α

⎞
⎠ (S2)

with α = (Td)β (S3)

Here, m represents the fraction of dissolved drug at time t, Tlag is the lag time before onset of 
dissolution, α is the scaling parameter, β the shape parameter and Td the time needed to dissolve 
63% of the formulation [37].

S1.7. Handling Data Below the Lower Limit of Quantification (LLOQ)
In the pharmacokinetic panel study used for model building and evaluation, 9% of measured concen-
trations fell below the lower limit of quantification (LLOQ). For handling lower limit of quantification 
(LLOQ) data, a combination of the M5 and M6 method [41] was used. Below limit of quantification 
(BLQ) individual plasma concentrations were substituted by LLOQ/2. Subsequently, mean concen-
trations were calculated for each CYP2D6 activity score (AS) and only the first BLQ data was used 
for model building and evaluation, while subsequent concentrations were excluded. During the initial 
period of metabolite formation, BLQ data also appeared in the ascending branch of the plasma pro-
files. I n t his c ase, t he l ast B LQ c oncentration was i ncluded i n t he d ata, w hile B LQ concentrations 
before this time point were discarded.
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S2. Drug-Gene-Interaction (DGI) Modeling
S2.1. CYP2D6 in vitro Scaling Factors
The estimated CYP2D6 kcat values for the NM population were extrapolated to the intermediate 
metabolizers (IM) (AS=0.5, AS=0.75 and AS=1) and ultrarapid metabolizers (UM) populations 
according to Equation 1 in the main manuscript, using in vitro scaling factors (IVSFs). Determination 
of IVSFs were based on AS-specific in v itro metabolite formation rates relative to the corresponding 
formation rate in NM as a reference. The respective IVSFs for each CYP2D6-dependent pathway 
are depicted in Table S8. Measured in vitro data for (E)-4-OH-Clom and (E)-4-OH-DE-Clom AS-
specific formation rates were available, while mean values were assumed for the remaining CYP2D6-
dependent metabolic pathways [17].

Table S8. Employed in vitro scaling factors (IVSFs) for individual CYP2D6 activity scores.
CYP2D6-mediated metabolic pathways AS=0 AS=0.5 AS=0.75 AS=1 AS=2 AS=3

(E)-Clom → (E)-4-OH-Clom 0 0.19 0.27 0.57 1 1.52
(E)-Clom → (E)-DE-Clom 0 0.17 0.23 0.51 1 1.41
(E)-Clom → undef. 0 0.17 0.23 0.51 1 1.41
(E)-4-OH-Clom → undef. 0 0.17 0.23 0.51 1 1.41
(E)-4-OH-DE-Clom → undef. 0 0.17 0.23 0.51 1 1.41
(E)-DE-Clom → (E)-4-OH-DE-Clom 0 0.16 0.19 0.44 1 1.30
(E)-DE-Clom → undef. 0 0.17 0.23 0.51 1 1.41

AS: CYP2D6 activity score, CYP: cytochrome P450, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene,
(E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene, (E)-Clom: (E)-clomiphene,
(E)-DE-Clom: (E)-N-desethylclomiphene, undef.: undefined metabolite

S3. Drug-Drug-(Gene)-Interaction (DD(G)I) Modeling
S3.1. Clarithromycin and Paroxetine
Clarithromycin acts as a mechanism-based inhibitor of CYP3A4, while paroxetine inhibits CYP2D6 
and to a minor extent CYP3A4 [42]. Inhibition mechanisms of CYP3A4 and CYP2D6 were imple-
mented according to the PK-Sim® manual [37]. Two previously published PBPK models of clar-
ithromycin [43] and paroxetine [44] were applied and coupled with the developed parent-metabolite 
PBPK model of (E)-Clom to assess the model prediction performance in the DD(G)I setting. Inter-
action parameters were used as published in the respective perpetrator PBPK models.
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Figure S1. Predicted and observed plasma concentration-time profiles (linear scale) of (E)-Clom (a–f), (E)-4-OH-Clom (g–l), 
(E)-DE-Clom (m–r) and (E)-4-OH-DE-Clom (s–x) for DGI scenarios. Solid lines de-pict predicted geometric mean 
concentration-time profiles in PM, IM, NM and UM. The respective semitranspar-ent areas show the geometric standard 
deviation of the population simulations (n=1000). Mean observed data are shown as symbols with the corresponding standard 
deviation. AS, CYP2D6 activity score; DGI, drug-gene inter-action; (E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-
DE-Clom, (E )-4-hydroxy-N-desethylclomiphene;(E)-Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, 
intermediate metabolizers; n, num-ber of subjects; NM, normal metabolizers; PM, poor metabolizers; UM, ultrarapid 
metabolizers.
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S4.1.2. Plasma Profiles (Semilogarithmic Scale)
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Figure S2. Predicted and observed plasma concentration-time profiles (semilogarithmic scale) of (E)-Clom (a–f), 
(E)-4-OH-Clom (g–l), (E)-DE-Clom (m–r) and (E)-4-OH-DE-Clom (s–x) for DGI scenarios. Solid lines depict 
predicted geometric mean concentration-time profiles in the PM, IM, NM and UM populations. The respective 
semitransparent areas show the geometric standard deviation of the population simulations (n=1000). Mean observed data 
are shown as symbols with the corresponding standard deviation. AS, CYP2D6 activity score; DGI, drug-gene interaction; 
(E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-
clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, intermediate metabolizers; n, number of subjects; NM, normal 
metabolizers; PM, poor metabolizers; UM, ultrarapid metab-olizers.
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S4.1.3. Goodness-of-Fit Plots 
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Figure S3. Predicted versus observed AUClast (a), Cmax (b) and plasma concentrations (c) of (E)-Clom (circles), (E)-4-
OH-Clom (triangles), (E)-DE-Clom (squares) and (E)-4-OH-DE-Clom (diamonds) in PM, IM, NM and UM (DGI 
scenarios). The black solid lines mark the lines of identity. Black dotted lines indicate 1.25-fold, black dashed lines 
indicate 2-fold deviation. AS, CYP2D6 activity score; DGI, drug-gene interaction;(E)-4-OH-Clom, (E )-4-
hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-clomiphene; (E)-DE-
Clom, (E )-N-desethylclomiphene; IM, intermediate metabolizers; NM, normal metabolizers; PM, poor metabolizers; UM, 
ultrarapid metabolizers.
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Figure S4. Predicted versus observed DGI AUClast (a) and Cmax (b) ratios of (E)-Clom (circles), (E)-4-OH-
Clom (tri-angles), (E)-DE-Clom (squares) and (E)-4-OH-DE-Clom (diamonds) in PM, IM and UM. The straight 
black lines mark the lines of identity, the curved solid black lines show the limits of the predictive measure proposed 
by Guest et al. with 1.25-fold variability [46]. Black dotted lines indicate 1.25-fold, black dashed lines indicate 2-fold 
deviation. AS, CYP2D6 activity score; (E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, 
(E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E)-clomiphene; (E)-DE-Clom, (E)-N-desethylclomiphene; IM, 
intermediate metabolizers; PM, poor metabolizers; UM, ultrarapid metabolizers.
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Figure S5. Predicted and observed renal excretion profiles (linear scale) of (E)-Clom (a–f), (E)-4-OH-Clom (g–l), (E)-DE-
Clom (m–r) and (E)-4-OH-DE-Clom (s–x) for DGI scenarios. Solid lines depict predicted geometric mean profiles in 
PM, IM, NM and UM. The respective semitransparent areas show the geometric standard deviation of the population 
simulations (n=1000). Mean observed data are shown as symbols with the corresponding standard deviation. AS, 
CYP2D6 activity score; DGI, drug-gene interaction; (E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, 
(E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, 
intermediate metabolizers; n, number of subjects; NM, normal metabolizers, PM, poor metabolizers; UM, ultrarapid 
metabolizers.
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Figure S6. Predicted and observed plasma concentration-time profiles (linear scale) of digitized studies from 
literature after single (a,b) and multiple (c–f) dosing. Solid lines depict predicted geometric mean concentration-
time profiles of (E )-Clom. The respective semitransparent areas show the geometric standard deviation of the population 
simulations (n=1000). Mean observed data are shown as symbols with the corresponding standard deviation. (E)-Clom, 
(E )-clomiphene; n, number of subjects; Ratioph., Ratiopharm® GmbH.
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Figure S7. Predicted and observed plasma concentration-time profiles (semilogarithmic scale) of digitized studies 
from literature after single (a,b) and multiple (c–f) dosing. Solid lines depict predicted geometric mean 
concentration-time profiles o f (E ) -Clom. T he r espective s emitransparent a reas s how t he g eometric standard 
deviation of the population simulations (n=1000). Mean observed data are shown as symbols with the corre-
sponding standard deviation. (E)-Clom, (E )-clomiphene; n, number of subjects; Ratioph., Ratiopharm® GmbH.
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S4.1.7. Goodness-of-Fit Plots (from Literature)
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Figure S8. Predicted versus observed (a) AUClast, (b) Cmax and (c) plasma concentrations of (E)-Clom. The black

solid lines mark the lines of identity. Black dotted lines indicate 1.25-fold, black dashed lines indicate 2-fold 
deviation. Ratioph., Ratiopharm® GmbH.
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Figure S9. Predicted and observed plasma concentration-time profiles (linear scale) of (E)-Clom (a–e),

(E)-4-OH-Clom (f–j), (E)-DE-Clom (k–o) and (E)-4-OH-DE-Clom (p–t) for DD(G)I scenarios in PM, 
IM, NM and UM. Grey dashed lines depict the predicted geometric mean concentration-time profiles without 
clarithromycin and paroxetine (control), turquoise lines represent the predicted geometric mean profiles in presence 
of paroxetine and pink lines the predicted geometric mean profiles i n presence o f c larithromycin ( DD(G)I). The 
respective semitransparent areas show the geometric standard deviation of the population simulations (n=1000). 
Mean observed data are shown as symbols with the corresponding standard deviation. For a better visibility, 
DD(G)I scenarios were plotted with a time offset w ith t =0 a t t he fi rst do se of  th e pe rpetrator dr ug. AS, 
CYP2D6 activity score; Clarit., clarithromycin; DD(G)I, drug-drug and drug-drug-gene interactions; (E)-4-OH-
Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-
clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, intermediate metabolizers; n, number of subjects; 
NM, normal metabolizers; Parox., paroxetine; PM, poor metabolizers; UM, ultrarapid metabolizers.
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Figure S10. Predicted and observed plasma concentration-time profiles (semilogarithmic scale) of (E)-

Clom (a–e), (E)-4-OH-Clom (f–j), (E)-DE-Clom (k–o) and (E)-4-OH-DE-Clom (p–t) for DD(G)I scenar-
ios in PM, IM, NM and UM. Grey dashed lines depict the predicted geometric mean concentration-time profiles 
without clarithromycin and paroxetine (control), turquoise lines represent the predicted geometric mean profiles 
in presence of paroxetine and pink lines the predicted geometric mean profiles in presence of c larithromycin. The 
respective semitransparent areas show the geometric standard deviation of the population simulations (n=1000). 
Mean observed data are shown as symbols with the corresponding standard deviation. For a better visibility, 
DD(G)I scenarios were plotted with a time offset w ith t =0 a t t he fi rst do se of  th e pe rpetrator dr ug. AS, 
CYP2D6 activity score; Clarit., clarithromycin; DD(G)I, drug-drug and drug-drug-gene interactions; (E)-4-
OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-Clom,
(E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, intermediate metabolizers; n, number of sub-
jects; NM, normal metabolizers; Parox., paroxetine; PM, poor metabolizers; UM, ultrarapid metabolizers.
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S4.2.3. Goodness-of-Fit Plots 
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Figure S11. Predicted versus observed AUClast (a), Cmax (b) and plasma concentrations (c) of (E)-Clom (circles), (E)-

4-OH-Clom (triangles), (E)-DE-Clom (squares) and (E)-4-OH-DE-Clom (diamonds) for DD(G)I scenarios with 
clarithromycin and paroxetine, respectively in PM, IM, NM and UM. The black solid lines mark the lines of identity. 
Black dotted lines indicate 1.25-fold, black dashed lines indicate 2-fold deviation. AS, CYP2D6 activity score; DD(G)I, drug-
drug and drug-drug-gene interactions; (E)-4-OH-Clom, (E )-4-hydroxyclomiphene;(E)-4-OH-DE-Clom, (E )-4-hydroxy-N-
desethylclomiphene; (E)-Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, intermediate 
metabolizers; NM, normal metabolizers, PM, poor metabolizers; UM, ultrarapid metabolizers.
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Figure S12. Predicted versus observed DD(G)I AUClast (a) and Cmax (b) ratios of (E)-Clom (circles), (E)-4-OH-Clom
(triangles), (E)-DE-Clom (squares) and (E)-4-OH-DE-Clom (diamonds) in PM, IM, NM and UM. The straight 
black lines mark the lines of identity, the curved black lines show the limits of the predictive measure proposed by Guest 
et al. with 1.25-fold variability [46]. Black dotted lines indicate 1.25-fold, black dashed lines indicate 2-fold deviation. AS, 
CYP2D6 activity score; DD(G)I, drug-drug and drug-drug-gene interactions;(E)-4-OH-Clom, (E )-4-hydroxyclomiphene; 
(E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-
desethylclomiphene; IM, intermediate metabolizers; NM, normal metabolizers, PM, poor metabolizers; UM, ultrarapid 
metabolizers.
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S4.2.4. Renal Excretion Profiles (Linear Scale)

( a ) ( b )

0
10

20
30

40

IM (AS=0.5), (E)−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

●
●●

●

●●●

●

●●●

●

●

●

●

Control, n = 4
DDI with Clarit., n = 4
DDI with Parox., n = 4

( c )

0
10

20
30

40

IM (AS=1), (E)−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

●●● ●
●
●●

●

●●● ●

●

●

●

Control, n = 2
DDI with Clarit., n = 1
DDI with Parox., n = 2

( d )

0
10

20
30

40

NM (AS=2), (E)−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

●●● ● ●●● ●
●
●●

●

●

●

●

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( e )

0
10

20
30

40

UM (AS=3), (E)−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

●●● ●
●

●
●

●

●●● ●

●

●

●

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( f )

0
5

10
15

20
25

PM (AS=0), (E)−4−OH−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 6
DDI with Clarit., n = 5
DDI with Parox., n = 4

36



( g )
0

5
10

15
20

25
IM (AS=0.5), (E)−4−OH−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 4
DDI with Clarit., n = 4
DDI with Parox., n = 4

( h )

0
5

10
15

20

IM (AS=1), (E)−4−OH−Clom

Time [h]
A

m
ou

nt
 e

xc
re

te
d 

in
 u

rin
e 

 [n
m

ol
]

0 60 120 180 240

Control, n = 2
DDI with Clarit., n = 1
DDI with Parox., n = 2

( i )

0
5

10
15

20
25

NM (AS=2), (E)−4−OH−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( j )

0
5

10
15

20
25

UM (AS=3), (E)−4−OH−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( k )
0

20
40

60
80

PM (AS=0), (E)−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 6
DDI with Clarit., n = 5
DDI with Parox., n = 4

( l )

0
20

40
60

80

IM (AS=0.5), (E)−DE−Clom

Time [h]
A

m
ou

nt
 e

xc
re

te
d 

in
 u

rin
e 

 [n
m

ol
]

0 60 120 180 240

Control, n = 4
DDI with Clarit., n = 4
DDI with Parox., n = 4

( m )

0
20

40
60

80
10

0

IM (AS=1), (E)−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 2
DDI with Clarit., n = 1
DDI with Parox., n = 2

( n )

0
20

40
60

80

NM (AS=2), (E)−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( o )
0

20
40

60
80

UM (AS=3), (E)−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

37



( p )
0

10
20

30
40

PM (AS=0), (E)−4−OH−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 6
DDI with Clarit., n = 5
DDI with Parox., n = 4

( q )

0
10

20
30

40

IM (AS=0.5), (E)−4−OH−DE−Clom

Time [h]
A

m
ou

nt
 e

xc
re

te
d 

in
 u

rin
e 

 [n
m

ol
]

0 60 120 180 240

Control, n = 4
DDI with Clarit., n = 4
DDI with Parox., n = 4

( r )

0
5

10
15

IM (AS=1), (E)−4−OH−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 2
DDI with Clarit., n = 1
DDI with Parox., n = 2

( s )

0
10

20
30

40

NM (AS=2), (E)−4−OH−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

( t )

0
10

20
30

40

UM (AS=3), (E)−4−OH−DE−Clom

Time [h]

A
m

ou
nt

 e
xc

re
te

d 
in

 u
rin

e 
 [n

m
ol

]

0 60 120 180 240

Control, n = 3
DDI with Clarit., n = 3
DDI with Parox., n = 3

Figure S13. Predicted and observed renal excretion profiles (linear scale) of (E)-Clom (a–e), (E)-4-OH-

Clom (f–j), (E)-DE-Clom (k–o) and (E)-4-OH-DE-Clom (p–t) for DD(G)I scenarios in PM, IM, NM 
and UM. Grey dashed lines depict the predicted geometric mean profiles i n a bsence o f c larithromycin and 
paroxetine (control), yellow solid lines represent the predicted geometric mean profiles in presence of paroxetine 
and orange solid lines represent the predicted geometric mean profiles i n presence o f c larithromycin (DD(G)I). 
The respective semitransparent areas show the geometric standard deviation of the population simulations 
(n=1000). Mean observed data are shown as symbols with the corresponding standard deviation. For a 
better visibility, DD(G)I scenarios were plotted with a time offset with t=0 at the first dose of  the perpetrator 
drug. AS, CYP2D6 activity score; Clarit., clarithromycin; DD(G)I, drug-drug and drug-drug-gene interactions;
(E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-N-desethylclomiphene; (E)-
Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; IM, intermediate metabolizers; n, number of 
subjects; NM, normal metabolizers; Parox., paroxetine; PM, poor metabolizers; UM, ultrarapid metabolizers.
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S4.3. Quantitative PBPK Model Evaluation 

S4.3.1. Mean Relative Deviation (MRD)

Table S9. Mean relative deviation (MRD) values of DGI plasma concentration predictions.

Study Compound MRD Reference

PK Panel Study, PM (AS = 0) (E)-4-OH-Clom 1.49 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom 1.20 [19]
PK Panel Study, PM (AS = 0) (E)-Clom 1.42 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom 1.38 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom 2.00 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom 1.44 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom 1.31 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom 2.04 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-Clom 2.45 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-DE-Clom 3.04 [19]
PK Panel Study, IM (AS = 0.75) (E)-Clom 3.24 [19]
PK Panel Study, IM (AS = 0.75) (E)-DE-Clom 5.42 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom 1.96 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom 2.38 [19]
PK Panel Study, IM (AS = 1) (E)-Clom 1.99 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom 2.52 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom 1.40 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom 1.30 [19]
PK Panel Study, NM (AS = 2) (E)-Clom 1.39 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom 1.38 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom 2.26 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom 1.81 [19]
PK Panel Study, UM (AS = 3) (E)-Clom 1.30 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom 1.50 [19]
Mikkelson et al. 1986 (E)-Clom 1.43 [1]
Miller et al. 2018 (E)-Clom 2.01 [4]
Study Ratioph. 1991 (E)-Clom 1.61 [2]
Wiehle et al. 2013 (a) (E)-Clom 1.14 [3]
Wiehle et al. 2013 (b) (E)-Clom 1.13 [3]
Wiehle et al. 2013 (c) (E)-Clom 1.33 [3]

Overall MRD: 1.95 (1.13–5.42)
21/30 MRD ≤ 2

AS: CYP2D6 acitivity score, DGI: drug-gene interaction, (E)-4-OH-Clom:
(E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene,
(E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene,
IM: intermediate metabolizers, NM: normal metabolizers, PK: pharmacokinetic,
PM: poor metabolizers, UM: ultrarapid metabolizers, Ratioph.: Ratiopharm® GmbH
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Table S10. Mean relative deviation (MRD) values of DD(G)I plasma concentration predictions.

Study Compound Perpetrator MRD Reference

PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Clarithromycin 1.80 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Paroxetine 1.50 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Clarithromycin 2.04 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Paroxetine 2.18 [19]
PK Panel Study, PM (AS = 0) (E)-Clom Clarithromycin 1.72 [19]
PK Panel Study, PM (AS = 0) (E)-Clom Paroxetine 1.41 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Clarithromycin 4.87 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Paroxetine 2.04 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Clarithromycin 2.18 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Paroxetine 1.38 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Clarithromycin 2.11 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Paroxetine 1.73 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Clarithromycin 1.55 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Paroxetine 1.43 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Clarithromycin 1.92 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Paroxetine 1.53 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Clarithromycin 1.79 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Paroxetine 2.01 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Clarithromycin 2.03 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Paroxetine 1.38 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Clarithromycin 1.30 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Paroxetine 1.25 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Clarithromycin 1.53 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Paroxetine 1.29 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Clarithromycin 1.38 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Paroxetine 2.23 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Clarithromycin 1.67 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Paroxetine 1.52 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Clarithromycin 1.44 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Paroxetine 1.51 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Clarithromycin 1.62 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Paroxetine 2.19 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Clarithromycin 1.42 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Paroxetine 2.28 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Clarithromycin 1.72 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Paroxetine 1.71 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Clarithromycin 1.46 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Paroxetine 1.74 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Clarithromycin 1.47 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Paroxetine 2.38 [19]

Overall MRD: 1.83 (1.25–4.87)
28/40 MRD ≤ 2

AS: CYP2D6 acitivity score, DD(G)I: drug-drug and drug-drug-gene interactions, (E)-4-OH-Clom:
(E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene, (E)-Clom: (E)-clomiphene,
(E)-DE-Clom: (E)-N-desethylclomiphene, IM: intermediate metabolizers, NM: normal metabolizers,
PK: pharmacokinetic, PM: poor metabolizers, UM: ultrarapid metabolizers
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S4.3.2. Geometric Mean Fold Error (GMFE)

Table S11. Geometric Mean Fold Error (GMFE) of AUClast and Cmax DGI Predictions.

AUClast Cmax

Study Compound Pred [ng⋅h
ml ] Obs [ng⋅h

ml ] Pred/Obs Pred [ ng
ml ] Obs [ ng

ml ] Pred/Obs Reference

PK Panel Study, PM (AS = 0) (E)-Clom 919.01 1095.56 0.84 27.00 44.53 0.61 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom 102.28 93.66 1.09 0.98 1.23 0.79 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom 3389.54 3473.88 0.98 29.59 27.34 1.08 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom 61.68 62.33 0.99 0.47 0.44 1.09 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom 401.77 422.50 0.95 20.81 26.89 0.77 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom 330.20 513.99 0.64 5.61 14.50 0.39 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom 741.34 446.69 1.66 14.89 14.86 1.00 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom 610.91 562.68 1.09 8.39 7.63 1.10 [19]
PK Panel Study, IM (AS = 0.75) (E)-Clom 344.04 136.73 2.52 19.30 9.96 1.94 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-Clom 349.10 246.20 1.42 5.89 13.33 0.44 [19]
PK Panel Study, IM (AS = 0.75) (E)-DE-Clom 575.65 102.23 5.63 12.62 6.39 1.98 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-DE-Clom 556.31 226.19 2.46 7.89 8.01 0.98 [19]
PK Panel Study, IM (AS = 1) (E)-Clom 168.98 89.54 1.89 14.93 8.53 1.75 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom 306.54 214.87 1.43 7.69 9.29 0.83 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom 187.42 79.09 2.37 6.88 2.59 2.66 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom 348.35 161.70 2.15 7.62 4.92 1.55 [19]
PK Panel Study, NM (AS = 2) (E)-Clom 101.66 82.93 1.23 12.20 10.82 1.13 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom 236.46 218.30 1.08 12.59 15.72 0.80 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom 53.16 58.47 0.91 4.09 4.50 0.91 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom 185.45 193.74 0.96 7.81 7.49 1.04 [19]
PK Panel Study, UM (AS = 3) (E)-Clom 75.53 66.21 1.14 10.74 7.72 1.39 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom 205.20 94.52 2.17 12.76 9.26 1.38 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom 32.98 23.91 1.38 3.05 1.93 1.58 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom 120.44 74.07 1.63 6.01 4.21 1.43 [19]
Mikkelson et al. 1986 (E)-Clom 35.20 35.70 0.99 5.86 4.27 1.37 [1]
Miller et al. 2018 (E)-Clom 7484.01 5121.29 1.46 17.89 10.51 1.70 [4]
Study Ratioph. 1991 (E)-Clom 39.73 33.60 1.18 5.55 2.96 1.88 [2]
Wiehle et al. 2013 (a) (E)-Clom 22.34 21.59 1.03 1.76 1.69 1.04 [3]
Wiehle et al. 2013 (b) (E)-Clom 36.73 36.53 1.01 3.16 2.93 1.08 [3]
Wiehle et al. 2013 (c) (E)-Clom 161.63 158.86 1.02 10.49 14.72 0.71 [3]

GMFE: 1.43 (1.01–5.63) GMFE: 1.41 (1.00–2.66)

(continued)
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Table S11. continued

Study Compound Pred [ng⋅h
ml ] Obs [ng⋅h

ml ] Pred/Obs Pred [ ng
ml ] Obs [ ng

ml ] Pred/Obs Reference

GMFE ≤ 2: 24/30 GMFE ≤ 2: 27/30

AS: CYP2D6 acitivity score, DGI: drug-gene interaction, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene,
(E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene, IM: intermediate metabolizers, NM: normal metabolizers, Obs: observed,
PK: pharmacokinetic, PM: poor metabolizers, Pred: predicted, UM: ultrarapid metabolizers, Ratioph.: Ratiopharm® GmbH
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Table S12. Geometric Mean Fold Error (GMFE) of DGI AUClast and Cmax ratios.

AUClast Ratio Cmax Ratio

Study Compound Pred [1] Obs [1] Pred/Obs Pred [1] Obs [1] Pred/Obs Reference

PK Panel Study, PM (AS = 0) (E)-Clom 9.04 13.21 0.68 2.21 4.12 0.54 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom 0.43 0.43 1.01 0.08 0.08 0.99 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom 63.77 59.41 1.07 7.23 6.07 1.19 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom 0.33 0.32 1.03 0.06 0.06 1.04 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom 3.95 5.09 0.78 1.71 2.49 0.69 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom 1.40 2.35 0.59 0.45 0.92 0.48 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom 13.95 7.64 1.83 3.64 3.30 1.10 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom 3.29 2.90 1.13 1.07 1.02 1.05 [19]
PK Panel Study, IM (AS = 0.75) (E)-Clom 3.38 1.65 2.05 1.58 0.92 1.72 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-Clom 1.48 1.13 1.31 0.47 0.85 0.55 [19]
PK Panel Study, IM (AS = 0.75) (E)-DE-Clom 10.83 1.75 6.19 3.08 1.42 2.17 [19]
PK Panel Study, IM (AS = 0.75) (E)-4-OH-DE-Clom 3.00 1.17 2.57 1.01 1.07 0.94 [19]
PK Panel Study, IM (AS = 1) (E)-Clom 1.66 1.08 1.54 1.22 0.79 1.55 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom 1.30 0.98 1.32 0.61 0.59 1.03 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom 3.53 1.35 2.61 1.68 0.57 2.92 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom 1.88 0.83 2.25 0.98 0.66 1.49 [19]
PK Panel Study, UM (AS = 3) (E)-Clom 0.74 0.80 0.93 0.88 0.71 1.23 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom 0.87 0.43 2.00 1.01 0.59 1.72 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom 0.62 0.41 1.52 0.75 0.43 1.74 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom 0.65 0.38 1.70 0.77 0.56 1.37 [19]

GMFE: 1.65 (1.00–6.19) GMFE: 1.46 (1.00–2.95)
GMFE ≤ 2: 14/20 GMFE ≤ 2: 17/20

Guest limits: 12/20 Guest limits: 10/20

AS: CYP2D6 acitivity score, DGI: drug-gene interaction, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom: (E)-4-hydroxy-N-desethylclomiphene,
(E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene, IM: intermediate metabolizers, NM: normal metabolizers, Obs: observed,
PK: pharmacokinetic, PM: poor metabolizers, Pred: predicted, UM: ultrarapid metabolizers
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Table S13. Geometric Mean Fold Error (GMFE) of AUClast and Cmax DD(G)I Predictions.

AUClast Cmax

Study Compound Perpetrator Pred [ng⋅h
ml ] Obs [ng⋅h

ml ] Pred/Obs Pred [ ng
ml ] Obs [ ng

ml ] Pred/Obs Reference

PK Panel Study, PM (AS = 0) (E)-Clom Clarithromycin 2211.99 2332.83 0.95 41.25 69.18 0.60 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Clarithromycin 287.69 119.75 2.40 2.38 1.24 1.91 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Clarithromycin 2592.38 2282.03 1.14 18.17 14.69 1.24 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Clarithromycin 100.11 36.96 2.71 0.82 0.29 2.81 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Clarithromycin 585.91 769.47 0.76 24.64 42.67 0.58 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Clarithromycin 578.95 885.93 0.65 7.88 20.35 0.39 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Clarithromycin 219.84 135.87 1.62 2.58 2.79 0.92 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Clarithromycin 272.46 201.78 1.35 2.06 1.93 1.07 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Clarithromycin 207.03 176.77 1.17 16.37 14.74 1.11 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Clarithromycin 427.82 356.60 1.20 9.05 15.53 0.58 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Clarithromycin 35.98 26.96 1.33 1.33 1.22 1.09 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Clarithromycin 132.72 71.32 1.86 1.62 1.91 0.85 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Clarithromycin 117.25 100.98 1.16 13.07 17.22 0.76 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Clarithromycin 304.50 266.53 1.14 14.21 16.36 0.87 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Clarithromycin 15.33 12.85 1.19 1.05 0.85 1.23 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Clarithromycin 50.59 42.79 1.18 1.98 2.19 0.91 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Clarithromycin 84.09 88.29 0.95 11.34 13.87 0.82 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Clarithromycin 248.86 172.19 1.45 13.96 11.16 1.25 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Clarithromycin 11.10 9.79 1.13 0.96 0.45 2.11 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Clarithromycin 35.43 30.40 1.17 1.76 1.61 1.09 [19]
PK Panel Study, PM (AS = 0) (E)-Clom Paroxetine 1035.07 1204.78 0.86 28.75 40.39 0.71 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Paroxetine 117.15 95.18 1.23 1.11 1.47 0.76 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Paroxetine 3405.95 4195.92 0.81 27.95 37.12 0.75 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Paroxetine 69.53 63.01 1.10 0.54 0.41 1.31 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Paroxetine 993.64 1053.60 0.94 28.98 35.05 0.83 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Paroxetine 139.64 119.04 1.17 1.32 1.30 1.01 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Paroxetine 3094.26 2384.31 1.30 27.70 19.23 1.44 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Paroxetine 232.51 173.56 1.34 2.05 1.70 1.20 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Paroxetine 858.97 855.99 1.00 26.24 34.32 0.76 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Paroxetine 153.97 204.03 0.75 1.30 2.62 0.49 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Paroxetine 2288.71 2104.81 1.09 23.38 23.47 1.00 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Paroxetine 428.74 349.83 1.23 3.51 2.47 1.42 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Paroxetine 731.17 828.75 0.88 26.03 41.65 0.63 [19]

(continued)
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Table S13. continued

Study Compound Perpetrator Pred [ng⋅h
ml ] Obs [ng⋅h

ml ] Pred/Obs Pred [ ng
ml ] Obs [ ng

ml ] Pred/Obs Reference

PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Paroxetine 199.16 346.58 0.57 2.41 4.27 0.57 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Paroxetine 1421.08 1170.81 1.21 23.33 20.66 1.13 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Paroxetine 664.56 511.87 1.30 5.53 5.50 1.01 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Paroxetine 550.74 806.88 0.68 22.29 54.63 0.41 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Paroxetine 212.08 345.90 0.61 3.00 6.46 0.46 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Paroxetine 722.15 739.59 0.98 16.09 23.37 0.69 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Paroxetine 545.59 400.60 1.36 6.51 6.49 1.00 [19]

GMFE: 1.30 (1.00–2.71) GMFE: 1.40 (1.00–2.83)
GMFE ≤ 2: 38/40 GMFE ≤ 2: 34/40

AS: CYP2D6 acitivity score, DD(G)I: drug-drug and drug-drug-gene interactions, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom:
(E)-4-hydroxy-N-desethylclomiphene, (E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene, IM: intermediate metabolizers,
NM: normal metabolizers, Obs: observed, PK: pharmacokinetic, PM: poor metabolizers, Pred: predicted, UM: ultrarapid metabolizers
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Table S14. Geometric Mean Fold Error (GMFE) of DD(G)I AUClast and Cmax ratios.

AUClast Ratio Cmax Ratio

Study Compound Perpetrator Pred [1] Obs [1] Pred/Obs Pred [1] Obs [1] Pred/Obs Reference

PK Panel Study, PM (AS = 0) (E)-Clom Clarithromycin 2.41 2.13 1.13 1.53 1.55 0.98 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Clarithromycin 2.81 1.28 2.20 2.44 1.01 2.41 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Clarithromycin 0.76 0.66 1.16 0.61 0.54 1.14 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Clarithromycin 1.62 0.59 2.74 1.74 0.67 2.59 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Clarithromycin 1.46 1.82 0.80 1.18 1.59 0.75 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Clarithromycin 1.75 1.72 1.02 1.41 1.40 1.00 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Clarithromycin 0.30 0.30 0.97 0.17 0.19 0.92 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Clarithromycin 0.45 0.36 1.24 0.25 0.25 0.97 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Clarithromycin 1.23 1.97 0.62 1.10 1.73 0.63 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Clarithromycin 1.40 1.66 0.84 1.18 1.67 0.70 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Clarithromycin 0.19 0.34 0.56 0.19 0.47 0.41 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Clarithromycin 0.38 0.44 0.86 0.21 0.39 0.55 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Clarithromycin 1.15 1.22 0.95 1.07 1.59 0.67 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Clarithromycin 1.29 1.22 1.05 1.13 1.04 1.08 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Clarithromycin 0.29 0.22 1.31 0.26 0.19 1.36 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Clarithromycin 0.27 0.22 1.24 0.25 0.29 0.87 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Clarithromycin 1.11 1.33 0.84 1.06 1.80 0.59 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Clarithromycin 1.21 1.82 0.67 1.09 1.20 0.91 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Clarithromycin 0.34 0.41 0.82 0.31 0.23 1.33 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Clarithromycin 0.33 0.46 0.72 0.29 0.38 0.77 [19]
PK Panel Study, PM (AS = 0) (E)-Clom Paroxetine 1.13 1.10 1.02 1.07 0.91 1.17 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-Clom Paroxetine 1.15 1.02 1.13 1.13 1.19 0.95 [19]
PK Panel Study, PM (AS = 0) (E)-DE-Clom Paroxetine 1.00 1.21 0.83 0.94 1.36 0.70 [19]
PK Panel Study, PM (AS = 0) (E)-4-OH-DE-Clom Paroxetine 1.13 1.01 1.12 1.13 0.94 1.21 [19]
PK Panel Study, IM (AS = 0.5) (E)-Clom Paroxetine 2.47 2.49 0.99 1.39 1.30 1.07 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-Clom Paroxetine 0.42 0.23 1.83 0.24 0.09 2.62 [19]
PK Panel Study, IM (AS = 0.5) (E)-DE-Clom Paroxetine 4.17 5.34 0.78 1.86 1.29 1.44 [19]
PK Panel Study, IM (AS = 0.5) (E)-4-OH-DE-Clom Paroxetine 0.38 0.31 1.23 0.24 0.22 1.10 [19]
PK Panel Study, IM (AS = 1) (E)-Clom Paroxetine 5.08 9.56 0.53 1.76 4.02 0.44 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-Clom Paroxetine 0.50 0.95 0.53 0.17 0.28 0.60 [19]
PK Panel Study, IM (AS = 1) (E)-DE-Clom Paroxetine 12.21 26.61 0.46 3.40 9.07 0.37 [19]
PK Panel Study, IM (AS = 1) (E)-4-OH-DE-Clom Paroxetine 1.23 2.16 0.57 0.46 0.50 0.92 [19]
PK Panel Study, NM (AS = 2) (E)-Clom Paroxetine 7.19 9.99 0.72 2.13 3.85 0.55 [19]

(continued)
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Table S14. continued

Study Compound Perpetrator Pred [1] Obs [1] Pred/Obs Pred [1] Obs [1] Pred/Obs Reference

PK Panel Study, NM (AS = 2) (E)-4-OH-Clom Paroxetine 0.84 1.59 0.53 0.19 0.27 0.71 [19]
PK Panel Study, NM (AS = 2) (E)-DE-Clom Paroxetine 26.73 20.02 1.34 5.70 4.59 1.24 [19]
PK Panel Study, NM (AS = 2) (E)-4-OH-DE-Clom Paroxetine 3.58 2.64 1.36 0.71 0.74 0.96 [19]
PK Panel Study, UM (AS = 3) (E)-Clom Paroxetine 7.29 12.19 0.60 2.08 7.08 0.29 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-Clom Paroxetine 1.03 3.66 0.28 0.24 0.70 0.34 [19]
PK Panel Study, UM (AS = 3) (E)-DE-Clom Paroxetine 21.90 30.93 0.71 5.27 12.14 0.43 [19]
PK Panel Study, UM (AS = 3) (E)-4-OH-DE-Clom Paroxetine 5.08 6.07 0.84 1.08 1.54 0.70 [19]

GMFE: 1.40 (1.00–3.55) GMFE: 1.50 (1.00–3.40)
GMFE ≤ 2: 36/40 GMFE ≤ 2: 31/40

Guest limits: 29/40 Guest limits: 23/40

AS: CYP2D6 acitivity score, DD(G)I: drug-drug and drug-drug-gene interactions, (E)-4-OH-Clom: (E)-4-hydroxyclomiphene, (E)-4-OH-DE-Clom:
(E)-4-hydroxy-N-desethylclomiphene, (E)-Clom: (E)-clomiphene, (E)-DE-Clom: (E)-N-desethylclomiphene, IM: intermediate metabolizers,
NM: normal metabolizers, Obs: observed, PK: pharmacokinetic, PM: poor metabolizers, Pred: predicted, UM: ultrarapid metabolizers
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S4.4. Local Sensitivity Analysis
S4.4.1. Mathematical Implementation

A sensitivity analysis of the developed model was conducted to explore the impact of single param-
eter changes (local sensitivity analysis) on the predicted AUCinf. According to Equation S4, the 
relative change of AUCinf after oral application of a single dose of 100 mg clomiphene citrate to the 
relative variation of model input parameters was calculated. All optimized parameters as well as 
parameters that might have a strong impact because of calculation methods employed in the model 
(e.g., lipophilicity) were integrated in the sensitivity analysis and a relative perturbation of 10% was 
used.

S = ∆AUCinf

∆p
⋅ p

AUCinf
(S4)

S is the sensitivity of the AUCinf to the examined model parameter, ∆AUCinf is the change of the
AUCinf, AUCinf represents the simulated AUCinf with the original parameter value, p is the original
model parameter value and ∆p the variation of the model parameter value. A sensitivity value of
+1.0 signifies that a 10% increase of the examined parameter causes a 10% increase of the simulated
AUCinf.
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S4.4.2. Results of the Sensitivity Analysis 

( a ) Sensitivity Analysis (E)-Clom

Solubility
GFR fraction
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( b ) Sensitivity Analysis (E)-4-OH-Clom

GFR fraction

pKa (acid)
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Unspecific hepatic clearance

Lipophilicity

CYP3A4 kcat −> (E)−4−OH−Clom
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( c ) Sensitivity Analysis (E)-Clom

GFR fraction

CYP2D6 Km −> undef. 

CYP2D6 kcat −> undef. 

CYP3A4 Km −> undef. 

CYP3A4 kcat −> undef. 
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( d ) Sensitivity Analysis (E)-4-OH-Clom
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CYP2D6 kcat −> undef. 
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Figure S14. Sensitivity analysis of the PBPK model for (E)-Clom, (E)-4-OH-Clom, (E)-DE-Clom and (E)-4-OH-
DE-Clom. CYP, cytochrome P450; (E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-

4-hydroxy-N-desethylclomiphene; (E)-Clom, (E )-clomiphene; (E)-DE-Clom, (E )-N-desethylclomiphene; GFR, 
glomerular filtration r ate; k cat, catalytic r ate c onstant; K m, Michaelis Menten c onstant; p Ka, acid dissociation 
constant; undef., undefined metabolite.
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S5. Molecular Structures
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Figure S15. Molecular structures of (E)-Clom (a) and its metabolites (E)-DE-Clom (b), (E)-4-OH-Clom (c) and 
(E)-4-OH-DE-Clom (d). (E)-4-OH-Clom, (E )-4-hydroxyclomiphene; (E)-4-OH-DE-Clom, (E )-4-hydroxy-
N-desethylclomiphene; (E)-Clom, (E)-clomiphene; (E)-DE-Clom, (E)-N-desethylclomiphene.
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