Building and evaluation of a
Physiologically-Based PharmacoKinetic (PBPK)
model for nevirapine
in adults and lactating women

Disclaimer: The research project leading to these results was conducted as part of the
ConcePTION consortium. This report only reflects the personal views of the stated authors.

The results of this report are only intended for research purpose, and are not intended to be
used in clinical practice.



Glossary

AUC Area Under the Curve

Cave Average concentration

CLre Reuptake clearance (i.e. from milk to blood)

CLsec Secretion clearance (i.e. from blood to milk)

Crnax Maximum (~peak) concentration

DID Daily Infant Dosage (expressed for instance in mg/kg/day)

fu Fraction unbound in plasma

GFR Glomerular Filtration Rate

HBD Hydrogen Bond Donors

v Intravenous (administration)

LogD7.2 Logarithm of the partition coefficient between an octanol phase and an
aqueous (buffer) phase at pH 7.2

LogD7.4 Logarithm of the partition coefficient between an octanol phase and an
aqueous (buffer) phase at pH 7.4

LogP Logarithm of the partition coefficient between an octanol phase and
(unbuffered) water as aqueous phase. This is the default parameter to express
lipophilicity of a substance.

MD Multiple dose

M/P ratio Milk-to-Plasma ratio

MW Molecular Weight (Da)

PBPK Physiologically-Based PharmacoKinetic [modeling]

pKa Logarithm of the acid dissociation constant

PO Oral administration

PSA Polar Surface Area

RID Relative Infant Dose (%)
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2. Introduction

Nevirapine (Figure S1) is a non-nucleoside reverse transcriptase inhibitor (NNRTTI).
Nevirapine is used in combination with nucleoside analogues for the treatment of HIV-1
infection and AIDS [1]. The recommended dose of nevirapine is 200 mg/day for 14 days,
followed by 200 mg twice-daily, in combination with other retroviral agents. Absorption of
nevirapine is more than 90 %, and peak concentrations around 2 pg/mL are reached within 4 h
[1]. The apparent volume of distribution in healthy volunteers after [V administration is 1.21
L/kg [1]. Nevirapine is for 60 % bound to plasma proteins [1]. Metabolism of nevirapine is
mainly hepatic, via cytochrome P450 enzymes to different hydroxylated metabolites [1].
CYP3A4 is the main enzyme involved, and there is a minor role for CYP2B6 and CYP2D6
pathways [2]. In addition, nevirapine is also an inducer for CYP3A4, 2D6 and 2B6 [2]. Less
than 5 % is excreted unchanged in the urine. Nevirapine has a long half-life (45 h) [1].
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Figure S1 Chemical Structure of nevirapine

The scope of this report is to:

(a) specify the details and underlying assumptions associated with the building of
physiologically-based pharmacokinetic (PBPK) models for nevirapine in adult healthy
volunteers or patients, and in postpartum women during lactation.

(b) evaluate the predictive performance of these PBPK models. This is achieved by
comparing model-predicted plasma or milk concentrations with corresponding clinical
observations.



3. Methods

The software used for the development of PBPK models presented in this report is tabulated
below:

Software Version
PK-Sim® v9.1
MoBi® v9.1

3.1 Modelling strategy

In the present report, a reference PBPK model was first established for adults (patients as well
as healthy volunteers), and subsequently verified against clinical pharmacokinetic data
reported for nevirapine in the scientific literature.

Relevant information on the anthropometry (height, weight) was gathered from the respective
clinical studies, if reported. Information on physiological parameters (e.g. blood flows, organ
volumes, hematocrit) in adults is available in the PK-Sim® database.

In a second step, a lactation PBPK model was developed, based on the general workflow
described by Dallmann et al. 2018 [3-5].

‘ Medicine-related parameters H Physiology-related parameters }

. .

[ PBPK model for "non-lactating” adult individuals ]1
i : Optimization

Evaluation of predictive performance
using observed data

Extend
physiology
for lactation

[ PBPK model for lactating population ]

'

‘ Evaluation of predictive performance J

using observed data from lactation
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[ Calculated infant dose ]

Figure S2 General workflow that was used in the present project to develop and evaluate the lactation PBPK model

Details about input data (physicochemical, in vitro and clinical data) can be found in section
3.2. Details about the structural models and their parameters can be found in section 3.3.



3.1.1. Reference PBPK models

The reference PBPK models were built based on studies with adult volunteers and/or adult
patients, using the reported mean values for age, weight, height, and genetic background as
described in each study protocol. When no information on these parameters could be found, a
healthy male European individual, 30 years of age, with a body weight of 73 kg and a height
of 176 cm was used.

The abundance (including population variability) of plasma proteins and enzymes/transporters
that are integrated into PK-Sim are described in the publicly available 'PK-Sim Ontogeny
Database Version 7.3' (PK-Sim Ontogeny Database Version 7.3).

The specific metabolic clearance of nevirapine was assumed to be via CYP3A4, CYP2D6,
CYP2B6 and CYP2C9 [2]. The CYP enzymes were implemented in accordance with literature,
using the PK-Sim expression database RT-PCR profiles to define their relative expression in
the different organs of the body. Intrinsic clearance values were further optimized as a factor.
Auto-induction of CYP3A4, CYP2D6 and CYP2B6 was included for multiple dose studies.
Renal excretion was implemented as kidney plasma clearance.

Structural model selection was mainly guided by biological plausibility and by visual
inspection of the predicted concentration time profiles in comparison with observed data. The
generally applied acceptance criterium was less than 2-fold misprediction. Uninformed
parameter values (see below) were estimated using the parameter identification module of PK-
Sim®.

The predictive performance of the models was evaluated by simulating:
- Single intravenous dose studies
- Single and multiple oral dose studies
- Fed and fasted state

- Males and female subjects

For some parameters, parameter optimization was performed as described below to obtain
improved concordance between predicted profiles and observed data.

3.1.2. Lactation model
After development of the reference model, the model was exported to MoBi® and a lactation
PBPK model was constructed. To model the passage of nevirapine into human milk, i.e. across

the blood/milk biological barrier, both the secretion (CLsec) and reuptake clearance (CLuic)
values were obtained using the empirical model developed by Koshimichi ez al. 2011 [6].

3.2 Data

3.2.1 In vitro / physicochemical data



A literature search was performed to collect available information on physicochemical
properties of nevirapine. The obtained information from literature is summarized in Error!
Reference source not found.. Error! Reference source not found. shows the parameters that
were additionally used for the lactation PBPK model.

Table S1 Physicochemical parameters used as input for the nevirapine PBPK models

Parameter Value Unit Description Source
MW 2662979 o/mol M@Lﬁ;‘f}iar Drugbank [1]
Logarithm of
the acid
pKa 2.8 (base) dissociation [2]
constant
Solubility (pH 7) 100 mg/mL i)?:j;‘l’ﬁ; Pubchem [1]
Logio of the
partition
coefficient
LogP 1.93 - between
octanol and
water
(~lipophilicity)
Fraction
fu 0.4 unbound in
human plasma
Renal clearance —
plasma clearance 0.001 L/h/kg [2]
Hepatic clearance:
-3A4 -1.74 Intrinsic
-2B6 -0.55 L/h clearance —
-2D6 -0.33 first order
- Other (2C9) - 0.55
Induction:
EC50 1.00
lj:r;lzz 1.49 wmol/L Auto-induction
- 2B6 4.00
-2D6 1.54




Table S2 Physicochemical parameters used as input for the lactation PBPK model of nevirapine

Parameter Value Unit Description Source
Logio of the
partition
. . coefficient
Milk logP 1.93 - between [2]
octanol and
water
Hydrogen bond
donors
PSA 58.10 A Polar surface | b hem
area
#Milk logP is Logio of the partition coefficient between octanol and water and is used as input
for the calculations in the postpartum model (see equations below). In theory, this value is
identical to the logP specified in Table S1. However, in some PBPK models, logP (Table S1)
might be optimized using parameter identication. Therefore, it was chosen to use a separate
parameter (i.e. Milk logP) to represent the logP used as input for the equations in the

postpartum model.

HBD 1.00 Pubchem

The default equations for free fraction in human milk and logD that were implemented in the
spatial structure building block that was developed for the postpartum women are described
below. Alternatively, these values can be overwritten by values calculated elsewhere (e.g.
MarvinSketch) or determined in vitro.

The free fraction in human milk was calculated with the equations proposed by Atkinson and
Begg [7], as follows:

fu % 0.448
fu_skimmed milk — (0.0006940'448 + f1(1).44-8)

— —0.88+1.29xlogD7.2
Pz = 10¢ gb72)

1

Total free fraction in milk = 0.955

fu_skimmed milk

+ 0.045 X Poyis)

Where: fu skimmed milk: binding to proteins in milk; Pmix: partitioning between aqueous and
lipid phase of milk; Total free fraction in milk: ‘total’ free fraction, i.e. accounting for both
protein and lipid binding processes.

LogD values taking into account up to three pka values (as provided in the compound
building block), were calculated as follows:

LOgD = LOgP + Loglo(longactor)

With Milk logP (Table S2) as input for logP



LogDsactor = Ky + (Kz + K3 + K,) X base® + Ky X baseMax(CTo+CT1;=CTo=CTy)
+ K6 X basemaX (CTO+CT2;—CTO—CT2) + K7 X basemaX(CTz+CT1,'—CT2—CT1)
+ K8 X basemaX (CTO+CT1+CT2;—CT0—CT1—CT2)

K, =F XF, XF;3

K, =(1—-F) XF,XF;

K;=F, X(1—-F,)XF;

K, =F, XF,x(1-F;)
Ks=(1—-F)Xx(1-F)XF;
Ke=(1—-F)XF,x(1-F;)
K;=(1—-F)XF,x(1-F;)
Ke=(1-F)X(1-F)x(1-F)

F1=CT0 != CT NEUTRAL ? 1/(1+10~(CT0*(pKa_0- pH))) : 1
F2=CTI != CT NEUTRAL ? 1/(1+10~(CT1*(pKa_1- pH))): 1
F3=CT2 != CT NEUTRAL ? 1/(1+10~(CT2*(pKa_2- pH))) : 1

With CT = compound type (-1: acid; +1: base; 0: neutral), and pH = 7.2 or 7.4 respectively
for logD7.2 and logD7.4

The transports that were added in the passive transport building block for ‘transfer to milk’
and ‘transfer from milk’ are based on secretion and reuptake and clearance values, Clsec and
Clre, which were calculated according to the empirical equations proposed by Koshimichi et
al. 2011 [6], as follows:

Log CL,, = 2.793 + 0.179 X LogP — 0.132 X HBD
Log CLg,. =3.367 X Log10(MW) — 0.164 x (LogP — LogD) — 0.015 X PSA — 3.912

3.2.2 Clinical data

Literature searches were performed to collect available data on nevirapine in adults and
breastfeeding women. The nevirapine PBPK model was developed using different clinical
studies with pharmacokinetic (PK) blood sampling. First, a clinical trial with single
intravenous and oral solution administration of two doses was taken into account to estimate
solubility and clearance parameters [8]. Subsequently, a multiple dose study with a high oral
dose (400 mg/day) was used to further optimize solubility [9]. The other arms of both studies
were used for evaluation of the predictive performance. In addition, 5 other studies with
single and multiple oral administrations in males and females were used for model
verification [10-14].

The evaluation of the predictive performance of the nevirapine lactation PBPK model was
performed using 8 different studies were nevirapine was administered as an oral dose of 200
mg bidaily to lactating women [15-22]. The women were between 7 days and 6 months
postpartum. The samples were assumed to be through samples if the exact timing was not
reported in the articles.

Detailed information and data from the studies used for model building, verification, and
lactation model can be found in Supplementary material 1 and 2.



3.2.2.1 Model building

The studies that were used for model building are shown in Table S3 (training data).

Table S3 Summary of studies used for PBPK model building of nevirapine in reference populations

Study ID

Reference

Arm/treatment/information used

for model building
Lamson 1999 (8] 12 subJect§ received 15 mg IV
(single dose)
Lamson 1999 (8] 12 subjectls rec§1ved 50 mg PO
solution (single dose)
Lamson 1999 (8] 24 sub]ect§ rece.lved 200 mg PO
solution (single dose)
205 subjects received 400 mg/day
Kappelhoff 2015 ] PO (multiple dose)
Table S4 Demographic information
Study ID Reference Number of | Age (year) Weight (kg)
subjects
(female ratio)
12 (0) 29.8 (20-49) 80.6 (67.7-96.8)
Lamson 1999 [8] 24 (0) 269 (18-43) | 78.5 (58.8-95.5)
Kappelhoff [9] 205 (0.38) 35(-) -
2015

3.2.2.2 Model verification

The studies that were used to evaluate the predictive performance of the PBPK model are

shown in

Table S5 (verification data).

Table S5 Summary of studies used for model verification of nevirapine PBPK model in reference population

Arm/treatment/information used

Study ID Reference for model verification
12 subjects received 50 mg PO
Lamson 1999 [8] tablet (single dose)
24 subjects received 200 mg PO
Lamson 1999 [8] tablet (single dose)
373 subjects received 200 mg twice-
Kappelhoff 2015 (9] daily PO (multiple dose)
Fan-Havard 2013 [10] 10 subj ect(sSirIi:gleel\(fizdseZ)OO mg PO
10 subjects received 200 mg twice-
Fan-Havard 2013 [10] daily PO (multiple dose)
Marier 2007 (1] 64 subjects received 200 mg PO

(single dose)
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. 5 subjects received 200 mg twice-
Ribera 2001 [12] daily PO (multiple dose)

8 subjects received 50 mg PO at

Riska 1999 [13] steady-state (multiple dose)
. 14 males received 200 mg twice-
Von Hentig 2006 [14] daily PO (multiple dose)
Von Hentig 2006 [14] 13 females received 200 mg twice-

daily PO (multiple dose)

Table S6 Demographic information

Study ID Reference Number of | Age (year) Weight (kg)
subjects
(female ratio)
12 (0 29.8 (20-49 80.6 (67.7-96.8
Lamson 1999 | [8] 24 Eog 26.9 E18-43§ 78.5 558.8-95.53
Kappelhoff [9] 373 (0.39) 36 (-) -
2015
Fan-Havard [10] 10 (0.80) 25 (21-43) 68 (59-100)
2013 10 (0.50) 32 (28-44) 52 (42-66)
Marier 2007 [11] 64 (0) 36 (21-52) 73.8 (60.6-89.9)
Ribera 2001 [12] 5(0) - -
Riska 1999 [13] 11(-) - (20-34) - (62.6-84.4)
Von Hentig [14] 14 (0) 33.47 (27-58) 58.8 (44-84)
2006 13 (1)

3.2.2.3 Lactation PBPK model
Table S7 shows the study that was used for the lactation PBPK model.

Table S7 Summary of study used for PBPK model development of nevirapine in lactating women

Arm/treatment/information used for model

Study ID Publication building and verification
Bennetto-Hood 2007 [15] ! Womggo(?nvgegéziﬁgs(ﬁ ﬁfggllg zeocseei;/ ed PO
Gutino2007 || nen (b st el PO
Mirochnick 2009 [17] rec\zsglelr’l(()zég/()l fr/léé‘b\i)l]l:lkys (?:ﬁiﬁg? 210)56)
Olaguniu 2015 [18] 5 women (15-183 days postpartum) received

PO 200 mg bidaily (multiple dose)

. 28 women (1.4-73.9 weeks postpartum)
Olagunju 2016 [19] received PO 200 mg bidaily (multiple dose)

66 women (1/3/6 month postpartum) received

Palombi 2012 [20] PO 200 mg bidaily (multiple dose)

. 20 women (2/5 months postpartum) received
Shapiro 2005 [21] PO 200 mg bidaily (multiple dose)
Shapiro 2013 [22] 15 women (30 days postpartum) received PO

200 mg bidaily (multiple dose)

11



3.3 Model Parameters and assumptions

3.3.1 Absorption

There is no clear difference in absorption between an oral solution and a tablet [8]. Therefore,
solution was used as formulation in all the studies. Intestinal permeability was calculated from
lipophilicity according to PK-Sim standard methods. Solubility of nevirapine is pH dependent,
and literature values were highly variable. Therefore, solubility was estimated during
parameter optimization [8,9].

3.3.2 Distribution

An important parameter influencing the distribution of a compound is lipophilicity.
Lipophilicity was taken from literature [2]. The tissue partition coefficients (Kp) calculation
was according to ‘Rodgers and Rowland’ and the cellular permeability calculation was ‘PK-
Sim Standard’.

3.3.3 Metabolism and excretion

The final model applies metabolism by CYP enzymes (CYP3A4, CYP2B6, CYP2D6, and
CYP2C9) and renal excretion. For CYP enzymes, the first order intrinsic clearance values were
calculated via the well-stirred model based on literature [2], and further optimized as factor via
parameter identification based on observed clinical data [8]. Renal elimination was
implemented as kidney plasma clearance, based on the value reported in literature [2].

3.3.4 Secretion to milk

To model the transfer process of nevirapine into human milk, both the secretion (CLsec) and
reuptake clearance (CLr) were calculated using the empirical equations developed by
Koshimichi ef al. 2011 (see Error! Reference source not found.) [4].

First, in MoBi®, a spatial structure for the postpartum women was constructed, similar to the
workflow from Dallmann et al. 2018 [2]. Here, breasts were added as a compartment. In
addition, the human milk was connected to the plasma subcompartment of the breasts. The
human milk volume was specified as 0.5 L to represent the structure of Koshimichi ez al. 2011,
and a geometric standard deviation of 1.16 was assumed in the population. The free fraction in
human milk, and logD values were implemented as the equations described previously. The
transfer between plasma and milk was defined as two kinetic processes (transfer to milk and
transfer from milk) under passive transports (see below). Next, the simulation was combined
with the postpartum population from Job et al. 2021 in PK-Sim to account for the postpartum

physiology [3].
Kinetics

Transfer to milk
dNmilk

dt

= Cplasma X f; X CLg,,

where Cplasma is the concentration in plasma (in breast compartment), fu is the free fraction
in plasma and CLscc is the secretion clearance.

Transfer from milk

12



dNplasma .
———— = Cmilk X f, X CL,,

where Cmilk is the concentration in human milk, fu is the total free fraction in human milk
(protein and lipid) and CL:. is the reuptake clearance.

The median simulated plasma and human milk concentration-time profiles can be used to
calculate the M/P ratio as follows:

M/P ratio = —2limitk
UCplasma
3.3.5 Automated parameter optimization
The following table depicts the results of the final parameter identification according to the

different clinical studies.

a) Lamson et al. (1999) 15 mg IV (single dose); Lamson et al. (1999) 50 mg PO solution (single
dose); Lamson et al. (1999) 200 mg PO solution (single dose) [8]

Model parameter Optimized value Unit
Solubility at reference pH 264.58 mg/L
Intrinsic clearance factor 0.22

b) Kappelhoff et al. 2015 400 mg/day PO (multiple dose)

Model parameter Optimized value Unit
Solubility at reference pH 797.00 mg/L

3.4. Infant dosage calculation

Infant dosage via human milk was then calculated based on the predicted (average and
maximal) steady-state nevirapine concentration in human milk, as well as the daily milk intake
volume. The daily infant dosage was then compared to the maternal dosage, resulting in the
relative infant dose (RID).

. . L
Daily infant dosage = Cgperage * 150 k;lday

. ] _ mL
Daily infant dosage = Cpqy * 150 kg .day

Infant dosage

Relative infant dose (RID) = *100 %

Maternal dosage

4. Results

Both the reference and postpartum PBPK model of nevirapine were developed and verified
with clinical PK data.

The model was evaluated covering studies including in particular:
- Intravenous and oral administration
- Single and multiple doses
- A dose range from 15 up to 400 mg
- Males and females subjects

13



The model describes the metabolism of nevirapine via Cytochrome P450 enzymes and renal
excretion. Moreover, secretion and reuptake to human milk were described by CLsec and ClLre.

The next sections show:
- The final model parameters for the building blocks: section 4.1
- The overall predictive performance: section 4.2
- The simulated versus observed concentration-time profiles for the clinical studies used
for model building and for model verification: section 4.3

4.1 Final input parameters
The compound values of the final postpartum PBPK model for nevirapine are illustrated below.

Physicochemical parameters

Parameter Value Unit Source
MW 266.2979 g/mol Drugbank
pKa 2.80 - Drugbank
. Parameter
Solubility 797.00 mg/mL :dentification
Lipophilicity 1.93 - [2]
fu 0.40 - Drugbank
Small molecule (Y/N) Y -
Plasma protein binding Albumin
partner
Calculation methods
Name Value
Tissue partition coefficients Rodgers and Rowland
Cellular permeabilities PK-Sim Standard
AMDE-related parameters
Parameter Value Unit Source
pgﬁfessaniallilty 1.66E-5 cm/min Default value
Intrinsic clearance — Parameter
first order 0.38 L/h . . .
(CYP3A4) identification
Intrinsic clearance — Parameter
first order 0.12 L/h . . .
(CYP2B6) identification
Intrinsic clearance — Parameter
first order 0.07 L/h . ) .
(CYP2D6) identification
Intrinsic clearance — Parameter
first order 0.12 L/h ) ) .
(CYP2C9) 1dentification

14



Kidney plasma 1.00E-3 L/h/kg 2]
clearance

Auto-induction

(CYP3A4): 2]
- EC50 -1.00
_ Emax - 1.49 pmol/L

Auto-induction

(CYP2B6): 2]
- EC50 -1.00
- Emax - 4.00 pmol/L

Auto-induction

(CYP2D6): 2]
- EC50 -1.00
- Emax -1.54 umol/L

Formulation-related parameters
Type: Solution

Physicochemical and physiological parameters relevant to the lactation model

Parameter Value Unit Source
Milk logP 1.93 Log units [2]
HBD 1.00 - Pubchem
PSA 58.10 A? Pubchem
CLsec 0.04 L/min Default
CLre 0.02 L/min Default
fu skimmed milk® 0.95 - Default
Pmilk® 40.71 - Default
Total free. fraction in 0.35 i Default
milk®
logD7.2 1.93 Log units Default
logD7.4 1.93 Log units Default

“binding to proteins in milk; ° partitioning between aqueous and lipid phase of milk; ° total
free fraction, accounting for both protein and lipid binding

4.2 Diagnostic plots

The geometric mean fold errors (GMFE) on AUC and Cmax were 1.07 and 1.20 for the model
building dataset, and 1.13 and 1.34 for the model verification dataset.

The following plot shows the predictive performance graph for Cmax and AUC of nevirapine
for the PBPK model performance of all data used.

Predicted over observed ratio values of all data listed in section 3.2.2 are presented below.

15
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Figure S3 Predicted over observed ratio profile

Table S8 Ratio between the predicted and observed pharmacokinetic parameters of nevirapine in different dosing regimens

for model building

Study 1D/ Dose/ AUCobs AUCpred Fold Crax obs Crax pred Fold
Reference | Route | (mg*h/L) | (mg*h/L) | error (mg/L) (mg/L) error
Lamson 15mg
1999 IV SD 7.88 7.32 0.93 0.31 0.24 0.77
L 50 mg
amson | posp | 31.59 29.05 0.92 0.49 0.61 1.24
1999
(1)
L 200 mg
amson | posp | 11721 | 121.93 | 1.04 2.12 2.51 1.18
1999
(1)
Kappelhoff | 400 mg
2015 PO MD 125.29 116.70 0.93 7.91 8.65 1.09

16



Table S9 Ratio between the predicted and observed pharmacokinetic parameters of nevirapine in different dosing regimens
used for model verification

Study ID/ Dose/ AUCobs AUCpred Fold Crnax obs Cimax pred Fold
Reference | Route | (mg*h/L) | (mg*h/L) error (mg/L) (mg/L) error
L 50 mg
amson | phep | 31.71 29.05 0.92 0.62 0.61 0.98
1999
(2)
L 200 mg
amson | phep | 121.03 | 121.93 1.01 1.81 2.51 1.39
1999
(2)
Kappelhoff | 200 mg
oL omp | 65535 58.20 0.89 6.56 7.00 1.07
Fan-
Havard | 20™M& | 12542 | 15401 | 1.23 1.43 2.86 2.00
SD
2013
Fan-
Havard | 22°0M8 | 7535 75.14 1.04 6.99 9.45 1.35
MDI[23]
2013
Marier 200 mg
h007 osp | 8576 89.06 1.04 2.06 2.65 1.29
Ribera 200 mg
2001 omp | 4573 57.92 1.27 5.28 7.01 1.33
. 50 mg
Riska 1999 | >0 | 11577 | 136.76 1.18 4.14 4.67 1.13
Von 200 mg 8.61
Hentic | POMD | 56.60 68.48 1.21 5.42 : 1.59
2006 female
Von | 200 mg 58.73
Hentig | POMD | 50.21 ‘ 1.17 4.82 7.05 1.46
2006 male

4.3 Concentration-time profiles
Simulated versus observed concentration-time profiles of all data listed in section 3.2.2 are
presented below. The original.pksim5 are provided in Supplemented material 3.
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4.3.1 Model building
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Figure S4 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg PO SD [8]
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Figure S5 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 50 mg PO [8]
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Figure S6 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 15 mg IV SD [8]

~
1

Concentration [ug/mL]
(6]

312 316 320 324 328 332 336
Time [h]

== Pred ® QObs

Figure S7 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 400 mg daily MD [9]

19



~l
1

Concentration [ug/mL]
(@]

320 330
Time [h]

- Pred ® Obs

Figure S8 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 400 mg daily MD [9]

4.3.2 Model verification
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Figure S9 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid PO MD [12]
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Figure S10 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg PO SD [11]
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Figure S11 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg PO SD [8]
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Figure S12 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 50 mg PO SD [8]
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Figure S13 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid MD [9]
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Figure S14 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg PO SD [10]
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Figure S15 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid PO MD [10]
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Figure S16 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid male MD
[14]
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Figure S17 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid female MD
[14]
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Figure S18 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 50 mg at steady-state
PO [13]

4.3.3 Lactation PBPK model

A sample size of 1000 individuals, three months postpartum, was used in each simulation of
the virtual lactation population.
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Figure S19 Predicted (Pred) versus observed (Obs) concentration-time profile after administration of 200 mg bid PO MD
[15-22]

A dosing regimen of PO 200 mg bidaily was assumed to calculate the milk transfer of
nevirapine.

Dosing interval: 12 h Plasma Milk
Cmax (mg/L) 7.79 18.53
AUC (mg*h/L) 72.53 194.17
Cave (mg/L) 6.04 16.18

M/P ratio = 2.68
The PBPK model results in an overprediction of the human milk concentrations.

4.4 Estimated Pediatric exposure

A maternal dosing regimen of 200 mg bidaily was assumed to calculate the infant dosage.
The daily infant dosage and relative infant dose (RID) for 3 months old infants were
calculated using a milk intake of 150 mL/kg/day. The daily infant dosage was 2.43
mg/kg/day (RID: 37 %) or 2.78 mg/kg/day (RID: 42 %) based on the average steady-state
concentration and maximum concentration in human milk, respectively.
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5. Discussion

First, the reference PBPK model was developed and evaluated. Evaluation of the predictive
performance showed that the reference PBPK model for nevirapine was able to capture the
pharmacokinetic behavior of the medicines in healthy volunteers and/or patients.

Next, the PBPK model was extended to a lactation PBPK model. The PBPK model results in
an overprediction of the human milk concentrations.

The predicted M/P ratio is 2- to 13-fold higher than the observed range of M/P ratios (0.12 —
5.2).

The calculated infant dosage should be interpreted with caution, since the predicted human
milk concentration was too high compared to the observed data.

6. Conclusions

The herein presented PBPK model adequately describes the PK of nevirapine in adults,
including breastfeeding women. In particular, it applies quantitative metabolism by
cytochrome P450 (CYP3A4, CYP2B6, CYP2D6 and CYP2C9) and renal clearance. The
PBPK model for lactation results in an overprediction of the milk concentration (M/P ratio:
2.68). The daily infant dosage was 2.43 mg/kg/day (RID: 37 %) or 2.78 mg/kg/day (RID: 42
%) based on the average steady-state concentration and maximum concentration in human
milk, respectively.
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