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ABSTRACT

Introdudtion: Linezolid {izd} is an i ibiotic under for infection due o
gram-positive bacterio. 1t is rapidly and exensively absorbed following oral adminiatration and initial PK
studies have suggested non-linear efimination.

Purpose: To develop a PK model using Phase | dete for application to Phase i doto,

Methods: Full profile blood somples following single- and muktiple-doses of lzd and interval frough
samples were collected from hedlthy volureers in an open-lobel, thres-way crossover study evaluating
oral doses; 125 mg, 375 mg, 625 mg of lzdl, Somples were pooled with full profile samples from
volunteers enrolled in on open-lobel study of 375 mg given via orel and intravencus administration. A
fotal of 1937 tzd concentrations (cps) colleched from 31 subjects were analyzed using a one
compartment model with first-order absorptian (Ka). Elimination was modeled as a first-order (Ke) plus @
Michoelis Menten (MM) (Km, Yim) pathway with compefifive inhibition from  hypothefical factor (Kf).
Results: The combined finear and MM model adeguately fit the single- and muiple- doss dota across
zd doses. The parameter (% SEM) estimates were as follows: Mean Vd was 0.672 {2.2) Lfkg, mean Ko
was 4.52 (13.6] hr', mean Vm and Km were 38.0 (45.3) mg/hv and 466 (45.9) mg respectively, Ke wos
0.0745 (9.0} hr', the equilibrium rote canstant (Kf) for the hypothefical factor wes 0.00781 (19.5) hr-1
and the inverse equilibrium constant of the snzyme-factor complex was 0.0 (54.3) mg foctor. Modest
interindividual variability was noted for Ko, Km, K, ¥, and Kf. A mean prediction error of -4.8%,
indicating o trend 1o overpradict the ¢ps, was noted when these erlimates were used to predict the Izd cps
obtained in Phase [l trials. Simulations of the predicted peck and rough ¢ps over 60 days of kzd BID
dosing suggest thot steady-sicts is achieved after 3 days with no evidence of excessive accumutation.
Condusion: A one PK model with combined linear and non-linear elimination od i
describes the PK of Izd. The noni-linecrity is not expacted 1o result in excessive accumulation with dosing
1088,

INTRODUCTION

The exazolidinones are a new closs of antibiofics thot show in vitro and in vivo adtivity ageinst gram-
poaifive isens, including resistont 1o penicillin ond ofher closses of
antibiotics. Linezolid is an idi that hos shown b ickdol effects againat § in
praclinical studies and clinical and microbiological efficacy against S prevmoniae in Phose 1 e
trials in aduth with community acquired pneumonia.

METHODS

Data

A Phase | Assessment of Absolute Bioavailability

+ single-dose, open-lobel, wo-way cromover study (compressed tablets given whils fed and fasted) of
375 mg linezclid

an added third phase (intravenous) of 375 mg linezolid 1o healthy subjects

« seven-day washout between each treatment period

detaited pharmacokinelic monitoring performed at bossline and specified fimes over 48 hours
following the administration of the single-dote

samples associated with the deses of linezolid administered in the presence of food were excluded for
this analysis

A Phase | Single- and Mulfiple-Dose Ph i ion of Dose Prop

+  randomized, open-labs, single- and muhlphdos. study conducted as a three-way crossover,
evoluating dotes of 125 mg, 375mg and 625 mg of linezolid in healthy subjects

* @ 14-10-16 doy washout interval between periods

*  subjects received o single oral dose of linezolid on day one of each ireatment

« intense pharmacokinetic monitoring performed at specified fimes over the next 24 hours

*+ ot the end of this 24 hour period, aubjects received mutiple-doses of linezolid every 12 hours on
day 2, day 3 and day 4

*  onthe morning of Day 5, ofl subjects received their last dose of finazolid with intense pharmacokinetic
sampiing performed ovar the next 48 hours

Phase Il Clinicol Triols
*  Atotol of 5213 linezolid concentrations collected from 687 patisnts enrolled in selected linezolid
Phose I clinical triots evaluating preumonic and skin and soft fissue infections were available for

onalyses.
* Doses included in the dota set were 100, 200, 375, 600, and 625 mg BID and 250 and 375 mg TID.
¢ Both oral and IV odministration ware employed.

Pharmacostatistical Model
A3 series of linear and non-linear models were evaluated, all models presented were fit to the data using
version ¥ of the NONMEM computer program.

Stotistical Analysis

* Statisfical significance was casessed by the change in the log likelihood volus obitained for various
models (the NONMEM objective tunclion). When lternative modets could not be cost as hierarchical,
the change in the obiective funciion was only used o a qualitative measure of statistical signfficance.

In order to svaluate model bias, the parcent prediction errors were cakulated wing the
following equation:
% Prediction error = [(Msgsured Co - Predicted Cp) Jx 100
Predicted Cp

The mean percent pradiction errar was coleulated by taking the average of all percent
prediction errors across all observations.
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RESUL

Nencompartmental Analyses
Aamall degres of nonlinearity wos observed in linezolid p inetics at higher

of
drug - achieved either through higher dases or with mulfiple dosing. Total clearance of linezolid wes
about 30% lowsr dfter @ 625- mg dose than would be expected based on a 125. mg dose. This
decrease in clearance was due to o decrease in both the renal and nonrenal cleorance components of
{ihezolid eliminotion. This small degree of dose- dependency was observed dfter single or multiple
doses. Upon multiple dosing, the total clearance decreased cbout 10% relative to the single- dose
estimotes. Renal elimination of linezolid accourted for about one- third of the elimination of finezolid,
and remained constant, aa does the elimination half.life, with increasing dose and with muktiple dose.
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FIGURE 1. Meon plosma linezolid concenimtions ofter o single orol dose ond at steady-state.
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Compartmental Analysis

In order to develop o model for the Phose Il dato, diata from the bicavailability and dose proportionality
studies wers pooled. Previous data suggests that n:mp|- collected ot isast 24 hours following the dose
may have been i d by multi iion. Given that there was o smoll number of
concentrations collected during this time period, ard the incbility of the dota to support a twe-
compartment model, they wers excluded from the unalysis. In addition, concentrations collected during
IV infusion, and intervening frough concentrotions ‘vere olso excluded.

After the above data exclusions, there were 1937

#rom 31 patients available for anolysis.

Model Development
+ Pravious noncompartmentol anclyses, described above, suggest that & small amount of non-
linearity was obeerved,

An initiol anlaysiz using a one-compartment lir.ear model applied to the oral data from the dose
study resulted in sig bias, thus o non.linear model for oral odministration wos

explored.

Step 1: Michaslis-Menton Model - Oral Data
A Michasiis-Meren model was applied to the ringle and multipla doss dofa separotely, but
avidence of model misfit still remained.

Step 2: Michaolis-Menten and Linear Efimination /pplied fo Single Dose Orol Dota
A onve compartment modl with linear and Mic woelis-Menten efimination with @ proporfional error
model wos applied 1o the single dose dato. Thy addition o the linear component to the efimination
model reduced the minimum valve of the obje:ive function by 26 unifs and alightly reduced the
bias aeen in the goodness of fit plos,

Step 3: Michaelis-Menten ond Linear Elimination /:pplied to Single and Multiple Dose Oral Data
Combined

+  Applying the Michaelis-Menten phus linear elim ncfion model with an addifive plus proportional
error model to the combined single and multiple dose data. The Km volue for the combined data
was 1210 varsus a value of 602 for the single Jose doto. This lorge change in the Km value
between single dose ond multiple dose data hed also occurred when evoluating the stondard
Michaelis-Maerten elimination model (Km=1070 and Km= 1800, respectively). Becouse all of the
concentrations afier multiple dosing are much maller than the estimated Km for the models with
multiple dose dofa, this changs in the Km volus suggests that the structural model is approaching
linwarity after multiple dosing {with on elimination rate of {Ym/Km + K).

Based upon the change in behavior of the mocels for the single dose versus multiple dose data, it
was hypothesized thot a factor might ba acting az @ competitive inhibitor. Thersfore, it was decided
1o test this hypothesis by introducing a hypotherical factor compariment to the model.

Step 4: Linear plus Michaelis-Menten Elimination uith Compatiive Inhibition - Oral Data
The hypothefical foctor was modeled by adding one compariment to the model with on
equilibrotion rote constant of K (similar fo Keo for a hypolhaticol effect compariment in PD
analysie).

. G #1 = Depot, C #2 = Centrol C ond C #3 =
Hypothetical Factor Compartment.

+ The Michaelis-Menten elimination pathway with competilive inhibition from the hypothetical factor
wos modeled as -Ym*A{2)/[Km*{1+ (1/Kp)*A3)} + A2)).

+  Parameter Definitions:

- Kiisthe uqulhbru'lun rate constant for tha hypothefical factor compartment.

- Kpis constent for th {product) complex.
- Invene Kp B 1/Kp.
* Reaults:
~ Residual variability ranged fram 1104.71 1o 19.34%CV for concentrations ranging from 0.01
fo 40 ug/mL

- The addition of the inhibition from the hypothefical mefobolite compartment noficably

FIGURE 3. Goodness of fit plots for the Michoelis-Menten plus lineor elimination model and competitive
inhibition from a hypothetical factor apptied o the data from the dose proporfionality study.
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Step 5: Final Phase | mode) - Michasliz-Menten plus Linear Elimination with Hypothetical
Fachor applied o I¥ and Oral Adminisiration Dota Combined
+ Because the Phase il data comists of IV ond oral odminisiration with vingle and mukiple dase
regimens, it was decided fo text the model on o combination of IV and oral doto from Phose |
before refurning 1o the analysis of the Phase Il dato.
+ Resvlts:
~ The addition of the IV dota from Phase | did rot alter the fit of the model, Km increased
slightly but the estimote waa sl recaonable. The goodness of fit plofs did not show ary
biases. Thus, this model will be applied o the Phass !l dofo.

TASLE 3. Final Porameder Estimates and Skardard Ertors for the Michaelis-Merden plus Linear Elminoion ond
Inhitition from o Hypothelical Factor Apphied 1o the I¥ and Oral Phose | Dla Combined

Parometer Final EWimates w
Population %SEM %V %SEM
Meon

Ko 4.52 136 154.92 27.3

Vm 380 453

Km 466 459 80.00 24.5

K 0.0745 9.0 51.87 35.1

V (L/kg) 0.672 2.2 12.92 366

Kmet 0.00781 195 194.94 339

kp 0.0100 543 :

Prop. Err. 0.0370 9.5

Add. Err. 0.0153 334

TINE AFTER LART DOSE, haute
improvad the fit of the dato. Many of the surved pfterns and ofher trends previously noted in
goodness of fit plots were no longer prewmnt and all parameters were estimated more
accurately. The residual variability for cor centrations tess than 0.5 was also greotly reduced.
Given that this model oppeared 1o explain the behavior of the Phase | oral dosing dota firly
wol, it was decided that this modal should serve s the base structural model for the analysis
of the Phase il data.
FIGURE 2. Linezolid cleorance as o fundfion of oral dose and day. TABLE 2. Porometer Estimotes and Standard Erots for the Pharmocokinetic Model with Michcelis-Menten Plus
Linear Elimination, with Compefiive Inkibition from o Hypothetial Foctor Applied 1o he Data from the Dose
Proportionalty Study
Day 1 Osy B Paramaeter Final Estimer: i of indivi
- © imewidet Daia|  4m0 - © invidmd Dum Variability
! . * Meane 80 . o Mewna®0 Population %SEM %»CV %SEM
" Lad Maan
a 5.86 201 245.76 65.1
. -
- i : i ! Ven 303 475
wl 0 ]} | l} 2 ke 3 563 95.60 460
E b H [ ¥ K 0.0764 80 9.70 347
b e - " " [ V(L/kg) 0.670 28 12.88 4.1
nose, my 5oes. e Kevet 0.00679 135 175.50 39.9
o 0.0145 59.1
Prop. Err. 0.0374 N4
Add. &, 0.0122 308

FIGURE 4. Goodness of fit plofs for the Michoelis-Menten plus linear elimination and inhibiion from o
compelifive hypothefical facior model applied o the iv and orol phase | dota combined.
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Applications To Phase Il

The fincl Phase | model was wed o predit the linezolid concentrations colkected from selected

Phase Il clinicol fricts evalueding patients with preumonia and skin and soft fissue infections.

Porcent prediction errors were cokulated for @ memure of model bias,

+ The mean {SD} percent pradiction error wos -4.7 (134.2).

* Further evoluation of the percent mean predicion error showsd thet the median value (- 20.9).
Indicerting that the trend for the model to averpredict was more reflective of model performance.
Because the model does et incorporale covariate offects, and the Phase Il population was
composad of a more diverse group of patients, thess results wera contidered adequats for @ basic
Phose Il model.

FIGURE 5. Histogrom of percent prediction errors for phase I clinicol data.
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In order to evaluate the model for evidence of accumulation over fime, 200 patients receiving oral
600 mg BID were simulated using weights representative of the Phase Il patiant populotion. Peak
and trough concentrations were simulated on days 1, 3, 5, 14, 30 ond 45. From figure 6 balow, it
con be seen that steady-siole is achisved ofter 3 days with no evidence of sxcessive accumulation.

FIGURE 6. Boxplots of simukated peak ond trough coneentration in patients receiving linezolid 600 mg , orally, BID.
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CONCLUSIONS

Noncompartmental

« Overall, the pharmacokinetics of knazolid are dose. dependent, but only to @ minor degree
(30% decrease in clearance with o 5- fold increase in dose).

« Although the pharmacokinetics of linezolid have been shown 1o be statistically dependent on dose,
the degree of nonlinearity is small relaive fo the overoll degres of variability among subjecs such
that dose-adjustments in the clinical use of the drug are not considered necessary.

Compartmental
*  Aone.compariment phurmzxohnmc model wﬁh combined lineor ond non- Ilmr elimination and
inhibition from o ly describes the of linezolid.

«  The non-linearity is wupomd to u-uh in axcessive accumulation with dasing to steady.- stote.

+ Bacause ofl of the concantrations after mutiple dasing ore much smialler than fhe estimated Km for
the models with multipte dose dato, this change in the Km volue suggests that the structural model i
opproaching linearity ofter multiple dosing (with an efimination rate of (Vm/Km + K).




