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Figure S1. Compartmental pharmacokinetic model of chloroquine.

Table S1. Population pharmacokinetic model parameter estimates for chloroquine (CQ).

Parameter Estimate
MTT (h) 0.773
CL/F (L/h) 6.13
Vc/F (L) 468
Vr/F (L) 1600
Q/F (L/h) 37.7
ti2 (days) 10.7
w?vr 20.0
W 194
O 2prop 0.401

Table adapted from Hoglund et al. [1]. MTT mean transit time of the absorption, CL/F apparent
clearance of CQ, Vc/F apparent volume of distribution for CQ central compartment, Ve/F apparent
volume of distribution for CQ peripheral compartment, Q/F apparent intercompartmental clear-
ance for CQ, ti2 half-life of CQ. w, inter-individual variance; 02, intra-individual variance.
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Figure S2. Compartmental pharmacokinetic model of hydroxychloroquine in whole blood.



Table S2. Population pharmacokinetic model parameter estimates for hydroxychloroquine in whole

blood.
Parameter Estimate

CL (L/h) 9.89

V (L) 605
ka (h) 0.765
tiag (h) 0.445
F 0.746

kp 29

w?cL 0.127
w2 0.25

@? ka 0.94
O2prop 0.044

O2add 365

Table adapted from Carmichael et al. [2] CL, clearance; V, volume of distribution; ka, absorption
rate constant; tlag, absorption lag constant; F, bioavailability; kp, blood:lung ratio found in
Chhonker et al. [3]; w? inter-individual variance; 02, intra-individual variance. This model was
used to extrapolate lung concentration using the blood:lung ratio parameter and to assess drug
efficacy.
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Figure S3. Compartmental pharmacokinetic model of hydroxychloroquine in plasma.

Table S3. Population pharmacokinetic model parameter estimates for hydroxychloroquine in

plasma.
Parameter Estimate
CL (L/h) 10.9
Ve (L) 437
ka (h) 1.15
tlag (h) 0.389
Q (L/h) 45.1
Vp (L) 1390
w3cL 0.161
W2ve 0.232
Wy 0.715
02t1ag 0.0359
O 2prop 0.0729
0Z%add 7.7

Table adapted from Lim et al. [4] CL, clearance; V¢, volume of distribution of the central compart-
ment; ka, absorption rate constant; tlag, absorption lag time ; Q, intercompartmental clearance; Vp,
volume of distribution of the peripheral compartment; w?, interindividual variance; 02 intra-indi-
vidual variance. This model was used to assess safety threshold for systemic exposure.
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Figure S4. Compartmental pharmacokinetic model of remdesivir.

Table S4. Population pharmacokinetic model parameter estimates for remdesivir (RDV) in plasma.

Parameter Estimate
CL RDV (L/h) 68.5
CL GS-441524 (L/h) 13.6
V RDV (L) 32.1
Ve GS-441524 (L) 74.3
Q GS-441524 (L/h) 22.7
Vr GS-441524 (L) 78.6
Proportional RUV (%) 13.7

Pharmacokinetic parameters: CL, clearance; Vc, volume of distribution of the central compart-
ment; Q, intercompartmental clearance; Ve, volume of distribution of the peripheral compartment;
w?, interindividual variance; 02, intra-individual variance.

To assess the predictive performance of the pharmacokinetic model, including mod-
elling and extrapolation assumptions for chloroquine and hydroxychloroquine, blood
concentrations at day 7 were compared with data reported by Ursing et al. [5]. Median
area under the concentration vs. time curve over the treatment period (AUCo-168), maxi-
mum concentration (Cmax), steady state concentration (Css) and trough concentration (Cmin
or Ceu) in plasma and lung were derived when possible. Plasma concentrations were de-
rived by taking into account the blood-to-plasma ratio [6].

Table S5. Chloroquine: Model-predicted vs observed concentrations in paediatric patients.

Model predictions * Reported data
ian bl :
Drug Regimen Medianlung AUCo16s Plasma Cmax Median plasma Medli?ai)i:::::ncen Blood concentrations
ab
(mgh/L) (mg/L) AUCo-16s (mgh/L) day 7 (mg/L) (mg/L) on day 7
Total 4762 0.23 19.2 0.35 0.1-0.32
o 25mg/kg (3253-6888) (0.2-0.36) (12.8-27.2) (0.25-0.53) T
Total 9397 0.42 37.6 0.77 0.19-0.79
50mg/kg (6511-13322) (0.28-0.63) (26.4-53 6) (0.53-1.1) ] )

2 IQR-interquartile range; ® Clinical data set reference for 2-14 year old children, based on a maximum weight of 29 kg-
Ursing et al. [5]; * Values computed over 963 virtual paediatric subjects, ranging from 2-18 years postnatal age; Values
between parentheses represent the 95% confidence intervals.

Table S6. Hydroxychloroquine: Model-predicted concentrations in paediatric patients.

Model-predictions *

Drug Regimen Median lung concentration (mg/L) Median lung  Median plasma Cmax  Median plasma
Day 1 Day 3 Day 7 AUCo-168 (mgh/L)  (mg/L) on Day 1 AUCo-168 (mgh/L)
Short dose 22.9 20.2 3.5 2757 1.2 80
HCQ (11.042.9) (7.641.1) (0.0-15.5) (1418-5360) (0.7-2.3) (39-157)
Extended 23.5 15.1 11.5 3079 12 83
dose (11.6-44.4) (4.5-29.7) (3.6-25.3) (1685-5538) (0.7-2.3) (46-164)

* Values computed over 963 virtual paediatric subjects, ranging from 2-18 years postnatal age; Values between parenthe-
ses represent the 95% confidence intervals.



For remdesivir, model predictions were compared to the values reported in [7]. This
evaluation is based on a regimen including a 200 mg IV dose (infused over 30 min) on Day
1 and 100 mg for 9 subsequent days once daily (infused over 30 min). AUC was derived
after the first 200 mg dose. Cmaxand Ctu were calculated at steady state after a 100 mg
dose.

Table S7. Remdesivir metabolite (GS441524): Model-predicted vs observed secondary PK parameters in adults [3].

Drug Regimen Parameter Predicted mean * Reported mean
(ng/mL) (ng/mL) [CV%]
200 mg AUCo-24 842 (443-1398) 2190 [19]
GS-441524 100 mg Crnass 56 (27-101) 145 [19]
Clauss 15 (4-35) 69 [18]

* Values computed over 963 virtual paediatric subjects, ranging from 2-18 years postnatal age. Values between parenthe-
ses represent the 95%-confidence.

150 1

100 1

504

Concentration [ng/mL]

1501

1001

50

600 1

Concentration [ng/mL]

N
o
!

6001

1001

754 4004

501
2004

254

o4

100 150 0 50 100 150 0 50 100 150
5 6 7
2501
904 200+
150
60
100
304
50+
04 0
0 50 100 150 0 50 100 150 0 50 100 150
Time (hr)

IS
o
S

50 100 150
Time (hr)

Figure S5. Comparison between model predictions and previously reported remdesivir concentrations in adults.



Visual predictive checks show the comparison between model predicted median con-
centrations (black line) and the corresponding 95% confidence intervals (grey area). Ob-
served data are depicted by the black dots [8]. Model predictions were based on 1000 sim-
ulations. Subjects in the data set were assigned a body weight randomly sampled from a
normal distribution with a mean of 70 kg and standard deviation of 20 kg.

Remdesivir nucleoside concentration (ng/mL)

Time (hr)

Figure S6. Sensitivity analysis: model predictions in adults for different case scenarios.

(GS-441524 concentration vs. time profile in adults receiving 200 mg RDV on day 1
followed by 100 mg daily for 9 days. Grey line and shaded area represent the median and
95% confidence intervals (CI) obtained using the model estimates extrapolated from rhe-
sus macaques. Blue and brown lines show the median obtained using, respectively, model
estimates with elimination rate constant 2-fold smaller and larger than the value extrapo-
lated by allometric scaling of preclinical data. Red dotted lines represent the 95% CI of
previously reported state concentrations (Css) in adults [7]. Shaded area depicts the 95%
CL

Table S8. Remdesivir metabolite (GS-441524): Model-predicted secondary PK parameters in children.

Dru Model predictions * Reported data
8 Median plasma AUCo-24 (uMxh) Median plasma Cmax (uM) Median plasma Cmin (UM)
GS-441524 2.891 (1.404-5.672) 0.280 (0.141-0.484) 0.053 (0.014-0.153)

* Values computed over 963 virtual paediatric subjects, ranging from 2-18 years postnatal age. AUC, Cmaxand Cmin were
calculated at steady state. Values between parentheses represent the 95% confidence intervals.

Table S9. Remdesivir metabolite (GS-441524). Sensitivity analysis: model-predicted secondary PK parameters in children
for different case scenarios.

Scenario Model predictions * Reported data
Median plasma AUCo-24 (uUMxh) Median plasma Cmax (UM) Median plasma Cmin (UM)
Elimination rate
constant 1.445 (0.702-2.837) 0.225 (0.106-0.400) 0.013 (0.002-0.050)
(2-fold larger)
Elimination rate
constant 5.781 (2.808-11.202) 0.407 (0.209-0.694) 0.158 (0.056-0.376)

(2-fold smaller)

*Values computed over 963 virtual paediatric subjects, ranging from 2-18 years postnatal age. AUC, Cmaxand Cmin Were
calculated at steady state. Values between parentheses represent the 95% confidence intervals. Variations in metabolite
formation rate did not produce any clinically significant difference.



Table S10. Remdesivir metabolite (GS441524). Sensitivity analysis: probability of target attainment for different case sce-
narios.

Probability of target attainment (%)

1 *
Scenario ICso ICss IC9 ICos
Elimination rate constant 100 56 12 0
(2-fold larger)
Elimination rate constant 100 100 99 74

(2-fold smaller)

* Variations in metabolite formation rate did not produce any clinically significant difference.

Table S11. NONMEM control stream file for the simulation of chloroquine concentrations in blood.

$PROBLEM 1 ;. 1 comp CQ,1 comp DECQ — Control stream includes compartments describing CQ
metabolite (DEC), which was not included in the final analysis.

$INPUT ID TIME DV MDV EVID ARM WT CMT AMT II ADDL DOSE

$DATA Paediatric_dosing.csv IGNORE=#

$SUBROUTINE ADVANS5 TRANST; TOL=6

$MODEL

COMP=
COMP=
COMP=
COMP=
COMP=
COMP=
$PK
TVQ2 =THETA(1) * (WT/70)**0.75;
TVV2=THETA(2) * (WT/70)**1
TVCL = THETA(3) * (WT/70)**0.75
TVV3 =THETA(4) * (WT/70)**1;
TVMT = THETA(5) ;
TVQ=THETA(6) * (WT/70)**0.75 ;
TVV4 =THETA(7) * (WT/70)**1;
TVV5=THETA(8) * (WT/70)**1;
TVQ1 =THETA(11) * (WT/70)**0.75;
TVF1=THETA(12);

Q2 =TVQ2* EXP(ETA(1));

V2 =TVV2* EXP(ETA(2))

CL =TVCL* EXP(ETA(3)) ;
V3=TVV3* EXP(ETA(4)) ;

MT = TVMT* EXP(ETA(5)) ;
Q=TVQ* EXP(ETA(6));

V4 =TVV4* EXP(ETA(7)) ;
V5=TVV5* EXP(ETA(8)) ;

CLM =0.176*Q2

Q1=TVQ1* EXP(ETA(9)) ;
F1=TVF1* EXP(ETA(11));

1) ; Absorption compartment

2) ; Central compartment CQ

3) ; Central compartment DEC

4) ; Peripheral compartment DEC
5) ; Peripheral compartment CQ

A~ o~ o~ o~ o~ o~

6) ; Transit compartment




nn=1 ; calculating KTR based on the MTT estimates, nn=the number of transit compartments
KTR = (nn+1)/MT

K16 = KTR

K62 = KTR

K20=Q2/V2

K30=CL/V3

K24 =Q/V2

K42 =Q/V4

K23 = CLM/V2

K35=Q1/V3

K53 =Q1/V5

S2=V2

S3=V3

$ERROR

IPRED = A(2)/V2

W = THETA(9)

;Metabolite error model
IF(CMT.EQ.3) THEN

IPRED = A(3)/V3

W = THETA(10)

ENDIF

IPRED=IPRED

IRES =DV - IPRED

IWRES = IRES/W

Y =IPRED + W*EPS(1)
$THETA

(0, 6.13) ; (1.CL/F L/h CQ (Q2))
(0,469); (2 V2/F L)

(0, 2.05) ; (3.CLM/F L/h M (CL))
(0,2.31) ; (4.V3/F L M)

(0, 0.945) ; (5.MT /h)

(0, 37.8) ; (6.Q /L/h (parent))
(0,1600) ; (7.VA L)

(0, 258) ; (8. V5)

(0, 0.396) ; (9.Add (prop) error)
(0, 0.428) ; (10.Add (prop) error)
(0, 1.46) ; (11. Q (metabolite))
(1) FIX ;

$OMEGA

0 FIX

0 FIX

0 FIX

0.129




0 FIX

0 FIX

0.0375

0.566

0 FIX

1 FIX

0.0381

$SIGMA 1 FIX

$SIM ONLYSIM (2345) NSUBPROBLEMS=1

$TABLE ID TIME CMT IPRED IRES IWRES CWRES MDV NOPRINT ONEHEADER FILE=sdtabPaed

Table S12. NONMEM control stream file for the simulation of hydroxychloroquine concentrations in blood.

$PROBLEM PK

$INPUT ID TIME DV MDV AGE SEX WT HT BMI HCT AMT II ADDL CMT
$DATA HCQ_dataset_children_standard_treatment_base.csv IGNORE=@
$SUBROUTINES ADVANG6 TOL=3
$ABBREVIATED COMRES=1

$MODEL COMP=(ABS, DEFDOSE) COMP=(CENTRAL, DEFOBS) COMP=(AUC)
$PK

CL = THETA(1)*(WT/70)**0.75*EXP(ETA(1))

V =THETA(2)*(WT/70)*EXP(ETA(2))

KA =THETA(3)*EXP(ETA(3))

ALAGI = THETA(4)

F1=THETA(5)

S2 =V/1000

IF (NEWIND.LE.1) COM(1)=-1

$DES

DADT(1) = -KA*A(1)

DADT(2) = KA*A(1) - CL/V*A(2)

DADT(3) = A(2)

$ERROR

CP = A(2)/S2

IF (CP.GT.COM(1)) COM(1)=CP

CMAX =COM(1)

AUC = A(3)/S2

IPRED =F

W = SQRT(THETA (6)**2*IPRED**2 + THETA(7)**2)
Y = IPRED + W*EPS(1)

IRES = DV-IPRED

IWRES = IRES/W

$THETA

(0,9.89) ; CL

(0, 605) ; V

(0, 0.765) ; KA




(0, 0.445) ; ALAG1

(0, 0.746) ; F1

(0, 0.209) ; Prop.RE (sd)

(0, 19.104) ; Add.RE (sd)

$OMEGA

(0.127) ; IV CL

(0.25); IVV

(0.94) ; IIV KA

$SIGMA

1 FIX ; Proportional error PK

$SIM (12345) (54321) ONLYSIM NSUB=1
$TABLE ID TIME DV MDV IPRED CWRES AGE SEX WT HT BMI HCT V CL CMAX CMT AUC ONE-
HEADER

NOPRINT FILE=sdtab0032

Table S13. NONMEM control stream file for the simulation of hydroxychloroquine concentrations in plasma.

$PROBLEM PK

$INPUT ID TIME DV MDV AGE SEX WT HT BMI HCT AMT II ADDL CMT
$DATA HCQ_dataset_children_standard_treatment_base.csv IGNORE=@
$SUBROUTINES ADVANG6 TOL=3

$MODEL COMP=(ABS, DEFDOSE) COMP=(CENTRAL, DEFOBS) COMP=(PERIPH) COMP=(AUC)
$PK

CL = THETA(1)*(WT/70)**0.75*EXP(ETA(1))

V2 = THETA(2)*(WT/70)*EXP(ETA(2))

KA = THETA(3)

Q = THETA(4)*(WT/70)**0.75

V3 = THETA(5)*(WT/70)*EXP(ETA(3))

ALAG1 = THETA(6)*EXP(ETA(4))

S2 =V2/1000

S3 =V3/1000

K20=CL/V2

K23=Q/V2

K32=Q/V3

$DES

DADT(1) = -KA*A(1)

DADT(2) = KA*A(1) - (K20 + K23)*A(2) + K32*A(3)

DADT(@3) = K23*A(2) - K32*A(3)

DADT®#4) = A(2)

$ERROR

AUC = A(4)/S2

IPRED =F

W = SQRT(THETA(7)**2*IPRED**2 + THETA (8)**2)

Y =IPRED + W*EPS(1)

IRES = DV-IPRED




IWRES = IRES/W
$THETA

(0,10.9); CL

(0, 437); V2

(0, 1.15) ; KA
(0,45.1);Q

(0, 1390); V3

(0, 0.389) ; ALAG1

(0, 0.27) ; Prop.RE (sd)
(0, 2.77) ; Add.RE (sd)
$OMEGA

(0.161) ; IIV CL
(0.232) ; IV V2

(0.715) ; IIV V3
(0.0359) ; ITV ALAG1
$SIGMA

1 FIX ; Error PK

$SIM (12345) (54321) ONLYSIM NSUB=1
$TABLE ID TIME DV MDV IPRED CP CWRES AGE SEX WT HT BMI HCT CMT AUC ONEHEADER
NOPRINT
FILE=sdtab0033

Table S14. NONMEM control stream file for the simulation of remdesivir concentrations in plasma.

$PROBLEM PK

$INPUT ID TIME DV MDV CMT RATE AGE SEX WT HT BMI HCT AMT IT ADDL
$DATA Remdesivir_children_sim_5mgkg_final_mM.csv IGNORE=@
$SUBROUTINES ADVANG6 TOL=3

$MODEL COMP=(PARENT) COMP=(NUC) COMP=(NUC2) COMP=(AUC)
$ABBREVIATED COMRES=1

$PK

CLM = THETA(1)*(WT/7.7)**0.75*EXP(ETA(1))

CL =THETA(2)

CL20 = THETA(3)*(WT/7.7)**0.75*EXP(ETA(2))

V1 = THETA(4)*(WT/7.7)*EXP(ETA(3))

V2 = THETA(5)*(WT/7.7)*EXP(ETA(4))

Q = THETA(6)*(WT/7.7)**0.75

V3 = THETAZ)*(WT/7.7)

KM =CLM/V1

KE =CL/V1

K20 = CL20/V2

K23=Q/V2

K32=Q/V3

S1=V1

52=V2




D1=0.5

$DES

DADT(1) = - KM*A(1) - KE*A(1) ; Parent compartment [microM]
DADT(2) = KM*A(1) - K23*A(2) + K32*A(3) - K20*A(2) ; Metabolite compartment [microM]
DADT(3) = K23*A(2) - K32*A(3)
DADT#4) = A(2)

CMET = A(2)/S2

IF (CMET.GT.COM(1)) COM(1)=CMET
$ERROR

IF (CMT.EQ.1) IPRED = A(1)/S1

IF (CMT.EQ.2) IPRED = A(2)/S2

Y = IPRED*(1 + EPS(1))

CMAX =COM(1)

AUC=A4)/S2

$THETA

(0, 68.5) ; CLM

(0) FIX ; CL

(0, 13.6) ; CL20

0,32.1); V1

0,74.3); V2

0,22.7);Q

0,78.6); V3

$OMEGA

0.1 FIX

0.1 FIX

0.1 FIX

0.1 FIX

$SIGMA

0.0187

$SIM (12345) (54321) ONLYSIM
$TABLE ID TIME DV CMT IPRED CWRES MDV CMAX AUC CLM CL20 Q V1 V2 V3 WT FILE=sdtab0033
NOPRINT ONEHEADER
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