ABSTRACT

Purpose. Debate. eiss whether the most. appropriate popuiation anabsis method is parametrc
(NONMEN®) or nor-parametic (NPEM), especily for data ffom a brmodal populaon (ie.
anc M)

and NPEN" 1o estimate PK parameters for a b-modal popultion. Methods. Corcentation data were
The PK model
was 10 the simulated daasets using NONMEN (st order: FO and st order condional: FOCE) and
NPEN. The bias (PE%) and precison (IPEI%) of the individual predicted estimates of clearance (CL)
and volume of
were tested for  statstcaldiference between the PH and EM subjects. A sgn test was conducted (o
test fo satisical dferences in bas ar precision of estmates for NONMEM® versus NPEM. Results
Tho model minimized successtuly for al datasels and methods excopt for two datasets using
NONVEN® FOCE. The predicted CL was sialisical dffeent fo e PM and EM subject. Estimates of
Ve did not acrieve statstcal dference for all datasets and methods. Al meihods were able (0 predict
It v

Ve was -0.9%,-129, e 5.59% for NONMEM® FO, FOCE, and NPEM",respeciiely. The 75" percente:
PEI% of Ve on average was 28%, 3856, and 52% for NONMEM" FO, FOCE, and NFPEM?, respectiey
The estimates o CL for NONMEN" ene

o1 CL and Ve for NONMEM" were statstally more precse than NPEM”. Conclusion. NONMEM® and
NPEM® adequately estimated the PK parameters or a bemodal popuiation. NONMEM® PK esimates.
were gererally more precie than NPEM.

INTRODUCTION

+ Interethic differences are important sources of indvidual variation in drug disposiion
andresponse.

+ Genetics can account for 20-95% of variabiity in drug disposiion and effects (1),
Therefore, PK/PD comparisons across different ethnic groups have become an important
topic in the global acceptabilty of foreign clinical data (2.3).

+ Population PKIPD analysis can provide valuable information regarding the influence of
ethnic diferences on the PK/PD of a compound,

+Debate exists whether a paramelric approach or a non-parametric approach  is
‘appropriate for tis type of evaluation.

« Parametic (NONMEM?)
- Assumes a specific distribution for interindividual variabikty of parameters,
+ Assumes unimodal distibutons unless subpopulations are defined.
« No-parametric (NPEM)
~Does not assume a specific distibuion for iterindvidual variabikty of
parameters.
- Does uilize a specified range for parameters.

+ Using simulated data, assess the abilty of NONMEM® and NPEM® 1o accurately and
precisely predict the PK parameters of indvidual subjects when ethnic differences are
presen

Data Simulation

Pharmacokinetic Model

+PK parameters for nifedpine, comipramine, and reboxetine were selected because
and extensive (@58)

nfirstord
+ Interindidual variabity of CL (20 %CV), V (20 %CV), and Ka (30 %CV) for each
metabolism subgroup - exponentil error model

« Xj = XCexpf) (0~ normal disribuion)

1Cognigen Corporation, Buffalo, NY and ?Pfizer, Incorporated, Kalamazoo, Ml

METHODS, continued

« Residual variabity ~ 15 %CV — proporional erfor model
C, 14+ epoty + epsz,)
+EpsL: 4 %60V and Eps2: 11%CV  (eps - norma disributon)
« Concentrations simulated at approximate steady:state conditons
- Nifedpine: 10 doses of 5 mg tid
 Clomipramine: 31 doses of 100 mg qd
+ Reboxetine: 15 doses of 4 mg bid
Simulation Dataset Characteristics
+ 24 Simulaton Datasets
« Three medcatons
« Two population sizes (n=50 or n=200)
« Two distributions of subpopulatons (10%/90% and 40%/6096)
+40/60 not expected for poor metaboism but could reflect differences for
ifferent type of subpopuitio (e 9. gender)
+Two Samping Schemes
- Dense: 10-14 samples during a dosing interval
 Sparse: Four sampls during a dosing intenvl (random)
+ Eachintenval dided into 4 ime windows / one sample per vindow
Al Gata simulated using SAS?, version’.2
Pharmacokinetic Analysis
NONMEM® (Parametric)
K fitto each
1F0
2 FOCE/nteraction

methods

wo Land

3. F0
4 FOCENteraction
NPEM® (Non-parametric)
+ PK model descibed above fit to each dataset parameterized by Ka, CL, and V (where:
Kel=CLV)

. e danaset
- Standard deviaion of assay was esiimated as a fnear funcion wit a residual variabity
of 4%Cy
+Remairing sources of residual variabity modeled using a consiant CV. error model
(estimated gamma)
Comparison of Methods
+Parameters: CL, Ve, Cmax, and C,
+ Caleulted summary siatisics of percent predicion error (bias) and absolue
prediction error (precision) for each parameter
L00- (Parameter - True Parameter) / (True Parameter)
- IPEI34=ABsolute vae of PE%
+ Statistical differences between each NONMEM® estimation method and NPEM®
were assessed by performing a sign est using:
 Diference of the median PE% for the two methods (bis)
~ Difference of the 75" percentile |PE|% for the two methods (precision)
- Alpha value of 0.05
- A posive diference for the sign test vas assumed for datasetsimethods with
anunsuccessful minimizaton

Data: Nifedipine / Clomipramine / Reboxetine

+ Dataset Number (DSN): Population Size /% Poor Metabolism / Sampling Scheme
=50 /10%1 Full DSN=5: =50 /40%/ Ful

=50 /10%/Sparse  +DSN=6: n=50 /40% Sparse

=200/ 10% / Full “DSN=T: =200/ 40% / Full
N=200/10%/ Sparse  + DSN=8: =200 / 40% / Sparse

RESULTS, continued

Table 1: Mean of Dataset Mean Pharmacokinetic Parameter Values and Mean %CV

RESULTS, continued

Pharmacokinetic Analysis, continued

“Al methods exhibited a small degree of bias in the esimation of CL (:6%),

Comparison of Parametric (NONMEM®) and Non-Parametric (NPEM®) Methods for Population Pharmacokinetic (PK)
Modeling of Bi-Modal Populations
L. Phillips,t M. Vo,* J. Hammel, J. Fiedler-Kelly,! and E. Antal?

RESULTS, continued

Table 3: Percent of Datasets where the NONMEM® Method Exhibited More Bias

(Less Precision) than the NPEM® Method - All Subects
Number Ka L v Cima (+129%), and Cr (23%) based upon the median PE96 or each dataset
Drug | Metabolism | of (hn (Lhn) © « Alarger degree of bias wes noted for the estimation of V N "
(ONMEM
Neme | Population | Datasets | (%CV) V) eV ~ NONMENM® methods: median PES -75% 10 16% s
e Temme | o | rsam [maose | e Choe e e T2t [ [ oo [wro [wroce
NE | poor 8 72258%) | 3703 184%) | 17598 17.9%) « Al methods exhibited a high degree of precision in the estimation of CL (20%), Ciearance
con | Exensive " 16179 | 6343 1929 | 01684 (19.6%) (G (25%), and Cr (27%) based pon the 757 percenile.|PE|% for each dataset Al Datasels 2 [me | 2o | 2o e
« The precision fo the estimaton of V was eaker
cum | poor 8 113 (24.9%) | 1278 (19.1%) | 118055 (18.6%) - NONMEM® methads: 75" percentie. [PE[% 8% to 110% e 2 | x| so 70 80
REX | Extensive s 08(20.0% | 9.44(205% | 18642 (19.9%) - NPEM® 75 percentie [PE|% 1206 10 254% prov—
REX | Poor [ 076(249%) | 613(209%) | 12822 (200%) Metabolism 2 e | ®wE) | 50 BE
Table 2: Summary Statistics of the PESband the [PE|% of each Dataset Voume
Pharmacokinetic Analysis Mean (D) Al Datasets 20 [s0ey | ssan 20 203
~Whie methodologicaly, NONMEM® assumes a unimodal dsiibulon of al PK Method | N (tin Max) 10% Poor 2 | we | w0 | 00 | w20
parameters, the empirical joint-density plots indicated that this assumption does not [ ¢ I v [ Cmax T Cr Metabolsm
prevent NONMEM® from estimating multi-modal distributions of individual parameter Median PE: 0% Poor 2 |2 | s | ®o .
values (Figure 1) 24 [ 1010189 | -1212(2318) | 3.06(389) 011 (321) Metabolism
(599,018) | (7535,1642) | (146,1215) | (659,5.54)
Figure 1: Empirical Joint Probability Density Plot of (CL.V): Reboxetine Dataset #7 FOCE |22 | 017(169) | 08972 | 072139 | 046208
. o (477,188) | (1644,1365) | (269.178) | (400,4.16)
MxFO | 24 | 105(119) | 332(668) | 106(L70) | 072(192)
429,057) | (1620,885) | (216.584) | (429,529 . methods are adequate for fiting pharmacokinetic models
» McFOCE | 21 | 044(107) | 255(68) | 045(13D) | 094(132) 10 data with two welk defined subpopuatons of CL and V.
(171.229) | (18791137 | (292.186) | (378.191) +The bias of GL and V estimates was generally not statisically diferent between the two
37 NPEM 24 | 216(249) | 5511303 | -173(288) | -3.47(196) methods.
fe { (374/502) | (6287.580 | (603,489 | (757,045 +The precision of CL and V estimates vas generaly statsticaly higher for the parametric
* N 75" Percenle [PE(% methods than the pon-parametric methods.
u o 20 | 803(283) | 37.96(2889) | 1102(604) | 1197 (258)
b * i » (©59,1389) | (921,11024) | (514,2528) | (675.17.12)
LV Gt FOCE 22 | 763@321) | 28201728) | 823(254) | 1056(193)
e (441,1856) | (832.69026) | (502.1319) | (575,1358)
- MxFO |24 | 723(208) | 23991025 | 887(424) | 1061(241) - . 5 Comparison of Inter- and Inra-
waslony | enitam | Getin | et 1. W. Kalow, B.K. Tang, and . Endrenyi. Hypothesis: Comparison of Iter- and Intra-
e T ey | msten [ sssam T omaon Incividual Variations Can Subsitte for Twin Studies in Drug Research.
21,1022) | (788,4100) | (472,1608) | (693,13.00) Phamacogenetc. 8:283.250 (1996).
. 2. Naito. Ethric Factors n the Accepiabilty of Foreign Cinical Data. Drug . J
. . NPEM | 24 | 995(34) | 52336971 | 1233(379) | 1496@363) 211283512025 (1998).
. (714,16.38) | (11.75,25415) | (775.1959) | (1093,27.25)
£ 1 3. Ethnic Factors in the Acceptability of Foreign Clinical Data (ES). International
H 3 R Number o daasets Wit a scessiol mrzaon oy Regataton of
. Comparison o Methods Pharmacutials for Human Use. (1998).
i ~Table 3 shows the percentage of datasets for which the indicated NONMEM® method 4.K.5. YU, 3. Y. Cho, 3. H. Shon, K. S, Bae, 5. Y. Yi, H. 5. Lim, 1. 3. Jang, and s. G
B R had a arger median PESS or a larger 75 percentie [PE|% than the NPEM® method Shin. Ethric in Nifedipine
vy @ « A percentage less than 509 indicates that the NONMEM® metho was less biased o Clin, Pharmacol.Ther.
- . more precise than NPEM® 5.K. Shimoda, M. Jering, Y. Botiger, S. Yasuda, S. Moria, and L. Bertisson
~ Red vales indicate that the percentage of datasets was statistically significanty less and
than o greater than 50% (p<0.05) 3. cin
6. P. E. Hendershot, J. C. Fiishaer, K. M. L, I. D. Nuccio, and R. E. Poland
P . Reboxetine in Healthy Volunteers
5 ) Psychopharmacology. 156:148-153 (2001).
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