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KoAndyecTBeHHAa dapMAKOAOTrUsl = PAPMAKOKMHETUKA + PAPMAKOAUHAMUKA
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KoAndyecTBeHHAs PAPMAKOAOTUA = PAPMAKOKUHETUKA + PAPMAKOAUHAMUKA
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bA30BAY9 MOAEAD

Effect

[TAPAMETP B MOAEAU:

https://doi.org/10.1038/sj.clpt.6100084

out

A 4

CL_S

v

0; = exp(O7y + 1;)

model({

### Parameter transformation
k_aS = exp(k_aS.tv + eta.k_aS);
V1 = exp(V1l.tv + eta.Vl1l);

V2 = exp(V2.tv + eta.V2);

CL_S = exp(CL_S.tv + eta.CL_S);
Q = exp(Q.tv + eta.Q);

kout = exp(kout.tv + eta.kout);
EC50 = exp(EC50.tv + eta.ECS50);

### Explicit functions
Cc = Ac/V1; #mg/1

Cp = Ap/V2;

Effect = Cc/(Cc+EC50);
INR = 1 + 20*(1 - PD);
kin = kout;

### Initial conditions
Ad(Q) = 0@; #dose=10 mg, Warfarin single dose

Ac(0) = 0;

Ap(0) = 0;

PD(@) = 1;

### Differential equations

d/dt(Ad) = -k_aS*Ad;

d/dt(Ac) = k_aS*Ad - CL_S*Cc - Q*(Cc - Cp);
d/dt(Ap) = Q*(Cc - Cp);

d/dt(PD) = kin*(1 - Effect) - kout*PD;

Cc ~ prop(bl_Cc);
INR ~ prop(bl_INR);
i) 6



KoBapuaThbi:

HE ABAAIOTCA LLEAEBbIMU AAA
MCCACSAOBAHMNA, HO OKA3bIBAIOT @
BAUAHNME HA MNepeMeHHbIE OTKAMKA




KoBapuaThbl:

HE ABAAIOTCA LLEAEBbIMI AAA
MCCAEAOBAHUNA, HO OKA3bIBAIOT
BAAHME HA MNepeMEHHbIE OTKAMKA

e BecC
e [lOA
e CB43bIBOHME DEAKOB

o PYHKLMM NOYEK | X, I

o OAHOBPEMEHHOE MPUMMEHEHUE
AEKAPCTBEHHbIX CPEACTB

e CYTOYHbIE KOAEDAHMS
 Bo3pacrt

o broxmmmsa Kposm (BUAMPYOIMH)
o [eHOoTMM @
 Paca

o [emaronormga kposu (koamniectso WBC)

e CTaAMS 30OOAEBAHMS



TpaHcopmMaALLUA KOBAPUAT

HopmaaAusauus

cov — log(cov)

CrtaHaapTusauus

cov

cov —
median (cov)

LLeHTpUpoBaHue

cov = cov — median (cov)

AArOMeTpUYECKOe
LUKAAMPOBAHMUE

COU—>(

cov

median (cov)

>y



TpaHchhopMmaumna KOBApUaAT

Hopmaausauus

cov - log(cov)

CTtanaapTusaums

cov

cov -
median (cov)

0; = exp(Ory + 1;)

MHTerpaums
KoBapuaT

(HenpepbIBHbIE KOBAPMATHI)

LLeHTpupoBaHue

cov = cov — median (cov)

AAANOMeTpPUYECKOEe
LUKAAUPOBAHUE

cov 4
cov —
median (cov)

0, = exp(HTV + N + Beov X (COUl- - Covmedian))

10



TpaHchhopMmaumna KOBApUaAT

id1 0 1 1 0 0

idl X reH |
id2 M reH2 TpaHcgpopmaums id2 1 0 0 1 0
AdTdceTda
id3 X req3 (azosble yposki: d3 0 1 0 0 1
MOA — M, TEHOTUIM - FTeH 1)
id4 M reH |l id4 1 0 1 0 0
id5 M reH3 id5 1 0 0 0 1

MHTErpaums 0; = exp(Ory + n; + IBgenZ X genotype +
KoBapwuar + ,BgenS X genotype)

0; = exp(Ory + 1;)

(KaTEropuaAbHbIE KOBAPUATHI)
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LLeAb:

PA3LADOTKA AATOPUTMA
OBTOMOTHUYECKOTO NOADOPA KOBAPUAT
AAS PKPD moaeAem
C nomoLubio naketTa nimixr2 (R software)



100 noumeHTosB

Bpema: O — 144 4

ID TIME DV
0.00 0.000000000
0.00 1.016231657
0.25 0.009764554
0.50 0.015906380
1.00 0.034216782

3.00 0.102751568
6.00 0.170280751
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1

1

1

1

1

1 2.00 0.061140154
1

1

1 9.00 0.191440988
1

[
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12.00 0.268178060
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PK
PK
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CMT ADM AMT
1 1 10
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MDV
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AGE

SEX
78
78
78
78
78
78
78
78
78
78

[ e = T e e

WEIGHT
74.3
74.3
74.3
74.3
74.3
74.3
74.3
74.3
74.3
74.3

BMI

0.2449653
0.2449653
0.2449653
0.2449653
0.2449653
0.2449653
0.2449653
0.2449653
0.2449653
0.2449653

CLCR

115
115
115
115
115
115
115
115
115
115

CYP2C9_gentyp

k_aS — KOHCTaHTa abcopbumm
V1 - 06beM LEHTPAABHOIO KOMMNAPTMEHTA

V2 — 06bem Nepmndoepm4eCckoro KOMNApPTMEHTA
CL_S — kAMpeHC
Q — MEXKOMMNAPTMEHTHbIM KAMPEHC

k

out

1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1
1.1

VKORC1_gentyp
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG

— KOHCTAHTA A0COpOBLMM HO BbIXOAE

EC50 — cpeAHaq 20D EKTMBHAA KOHLLEHTPALLMA



O 00 N O A W N e

[
o

ID

TIME

1
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1
1
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k_aS — KOHCTAHTa abcopbumm

V1 - 0ObeM LEHTPAABHOIO KOMMAPTMEHTA

V2 — 06bem nepmdoepmiecKkoro KOMNApPTMEHTA
CL_S - kAMpEHC

Q — MEXKOMMNAPTMEHTHbIM KAMPEHC

— KOHCTAHTO aBCopbLMM HA BbIXOAE

EC50 — cpeAHaq 230 EKTMBHAA KOHLLEHTPALLMA
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0.50
1.00
2.00
3.00
6.00
9.00
12.00

100 noumeHTosB

Bpema: O — 144 4

DV

0.000000000
1.016231657
0.009764554
0.015906380
0.034216782
0.061140154
0.102751568
0.170280751
0.191440988
0.268178060
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HenpepbiBHble KOBAPUATbI:

Age - BO3pacCT
Weight — BeC

BMI — MHAEKC MACChI TEAQ
CLCR — KAMPEHC KPEATUHMHA

VKORC1_gentyp
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG

SEX WEIGHT BMI CLCR CYP2C9_gentyp
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
1 74.3 0.2449653 115 1.1
KaTteropmnaAbHble KOBAPUATDI:
Sex — Noa

CYP2C9 gentyp - cytochrome P450
family 2 subfamily C member
VKORC1 _gentyp - vitamin K epoxide
reductase complex subunit 1




3daaaqaua:

NPOBEPMUTb, COOTBETCTBYET A MOAEAD,
HOMAEHHAOS C MOMOLLLBIO
CO3A0HHOIO AATOPUTMA NMOUCKA KOBAPMAT,
MCXOAHOM MOAEAMU,
MCMNOAB3OBOHHOM AAS CO3AQHUA AOTACETA



Kputepuu RSE < 50%
BKAIOYEHUSA > CTPYKTYPHOY MOAEAD

(Residual Standard Error)
NOAODPAHA KOPPEKTHO

KOBAPUATDI
B MOAEADb CTAHAQPTHAS OLLMGKA)

(oTHOCUTEABHOH
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objf = —2log(L) = —2LL

KpMTepMM RSE < 50% (obje_cﬁl&hnttion)

BKAIOYEeHUs (LeAeBas PYHKLLMA)

(Residual Standard Error)

KOBAPUATDI AlIC |

(oTHOCUTEABHOH

B MOAEADb CTOHAQPTHAS OLLUMBKQ) (Akaike criteria)
(KpuTEepU AkamKe)
AIC = —2log(L) + 2k

L — MOKCMMAOABHOE 3HAYEHME
ADYHKLMM NMPABAOMNOAODUS

objf — objective function
(LeaeBas doyHKLMA)

K — KOAMYECTBO OLLEHMBAEMBbIX
MNAPAMETPOB

17




4

CACHPEAENEANE -

el -

POPMYAT AAS BBIMMCAEHMS TRAHMYHBIX 3HAYEHMM
3HOYUMOTO M3MEHEHMUS LLEAEBOM COYHKLLMM:

X <- gchisq(p-value, free - 1, lower.tail=FALSE)

(free — KoAMYeCTBO YPOBHEM NAPAMETPQ)

\
MoA:
MY>KCKOM ricenete Y Aobjf = 3.84
XXEHCKUM
J
cov type forward backward
N 1 AGE~lin~medi t 3.841459 6.634897
CYP2C9_gentyp: i e ok
1.1 1.2 1.3 +5C§;e6ﬂoift'f“ Aobjf = 11.07 2 WEIGHT~lin~median cont 3.841459 6.634897
2.2 2.3 3.3 3 CLCR~lin~median cont 3.841459 6.634897
4 CYP2C9_gentyp~1.1 cat 11.070498 15.086272
5 VKORC1_gentyp~AA cat 5.991465 9.210340
6 SEX~O0 cat 3.841459 6.634897

https://bookdown.org/probability/_inference?2/likelihood-based-testing.html



objf = —2log(L) = —2LL

KpMTepMM RSE < 50% (obje_cﬁl&hnttion)

BKAIOYEeHUs (LeAeBas PYHKLLMA)

(Residual Standard Error)

KOBAPUATDI AlIC |

(oTHOCUTEABHOH

B MOAEADb CTOHAQPTHAS OLLUMBKQ) (Akaike criteria)
(KpuTEepU AkamKe)
AIC = —2log(L) + 2k

L — MOKCMMAOABHOE 3HAYEHME
ADYHKLMM NMPABAOMNOAODUS

objf — objective function
(LeaeBas doyHKLMA)

K — KOAMYECTBO OLLEHMBAEMBbIX
MNAPAMETPOB

19




Kputepuu
BKAIOYEHMUA

KOBAPUATDI
B MOAEAbD

RSE < 50%

(Residual Standard Error)

(oTHOCUTEABHOH
CTAHAQPTHAS OLLIMOKAQ)

-2LL 4

(objective function)
(LeAaeBas dPyHKLMA)

AIC |

(Akaike criteria)
(KpuTEepU AkamKe)

Shrinkage <50%

(cxatme pacnpeaseaeHms
MHAMBUAYQAbHBIX MAPAMETPOB
K MOMYASLMOHHOMY 3HOYEHMIO)
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KAaaccuveckum aaroputm SCM
(Stepwise Covariate Modeling)

[ Forward Selection ]

[ Backward Elimination ]

Age-CL_S
Weight - Q

CYP2C9-CL_S
VKORC1 - EC50

Weight - EC50

Optimal final model

<.-Each covaniste o each variable..> <...on each step - remember the optimal model...>
( VKORC1 - EC50 + Age - Las)
) Weight -
Weight - V2 ( VKORC1 - EC50 + Age - V2 ) CYP2C9-CL S
<> Forward p-value = 0.05 <. VKORC1 - EC50 ?Veight R g I\?\?Eel -ﬁlj_os Backward p-value = 0.01
——p <> ——p _ ——p> CYP2C9-CL_S || cyr2D€cLs B
Optimal Forward model VKORC1 - EC50 /\_VKORC1 - EC50
Weight - Q ( VKORC1 - EC50 + CYP2C9 - CL_S )
gt | B
( VKORC1 - EC50 + SEX - kqul) CYP2C9-CL_S CYP2C9-CL_S
VKORCT - EC50 VKORDE EC50

VKORC1 - EC50 (

VKORC1 - EC50 + SEX - ECSO)

https://doi.org/10.1002/psp4.12612
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KAaaccuvyeckum aaroputm SCM

(Stepwise Covariate Modeling)

[ Forward Selection ]

Age-k_aS

<...Each covariate to each variable...>
Age-V1

Weight - k_aS VKORC1 - k_aS

Age-V2
Weight - V1 VKORCT -1
Age-CL_S
Weight - V2 VKORCT - V2
Age-Q
Weight - CL_S VKORC1-CL_S __’,
Age - ko
Weight - Q VKORC1-Q

Age - EC50

Weight - k. VKORC1 - Kow

Weight - EC50 VKORCT - EC50

https://doi.org/10.1002/psp4.12612

( VKORC1 - EC50 + Age - Las)

C VKORC1 - EC50 + Age - V1 )

VKORC1 - EC50 + Age - V2

)

Forward p-value = 0.05

L

VKORC1 - EC50 + CYP2C9-CL_S

( VKORC1 - EC50 + SEX - ko

o\

C

VKORC1 - EC50 + SEX - EC50

)

<...on each step - remember the optimal model...>

Age-CL_S
Weight - Q

CYP2C9-CL_S
VKORC1 - EC50

Optimal Forward model ]

1) Forward selection
(MOCAEAOBATEABHOE BKAIOYEHME KOBAPMAT)

p-value = 0.05

Agg

Age-CL_S
Weight - Q
CYP2C9-CL_S

VKORCT

L_S

Weight - Q
CYP2C9-CL_S

VKORC1

ECS0

Age-CL_S
\v”'.'le-i. L ':)
CYP2C9-CL_S

VKORC1

ECS0

EC50

Age-CL_S
Weight - Q
CYP2LS%R CL_S
VKORC1 - EC50

Age-CL_S
Weight - Q
CYP2C9-CL_S
VKORIM EC50

Backward Elimination

Age-CL_S
Weight - Q
CYP2C9-CL_S
VKORC1 - EC50

Optimal final model

22



2) Backward elimination

Kaaccuveckun aaroputm SCM (0OpaTHOE UCKAIOYEHME KOBAPUAT)

(Stepwise Covariate Modeling)

p-value = 0.01
[ Backward Elimination ]
Age-CL_S
Weight-Q
CYP2C9-CL_S Age-CL_S
VKORCT - EC50 Weight - Q
CYP2C9-CL_S
?Vgﬁ:_g ?\?j -rﬁlj_g Backward p-value = 0.01 VKORCT1 - EC50
—p CYP2C9-CL_S cYPZD& CL_S E— _
VKORCT - EC50 VKORCT - EC50 Optimal final model

Age CL_S Age-CL_S
Weight - Q
cvpzcg CL S CYP2C9- CL_S
VKORCT - EC50 VKORDE EC50

https://doi.org/10.1002/psp4.12612



AQTACET

/

{ [TOATOTOBAEHHbIN

fun_Autofit_smrg

PKPD_base_autofit <- fun_Autofit_smrg(data = dataZ, TekcT
model = model_text, CTPYKTYPHOM
theta = ini_tv_par, MOAEAU

trans = par_transform,
omega = ini_re_par_val,

reserr = reserr,

cross_fl = F,

fit_fl = T,

algorithm = "saem",

cont_cov = cont_cov_PKPD_base, AATOPUTM
onTtMmmiaLLMm

cat_cov = cat_cov_PKPD_base,

prefix =«'PKPD_autofit”,
proj_folder = folder)

BekTop BekTop
HEenpPePbIBHbIX KATErOPUAAbHBIX
KOBAPUAT KOBAPUAT

24



covarSearchAuto covar search_Anna?2

[ Forward Selection ]

Age-k_aS

<...Each covariate to each variable...>
Age - V1

<...on each step - remember the optimal model...>

Weight - k_aS VKORC1 - k_aS

(VKOR(H - EC50 + Age - k_aS)

Age-CL_S

Age-V2

Weight-Q

Weight - V1 VKORE1 - V1

( VKORCT1 - EC50 + Age - V1 )

CYP2C9-CL_S
VKORC1 - EC50 /

Age-CL_S

Weight - V2 VKORCT - V2

VKORCT1 - EC50 + Age - V2 )

Optimal Forward model

Age-Q Forward p-value = 0.05

—

Weight - CL_S VKORC1 - CL_S

Age - kou

without Shrinkage threshold

<>

——

<.

——

Weight -Q VKORC1-Q

VKORC1 - EC50 + CYP2CO-CL_S

Optimal Forward model
| with Shrinkage threshold (50%)

Age - EC50

Weight - Ko VKORCT - Kou

CYP2C9-CL_S

Weight - EC50 VKORC1 - EC50

7
( VKORC1 - EC50 + SEX - k.,m> Age-CL_S

VKORC1 - EC50 + SEX - EC50

VKORC1 - EC50

best_warf_final <- covar_search_Anna2 (var_vector

c('k_aS', 'Vi', 'V2', 'CL_S',

cont_vector

[ Backward Elimination J

AGDCLS \( Age-CLS
Weight - Q Weight - Q
CYP2C9-CL_S CYP CL_S Age-CL_S Age-CL S
VKORC1 - EC50 /\ VKORC1 - EC50 Weight - Q Weight - Q
- CYP2C9-CL_S CYP2C9-CL_S
Age-CL S Age-CL S VKORC1 - EC50 VKORC1 - EC50 /
wég - Q Weight-Q 5
CYP2C9-CL_S CYP2C9-CL_S Optimal final model
VKORCT - EC50 /\ VKORDME EC50 saciward pvalue - 0.01 | Without Shrinkage threshold
S o
Optimal final model
C\?chg - CSLS C\fﬁfcgcil‘éis | with Shrinkage threshold (50%) )
VKORCT - EC50 VKORPAg EC50
A Age-CL_S
CYP2C9-CL_S
Age-CL_S VKORC1 - EC50
CYP2C9 -CL_S

Age-CL_S
CYPLCL S
VKORC1 - EC50

VKORC1 - EC50
.

IQ'I" Tkout|’
c("AGE~lin~median', "WEIGHT~Lin~median', 'CLCR~Lin~median'),

'EC50"),

BEKTOP MAPAMETPOB

cat_vector =

MyTb K paboyen nanke

data2 = datal,

c('CYP2(9_gentyp~1.1",
proj_folder = "Results/best_warf_final/",

'"VKORC1_gentyp~AA",

"SEX~0"), | gekropa HempepbiBHbIX U

KATETOPMAAbHbIX KOBAPKUAT

NMOAFOTOBAEHHbIM AQTACET

TEKCT CTPYKTYPHOM MOAEAM

TMN TOAHCAOOPMALMKM NAPAMETPOB

TMM OCTATOYHbIX OLLUMOOK

model_text KPD_base_model,

ini_tv_par = ini_tv_par_PKPD_base,

HOYQAbHbIE 3HAYEHMS MAPAMETPOB (tv)

par_transform = par_transform_PKPD_base,

ini_re_par_val = ini_re_par_val_PKPD_base,

HAYOAbHbIE 3HAYEHMS MAPAMETOOB (re)

reserr = reserr_PKPD_base,
RSE_threshold = 50, AMmuUT AA9 RSE
Shrink_threshold = 50)

AMMUT AAd Shrinkage

25



Pe3yAbTATDI:

MOAEAb OE3 AUMUTUPOOBAHMS
MO CXATUIO

> best_warf_final$best_model
— nlmixr2 OBJF by Gaussian Quadrature (n.nodes=3, n.sd=1.6) —

O0BJF AIC BIC Log-likelihood Condition#(Cov) Condition#(Cor)
gauss3_1.6 -17600.2 -12771.72 -12625.14 6410.86 51169.14 20.47002

— Population Parameters ($parFixed or $parFixedDf): —

Est. SE  %RSE Back-transformed(95%CI) BSV(CV¥) Shrink(SD)%

k_aS.tv -2.98 0.0475 1.59 0.0507 (0.0462, ©0.0557) 28.0 10.3%
V1i.tv 2.67 0.0444 1.67 14.4 (13.2, 15.7) 22.7 15.8%
V2.tv 1.98 0.6733 3.71 7.22 (6.25, 8.33) 32.5 52.4%
CL_S.tv -1.1 0.0437 3.98 0.333 (0.306, 0.363) 32.4 1.03%
Q.tv -2.07 0.0745 3.59 0.126 (0.109, 0.146) 35.1 30.2%
kout.tv -4.06 ©.0196 0.482 0.0173 (0.0166, 0.018) 12.3 27.5%
EC5Q.tv Q.77 0.0238 3.@9 2.16 (2.06, 2.26) 8.10 21.7%
beta.CL_S.AGE 0.00827 0.00289 35 0.00827 (0.0026, 0.0139)

beta.Q.WEIGHT 0.00883 0.004 45.3 0.00883 (0.000984, 0.0167)

beta.CL_S.CYP2(9_gentyp_1.2 -0.377 ©.0884 23.5 -0.377 (-0.55, -0.204)
beta.CL_S.CYP2(9_gentyp_1.3 -0.635 ©.0834 13.9 -0.635 (-0.809, -0.462)
beta.CL_S.CYP2C9_gentyp_2.2 -1.27 0.258 20.3 -1.27 (-1.78, -0.767)
beta.CL_S.CYP2C9_gentyp_2.3 -0.825 0.197 23.9 -0.825 (-1.21, -0.438)
beta.CL_S.CYP2(9_gentyp_3.3 -2.36 0.627 26.5 -2.36 (-3.59, -1.13)
beta.EC5@.VKORC1_gentyp_GG 0.775 0.0294 3.8 0.775 (0.718, 0.833)
beta.EC5@.VKORC1_gentyp_AG 0.343 0.028 8.16 0.343 (0.288, 0.398)
bl 0.0488 0.0488
b2 @.9539 0.0539

model ({

9

k_aS = exp(k_aS.tv + eta.k_aS)

V1 = exp(V1l.tv + eta.Vl)
V2 = exp(V2.tv + eta.V2)
CL_S = exp(CL_S.tv + eta.CL_S + beta.CL_S.AGE * AGE_tr +

beta.CL_S.CYP2C9_gentyp_1.2
beta.CL_S.CYP2C9_gentyp_1.3
beta.CL_S.CYP2C9_gentyp_2.2 * CYP2(9_gentyp_2.2 +
beta.CL_S.CYP2(C9_gentyp_2.3 * CYP2(9_gentyp_2.3 +
beta.CL_S.CYP2C9_gentyp_3.3 * CYP2(9_gentyp_3.3)

Q = exp(Q.tv + eta.Q + beta.Q.WEIGHT * WEIGHT_tr)

kout = exp(kout.tv + eta.kout)

EC50 = exp(EC50.tv + eta.EC50 + beta.EC50.VKORC1_gentyp_GG *
VKORC1_gentyp_GG + beta.EC50.VKORC1l_gentyp_AG * VKORC1l_gentyp_AG)

Cc = Ac/V1

Cp = Ap/V2

Effect = Cc/(Cc + EC50)

CYP2(9_gentyp_1.2 +
CYP2(9_gentyp_1.3 +

*
*
*
*

INN=1+20 * (1 - PD)
kin = kout
Ad(@) = 0
Ac(@) =0
Ap(@) = 0
PD(@) =1

d/dt(Ad) = -k_aS * Ad

d/dt(Ac) = k_aS * Ad - CL_S * Cc - Q * (Cc - Cp)
d/dt(Ap) = Q * (Cc - Cp)

d/dt(PD) = kin * (1 - Effect) - kout * PD

Cc ~ prop(bl)

INR ~ prop(b2)
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> best_warf_final$best_model_shrink

— nlmixr2

OBJF

AIC

OBJF by Gaussian Quadrature (n.nodes=3, n.sd=1.6) —

BIC Log-likelihood Condition#(Cov) Condition#(Cor)
gauss3_1.6 -17575.87 -12749.39 -12608.67

6398.694

87187

.32

20.29597

— Population Parameters ($parFixed or $parFixedDf): —

k_aS.tv
Vi.tv

V2.tv
CL_S.tv

Q.tv

kout.tv
EC50.tv
beta.CL_S.AGE

beta.CL_S.CYP2C9_gentyp_1.2
beta.CL_S.CYP2(9_gentyp_1.3
beta.CL_S.CYP2(9_gentyp_2.2
beta.CL_S.CYP2(9_gentyp_2.3
beta.CL_S.CYP2C9_gentyp_3.3
beta.EC50.VKORC1_gentyp_GG

beta.EC50.VKORC1_gentyp_AG

bl
b2

Est.
-3.03
2.61
2.1
-1.11
-1.95
-4.06
0.769

SE
0.0512
0.0491
0.0777
0.0441
0.0661

%RSE
1.69
1.88
3.71
3.99
3.39

0.019 0.484

0.0237

0.00876 0.00295

-0.386
-0.664
-1.3
-0.813
-2.48
Q.777
0.344
0.0489
0.0539

0.0899
0.0909
0.27
0.201
0.833
0.0293
0.0279

3.09
33.6
23.3
13.7
20.7
24.8
33.6
3.77
8.13

Back-transformed(95%CI) BSV(CV%) Shrink(SD)%

0.0481 (0.0435, 0.0532)

13.6 (12

8.15 (7
0.331 (0.303,
0.142 (0.125,

.4, 15)
. 9.49)
0.361)
0.162)

0.0173 (0.0166, 0.0179)

2.16 (2.06, 2.26)
0.00876 (0.00299, 0.0145)
-0.386 (-0.562, -0.209)
-0.664 (-0.842, -0.486)
1.3 (-1.83, -0.775)
-0.813 (-1.21, -0.418)
-2.48 (-4.11, -0.847)
0.777 (0.72, 0.835)
0.344 (0.289, 0.398)
0.0489

0.0539

27.4
23.4
43.8
32.7
38.0
12.3
8.05

13.0%
17.5%
49.2%
2.39%
26.9%
27.4%
21.3%

model ({
k_aS = exp(k_aS.tv + eta.k_aS)

V1 = exp(V1l.tv + eta.Vl)

V2 = exp(V2.tv + eta.V2)

CL_S = exp(CL_S.tv + eta.CL_S + beta.CL_S.AGE * AGE_tr +
beta.CL_S.CYP2C9_gentyp_1.2 * CYP2(9_gentyp_1.2 +
beta.CL_S.CYP2C9_gentyp_1.3 * CYP2(9_gentyp_1.3 +
beta.CL_S.CYP2C9_gentyp_2.2 * (CYP2(9_gentyp_2.2 +
beta.CL_S.CYP2(C9_gentyp_2.3 * CYP2(9_gentyp_2.3 +
beta.CL_S.CYP2C9_gentyp_3.3 * CYP2(9_gentyp_3.3)

Q = exp(Q.tv + eta.Q)

kout = exp(kout.tv + eta.kout)

EC50 = exp(EC50.tv + eta.EC50 + beta.EC50.VKORC1_gentyp_GG *
VKORC1_gentyp_GG + beta.EC50.VKORC1l_gentyp_AG * VKORC1l_gentyp_AG)

Cc = Ac/V1

Cp = Ap/V2

Effect = Cc/(Cc + EC50)

INN=1+20 * (1 - PD)
kin = kout
Ad(@) = 0
Ac(@) =0
Ap(@) = 0
PD(@) =1

d/dt(Ad) = -k_aS * Ad
d/dt(Ac) = k_aS * Ad - CL_S * Cc - Q * (Cc - Cp)
d/dt(Ap) = Q * (Cc - Cp)
d/dt(PD) = kin * (1 - Effect) - kout * PD
Cc ~ prop(bl)
INR ~ prop(b2)
»



Cc

Individual

Population

of-fit

Goodness

e
o
sanjeA paaasqo

PK (koHLEeHTPaLMS)

0.0

0.5
Predicted values

28



INR

29

3.0

o
[a]

Individual

1.0

Predicted values

1
2R

Population

™

sanjeAa paaasqo

fd
c— )]
N o O
G OH
O T L
0 I Q00
D O8ex
- OMH
HHAe
O > >0 3
@) (MMO
7 oot
@ 8 1o



Effect

k_aS CL.S

v

A 4

https://doi.org/10.1038/sj.clpt.6100084

CL S=f(Age, CYP2C9 gentyp)
EC50 = f (VKORC1_gentyp)

nature publishing group ARTICLES

A PK-PD Model for Predicting the Impact of
Age, CYP2(C9, and VKORC1 Genotype on
Individualization of Warfarin Therapy

A-K Hamberg', M-L Dahl', M Barban®, MG Scordo', M Wadelius', V Pengo?, R Padrini’
and EN Jonsson’

The aim of this study was to characterize the relationship between warfarin concentrations and international normalized
ratio (INR) response and to identify predictors important for dose individualization. S- and R-warfarin concentrations,
INR, and CYP2C9 and VKORCT genotypes from 150 patients were used to develop a population pharmacokinetic/
pharmacodynamic model in NONMEM. The anticoagulant response was best described by an inhibitory Eyax model,
with S-warfarin concentration as the only exposure predictor for response. Delay between exposure and response was
accounted for by a transit compartment model with two parallel transit compartment chains. CYP2C9 genotype and age
were identified as predictors for S-warfarin clearance, and VKORC1 genotype as a predictor for warfarin sensitivity.
Predicted INR curves indicate important steady-state differences between patients with different sets of covariates;
differences that cannot be foreseen from early INR assessments alone. It is important to account for CYP2C9 and VKORC1
genotypes and age to improve a priori and a posteriori individualization of warfarin therapy.
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BbIBOADI

1) BbIAM M3YYEHD OCHOBHbIE NOHATUS 7 NpoL.EeCChl
PAPMAKOANHAMMKM 7 ADAPMAKOKMHETUKM, BbINMOAHEH
AMTEPATYPHbIM OO30P CBOMCTB OHTUMKOATYAIHTOB M, B YOCTHOCTM,
BAPADAPMHAQ;

2) PaspaboTaH OGAroOpuTM ABTOMATUYECKOrO MOMUCKA KOBAPMUAT
MmeToAoM SCM C y4eTOM UMAEHTUDULUPYEMOCTHU NAPAMETPOB U
CXXATUA UHAUBUAYOAAbHbIX NMAPAMETPOB,

3) [lOAYy4EHHOS OMTMMOABHOA MOAEAb QAEKBATHO BOCTPOM3BOAMT
MCCAEAYEMbIE AQHHbIE

4) ONTMMOABHOS  MOAEAb  COOTBETCTBYET MOAEAM,  B3ITOM U3
NyOAMKALMM M MCMNOAB3OBAHHOM AAS CO3AQHMA AQTACETA
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