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Tedizolid phosphate is a novel antibacterial prodrug that is rapidly and extensively converted to its active moiety, tedizolid. We
developed a population pharmacokinetics (PK) model for tedizolid using pooled data from seven densely and sparsely sampled
clinical trials evaluating oral and intravenous tedizolid. Model-derived exposure estimates were evaluated for relationships to
select efficacy and safety outcomes. A two-compartment model with sigmoidal absorption, absolute bioavailability, and linear
elimination described the PK data well. Variability was small (clearance, 31% coefficient of variation; volume, 13.4% coefficient
of variation), and absolute bioavailability was high (86%). No clinically significant covariate effects on tedizolid PK were found.
Based on phase 3 data evaluating 200-mg once-daily tedizolid for acute bacterial skin and skin structure infections (ABSSSI), no
relationships were seen between various efficacy outcomes and estimated tedizolid exposure; the estimated exposure range (free-
drug area under the concentration-time curve over 24 h at steady state [AUC,y_»4)], 7 to 50 pg - h/ml) in these patients was
modest. Safety data modeling, using once-daily doses of up to 400 mg, showed a small increase in the probability of an adverse
event with increasing model-estimated tedizolid exposure; no such relationship was observed when specifically evaluating the
200-mg dose. There were no trends in neutrophil or platelet counts with increasing tedizolid exposure. Target attainment simu-
lations for 200-mg tedizolid indicated a 98.31% probability of attaining the target measure (AUC for the free, unbound fraction
of a drug [fAUC]/MIC = 3) against a Staphylococcus aureus strain for which the MIC was =<0.5 pg/ml. These findings support
200-mg tedizolid once daily as the optimum dose for treatment of ABSSSI.

Tedizolid phosphate is a novel oxazolidinone prodrug antibac-
terial that is rapidly and extensively converted in vivo by phos-
phatases to microbiologically active tedizolid. It is intended for
oral and intravenous administration in the management of Gram-
positive infections (1-3), including those caused by methicillin-
resistant Staphylococcus aureus (MRSA) (4). In two recent phase 3
studies, tedizolid (200 mg once daily for 6 days) demonstrated
noninferior efficacy to linezolid (600 mg twice daily for 10 days) in
the treatment of acute bacterial skin and skin structure infections
(ABSSSI), along with a more favorable hematologic and gastroin-
testinal tolerability profile than linezolid (1, 2).

The pharmacokinetics (PK) of tedizolid, studied extensively
using noncompartmental analysis, were similar after administra-
tion of two solid forms of the prodrug, tedizolid phosphate and
tedizolid phosphate disodium (an alternative prodrug used in te-
dizolid’s early clinical development). The absolute bioavailability
of tedizolid is high (>80%), peak plasma concentrations are
achieved within approximately 3 h of oral dosing, and steady-state
plasma concentrations are reached within 3 days of initiating
once-daily administration (5). Tedizolid distributes freely into tis-
sue, and both tedizolid phosphate and tedizolid are moderately
protein bound (~80%) in human plasma. Microdialysis studies
have shown that the drug distributes well into skin and soft tissue,
where unbound tedizolid concentrations are roughly equivalent
to free concentrations in plasma, indicating that tedizolid plasma
concentrations can serve as a direct surrogate for tissue concen-
trations (6). Dose fractionation studies conducted in a murine
model of ABSSSI showed that the free-drug area under the con-
centration-time curve over 24 h at steady state [AUC,(,_,4)] di-
vided by the MIC (fAUC/MIC ratio) was the PK/pharmacody-
namic (PD) parameter that best correlated with efficacy against
MRSA and methicillin-susceptible S. aureus (MSSA) (7, 8); this
observation likely also extends to other Gram-positive pathogens.
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A preliminary population PK model for tedizolid was previ-
ously developed using plasma concentration data from patients in
a phase 2 study of complicated skin and skin structure infections
(cSSSI) treated with tedizolid phosphate disodium once daily for 5
to 7 days. This was a two-compartment model with zero-order
drug release and subsequent first-order absorption and first-order
elimination, which accounted for the influence of patient ideal
body weight, age, and race (3). Tedizolid was deemed to possess
linear kinetics in this model, with neither saturable elimination
nor autoinhibition of clearance improving model fit (3).

Since then, a wealth of additional PK data for tedizolid has
become available. This allows us to refine the preliminary popu-
lation PK model for the purpose of more accurately answering
important questions relevant to the clinical use of tedizolid, in-
cluding which patient factors might affect PK variability, potential
relationships between tedizolid exposure levels and efficacy/
safety, and susceptibility breakpoints. Here we describe the devel-
opment of such a refined tedizolid population PK model, as well as
of two separate PK/PD models (analyzing relationships between
exposure and either efficacy or safety outcomes): an assessment of
covariates potentially influencing PK and PK/PD variability and
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TABLE 1 Studies providing source data for the population PK analyses”

Tedizolid Pharmacokinetics and Exposure Response

ClinicalTrials.gov

Study  Study design and population Treatment course Publication  registration no.
1 Phase 1, single ascending dose, multiple dose, absolute Single ascending doses of 100, 200, 300, and 400 5 NCT00983255
bioavailability, and venous tolerability in healthy subjects myg tedizolid phosphate® i.v.; multiple doses of
200 mg tedizolid phosphate i.v. for 7 days
(absolute bioavailability, 200 mg tedizolid
phosphate i.v. and orally; venous tolerability,
200 mg tedizolid phosphate i.v. for 3 days)
2 Phase 1, single oral dose in healthy young (18- to 45-yr-old) ~ Oral 200-mg tedizolid phosphate dose 21 NCT01496677
and healthy elderly (=65-yr-old) subjects
3 Phase 1, a single dose or two doses in patients with One or two i.v. 200-mg tedizolid phosphate doses 18 NCT01452828
advanced renal disease (dialyzed and nondialyzed) and
healthy controls
4 Phase 1, single oral dose in subjects with moderate or severe ~ One oral 200-mg tedizolid phosphate dose 18 NCT01431833
hepatic impairment and healthy controls
5 Phase 2, randomized, double-blind, noncontrolled, Once-daily 200-, 300-, or 400-mg oral tedizolid 3 NCT00761215
multicenter study of adults (=18 to 75 yr old) with ¢SSSI disodium phosphate® dose (as capsules) for 5
to 7 days
6 Phase 3, randomized, double-blind, double-dummy, Multiple oral doses of tedizolid phosphate tablets 1 NCT01170221
multicenter study of adults =18 yr old with ABSSSI at 200 mg once daily for 6 days vs oral linezolid
caused by suspected or documented Gram-positive at 600 mg every 12 h for 10 days
pathogens
7 Same as for study 6, except that adolescents =12 yr old were ~ Multiple doses of i.v. to oral tedizolid phosphate 2 NCT01421511
included at 200 mg once daily for 6 days vs i.v. to oral

linezolid at 600 mg every 12 h for 10 days

@ ABSSSI, acute bacterial skin and skin structure infections; ¢SSSI, complicated skin and skin structure infections; i.v., intravenous; PK, pharmacokinetics.
b Tedizolid disodium phosphate was an alternative prodrug used in early clinical development.

an analysis estimating the probability of attaining the tedizolid
PK/PD target measure.

MATERIALS AND METHODS

Source study design. Source data for these analyses were obtained from
four phase 1 studies (PK modeling only), one phase 2 study (PK and
PK/PD safety modeling), and two phase 3 studies (PK, PK/PD safety, and
PK/PD efficacy modeling). Details on study design, relevant previous
publications of study data, and study registration are provided in Table 1.

Pharmacokinetic sampling and bioanalytic method. Full-profile
sampling over at least 72 h for determination of tedizolid plasma concen-
trations was performed in all phase 1 studies. Sparse samples were col-
lected in the phase 2 and phase 3 studies, both pre- and postdose after
single or multiple dosing.

Plasma concentrations of tedizolid were measured using validated
bioanalytic methods based on high-performance liquid chromatography
coupled with tandem mass spectrometric detection. In the phase 1 studies,
the lower limit of quantification for tedizolid was 5 ng/ml. In the phase 2
and first phase 3 studies, the lower limit of quantification was 0.16 ng/ml
but was increased to 1.6 ng/ml for the second phase 3 study. Any plasma
tedizolid plasma concentrations below the lower limit of quantification
were treated as missing.

Pharmacodynamic data collection. In the phase 3 studies (1, 2), effi-
cacy outcomes were evaluated at 48 to 72 h, at day 7, at the end of therapy
(EOT; day 11), and at the posttherapy evaluation (PTE; 7 to 14 days after
the EOT). The incidence of adverse events was collected throughout each
study. Blood samples for clinical laboratory analyses, including neutro-
phil and platelet counts, were collected at screening, on day 1, at 48 to 72
h, on day 7, and at the EOT.

Of all efficacy endpoints evaluated in the phase 3 trials, the following
efficacy outcomes were selected for the PK/PD efficacy model: (i) the early
clinical response at 48 to 72 h (defined as a =20% decrease in lesion area
from baseline) in the intent-to-treat (ITT) population, (ii) the investiga-
tor-assessed clinical response at the PTE in the ITT and the clinically
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evaluable-at-PTE (CE-PTE) populations, (iii) the microbiologic response
at the EOT in the microbiologically evaluable population, and (iv) the
microbiologic response at the PTE in the microbiologically evaluable pop-
ulation. The two safety outcomes for the PK/PD safety model were the
occurrence of any treatment-emergent adverse event and the occurrence
of any treatment-emergent gastrointestinal adverse event, regardless of
severity.

Exploratory graphic analysis was performed to assess the impact of
tedizolid exposure on the following laboratory evaluations: minimum
postbaseline absolute neutrophil count, minimum postbaseline platelet
count, maximum decrease in absolute neutrophil count from baseline,
and maximum decrease in platelet count from baseline.

Pharmacokinetic analysis. All exploratory data analyses, statistical
analyses, and graphic presentations of data were performed using SAS
version 9.2 (SAS Institute, Cary, NC, USA). Population modeling was
performed using NONMEM, version 7.1.2 (ICON Development Solu-
tions, Ellicott City, MD, USA) and the KIWI graphic interface, version 1.1
(Cognigen Corporation, Buffalo, NY, USA).

A linear, two-compartment model with sigmoidal absorption and
first-order elimination for tedizolid was tested as a potential base struc-
tural model, based on the preliminary population PK model (3). Data
from studies 1 through 6 were used initially; however, additional data
were included when the second phase 3 trial (study 7) (2) was completed,
and the model was further refined. Goodness-of-fit plots, the precision of
the parameter estimates, and reductions in interindividual variability and
residual variability were used to discriminate between competing models.
The interindividual variability was estimated for the apparent first-order
absorption rate constant (k,), clearance, and central volume (V,), using
exponential error models. A log error model with terms to allow for dif-
ferences in the magnitudes of residual variability between phase 1 and
phase 2/3 data were used.

Covariate assessment. Population PK covariate analyses were per-
formed using a stepwise forward-selection/backward-elimination proce-
dure. In each step, covariates contributing at least a 3.84 change in the
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minimum value of the objective function (alpha = 0.05, 1 df for the
chi-square distribution) and a 5% reduction in interindividual variability
for the parameter of interest were included in the model during forward
selection. During the univariate backward elimination, significance was
defined as a 10.83 change in the minimum value of the objective function
(alpha = 0.001, 1 df for the chi-square distribution). Age, body weight,
body mass index (BMI), sex, race, and laboratory assessments of renal and
liver function at baseline were evaluated as covariates. Diagnostic plots
illustrating the relationships between covariates and unexplained interin-
dividual variability in clearance or central volume were evaluated to iden-
tify possible trends and the appropriate functional form to be tested.
The model was then checked for possible simplifications of covariate
equations, and goodness-of-fit diagnostic plots were evaluated for
model misfit.

Model validation. A prediction-corrected visual predictive check (9)
was used to validate the model, with 1,000 replications and bins defined by
time and dose group. This technique provides an enhanced ability to
diagnose possible model misspecification when binning across a large
variation in influential covariates.

Exposure measurements. The PK model was used to generate em-
pirical Bayesian PK parameter estimates for each individual, and these
estimates were used to compute the following measures of tedizolid
exposure for each patient, at day 1 and day 6 (at steady state):
AUC y_y4), AUC(4_,4y/MIC ratio, minimum observed drug concentra-
tion, and maximum observed drug concentration (C,,,,). These indi-
vidual exposure estimates were subsequently used in PK/PD modeling.

Clinical significance of covariate effects. Statistically significant co-
variates included in the final PK model were assessed using the typical
population PK parameters from the final model to determine whether
these covariates exerted a clinically relevant impact on tedizolid exposure
(i.e., the AUC at steady state [AUC,]) after 200-mg once-daily oral dosing
of tedizolid.

Differences in the model-predicted tedizolid AUC values across the
range of covariate values were evaluated. Specifically, model-predicted
AUC, at the 5th and 95th percentiles of each covariate were compared to
each other and to the predicted AUC at the median value of the respec-
tive covariate. To avoid potential bias, percentiles rather than extreme
values were selected for these comparisons.

Pharmacokinetic/pharmacodynamic analyses. Both tedizolid expo-
sure (as individual patient estimates derived from the population PK
model) and covariate effects were evaluated for their potential impact on
the selected efficacy and safety outcomes, using logistic regression imple-
mented in NONMEM and SAS. A decrease in the minimum value of the
objective function of at least 3.84 (alpha = 0.05, 1 df) was used to define
statistical significance. Based on a preliminary evaluation of all the se-
lected efficacy and safety outcomes, we performed separate logistic regres-
sion analyses to characterize the probability of an early clinical response at
48 to 72 h in the ITT population, of a clinical response at the PTE in the
ITT population, and of any treatment-emergent adverse event in the
safety population.

The influence of covariates was evaluated only if a relationship be-
tween exposure and efficacy was identified. Age, body weight, BMI, obe-
sity (BMI = 30), sex, and race were considered covariates for safety and
efficacy PK/PD analyses. The efficacy PK/PD analyses considered these
additional covariates: numbers of pathogens isolated at baseline, comor-
bidity (i.e., preexisting diabetes and peripheral vascular disease), type of
infection (i.e., cellulitis/erysipelas, wound infection, or major cutaneous
abscess), baseline lesion areas (=150 cm?, >150 cm? to 300 cm?, >300
cm? to 600 cm?, >600 cm? to 1,000 cm?, or >1,000 cm?), bacteremia,
hepatitis C virus infection, current or recent intravenous drug use, per-
mitted concomitant antibiotic medications (i.e., aztreonam and metroni-
dazole), and route of administration.

The Hosmer-Lemeshow statistic was used to assess the goodness-of-fit
of each logistic regression model (10), whereas the predictive ability of
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each model was assessed using the area under the receiver operating char-
acteristic curve (11).

Target attainment analysis. The probability of attaining the PK/PD
target measure associated with the efficacy of 200 mg tedizolid once daily
against S. aureus [i.e., an fAUC, ,,/MICratio of 3] (8, 12) was estimated.
Individual estimates of AUC , _,4, on day 1 and day 6 (at steady state) were
simulated using NONMEM, for a total of 100 trials of 1,000 virtual pa-
tients each. Discrete MIC values between 0.06 wg/ml and 16 pg/ml were
considered for this analysis, and the proportion of simulated patients who
hadan fAUC,_,,)/MIC ratio of =3 was determined for each of these MIC
values. The mean percentage of simulated fAUC,_,,,/MIC ratios at this
target across all 100 data sets was reported as the PK/PD target for each
possible MIC value. The MIC susceptibility breakpoint for tedizolid was
predefined as the highest MIC value with a probability of =0.9 of attaining
the PK/PD target. To evaluate the robustness of the fAUC/MIC ratio of 3
as the most suitable target ratio for this PK/PD measure, sensitivity target
attainment analyses that varied the ratio used in the main analysis by
one-third in either direction were conducted, resulting in ratios of 2 and 4.

RESULTS
Subjects. A summary of subject baseline characteristics, stratified
by study, is shown in Table 2.

Population pharmacokinetic analysis. A semilogarithmic
scatterplot of plasma tedizolid concentrations versus time since
the last dose after oral administration (200 to 400 mg) is shown in
Fig. 1. The C,,,, generally occurred within 0.5 to 4 h after dose.
After C,,,,, tedizolid plasma concentrations decreased polyexpo-
nentially. The absence of any detectable dose-dependent trends
suggests that the disposition of tedizolid within a dose range of 200
to 400 mg tedizolid phosphate follows linear kinetics, as previ-
ously suggested in the preliminary population PK model (3).

The base population PK model was a two-compartment model
with sigmoidal absorption, absolute bioavailability, and linear
elimination, parameterized in terms of absolute bioavailability, k,
(with the associated zero-order release of orally administered drug
in the gastrointestinal tract [the D1 parameter]), clearance, central
volume, intercompartmental clearance, and peripheral volume of
distribution.

Ideal body weight and total bilirubin were included in the final
model as statistically significant predictors of clearance, which in-
creased along with ideal body weight and decreased in proportion to
increasing total bilirubin. Population mean parameter estimates for
the final PK model of tedizolid exhibited little variability and are
shown in Table 3. As illustrated by Fig. 2, the prediction-corrected
visual predictive check indicated that the PK model predicts well both
the central tendency and the variability in the observed data. The
proportions (and numbers) of observed data points below and above
the 5th and 95th percentile intervals were 5.7% (n = 199) and 3.0%
(n=106) for phase 2/3 subjects and 2.6% (n = 36) and 3.9% (n = 54)
for phase 1 subjects, respectively.

Although statistically significant, the associated changes in
AUC,, (Table 4), which were greatest for subjects with an ideal
body weight, were small overall, with AUC being 38% higher in
patients at the 5th percentile than in patients in the 95th percentile
of ideal body weight. Changes in AUC with bilirubin were min-
imal (11%) across the entire range of the 5th to 95th percentiles of
bilirubin (Table 4). Ideal body weight was also a statistically sig-
nificant predictor of central volume, which was found to increase
with increasing ideal body weight according to a power function;
in a hypothetical subject with an ideal body weight of 52.00 kg (5th
percentile), 64.65 kg (median), or 77.60 kg (95th percentile), the
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TABLE 2 Subject characteristics by study for the PK analysis”

Tedizolid Pharmacokinetics and Exposure Response

Result(s) for study:

Subject characteristic Value 1 2 3 4 5 6 7 Overall

Age (yr) Median 26.00 55.50 59.00 53.50 35.00 43.50 46.00 43.00
Min, max 18.0, 48.0 25.0,78.0 40.0, 74.0 39.0, 67.0 18.0, 68.0 18.0, 86.0 17.0, 86.0 17.0, 86.0
n 61 28 24 32 175 328 320 968

Weight (kg) Median 76.10 79.70 78.80 97.25 80.00 80.30 79.75 80.00
Min, max 48.9,110.7 58.5,111.8 49.7,125.3 58.6, 150.9 47.0,118.0 47.7,138.3 40.5, 226.4 40.5, 226.4
n 61 28 24 32 175 328 320 968

Ideal body wt (kg) Median 66.70 61.25 64.80 68.20 66.40 64.50 65.20 65.15
Min, max 49.3,81.3 49.2,75.1 46.5,81.2 48.7, 86.3 47.0, 86.8 35.1, 84.9 40.6, 85.6 35.1, 86.8
n 61 28 24 32 175 328 320 968

CLcr (ml/min)” Median 124.70 99.45 29.65 126.30 132.20 123.00 121.50 123.85
Min, max 80.5,221.9 58.2,175.3 8.1,147.3 81.1, 227.5 64.5, 253.5 30.0,291.4 28.1, 382.4 8.1,382.4
n 61 28 24 32 175 328 320 968

Total bilirubin (mg/dl) Median 0.50 0.50 0.60 0.95 0.40 0.40 0.40 0.40
Min, max 0.2,1.3 0.3,1.3 0.2,1.5 0.4,4.1 0.1, 1.7 0.1, 2.0 0.1, 2.0 0.1,4.1
n 61 28 24 32 175 328 320 968

Sex, 1 (%) Male 44 (72.1) 14 (50.0) 15 (62.5) 24 (75.0) 115(65.7)  201(61.3) 218 (68.1) 631 (65.2)
Female 17 (27.9) 14 (50.0) 9 (37.5) 8(25.0) 60 (34.3) 127 (38.7) 102 (31.9) 337 (34.8)

Race, 1 (%) White 50 (82.0) 28 (100.0) 11 (45.8) 26 (81.3) 132 (75.4) 277 (84.5) 278 (86.9) 802 (82.9)
Black 9(14.8) 0(0.0) 12 (50.0) 5(15.6) 40 (22.9) 38 (11.6) 34 (10.6) 138 (14.3)
Other 2(3.3) 0 (0.0) 1(4.2) 1(3.1) 3(1.7) 13 (4.0) 8 (2.5) 28 (2.9)

@ CL¢g, creatinine clearance; max, maximum; min, minimum; PK, pharmacokinetics; #, number of subjects.
b Estimated CLy, values were capped at 160 ml/min for the covariate analysis to avoid consideration of physiologically implausible results.

tedizolid central volume was predicted to be 52 liters, 69 liters, or
88 liters, respectively.

Population pharmacokinetic/pharmacodynamic analyses.
(i) Efficacy. No exposure-response relationships, assessed at day 1

TABLE 3 Parameter estimates and standard errors from the final
population pharmacokinetics model for tedizolid”

and at steady state for the 200-mg tedizolid dose only, were found Final parameter Interindividual
for any of the selected efficacy outcomes. For some of these, i.e. estimate variability/RV
Y Y > b
the clinical response at the PTE in the CE-PTE population and Typical
microbiologic responses, failure rates were so low that it was im- ~ Parameter value %SEM  Magnitude % SEM
possible to model exposure-response relationships (see Table 5,  k, (liter/h) 1.99 13.0 194% CV 11.0
which reflects actual MIC data from phase 3 patients). Logistic ~ CL (liter/h) 6.69 2.28
Power term for the effect 0.811 11.9
of IBW on CL 31.0% CV 8.70
Slope for the effect of total ~ —0.851  13.1
Oral bilirubin on CL
105 ... V. (liter) 69.0 2.58
:ET . . A Power term for the effect 1.32 8.92 13.4% CV 33.1
EXE 5 T of IBW on V,
= Sl Q (liter/h) 0.959 10.3 NE NE
2 011 S ,,l ‘I s, v, (liter) 13.6 6.30 NE NE
£ N Lo Fl 0.859 2.47 NE NE
g 001 g: SR ‘ l Py DUR (h) 1.62 8.90 NE NE
s omE b d RV for phase 1 studies 0.148  17.1 0384SD  NA
b} o (log units)
sooot(____ RV for phase 2/3 studies 0210 5.37 0458SD  NA
2 0 10 20 30 40 50 60 70 80 90 100 (log units)

Time Since Last Dose (h)
Dose (mg) +++200 ***300 444400

FIG 1 Plasma tedizolid concentrations versus time since the last dose strati-
fied by dose after oral administration. Dose represents the corresponding te-
dizolid phosphate disodium or tedizolid phosphate dose administered.
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@ k,, first-order absorption rate constant; CL, clearance; V., central volume; Q,
intercompartmental CL; V,,, peripheral volume; F1, absolute bioavailability; DUR,
duration of zero-order absorption; IBW, ideal body weight; CV, coefficient of variation;
NA, not available; NE, not estimated; RV, residual variability; SD, standard deviation;
SEM, standard error of the mean. The minimum value of the objective function was
—754.773.
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regression analyses were thus done only for the two remaining
efficacy outcomes.

The overall estimated exposure range in phase 3 patients was
modest, with AUC(,_,,, ranging from 6.57 to 49.86 ug - h/ml.
Median (range) day 1 AUC,_,,)/MIC ratios in patients with and
without early clinical responses at 48 to 72 h were 71.58 (range,
9.53 to 1,259.47) and 75.33 (range, 24.99 to 1,169.00), respec-
tively. The proportions of patients with an early clinical response
at 48 to 72 h were similar across the range of exposure values
(Fig. 3). Similarly, an exposure-response relationship was also not
evident at the PTE in ITT patients (Fig. 3).

(ii) Safety. The final PK/PD model for the probability of any
treatment-emergent adverse event was described by an increasing
linear function of the day 1 AUC,, _,,), with additive shifts accord-

TABLE 4 Assessment of the clinical relevance of covariate effects in the
final population PK model for tedizolid?

5th percentile of covariate

Covariate included in (median value):95th

final population PK percentile of covariate Predicted AUC
model (median value) ratio
IBW (kg) 52.00:64.65 1.19
77.60:64.65 0.86
52.00:77.60 1.38
Total bilirubin (mg/dl) 0.1:0.4 0.96
1:0.4 1.08
0.1:1 0.89

“ AUC,,, area under the concentration-time curve at steady state; CL, clearance; IBW,
ideal body weight; PK, pharmacokinetics. Typical CL values for the covariate value of
interest (e.g., the IBW was 64.65 kg) were calculated using the equations from the final
PK model. The typical AUC, was calculated from the dose divided by the CL. Other
continuous covariate values were set to median values.
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ing to geographic region. The parameter estimates and standard
errors for the final model are presented in Table 6. With increasing
day 1 AUC,_,,), the probability of experiencing any treatment-
emergent adverse event was predicted to increase. Patients from
North America, Latin America, and Australia/New Zealand had a
higher predicted probability of any treatment-emergent adverse
event than patients from Europe or South Africa. As shown in Fig.
4, the observed and predicted probabilities of any treatment-
emergent adverse event versus day 1 AUC,_,, by region indicate
reasonable concordance. For a patient from North America, Latin
America, or Australia/New Zealand, the model-predicted proba-
bilities of any treatment-emergent adverse event were 0.43, 0.47,
and 0.54 at the median day 1 AUC,_,,, (18,881 ng-h/ml, 23,232.5
ng - h/ml, and 30,444 ng - /ml) associated with tedizolid doses of
200, 300, and 400 mg, respectively. For a patient from Europe, the
corresponding model-predicted probabilities of any treatment-
emergent adverse event were 0.15, 0.18, and 0.22, respectively. For
a patient from South Africa, the corresponding model-predicted
probabilities of any treatment-emergent adverse event were 0.16,
0.19, and 0.24, respectively.

Model validation results supported the predictive ability of the
final exposure-response model for the probability of any treat-
ment-emergent adverse event. Results of additional analyses as-
sessing the occurrence of any treatment-emergent adverse event
and treatment-emergent gastrointestinal adverse events specifi-
cally for the 200-mg dose of tedizolid suggested no exposure-re-
sponse relationships with this dose.

The exploratory graphic analysis (see the supplemental mate-
rial) showed that there was no apparent relationship between the
minimum or maximum decrease in neutrophil or platelet counts
and tedizolid exposure measures on day 1 or at steady state.

Target attainment analysis. Figure 5 shows the estimated
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Tedizolid Pharmacokinetics and Exposure Response
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FIG 3 Proportions of intent-to-treat patients with an early clinical response at
48 to 72 h (=20% decrease in lesion area) and a clinical response at the post-
therapy evaluation relative to tedizolid exposure. Symbols represent the me-
dian exposures and associated observed probabilities.

mean PK/PD target [i.e., day 1 fAUC,_,4/MIC ratio of 3] over the
tedizolid MIC distribution for S. aureus. This analysis suggested a
98.31% probability of rapidly attaining this target measure in pa-
tients with an infection caused by strains for which tedizolid MIC
values were =0.5 pg/ml when tedizolid was administered at the
200-mg dose. The simulated probability of target attainment is
reduced to 70.70% for an MIC value of 1 g/ml and approaches 0
for MIC values of 2 pg/ml (1.06%) or more. For fAUC/MIC ratios
of 2 and 4, the probabilities of target attainment with the 200-mg
dose at an MIC of 0.5 pg/ml were 99.5% and 95.5%, respectively.
A separate analysis showed that in the two phase 3 studies, >99%
of all patients with available PK and MIC data actually attained the
desired fAUC/MIC target ratio.

DISCUSSION

Using well-established modeling methods, the population PK of
tedizolid was characterized using pooled data from seven clinical
trials that evaluated single- and multiple-dose regimens of tedi-
zolid phosphate or tedizolid phosphate disodium given intrave-
nously or orally at once-daily doses ranging from 100 mg to 400
mg. A two-compartment model with sigmoidal absorption, abso-
lute bioavailability, and linear elimination described the data well.
This contrasts with previously reported population PK analyses
for linezolid (the first approved oxazolidinone antibacterial),

TABLE 6 Parameter estimates and standard errors from the final
logistic regression model for the probability of any treatment-emergent
adverse event

Final parameter estimate”

Parameter Typical value % SEM

Logit for placebo in North America, Latin —1.0487 26.0
America, and Australia/New Zealand

Logit for slope of day 1 AUC,_,,, (ng - h/ml) 4.0E7% 32,5

Additive shift for Europe —1.4281 16.1

Additive shift for South Africa —1.3353 30.0

“ The minimum value of the objective function was 1017.752. The Hosmer-Lemeshow
goodness-of-fit chi-square value was 7.6302 (P = 0.4704). The C statistic was 0.652 (the
C statistic, a global measure of goodness of fit for logistic regression, measures how well
a model discriminates subjects having an event from subjects not having the same
event).
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FIG 4 Final observed and model-predicted probabilities of any treatment-
emergent adverse event (AE) versus day 1 AUC,_,,), by region. Lines repre-
sent the model-based predicated probabilities of any treatment-emergent ad-
verse event. Symbols represent the median day 1 fAUC,_,,, and associated
observed probabilities. Hash marks near the x axis represent the individual day
1 fAUC,_,,) for patients with any treatment-emergent adverse event. N.,
North; L., Latin; NZ, New Zealand.

which exhibited nonlinear PK and greater interpatient PK vari-
ability, possibly because of increasing autoinhibition of metabo-
lism over time (13, 14). The absorption model for tedizolid indi-
cates a zero-order release of orally administered drug in the
gastrointestinal tract (D1 parameter), with drug subsequently be-
coming available for absorption via a first-order process (k,);
therefore, the overall rate of absorption over time is depicted by a
sigmoidal shape.

The pooling of full-profile PK data from phase 1 studies with
the sparsely sampled phase 2 and phase 3 data were beneficial
because the richly sampled phase 1 data helped improve the pre-
cision of parameter estimation. Comparison of the model esti-
mates with previously published data further supports the validity
of the final model. For instance, estimates of clearance and total
volumes of distribution were similar to the corresponding values
derived using noncompartmental analysis from phase 1 studies of
tedizolid in healthy adult subjects. In those studies, tedizolid clear-
ance was reported as 6.37 (£1.19) liter/h and 5.87 (+1.41) liter/h
after single and multiple intravenous doses, respectively, and
mean volume of distribution at steady state (V) values ranged
from approximately 67 to 80 liters (5, 16). The model-estimated
absolute bioavailability was also similar to the previously reported
absolute bioavailability of 91% (17) and indicates that oral bio-
availability is high.

The demographics of our pooled population that included
healthy subjects, patients with ABSSSI, and subjects (from both
phase 1 and phase 3 studies) with various degrees of end organ
impairment were diverse, with large ranges for age and body
weight. This diversity allowed for robust assessment of covariate
effects on the PK model parameters. Of all potential clinically
relevant covariates, only ideal body weight (for clearance and cen-
tral volume [V,]) and total bilirubin (for clearance) were identi-
fied as statistically significant predictors of tedizolid PK; however,
the ratios between the corresponding model-estimated extreme
AUC; values (i.e., at the 5th or 95th percentiles of the respective
covariate) and the reference AUC (i.e., at the median of the re-
spective covariate) were close to 1, which suggests that neither
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FIG 5 Probability of pharmacokinetic/pharmacodynamic target attain-
ment for tedizolid administered at the 200-mg dose against S. aureus at the
fAUC,_,4/MIC target ratio of 3 and the probabilities of the occurrence of
specific MICs among the virtual patients simulated in this target attainment
analysis.

factor exerts a clinically meaningful effect on tedizolid exposures.
Our relatively robust target attainment analysis supports this con-
clusion by showing that an fAUC/MIC ratio of 4 still results in a
95% probability of achieving the conservative PK/PD target de-
sired for efficacy. This ratio is analogous to a decrease in AUC by
one-third from median compared with the reference AUC value
(represented by the reference fAUC/MIC ratio of 3, which itself is
one-third lower than a ratio of 4). The 200-mg tedizolid dose
provided sufficient exposure to achieve the target FAUC/MIC ratio
in nearly all patients at an MIC value of 0.5 p/ml, and this prob-
ability was still above 95% for target ratio changes of about one-
third.

When assessing tedizolid doses up to 400 mg, the incidence of
treatment-emergent adverse events increased with drug exposure,
but no such relationship was evident between exposure and he-
matologic safety parameters. At the 200-mg dose administered in
phase 3 trials, no relationship was found between tedizolid expo-
sure and any of the evaluated safety measures.

Opverall, the results of our population PK analysis suggest that
tedizolid dose adjustments are not necessary based on patient age,
sex, race, body weight, BMI, renal function, and hepatic function.
This is supported by results from noncompartmental analyses us-
ing richly sampled PK data from subjects with hepatic or renal
impairment (including subjects requiring hemodialysis), reported
in the companion piece to this article (18). Of note, those non-
compartmental analyses showed increases in geometric mean te-
dizolid AUCs of 22% and 34% in subjects with moderate and
severe hepatic impairment, respectively, compared with those of
matched controls (18). Our PK/PD analyses, which showed no
relationship between tedizolid exposure and treatment safety at
the 200-mg dose, indicate that such modest increases in tedizolid
exposure are unlikely to result in a higher overall incidence of
adverse events.

PK/PD modeling also did not show an exposure-efficacy rela-
tionship. The probability of achieving early clinical responses at 48
to 72 h (the primary efficacy endpoint recommended by the U.S.
Food and Drug Administration) (17) and a clinical response at the
PTE (the primary efficacy endpoint recommended by European
regulators) (19, 20) were not related to any of the measures of
tedizolid exposure on day 1 or at steady state. Two considerations
may help to explain this finding. First, only data from patients
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receiving the 200-mg dose were incorporated into the PK/PD ef-
ficacy analysis, and given the low interpatient variability of tedi-
zolid, only a limited range of exposures was observed in these
patients. Although we also had efficacy data from patients who
received higher tedizolid doses, these were from an early phase 2
study conducted in c¢SSSI patients; therefore, these data are not
readily applicable to the treatment of ABSSSI and were conse-
quently excluded from efficacy PK/PD modeling. Second, in that
phase 2 study, once-daily doses of 300 mg and 400 mg did not
provide additional clinical and microbiologic benefit over the
200-mg dose; across phase 2 and phase 3 efficacy studies, these
three tedizolid dosage regimens resulted in high treatment re-
sponse rates of greater than 80%. Therefore, it is likely that tedi-
zolid exposure achieved with the 200-mg dose administered in the
phase 3 trials represents a plateau in the exposure-response rela-
tionship. Nonclinical studies showed a similar plateau at human-
equivalent tedizolid doses of 200 mg once daily (8).

Therefore, tedizolid doses greater than 200 mg are not ex-
pected to provide additional treatment benefit. Conversely, doses
lower than 200 mg are unlikely to be effective; when applying the
results from our target attainment analysis, a 100-mg once-daily
dose yielded only a 71% probability of attaining the desired fAUC/
MIC target against an S. aureus strain for which the tedizolid MIC
was 0.5 pg/ml, the maximum MIC observed to date for this patho-
gen. (This argument assumes that such an approach is equivalent
to treating S. aureus with a hypothetical tedizolid MIC of 1 g/ml
with the 200-mg dose.)

It has previously been suggested that an fAUC/MIC ratio of
=3 represents a clinically meaningful PK/PD target for tedi-
zolid efficacy (12). The robustness of this specific ratio was
illustrated by our target attainment analysis, in which ratios of
2, 3, and 4 all showed very similar results. The simulated target
attainment results are strongly supported by actually observed
results from the two phase 3 studies, in which more than 99%
of patients for whom data were available attained the desired
PK/PD target. Based on the target attainment analyses and the
fact that high clinical and microbiologic response rates were
observed for all pathogens across the entire range of tedizolid
MIC values (up to the maximum observed MIC of 0.5 pg/ml)
(Table 5), we can infer (i) a susceptibility breakpoint of 0.5
pg/ml for tedizolid against S. aureus (MSSA or MRSA) and (ii)
that other common ABSSSI pathogens for which the tedizolid
MIC was =0.5 pg/ml can likely also be successfully treated with
tedizolid at 200 mg once daily.

Evaluation of the relationship between tedizolid exposure and
efficacy and safety facilitates our understanding of the appropriate
dosing of this drug in clinical use. Our results strongly suggest
that, at the 200-mg dose level, the modest interpatient variability
in tedizolid exposure does not exert any effects on treatment out-
comes, laboratory safety measures, or adverse events. Further-
more, use of the 200-mg dose seems to result in a high probability
of attaining the PK/PD target measure in patients with ABSSSI,
and higher doses do not seem to result in additional treatment
benefit. Tedizolid dose adjustments do not appear to be necessary
for elderly or obese patients or for patients with hepatic or renal
impairment. Overall, these findings support using the 200-mg
once-daily dose for all patients receiving tedizolid for treatment of
ABSSSI.
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