ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Oct. 2009, p. 4422-4428
0066-4804/09/$08.00+0 doi:10.1128/AAC.00231-09

Vol. 53, No. 10

Copyright © 2009, American Society for Microbiology. All Rights Reserved.

Oritavancin Population Pharmacokinetics in Healthy Subjects and
Patients with Complicated Skin and Skin Structure
Infections or Bacteremia”

Christopher M. Rubino,"** Scott A. Van Wart,"* Sujata M. Bhavnani,'* Paul G. Ambrose,'~
Jill S. McCollam,*} and Alan Forrest'

Institute for Clinical Pharmacodynamics, Ordway Research Institute, Inc., Albany, New York'; SUNY at Buffalo, School of
Pharmacy and Pharmaceutical Sciences, Buffalo, New York? and Targanta Therapeutics, Cambridge, Massachussetts®

Received 18 February 2009/Returned for modification 18 May 2009/Accepted 14 July 2009

Oritavancin is a novel glycopeptide antimicrobial agent with potent in vitro activity against a wide
variety of gram-positive bacteria, including multidrug-resistant strains of staphylococci and enterococci.
A population pharmacokinetic model was developed to describe the disposition of oritavancin with data
from a pooled population of phase 1 healthy subjects and phase 2 and 3 patients with complicated skin
and skin structure infections or Staphylococcus aureus bacteremia. In addition, the potential influence of
factors such as the subject’s age, gender, and clinical laboratory measures on oritavancin disposition was
evaluated. Oritavancin was administered as both single- and multiple-dose intravenous (i.v.) infusions in
fixed doses ranging from 100 to 800 mg or weight-based doses ranging from 0.02 to 10 mg/kg of body
weight, with infusion durations ranging from 0.13 to 6.5 h across all studies. The most robust fit to the data
(n = 6,290 oritavancin plasma concentrations from 560 subjects) was obtained using a three-compartment
model with zero-order i.v. infusion and first-order elimination. The model was parameterized using total
clearance (CL), volume of central compartment (Vc), distributional clearances from the central to both
the first and second peripheral compartments, and volumes of distribution for both the first and second
peripheral compartments. Weight and study phase (phase 1 versus phase 2/3) were identified as significant
predictors of the interindividual variability in CL, while body surface area and age were significant for Vc.
These results suggest that dose modification may be warranted in patients weighing >110 kg. However, the
mild nature of the observed relationships for Vc suggest that dosing adjustments are not necessary for

elderly patients.

Oritavancin (LY333328) is a novel, semisynthetic glycopep-
tide that has shown superior activity against gram-positive bac-
teria, including multidrug-resistant strains of staphylococci and
enterococci (16). In vitro studies have demonstrated rapid,
dose-dependent bactericidal activity for oritavancin against en-
terococci, staphylococci, and Streptococcus pneumoniae (1).

Oritavancin is currently being developed for the treatment
of complicated skin and skin structure infections (cSSSI)
caused by susceptible isolates of gram-positive microorganisms
(10, 15). Numerous phase 1, 2, and 3 studies have been con-
ducted evaluating oritavancin in both healthy subjects and in-
fected patients with cSSSI or Staphylococcus aureus bacteremia
(3, 8, 12). It has been administered as either single- or multi-
ple-dose intravenous (i.v.) infusions in fixed doses ranging
from 100 to 800 mg or as weight-based doses ranging from 0.02
to 10 mg/kg of body weight. Pharmacokinetic (PK) studies
have shown that oritavancin displays linear PKs for weight-
based or fixed dose ranges (3, 8, 12). Additionally, oritavancin
was shown to be safe and well tolerated, with no clinically
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relevant changes in renal, hepatic, or hematological indices
compared to the individual’s baseline. Elimination of oritavan-
cin from the body employs both renal and fecal routes, with
renal as the major route with a very slow process (<5% of a
dose is excreted in the urine over 14 days while <1% is elim-
inated in feces over that time), indicating a rapid tissue accu-
mulation and prolonged retention (3). Furthermore, there is
no evidence of metabolism of oritavancin, as no metabolites
were detected in either urine or feces in humans (3) or any
other species. In animal studies, the tissue distribution of ori-
tavancin showed high retention and slow clearance in the re-
ticuloendothelial systems of the liver, kidney, spleen, and lung,
with 59 to 64%, 2.7%, 1.8%, and 1.7% accumulation of the
administered dose, respectively (data on file at The Medicines
Company [formerly Targanta Therapeutics]).

Based on a previous population PK analysis, plasma concen-
trations of oritavancin displayed a multiexponential decline and
were best described using a three-compartment model (12).
The long half-life estimates, >24 h for the 8 phase and >300
h for the vy phase (3, 8), suggest that drug accumulation can
occur after the administration of multiple-dose regimens
and that a once-daily dosing regimen is feasible. The goals
of this analysis were the following: (i) to develop a popula-
tion PK model that described the disposition of oritavancin
using pooled data from 12 studies; (ii) to assess the impact
of subject demographic and disease characteristics on inter-
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subject variability on selected PK parameters; and (iii) to
generate individual exposure measures for subsequent phar-
macokinetic-pharmacodynamic (PK-PD) analyses for effi-
cacy.

MATERIALS AND METHODS

Study design. Data from phase 1, 2, and 3 studies from the clinical develop-
ment of oritavancin were pooled to develop a population PK model. A total of
12 studies were included in this analysis. These included nine phase 1 studies
evaluating healthy subjects, two phase 2 studies of patients with either cSSSI or
S. aureus bacteremia, and one phase 3 study of patients with cSSSI. Briefly, the
phase 1 studies were of the following designs: three were dose escalation, two
assessed the effect of oritavancin on corrected QT (QT,) interval, one examined
hepatic impairment, one investigated the potential for oritavancin to cause a
drug-drug interaction with desipramine, and two assessed the accumulation in
the skin or intrapulmonary fluids. Various dosing regimens were employed,
ranging from single doses to multiple doses administered up to 14 days. Fur-
thermore, the PK sampling strategies were designed to capture as much infor-
mation on the disposition of oritavancin as possible. Thus, the majority of studies
employed robust PK sampling strategies for extended periods of time (>200 h
after the dose).

Only those subjects who met eligibility requirements in these studies were
included in this analysis. Oritavancin was administered as either single- or mul-
tiple-dose i.v. infusions in fixed doses ranging from 100 to 800 mg or as weight-
based doses ranging from 0.02 to 10 mg/kg across all studies, with the planned
duration of infusion ranging from 0.5 to 1.5 h. Whenever possible, the actual
oritavancin dose amounts administered and the infusion start-stop dates and
times were recorded for each study and used in this analysis. When these data
were not available, dose times and/or infusion durations were imputed according
to the protocol-specified dosing times and scheduled infusion duration.

PK sample and assay methods. Blood samples were collected into Vacutainer
tubes containing EDTA at protocol-specified times after the start of infusion in
each of the studies. The actual dates and times for collected PK samples re-
corded on each case report form were used for this analysis.

Each blood sample was kept on ice and centrifuged at 3,000 X g for 15 min at
4°C within 30 min of collection. Plasma was separated and stored at —70°C until
analysis. In only one phase 1 study, the plasma concentration of oritavancin was
analyzed using a competitive radioimmunoassay with a lower limit of quantita-
tion of 0.01 ng/ml. PK samples from all other studies were analyzed by a validated
liquid chromatography with tandem mass spectrophotometry (LC/MS/MS)
method with a lower limit of quantitation of 75 ng/ml. Inter- and intra-assay bias
and precision were <10% and <15%, respectively.

Free-drug concentration was not measured for oritavancin in the studies de-
scribed herein. However, other investigations have found that the protein bind-
ing for oritavancin ranges from 85.7% to 89.9% and appears to be concentration
independent over a concentration range of 1 to 91 pg/ml (13a).

The potential loss of oritavancin to plastic and/or glass surfaces was recognized
early in the development of this agent as an important process variable that could
affect oritavancin assay results. This loss was also recognized to be concentration
dependent, such that the surface binding and/or loss was greatest at low concen-
trations (i.e., below 1 wg/ml). However, oritavancin concentrations in the bio-
logical matrices under investigation were shown to be constant over time. In
addition, extensive work was completed to define the rate and extent of this
plastic/glass binding phenomenon, with the specific goal of attenuating this
process. This work revealed that use of detergents or acidification of the medium
to a pH of =3 reduced adsorption of oritavancin to these surfaces (data on file
at The Medicines Company [formerly Targanta Therapeutics]). These process
variables were incorporated into the radioimmunoassay and the high-perfor-
mance LC-based techniques (LC-fluorescence or LC/MS/MS), which were used
to assay oritavancin concentrations in plasma or urine collected from patients
enrolled in phase 1, 2, and 3 clinical trials. These assays were performed using
Good Laboratory Practice standards and, as such, included multiple quality
control measures, including a demonstration of the linearity between concentra-
tion and signal strength which ensures that unforeseen losses during manipula-
tion do not impact the determination of concentrations.

Subject demographic and disease characteristics. Prior to the administration
of the study drug, subject demographic and disease characteristics were evalu-
ated. Demographic information included the following: age, weight, height, gen-
der, and race. Ideal body weight (IBW), body mass index (BMI), and body
surface area (BSA) were also calculated for each subject (9, 13). Renal function
was assessed using creatinine clearance (CL.,), as calculated from baseline serum
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creatinine using the method described by Cockcroft and Gault (5). If the sub-
ject’s actual weight was greater than their calculated IBW, IBW was replaced for
actual weight in the CL, equation. CL,, was further normalized according to the
individual’s BSA. Categorical variables were also generated including gender
(male or female), race (Caucasian, Black, Asian, Hispanic, or other), and subject
population (healthy, with cSSSI, or with S. aureus bacteremia). These subject
demographics and disease characteristics were used to describe the analysis
population and to evaluate their ability to explain the interindividual variability
of selected PK parameters. All continuous covariates were evaluated as such
during covariate model development.

Population PK analysis. All data preparation, manipulation, and presentation
across the 12 pooled studies were performed using SAS version 9.1.3 software
(14). The PK analyses were conducted using Monte-Carlo parametric expecta-
tion maximization (MCPEM) as implemented in the open-source software pro-
gram S-ADAPT 1.5.6. S-ADAPT (scriptable-ADAPT) is a version of ADAPT II
that contains an augmented interface as well as additional parameter estimation,
simulation, and optimization abilities (2, 6, 7).

An outlier was defined as an aberrant oritavancin plasma concentration that
substantially deviated from the rest of the observations within an individual.
Suspected outlier observations were tested and, if justified, excluded, based on
the following procedure. Data for each subject were fit with and without the
individual suspected outlier plasma concentrations. If the difference between the
value of the fitted concentration and the observed concentration was at least 3
error standard deviations (SD), the trajectory of the PK profile was altered
significantly, and an improvement was seen in the fit of the remaining samples for
that subject without the suspected outlier observation, then the observation was
declared a significant outlier. If the majority of the suspected outlier concentra-
tions appeared to occur at roughly the same time since the last dose, additional
attempts were made to modify the structural model to try to capture these
observations. Additionally, if an entire intensively sampled individual PK profile
failed to follow a reasonable pattern relative to the dosing history, the data from
the entire subject were excluded to prevent introducing bias into the analysis.

Based on previous population PK analyses of oritavancin (4, 12), a three-
compartment model was initially evaluated while other structural models were
explored only if needed. The model was parameterized using total clearance
from the central compartment (CL), volume of distribution of the central com-
partment (Vc), distributional clearances from the central compartment to both
the first and second peripheral compartments (Q2 and Q3, respectively), and the
volumes of distribution for both the first and second peripheral compartments
(V2 and V3, respectively). Weighting of each oritavancin concentration was
based on the reciprocal of the estimated observation SD for that observation,
which was predicted as a function of the fitted concentration. A combined
additive plus proportional error model was used to describe the residual vari-
ability (RV). The additive component (SD;,) was fixed across the population,
and the proportional component (SDy;) was estimated but not allowed to vary
between subjects. Other RV models were also explored.

Covariate analysis. Once an adequate base structural PK model was selected,
individual predicted post-hoc parameter estimates were generated for each sub-
ject. The PK parameters along with subject demographic and disease character-
istics were merged to assess the impact of these subject descriptors on explaining
the intersubject variability for selected PK parameters (CL and Vc). Diagnostic
plots of the individual predicted parameters versus each of the covariates were
then generated to discern the functional form of the relationship between the PK
parameter and the covariate. Linear, exponential, power, additive, or propor-
tional shifts, as well as piece-wise combinations of these functional forms, were
applied for covariate analysis. Only covariates that were statistically significant in
a linear or multiple linear regression (a = 0.05) were formally tested in S-
ADAPT. All covariate effects whose addition resulted in a significant reduction
in the value of the objective function (OF) (a decrease of at least 3.84 [<0.005,
1 degree of freedom by likelihood ratio test]) were included in the full multiva-
riable model. The resulting multivariable model was used to examine the appro-
priateness of the interindividual variability and RV models. A recursive back-
ward-elimination procedure was then performed to further refine the model and
eliminate correlated predictors. During each step of backward elimination, the
covariate whose removal resulted in the smallest insignificant increase in the OF
(a change of no more than 5.94 [<0.0001, 1 degree of freedom]) was removed
from the model. This process was repeated until no further covariate effects
could be removed from the model without a statistically significant difference in
the minimum value of the OF. The final model was then assessed for the
appropriateness of the interindividual variability and RV models.

Calculation of secondary PK parameters and exposure estimates. Since a
three-compartment model was employed, the three elimination half-lives («, B,
and +y) were calculated by solving the cubic function (17). The area under the
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plasma concentration-time curve from 0 to 24 h (AUC,_,4) and the maximum
(Cinax) and minimum (C,;,) plasma concentration values were generated by PK
simulation using the final population PK model implemented in S-ADAPT. In
this simulation, the subjects’ dosing histories and post-hoc PK parameter esti-
mates were used to generate a PK profile after each dose. The AUC,_,, was
calculated by integrating that PK profile over time in very small time increments.
Cnas and C ;.8 were obtained by simulating the concentrations immediately
following the end of the infusion and immediately prior to the next infusion,
respectively.

RESULTS

Data. A total of 574 subjects and 6,432 oritavancin plasma
concentrations were available from 12 clinical studies from
phase 1, 2, and 3 from either healthy subjects or infected
patients with cSSSI or S. aureus bacteremia. However, 14 sub-
jects and 96 oritavancin plasma concentrations were removed
from the PK analysis data set due to one of the following
reasons: subjects had no oritavancin PK data, samples were
collected prior to the first oritavancin dose, samples were re-
ported as missing or not collected, or samples came from a
dosing schedule that appeared to be switched. Additionally, 46
oritavancin plasma concentrations were excluded in the re-
maining data set since they were deemed to be significant
outliers. Thus, the final data set, which contained 6,290 orita-
vancin concentrations from 560 subjects, was used to develop
the population PK model.

The robust data set included patients with a wide range of
ages, body sizes, and renal function. The mean (percent coef-
ficient of variation [%CV]) age was 47.9 (33%) years and
ranged from a minimum of 19 years to a maximum of 90 years.
The mean (%CV) body weight was 79.4 (30%) kg and ranged
from 39.3 to 227 kg. Of the 46 subjects with body weights above
110 kg, the majority (n = 36; 78%) were below a weight of 150
ke, and only 3 subjects had a body weight above 200 kg. The
mean (%CV) CL,, was 85.0 (45%) ml/min/1.73 m? and ranged
from 6.70 to 326 ml/min/1.73 m?. The population was predom-
inantly male (65.5%) and Caucasian (59.5%). Of the 560 sub-
jects in the data set, 200 (35.7%) had been enrolled in a phase
1 study; the remainder had been enrolled in phase 2 or 3
studies, with the majority of these patients (n = 360) having
cSSSI as a primary diagnosis (n = 274; 76.1%).

In the 12 pooled clinical studies, a wide range of oritavancin
doses from 1 to 1,220 mg was administered and included in the
population PK analysis. The actual duration of infusion ranged
from 0.13 to 6.5 h across all subjects, with 68.5% of subjects
having received oritavancin as a one-hour infusion. PK sam-
pling for phase 1 healthy subjects was more intensive, while
that for patients enrolled in phase 2 and 3 studies was more
sparse. Nevertheless, more than 90% of the subjects contrib-
uted at least six samples to the population PK analysis. Semilog
scatterplots of oritavancin concentration versus time since the
start of the last infusion, stratified by dose range, following
either a single dose or multiple doses of oritavancin can be
seen in Fig. 1A and 1B, respectively. Note that PK samples
were collected over a period of several days after either a
single- or multiple-dose regimen.

Population PK analysis. A robust fit to the data was ob-
tained using a three-compartment model with zero-order i.v.
infusion and first-order, linear elimination, utilizing a com-
bined additive and proportional RV model. The population
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FIG. 1. (A) Semilog scatterplot of oritavancin concentrations ver-
sus time since start of last infusion, stratified by dose range, following
a single dose of oritavancin. (B) Semilog scatterplot of oritavancin
concentrations versus time since start of last infusion, stratified by dose
range, following multiple doses of oritavancin.

PK parameter estimates and associated standard errors for the
base structural model are provided in Table 1. Most of the
mean PK parameters had a moderate magnitude of interindi-
vidual variability and high precision (percent standard error of
the mean [%SEM], <5%), with the exception of Q3. This high
precision of interindividual variability parameters can be ex-
plained by the relatively intensive sampling strategy in the
majority of subjects and the large number of subjects in the
data set.

A total of 560 records in the data set was used for the
covariate analysis along with the patient demographics, disease
characteristics, and PK parameter estimates. Using univariable
* values, BSA was chosen as the one body size covariate
(among total body weight, BSA, IBW, and BMI) which ap-
peared to explain the largest amount of interindividual vari-
ability in both CL and Vc. Both linear and nonlinear functions
were attempted, and based on the fit of the relationships, a
linear relationship between CL or Vc and BSA was used
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TABLE 1. Base structural and final population PK model for oritavancin

Base structural population PK model”

Final population PK model”

Parameter Population mean

Magnitude of interindividual
variability (%CV)

Magnitude of

Population mean interindividual variability

(%CV)
Final estimate %SEM Final estimate %SEM Final estimate %SEM Final estimate %SEM

CL (liter/h) 0.453 1.83 42.2 0.0000413 0.456 33.7 8.71

Ve (liter) 5.89 1.72 37.1 0.0000805 5.88 35.2 8.96

Q2 (liter/h) 0.846 2.64 57.5 0.0601 0.872 3.68 60.2 11.3

V2 (liter) 14.2 1.45 31.7 0.0970 14.8 5.63 86.9 11.3

Q3 (liter/h) 0.318 3.51 80.2 0.000109 0.259 4.78 76.5 8.86

V3 (liter) 99.7 2.52 57.8 0.0153 90.0 5.61 79.5 10.7

CL intercept (liter/h) 0.0374 2.04

CL WTKG slope (liter/h/kg) 0.00164 26.9

CL shift, phase 2/3 patients 1.30 10.0

Vc intercept (liter) 5.56 2.07

Ve BSA slope (liter/m?) 1.85 16.6

Vc age slope (liter/yr) —0.0354 16.6

in 0.220
sl 0.250 1.11

SD;,,, phase 1 subjects 0.150

SD,,, phase 1 subjects 0.146 1.59

SD;,,, phase 2/3 patients 0.220

SD,,, phase 2/3 patients 0.304 1.80

“ Minimum value of the objective function, 11,501.

> Minimum value of the objective function, 10,568. Final population mean CL = {0.374 + [0.00164 - (WTKG — 80) - (1 — WTKG,)] - 1.30¢! ~ phase D}y 'WTKG,
is an indicator variable set to 1 if WTKG is =80 and set to 0 if WTKG is >80, and phase 1 is an indicator variable set to 1 for phase 1 subjects and set to 0 for phase
2 or 3 patients. Final population mean Vc = 5.56 + [1.85 « (BSA — 1.73)] — [0.0354 - (age — 48)].

throughout the initial covariate selection process (i.e., prior to
RV model refinement). Using multivariable linear regression,
the other covariates showing small, yet significant, apparent
relationships with CL were age, CL,, and gender. Perhaps due
to the high degree of correlation between Vc and CL, very
similar results were found when evaluating relationships be-
tween these covariates and Vc. The main difference seen was
that the slope of the body size relationships appeared much
stronger than it had for CL, despite the fact that r? values were
not significantly higher (data not shown). Using multivariable
linear regression, the covariates selected for inclusion in the
covariate selection process for Vc in S-ADAPT were BSA, age,
gender, and CL,.

During the forward selection process in S-ADAPT, the only
covariates that proved to be significant and were included in the
full multivariable model were the effect of BSA and CL.. on CL
and the effect of BSA and age on Vc. Although the addition of
these covariates did not result in impressive changes in the inter-
individual variability in Vc or CL, they all contributed to signifi-
cant reductions in the OF. Specifically, the first covariate added to
the model was BSA on Vc (OF dropped 259 units), followed by
age on Vc (drop of 29 units), BSA on CL (drop of 9 units), and
CL, on CL (drop of 17 units).

Using the full multivariable model described above, the ad-
equacy of the residual variability model was assessed. At that
time, it was apparent that there was a trend for a small degree
of bias in the higher concentrations drawn from the phase 2 or
3 patients compared to those of the phase 1 subjects. Thus,
separate residual variability models were employed for the two
populations; incorporating this refinement resulted in a signif-
icant drop in the OF (390 units). The impact of assay meth-
odology on the fit of the model was also assessed at this point.

Based on the adequacy of the fit, regardless of assay method-
ology, no changes to the RV model were necessary to account for
those concentrations obtained by radioimmunoassay.

After the change in the RV model, examination of the
screening plots suggested that the covariate relationships for
CL should also be reevaluated. As a result, three changes to
the covariate model for CL were necessary: (i) since the rela-
tionship between CL and CL_, was no longer significant, it was
removed from the model; (ii) a piece-wise linear relationship
between weight in kilograms (WTKG) and CL became more
significant than a direct linear relationship between CL and
BSA, and the former was added to the model (OF dropped 45
units); and (iii) a categorical shift upward in CL for phase 2
and 3 patients relative to phase 1 subjects was significant and
added to the model (OF dropped 34 units).

Thus, the final population PK model for oritavancin was a
three-compartment model with linear elimination which incor-
porated a relationship between CL and both weight in kilo-
grams and study phase population and a relationship between
Vc and both BSA and age. The final parameter estimates and
associated standard errors are provided in Table 1. The mag-
nitude of the interindividual variability was moderate for CL
and Vc and somewhat higher for Q2, Q3, V2, and V3. Com-
pared to the precision of the base structural model, the preci-
sion of the final population PK parameter estimates still re-
mained high (%SEM, <15%). The precision of the parameters
that defined the covariate relationships was also high (<30%),
with the exception of the parameter that defined the propor-
tional shift in CL for phase 2 and 3 patients. Regarding the RV
model, the proportional component of the model for phase 1
subjects was 15% compared with 31% for phase 2 and 3 pa-
tients, which was most likely due to the less-controlled envi-
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TABLE 2. Summary statistics of key PK parameter estimates, stratified by study phase

Phase 1 (n = 200) Phase 2/3 (n = 360)
Variable

Mean (SD) Median (min-max) Mean (SD) Median (min-max)
CL (liter/h) 0.351 (0.109) 0.350 (0.121-0.702) 0.601 (0.204) 0.584 (0.172-1.45)
Ve (liter) 5.19 (1.27) 5.04 (2.37-13.8) 7.10 (2.46) 6.79 (1.17-18.3)
t15q (D) 2.56 (0.653) 2.48 (1.23-4.78) 2.04 (0.440) 2.04 (0.910-4.08)
tipg () 27.0 (11.5) 25.4 (9.38-99.6) 31.2(11.4) 29.2 (8.37-86.3)
tipy (h) 318 (59.1) 314 (191-584) 393 (73.5) 394 (142-602)
AUC 54 (pg * h/ml)* 252 (78.6) 240 (104-614) 146 (63.7) 133 (42.2-618)
Chax (Lg/ml)* 35.7 (9.09) 34.5 (20.4-80.0) 28.5(12.2) 25.9 (10.9-131)
Chin (pg/ml)* 4.11 (1.80) 3.65 (1.23-10.2) 1.99 (1.10) 1.74 (0.540-9.81)

“ AUC.24, Cphaxo and Cyi, have been normalized to a dose of 200 mg for those subjects of =110 kg and to a dose of 300 mg for those subjects of >110 kg.

ronment of the latter trials, thus contributing to inaccuracies in the data were obtained. The plot of observed versus individual
both dose and sampling times. The summary statistics for se- fitted (equivalent to the Bayesian post-hoc) concentrations us-
lected PK parameter and exposure estimates, stratified by ing the final population PK model is provided in Fig. 2A, with
study phase, are provided in Table 2. Overall, excellent fits to an overall 72 of 0.951. Figure 2B shows the weighted residuals
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FIG. 3. (A) Scatterplot of dose-normalized C,,,, versus age (line represents a linear regression fit of the data). (B) Boxplots of predicted,
steady-state AUC,_,, values versus weight categories for two different dosing regimens. The left panel presents the predicted AUC,_,, when
subjects are given 200 mg daily, regardless of body weight. The right panel presents predicted AUC,_,, when subjects are given 200 mg daily when
body weight is less than or equal to 110 kg and 300 mg daily when body weight is greater than 110 kg.

versus time since the start of the last infusion and demonstrates
a consistent fit across the range of times after administration of
a dose, indicating a lack of model misspecification. The scat-
terplot of individual weighted residuals versus individual fitted
concentrations, stratified by study population, is provided in
Fig. 2C, which demonstrates appropriate scatter around the
zero reference line with no trend for bias in the fit. The scat-
terplot of individual weighted residuals versus oritavancin dose
can be seen in Fig. 2D and demonstrates appropriate scatter
around the zero reference line with no trend for bias in the fit,
indicating that the assumption of linear PKs is justified. Figure
3 illustrates the impacts of age (Fig. 3A) and body weight (Fig.
3B) on the PKs of oritavancin.

DISCUSSION

A population PK model using pooled data from phase 1
healthy subjects and phase 2 and 3 patients with ¢SSSI or S.
aureus bacteremia was developed to characterize the disposition
of oritavancin. A robust data set with 6,290 oritavancin PK

samples obtained from 560 subjects was created along with
various subject descriptors and disease characteristics to
assess its influence. Overall, excellent fits to the data were
obtained using a three-compartment model with linear elim-
ination and separate RV models for phase 1 subjects and
phase 2 and 3 patients. Exploration of subject factors that
explain the interindividual variability in oritavancin CL and
Vc demonstrated relationships between both body weight
and study phase and CL and both BSA and age and Vc. No
other relationships were identified between CL and Vc and
gender, age, or renal and hepatic dysfunction.

For CL, the most statistically significant relationship was
observed in subjects of >80 kg of total body weight, with CL
increasing in a linear fashion above 80 kg. The magnitude of
this relationship was such that the population predicted CL
would be expected to rise by approximately 53% over a total
body weight range of 80 to 200 kg. There was no relationship
between total body weight and CL in subjects of =80 kg. For
Vc, the most statistically significant body size measure was



4428 RUBINO ET AL.

BSA. The magnitude of this relationship was such that, assum-
ing age is constant, the population predicted Vc would be
expected to rise by approximately 85% over the BSA range of
1.3 to 3.5 m?. Vc was also found to decrease in a linear fashion
as age increased. The magnitude of this relationship was such
that, assuming BSA is constant, the population predicted Vc
would fall by approximately 35% over the age range of 20 to 85
years.

The relationship between CL and study phase is notable
given that, for many drugs, CL decreases in sick patients due to
compromised organ function. However, our results show CL to
be increased in phase 2 and 3 patients by an average of 30%
after accounting for differences in body weight. The exact
mechanism for this observation is not clear but may be related
to differences in oritavancin tissue distribution between sub-
jects and patients. However, the clinical impact of higher CL in
healthy subjects is somewhat irrelevant, as the drug will be
used only in infected patients, and the other covariate relation-
ships were similar in patients and subjects.

Although the covariate relationships for CL and Vc were
statistically significant, they were not necessarily clinically sig-
nificant, as evidenced by the small amount of the interindi-
vidual variability explained by the covariates retained in the
final model. The interindividual variability in CL decreased
from 40.7% using the base structural model to 33.7% using the
final covariate model; these same values were 36.2% and
35.2% for Vc, respectively. The clinical insignificance of the
relationship between Ve and age is clearly illustrated in Fig.
3A, given that dose-normalized C,,,,, is not increased in elderly
subjects. In contrast, those subjects with very high total body
weight (>110 kg) had clearances high enough that they would
be expected to have oritavancin AUC,_,, values lower than
those for subjects of =110 kg for fixed 200-mg daily doses (Fig.
3B, left panel). Thus, a dosage adjustment for patients of >110
kg may be warranted to maintain similar steady-state AUC,_,,
values. As shown in Fig. 3B, right panel, when administering a
50% increased dose to these patients (i.e., 300 mg daily instead
of 200 mg daily), the distribution of AUC,,_,, values for these
patients is predicted to fall closer to the center of the distri-
bution for patients with a total body weight of =110 kg.

It is important to note that the dosage recommendation
described above is based solely on maintaining a consistent
distribution of AUC,_,, values for a fixed 200-mg daily dosing
regimen, regardless of body size. This is reasonable given that
the PK-PD measure most closely associated with efficacy for
oritavancin is the ratio of the AUC,_,, to the MIC of orita-
vancin for the microorganism (AUC, ,,:MIC ratio) (11).
Based on the goodness of fit of the population PK model and
the richness of the sampling scheme in the phase 2 and 3
studies, confidence for the model-derived individual PK esti-
mates of oritavancin clearance is high. As CL is the sole de-
terminant of AUC,,_,,, individual estimates of AUC,,_,, among
patients with c¢SSSI or S. aureus bacteremia should be accurate
and precise. Thus, future PK-PD analyses may allow for the
opportunity to identify critical threshold AUC,,_,,:MIC ratios
associated with efficacy and will also help to further refine the
importance of the above-described dosing recommendation in
patients with a total body weight of >110 kg.

ANTIMICROB. AGENTS CHEMOTHER.

The results of this analysis illustrate the value of pooling
data across the continuum of clinical drug development to
confirm key PK concepts regarding a drug. Through this pro-
cess, we were able to confirm that oritavancin exhibits linear
PKs and that the only demographic factor of clinical impor-
tance in relation to dose adjustment may be body weight.
Through these analyses, we were also able to evaluate ap-
propriate dosage regimens for heavier patients in order to
achieve exposures similar to those in lighter patients.
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