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1. Supplementary Methods

1.1 Sample collection and bioanalysis

Depending on the participants’ age, a 0.2-3 mL blood sample was collected in KzZEDTA
Vacutainer (for infants and children) or Microtainer (for neonates), which were allowed to store
in ice for a maximum of 30 minutes, if immediate plasma separation was not possible. Plasma
was separated by centrifugation (2000 g) at 4 °C and was pipetted into polypropylene cryovials
for storage. The cryovials containing plasma were stored at <-70 °C (or <-20 °C for up to
maximum 8 h if <-70 °C freezer was not immediately accessible) and were shipped frozen on
dry ice to the bioanalytical facility. The analytes were extracted from the plasma by protein
precipitation, and reversed-phase HPLC separation was performed using Phenomenex, Synergi
4um Max-RP, (50 x 2.0 mm, 80 A) column and a gradient separation method involving mobile
phase A (water containing 0.1% [v/v] formic acid) and mobile phase B (methanol:acetonitrile
(50:50, v/v) containing 0.1% [v/v] formic acid). Mass spectrometry was done using a Sciex API
6500 system. The lower limit of quantification (LLOQ) for both OXZ and MHD was 1 ng/mL.
Acceptable intra- and inter-run accuracy and precision (i.e., £15% for nominal concentrations
and £20% for LLOQ) were established over the entire concentration range of 1 — 1000 ng/mL
that was used for the working standards. Adequate linearity (R>>0.98) was confirmed between 1-
1000 ng/mL for both OXZ and MHD, and their overall recovery in the quality control (QC)
samples (3, 150 and 750 ng/mL) were 98.2% and 98.9% respectively. Dilution integrity (for
analyzing concentrations above the upper limit of quantification (ULOQ) of 1000 ng/mL) was
ensured by validating the method for 50-, 100-, and 150-fold dilution of three higher QC samples
of 37500 ng/mL, 75000 ng/mL and 113000 ng/mL respectively with blank human plasma. The

method was also validated for short-term bench-top plasma stability (up to 6 h at room



temperature), whole blood stability for 2 h (at room temperature and 4 °C), freeze-thaw stability
(from -20 °C and -70 °C to room temperature for up to three cycles), and long-term storage

stability in human plasma (at -20 °C and -70 °C) for both the analytes.

1.2 Fat-free mass (FFM) calculation

9270 x WT

FFM (male) =
(male) = <80+ 216 x BMI

Eq. S1 Fat-free mass prediction equation for adult males (18 < PNA < 21 years) [1]

9270 x WT

FEM (female) = aoet 244 x BMI

Eq. S2 Fat-free mass prediction equation for adult females (18 < PNA <21 years) [1]

i~ e chitd) = | 0.88 4 0.12 y 9270 X WT
(male child) = | 0. : PNAN 127 6680 + 216 X BMI
[ +(133) ]

Eq. S3 Fat-free mass prediction equation for male children (3 < PNA <18 years) [2]

FFM le child) = | 1.11 + 011 x 2D X W
(female child) = | 1. : PNAN 1 8780 + 244 X BMI
[ +(71) ]

Eq. S4 Fat-free mass prediction equation for female children (3 < PNA < 18 years) [2]

BMI, body mass index (kg/m2); FFM, fat-free mass (kg); PNA, postnatal age (years); WT, total
body weight (kg).



1.3  Virtual population for simulation
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Figure S1. Flow chart of the virtual cohort generation for the simulations.

NHANES, National Health and Nutrition Examination Survey demographic database [3]; PBMI,
BMI percentile; PTN, Pediatric Trial Network demographic data repository [4]. DOSE Dosing
records (AMT) were added based on FDA recommended age and body weight bands in
TRILEPTAL® prescribing information.



2. Supplementary Results

2.1 Concentration vs. time data for the population pharmacokinetic modeling
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Figure S2. Observed concentration-time profiles from two separate studies.

TALD, time after last dose. Data of oxcarbazepine (OXZ) and its active metabolite 10-
monohydroxy derivative (MHD) are shown for AEDO1 (upper panel) and POPO1 (lower panel)
studies. Different colors represent different individuals.



Full Dataset: OXZ Full Dataset: MHD
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Figure S3. Observed concentration-time profiles of the pooled dataset, which includes POPO1
and AEDOI study data.

TALD, time after last dose. The upper panel shows the data oxcarbazepine (OXZ) and its
metabolite 10-monoydroxy derivative (MHD) for all participants together in the pooled dataset,
whereas the lower panel shows the MHD data in three sub-populations of children >2 years of
age based on obesity status. Different colors represent different individuals.



Oxcarbazepine PK (NICHD-2011-POP01, NICHD-2015-AEDO1)

Pharmacokinetics Report, Version: v0.1

2.2 Model development

Table S1. Summary of selection of the structural model.

Date: 15 September 2022

Fixed effects

Random AIC Plausibility
Model Ref K, Volume of effects AIC reduced? of Comment
distribution(r)  Clearance(/h) - fixed estimates
VOXZ =20 CLOXZ = 133 OLarge Wgas, a)V,OXZ
1 Vuup = 20 CLyup = 2.75 6706.89 . No ¢ High shrinkage on
M B No QV,OXZ = 075f QCL,OXZ = 0.89 ) ' wV,OXZ and wV,MHD
Oy mup = 0.757  OcLmup = 0.54 e Unrealistic RSE (~0%)
Voxz = 125 ClLoxz = 216 o Large wg,
V = 30.2 CL = 2.76 i i
Mla Ml Yes oo _ooer o e ) 667423  Yes No 'Zhgh shrinkage on
voxz = Y- cLoxz = Y. V,0XZ
Oy mup = 0.75"  OcLmup = 0.54 e Unrealistic RSE (~0%)
Voxz = 39.7 Cloxz =220 ¢ High shrinkage on
M1 Vyup = 50.3 CLynp = 2.81 Oy oxs
Mlb Yes P — 075/ 9 ~ 091 Wge =0 6711.73 No Yes '
) vors cLoxz « Negligible wype (~0%)
GV,MHD = 075f GCL,MHD = 054
Voxz = 33.7 CLoxz = 184 « Large 0 s
V = 40.7 CL = 2.84 — '
L MHD MHD wga =0 6707.52  Yes Yes NI
bl b e QV,OXZ = 075f GCL,OXZ = 0.89 Wgpt = 0 * I(;)Ilgh Shrlnkage on
GV,MHD = 075f OCL,MHD = 054 v.0Xz

AIC, Akaike information criteria; CL, clearance of OXZ and MHD (as subscript); f, fixed value; Ka, First order rate constant
for absorption; Kbt, First order rate constant for back-transformation; 6, exponent of respective parameter mentioned in

subscript;; RSE, relative standard error; VV, Volume of distribution of OXZ and MHD (as subscript); w, between-subject variability
of the respective parameter in subscript.



Oxcarbazepine PK (NICHD-2011-POP01, NICHD-2015-AEDO01)
Pharmacokinetics Report, Version: v0.1

Table S2. Summary of selection of the residual error model.

Date: 15 September 2022

Additive error Proportional
Modd R __0EmD_ emr©V0 Keden e MO MY o
0XZ MHD (0), ¥/ MHD ’
e =0 e Large wy ypyp (97%)
Mlc - 41.8 705 503%  22.5% fa 6707.52 - Yes
wypt = 0 e High shrinkage on wy oxz
w —0 L] Lal‘ge wV,MHD (97%)
Mld  Milc 39.5 503%  232% 6706.20  Yes Yes
wipe = 0 e High shrinkage on wy gxz
® wy yyp decreased (81%)
Wwr =0 ® wy oxz also decreased
Mle Milc No 51.5%  24% e 6707.7 No Yes i
wgpe =0 (45%)
e High shrinkage on wy g
Wga = 0
M2 Mle No 51.6%  24.1%  wgpr =0 6705.83 Yes Yes e All reasonable

wy,oxz =0

AIC, Akaike information criteria; CV, Coefficient of variation; wg,, Wkp:, BSV of absorption rate constant and back-
transformation constant; wy oxz, Wy yyp,, Between-subject variability (BSV) of volume of distribution of OXZ and MHD

respectively.

10



Table S3. Summary of selection of the scaler from WT and PKWT.

Fixed effects

PK Changes from AIC Plausibility
Model Ref sealer  the reference Volume of Clearance AIC reduced? of Comment
model distribution (L) (L/h) © estimates
VOXZ — 30.5 CLOXZ = 205
VMHD — 486 CLMHD = 283
M2 . WT - 0 0.75/ OcL0xz = 0.90 6705.83 - Yes o All reasonable
v,oxz = Y. ’
' OcLmup =
Oy muD = 0.757 0.54
Vow, = 25.4 CLoxz = 180 e Unrealistic (very
Volume ‘;)XZ B 46 CLyup = 2.85 high) RSE for all
exponents MHD — _ 6707.6 N % estimates
M?2a M2 WT estimated HV'OXZ = 0.64 GCL,OXZ = 0.90 Y €s .
separately 0 — 071 OcLMmHD ® wy ypyp increased to
v.MHD = U. — 054 97%
Volume CLoyy = 180
exponents VOXZ =26.2
estimated as a v — 1398 CLyup = 2.85 .
M3 M2 WT shared HHD . Ocroxz = 0.87  6705.62 Yes Yes * High wy mpp (97%)
parameter Ov,0xz = Ov,mup 0
between 0XZ = 0.70 _CBI‘EIZD
and MHD o
1% =313 CLOXZ = 225
Volume o : CL =278 oU listic (0%
exponents fixed Vuup = 67.3 MHD = = nrealistic (0%)
M3a M2 WT (i.e., linear Oy oxg = 17 Ocroxz =1 6709.85 No Yes R?E f(ir all
scaling) p o o Centiis estimates
V. MHD =0.53

AIC, Akaike information criteria; CL, clearance of OXZ and MHD (as subscript); f, fixed value; 6, exponent of respective
parameter mentioned in subscript; RSE, relative standard error; V, volume of distribution of OXZ and MHD (as subscript); w,
between-subject variability of the respective parameter in subscript; WT, total body weight.

11



Table S3 (continued). Summary of selection of the scaler from WT and PKWT.

Changes from Fixed effects AIC Plausibility
Model Ref PKscaler the ref:lrel:nce Volume of Clearance AIC reduced? . of Comment
mode distribution (L) (L/h) SEUTTATTES
CLOXZ = 188
WT VOXZ = 236 CLMHD = 309
(Volume),  CL scaled to Vmup = 36.2 OcLoxz ® Wy MHD
M3b M3 S PRWT Oy = By gy =008 069987 Yes Yes decreased to 91%
(CL) = 57 Bcrmup
= 0.67
CL = 188 .
VOXZ =235 oxz o wV,MHD remained
WT CLyyp = 3.09 o
(Volume), O oxz fixed Vuup = 36.5 at 91%
M4 M3b L Lo _ OcLoxz =17 6697.90  Yes Yes : .
0 Ov.0xz = Ovmup ¢ High condition
(CL) = 0.58 966.M6HD number (1681)
= 0.67
CLOXZ = 221
Voxz = 30 °w
T 0XxZ _ V,MHD
W Vv =50f CLyup = 3.05 decreased to 78%
(Volume), Vypyp fixed to MHD _1f
M5 M4 HCL,OXZ =1 6698.34 No Yes .
PKWT 50 Ov oxz = Ov mup e Condition number
(CL) = 0.65 OcLmup ]5
= 0.67

AIC, Akaike information criteria; CL, clearance of OXZ and MHD (as subscript); f, fixed value; 6, exponent of respective
parameter mentioned in subscript; PKWT, Pharmacokinetic weight; RSE, relative standard error; V, volume of distribution of OXZ
and MHD (as subscript); o, between-subject variability of the respective parameter in subscript; WT, total body weight.

12



Table S3 (continued). Summary of selection of the scaler from WT and PKWT.

PK fhantglfs Fixed effects AIC Plausibility
rom the ausibili
Biflell Rt scaler reference Volume of Clearance AL reduced? of estimates Cummen
model distribution (L) (L/h)
® Wy ypp increased
WT COIT(VMHD, VOXZ = 257 CLOXZ - 198 to 96%
—cof CL = 3.06
MS5a M5 (Volume), C LMHD) Vunp = 50 MHD 6695.48 Yes Yes e Prolonged run time
PKWT estimated 0y oxz = Oy yup  OcLoxz = v
CL) (0.117) _ 'O 69 ’ ¢ Condition number
( N - . QCL,MHD = 067 123
Voxz = 33.1 CLoxz = 220 * wy yup 80%
v =507 CLypp = 3.05 e Low run time
M6 M5 Alﬁg‘)\l&d Alﬁg‘;ﬁ? MHD o _ i 669854  No Yes
to to Ov.oxz = Ov,muD CLOXZ — ¢ Condition number
= 0.752 Ocrmup = 0.67 44
Volume Voxz = 29.4 CLoyx, = 187
exponents Vv =50f CLyyp = 3.06
M6a M5 PKWT fixedto 1,  MHP 6695.87 Yes Yes * wy mup 104%

and Vyyp ~ Ov0xz = Ovump Ocroxz =1/
fixedto50 =17 OcLmup = 0.67

AIC, Akaike information criteria; CL, clearance of OXZ and MHD (as subscript); f, fixed value; 0, exponent of respective
parameter mentioned in subscript; PKWT, Pharmacokinetic weight; RSE, relative standard error; V, volume of distribution of OXZ
and MHD (as subscript); w, between-subject variability of the respective parameter in subscript; WT, total body weight.

13



Table S4. Summary of two-compartment modeling.

Plausibility
Model Ref  PK Scaler Changes from the reference AIC AIC of Comment
model Reduced? .
Estimates
e Abnormally high RSE%
WT for . o
volume and Two compartment, All * wy,mpp increased to 125%
M7 M6 Q, parameters estimated except 6697.47 Yes Yes e High run time
QCL,OXZ ﬂXed to 1 .
PKWT for CL e Unacceptable condition number
(>10 log fold)
WT for Two compartment, parameters ® wy yyp increased to 95%
volume and fixed: O¢cp oxz=1, Voxz = 30, o Hioh run time
M7a M6 Q, K, = 0.25, CLyyz = 175, 6697.89 Yes Yes g
OcLoxz = 1, e Unacceptable condition number
PKWT for CL All volume exponents=0.65 (>8 log fold)
WT for ® wy yyp increased to 127%
volume and . .
M7b M6 Q Two compartment, only one  6697.50  Yes Yes  *Highruntime

parameter fixed Voxz = 30 ¢ Unacceptable condition number

PKWT for CL (>9 log fold)

AIC, Akaike information criteria; CL, clearance of OXZ and MHD (as subscript); f, fixed value; K,, Absorption rate constant; 0,
exponent of respective parameter mentioned in subscript; PKWT, Pharmacokinetic weight; Q, distribution clearance of MHD;
RSE, relative standard error; V, volume of distribution of OXZ and MHD (as subscript); w, between-subject variability of the
respective parameter in subscript; WT, total body weight.

14



Table S5. Summary of covariate modeling.

Model # Covariate AIC
Mo PKWT 6698.54
MS8a PKWT + PNA 6699.51
M8b PKWT + PMA (Hill) 6701.14
M9a PKWT + SCR 6700.15
MO9b PKWT + eGFR 6701.47

MI10a PKWT + Phenobarbital 6700.34
M10b PKWT + Valproic acid 6700.34
M10c PKWT + Levetiracetam 6700.34
M10d PKWT + Topiramate 6700.34

AIC, Akaike information criteria; eGFR, estimated glomerular filtration rate;

PKWT, Pharmacokinetic weight; PNA, Post-natal age; SCR, Serum creatinine.

15
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Figure S4. Empirical Bayesian Estimates of the between-subject effects (ETA) vs. continuous covariate from the model M6.
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Figure S5. Empirical Bayesian Estimates of the between -subject effects (ETA) vs. categorical covariate from the model M6.

The red diamonds represent the mean value under each category; Obese strata: 0=not obese, 1=obese, 2=morbidly obese and
3=missing (<2 years); Co-medication strata: 0=not administered, 1=administered at a same day, 2= administered at a prior day and
3=unknown.
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Figure S6. Individual predictions of MHD from PKWT model (M6) from ID1-1D25.

The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. MHD, 10-mono-hydroxy derivative; PKWT, pharmacokinetic

weight.
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Figure S8. Individual predictions of MHD from PKWT model (M6) from ID51-ID75.

The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. MHD, 10-mono-hydroxy derivative; PKWT, pharmacokinetic
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Figure S9. Individual predictions of MHD from PKWT model (M6) from ID76-1D100.

The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. MHD, 10-mono-hydroxy derivative; PKWT, pharmacokinetic
weight.
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Figure S10. Individual predictions of OXZ from PKWT model (M6) from ID1-1D25.
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The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. OXZ, oxcarbazepine; PKWT, pharmacokinetic weight.
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Figure S11. Individual predictions of OXZ from PKWT model (M6) from ID26-1D50.
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The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. OXZ, oxcarbazepine; PKWT, pharmacokinetic weight.
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Figure S12. Individual predictions of OXZ from PKWT model (M6) from ID51-ID76.
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The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. OXZ, oxcarbazepine; PKWT, pharmacokinetic weight.
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Figure S13. Individual predictions of OXZ from PKWT model (M6) from ID77-ID100.
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The observed, population predicted, and individual predicted concentrations are shown in black, blue, and red color respectively. The
x-axis and y-axis are shown in logarithmic scale for better visualization. OXZ, oxcarbazepine; PKWT, pharmacokinetic weight.
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