ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, May 2008, p. 1891-1893
0066-4804/08/$08.00+0  doi:10.1128/AAC.01321-07

Vol. 52, No. 5

Copyright © 2008, American Society for Microbiology. All Rights Reserved.

Pharmacokinetic Evaluation of Single-Dose Intravenous Daptomycin in
Patients with Thermal Burn Injury’

John F. Mohr IIL,'* Luis Ostrosky-Zeichner,' David J. Wainright,” Donald H. Parks,?
Timothy C. Hollenbeck,” and Charles D. Ericsson’

Department of Internal Medicine, Division of Infectious Diseases,* and Department of Surgery, Division of Plastic Surgery,*
University of Texas Health Science Center, Houston, Texas

Received 12 October 2007/Returned for modification 11 November 2007/Accepted 17 February 2008

Daptomycin pharmacokinetics were evaluated for burn patients. Burn patients had decreases in the max-
imum concentration of the drug in serum (44%) and the area under the concentration-time curve (47%) and
increases in the volume of distribution (64%) and total clearance (77%) compared to healthy volunteers. In
burn patients, daptomycin at 10 to 12 mg/kg of body weight/day would be required to achieve drug exposures
similar to those for healthy volunteers receiving 6 mg/kg.

Daptomycin is a novel lipopeptide antibiotic with potent in
vitro activity against gram-positive bacteria, including antimi-
crobial-resistant strains (10). Daptomycin is approved for the
treatment of complicated skin and skin structure infections and
bloodstream infections, including right-sided endocarditis
caused by methicillin-susceptible and -resistant Staphylococcus
aureus strains. Patients with thermal burn injury are at risk of
developing burn wound infections and bacteremia caused by
gram-positive organisms, including drug-resistant organisms
(11). Evaluation of the effect of burn injury on the deposition
of daptomycin is essential to appropriate dosing in this special
population. The purpose of this study was to describe dapto-
mycin pharmacokinetics for patients with thermal burn injury
and compare those parameters with those previously reported
for healthy volunteers.

(These data were presented in part at the 47th Interscience
Conference on Antimicrobial Agents and Chemotherapy, San
Francisco, CA, September 2007.)

This was an open-label, single-center, pharmacokinetic study
in patients with =18% body surface area burns who were at
least 7 days after burn injury and had completed their initial
fluid resuscitation. The study was approved by the Committee
for the Protection of Human Subjects, the Institutional Review
Board for the University of Texas Health Science Center at
Houston. Patients were excluded if their actual body weight
was >30% of their ideal body weight for height or if they had
serum glutamic pyruvic transaminase or serum glutamic ox-
aloacetic transaminase values of =4 times the upper normal
limit of normal, creatine phosphokinase values of =5 times the
upper limit of normal, or estimated creatinine clearance of
=30 ml/min or were receiving continuous renal replacement
therapy. Patients received a single 30-min intravenous infusion
of 6 mg of daptomycin/kg of body weight based on the patient’s
actual body weight via infusion pump. Plasma samples were
obtained at 0.5, 1, 2, 4, 8, 12, and 24 h after the start of the
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infusion. Serum samples were obtained at 1, 2, and 8 h to
determine protein binding. All urine was collected and refrig-
erated from drug administration through 48 h after dosing. All
samples were stored at —70°C until analysis.

Daptomycin plasma and urine concentrations were analyzed
using reverse-phase high-performance liquid chromatography
with UV detection at 220 nm over a range of concentrations
from 2 to 100 pg/ml (7). The intrarun percent coefficients of
variation for the low-quality control of 4 pg/ml and the high-
quality control of 80 pg/ml were 6.20% and 4.69%, respec-
tively. The interrun percent coefficients of variation were
5.74% and 2.56%, respectively. The correlation coefficient for
each calibration curve was greater than 0.999. Daptomycin
protein binding was evaluated as previously described (8).

Pharmacokinetic parameters were calculated utilizing PK
Solutions 2.0 (Summit Research Services, Montrose, CO). The
maximum plasma concentration (C,,,,) was determined di-
rectly from the serum concentration-time plot without inter-
polation. The elimination rate constant (k,) was determined
from the terminal portion of the concentration-time curve, and
the half-life (¢,,,) was calculated as follows: ¢, = 0.693/k,. The
apparent volume of distribution (V) was calculated as dose/
(area under the concentration-time curve from 0 h to infinity
[AUC,...] - k.) and normalized to actual body weight in kilo-
grams. The AUC was determined by the linear trapezoidal rule
and was extrapolated to infinity, where AUC,_.. = AUC,, +
C,/k,. Total clearance (CLy) was calculated as follows: CLy. =
dose/AUC,_... Urinary recovery of daptomycin was expressed
as the percentage of the total amount recovered in the urine/
dose administered. Renal clearance (CLy) was calculated as
follows: CLi; = amount of daptomycin recovered in urine in 48
h/AUC 4.

Demographics of the nine patients are in Table 1 and the
pharmacokinetic parameters are in Table 2. The pharmacoki-
netics of daptomycin in healthy volunteers were previously
reported (1). Patients with burn injury had a 44% reduction in
Crax (3.5 = 14.5 pg/ml versus 95.7 = 30 pg/ml; P < 0.01), a
64% increase in V' (0.18 £ 0.05 liter/kg versus 0.11 * 0.01
liter/kg; P < 0.01), a 77% increase in CL. (17.5 = 7.0 ml/h/kg
versus 9.9 £ 1.2 ml/h/kg; P = 0.02), and a 47% decrease in
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TABLE 1. Patient demographics
Patient Sex Age (yr)  Weight (kg) Height (cm) Zfirsde_g‘;gfe‘gef;fzg % TBSAB*  Albumin (g/dl) Days after
1 Female 50 54.5 168 21/0 21 2.1 27
2 Male 31 120 188 0/50 50 1.6 18
3 Male 57 92.72 170 8/10 18 1.9 7
4 Male 38 77.2 183 15/13 28 1.7 8
5 Female 32 97.7 178 20/16 36 24 9
6 Male 24 61.3 170 25/10 35 1.6 10
7 Male 34 70 175 28/14 42 1.1 13
8 Male 26 73 178 20/4 24 22 7
9 Female 64 79 155 40/10 50 1.7 7
Mean (SD) 39 (14) 81 (20) 174 (10) 20/14 34 (12) 1.8 (0.4) 12 (7)

“ TBASB, total body surface area burned.

AUC,_.. (388 = 137 g - h/ml versus 729 * 234 pg - h/ml; P <
0.01) compared to healthy volunteers. Renal elimination
ranged from 20% to 73% and protein binding averaged 86.5%.

CLy was associated with creatinine clearance (©* = 0.409,
P = 0.05) and CL; (* = 0.09, P < 0.001). A significant
association was found between AUC, ., and the number of
days from burn injury by simple linear regression (> = 0.493,
P = 0.03) (Fig. 1). There was not a statistically significant
association between AUC and weight, age, or percent total
body surface area burns by simple linear regression. There was
not a significant association between protein binding and CL.
and CLy (** = 0.414, P = 0.06, and +* = 0.240, P = 0.18,
respectively).

Physiological changes resulting in altered pharmacokinetics
of antimicrobials are evident in patients with thermal burn
injury (4, 9). We evaluated pharmacokinetics of daptomycin
for burn patients and compared them to those seen for healthy
volunteers, and we found that they were significantly altered.
The decreased AUC and the increased V' and CL;. of dapto-
mycin are consistent with other antibiotics whose pharmacoki-
netics have been evaluated for burn patients (2, 3, 5, 6). Al-
though daptomycin is primarily renally eliminated, the mean
percentage of daptomycin recovered in the urine was 55%),
which is similar to the 54% reported for healthy subjects,
suggesting increased nonrenal clearance (8). The increased V'
observed coupled with the association between the number of
days from burn injury and AUC, with the AUCs approaching
those seen for healthy volunteers later in the burn injury,

supports the hypothesis that daptomycin is cleared through the
burn wounds. Patients with burn injury experience protein loss
across burn wounds (12). Since daptomycin is highly protein
bound, it may be being eliminated in conjunction with the
protein loss during this early postburn phase. However, we also
observed that 86.5% of the drug was bound to serum proteins
in burn patients, which is lower than the 91.7% that has been
reported for healthy volunteers (8). This may have also con-
tributed to the observed increase in CLy as a result of a higher
unbound drug concentration. Regardless, the pharmacokinet-
ics of daptomycin are linear and the AUC was reduced by 47%
for burn patients with a 6-mg/kg dose; thus, an increase in the
daptomycin dose to 10 to 12 mg/kg for burn patients would be
needed to achieve drug exposures similar to those achieved for
volunteers.

While our data are applicable only to patients between 7 and
27 days after burn injury, this is the time frame where infec-
tions caused by Staphylococcus aureus are most prevalent and
the treatment with daptomycin would be most useful. We also
observed a relationship between the daptomycin AUC and the
number of days from burn injury, and as patients approach 30
days postburn, the pharmacokinetic parameters begin to ap-
proach those seen for healthy individuals. However, we had
only two patients in the analysis who received daptomycin
more than 2 weeks after their burn injury. Nonetheless, in-
creasing the dose of daptomycin in patients with thermal burn
injury to account for the altered pharmacokinetics may not be

TABLE 2. Daptomycin pharmacokinetic parameters for patients with thermal burn injury

. “ . Cnax . Protein AUC,... C CL % Renal
Patient CLcg" (ml/min) (ug/mi) v (liter/kg) fu2 (h) binding (%) (g - himl) (ml/hLT/kg) (mih/kg)  climination
1 83 68.1 0.27 154 84.9 655 11.9 58 47
2 140 71.8 0.18 13.7 87.2 502 9.2 1.7 52
3 107 75 0.10 5.4 86.9 462 12.9 7.6 20
4 109 42.4 0.17 6.7 87.0 345 17.4 9.5 61
5 208 54 0.11 4.4 86.8 337 17.8 11.1 58
6 123 49.4 0.17 7.5 90.0 392 154 12.0 65
7 172 38.6 0.23 4.8 81.7 179 335 21.6 73
8 165 40.3 0.20 5.8 87.6 304 20.0 11.2 67
9 79 42.3 0.20 6.6 86.1 317 19.0 13.7 54
Mean (SD) 132 (43) 535(145)  0.18(0.05)  7.8(40)  865(22)  388(137) 175(70) 105(55)  55(14)

“ CLR, creatinine clearance.
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FIG. 1. Relationship between days after burn injury and daptomy-
cin AUC for patients with burn injury.

necessary after 4 weeks after burn injury, and further investi-
gations are warranted.

In conclusion, the pharmacokinetics of daptomycin are al-
tered in patients with thermal burn injury. Due to the linear
pharmacokinetics of daptomycin, a dose of 10 to 12 mg/kg/day
in burn patients would be required to achieve drug exposures
comparable to those reported for healthy volunteers receiving
6 mg/kg, the suggested dose for the treatment of bacteremia
and right-sided endocarditis.
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