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A B S T R A C T  

Objectives: The aims of this article were: to summarize the pharmacology, pharmacokinetics, and efficacy of 
daptomycin; to explore its safety profile', and to discuss its current and potential roles as an antimicrobial therapy 

Methods: A literature search was conducted using the MEDHNE (1966-August 2004) and International 
Pharmaceutical Abstracts (1970-August 2004) databases with the search terms daptomjcm, LY146032, and 
l~yopepfide antibwt~cs. Abstracts of the Interscience Conference on Antimicrobial Agents and Chemotherapy and 
documents submitted to the US Food and Drug Administration were also reviewed. 

Results: Phase III study results suggest no difference in efficacy or tolerability between daptomycin 4 mg/kg 
IV QD and vancomycin or semisynthetic penicillins for complicated skin and skin-structure infections. Animal 
studies suggest daptomycin may be useful for the treatment of endocarditis. Daptomycin is not indicated for 
pneunionia, with poorer outcomes than conventional treatnient. It is available as an IV niedication and exhibits 
92% plasnia protein binding in vitro. In healthy adult humans, daptoniycin has a volume of distribution of 
0.1 Ukg and a plasma elimination half-life of -9 hours, and is eliminated primarily by renal excretion (-54%). 
In patients with reduced renal function, including those receiving hemodialysis and peritoneal dialysis, the dose 
interval should be 48 hours. No dosage adjustnient appears to be necessary for mild to nioderate hepatic impair- 
nient. The use of daptomycin in patients with severe hepatic irnpairnient has not been assessed. The niost com- 
nionly reported adverse events include constipation, nausea, injection-site reactions, headache, and diarrhea. 
Patients should also be nionitored regularly for skeletal niuscle toxicity. 

Conclusions: Daptoniycin may be useful for complicated skin and skin-structure infections and gram-positive 
pathogens resistant to conventional antimicrobials. However, limited data are currently available for duration 
of treatment beyond 14 days and at doses >4 mg/kg QD. (Clin Ther. 2004;26:1728-1757) Copyright © 2004 
Excerpta Medica, Inc. 
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I N T R O D U C T I O N  
Challenging the treatment of infections due to gram- 
positive pathogens is the development of resistance to 
currently available agents. :,2 Vancomycin has tradition- 
ally been used to treat infections caused by oxacillin- 
resistant or methicillin-resistant Staphylococcus aureus 
(ORSA or MRSA, respectively); strains with reduced 
susceptibility to vancomycin (minimum concentration 
to inhibit 90% growth [MICg0], 8 llg/mD, termed 
vancomycin-intermediate 5 aureus (VISA), z > have 
appeared since 1996. 5 r In addition, 3 clinical cases of 
vancomycin-resistant 5 aureus (VRSA) (minimum 
inhibitory concentration [MIC], >32 llg/mL) in the 
United States have been detected since 2002. 6 1> 
Increasing resistance to vancomycin among enterococ- 
cal strains has also been a growing concern.:2-> 

Use of newer antimicrobials such as linezolid and 
quinupristin-dalfopristin for treatment of nosocomial 
infections attributed to vancomycin-resistant strains 
has revealed new resistance problems as well. 
Linezolid-resistant enterococci have appeared since 
the drug was first used in patients receiving linezolid 
for vancomycin-resistant Enterococcusfaecium (VREF) 
infections.<~5 >r In addition, in 2002, a linezolid- 
resistant clinical strain of 5 aureus was identified. ~s 
Resistance to linezolid has been associated with use of 
the agent for at least 3 to 4 weeks. >>'>s Furthermore, 
linezolid-resistant VREF (LRVREF) strains have also 
been identified in patients with 19 and without prior 
treatment with linezolid. ~6,2°,2~ In addition, current 
estimates suggest that the incidence of resistance to 
quinupristin-dalfopristin in E faecium is -4% world- 
wide compared with 14% reported in the United 
States. 2 The SENTRY Antimicrobial Surveillance 
Program data for the years 1997 through 200022 
have also found that susceptibility to quinupristin- 
dalfopristin decreased in the United States from 92% 
in the year 1999 to 83% in 2000. 

Clearly, changes in the susceptibility profile of 
gram-positive pathogens have escalated the need for 
more innovative drugs. This article reviews the phar- 
macology, efficacy, and safety of daptomycin. .23,> 
Early studies investigating the use of daptomycin 
were conducted by Eli Lilly and Company 
(Indianapolis, Indiana) until Cubist Pharmaceuticals, 

*Trademark: Cubicirt ® (Cubist Pharmaceuticals, Inc., Lexington, 
Massachusetts). 

Inc., obtained worldwide marketing rights for dapto- 
mycin and submitted its own investigational new 
drug application to the US Food and Drug Ad- 
ministration (FDA) in December 1998. 23 Daptomycin 
received marketing approval from the FDA in 
September 2003 for the treatment of complicated 
skin and skin-structure infections caused by suscep- 
tible gram-positive pathogens including 5 aureus, 
Streptococcus pyogenes, Streptococcus agalactiae, 
Streptococcus dysgalactiae subspecies equisimilis, 
and vancomycin-susceptible Enterococcus faecalis. > 
Because daptomycin use continues to be investi- 
gated in ongoing trials for other indications, the pres- 
ent review also discusses its potential place in 
therapy. 

Daptomycin, the first of a new class of antibiotics, 
is an acidic cyclic lipopeptide antibiotic. It is the 
N-decanoyl analog of the A21978C lipopeptide 
factor C1, one of 3 fermentation products of the 
A21978C complex, produced by 5treptorwces 
roseosporus. 2~ Daptomycin is characterized by a 
cyclic 13-amino acid anionic nucleus and an arnide- 
linked lipophilic 10-amino acid fatty acyl side chain 2~ 
(Figure 1). 24 All analogs of A21978C have the 
13-amino acid core, which contains unique amino 
acids (eg, L-kynurenine and 3-methyl glutamine 
acid) and a lactone bond in the ring. 2> Antimicro- 
bial activity requires at least 4 to 8 carbons in the 
fatty acyl side chain, with longer chains showing 
greater antimicrobial activity. After chemical and 
enzymatic modification of A21978C, daptomycin 
(ie, LY146032) demonstrated the best combination 
of in vitro antimicrobial activity against selected 
gram-positive cocci and the least acute toxicity in 
mice (median lethal dose, 600 mg/kg IV) among 
structural derivatives synthesized. 25 The chemical 
name for this compound is N-decanoyl-L-tryptophyl-L- 
asparaginyl-L-aspartyl-L-threonylglycyl-L-omithyl-L- 
aspartyl-D-alanyl-L-aspartylglycyl-D-seryl-threo-3- 
methyl-L-glutamyl-3-anthraniloyl-L-alanine 1-1act°he 
Daptomycin has an empiric formula of Cr2HlolNlrO 2 
and a molecular weight of 1620.67 kDa. > 

The purposes of this article were as follows: to 
review the pharmacology, pharmacokinetics, and in 
vitro and in vivo efficacy of daptomycin; to explore 
the safety profile of this first agent in a new class of 
antimicrobials; and to discuss its current and poten- 
tial roles as an antimicrobial therapy. 
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Figure I. Structural formula of daptomycin. 24 

MATERIALS A N D  M E T H O D S  
A literature search was conducted using the MEDLINE 
(1966-August  2004) and International Pharma- 
ceutical Abstracts (1970-August 2004) databases and 
abstracts of the Interscience Conference on Anti- 
microbial Agents and Chemotherapy Key search 
terms included daptomycm, LY146032, and lipopeptide 
antibiotics. References were also obtained through 
screening of citations identified in articles gathered. 
In addition, information was obtained from the FDA 
Web site, which contained documents submitted to 
the FDA in support  of the new drug application for 
daptomycin. 

M E C H A N I S M  OF A C T I O N  
Daptornycin appears to disrupt the membrane poten- 
tial of bacterial cell membranes (Figure 2). 2r After 
binding to phospholipid vesicles in the planar bilayer 
membrane,28-3° daptornycin inserts the acyl fatty acid 
chain into the bacterial cytoplasmic membrane, trig- 
gering oligomertzation of membrane proteins to form 
ion channels, transmembrane pores, or other aggre- 
gate structures across the plasma membrane.  3: 
Although the initial binding occurs independently of 
calcium, 3° daptomycin requires physiologic concen- 
trations of calcium (50 mg/dL in vitro) to reduce 
microbial viability, s: Conformational changes in the 
core decapeptide lactone, induced by binding of cal- 

cium ions, increase its arnphiphaticity and reduce the 
charge, allowing daptomycin to interact with neutral 
or acidic membranes)  3 The presence of calcium ions 
promotes further insertion of the daptomycin tail into 
the phospholipid layer. Exposure of the hydrophobic 
surface facilitates penetration and the oligomerization 
step. 3~ 

Formation of transmembrane structures disrupts 
the membrane integrity, resulting in leakage of intra- 
cellular potassium :<s~ and dissipation of membrane 
potential in gram-positive pathogens. 3: Antimicrobial 
activity is associated with a reduction of membrane 
potential from -165 rnV to -100 rnV independently 
of changes in pH or chemical gradient across the cell 
membrane. 35 Reduction of the electrical potential dis- 
rupts the electrochemical gradient-induced proton 
motive force required for adenosine triphosphate 
synthesis, which normally plays a role in active trans- 
port of nutrients, 35 concentration of amino acids, 3e or 
formation of nucleotide-linked sugar-peptide precur- 
sors of peptidoglycan) 6 

Early studies attempting to delineate the mecha- 
nism of action of daptomycin suggested it may inhibit 
the biosynthesis of lipoteichoic acid, one of the con- 
stituents of the plasma membrane, sr or peptidoglycan 
components in gram-positive bacteria. :s Studies with 
E faecium protoplasts, which lack a peptidoglycan 
layer, supported the hypothesis that daptomycin 
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Figure 2. Proposed mechanism of action for the bactericidal effects of daptomycin. Step I: Insertion of daptomycin (Dap) 
into the bactericidal cytoplasmic membrane in a calcium (Ca2+)-dependent fashion. Step 2: Oligomerization and 
disruption of the functional integrity of the cytoplasmic membrane. Step 3: Release of intracellular ions, leading 
to cell death. Adapted with permission. 27 

inhibits the production of lipoteichoic acid as its pri- 
mary mechanism of action, with the secondary result 
of inhibition of peptidoglycan synthesis) 8 Although 
this hypothesis was further supported by accumula- 
tion of lipoteichoic acid precursors, as detected using 
thin-layer chromatography9 ,~° a more recent study 
revealed that daptomycin remains bactericidal even in 
the absence of ongoing lipoteichoic acid synthesis) 1 

Regardless of the mechanism of action, scanning 
electron microscopy reveals the induction of abnor- 
mal features (eg, antler-like protrusions, ghosts, 
blebs, deep web-like fissures) or structures (eg, fila- 
mentous growth, linear ceils, miniature cells) in the  

cell surface after daptomycin treatment. 42,e3 These 
morphologic changes are believed to be associated 
with production of defective cell wall material, and 
they appear to occur independently of the calcium- 
mediated intracellular penetration of daptomycin at 
target sites. 42 

P H A R M A C O K I N E T I C S  
Daptomycin pharmacokinetics have been studied in 
vitro, in animals, and in healthy human adults. There 
have also been a few case reports describing dapto- 
mycin pharmacokinetics in adults with infections. 
After IV administration, daptomydn undergoes distri- 
bution in a 2-compartment model 4~ and elimination 
primarily by renal excretion. Values for pharmacoki- 

netic parameters are indicated as mean or mean (SD) 
values, unless otherwise indicated. Pharmacokinetic 
parameters for doses between 3 and 8 mg/kg every 24 
hours are summarized in Table I. ~4,45 

In Vitro Pharmacokinetics 
Pharmacokinetic studies in vitro show daptomycin 

exhibits 91% to 96°/0 plasma protein binding (mean, 
94%) when added to whole serum at concentrations 
of 2.5 to 80 llg/mL~6; serum samples from healthy 
human subjects show -90% plasma protein bind- 
ing. ~ In particular, 85.0% to 95.5% of daptomycin 
binds to albumin, as expected for an acidic corn- 
pound, and 25.0°/0 to 40.1°/0 of daptomycin may also 
bind to alphaKacid glycoprotdn at in vitro concentra- 
tions of 5 to 80 lag/rnL 44 At 2.5 pg/rnL, daptomycin 
shows no detectable binding to alphal-acid glycopep- 
tide. Based on MICs (13 pg/mL for total bound and 
unbound drug) for S a u r e u s  and one enterococcus 
strain described by Woodworth et al, 44 pharmacoki- 
netic studies suggest daptomydn should be adminis- 
tered at clinical doses of at least 4 to 6 mg/kg. 

The high degree of protein binding may account for 
the therapeutic failure observed in early clinical studies 
conducted by Eli Lilly and Company (as cited by Lee 
et a146), because the serum concentration of unbound 
drug may not sufficiently exceed the MIC to inhibit 
bacterial growth. For example, the MIC for total (ie, 
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Table I. Mean (SD) values for pharmacokinetic parameters of daptomycin at selected doses in healthy adult volunteers,* 

AUC, Systemic Clearance, Renal Clearance, 
Daily Dose C~<, IJg/mL C ,  IJS/mL Isg-h/mL Tit z, h V a, L/k8 mL/min per k8 mL/min per k8 

3 mg/kg 
Single dose 44 4155 (768) ND 329 (%9) 835 0.11 (002) 0 16 (002) 005 (002) 

q ms/ks 
Single dose 44 5225 (585) ND 382 (727) 856 0.13 (001) 0 18 (003) 007 (002) 
Multiple doses 45 546 (54) 578 (3.0) 494 (75) 8.1 (I.0) 0.10 (0.01) 014 (002) 105 (031)f 

6 mg/kg 
Single dose 44 820 (204) ND 598 (I 1(2)) 806 0.12 (002) 017 (003) 006 (002) 
Multiple doses 45 86~ (71) 986 (12) 747 (91) 8.9 (I.3) 0.10 (0.01) 01q (002) 100 (023)t 

8 ms/ks 
Multiple doses 4s 1163(101) 1330 (13.5) 1130(117) 9.0 (I.2) 0.10 (001) 0 12(001) 068 (0 I I) t  

V d - apparent volume of  distribution; N D - no data 

<n - 6 for  each treatment group 

tUnbound drug. 

bound plus unbound) daptornycin for S aureus is 
5 pg/mL, whereas the MIC for unbound daptomycin 
alone is 0.25 t~g/mL. For enterococcal strains, MIC for 
total drug is 10 llg/mL, whereas MIC for unbound 
drug is 0.5 llg/mL.46 When comparing pharmacokinet- 
ics of total drug versus unbound drug, the mean (SD) 
Cm~ ~ for a 3-mg/kg dose, occurring 30 minutes after 
infusion, is 30.3 (10.4) t~g/mL for total drug compared 
with 5.4 (3.3) t~g/mL for the unbound fraction. After 
12 hours, the concentration of the unbound fraction 
decreases to 0.37 llg/mL. By 24 hours after infusion, 
the concentration of the unbound fraction further 
decreases to <0.15 pg/mL, well below the MIC of the 
targeted pathogens mentioned previously. *e 

Animal  Studies 
In mice, daptornycin shows 91% to 92.5% plasma 

protein binding and a linear increase in dose and 
Cm~ x or AUC with increasing doses from 1-, 2.5-, 5-, 
10-, 15-, and 20-mg/kg doses. .7 Linear pharmacoki- 
reties have been observed even at 40-mg/kg doses, 
which is associated with a peak concentration of 
207 llg/mL and an AUC of 375 llg-h/mL. *s Daptomycin 
10 mg/kg BID in rabbits yields a steady-state Cm~ x 
(66.4 [18.01 t~g/mL) similar to that in humans who 
receive 3 mg/kg IV BID and trough concentration of 
16.8 (6.6) llg/mL after 8 or 12 hours. .9 Daptomycin 
25 or 40 mg/kg QD in rats achieves similar blood 

concentrations in humans at doses of 4 or 6 rng/kg 
QD, respectively, z° Mean peak concentrations in rats 
after 2 hours were 64 and 91 llg/mL, respectively, and 
concentrations were undetectable by 24 hours. 

In a model of inflammatory methicillin-sensitive 
5 cmreus and MRSA 51 (ie, infected rabbits were treat- 
ed with daptomycin 20 or 50 mg/kg), the mean peak 
concentration of daptomycin in the fibrin clot core 
had an -40% lower concentration and took 3 hours 
longer to achieve compared with the peak concentra- 
tion at the periphery of the clot. The AUC of the clot 
was also significantly higher in periphery than in the 
core for each dose tested (P < 0.05). Mean (SD) AUC 
in serum was also greater than in the fibrin clots for 
daptomycin 20 mg/kg (575 [36.71 pg/g per hour vs 
215 [621 pg/g per hour) or daptornycin 50 ms/ks 
(1089 [39.91 pg/g per hour vs 326 [16.81 pg/g per 
hour). Thus, limited diffusion of daptornycin into fi- 
brin clots, such as those in vegetations in endocardi- 
tis, may limit treatment success. Among guinea pigs 
infected with Streptococcus ep~dermid~s in a tissue-cage 
model for device-related infections, daptomycin 5 ms/ks 
BID produced a Cm~ x of 6.3 t~g/mL and Cram of 
3.8 t~g/mL after 4 days of treatment. 52 

Human Studies 
After administration of a single dose of daptomycin 

in clinically studied doses (eg, 3-8 mg/kg), the appar- 
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ent volume of distribution (Vd) in humans ranged 
from 0.10 to 0.13 Ukg and may have been affected by 
a high degree of protein binding (90%-95%) and 
large molecular size} 4,~4 Daptomycin exhibits linear 
accumulation at doses from 0.5 to 6 mg/kg. Pharma- 
cokinetics of distribution are consistent with a 2- 
compartment model, because completion of the 
distribution phase occurs 4 to 6 hours after adminis- 
tration of daptomycin. Overall, daptomycin shows 
limited total body clearance at a rate of 0.13 to 
0.21 mL/min per kg at doses of 2, 3, 4, or 6 mg/kg 
via IV infusion. 4~ Renal clearance accounts for 3"t-% to 
54% of total systemic clearance. ~4 

Daptornycin pharmacokinetics have also been stud- 
ied in a double-blind, multiple-dose, dose-escalating, 
QD regimen among 24 healthy male and female 
adults treated with daptomycin for 7 to 14 days. 45 
For treatment doses between 3 and 6 mg/kg per dose, 
daptornycin showed linear pharmacokinetics and 
-20°/0 nonlinearity in pharmacokinetics when the 
dose was increased to 8 mg/kg (highest dose studied 
to date). For example, after 7 days of treatment, dou- 
bling of the dose from 4 mg/kg to 8 mg/kg resulted in 
a 2.2-fold increase in the AUC and C rather than a 
predicted 2-fold increase in AUC or Cm~ ~ (mean [SD] 
AUC, 49"t- [75] tlg-tfmL vs 1130 [117] tlg-tfmL; mean 
[SD] Cmax, 57.8 [3.0] l~g/mL vs 133.0 [13.51 l~g/mL). 
After 7 doses, the Tx/? was estimated to be -9  hours 
and the V d was calculated to be 0.1 L/kg. Systemic 
clearance occurred at a rate of 0.14 mL/min per kilo- 
gram (reported as 8.2 mL/h per kg) with -54% of the 
dose excreted intact in urine. }~ 

In 3 healthy male volunteers (18--45 years old and 
within 15°/0 of ideal body weight) treated with a single 
dose of HC-Trp-labeled daptomycin (1 mg/kg via IV 
for 1 dose), 4~ 99% of labeled compound (ie, dapto- 
mycin and metabolites) were recovered from urine 
and fecal samples within the first 4 days. Approxi- 
mately 83°/0 of radiolabeled daptomycin was recov- 
ered in the urine (78°/0) and feces (5°/0) over 9 days, 
whereas only trace amounts of labeled compound 
were recovered in breath or saliva. Daptomydn was 
the only radiolabeled compound identified in plasma, 
but only 51.7% of labeled compound recovered in the 
urine was daptomydn,  suggesting that daptomycin 
may undergo renal metabolism. 

Furthermore, in the comparison of pharmacokinet- 
ics of radiolabeled HC-compound (1 mg/kg IV infu- 

sion) and unlabeled daptornycin (0.5-6 rng/kg), sim- 
ilar degrees of accumulation and extent of exposure 
(mean [SDI C~1~ x, 13.3 [3.11 ~tg/mL for labeled corn- 
pound vs 12.8 [1.71 lag/rnL for unlabeled daptornycin; 
mean [SDI AUC, 96.0 [7.'t-1 tlg-tfmL vs 96.1 [2.31 
llg-h/mL, respectively) and systemic clearance (mean 
[SDI 0.19 [0.021 mUmin  per kgvs 0.19 [0.011 mL/min 
per kg, respectively) were noted. However, different 
rates of renal clearance (mean [SDI 0.14 [0.011 mL/min 
per kg for the labeled compound vs 0.09 [0.011 mUmin 
per kg for daptomydn)  further support the hypothe- 
sis that dap tomydn may be renally metabolized, in 
addition to renally eliminated, or that tryptophan 
may be reabsorbed for protein synthesis. ~4 

Few studies of daptornycin pharmacokinetics have 
been conducted in patients with infections. In a model 
of canthadrin-induced inflammation, penetration of 
daptornycin into inflammatory fuid  was investigat- 
ed. 5s Only 68.4% of daptomycin (4 mg/kg IV) pene- 
trated the inflammatory fluid, with a mean (SD) Cm~ x 
of 27.6 (9.5) lag/mL after 3.67 hours. Within 24 hours, 
mean (SD) AUC was 318.2 (84.9) ~tg-h/mL The half- 
life of daptomydn in inflammatory fluid was highly 
variable, ranging from 6.3 to 32 hours, with a mean 
time of 17.3 hours. In comparison, volunteers treated 
with daptomydn 4 mg/kg IV without inflammation 
showed a mean (SD) AUC of "t-68.0 (15.6) tlg-tfmL 
over 2"t- hours, a mean (SD) Cm~ x of 77.5 (8.3) tlg/mL, 
and a T1/? of 7.7 hours. 53 This degree of accumulation 
is similar to that in rats with inflammatory fluid. ~ At 
30 mg/kg in inflammatory fluid in rats, daptomydn 
produced a C x of 141 l~g/mL after 1 hour and an 
AUC of 558 ~tg-h/mL over a 24-hour period, only 
slightly higher than the AUC reported in inflammatory 
fluid of human volunteers. 53 

In one case report, a 29-year-old, HIV-positive male 
received daptomycin 2 mg/kg QD for 5 days for cel- 
lulitis and thrombophlebitis caused by group A beta- 
hemolytic streptococci. 55 The apparent V d was esti- 
mated to be 0.102 to 0.123 Ukg and the elimination 
T1/? was determined to be 9.1 hours after the first 
dose and then 7.2 hours after the fifth dose. Dapto- 
mycin was cleared at rates of 14.2 and 13.7 mL/min/ 
1.73 m ? after the first and fifth doses, respectively 
After the first dose, -70% of the dose was renally 
excreted unchanged (11.1 mL/min/1.73 m?). How- 
ever, after the fifth dose, 28% of the dose was renally 
excreted unchanged (4.4 mUmin/1.73 m?). Although 
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this dose is no longer recommended for treatment, 24 
a study of the pharmacokinetics of daptornycin 2 mg/kg 
in healthy adults at steady state yielded similar 
mean (SD) values for V d (0.108 [0.0141 L/kg), sys- 
temic clearance (0.168 [0.0341 mIJmin per kg or 
11.76 [2.381 mIJmin for a 70-kg patien0, renal clearance 
(0.103 [0.0181 mIJmin per kg or 7.21 [1.261 mIJmin), 
and mean T:n (7.40 hours). 56 

Among 6 IV drug abusers (IVDAs) receiving treat- 
ment  with daptomycin (loading dose 6 mg/kg, then 
3 mg/kg every 12 hours) for gram-positive endocardi- 
tis, cellufitis, or bacteremia, the peak concentration 
was lower (mean [SDI Cm~x, 35.45 [8.261 t~g/mL vs 
59.2 [9.3] lag/mL; P < 0.005) and V a at steady state 
was greater (mean [SD], 0.21 [0.03] Ukg vs 0.16 
[0.5] IJkg; P < 0.01) for the IVDAs compared with 6 
healthy volunteers in historical data for patients given 
the same regimen of daptornycin. 5r Although no 
other differences in pharmacokinetic parameters were 
detected for this patient sample, observed differences 
may be associated with the relatively low serum albu- 
rnin (mean, 2.9 rng/dL; range, 2.0-3.8 rng/dL) among 
the IVDAs. 

Pharmacokinetics in Special Populations 
Using data collected from 282 participants in 15 

clinical trials, Dvorchik et al 5s evaluated sources of 
interindividual variability in an analysis of dapto- 
mycin population pharmacokinetics. Patients received 
daptomycin 4 to 8 mg/kg QD for up to 14 days. 
Overall, the model confirmed that daptomycin distri- 
bution and clearance follows a 2-compartment model 
with first-order elimination. A linear relationship was 
determined between the V a in the peripheral com- 
partment and intercompartmental clearance and 
body weight, supporting the dosing of daptomycin 
on a milligram-per-kilogram basis. Renal function, 
sex, and body temperature were factors found to 
affect daptomycin kinetics. In particular, renal func- 
tion was the single most important factor, reducing 
variability by 18.9% (from 52.1% to 33.2%) in the 
Bayesian estimate of pharmacokinetic parameters. 
For patients with similar degrees of renal function, 
female patients showed clearance rates at 80% of 
those exhibited by male patients, although there is no 
recommendation for dosage adjustment. > In addi- 
tion, although body temperature >37.2°C was cited 
as a potential source of variability, the authors did not 

provide statistical details on its impact and cautioned 
readers about interpreting this result because only 
14% of subjects had body temperatures >38°C 
Factors not found to contribute to daptomycin clear- 
ance included the presence of comorbid diseases 
(ie, diabetes melfitus, ascites or edema, hypertension, 
or heart failure) or concomitant use of medications 
that are actively secreted in the renal tubule or that 
are highly protein bound. 

Renal Insufficiency 
To date, 2 abstracts ~<6° and i published report 5s 

describe the pharmacokinetics of daptomycin in 
patients with varying degrees of renal function. Patients 
were categorized according to creatinine clearance 
(CrC1) level or by those with end-stage renal disease 
requiring hemodialysis or peritoneal dialysis. Results 
from these pharmacokinetic studies are summarized 
in Table II. 5s-o° In the small-scale study (N = 44) 
reported by Sica et al, o° statistically significant differ- 
ences (although level of significance was not report- 
ed) were found for plasma clearance and T :/: between 
patients with CrC1 _<40 mL/min and those receiving 
dialysis compared with other groups with CrC1 
>40 mUmin.  When compared with the AUC for 
patients with CrC1 ___80 mldmin, the AUC ratio was 
2.34 for patients with CrC1 _<40 mL/min, 2.31 for 
patients receiving hemodialysis, and 2.78 for patients 
receiving peritoneal dialysis. Thus, in accordance 
with FDA recommendations for the evaluation of 
pharmacokinetics in patients with reduced renal 
function fie, no dosage adjustment required for AUC 
ratio 80%-125%, or C x ratio 70%-143% of com- 
parison group), the authors suggested the dapto- 
mycin dose should be adjusted for patients with CrC1 
_<40 r n U m m  Similar results were also reported in 
another analysis using different definitions of renal 
insufficiency (N = 33). 59 Reduced plasma clearance 
and prolonged T:a were found among patients with 
severe renal disease (ie, CrC1 <30 mUmin  or those 
receiving hemodialysis), although the level of statisti- 
cal significance was not reported. Based on these 
resu l t s9  daptomycin dosage should be adjusted in 
patients with CrC1 _<30 mIJmin. 

In the population pharmacokinetic model that 
incorporated data from 282 participants, ~s the T:a of 
daptomycin was 2.3 times longer in patients with 
CrC1 <40 mIJmin and 3.5 times longer in those 
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Table II, Mean values o f  daptomyc in  pharmacok ine t i c  parameters  in pat ients w i th  vary ing degrees o f  renal funct ion,  

C~. ~<, AUC, Plasma clearance, V d , T i t  2, 
Reference Dosage Isg/mL Idg-h/mL mL/h per kg L/kg h 

4-8 mg/l<g I V Q D  x 1-14 d Dvorchik et al as* 
CrCI, mL/min 

>80 (n = 165) 
>40 and <80 (n = 80) 
_<40 (n 16) 

Dialysis (n 21) 
Dvorchik et a159 

CrCI, mL/min 
>80 (n = 7) 
_>50 and <80 (n 4) 
_>250 and <S0 (n 5) 
<30 (n = 6) 

ESRD/HD (n = 6) 
Peritoneal dialysis (n 5) 

Sica et al 6° 
CrCI, mL/min 

>80 (n = 7) 
>40 and <80 (n = 12) 
_<40 (n 7) 

ESRD/HD (n 125) 
Peritoneal dialysis (n = S) 

4 mg/kg I V x  dose over 30 min 

4 mg/kg I V x  dose over 30 min 

ND 
ND 
ND 
ND 

526 
548 
55 7 
47 7 
39.7 II 

513 

4008 115 0.13 8.3 
4365f 85f 0.12 9. It 
7162t$ 49t$ 0. 14 19.0t$ 
205 6t¢§ 32t¢ 0. 14 29.3t¢§ 

5179 121 ND 11.6 
6979 82 ND 15.3 
5709 86 ND 10.3 
2819 4611 ND 29.411 
2544 42 II ND 32.8 II 

14742 34 II ND 31.3 II 

537 531 78 0.12 11.7 
575 561 76 0.1 I 10.7 
d89 led I 331 0. 13 27.9 IT 
403 1224 30 ¶ 0. 15 ¶ 36.7 IT 
SIS 1474 28¶ 0. IS 31.7 IT 

V d - apparent volume of distribution; CrCI - cpeatinine clearance; ESRD/HD - end-stage renal disease/hemodialysis; ND - no data 
*Median values reported in study. Values %r plasma clearance and V d were divided by median body weight (75 kg) to facilrcate comparison of results between 
studies. 

tp < 005 versus patients w~h CrCI >80 mL/min. 
tp < 005 versus patients wkh CrCI >40 and <80 mL/min 
§P < 0.05 compared wkh patients with CrCI _<40 mL/min 
IIStatistically si£nificant difference from other £roups, although level of significance not defined in the study 
¶Statistically significant difference from groups with CrCI >40 mL/min, althou£h level of significance not defned in the study report 

receiving dialysis than among those with CrC1 
_>80 mUrnin. AUC values were also 1.8-fold and 3.0- 
fold greater, respectively (Table II). Although AUC 
and mean Tx/2 also differed between subjects with 
CrC1 _>80 rnUmin and those with CrC1 between 40 
and 80 mUmin, differences were <10% and were 
determined by the study authors to be clinically 
insignificant. Thus, as recommended previously, 
adjustment of the daptomycin dose should be consid- 
ered for patients with CrC1 _<40 mL/min. 

Hepat ic  Insufficiency 
In a single-dose, parallel-design, matched-controlled 

(body weight, age, sex) study, the pharmacokinetics 
of daptomycin were compared in patients with rood- 

erately impaired hepatic function (Child@ugh Class B; 
n = 10; 7 male subjects) versus healthy volunteers 
(n = 9; d male subjects), el All participants received 
daptomycin d mg/kg IV over 30 minutes. No signifi- 
cant differences in pharmacokinetic parameters were 
found between hepatically impaired and healthy sub- 
jects: mean Cm~ x, 113.7 pg/mL and 1183 pg/mL, 
respectively; mean Tv2, 9.0 and 9.4 hours, respectively; 
mean AUC, 867.4- tG-h/mL and 928.0 1G-h/mL, 
respectively; and mean V a at steady state, 0.08 IAg  
for both groups. There were no differences in degree 
of protein binding, fraction of dose excreted in urine, 
or rate of urinary clearance. Based on this study, no 
dosage of daptomycin is recommended for patients 
wlth moderate hepatic impairment. 
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Geriatr ic  Patients 
A comparison of pharmacokinetics was conduct- 

ed among 12 healthy adults aged >75 years and 12 
adults between the ages of 18 and 30 years. Results 
showed that total clearance of daptomycin was 
reduced by 35%, whereas mean AUC, C>~, and 
elimination T1/2 increased 58%, 4%, and 74%, 
respectively, among older patients (ie, aged >75 years) 
who received a single 4-mg/kg dose versus younger 
adults (ie, aged 18-30 years)P 2 The older patient 
group showed 3 £ 3 %  mean urinary fraction excret- 
ed, whereas the younger group showed 42.6% mean 
urinary fraction excreted. Statistically significant 
differences were observed in the extent of exposure, 
with older patients showing a higher accumulation 
(mean [SD] AUC from time 0 to infinity, 473.7 ~tg-h/mL 
vs 300.6 ~tg-h/mL; P < 0.001). This may be attrib- 
uted to reduced renal function associated with 
aging; differences in CrC1 were observed between 
the 2 groups (ie, 57.6 mIJmin  for older patients vs 
9 4 8  m U m i n  for younger patients; P < 0.001). Rates 
of adverse reactions were similar in the older and 
younger patient groups. Overall, daptomycin phar- 
macokinetics may be affected by renal function 
rather than by age alone, suggesting that dosage 
reduction should not be based on age as the sole 
criterion.24,62, 63 

Obese Patients 
Among 6 moderately obese patients (body mass 

index [BMI], 25-39.9 kg/m2), mean Cm~.x and AUC 
were 25% and 30% greater, respectively, than among 
matched nonobese controls who received a single 
dose of daptomycin 4 mg/kg based on total body 
weight. 63 In addition, mean total and renal clearance 
were 18% and 16% greater, respectively. In 6 
extremely obese patients (BMI, >40 kg/m2), mean 
Cm~ x and AUC were increased by 26% and 31%, 
respectively, versus nonobese  adults. In these 
patients, however, mean total and renal clearance 
were 46% and 36% greater, respectively, than 
con t ro l sP  

Hiscellaneous 
No studies have been conducted to examine differ- 

ences in pharmacokinetics according to race or sex. 
In addition, studies have not been conducted in preg- 
nant or lactating women. 

IN V I T R O  A C T I V I T Y  
Numerous studies delineating the in vitro antibac- 
terial activity of daptomycin have been published. 
Because daptomycin binds to its molecular target in a 
calcium-dependent manner, 54 only those studies in 
which the calcium concentration of the test medium 
(Mueller-Hinton broth) used for microdilution sus- 
ceptibility testing was adjusted to mimic the physio- 
logic level of human serum (ie, 50 rag/L) 64 and per- 
formed according to the guidelines set by the National 
Committee for Clinical Laboratory Standards 6~ 
(NCCLS) were selected for this review. To date, no 
daptomycin susceptibility MIC breakpoints have 
been established by the NCCLS. ~3 Based on in vitro 
spectrum of activity, in vivo pharmacodynamic stud- 
ies, and clinical failure analyses of daptomycin, the 
FDA has proposed a susceptibility breakpoint MIC of 
<1 lag/mL for 5 aureus and Streptococcus species other 
than Streptococcus pr~eumor~tae, and a susceptibility 
breakpoint  MIC of <4 ~tg/rnL for vancomycin- 
susceptible EfaecaZs. 6~ The susceptibility interpretive 
criteria for other organisms have not been defined. 

Daptomycin has been tested in vitro against a wide 
range of clinically important gram-positive bacteria 
including 5 aureus, coagulase-negative staphylococci, 
E jaecals, E faecium, 5 pneumon~ae, 5 pyogenes, 
5 agalacttae, viridans group streptococci, and group B 
and C streptococci. 6<6r~ Critchley et al r°,7: report- 
ed the in vitro activity of daptomycin against a total 
of 12,907 isolates of gram-positive pathogens collect- 
ed from patient specimens at 50 hospitals in the 
United States and 40 in Europe during 2000 and 
2001. The collection included 5 attreus (2240 isolates; 
28.5% oxacillin-resistant [MIC, >4 ~tg/rnL]), coagulase- 
negative staphylococci (2166 isolates; 61.1% 
oxacillin-resistant), E faecium (813 isolates; 41.0% 
vancomycin-resistant [MIC, >32 lag/mL]), E jaecalis 
(3927 isolates; 2.0% vancomycin-resistant), other 
Enterococcus species (240 isolates; 7.5% vancomycin- 
resistant), S Fneumoniae (2028 isolates; 20.4% penicillin- 
intermediate [MIC, 0.12-1 llg/mL]; 13.2% penicillin- 
resistant [MIC, >2 w/mL]),  5 agalact~ae (640 isolates), 
5 pyoger~es (484 isolates), and viridans streptococci 
(369 isolates). 

Regardless of resistance patterns, all staphylococcal 
and streptococcal isolates were susceptible to dapto- 
mycin with an MIC of _<1 llg/mL. With the exception 
of an unspecified number of isolates of vancomycin- 
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sensitive E ]aecium and other non-]aecium, non-]aecalis 
Enterococcus species, which were inhibited at 8 pg/mL 
(mean MICg0, _<4 Bg/mL; range, 0.03-8 pg/mL), all 
isolates of enterococci were susceptible to daptomycin 
with an MIC of _<4 p,g/mL, r°'r~ Similar results were 
reported by other investigatorsP <6r,@,n > The inci- 
dence of elevated daptomydn MICs for gram-positive 
bacteria was low. For example, in the study conduct- 
ed by Strdt et al, n only 2 each of the 3202 isolates of 
5 aureus and 838 isolates of coagulase-negative 
staphylococci had an MIC of 2 pg/mL, and almost all 
(99.9% [797/798]) isolates of enterococci were inhib- 
ited by daptomycin at _<4 tG/mL It appears that dap- 
tomycin has potent in vitro activity against a wide 
range of clinically important gram-positive pathogens. 

Daptomycin has also demonstrated in vitro activity 
against emerging multidrug-resistant gram-positive 
pathogens, including VISA (MIC, 8-16 pg/mL) and 
VRSA (MIC, >32 pg/mL). Howe et al r5 studied the in 
vitro activity of daptomycin against 6 strains of VISA 
collected worldwide (5 from the United States and 
1 from Japan). All strains tested were susceptible to 
daptomycin, with MICs ranging from 0.5 to 1 llg/mL. 
The strain of VRSA (strain HMC3; MIC, >32 llg/mL) 

isolated at the Hershey Medical Center (Hershey, 
Pennsylvania) from a heel wound in a 70-year-old 
male patient was reported to be susceptible to dapto- 
mycin with an MIC of 0.5 pg/rnL re 

The in vitro activity of daptomycin against selected 
gram-positive pathogens is summarized in Table 
II164,6r,59~1,73~6 and Table IV/°~<77 Studies have 
indicated that the MICs of daptomycin are not greatly 
affected by the resistance patterns of susceptible 
pathogens (MIC within 1 doubling dilution). This may 
be due to the unique mechanism of action of dapto- 
mycin that targets the bacterial membrane. Daptomycin 
may have an important role in the treatment of infec- 
tions caused by multidrug-resistant pathogens. How- 
ever, in our opinion, the in vitro activity of any antimi- 
crobial agent does not necessarily translate into clinical 
usefulness, because the activity of a drug is also influ- 
enced by other factors such as the degree of in vivo pro- 
tein binding, the ability to reach a therapeutic concen- 
tration at the infection site, and inoculum eflects. 

P H A R M A C O D Y N A M I C S  
Various time-kill studies have demonstrated that dapto- 
mycin exhibits rapid concentration-dependent in vitro 

Table III. In vitro activity of daptomycin against selected staphylococci and enterococci. 

MIC (ug/mL) 
Total No of 

Organism Clinical Isolates MIC90 MIC Range 

5mphyJococcus oureus 

Oxacillin susceptible 67l@J I,Ts 
Oxacillin resistant 6<69-7 ~,7s 
Vancomycin intermediate 7s 
Vancomycin resistang 6 

Coagulase-negative staphylococci 64,7°,7s,74 
Oxacillin susceptible 
O×acillin resistant 

£hterococcus t~Tec~T/£ 67,70,71,73 
Vancomycin susceptible 
Vancomycin resistant 

£rlterococcus F~eO UrrP 7,70,71,73 
Vancomycin susceptible 
Vancomycin resistant 

1331 0.25 0.5 0.015 10 
105d 05 0 12-10 

6 0.5-1 - 
I 05 

765 0.25 0.5 003 20 
984 025-1.0 0.004-10 

d68d 10 0.015-40 
118 ZO~.O 0 . 0 1 5 ~ 0  

730 2.O~r.O 0.015 80 
689 2.O~r.O 003 80 

MIC = minimum inhibitory concentration; MICa0 = minimum concentration to inhibit 90% growth; oxacillin susceptible = MC, 
<2 ~g/mL; oxacillin resistant = NIC, ~4 ~g/mL; vancomycin intermediate = NIC, 8-16 pg/rnL; vancomycin resistant = NIC, ~32 pg/rnL; 
vancomycin susceptible = HIC, <4 ~g/mL. 
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Table IV. In vitro activity of daptomycin against S~reptococcus pneumonJae and selected Streptococcus species. 

HIC (ug/rnL) 

Total No of 
Organism Clinical Isolates MICg0 MIC Range 

5trep tococcus pneumon i(Te 70'71,73 

Penicillin susceptible 
Penicillin intermediate 
Penicillin resistant 

~ge~ ~OC0CCUS G~dl/dlCtiGe 70'71'7s 

~trep tococcus py0~enes 71,7s 

Viridans group streptococci 72,7s 

Beta-hemolytic streptococci (group not specified) n,74 

Group C streptococci 77 

Group G streptococci  77 

1720 0.12025 0015 1.0 
505 015 0015 0.5 
378 O. I l~O l5  O015-1.0 

848 0.25 003-I 

723 0.06 00150.5 

518 0.5 1.0 0 12~.0 

279 025 0.5 003 0.5 

4l 05 0 06~3.5 

8l 05 006~. I I 

1410 = minimum inhibitory concentration; NICg0 = minimum concentration to  inhibit 90% growth; penicillin susceptible = HIC, 
<006  lag/mL; penicillin intecrnediae = MIC, O. 12 I pg/rnL.; penicillin resistant = MIC, >2 pg/rnL 

bactericidal activity against staphylococci and entero- 
cocci, including resistant strains such as oxacillin- 
resistant 5 epidermidis, ORS& VISA, VRSA, and VREE 
with a 99.9°£ reduction in bacterial colony counts at 
6 to 8 hours for all pathogens tested. 6s,rar6,rs s> 

Very few studies elucidating the effect of bacterial 
inoculum concentrations on daptomycin have been 
published. When tested against Staphylococcus and 
Eeterococcus species at concentrations of 10 r and 109 
colony-forming units/mE the MICs for both concen- 
trations were the same. 82 Daptomycin appeared to 
have little or no inoculum effects. Daptomycin is 
>90% protein-bound, primarily to albumin. >,4e In an 
in vitro pharmacokinetic model in which the bacteri- 
cidal activity of daptomycin was tested against VREE 
the mean time required for 9£9% killing was 
increased from 2.8 hours to 7 hours in the presence of 
a physiologic concentration of albumin (3.8--4.2 g/dL) 
in the test medium, as JAn et al $4 studied the bacteri- 
cidal activity of daptomycin against LRVREF/VREF 
and reported a 16-fold increase in MIC when the test 
medium was supplemented with albumin at a con- 
centration of + g/dE Clinical failures with dapto- 
mycin in earlier studies, in which subjects were 
administered daptomycin 2 mg/kg daily (50% of the 
current FDA-approved dosage for complicated skin 
and skin-structure infections) for the treatment of 

bacteremia and endocarditis, could be explained 
partly by a low level of free active drug. ~6'57 The clin- 
ical relevance of protein binding in daptomycin ther- 
apy remains to be delineated. 

Daptomycin possesses a postantibiotic effect (ie, the 
length of time that bacterial growth is suppressed after 
brief exposure to an antibiotic) against gram-positive 
bacteria including S aureus (2.0-6.3 hours), s5 coagulase- 
negative staphylococci (h 1-2.4 hours)s~ S pneumoniae 
(1.0-2.5 hours), s~ and Efaecalis (0.6-6.7 hours), s5 

Safdar et al 4s studied the in vivo pharrnacodynarnic 
activity of daptornycin in a neutropenic rnurine thigh 
infection model. Consistent with the concentration- 
dependent bactericidal activity of daptomycin, both 
the 24-hour AUC/MIC ratio (AUC0_2~AVlIC) and the 
peak concentration/MiC ratio (peak/MIC) were 
strong predictors of in vivo efficacy (R 2 = 0.86, and 
0.83, respectively). Efficacy was not related to the 
period of time when the serum concentration of dap- 
tomycin was above the MIC (R 2 = 0.47-0.50). 48 
However, findings of other pharmacodynamics stud- 
ies 47,s7 suggested that the AUC/MIC ratio was a bet- 
ter pharmacodynamic parameter (R 2 = 0.939-0.990) sr 
than the peak/MIC ratio for predicting the antibacterial 
efficacy of daptomycin. 

Several investigators assessed the in vitro activity of 
daptomycin combined with ampicillin, aztreonam, 
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cefepirne, ceftriaxone, fosfomycin, gentarnicin, 
imipenem, oxacillin, rifampin, or tobramycin against 
multiple strains of 5 aureus, coagulase-negative 
staphylococci, E jaecalis, and enterococci. Ss~sS-gs 
Overall, interactions of daptomycin with the antimi- 
crobial agents were synergistic, additive, or indiffer- 
ent. No antagonism was observed, s2,3s 92,94 Therefore, 
daptomycin may be combined with other antibiotics 
in the treatment of infections due to gram-positive 
pathogens, although further studies are needed to 
confirm the in vivo efficacy of the combinations. 

Development of spontaneous resistance to dapto- 
mycin is rare, with resistance rates of <10 10 for 
5 aureus and <10 9 for 5 epidermidts, Ejaecalis, Efaecium, 
and S pneumoniae. 9s Serial passages (N = 20) of a sus- 
ceptible strain of 5 aureus (strain Sa42) through drug- 
gradient plates resulted in a mutant strain with a 16- 
fold increase in MIC. Eleven resistant 5 aureus mutant 
strains with MICs 8- to 32-fold higher than the origi- 
nal isolates were obtained after chemical rnutagenesis 
with N-methyl-N'-nitro-N-nitrosoguanidine. Of note, 
none of the mutant isolates exhibited cross-resistance 
to vancomycin or ampicillin. 9s Emergence of resis- 
tance was noted on 2 occasions in Phase IVIII clinical 
trials involving an 5 aureus strain (MIC 5 mg/mL 9s) 
from a patient with endocarditis, and an E/aecal~s 
strain (MIC 8 mg/mL 66) from a patient with an infect- 
ed decubitus ulcer. The mechanism of spontaneous 
resistance to daptomydn may be multifactorial and 
remains to be elucidated. To date, no reports of cross- 
resistance between daptomydn and other antimicro- 
bial agents have been published. 66 

A N I H A L  S T U D I E S  
Daptomycin efficacy has been studied in rats, >,Ss,96-:°2 
rabbits, 1°>1°e hamsters, :°z-:°9 and mice 1:°-1:2 in a 
variety of infection models. Although the majority of 
preclinical and animal studies were conducted in an 
endocarditis model, *9,96-gs,:°s,l°4 efficacy has also 
been examined in animal models of pneumo- 
nia,lOt' :os bacteremia, :1°'1:1 osteomyelitis 99, :05 intra- 
abdominal infections, ?°9,172 skin and skin-structure 
infections, s<?°°,1°1 and pyelonephritis. 3<?°2 Use of 
daptomycin in the prevention of aminoglycoside- 
induced nephropathy has also been examined in ani- 
mal models. ??s ?76 Relative efficacy of daptomycin 
and comparator regimens in animal studies are sum- 
marized in Table V. .9,>,s3,96 M2 For details regarding 

experimental methods and statistical analyses, origi- 
nal citations should be reviewed. All statistically sig- 
nificant results were reported at 0¢ < 0.05. 

For the treatment of endocarditis, mixed results 
have been found: daptomycin appeared more effec- 
tive than saline or no treatment or use of some anti- 
biotic regimens 49,96,97,1°s,1°~ but not others. 98,?°6 
Similarly, in the treatment of pneumonia, daptomycin 
was found to yield no better survival rates than saline 
treatment in some strains 1°7,1°3 but exhibited inferior 
activity compared with vancomycin in 1 study ?°3 
Despite dose-dependent bactericidal activity noted in 
the treatment of pathogens in 1 study of daptomycin 
use in bacterernia, M? daptomycin did not significant- 
ly increase survival rate or sterilization of organ cul- 
tures when compared with controls or vancomycin at 
all doses in mice. ~l: Limited success was also noted 
in the eradication of osteornyelitis with daptomycin 
or vancornycin, 9<:°5 although either treatment regi- 
men may produce better results than no treatment 
among controls. :°5 Of note, daptomycin was not 
detected in noninfected bone and reached a concen- 
tration of -0.5 llg/mL in infected bone (P < 0.05). At 
this concentration (numerically lower than serum 
concentration), it was hypothesized that higher ion- 
ized calcium levels at the site of infection may have 
activated daptomycin in the treatment of osteomyelitis. 
In the treatment of intra-abdominal infections, dapto- 
mycin appears to prolong survival after onset of 
Clostridmm difficile pseudomembranous colitis 
when compared with no treatment in hamsters. ?°9 
However, prolongation occurs to the same duration 
as treatment with vancomycin in hamsters. >,1°9 In 
animal studies of skin and skin-structure infections, 
daptomycin was more effective than untreated 
controls, 54 oxacillin, 1°° and vancornycin. :°°,1°: 
Daptomycin may also be useful in the treatment of 
ventriculitis when administered as a single intraven- 
tricular dose. 1°6 In the treatment of pyelonephritis, 
daptomycin was more efficacious than vancomycin 
after several days of treatment and showed greater 
efficacy in a BID regimen than a QD regimen in 
1 study 8s regardless of the addition of gentamicin. 
However, ampicillin plus gentamicin appeared to 
lower bacterial counts more than daptomycin-based 
regimens and additionally sterilized kidneys, ss 

Studies have also suggested that daptomycin may 
play a role in the prevention of aminoglycoside- 
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TableV. Summary of statistically significant differences between daptomycin and comparator treatment regimens in animal studies. 

Daptorn/cin Rearnen Cornparator Regimens Primar/Treatrnent End Points 

Endocarditis Reduction in bacterial count 
in cardiac vegetations 

NSSA infected rabbits 
Daptom},cin 8 ma/l~ TID 97 

NSSA infected rats 
Daptomcyin 10 ms/ks BID 9s 

NRSA infected rabbits 
Daptomycin 8 ma/l~ TID 97 

E F~ec@s-infected rabbits 
Daptomycin 10 ma/k$ BID ~°s 

DaptornTcin I0 ms/ks BID + 
8entamicin S ms/ks BID I°s 

E F~ec@s-infected rats 
Daptomycin 25 or 50 ma/kaTID 96 

£ foecium-infected rabbits 
DaptomTcin 20 ms/ks BID 104 

Daptomycin 10 ma/k$ BID @ 

Teicoplanin 12_.5 ma/Iql BID 
Teicoplanin 40 mg/k~ BID 
Vancomycin 17.5 m~/k~ OlD 
Untreated controls 

Vancornycin 30 mg/k8 OlD 
Vancornycin 30 mg/k8 BID 
Cloxacillin 200 ma/k8 q S h 
Controls 

Teicoplanin 12.5 ma/Iql BID 
Teicoplanin 40 m~/l~ BID 
Vancomycin 17.5 m~/k~ OlD 
Untreated control 

Penicillin G procaine 1.2 x 106 units BID 
Vancomycin 75 m~/k~ BID 
Vancomycin 75 m~/k8 + 8entamicin S ma/k8 BID 
Daptomycin 10 ma/k8 + ~entamicin 5 ma/l~ BID 
Untreated controls 

Vancomycin 7S ms/ks + 8entamicin S ms/ks BID 
Penicillin G procaine 1.2_ x 106 units + 8entamicin S ma/k~ BID 

Vancomycin 100 ms/ks QD 
Imipenem 300 ma/l~ QD 
Gentamicin 30 ms/ks QD 
Ampicillin 400/sulbactam 100 mg/k 8 QD 
Untreated controls 

Vancornycin 2_0 ms/ks BID 
Ampicillin I00 ma/kaTID 
Ampicillin IO0 m~/kaTID + 8entamicin 15 m~/k~ BID 
Controls 
Daptomycin I0 ma/k8 BID 
Teicoplanin I0 m$/k¢ BID 
Teicoplanin 40 ma/k~ BID 
Gentamicin 6 m~/k~ BID 
Daptornycin 10 ms/ks BID + 8entamicin 6 ms/ks BID 
Daptornycin 12_ ma/kaTID + 8entamicin 6 m8 BID 
Teicoplanin 10 ma/k~ BID + 8entamicin 6 ma/l~ BID 
Teicoplanin 40 m~/l~ BID + 8entamicin 6 ma/l~ BID 
Controls 

P < 000S 
P NS 
P NS 
P < 0001 

P < 0001 
P NS 
P--NS 
P--NS 

P NS 
P--NS 
P--NS 
P < 0001 

P < 0001" 
P < 0001 
P < 0001" 
P < 0001" 
P < 0001 

P < 0001 • 
P 039 

P < 005 
P NS 
P NS 
P < 005 
P < 0001 

P<001  
P<001  
P<001  
P<001  
P- -N~ 
P < 00S 
P<001  
P NS 
P NS 
P<001  
P NS 
P--NS 
P < 00S 

(continued) 
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Table V. (Continued) 

Daptornycin Re~irnen Cornparator Reamens Pdmao~Treatment End Points 

Pneumonia 
NRSA-intected hamsters 

Daptomycin 20 ms/ks QD 107 

Daptom/cin 10 ms/ks BID 1°8 

Bacteremia 
I oureu~intected mice 

Daptomycin S or IO ms/I ~ BID III 

Gram positive infected mice 
Daptomycin I~O mg/ksx I dose lie 

Osteomyelitis 
NRSA-intected rabbits 

Daptom/cin 4 ms/ks BID I°s 

NSSA-infected rabbits 
Daptomycin 10 ms/k ~ BID 99 

Intra-abdominal infections 
C di~ci/e-infected ham4ers 

Daptomycin 0.0S m8 QD 1°9 

Streptomyci n-treated, 
E foecdis-in£eced mice 

Daptom/cin 10 ms/ks BID 112 

Skin and skin-structure infections 
NSSA-infected rats 

Daptom/cin }0 ms/ks BID 100 

N RSA-intected rats 
Daptom/cin 10 ms/ks BID I°1 

Daptom/cin 10 ms/ks BID I°s 

Daptomycin 30 m~/k~ QD 54 

Ventriculitis 
S oureus-infected rabbits 1°6 

Daptomycin 7.5 ~ x I dose 

Vancomycin 40 ma/l~ QD 
Co ntro Is 

Vancomycin 15 ma/l~ BID 
Saline treated controls 

Vancomycin 10 ma/l~ BID 
Vancomycin S ma/k8 BID 

Vancomycin I-S0 ma/k~ x I dose 
Cettriaxone I SO ma/k~ x l dose 

Vancomycin 40 ma/l~ QID 
Untreated controls 

Vancomycin 80 ma/l~ BID 
C o nt ro I 

Vancomycin S m8 QD 

Untreated controls 

Oxacillin 200 ma/l~ BID 
Vancomycin SO ma/l~ BID 
Untreated controls 

Vancomycin 125 m~/k~ BID 
Controls administered water 
Vancomycin 125 m~/k~ BID 
Controls administered water 
Vancomycin S0 ma/l~ BID 
Untreated controls 

Vancomycin 30 or 120 PS x I dose 
Untreated controls 

Nean bacterial count/bacterial 
Iqllin8 rate: P = NS for both 

comparator 8roups 
Survival rate: P < 0.002 ~ 
Survival rate: NS 

Survival rate/sterilization of 
cultures: P = NS 

P 0.04 
Reduction in bacterial count: 

Treatment results not compared 

Reduction in bacterial count 

P NS 
P < 0.001 

p = 0.023 < 
P NS 

Survival time/colonization 

Prolonsation of survival time: 
P = N S  

Incidence of colonization: 
P < 0004 for various oraans 

Reduction in bacterial count 

P< 0.OI 
P< 0.OI 
P< 0.OI 

P < 0.003 
P < 0.05 
P < 0.003 
P < 0.05 
P = N S  
P 0.001 

Reduction in bacterial count 

P - - N D  
P< 0.OI 

(continued) 
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Table V. (Continued) 

Daptomycin Regimen Comparator Regimens Primary Treatment End Points 

Pyelonephritis Reduction in bacterial count 
E toecohs infected rats 

Daptomycin I0 mg/k 8 BID ss 

Daptomycin 10 mg/kg BID i°2 

Daptomycin 20 mg/kg QD 
Daptomycin 10 mg/kg BID + gentamicin 1.5 mg/kg BID 
Vancomycin 20 mg/kg BID 
Vancomycin 20 mg/kg BID + gentamicin 15 mg/k~ BID 
Ampicillin 30 mgTID 
Ampicillin 30 mg BID + gentamicin 15 mg/k8 BID 
Untreated controls 
Gentamicin 0.8 mg BID 
Daptom/cin I0 ms/ks BID + 8entamicin 0.8 mg BID 

Untreated controls 

P<O01 
NS 
P < OO05 
NS 
NS 
P < 0001" 
P<OOI 
NS 
Level of statistical significance 

not reported 
P = N S  

MSSA = methicillin-sens~ive Stopby/ococcus aureus, MPSA= methicillin-resistant S oureus; E foecofis = Enterococcus foeca/Lq' E face~urn = Enterococcus faec/um, 
C &if~die = Clostnd~um &~c#e, ND = data not reported. 
*Compamtor regimen more effective than daptomycin regimen. 

induced nephrotoxicity by interfering with the inter- 
action between arninoglycosides and phosphatidyl- 
inositol receptors in cell membranes. Without dap- 
tomycin, pinocytosis of aminoglycosides into 
cytoplasmic vacuoles and fusion of these vacuoles 
with lysosomes results in the formation of myeloid 
bodies and the bursting of lysosomes, followed by 
tubular cell necrosis and impaired renal func- 
tion. 1 ~ < ~ 15 However, different patterns o f accumula- 
tion of daptomycin in myeloid bodies of lysosomes 
when administered with or without tobramycin 1~6 
support the speculated mechanism of daptomycin 
interference with arninoglycoside binding in mem- 
branes of renal proximal tubular ceils. 1:3-1:5 

C L I N I C A L  S T U D I E S  
Unfortunately, to date, there have been few published 
studies describing the eft-icacy of daptomycin in the 
treatment of infections in human subjects. Several 
small-scale Phase II studies were initiated by Eli Lilly 
and Company in open-label trials during the years 
1987 to 1990, including B8B-EW-AVAH (6 mg/kg 
loading dose followed by 3 mg/kg BID) and BgB-MC- 
AVAFYB8B-EW-AVAG (daptomycin 2 mg/kg QD) for 
the treatment of complicated skin and skin-structure 
infections or BgB-MC-AVAM (loading dose 6 mg/kg 
followed by 3 mg/kg BID) for the treatment of cutout- 
bid bacteremia and endocarditis. 177 However, these 

studies were terminated early due to adverse events 
(AEs) or slow enrollment. ~17 The majority of informa- 
tion discussed in this section is only available in 
abstract or poster form or from documentation sub- 
mitted to the FDA for drug approval, l?Z Based on eval- 
uation of safety data in earlier preclinical and clinical 
studies, Cubist Pharmaceuticals, Inc., modified the 
recommended administration schedule from dapto- 
mycin in divided daily doses to a QD dose regimen. B 

Complicated Skin and Skin-Structure Infections 
Results from 2 multicenter, multinational, investigator- 

blinded, randomized Phase III studies of skin and 
skin-structure infections, conducted in adults aged 
18 to 85 years between March 2000 and December 
2000, were combined and reported by Arbeit at al. l~s 
Data for study DAP-SST-9801 were collected from 
d4 sites in the United States and 5 in South Africa; 
data from DAP-SST-9901 were collected from 42 sites 
in Europe, 20 in South Africa, 5 in Australia, and 
3 in Israel. The same study design was used in both 
studies. Patients were included if they had a compli- 
cated skin or skin-structure infection caused by a 
known or suspected gram-positive bacterial patho- 
gen and required hospitalization with IV antibiotics 
for _>96 hours. Types of infections included major 
abscesses, infected ulcers, and wound infections, l?r 
Patients were excluded if they had superficial skin 
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infections, multiple infected ulcers at different sites, 
gangrene, perirectal abscesses, or third-degree burns; 
required curative surgery or had bacteremia at or 
before study entry; had a life expectancy <2 months; 
or had infections due primarily to gram-negative 
pathogens or pathogens showing resistance to dapto- 
mycin or vancomydn. 

The purpose of these studies lib was to compare the 
efficacy of daptomycin 4 mg/kg IV QD versus com- 
parator regimens consisting of penidllinase-resistant 
penidllins (ie, cloxadllin, nakillin, oxadllin, or flu- 
cloxacillin 4-12 g/d IV in equally divided doses) or 
vancomycin 1 g IV QD. Patients recruited in the stud- 
ies were first randomly assigned to a cornparator 
group (either penicillinase-resistant penicillins or 
vancomycin). They were then randomized to receive 
7 to 14 days of daptomycin or comparator treatment 
(according to the earlier assignment). Change to oral 
antibiotics was allowed after patients received at least 
3 days of IV antibiotics, showed clinical improvement 
(as evaluated by an investigator blind to treatment 
assignment), were found to have infections with 
pathogens susceptible to oral antibiotics, or had a 
compelling reason to stop IV antibiotics (eg, discharge 
from hospital). 

The primary end point for the study ll3 was test-of- 
cure evaluation conducted 6 to 20 days after the last 
dose of antibiotic. The site of infection was inspected 
by investigators blind to treatment assignment. The 
goal of the study was to demonstrate noninfer~or~ty 
(defined as the upper limit of the 95% CI of <10% 
difference) between daptomycin and cornparator 
treatment (ie, cornparator success rate minus dapto- 
mycin success rate). Clinical success was defined as 
resolution of signs and symptoms of infection sufti- 
cient to discontinue antibiotic therapy. Patients were 
also evaluated for clinical relapse or recurrence at 20 
to 28 days after completion of treatment. Inadequate 
response to treatment during the follow-up period 
was classified as clinical failure. Statistical compar- 
isons, summarized here, were conducted for the 
intent-to-treat (ITT) group, which included patients 
who received _>1 dose of study medication, and the 
clinically evaluable group, which consisted of 
patients in the ITT group who met inclusion and 
exclusion criteria for recruitment and did not present 
with confounding factors (eg, use of antibiotics for 
intercurrent infections). 

Overall, 1092 patients were included in the ITT 
analysis and 902 patients in tile clinically evaluable 
population for efficacy and safety analyses. 1:8 No dif- 
ferences in baseline characteristics between the dapto- 
mycin and comparator groups (n = 534 and n = 558, 
respectively) were found for age, race, sex, comorbid 
conditions (ie, diabetes mellitus, peripheral vascular 
disease, immunocompromised status), or baseline 
diagnosis. Approximately 88% of patients in each 
group completed therapy; therapeutic failure was 
cited as the most common reason for discontinuation 
of therapy Sixty percent (337/558) of comparator- 
treated patients received penicillinase-resistant peni- 
cillins. In addition, aztreonam and/or metronidazole 
were administered to 127 patients in the daptomycin- 
treated group and 148 patients in the cornparator- 
treated group. No significant differences in clinical 
success rates were seen between daptomycin or corn- 
parator groups in the ITT group (71.5% vs 71.1%; 
95% CI, -5.8 to 5.0; P = NS) or the clinically evalu- 
able group (83.4% vs 84.2%; 95% CI, -4.0 to 5.6; 
P = NS). In the ITT group, 10.2% of patients switched 
from IV to oral therapy, although the choice of step- 
down therapy was not detailed. Among patients who 
received IV antibiotics only, 63% of daptomycin-treated 
patients received 4 to 7 days of therapy compared 
with 33% of patients in the comparator group (P < 
0.001), suggesting a shorter duration of IV treatment 
may yield similar treatment efficacy In addition, no 
difference in rates of clinical relapse or recurrence 
were detected between the daptomydn (4% [15/3551) 
and comparator (5% [20/367]) treatment groups 
(95% CI,-4.4% to 1.9%). 

In the safety analyses, ~18 AEs were classified as 
mild, moderate, or marked (severe) according to the 
World Health Organization Toxicity Grading Scale. 
Fifteen patients in the daptomycin group (3%) and 
17 patients in the cornparator group (3%) discontin- 
ued treatment due to AEs. Although the majority of 
AEs were not related to the study medications, 18% 
of daptomycin-treated patients (94/534) and 21% of 
comparator-treated patients (119/558) experienced 
treatment-related Ags. Ags reported in _>5% of 
patients were as follows: for daptomydn, constipa- 
tion (6%), nausea (6%), injection-site reactions (6%), 
headache (5%), and diarrhea (5%); for vancomycin, 
nausea (10%), constipation (7%), and injection-site 
reactions (8%); and for semisynthetic penidllins, 
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headache (5%) and injection-site reactions (6%). At 
least 1 severe AE was seen in 11% of daptomycin- 
treated and 9% of comparator-treated patients. 
Overall, daptomycin was comparable to convention- 
al agents for gram-positive skin and skin-structure 
infections in terms of clinical efficacy and safety 

For the DAP-SST-9901 trial, an interim analysis of 
patients with dual infection with 5 a u r e u s  and 
hemolytic streptococci in complicated skin and soft 
tissue infections was reported in abstract form by 
Roditi et al. M9 Among the 562 patients recruited 
(until the time of publication of the abstract), 468 
had infection with ___1 gram-positive pathogen. For 
example, infection with 5 a u r e u s  alone was found in 
209 patients, whereas dual infection with hemolytic 
streptococci was found in 97 patients, other strepto- 
cocci in 5 patients, enterococci in 10 patients, and 
1 patient with anaerobic infection. Infection with 
hemolytic streptococci alone was found in 75 patients 
and dual infection with enterococci in 3 patients. 
Other types of dual infection included 2 patients with 
2 nonhemolytic streptococcal strains, 6 with non- 
hemolytic streptococci and enterococci, 1 with non- 
hemolytic streptococci and anaerobe infection, and 
2 patients with 2 enterococcal strains. Treatment reg- 
imens consisted of daptomycin or standard thera- 
py with semisynthetic penicillin or vancomycin. 
Aztreonam or metronidazole could be added, 
although details of these antimicrobial treatments 
were not included in the abstract. Overall success 
rates for dual infection with 5 a u r e u s  and hemolytic 
streptococci were lower than with other dual infec- 
tions (73.2% vs 86.5%; P = 0.004, Fisher exact test). 
Regardless of dual infection status, Kaplan-Meier 
analyses also found that 5 a u r e u s  infection persisted 
longer in patients with diabetes mellitus than in those 
without it (75% showing clearance at 15 vs 31 days; 
P = 0.01), with no differences in rate of clearance 
between daptomycin and standard treatment groups 
(20 vs 33 days, respectively; P = 0.17). From this 
report, few conclusions regarding the efficacy of dap- 
tomycin or standard therapy could be made in this 
subset of patients.l?9 

In a separate abstract describing the resolution of 
clinical signs for the same subset of patients, ~2° 
patients were evaluated for the severity of 8 clinical 
signs of skin and soft tissue infections (including ten- 
derness, induration, and purulence). Each sign was 

assigned a score of 0 for none present, i for mild, 2 for 
moderate, or 3 for severe; a composite score was then 
determined for each patient. In the ITT analysis, both 
the daptomycin and cornparator groups showed 81% 
clinical efficacy At baseline, both groups had a median 
score of 13. After 3 to 4 days of treatment, daptomycin 
recipients showed a median decrease in scores of 5, 
whereas the comparator group showed a decrease of 4 
(P < 0.05). Median duration of treatment with dapto- 
mycin was also shorter (7 vs 8 days; P < 0.05), suggest- 
ing similar efficacy may be achieved more rapidly 12o 

Bacteremia  

Two ongoing Phase II, open-label clinical trials 
evaluating the efficacy and safety of daptomycin 
4 rag/ks QD, 6 mg/kg QD, or 3 rag/ks BID for treat- 
merit of bacteremia are under way, as reported in an 
abstract by Snydman.~2~ As of the year 2000, 86% 
of patients treated with daptomycin 4 mg/kg QD 
showed clinical response (although not defined in the 
abstract), compared with 69% of patients treated 
with vancomycin 1 g BID. No differences in AE pro- 
files were found between the 2 groups. No details 
regarding the number of participants or specific 
details about types of AEs were reported at the time 
of publication of the abstract. Instead, study details 
provided in records submitted to the FDA 177 showed 
that in the DAP-BAC-9803 study, 24 patients received 
daptomycin 4 mg/kg QD, 26 patients received dapto- 
mycin 6 mg/kg QD, and 24 patients received dapto- 
mycin 3 mg/kg BID after a loading dose of 6 mg/kg. 
The cornparator group consisted of 24 patients who 
received standard therapy with vancomycin 1 g BID 
or nafcillin or oxacillin 4 to 12 g daily in equally di- 
vided doses. All patients had confirmed or presumed 
gram-positive bacteremia. 

In the DAP-RRC-9804 study, :lr daptomycin was 
administered in an open-label, noncomparator, mul- 
ticenter trial using 3 dosing regimens for bacteremia: 
4 mg/kg QD, 6 mg/kg QD, or 3 mg/kg BID after a 
6-mg/kg loading dose. Patients with other indications 
for treatment of gram-positive infections were also 
included in this study: complicated skin and skin- 
structure infections (4 mg/kg QD), lower respiratory 
tract infections (6 mg/kg QD), intra-abdominal infec- 
tions (6 mg/kg QD), and complicated urinary tract 
infections due to vancomycin-resistant or otherwise 
refractory-to-treatment pathogens (4 mg/kg QD). A1- 
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though all patients received treatment for _>14 days, this 
trial was terminated early due to slow enrollment. ~lr 

Two cases of bacteremia in patients undergoing 
neutropenic bone marrow transplantation were treat- 
ed with daptomydn after inadequate treatment with 
vancomycin. ~22 In the first case, an 18-year-old woman 
with recurrent Hodgkin's lymphoma developed bac- 
teremia after chemotherapy and transplantation, 
despite prophylactic regimens with ciprofloxacin, 
sulfamethoxazole-trimethoprim, and acyclovir. Imi- 
penem and vancomycin were started, but imipenem 
was changed to cefepime in response to rash and 
amphotericin was added to the regimen. The patient 
developed grade 2 graft-versus-host disease, which 
was treated with hydrocortisone, and subsequently 
septic shock with a blood culture positive for 
Leuconostoc mesen~eroides resistant to vancomycin 
(MIC > 4 pg/rnL). Because the isolate was sensitive to 
daptomycin (MIC < 0.03 pg/mL), daptomycin was 
initiated with a 400-rag bolus followed by 4.5 mg/kg 
q 36 h (adjusted for CrC1 55 mUmin) for 8 days and 
then increased to 6 mg/kg QD after improvement in 
renal function for a total of 15 days of treatment. The 
patient was discharged on day 42 with no side effects 
to daptomydn reported. 

The second case also involved L mesentero~des.122 A 
35-year-old man with a relapse of acute myeloblastic 
leukemia complicated by a line-related bacteremia, 
penicillin-induced rash, peripheral neuropathy, and 
renal insufficiency had to wait 3 months until allo- 
genie bone marrow transplantation. Eight days after 
relapse, the patient was found to have bacteremia 
with L mesen~eroides susceptible to daptomycin. 
Treatment was started at 6 mg/kg QD and continued 
until a lumbar puncture 3 days later revealed the 
presence of leukemic meningitis with 5 epidermtdis in 
cerebrospinal fluid. Daptomycin was discontinued 
and vancomycin was started until the bacteremia 
resumed and daptomycin had to be continued for 3 
more weeks. One month after resolution of the infec- 
tion, the patient died of complications related to 
leukemia. For the treatment of catheter-related bac- 
teremia due to a vancomydn-resistant nosocomial 
pathogen, overall daptomydn was safe and effective. 

Pneumonia 
Use of daptomycin was investigated for the treat- 

ment of moderate to severe community-acquired 

pneumonia (CAP) due to 5 pneumoniae in the studies 
DAP-CAP-00-05 and DAP-CAP-00-08 :it Both were 
Phase II, randomized, rnulticenter, multinational, 
double-blind, parallel-treated, active-controlled trials 
comparing the efficacy and safety of daptomycin 
4 mg/kg QD versus ceftriaxone 2 g QD in the com- 
parator arm. Aztreonam could be added for gram- 
negative coverage, according to the study investiga- 
tors. Anticipated treatment duration was 5 to 14 days 
with test-of-cure assessed at 7 to 14 days after the last 
dose of study medication. Men and women aged 
_>18 years with pneumonia caused by known or sus- 
pected gram-positive bacteria and requiring hospital- 
ization for IV antibiotics for _>5 days were considered 
for the trials. In the DAP-CAP-00-05 study, which 
was conducted at centers in the United States, Europe, 
Canada, Australia, South America, and New Zealand, 
355 patients were randomized to the daptomycin 
group and 359 patients to the cornparator group. 
However, daptomycin treatment failed to meet the 
predetermined criterion for noninferiority (<10% dif- 
ference in clinical success between daptomycin and 
ceftriaxone at the upper 95% CI for clinical success). 
Based on the results of this study, DAP-CAP-00-08 
was terminated with 100 patients receiving dapto- 
mycin and 101 patients receiving ceftriaxone. Among 
all patients who received study medications in these 
2 studies, 58.2% (265/455) in the daptomydn group 
and 60.7% (279/460) in the ceftriaxone group 
received medications for 7 to 14 days. Overall, more 
patients receiving daptomydn treatment prematurely 
discontinued treatment (23.3% [106/455] vs 14.1% 
[65/460]), with more patients in this group citing 
clinical failure as the reason for discontinuation of 
therapy (9.7% [44/4551 vs 5.0% [23/4601, respec- 
tively). Thus, daptomycin is not indicated for the 
treatment of pneumonia, as specifically noted in the 
package insert. 24 Limited penetration and accumula- 
tion of daptomycin at alveolar sites of infection may 
contribute to its lack of clinical efficacy in the treat- 
ment of pneumonia. 

Complicated Ur inaryTract  Infections 
In addition to study DAP-RRC-9804, M7 which 

included patients with complicated urinary tract 
infections, study DAP-00-03 was planned as an open- 
label, Phase III comparison of daptomycin 4 mg/kg 
QD versus dprofloxadn 400 mg.llz Each arm of the 
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study recruited 34 patients, and the majority of these 
patients received treatment for 2 to 14 days. 
However, the study was terminated early due to slow 
enrollment. 

Endocardit is  
An early study of 5 aureus endocarditis--BSB-MC- 

AVAM--compared the efficacy and safety of dapto- 
mycin 3 mg/kg BID versus comparator treatment 
(eg, nafcillin, gentamicin), l i t  During the study, 
14.6% (13/89) of patients in the daptomycin group 
and 17.1% (6/35) in the comparator group died. 
Causes of death were not attributed to the medica- 
tions administered (eg, abscess, cardiac arrest, multi- 
organ failure, respiratory failure, gastric aspiration). 
However, it was hypothesized that despite adequate 
treatment of staphylococcal bacterernia with dapto- 
rnycin (3 mg/kg BID), this dose may not be effective 
in the treatment of endocarditis due to this pathogen. 
Subsequently, the study DAP-IE-01-02 was proposed 
using daptornycin 6 mg/kg QD. Due to concerns 
regarding subtherapeutic response and potential con- 
sequences, the study investigators sought (and 
received) FDA approval to recruit only patients with 
right-sided endocarditis, l>r No results of this study 
were available at the time of manuscript preparation. 

S A F E T Y  PROFI  LE 

Safety data submitted to the FDA for approval of 
daptomycin consisted of data from use of this agent 
in 602 participants in Phase I studies, 349 in Phase 
II studies, and 989 in Phase III studies, l i t  This sec- 
tion of the present article reviews safety data from 
preclinical and clinical studies and subsequent rec- 
omrnendations for the dosing of daptornycm In 
addition, it discusses the occurrence of daptornycin- 
related serious AEs and the need for discontinuation 
of daptornycin during clinical studies, with an 
emphasis on results from Phase III trials supporting 
the use of daptornycin for the FDA-approved indica- 
tion of treatment of complicated skin and skin- 
structure infections. 

Toxicology reports on file with Lilly Research 
Laboratories (Indianapolis, Indiana) have been sum- 
marized by Oleson et al. 123 Of particular concern was 
the emergence of skeletal muscle toxicity in early ani- 
mal and human studies. 1 it, 123 Results of pharmacoki- 
netic studies in dogs comparing daptomycin 75 mg/kg 

in 1 single daily dose or divided into 3 daily doses 123 
suggested that muscle toxicity may be related to the 
dose interval rather than the C .  x or extent of accumu- 
lation. Daptornycin 75 rng/kg QD yielded a 3.3-fold 
higher mean (SD) Cm~ x than the same total daily dose 
administered TIT)(5+0 [112] tlg/mL vs 238 [22] tlg/mL). 
In comparison, 25 mg/kg QD yielded a mean (SD) 
C>~x of 165 (44) t~g/mL. For AUC 0 >, there was a 
proportionate increase in mean (SD) AUC at the same 
dose interval (682 [44] llg-h/mL for 25 mg/kg QD vs 
1840 [374] llg-h/mL for 75 mg/kg QD), compared 
with slightly greater accumulation (1.3Y-fold) with the 
fractionated regimen (mean [SD], 2526 [197] t~g-h/mL 
for 25 rng/kg TID). However, despite a higher Cm~.x 
with 75 rng/kg QD, daptornycin 25 rng/kg TID yield- 
ed a nearly 4-fold greater increase in mean [SD] cre- 
atine phosphokinase (CPK) after 8 days of treatment 
(3996 [315] U/L vs 991 [421] U/L). Measurement of 
trough concentration showed a minimal concentra- 
tion of 27 l~glmL for the fractionated regimen at the 
end of the &hour  dose interval. For the 75-rng/kg 
QD regimen, the concentration was already below 
this trough at 12 hours after administration. 

With microscopy, minimal degeneration and regen- 
eration of myofibers was observed with no evidence 
of necrosis, cell lysis, or fibrosis. No statistically sig- 
nificant difference in incidence of myofiber lesions 
was found between 75 mg/kg as a single daily dose or 
in 3 divided doses.lB Instead, minimal, nonsuppura- 
tire inflammation secondary to skeletal muscle 
degeneration was seen. Based on the animal studies 
showing a higher risk of skeletal muscle toxicity with 
same total daily dose divided into smaller fractions 
than administered as a single daily dose despite no 
greater Cm~ x, the investigators hypothesized that 
increased duration between doses of daptomycin may 
allow for repair of effects on skeletal muscle.:23 No 
progression of toxicity was detected with QD admin- 
istration after 6 months. Lack of fibrosis (cell lysis) 
even after 20 days of treatment suggested daptomycin 
caused leakage of CPK from myofibers secondary to 
membrane perturbation. Daptomycin-induced myopa- 
thy appeared to be specific to skeletal muscle and also 
appeared to be nonprogressive and readily reversible 
in nature. Results from safety analyses in dogs have 
been extrapolated to humans, suggesting that dapto- 
mycin should be administered in a QD regimen to 
reduce the potential for skeletal muscle toxicity.123 
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In a Phase I dose-escalation trial, :18 2 of 5 partici- 
pants receiving daptomycin dosed at 4 mg/kg BID 
experienced acute increases in CPK >10 times the 
upper limit of normal (ie, peak CPK values >10,000 
and 20,812 U/L for these participants) with muscle 
weakness and myalgia. Muscle effects were reversible 
after discontinuation of daptomycin. Three other 
subjects in clinical pharmacology studies also discon- 
tinued participation due to drug-related, asymptom- 
atic elevation of CPK. Maximum values were 1940 or 
1593 U/L after 14 or Y days of daptomycin 6 mg/kg 
QD, respectively, and 4498 U/L after 5 doses of dap- 
tomycin (loading dose 4 mg/kg, followed by 3 mg/kg 
QD). Patients also presented with MM dimeric (muscle) 
isozyme pattern, llz Elevations in CPK resolved within 
2 weeks of discontinuation of daptomycin. In Phase II 
studies, 4 patients also discontinued daptomycin after 
increases in CPK occurred. Seven patients in Phase III 
studies for the treatment of CAP also showed AEs 
affecting the musculoskeletal or connective tissue sys- 
tems. However, in a later pharmacokinetic study 
using daptomycin 8 mg/kg every 24 hours, transient 
increases in CPK to <2.5 times the upper limit of nor- 
mal were observed in 2 participants for only 2 days 
and were not associated with muscle symptoms. One 
of these subjects continued to receive 8 mg/kg QD for 
14 days without further increases in CPK. 4~ 

A preliminary evaluation of the incidence of skele- 
tal muscle effects associated with daptomycin treat- 
ment (4 mg/kg QD for 7-14 days) among patients in 
the Phase III trials described by Arbeit et al M3 was 
presented in poster form by Knapp et al.12+ AEs and 
elevation in serum CPK were monitored throughout 
the study. Baseline levels of CPK >500 U/L were seen 
in 14.4% of patients (77/534) treated with dapto- 
mycin and 16.5% of patients (92/558) treated with 
semisynthetic penicillins or vancomycin (ie, compara- 
tot group). Approximately 70% of these elevations 
resolved with antimicrobial treatment, suggesting 
that the elevations were associated with infection. 
Transient elevations in CPK occurred in 3.4% (18/354) 
of daptomycin-treated and 3.6°/0 (20/558) of comparator- 
treated patients, particularly in association with 
adjunctive surgery or intramuscular injection, and 
these resolved even with continued antimicrobial 
treatment. Signs and symptoms of skeletal muscle 
damage (eg, myalgia, weakness) were observed in 6.4% 
(34/534) and 5.0% (28/558), respectively However, 

skeletal muscle effects were not associated with eleva- 
tions in CPK and resolved with continued treatment. 
Only 1 patient (0.2%) in the daptomycin group 
appeared to show a rise in CPK accompanied by mus- 
cle pain and weakness that may be associated with 
the drug. After 10 days of daptomycin, CPK concen- 
tration peaked at 10,320 U/L. After discontinuation 
of the drug, CPK and muscle symptoms resolved. 
Thus, skeletal muscle toxicity did not appear to be a 
common side effect among patients receiving dapto- 
mycin 4 mg/kg QD for the treatment of complicated 
skin and skin-structure infections. 

Despite changes associated with markers of skeletal 
muscle toxicity, Phase I studies suggest cardiac tissue 
does not appear to be a target of daptomycin- 
associated muscle toxicity. :lz In preclinical studies, in 
vitro concentrations of daptomycin 20- to 25-fold 
higher than the C L~.x expected with a dose of dapto- 
mycin 4 mg/kg QD did not affect cardiac muscle 
function. Exposure to daptomycin for 6 months 
showed no histopathologic conditions in cardiac 
muscle function in dogs. Moreover, 60 human sub- 
jects exposed to daptomycin 6 mg/kg QD for 14 days 
showed no cardiac changes on electrocardiogram. 
Thus, daptomycin-associated muscle toxicity did not 
appear to involve cardiac tissue. 

In addition to discontinuation of study medications 
due to skeletal muscle toxicity, daptomycin use has 
also been associated with few cases of neuropathy in 
clinical studies. M7 One patient in study BSB-EW- 
AVAH showed a 50% reduction in nerve conduction 
velocity (NCV) amplitude after receiving a l-rag dose 
of daptomycin. This study was halted after 4 of 50 
intended participants had been recruited. In study 
B8B-MC-AVAM, 1 patient also discontinued dapto- 
mycin treatment secondary to neuropathy Doses 
used in these 2 Phase II studies were daptomycin 
6-mg/kg loading dose followed by 3 mg/kg BID. The 
second patient noticed tingling in 1 foot lasting 1 day 
on day 12 of treatment. Despite normal NCVs on day 
4, repeat NCVs on day 18 showed moderate to severe 
neuropathy. Sensory sural nerve testing showed a lack 
of action potentials in distal and proximal sensory 
nerves, which was classified as probably related to 
study medication. Thus, the patient was withdrawn 
from the study. Another patient who received dapto- 
mycin 2 mg/kg QD for 5 days in study BSB-MC- 
AVAE/BSB-EW-AVAG for skin and skin-structure 
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infections also showed a 50% reduction in NCVs on 
day. 10 compared with baseline measurements on day. 
2 of treatment. Unlike the previous case, this patient 
was asy.rnptornatic. After discontinuation of study. 
medications, neither patient returned for follow-up. 

Although not resulting in discontinuation of study 
medications, neurologic changes classified as serious 
AEs were also seen in a select number of patients. ~ ?r 
In Phase I and II studies, 4 patients developed Bell's 
palsy or other facial palsy while receiving daptomycin. 
Only 1 of these patients discontinued study medica- 
tion. One additional patient also showed a reduction 
in NCV during 1 Phase II study Two patients in Phase 
III studies also developed paresthesias. However, 
despite the fact that the occurrence of neuropathy., 
cranial neuropathy., and changes in NCV suggested 
daptomycin use may be associated with neuropathic 
or neurologic toxicity, no differences in the rate of 
occurrence were found between the daptomycin- and 
cornparator-treated groups. 

Other reasons to discontinue study medications 
included diarrhea, acute respiratory insufficiency. 
leading to coma, severe respiratory failure, and eleva- 
tion in cardiac enzymes in patients participating in 
Phase III trials for the treatment of CAP ~?r Only 1 
patient required discontinuation of study medica- 
tions for each of the events listed. Among serious AEs 
possibly or probably related to study medications in 
Phase II and III studies (yet not leading to discontin- 
uation of daptomycin) were cholecystitis, leukopenia, 
pericardial effusion, complete atrioventricular block, 
acute renal failure, thrombocy.topenia, hypersensitiv- 
ity reaction, and eosinophilia, each occurring in 1 
patient. Twenty-eight patients also experienced AEs 
of the gastrointestinal system. 

No deaths during the Phase I, II, or III studies were 
attributed to daptomycin as a study medication. 
However, 1 patient receiving daptomycin for compli- 
cated urinary tract infection developed worsening 
atrial fibrillation and complete heart block. Despite a 
medical history of such arrhythmia, daptomycin use 
could not be excluded as a possible factor in the 
patient's death, nr  

The incidence of AEs that occurred in >_2% of 
patients in the DAP-SST-9801 and DAP-SST-9901 
studies are listed in Table VI. >,1is There were no dif- 
ferences in the incidence of AEs between the treat- 
ment groups. Because early studies suggested that 

rnyopathy or muscle damage might have been a con- 
cern, CPK levels were measured at baseline, during 
treatment, and after completion of therapy. No signif- 
icant differences were seen in CPK levels or in the 
incidence of CPK elevation among patients receiving 
daptomycin (2.1% [11/534]) or comparator treat- 
ment (1.4% [8/558]). Two patients in the daptomycin 
group discontinued treatment after 9 to 10 days of 
therapy with elevated CPK levels. Only 1 patient was 
symptomatic. As previously described, ~s muscle 
symptoms resolved after 72 hours and CPK eleva- 
tions returned to within normal limits by the follow- 
up period of the study 

Pooled laboratory data from DAP-SST-9801 and 
DAP-SST-9901 showed no differences in hematologic 
parameters, blood chemistry, or hepatobiliary func- 
tion between the 2 treatment groups.lit Despite pre- 
clinical data in rats suggesting a dose-dependent, 
reversible elevation in markers of nephrotoxicity. (eg, 
excretion of urinary tubular cells and malate dehy.- 
drogenase) and electron microscopy findings of par- 
tial loss of renal brush-border cells in the proximal 
tubule, ~25 review of safety data from clinical studies 
has not confirmed that daptomycin use may be asso- 
ciated with renal toxicity. 

Only 1 patient in the complicated skin and skin- 
structure infection studies showed an increase in total 
bilirubin >1.5 times the upper limit of normal.l~r The 
maximum alanine aminotransferase (ALT) level noted 
was 280 U/L and maximum aspartate aminotransferase 
(AST) was 386 U/L. Although hepatotoxicity and ele- 
vation m liver function test results were not character- 
istic Affs associated with daptomycin use in clinical tri- 
als, a 24-year-old HIV-positive female patient receiving 
daptomycin (3 mg/kg BID) for S aureus endocarditis 
experienced elevation in liver enzymes (to ALT 1374 
U/L and AST 357 U/L) during the third week of treat- 
rnent. Two weeks after discontinuation of daptorny.cin, 
enzyme levels began to decline and complete resolu- 
tion was seen after 4 weeks, nr  

Overall, data on daptomycin safety at 4 mg/kg QD 
for up to 14 days of treatment showed no difference 
between daptomycin and comparative antimicrobial 
therapy, l?r Because skeletal muscle toxicity is the chief 
concern regarding the safety of daptomycin, patients 
should be monitored for symptoms of muscle pain or 
weakness, especially in distal extremities. The manu- 
facturer also recommends that CPK levels be assessed 
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TableVI. Percentage incidence of adverse events occurring 
in >2% of patients in Phase III trials of complicat- 
ed skin and skin-structure infections. 24,118 

Adverse Event 

Daptomycin Comparator 
Group Group* 

(n = S3Q (n = SSS) 

Constipation 33 (62) 
Injection-site reactions 31 (58) 
Nausea S l (58) 
Headache 2_9 (54) 
Diarrhea 28 (52) 
Insomnia 2_q (qS) 
Rash 2-3 (qS) 
Vomiting 17 (32) 
Abnormal liver function test results 16 (30) 
Elevated CPK 15 (28) 
Pruritus 15 (28) 
Fungal infections 14 (26) 
Hypotension 13 (24) 
Urinary tract infections 13 (24) 
Dizziness 12 (22) 
Penal failure 12 (22) 
Anemia I I (2_ I) 
Dyspnea I I (2 I) 
Fever 10 (19) 
Limb pain 8 (I S) 
Hypertension 6 ( I  I) 
Arthralgia S (09) 
Dyspepsia 3 (09) 

3s (6s) 
43 (77) 
ss (gs) 
so ( s 9  
24 (43) 
so ( s 9  
2t (as) 
21 (3s) 

9 (i 6) 
io ( t s )  

2-t Os )  
s (32) 
s (i 4) 
s (0s) 
1(2o) 
S (27) 
s (2-s) 
9 (t 6) 

14 (2s) 
i i (20) 
it (2-0) 
12- (2-2-) 
14 (2s) 

CPK = creatine phosphokinase. 
*Comparator group consisted of treatment web vancomycin or semisyn- 
thetic penicillins 

weekly with daptomycin use. 24 Although a small study 
(N = 60) revealed no neuropathic or cardiac changes 
on electrocardiogram with daptomycin 6 mg/kg QD 
for 14 days, i patient receiving daptomycin at this dose 
in another study developed severe acute respiratory 
syndrome and subsequent acute renal failure possibly 
related to the study medication, xlr Currently, data 
using higher doses of daptomycin or the use of dapto- 
mycin for longer duration of treatment are limited. As 
clinical trials continue to gather more information, the 
safety of such regimens may need to be reassessed. 

D R U G  I N T E R A C T I O N S  
Although results from in vitro studies suggest that 
daptomycin does not inhibit or induce the cyto- 

chrome P-450 isozymes CYP1A2, CYP2Ad, CYP2C9, 
CYP2C19, CYP2Dd, CYP2E1, or CYP3AS, 2<63 these 
studies could not determine whether daptomycin 
may be a substrate for CYP metabolism. The potential 
for drug interactions between daptomycin and aztre- 
onam, probenecid, warfarin, and simvastatin was inves- 
tigated in healthy adults. 63 No significant differences 
were detected in C>~ x, AUC, or total and renal clear- 
ance of daptomycin when a single 6-mg/kg dose was 
administered among 15 healthy adults with a single 
dose of aztreonam 1000 rag. Similarly, no differences 
in these parameters were found for daptomycin phar- 
macokinetics when a single dose of daptomycin 
4 mg/kg was administered with probenecid 500 rng 
QID for 10 doses among 5 healthy adults. The addi- 
tion of warfarin 25 mg as a single dose on day 5 at 
steady-state concentrations of daptomycin d mg/kg QD 
(administered for 9 days total) showed no change in 
pharmacokinetics of daptomycin or warfarin or phar- 
macodynamic interactions among 1 d volunteers. ~3 

Coadministration of simvastatin 40 mg/d and dap- 
tomycin + mg/kg QD for 14 days also did not show 
any pharmacokinetic differences in plasma trough 
concentrations of either drug among 20 adults aged 
>30 years. 6s In this study, CPK concentrations 
remained within the upper limit of normal (60--+00 U/L 
for males and 40-150 U/L for females) throughout 
the study Due to the potential for skeletal muscle 
toxicity that may result from the pharmacodynamic 
interaction, the Phase III studies DAP-SST-9801 and 
DAP-SST-9901 attempted to exclude patients receiv- 
ing daptomycin and 3-hydroxy-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase inhibitors (ie, 
statins) simultaneously x2° However, 34 patients 
received a statin or fibrate with daptomycin. No sig- 
nificant differences in CPX elevation were seen 
between patients receiving daptomycin with (2.9% 
[1/34]) or without (1.0% [5/500]) these antihyper- 
lipidemic agents, lxr Overall, although no dosage 
adjustment may be suggested, temporary suspension 
of HMG-CoA reductase inhibitors may be considered 
during treatment with daptomycin due to concerns 
regarding myopathy >,6s 

D O S A G E  A N  D A D M I  N I S T R A T I O N  
For the treatment of complicated skin and skin-structure 
infections, daptomycin should be administered at 
4 mg/kg QD in adults. > Few data have been collect- 
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ed to establish the efficacy and safety of higher doses 
of daptornycin. However, such studies are under 
way.12° Based on results of pharmacokinetic studies, 
no dosage adjustments are recommended for older 
(aged >75 years) or obese (BMI 25-39 kg/m 2) 
patients. 2<62,63 Similarly, no dosage adjustment of 
daptomycin is recommended for the treatment of 
mild to moderate hepatic impairment. However, the 
use or pharmacokinetics of daptomycin have not 
specifically been assessed among patients with severe 
hepatic impairment (Child@ugh Class C). 63 

Among the special populations in which pharmaco- 
kinetics may be affected by disease state, patients with 
renal insufficiency may. require dosage adjustment of 
daptorny.cin. As described in the Pharmacokinetics 
section, patients with CrC1 <30 rnUmin or receiving 
hernodialy.sis or peritoneal dialysis show 2- to 3-fold 
greater accumulation of daptorny.cin (as measured by. 
AUC) than patients with normal renal function. 2<60,e2 
Reductions in mean clearance rates suggest that the 
daptorny.cin dose interval should be extended to dap- 
tomycin 4 mg/kg q 48 h for patients with CrC1 <30 
mUmin,  including patients receiving hemodialysis 
and continuous ambulatory peritoneal dialysis. For 
patients undergoing dialysis, daptomycin should be 
administered after the completion of hemodialysis on 
such therapy days. 24 

Daptomycin is classified as pregnancy category B 
drug2+; studies in rats and rabbits at doses up to 
75 mg/kg revealed no harm to the fetus. However, no 
adequate and well-controlled studies have been con- 
ducted in pregnant women. Degree of daptornycin 
excretion in human milk is not known. Thus, dapto- 
mycin should be used with caution during pregnan- 
cy and lactation. 24 Because all clinical and pharmaco- 
kinetic studies to date have been conducted in 
patients aged >18 years, efficacy, and safety of dapto- 
mycin use in patients aged <18 years have also not 
been established. 2<12° 

Daptorny.cin is available in single-use vials contain- 
ing 250 or 500 mg of daptomycin in a sterile, 
lyophilized, pale yellow to light brown powder. For 
every 250 rag, daptomycin should be reconstituted in 
5 mL of 0.9% sodium chloride for injection. Re- 
constituted solution should then be diluted in sodium 
chloride injection and delivered by IV infusion over 30 
minutes. 24 Reconstimtion and dilution should be con- 
ducted using aseptic techniques, as vials do not con- 

tain a preservative or bacteriostatic agent. The reconsti- 
tuted solution is stable for 12 hours at room tempera- 
rare or 48 hours under refrigeration (2°C-8°C) in the 
vial. The diluted solution is stable in the infusion bag 
for the same duration at room temperature or under 
refrigeration, respectively However, the total duration 
of time in the vial and bag should not exceed 12 hours 
at room temperature or 48 hours under refrigeration. 24 
Daptomycin is also compatible in lactated Ringer's 
solution for inj ection but not dextrose-containing dilu- 
ents. Simultaneous administration of other IV medica- 
tions is not recommended because limited compatibil- 
ity data have been collected. 

P H A R M A C O E C O N O M I C  C O N S I D E R A T I O N S  
Daptomycin, linezolid, and quinupristin-dalfopristin 
were developed to treat resistant gram-positive bacterial 
infections. Based on the 2004 average wholesale price 
(in US dollars), 126 the acquisition cost for a 10-day 
course of daptomycin therapy (4 mg/kg daily [500-rng 
vials x 10]) is $1681, which is comparable to that of IV 
linezolid ($1709; 600 mg BID [600-mg vials × 20]) but 
considerably more expensive than that of vancomycin 
($168; 1 g BID [500-mg vials × 40]). In comparison, the 
cost of treatment with a 10-day course of quinupristin- 
dalfopristin is $2557 (7.5 mg/kg BID [500-mg vials × 
20]). Because of its relatively long half-life (-9 hours), 
daptomycin is administered QD, which is more conve- 
nient for the patient and health care workers. 

To date, no pharmacoeconomic analyses of dapto- 
mycin have been published. With its high acquisition 
cost, daptomycin should be reserved for infections 
due to vancornycin-resistant pathogens or infections 
caused by gram-positive pathogens that failed to 
respond to vancomycin therapy. 

D I S C U S S I O N  
Daptomycin is the first member of a new class of 
antirnicrobial agents known as the cyclic lipopep- 
tides. It causes rapid cell death by disrupting multi- 
pie functional aspects of the bacterial plasma mem- 
brane, a pharmacologic target that is unique among 
currently available antimicrobial agents. 27 Because of 
this unique mechanism of action, cross-resistance 
with other antibacterial classes is unlikely and has not 
been reported. The incidence of spontaneous resis- 
tance to daptomycin is rare. 93 Of the >1000 subjects 
who received daptomycin in Phase II/III clinical tri- 
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als, only 2 confirmed cases of emergence of resistance 
to daptomycin were reported, e6 In vitro, daptomycin 
exhibits rapid bactericidal activity against a wide 
range of clinically important gram-positive pathogens 
including resistant strains such as ORSA, VISA, VRSA, 
penicillin-resistant 5 pneumoniae, and VREE 7°~3'75'76 

The bactericidal activity of daptomycin appears to be 
independent of the metabolic status of bacteria (ie, it 
is active against both dividing and stationary bacte- 
ria), 12r making it an attractive choice for the treat- 
ment of sequestered high inoculum infections such as 
endocarditis. Efficacy data from 2 pivotal trials 
involving a total of 1118 subjects have shown that 
daptomycin is as efficacious as vancomycin or a semi- 
synthetic penicillin (ie, nakillin, oxacillin, dicloxacillin, 
or flucloxacillin) in the treatment of complicated skin 
and soft tissue infections (daptomycin vs comparator 
drug: 62.5% vs 60.9% for study DAP-SST-9801 and 
80.4% vs 80.5% for study DAP-SST-9901). 12° 
Clinical trials evaluating the efficacy and toler- 
ability of daptomycin at a dosage of 6 mg/kg QD for 
staphylococcal bacteremia and endocarditis are 
ongoing. 

Although the incidence of CPK elevations observed 
in patients treated with daptomycin and comparator 
drugs was not clinically or statistically different in 
Phase III clinical trialsJ lr daptomycin- induced 
myopathy has always been a concern. In early clini- 
cal trials, 2 of the 5 subjects who received dapto- 
mycin at a dosage of 4 mg/kg IV BID developed 
myopathy after 7 and 11 days, respectively, of dosing. 
This daptomycin-induced myopathy was mild, non- 
progressive, skeletal muscle specific, and readily 
reversible. 123 In an animal model, Oleson et al ~23 
reported that daptomycin-related musculoskeletal 
effects could be minimized with QD administration 
by allowing for more time between doses for repair of 
subclinical damages. Whether this daptomycin- 
induced myopathy in humans could truly be cur- 
tailed by QD administration remains unknown.  
Complicated skin and soft tissue infections are typi- 
cally treated for 7 to 14 days. Further studies are 
needed to delineate the long-term AEs on the human 
musculoskeletal system. It would be prudent to mon- 
itor patients for muscle pain or weakness and to 
obtain CPK levels weekly while undergoing dapto- 
mycin therapy Medications with similar muscle- 
related AEs, such as HMG-CoA reductase inhibitors, 

should also be temporarily discontinued if clinically 
possible. 

Daptomycin is highly protein bound (-92%), pri- 
marily to albumin. > Theoretically, this high degree of 
protein binding will lead to a low level of free active 
drug. It has been suggested that clinical failures with 
daptomycin leading to study suspension in the early 
1990s were in part attributable to the high degree of 
protein binding, although subjects were administered 
a relatively low dosage of daptomycin (2 mg/kg daily) 
for the treatment of bacteremia and endocarditisJ 6 
The clinical relevance of protein binding in dapto- 
mycin therapy remains to be elucidated. 

Despite these concerns, daptomycin remains a use- 
ful addition to the antimicrobial armamentarium. 
Daptomycin should be reserved for life-threatening 
situations and/or when multidrug-resistant pathogens 
are suspected or identified, so that its efficacy for 
resistant pathogens can be preserved. 

C O N C L U S I O N S  
With rapid bactericidal activity, a unique mechanism 
of action, low incidence of resistance, and a lack of 
cross-resistance with other antimicrobial agents, dap- 
tomycin may be useful in the treatment of not only 
complicated skin and skin-structure infections but also 
sequestered high-inoculum infections (eg, endocardi- 
tis) due to resistant gram-positive pathogens. However, 
the use of daptomycin beyond 14 days and at doses 
>4 mg/kg QD cannot be recommended until clinical 
efficacy and safety data become available. 
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