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Background

Alternative therapies for Staphylococcus aureus bacteremia and endocarditis are needed.

Methods

We randomly assigned 124 patients with S. aureus bacteremia with or without endo-
carditis to receive 6 mg of daptomycin intravenously per kilogram of body weight 
daily and 122 to receive initial low-dose gentamicin plus either an antistaphylococ-
cal penicillin or vancomycin. The primary efficacy end point was treatment success 
42 days after the end of therapy.

Results

Forty-two days after the end of therapy in the modified intention-to-treat analysis, 
a successful outcome was documented for 53 of 120 patients who received dapto-
mycin as compared with 48 of 115 patients who received standard therapy (44.2 per-
cent vs. 41.7 percent; absolute difference, 2.4 percent; 95 percent confidence interval, 
−10.2 to 15.1 percent). Our results met prespecified criteria for the noninferiority of 
daptomycin. The success rates were similar in subgroups of patients with compli-
cated bacteremia, right-sided endocarditis, and methicillin-resistant S. aureus. Dapto-
mycin therapy was associated with a higher rate of microbiologic failure than was 
standard therapy (19 vs. 11 patients, P = 0.17). In 6 of the 19 patients with microbio-
logic failure in the daptomycin group, isolates with reduced susceptibility to daptomy-
cin emerged; similarly, a reduced susceptibility to vancomycin was noted in isolates 
from patients treated with vancomycin. As compared with daptomycin therapy, stan-
dard therapy was associated with a nonsignificantly higher rate of adverse events that 
led to treatment failure due to the discontinuation of therapy (17 vs. 8, P = 0.06). 
Clinically significant renal dysfunction occurred in 11.0 percent of patients who re-
ceived daptomycin and in 26.3 percent of patients who received standard therapy 
(P = 0.004).

Conclusions

Daptomycin (6 mg per kilogram daily) is not inferior to standard therapy for S. aureus 
bacteremia and right-sided endocarditis. (ClinicalTrials.gov number, NCT00093067.)
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S  taphylococcus aureus is a leading cause 
of bacteremia1,2 and endocarditis.3,4 S. aureus 
bacteremia is associated with serious com-

plications, including endocarditis, in 30 to 40 per-
cent of cases.5,6 Treatment options for bacteremia 
and endocarditis caused by S. aureus, particularly 
methicillin-resistant S. aureus (MRSA), are limited. 
Vancomycin, the standard therapy for blood-
stream infections attributable to MRSA, has been 
associated with suboptimal outcomes.7-10 New 
agents for the treatment of S. aureus bacteremia 
and endocarditis are needed.

Daptomycin is a cyclic lipopeptide antibiotic 
that is rapidly bactericidal in vitro against most 
clinically relevant gram-positive bacteria, includ-
ing S. aureus.11-14 Daptomycin is approved for the 
treatment of complicated skin and skin-structure 
infections attributable to gram-positive organisms 
at a dose of 4 mg per kilogram of body weight 
intravenously per day,15 but its efficacy in the 
treatment of S. aureus bacteremia and endocardi-
tis and its safety at higher doses have not been 
established. We assessed the efficacy and safety 
of daptomycin as compared with standard ther-
apy for S. aureus bacteremia and endocarditis.

Me thods

Study Design

This open-label, randomized trial was conducted 
between August 28, 2002, and February 16, 2005. 
The institutional review board at each site approved 
the protocol, and all patients or their authorized 
representatives provided written informed con-
sent. Eligible patients were 18 years of age or older 
and had one or more blood cultures that were 
positive for S. aureus within two calendar days be-
fore initiating study medication. Patients were in-
eligible if they had a creatinine clearance of less 
than 30 ml per minute, known osteomyelitis, poly-
microbial bacteremia, or pneumonia. Full exclu-
sion criteria are listed in the Supplementary Ap-
pendix, available with the full text of this article 
at www.nejm.org.

The adjudication committee of five infectious-
disease experts (Drs. Abrutyn, Corey, Cosgrove, 
Fowler, and Karchmer) reviewed the data from 
each patient to establish the diagnosis and out-
come. The committee was unaware of patients’ 
treatment assignments.

Definitions

The diagnosis at baseline was determined with the 
use of the modified Duke criteria.16 The adjudica-
tion committee determined final diagnoses (Ta-
ble 1). Uncomplicated bacteremia was defined by 
the isolation of S. aureus from enrollment blood 
cultures in patients without endocarditis and with-
out evidence of hematogenous spread. Patients 
with such infections received medication for a 
minimum of 10 to 14 days. In patients without 
definite endocarditis, complicated bacteremia was 
defined by the isolation of S. aureus from blood 
cultures on at least two days through study day 5, 
the presence of spread of infection, or infection 
involving prostheses not removed within four 
days. Such patients received medication for a min-
imum of 28 to 42 days. Uncomplicated right-sided 
endocarditis was defined as definite or possible16 
methicillin-susceptible S. aureus (MSSA) endocar-
ditis in the absence of predisposing abnormali-
ties or active infection of the mitral or aortic valve 
in a patient with active injection-drug use, a se-
rum creatinine level of less than 2.5 mg per deci-
liter (221 μmol per liter), and no evidence of ex-
trapulmonary sites of infection. Patients with 
uncomplicated MSSA right-sided endocarditis re-
ceived medication for a minimum of 14 to 28 days. 
Complicated right-sided endocarditis was defined 
as definite or possible16 endocarditis in the ab-
sence of predisposing abnormalities or active in-
fection of the mitral or aortic valve, with extrapul-
monary sites of infection, a serum creatinine level 
of at least 2.5 mg per deciliter, MRSA bacteremia, 
or the absence of injection-drug use. Patients with 
such infections were treated for a minimum of 28 
to 42 days. Left-sided endocarditis was defined 
according to the criteria of Li et al.16 Patients with 
such infections received medication for a mini-
mum of 28 to 42 days.

The intention-to-treat population included all 
randomized patients. All patients in the intention-
to-treat group who received at least one dose of 
the study medication were included in the safety 
analyses. The modified intention-to-treat popu-
lation included all randomized patients who re-
ceived at least one dose of study medication ex-
cept those with a high likelihood of left-sided 
endocarditis who were enrolled before a protocol 
amendment allowing their inclusion. The per-
protocol population included all patients in the 
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modified intention-to-treat group with document-
ed adherence to the protocol (Fig. 1 of the Sup-
plementary Appendix). Unless otherwise specified, 
all results presented are based on the modified 
intention-to-treat population, the primary effica-
cy population.

Patients were considered to have clinical fail-
ure if they had no response to the study drug on 
the basis of ongoing signs and symptoms of in-
fection. Patients were considered to have micro-
biologic failure if they had persistent or relaps-
ing S. aureus infection, defined as either ongoing 
positive cultures leading to discontinuation of the 
study drug or subsequent isolation of S. aureus of 
the same strain type after apparent clinical im-
provement.

Randomization, Treatment, and Monitoring

Patients were randomly assigned with the use of 
a block randomization schedule to receive either 
daptomycin or standard therapy; this centralized 
computer-generated schedule was designed to 
achieve a 1:1 ratio of patients, stratified according 
to investigative site.

Patients received daptomycin (Cubicin, Cubist 
Pharmaceuticals) (6 mg per kilogram of body 
weight intravenously once daily) or standard ther-
apy with either vancomycin (1 g every 12 hours 
with appropriate dose adjustment) or an antistaph-
ylococcal penicillin (nafcillin, oxacillin, or flucloxa-
cillin) (2 g every 4 hours), depending on the sus-
ceptibility of the causative strain to methicillin. 
The duration of therapy was determined by the 
investigator on the basis of the working diagno-
sis. All patients who were randomly assigned to 
standard treatment and patients with left-sided 
endocarditis who were assigned to daptomycin 
were to receive gentamicin (1 mg per kilogram 
intravenously every eight hours or adjusted on the 
basis of renal function) for the first four days.

The investigators evaluated patients at base-
line, at the end of therapy, and 42 days after the 
end of therapy (at the test-of-cure visit). Blood 
cultures were obtained daily until they were nega-
tive, as well as at the end of therapy and 42 days 
after the end of therapy (Fig. 1 of the Supplemen-
tary Appendix). Patients were required to undergo 
transesophageal echocardiography within five days 
after starting the study medication. All echocar-
diograms were reviewed by an independent expert 

unaware of the patient’s treatment assignment; 
these results were used in all analyses.

An independent data and safety monitoring 
committee was established to regularly review the 
data and make recommendations regarding con-
tinuation of the study.

Clinical Outcomes

The primary outcome was the clinical success rate 
in each of the two treatment groups in the mod-
ified intention-to-treat population at the visit 42 
days after the end of therapy. Failure at this visit 
was defined as clinical failure, microbiologic fail-
ure, death, failure to obtain blood culture, receipt 
of potentially effective nonstudy antibiotics, or 
premature discontinuation of the study medication 
because of clinical failure, microbiologic failure, or 
an adverse event.

Microbiologic Methods

The species of all isolates was identified, and each 
isolate was tested for antimicrobial susceptibility 
by a central laboratory with the use of accepted 
interpretative criteria.17 A minimal inhibitory con-
centration (MIC) of at least 2 μg of daptomycin 
per milliliter was considered to indicate a nonsus-
ceptible isolate of S. aureus. S. aureus isolates from 
patients with persistent or recurrent infection 
were evaluated with repeated susceptibility testing 
and pulsed-field gel electrophoresis.

Statistical Analysis

Efficacy Assessments
In this noninferiority trial, the 95 percent confi-
dence interval for the difference in success rates 
(daptomycin minus standard therapy) was calcu-
lated on the basis of the normal approximation to 
the binomial distribution. The noninferiority test 
was based on the lower bound of the confidence 
intervals being within the prespecified noninfe-
riority margin of 20 percent and the upper bounds 
containing 0 percent. Assuming 65 percent effi-
cacy in both treatment groups, a statistical power 
of 80 percent, and a one-sided significance level 
of 0.025, we estimated that 90 patients would need 
to be enrolled in each treatment group in the mod-
ified intention-to-treat population in order to test 
the null hypothesis (that the treatments differed 
by at least 20 percent). All reported P values were 
two-sided and not adjusted for multiple analyses.
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Safety Assessments
The incidence of adverse events was compared be-
tween treatment groups with the use of Fisher’s 
exact test. Changes in laboratory values, in particu-
lar, changes in serum creatine kinase and creati-
nine clearance, were evaluated. Creatinine clear-
ance was calculated at baseline and at regular 
intervals thereafter according to the Cockcroft–
Gault formula.18

The study was designed by the sponsor (Cub-
ist Pharmaceuticals) with the assistance of Drs. 
Chambers, Fowler, and Karchmer. Data were held 
and analyzed by the sponsor. However, the au-
thors had complete and unfettered access to the 
data and vouch for the veracity and completeness 
of the data and analyses used for this article.

R esult s

Patients

Of the 246 randomized patients, 10 (6 assigned to 
daptomycin and 4 assigned to standard therapy) 
did not receive the study drug (Fig. 1 of the Sup-
plementary Appendix); thus, 236 — 120 assigned 
to daptomycin and 116 assigned to standard ther-
apy — were treated at 44 sites in four countries 
and represent the population used in the safety 
analyses. These 10 patients plus 1 patient who 
was treated with standard therapy and who en-
rolled before the amendment to allow patients 
with a high likelihood of left-sided endocarditis 
were excluded from the modified intention-to-treat 
population (120 assigned to daptomycin and 115 

Table 1. Characteristics of Patients in the Modified Intention-to-Treat Population.*

Characteristic
Daptomycin

(N = 120)
Standard Therapy 

(N = 115)

Age — yr

Median† 50.5 55.0

Range 21–87 25–91

Female sex — no. (%) 50 (41.7) 44 (38.3)

Race or ethnic group — no. (%)‡

White 75 (62.5) 81 (70.4)

Black 32 (26.7) 23 (20.0)

Hispanic 8 (6.7) 5 (4.3)

Asian 1 (0.8) 2 (1.7)

Other 4 (3.3) 4 (3.5)

Body-mass index

Median 26.9 25.7

Range 17.6–49.7 17.0–44.0

Creatinine clearance — ml/min

Median 86.4 83.6

Range 28.0–246.9 17.9–277.0

Creatinine clearance <50 ml/min — no. (%) 19 (15.8) 22 (19.1)

Risk factor — no. (%)

Diabetes mellitus 44 (36.7) 42 (36.5)

Systemic inflammatory response syndrome 89 (74.2) 87 (75.7)

Injection-drug use 25 (20.8) 25 (21.7)

Preexisting valvular heart disease 16 (13.3) 9 (7.8)

Surgery within previous 30 days 49 (40.8) 36 (31.3)

Extravascular foreign material§ 28 (23.3) 29 (25.2)

Septic pulmonary emboli 10 (8.3) 13 (11.3)

HIV-positive¶ 8 (6.7) 1 (0.9)
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assigned to standard therapy). Risk factors for 
S. aureus infection were similar in the two groups 
(Table 1). Clinical evidence of the systemic inflam-
matory response syndrome was present in 89 of 
120 patients treated with daptomycin (74.2 per-
cent) and in 87 of 115 patients treated with stan-
dard therapy (75.7 percent). The median duration 
of therapy was 14 days for daptomycin and 15 
days for standard therapy (including early dis-
continuations). Gentamicin was administered to 
107 of 115 patients in the standard-therapy group 
(93.0 percent) and to 1 patient in the daptomycin 
group (0.8 percent) for a median of four days. At 
entry, 75.0 percent of the daptomycin group and 
79.1 percent of the standard-therapy group met 
modified Duke criteria for definite or possible 
endocarditis. The final diagnoses were distrib-
uted similarly in the treatment groups (Table 1). 
MRSA was isolated from 45 of 120 patients who 
were treated with daptomycin (37.5 percent) and 
44 of 115 patients who were treated with stan-
dard therapy (38.3 percent).

Outcome

A successful outcome was documented 42 days 
after the end of therapy for 53 of 120 patients in 
the daptomycin group, as compared with 48 of 
115 patients in the standard-therapy group (44.2 
percent vs. 41.7 percent; absolute difference, 2.4 
percent; 95 percent confidence interval for the dif-
ference, −10.2 to 15.1 percent). The lower limit of 
the 95 percent confidence interval was within the 
prespecified margin of −20 percent; thus, dapto-
mycin was not inferior to standard therapy. Differ-
ences in success rates were similar across all of 
the prespecified analyses (Table 2 and Fig. 1). Suc-
cess rates favored daptomycin over vancomycin 
among patients who were infected with MRSA 
(44.4 percent for daptomycin vs. 31.8 percent for 
standard therapy, P = 0.28) but were higher among 
patients receiving standard therapy for MSSA in-
fection (44.6 percent for daptomycin vs. 48.6 per-
cent for standard therapy, P = 0.74). At the end of 
therapy, the success rates were 61.7 percent in the 
daptomycin group, as compared with 60.9 per-

Table 1. (Continued.)

Characteristic
Daptomycin

(N = 120)
Standard Therapy 

(N = 115)

Baseline pathogen — no. (%)

Infection with MRSA 45 (37.5) 44 (38.3)

Diagnosis according to adjudication committee — no. (%)

Baseline diagnosis

Definite endocarditis 17 (14.2) 20 (17.4)

Possible endocarditis 73 (60.8) 71 (61.7)

Not endocarditis 30 (25.0) 24 (20.9)

Final diagnosis

Uncomplicated bacteremia 32 (26.7) 29 (25.2)

Complicated bacteremia 60 (50.0) 61 (53.0)

Uncomplicated right-sided endocarditis 6 (5.0) 4 (3.5)

Complicated right-sided endocarditis 13 (10.8) 12 (10.4)

Left-sided endocarditis 9 (7.5) 9 (7.8)

* The standard-therapy group included 62 patients who received antistaphylococcal penicillins (50 nafcillin, 9 flucloxacil-
lin, and 3 oxacillin) and 53 patients who received vancomycin. The body-mass index is the weight in kilograms divided 
by the square of the height in meters. HIV denotes human immunodeficiency virus.

† P = 0.07 for the comparison between groups.
‡ Race or ethnic group was determined by the investigators.
§ Extravascular foreign material included orthopedic prostheses in 18 patients who received daptomycin and 12 patients 

who received standard therapy, neurologic devices in 1 patient who received daptomycin, and other extravascular for-
eign material (sternal wires; surgical drains, clamps, and stents; nonvascular catheters; and chest and endotracheal 
tubes) in 11 patients who received daptomycin and 22 patients who received standard therapy. More than one type of 
extravascular foreign material could be present in each patient. Orthopedic prostheses were infected in eight patients 
(six who received daptomycin and two who received standard therapy), six of whom underwent surgical therapy, and 
two of the six (both treated with daptomycin) had a successful outcome.

¶ P = 0.04 for the comparison between groups.
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cent in the standard-therapy group (74 of 120 pa-
tients vs. 70 of 115 patients; absolute difference, 
0.8 percent; 95 percent confidence interval, −11.7 
to 13.3 percent). Eighty-five percent of patients 
treated with daptomycin and 84 percent of patients 

treated with standard therapy survived to the end 
of the study (P = 0.98).

Nine patients in each treatment group had a 
final diagnosis of left-sided endocarditis. Three 
patients had a successful outcome; one received 

Table 2. Outcomes 42 Days after the End of Therapy, According to Prespecified Diagnostic Categories.

Criteria Daptomycin Standard Therapy
Absolute Difference 

in Success Rates 

no. of patients/total no. (%) % (95% CI)*

Overall success (intention to treat) 53/124 (42.7) 48/122 (39.3) 3.4 (−8.9 to 15.7)

Overall success (modified intention to treat) 53/120 (44.2) 48/115 (41.7)† 2.4 (−10.2 to 15.1)

Success according to methicillin susceptibility 
of Staphylococcus aureus‡

MSSA 33/74 (44.6) 34/70 (48.6) −4.0 (−20.3 to 12.3)

MRSA 20/45 (44.4) 14/44 (31.8) 12.6 (−7.4 to 32.6)

Success according to final diagnosis

Uncomplicated bacteremia 18/32 (56.2) 16/29 (55.2) 1.1 (−23.9 to 26.0)

Complicated bacteremia 26/60 (43.3) 23/61 (37.7) 5.6 (−11.8 to 23.1)

Uncomplicated right-sided endocarditis 3/6  (50.0) 1/4  (25.0) 25.0 (−33.3 to 83.3)

Complicated right-sided endocarditis§ 5/13 (38.5) 6/12 (50.0) −11.5 (−50.3 to 27.2)

Left-sided endocarditis¶ 1/9  (11.1) 2/9  (22.2) −11.1 (−45.2 to 22.9)

Success in predefined strata

Baseline diagnosis: definite plus possible 
endocarditis

Overall 41/90 (45.6) 37/91 (40.7) 4.9 (−9.5 to 19.3)

MSSA 26/54 (48.1) 26/53 (49.1) −0.9 (−19.8 to 18.0)

MRSA 15/36 (41.7) 11/38 (28.9) 12.7 (−8.9 to 34.3)

Final diagnosis: right-sided endocarditis plus 
complicated bacteremia

Overall 34/79 (43.0) 30/77 (39.0) 4.1 (−11.3 to 19.5)

MSSA 20/49 (40.8) 21/48 (43.8) −2.9 (−22.6 to 16.7)

MRSA 14/30 (46.7) 9/29 (31.0) 15.6 (−8.9 to 40.2)

Final diagnosis: uncomplicated bacteremia‡

Overall 18/32 (56.2) 16/29 (55.2) 1.1 (−23.9 to 26.0)

MSSA 12/21 (57.1) 11/17 (64.7) −7.6 (−38.6 to 23.5)

MRSA 6/10 (60.0) 5/11 (45.5) 14.5 (−27.7 to 56.8)

Overall per-protocol success 43/79 (54.4) 32/60 (53.3) 1.1 (−15.6 to 17.8)

* CI denotes confidence interval.
† Success was reported in 20 of 53 patients who received vancomycin (37.7 percent) and 28 of 62 patients who received 

antistaphylococcal penicillin (45.2 percent).
‡ One patient in each treatment group had infection caused by gram-positive cocci other than S. aureus.
§ Complications included osteomyelitis in three patients who received daptomycin and one patient who received stan-

dard therapy, septic arthritis in two patients who received standard therapy, abscesses or empyema in eight patients 
who received daptomycin and four patients who received standard therapy, a pacemaker or defibrillator in one pa-
tient who received daptomycin and three patients who received standard therapy, and other complications in one 
patient who received daptomycin and two patients who received standard therapy.

¶ One patient who received daptomycin and three patients who received standard therapy had valve perforation, and two 
patients who received standard therapy had perivalvular abscesses. One of nine patients who received standard therapy 
and two of nine patients who received daptomycin underwent valve-replacement surgery; the patient who received stan-
dard therapy underwent surgery during the study and both of the patients who received daptomycin underwent surgery 
after the study. Surgery was relatively contraindicated for several patients because of the severity of illness.
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daptomycin and two received standard therapy. 
Therapy failed in all nine patients with left-sided 
endocarditis caused by MRSA.

The median length of time to clearance of 
MRSA bacteremia (eight days and nine days, re-
spectively; P = 0.25) and MSSA bacteremia (four 
days and three days, respectively; P = 0.28) did not 
differ significantly between the daptomycin and 
standard-therapy groups.

Reasons for Treatment Failure

The overall rates of failure of daptomycin and 
standard therapy were similar (55.8 percent and 
58.3 percent, respectively) (Table 3). The reasons 
for failure, however, were different. Failure of dap-
tomycin treatment was more frequently attribut-
able to persistent or relapsing S. aureus infection 
(19 of 120 patients [15.8 percent] vs. 11 of 115 pa-
tients [9.6 percent] in the standard-therapy group, 

P = 0.17). In contrast, failure of standard therapy 
was somewhat, but not significantly more fre-
quently, associated with treatment-limiting ad-
verse events (occurring in 17 patients [14.8 per-
cent] vs. 8 patients [6.7 percent] in the daptomycin 
group, P = 0.06).

Nineteen patients who were given daptomycin 
and 11 patients who were given standard therapy 
(9 were given vancomycin, and 2 were given an 
antistaphylococcal penicillin) had persistent or 
relapsing infection (P = 0.17). Microbiologic fail-
ure occurred after a mean of 12 to 13 days of ther-
apy in both groups. Among patients with micro-
biologic failure, more patients who were treated 
with daptomycin (63.2 percent) than who were 
treated with standard therapy (45.5 percent) had 
a diagnosis of complicated bacteremia. The MIC 
of daptomycin of the S. aureus isolates increased 
from baseline values in seven patients who were 

no./total no. (%)

–50 –40 –30 –20 –10 0 10 20 30 40 50
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Better

Absolute Difference in Success Rates (%)
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Figure 1. Comparison of the Rates of Success of Daptomycin and Standard Therapy for Staphylococcus aureus 
 Bacteremia and Endocarditis.

Horizontal bars represent 95 percent confidence intervals.
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treated with daptomycin; six of these patients had 
microbiologic failure. Five of these six patients had 
isolates that were MRSA. In six patients with mi-
crobiologic failure, the baseline MIC was 0.25 μg 
of daptomycin per milliliter in five isolates and 
0.5 μg per milliliter in one isolate and rose to 2 μg 
per milliliter in five isolates and 4 μg per milli-
liter in one isolate. In the central microbiology 
laboratory, the isolates from one of the nine pa-
tients treated with vancomycin who had micro-
biologic failure had an increase in the MIC of 

vancomycin to 2 μg per milliliter. An additional 
three of these nine isolates demonstrated simi-
lar rises in the MIC of vancomycin in the local 
microbiology laboratory only. Most patients whose 
treatment failed because of persistent or relaps-
ing S. aureus infection had deep-seated infection 
and did not receive the necessary surgical inter-
vention. No significant association was found be-
tween levels of plasma daptomycin or vancomy-
cin and the occurrence of microbiologic treatment 
failure.

Table 3. Reasons for Treatment Failure According to the Adjudication Committee.*

Reason for Failure
Daptomycin 

(N = 120)
Standard Therapy 

(N = 115) P Value†

no. (%)

Overall 67 (55.8) 67 (58.3)

Microbiologic failure, clinical failure, or both 23 (19.2) 15 (13.0) 0.22

Microbiologic failure‡ 19 (15.8) 11 (9.6) 0.17

Clinical failure without microbiologic failure§ 4 (3.3) 4 (3.5) 1.00

Adverse event 8 (6.7) 17 (14.8) 0.06

Receipt of nonstudy antibiotics that could have influenced outcome 20 (16.7)¶ 16 (13.9)∥ 0.59

Death 13 (10.8) 13 (11.3) 1.00

No blood obtained for culture** 9 (7.5) 12 (10.4) 0.50

Patient could not be evaluated (e.g., withdrew consent, left hospital 
against medical advice)

9 (7.5) 14 (12.2) 0.27

* More than one reason may be indicated for each patient.
† The P value was calculated according to Fisher’s exact test.
‡ This category includes 17 patients who received daptomycin and 10 patients who received standard therapy and who 

had both microbiologic failure and clinical failure and 2 patients who received daptomycin and 1 patient who received 
standard therapy who had microbiologic failure. Seven patients who received daptomycin and five patients who re-
ceived standard therapy had complications of endocarditis, six patients who received daptomycin and one patient who 
received standard therapy had intravascular infection, two patients who received daptomycin had osteomyelitis, two pa-
tients who received daptomycin had septic arthritis, two patients who received daptomycin and three patients who re-
ceived standard therapy had undrained abscesses, and two patients who received standard therapy had infected decu-
bitus or T-cell lymphoma–associated ulcers.

§ Two patients in each group had osteomyelitis. In the daptomycin group, one patient had gangrene of the left leg, de-
clined amputation, and died; metastatic breast cancer and septic thrombophlebitis developed in one 87-year-old wom-
an, and she died. In the standard-therapy group, one patient with diabetes, chronic obstructive pulmonary disease, 
and obesity presented with sepsis in a leg infection, which progressed to multiorgan failure syndrome, and died; one 
patient with left-sided infective endocarditis died after neurologic complications developed.

¶ Indications for nonstudy antibiotics that could have been effective and may have influenced the outcome included 
S. aureus infection in 7 patients and other indications in 13 patients (e.g., urinary tract infection or gram-negative sep-
sis). Potentially effective nonstudy antibiotics included vancomycin in 6 patients, linezolid in 2, an antistaphylococcal 
β-lactam antibiotic in 12, a fluoroquinolone in 4, and other antibiotics with antistaphylococcal activity in 7. Patients 
may have received more than one potentially effective nonstudy antibiotic.

∥ Indications for nonstudy antibiotics that could have been effective and may have influenced the outcome included 
S. aureus infection in 13 patients and other indications in 3 patients. Nonstudy antibiotics that may have been effec-
tive included vancomycin in six patients, linezolid in four, an antistaphylococcal β-lactam antibiotic in five, a fluoro-
quinolone in five, and other antibiotics with antistaphylococcal activity in five. Patients may have received more than 
one nonstudy antibiotic that may have been effective.

** Treatment of patients who did not have blood obtained for culture was considered to have failed in all analyses. For 
16 patients (7 who received daptomycin and 9 who received standard therapy), treatment failure was assessed only 
because of a lack of blood culture. Follow-up data on survival were available for all 7 patients who received daptomy-
cin and for 7 of the 9 patients who received standard therapy; all 14 survived. Two patients who received standard 
therapy were lost to follow-up.
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A sensitivity analysis was performed to define 
the relative contribution of individual reasons for 
failure. This analysis demonstrated similar suc-
cess rates in the two groups when each reason for 
failure was considered, including failure of effi-
cacy (e.g., microbiologic failure, death, or clin-
ical failure) (Table 4). In addition, the overall 
success rates for daptomycin (49.2 percent) and 
standard therapy (48.7 percent) were similar when 
treatments that failed only because of treatment-
limiting adverse events were classified as suc-
cesses (absolute difference, 0.5 percent; 95 per-
cent confidence interval, −12.3 to 13.3 percent) 
or were excluded from the analysis (data not 
shown).

Safety and Tolerability

The overall incidence of adverse events in the two 
treatment groups was similar (Table 5). Most 
events were considered by the investigators to be 
unrelated to study treatment and were mild to 
moderate in severity. Of the 120 patients who re-
ceived daptomycin, 62 (51.7 percent) had a serious 
adverse event, as did 52 of 116 patients who re-
ceived standard therapy (44.8 percent). Adverse 
events that occurred in at least 5 percent of pa-
tients in either treatment group are listed in Ta-
ble 2 of the Supplementary Appendix. All differ-
ences in the rates of adverse events between groups 
reaching a significance level of P≤0.05 are pro-
vided in Table 3 of the Supplementary Appendix. 
No statistical adjustments for multiple compari-
sons were made.

Creatine kinase elevations were significantly 
more common in the daptomycin group than the 
standard-therapy group (6.7 percent vs. 0.9 per-
cent, P = 0.04). Among patients with normal base-
line levels of creatine kinase, elevations of cre-
atine kinase were noted in 23 of 92 patients who 
received daptomycin, as compared with 12 of 96 
patients who received standard therapy (25.0 per-
cent vs. 12.5 percent, P = 0.04). Among patients 
with data that could be evaluated, 2 of 111 patients 
who received standard therapy had elevations in 
creatine kinase to more than 500 IU per liter, as 
compared with 11 of 116 patients who received 
daptomycin (1.5 percent vs. 9.5 percent, P = 0.02). 
Four of the 11 patients who received daptomycin 
had elevations that were greater than 10 times 
the upper limit of normal. Elevation of creatine 
kinase led to the discontinuation of treatment in 
3 of 120 patients treated with daptomycin (2.5 

percent). For 20 of the 24 patients who received 
daptomycin and who had increased levels of cre-
atine kinase at baseline (83.3 percent), the level 
of creatine kinase returned to the normal range 
during treatment (18 patients) or after treatment 
(2 patients). Three patients had low-level elevations 
of creatine kinase (range, 114 to 451 U per liter) 
throughout the course of daptomycin therapy (one 
of whom had no follow-up data after treatment 
and two of whom had follow-up data approxi-
mately six weeks after treatment, with levels of 
creatine kinase of 215 and 389 U per liter). The 
fourth patient, who died on day 4, had a decrease 
in the creatine kinase level from 1004 U per liter 
on day 1 to 466 U per liter on day 4.

Eleven of 120 patients who received daptomycin 
had adverse events related to the peripheral ner-
vous system (e.g., paresthesias, dysesthesias, and 
peripheral neuropathies) (9.2 percent), as com-
pared with 2 of 116 patients who received stan-
dard therapy (1.7 percent, P = 0.02). All of the 
events were classified as mild to moderate in se-
verity; most were short-lived and resolved during 
continued treatment.

As compared with patients who received dap-
tomycin, significantly more patients who received 
standard therapy had renal impairment as an ad-
verse event, defined by the investigators as inter-
stitial nephritis, toxic nephropathy, acute pre renal 
failure, acute or chronic renal failure, renal im-
pairment, or renal tubular necrosis (18.1 percent 
vs. 6.7 percent, P = 0.009) or on the basis of wors-
ening creatinine clearance (46.8 percent vs. 19.8 
percent, P<0.001). The incidence of renal impair-
ment was similar among patients who received 
gentamicin and vancomycin (20.4 percent) and 
patients who received gentamicin and an anti-
staphylococcal penicillin (18.6 percent). In the 
safety analysis, renal impairment resulted in the 
discontinuation of treatment in 5 of 116 patients 
in the standard-therapy group (4.3 percent) and in 
1 of 120 patients in the daptomycin group (0.8 
percent). The proportion of patients with clini-
cally significant decreases in renal function dur-
ing treatment (a decrease in the creatinine clear-
ance to less than 50 ml per minute or a decrease 
of more than 10 ml per minute from a baseline 
creatinine clearance of less than 50 ml per min-
ute) was significantly higher in the standard-
therapy group than in the daptomycin group by 
day 7 (14.2 percent vs. 5.2 percent, P = 0.03) and 
through the end of the study (26.3 percent vs. 
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11.0 percent, P = 0.004). Among patients who had 
clinically significant decreases in renal function, 
these decreases were reversible (defined by a fi-
nal creatinine clearance within 10 ml per minute 
of the baseline value) in 5 of 13 patients who 
received daptomycin (38.5 percent) and 14 of 30 
patients who received standard therapy (46.7 per-
cent; 10 of 19 patients received an antistaphylo-
coccal penicillin [52.6 percent], and 4 of 11 pa-
tients received vancomycin [36.4 percent]).

Discussion

Our findings demonstrate that daptomycin is not 
inferior to standard therapy for the treatment of 
S. aureus bacteremia and right-sided endocarditis 
caused by MSSA or MRSA. Our findings were con-
sistent among all efficacy populations and at as-
sessments at both the end of therapy and 42 days 
after the end of therapy. The study population had 
high rates of complicated infections, coexisting 
conditions, and MRSA bacteremia.3-6

The growing problem of MRSA bacteremia and 
endocarditis is magnified by reports of clinical 
failure19,20 and resistance21-24 to vancomycin. The 
similar success rates among patients with MRSA 
bacteremia and right-sided endocarditis treated 
with daptomycin and such patients who were 
treated with vancomycin suggest that daptomycin 

may be considered an alternative to vancomycin 
in the management of these serious infections.

Although elevations of creatine kinase were 
documented in one quarter of the patients in the 
daptomycin group who had normal levels of cre-
atine kinase at baseline, only three patients with-
drew from the study for this reason. In our study, 
clinically significant daptomycin-associated ele-
vations of creatine kinase occurred in 6.7 percent 
of recipients. Patients who are taking daptomy-
cin should be monitored for elevations in creatine 
kinase and skeletal-muscle dysfunction.

Patients in the standard-therapy group may 
have had significantly greater increases in serum 
creatinine because of the addition of gentamicin 
to the treatment regimen.25 This observation sug-
gests that even a few days of low-dose gentami-
cin may result in considerable renal dysfunction 
in this high-risk population. Our findings pro-
vide support for the position of recent guidelines26 
that the use of gentamicin in the treatment of 
native-valve S. aureus endocarditis should be con-
sidered optional. However, our study was not 
designed to examine the contribution of gen-
tamicin to the efficacy or toxicity of standard 
treatment.

Nineteen of 120 patients who received dapto-
mycin (15.8 percent) had microbiologic failure, 
defined as persistent or relapsing S. aureus infec-

Table 4. Sensitivity Analyses of Success Rates 42 Days after the End of Therapy, According to the Reported Reasons 
for Failure as Determined by the Adjudication Committee.

Reason for Failure
Daptomycin

(N = 120)
Standard Therapy

(N = 115)
Absolute Difference 

in Success Rates

no. of patients (%) % (95% CI)*

Patient could not be evaluated (e.g., withdrew consent, 
completed <4 days of therapy)

111 (92.5) 101 (87.8)

Lack of efficacy† 84 (70.0) 79 (68.7) 1.3 (−10.5 to 13.1)

Other reasons

Lack of efficacy or treatment-limiting adverse event 77 (64.2) 67 (58.3) 5.9 (−6.5 to 18.3)

Lack of efficacy, treatment-limiting adverse event, or 
 receipt of potentially effective nonstudy antibiotic 

62 (51.7) 58 (50.4) 1.2 (−11.6 to 14.0)

Lack of efficacy, treatment-limiting adverse event, 
 receipt of potentially effective nonstudy antibiotic, 
or failure to obtain blood culture

55 (45.8) 49 (42.6) 3.2 (−9.5 to 15.9)

Lack of efficacy, treatment-limiting adverse event, 
 receipt of potentially effective nonstudy antibiotic, 
failure to obtain blood culture, or discontinuation 
of treatment for other reason

53 (44.2) 48 (41.7) 2.4 (−10.2 to 15.1)

* CI denotes confidence interval.
† This category includes patients with microbiologic failure, patients with clinical failure, and those who died.
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tion. In six of these patients, S. aureus isolated 
during or after treatment became less susceptible 
to daptomycin. In contrast, 11 of 115 patients 
(9.6 percent) who received standard therapy had 
microbiologic failure, including 9 of 53 patients 

who received vancomycin and 2 of 62 patients 
who received an antistaphylococcal penicillin. In 
four of these nine patients who received vanco-
mycin, the MIC of vancomycin increased to 2 μg 
per milliliter from baseline values of 0.5 or 1 μg 

Table 5. Results of the Safety Analysis.

Adverse Event
Daptomycin

(N = 120)
Standard Therapy

(N = 116) P Value*

no. of patients (%)

Any drug-related adverse event 42 (35.0) 49 (42.2) 0.29

Any serious adverse event 62 (51.7) 52 (44.8) 0.30

Any drug-related serious adverse event 3 (2.5) 6 (5.2) 0.33

Death 18 (15.0) 19 (16.4) 0.86

Stopped study drug because of drug-related adverse event 10 (8.3) 13 (11.2) 0.51

Most common adverse events (≥10% incidence in either group)†

Anemia 15 (12.5) 18 (15.5) 0.58

Diarrhea 14 (11.7) 21 (18.1) 0.20

Vomiting 14 (11.7) 15 (12.9) 0.84

Constipation 13 (10.8) 14 (12.1) 0.84

Nausea 12 (10.0) 23 (19.8) 0.04

Hypokalemia 11 (9.2) 15 (12.9) 0.41

Renal impairment‡ 8 (6.7) 21 (18.1) 0.009

Headache 8 (6.7) 12 (10.3) 0.36

Peripheral edema 8 (6.7) 16 (13.8) 0.09

Arthralgia 4 (3.3) 13 (11.2) 0.02

Serious adverse events according to system organ class†§

Blood and lymphatic system disorders 1 (0.8) 3 (2.6) 0.36

Cardiac disorders 9 (7.5) 8 (6.9) 1.00

Gastrointestinal disorders 2 (1.7) 6 (5.2) 0.17

General disorders and conditions at the injection site 3 (2.5) 4 (3.4) 0.72

Infections and infestations¶ 38 (31.7) 23 (19.8) 0.05

Injury, poisoning, and procedural complications 2 (1.7) 3 (2.6) 0.68

Laboratory abnormalities 3 (2.5) 0 0.25

Metabolism and nutrition disorders 2 (1.7) 5 (4.3) 0.28

Benign and malignant neoplasms 1 (0.8) 3 (2.6) 0.36

Nervous system disorders 4 (3.3) 5 (4.3) 0.75

Psychiatric disorders 4 (3.3) 1 (0.9) 0.37

Renal and urinary disorders 1 (0.8) 9 (7.8) 0.009

Respiratory, thoracic, and mediastinal disorders 8 (6.7) 5 (4.3) 0.57

Vascular disorders 2 (1.7) 2 (1.7) 1.00

* The P value was calculated according to Fisher’s exact test.
† Each patient may have had more than one event.
‡ The renal-impairment category includes interstitial nephritis, toxic nephropathy, acute prerenal failure, acute or chronic 

renal failure, renal impairment, and renal tubular necrosis.
§ In addition, one patient who received daptomycin had a hepatobiliary disorder. One patient who received standard therapy 

had an eye disorder, one had a disorder of the immune system, one had a musculoskeletal and connective-tissue dis-
order, one had a skin and subcutaneous-tissue disorder, and one did not comply with treatment.

¶ See the Supplementary Appendix for additional information.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on January 7, 2008 . For personal use only. No other uses without permission. 



T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 355;7 www.nejm.org august 17, 2006664

per milliliter. Most patients with persistent or re-
lapsing infection had complicated bacteremia as-
sociated with osteomyelitis or indwelling pros-
theses. Given the complicated nature of these 
infections, the contribution of decreased antimi-
crobial susceptibility to clinical failure is difficult 
to determine. However, these observations, as well 
as reports of clinical failures associated with re-
duced susceptibility to vancomycin20 and dapto-
mycin,27 underscore the importance of adjunc-
tive therapy, especially surgical intervention, in 
optimizing outcomes.

Because of the strict definition for success 
based on findings 42 days after the completion 
of therapy, treatment in many cases failed for 
reasons other than lack of efficacy. For example, 
not having blood cultures drawn at the visit 42 
days after the end of therapy, despite a lack of 
evidence of persistent or relapsing S. aureus infec-
tion, contributed to the high failure rates seen in 
both groups. In addition, gentamicin therapy may 
have contributed to the likelihood of both micro-
biologic success and treatment failure associated 
with adverse effects in the patients who received 
standard therapy. However, the overall success 
rates 42 days after the end of therapy in both 
groups were similar when treatments that failed 
only because of treatment-limiting adverse events 
were classified as successes and when outcomes 
were assessed according to measures of effica-
cy (e.g., microbiologic failure, death, or clinical 
failure).

The open-label nature of the study might have 
led to bias if investigators were more likely to 
withdraw a patient in one of the treatment groups 
than in the other.28 The effect of this potential 

bias was minimized by including an objective 
microbiologic end point as part of the assess-
ment and by the use of a blinded adjudication 
committee to establish the final outcome. An-
other limitation was the small number of pa-
tients with left-sided S. aureus endocarditis and 
the poor clinical outcome among these patients 
in both treatment groups. Additional studies are 
required to optimize medical and surgical thera-
pies in the management of this life-threatening 
infection.

In conclusion, our results suggest that dapto-
mycin at a dose of 6 mg per kilogram once daily 
is not inferior to standard therapy for the treat-
ment of bacteremia and right-sided endocarditis 
caused by MSSA or MRSA.
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