
ORIGINAL RESEARCH

Safety of Dalbavancin in the Treatment of Acute
Bacterial Skin and Skin Structure Infections (ABSSSI):
Nephrotoxicity Rates Compared with Vancomycin:
A Post Hoc Analysis of Three Clinical Trials

Pedro L. Gonzalez . Urania Rappo . Veronica Mas Casullo .

Karthik Akinapelli . Jennifer S. McGregor . Jennifer Nelson .

Michael Nowak . Sailaja Puttagunta . Michael W. Dunne

Received: September 16, 2020 / Accepted: January 12, 2021 / Published online: January 30, 2021
� The Author(s) 2021

ABSTRACT

Introduction: Dalbavancin is a lipoglycopep-
tide antibiotic approved as a single- and two-
dose regimen for adults with acute bacterial skin
and skin structure infections (ABSSSI) caused by
susceptible gram-positive organisms. We pre-
sent nephrotoxicity rates for patients with
ABSSSI who received dalbavancin in three piv-
otal clinical trials and compare the rates with
vancomycin.
Methods: In a phase 3b clinical trial (DUR001-
303), patients were randomized to dalbavancin
single-dose (1500 mg intravenous [IV]) or two-
dose regimen (1000 mg IV on day 1, 500 mg IV
on day 8). In two phase 3 clinical trials
(DISCOVER 1 and DISCOVER 2), patients were
randomized to dalbavancin (two-dose regimen)
or vancomycin 1 g (or 15 mg/kg) IV every 12 h
for at least 3 days with an option to switch to
orally administered linezolid 600 mg every 12 h
for 10–14 days. Patients on dalbavancin with a
creatinine clearance below 30 mL/min not on

regular dialysis received a reduced dose of
1000 mg (single-dose arm) or 750 mg IV on
day 1, 375 mg IV on day 8 (two-dose arm).
Nephrotoxicity was defined as a 50% increase
from baseline serum creatinine (SCr) or an
absolute increase in SCr of 0.5 mg/dL at any
time point. P values were obtained using the
Cochran–Mantel–Haenszel test.
Results: In dalbavancin-treated patients, rates
of nephrotoxicity were low. The safety popula-
tion with available creatinine values included
1325/1347 patients on any regimen of dalba-
vancin, and 54/651 patients who received van-
comycin intravenously for at least 10 days and
were not switched to orally administered line-
zolid. Patients on any regimen of dalbavancin
had a lower rate of nephrotoxicity compared
with patients receiving vancomycin intra-
venously for at least 10 days (3.7% vs 9.3%,
respectively; P = 0.039).
Conclusions: Nephrotoxicity rates were lower
in patients on dalbavancin relative to van-
comycin for at least 10 days. On the basis of this
experience, dalbavancin may be less nephro-
toxic than intravenously administered
vancomycin.
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Key Summary Points

Why carry out this study?

Vancomycin is often used for the
treatment of acute bacterial skin and skin
structure infections (ABSSSI) caused by
Gram-positive microorganisms; treatment
with vancomycin may be problematic
because of nephrotoxicity and often
requires monitoring of renal function
during treatment.

We sought to determine whether
dalbavancin, a long-acting antibiotic that
can be administered as a single dose for a
2-week course of therapy and has been
shown to be noninferior to vancomycin in
clinical trials, is associated with
nephrotoxicity when compared with
vancomycin.

What was learned from this study?

Dalbavancin has lower rates of
nephrotoxicity compared with
vancomycin in patients with ABSSSI, with
no need to monitor renal function.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13554116.

INTRODUCTION

Dalbavancin, a second-generation, semisyn-
thetic, long-acting lipoglycopeptide antibiotic
structurally related to teicoplanin [1, 2], exhi-
bits potent activity against Gram-positive
pathogens, including methicillin-resistant Sta-
phylococcus aureus (MRSA) and streptococci,
with minimum inhibitory concentrations

(MIC90) for S. aureus of 0.06 lg/mL or less [3]
(approximately 25% of the susceptibility
breakpoint of 0.25 lg/mL or less [4]). Dalba-
vancin is approved by the US Food and Drug
Administration (FDA) and the European
Medicines Agency (EMA) for treatment of acute
bacterial skin and skin structure infections
(ABSSSI) in adults [2, 5].

Vancomycin, a glycopeptide antibiotic, is
indicated for the treatment of ABSSSI caused by
Gram-positive bacteria, including infections
caused by MRSA [6], with an MIC90 for S. aureus
of 1.0 lg/mL and a susceptibility breakpoint of
2 lg/mL, and is regarded as standard care for
ABSSSI. Although much of the toxicity noted
with early formulations of vancomycin was
later attributed to impurities, vancomycin cau-
ses renal impairment, thought to be a combi-
nation of oxidative stress induced by
accumulation of vancomycin in renal cells and
altered mitochondrial function of renal tubule
cells [7, 8]. Although often reversible by appro-
priate dosage adjustment, the risk of nephro-
toxicity increases with higher doses and
prolonged treatment [9, 10], and is additive
when administered with other nephrotoxic
agents given concomitantly [11, 12]. Patients
with critical illnesses such as sepsis or burns are
also at increased risk of vancomycin-induced
renal insufficiency [13].

To ensure an area under the curve to MIC
(AUC/MIC) of 400–600 to improve outcomes in
patients with complicated infections caused by
S. aureus, recent guidelines recommend an
individualized vancomycin AUC-guided
approach using multiple pharmacokinetic sam-
ples and Bayesian software programs [14].
However, there is insufficient evidence to pro-
vide recommendations on whether trough-only
or an AUC-guided method should be used for
noninvasive infections (such as ABSSSI) to
maximize the therapeutic effect of vancomycin
and minimize the renal toxicity associated with
the use of vancomycin [14]. Alternative thera-
pies may be preferred, based on individual
patient and disease characteristics, especially
given the risk of nephrotoxicity associated with
vancomycin therapy [15]. This analysis assessed
nephrotoxicity rates among patients with
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Table 1 Studies in patients with acute bacterial skin and skin structure infections treated with dalbavancin or a comparator
agent

Study number and title Treatment Dose adjustments for renal
insufficiencya

DUR001-301 (DISCOVER trial)

NCT01339091

Phase 3, randomized, double-blind,

double-dummy study to compare the

efficacy and safety of dalbavancin to a

comparator regimen (vancomycin

with possible switch to orally

administered linezolid) for the

treatment of acute bacterial skin and

skin structure infections [17]

Intravenously administered

dalbavancin: 1000 mg on day 1,

500 mg on day 8, IV placebo q12h to

match vancomycin, possible switch

to oral placebo q12h after 3 days IV

therapy, treatment duration

10–14 days

IV comparator: intravenously

administered vancomycin 1000 mg or

15 mg/kg q12h, IV placebo to match

dalbavancin, possible switch to orally

administered linezolid 600 mg q12h

after 3 days IV vancomycin therapy,

treatment duration 10–14 days

Intravenously administered dalbavancin

doses reduced to 750 mg on day 1

and 375 mg on day 8

Intravenously administered vancomycin

dose adjustments were based on CrCl

values, renal function, and

vancomycin serum concentration

DUR001-302 (DISCOVER trial)

NCT01431339

Phase 3, randomized, double-blind,

double-dummy study to compare the

efficacy and safety of dalbavancin to a

comparator regimen (vancomycin

with possible switch to orally

administered linezolid) for the

treatment of acute bacterial skin and

skin structure infections [17]

Intravenously administered

dalbavancin: 1000 mg on day 1,

500 mg on day 8, IV placebo q12h to

match vancomycin, possible switch

to oral placebo q12h after 3 days IV

therapy, treatment duration

10–14 days

IV comparator: intravenously

administered vancomycin 1000 mg or

15 mg/kg q12h, IV placebo to match

dalbavancin, possible switch to orally

administered linezolid 600 mg q12h

after 3 days IV vancomycin therapy,

treatment duration 10–14 days

Intravenously administered dalbavancin

doses reduced to 750 mg on day 1

and 375 mg on day 8

Intravenously administered vancomycin

dose adjustments were based on CrCl

values, renal function, and

vancomycin serum concentration
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ABSSSI who were treated with dalbavancin or a
comparator across three phase 3 trials [16, 17].

METHODS

Studies

DISCOVER 1 (NCT01339091) and DISCOVER 2
(NCT01431339) were phase 3 randomized,
double-blind, multicenter, noninferiority stud-
ies of dalbavancin vs vancomycin with the
option to switch to linezolid that were identical
in study design and were conducted during
2011–2012 at 54 and 86 study sites, respectively.
The DUR001-303 dose comparison study
(NCT02127970) was a phase 3b, double-blind,
multicenter randomized study, carried out at 60
centers during 2014–2015, that compared the
efficacy and safety of a single-dose regimen
(1500 mg) with that of the two-dose regimen, as
administered in DISCOVER 1 and 2
(1000 mg day 1, 500 mg day 8; Table 1).

All studies were conducted in accordance
with the Declaration of Helsinki, the protocol,
the International Conference on Harmonisa-
tion tripartite guideline E6(R1), Good Clinical
Practice (ICH E6[R1]), and the institutional
review board or ethics committee at each study

site. All patients provided written informed
consent prior to participation.

Study participants were adults with a diag-
nosis of ABSSSI defined as the presence of cel-
lulitis, a major abscess, or surgical site or wound
infection, associated with at least 75 cm2 of
erythema, thought to require 3 days more of
intravenous antibacterial therapy. Patients were
randomized 1:1 to the respective study arms
with less than 30% of participants having a
major abscess.

In DISCOVER 1 and 2 dalbavancin was
administered intravenously as a two-dose
(1000 mg on day 1 and 500 mg on day 8) regi-
men. Comparator groups intravenously
received vancomycin 1000 mg or 15 mg/kg with
the option to switch to orally administered
linezolid 600 mg every 12 h if clinically appro-
priate as assessed after at least 72 h, for a total
treatment duration of 10–14 days.

In all three studies the two-dose regimen of
dalbavancin was adjusted in patients with renal
insufficiency (creatinine clearance less than
30 mL/min and not on peritoneal dialysis or
hemodialysis) at baseline to 750 mg and 375 mg
on days 1 and 8, respectively, or to 1000 mg on
day 1 in the single-dose arm of the DUR001-303
study. Vancomycin doses were adjusted for
patients with renal insufficiency at baseline by a

Table 1 continued

Study number and title Treatment Dose adjustments for renal
insufficiencya

DUR001-303

NCT02127970

Phase 3b, double-blind, multicenter,

randomized study to compare the

efficacy and safety of single-dose

dalbavancin to a two-dose regimen of

dalbavancin for the treatment of

acute bacterial skin and skin structure

infections [16]

Intravenously administered

dalbavancin, two-dose regimen:

1000 mg on day 1, 500 mg on day 8

Intravenously administered

dalbavancin, single-dose regimen:

1500 mg on day 1, placebo to match

dalbavancin on day 8

Intravenously administered

dalbavancin, two-dose regimen:

750 mg on day 1, 375 mg on day 8

Intravenously administered

dalbavancin, single-dose regimen:

1000 mg on day 1

CrCl creatinine clearance, IV intravenous, q12h every 12 h
a Dosage adjustments for patients with CrCl\ 30 mL/min who were not receiving regular hemodialysis or peritoneal
dialysis; dosage adjustments for vancomycin were based on the study site standard of care
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nonblinded pharmacist on the basis of the usual
standard of care at the study site.

Adverse Events

Adverse events were assessed at baseline (within
24 h before the first dose) and at days 1–4, day 8,
at the end of treatment (days 14–15), and at the
follow-up visit (days 26–30) for all three studies.
Assessment of adverse events in the two DIS-
COVER trials also occurred at the long-term
follow-up visit (days 60–88). Serum chemistry
was evaluated at baseline, on days 3–4, and at
day 14. Nephrotoxicity was prespecified and
defined as a 50% increase in serum creatinine
(SCr) levels from baseline or an absolute
increase in SCr of 0.5 mg/dL [10, 18].

The safety population included all random-
ized patients who received one or more doses of
dalbavancin or one or more doses of the com-
parator. To control for demographic variables
associated with continuation of only IV ther-
apy, a subset of patients who received only IV
therapy was identified using the following cri-
teria: patients with IV duration of at least
10 days and no switch to oral therapy. These
patients received dalbavancin/active therapy
(and intravenously administered van-
comycin/placebo), and were compared with
those patients intravenously receiving van-
comycin/active therapy (and dalba-
vancin/placebo) without receiving orally
administered linezolid/placebo.

Statistical Analysis

Differences in rates of nephrotoxicity between
treatment groups in the three clinical trials were
analyzed post hoc using the Cochran–Man-
tel–Haenszel test for categorical variables.

RESULTS

Patients

A total of 2010 (dalbavancin, N = 1357; van-
comycin, N = 653) patients across the three
studies were included in the intent-to-treat

population. Of these, 1998 patients were inclu-
ded in the safety population (1347 patients
received at least one dose of dalbavancin and
651 patients received at least one dose of the
comparator drug, vancomycin). Of the patients
receiving at least one dose of dalbavancin, 349
received the 1500 mg single-dose regimen and
998 received the two-dose regimen. Of the 651
patients who received vancomycin, 54 intra-
venously received vancomycin for at least
10 days, did not switch to oral therapy with
linezolid, and had available SCr values. Baseline
demographics, including renal function, and
prior medications (within 30 days of study start)
were similar across treatment groups (Table 2).

Treatment-Emergent Adverse Events

Adverse events are summarized in Table 3.
There was a lower incidence of treatment-
emergent adverse events (TEAEs) in patients
treated with dalbavancin (26.2%) versus those
treated with vancomycin/linezolid (37.9%,
P\ 0.001). The difference in TEAEs was more
pronounced when comparing TEAEs in patients
who were treated with dalbavancin (26.2%)
versus the subset of patients on vancomycin for
at least 10 days (46.3%; P = 0.0011). Similarly,
serious TEAEs were less frequent with dalba-
vancin therapy (2.1%) compared with van-
comycin (13.0%; P\ 0.001). Overall, drug-
related TEAEs were observed in 9.7% of patients
treated with dalbavancin compared with 5.6%
of patients treated with vancomycin
(P = 0.3134).

Across the three studies, SCr concentrations
were available at all time points for 1379
patients (1325/1347 patients receiving at least
one dose of dalbavancin, 54/54 patients receiv-
ing vancomycin for at least 10 days with no
switch to orally administered linezolid). The
rate of nephrotoxicity was lower in patients
receiving dalbavancin (49/1325, 3.7%) than in
those receiving vancomycin (5/54, 9.3%;
P = 0.039, Table 3). Rates of nephrotoxicity
were similar for patients receiving dalbavancin
as a single dose and those receiving two-dose
therapy (15/345, 4.3% vs 34/980, 3.5%,
respectively).
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Table 2 Summary of demographics and baseline characteristics (safety population)

Characteristic DUR001-301 DUR001-302 DUR001-303

Dalbavancin
(n = 284)

Comparator
(n = 284)

Dalbavancin
(n = 368)

Comparator
(n = 367)

Dalbavancin
(n = 695)

Demographics

Mean (SD) age,

years

48.8 (15.4) 48.9 (15.1) 49.0 (16.5) 51.4 (16.2) 48.2 (14.8)

Male, n (%) 168 (59.2) 173 (60.9) 220 (59.8) 201 (54.8) 406 (58.4)

Race, n (%)a

White 261 (91.9) 259 (91.2) 326 (88.6) 319 (86.9) 621 (89.4)

Black/African

American

15 (5.3) 18 (6.3) 13 (3.5) 17 (4.6) 59 (8.5)

Asian 1 (0.4) 2 (0.7) 26 (7.1) 30 (8.2) 4 (0.6)

Mean (SD) BMI,

kg/m2

29.9 (8.1) 29.0 (7.0) 28.8 (6.4) 29.1 (7.3) 28.9 (7.4)

Prior medical history related to renal function, n (%)

Diabetes mellitusa 42 (14.8) 30 (10.5) 34 (9.2) 62 (16.9) 78 (11.2)

Acute renal failure 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Chronic renal

failure

1 (0.4) 1 (0.4) 1 (0.3) 1 (0.3) 0 (0.0)

Acute kidney injury 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1)

Hypertension 69 (24.3) 81 (28.5) 93 (25.3) 101 (27.5) 183 (26.3)

Anemia 9 (3.2) 5 (1.8) 9 (2.4) 12 (3.3) 11 (1.6)

CrCl

\ 30 mL/min, n
(%)

11 (3.9) 8 (2.8) 9 (2.4) 7 (1.9) 9 (1.3)

Mean (SD), mL/

min

89.3 (37.1) 91.8 (36.7) 89.3 (35.8) 92.5 (39.2) 95.9 (36.3)

Prior (within 30 days of study start) medications known to affect renal function, n (%)

Aminoglycoside

antibiotics

0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 0 (0.0)

Beta lactam

antibiotics

1 (0.4) 3 (1.1) 7 (1.9) 9 (2.5) 22 (3.2)

Ibuprofen 8 (2.8) 8 (2.8) 12 (3.3) 8 (2.2) 14 (2.0)
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DISCUSSION

The extended half-life of dalbavancin allows a
convenient single- or two-dose regimen for a
2-week course of therapy [19], with the added
advantage of lower nephrotoxicity rates com-
pared with patients receiving vancomycin for
10 days or more. Patients in both DISCOVER
trials were followed for 60–88 days, and patients
in the DUR001-303 trial were followed for
26–30 days, allowing for a comprehensive
assessment of adverse events, including
nephrotoxicity.

Treatment with vancomycin has been asso-
ciated with an increased risk of nephrotoxicity,
particularly in high-risk patients such as those
with pre-existing renal impairment, or patients
who are receiving concurrent nephrotoxic
agents [13, 20]. Although nephrotoxicity is
often reversible on prompt cessation of treat-
ment, or a decrease in dose, many patients,
especially those who are critically ill, fail to
recover renal function after development of
acute kidney injury [14, 21], and have worse
survival outcomes, with increased morbidity,
prolonged hospitalizations, and escalated
healthcare costs [22, 23]. A recent analysis of
14,196 patients treated with vancomycin
between 2010 and 2016 via outpatient par-
enteral antimicrobial therapy after a hospital
admission showed that 386 patients (2.7%)
were readmitted to a hospital because of acute
kidney injury within 42 days [24]. The FDA and
the EMA recommend monitoring of renal

function in patients with underlying conditions
or comorbidities that predispose to renal
impairment; the FDA recommends such moni-
toring in all patients receiving vancomycin [6].

Dalbavancin offers an effective and safe
alternative to vancomycin for the treatment of
ABSSSI caused by Gram-positive pathogens. The
burden and costs associated with renal moni-
toring are avoided and the treatment course is
simplified for patients, as well as the healthcare
system, by utilizing a single IV dose with com-
parable efficacy [17].

Limitations include the lower number of
patients who received vancomycin intra-
venously for at least 10 days with no switch to
orally administered linezolid, relative to the
majority of patients in the DISCOVER trials who
switched to orally administered linezolid after
at least 72 h of therapy. Our results demon-
strated a statistically significant difference in
the adverse event rates with dalbavancin rela-
tive to vancomycin therapy, and nephrotoxicity
rates were lower. The subanalysis from the
DISCOVER 1 and DISCOVER 2 trials did not
reach statistical significance likely as a result of
the small sample size [25]; safety data from a
larger cohort of vancomycin-treated patients on
at least 10 days of vancomycin with available
SCr values would help strengthen the conclu-
sions drawn from our analysis. Nephrotoxicity
was prespecified and defined as a 50% increase
in SCr levels from baseline or an absolute
increase in SCr of 0.5 mg/dL, to allow all three
studies pooled in this analysis to use the same

Table 2 continued

Characteristic DUR001-301 DUR001-302 DUR001-303

Dalbavancin
(n = 284)

Comparator
(n = 284)

Dalbavancin
(n = 368)

Comparator
(n = 367)

Dalbavancin
(n = 695)

Metformin 0 (0.0) 1 (0.4) 0 (0.0) 0 (0.0) 0 (0.0)

BMI body mass index, CrCl creatinine clearance
a Diabetes mellitus based on the following preferred terms: diabetes mellitus, diabetes mellitus inadequate control, diabetic
foot, diabetic nephropathy, gestational diabetes, type 1 diabetes mellitus, type 2 diabetes mellitus
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definition of nephrotoxicity for direct compar-
ison. Finally, the dose and interval of van-
comycin administered to patients with
impaired renal function could not be standard-
ized across study centers, as the study protocols
allowed adjustment based on local standard of
care, renal function, and vancomycin levels.

CONCLUSIONS

Our analysis of data from three phase 3 clinical
trials of dalbavancin for the treatment of ABSSSI
caused by Gram-positive microorganisms
showed that the rates of nephrotoxicity were
lower in patients receiving dalbavancin

Table 3 Adverse event and nephrotoxicity rates across the 3 clinical trials in patients with acute bacterial skin and skin
structure infections

Patients Dalbavancin Vancomycinc P valued

Single dosea

(N = 349)
n/N1 (%)

Two dosesb

(N = 998)
n/N1 (%)

Totalb

(N = 1347)
n/N1 (%)

(N = 651)
n/N2 (%)

Patients (safety population) experiencing a

TEAE (n/N)

70/349

(20.1)

283/998

(28.4)

353/1347

(26.2)

247/651

(37.9)

\ 0.0001

All patients experiencing a TEAE 69/345

(20.0)

278/980

(28.4)

347/1325

(26.2)

25/54

(46.3)

0.0011

TEAE leading to premature discontinuation of

study drug

5/345

(1.4)

18/980

(1.8)

23/1325

(1.7)

0 0.3291

Drug-related TEAE 24/345

(7.0)

104/980

(10.6)

128/1325

(9.7)

3/54

(5.6)

0.3134

Serious TEAE 7/345

(2.0)

21/980

(2.1)

28/1325

(2.1)

7/54

(13.0)

\ 0.0001

Nephrotoxicity on therapye

All dalbavancin patients vs patients

intravenously administered vancomycin only

15/345

(4.3)

34/980

(3.5)

49/1325

(3.7)

5/54

(9.3)

0.039

Patients receiving IV treatment onlyf NA 1/58

(1.7)

1/58

(1.7)

5/54

(9.3)

0.0781

IV intravenous, N safety population, N1 safety population with all creatinine values available, N2 safety population with all
creatinine values available in patients who received vancomycin for at least 10 days, NA not applicable, ND not determined,
TEAE treatment-emergent adverse event
a DUR001-303
b DISCOVER trials and DUR001-303
c DISCOVER trials
d P value for total dalbavancin vs vancomycin
e Nephrotoxicity was defined as a 50% increase in serum creatinine levels from baseline or an absolute increase in serum
creatinine of 0.5 mg/dL; Cochran–Mantel–Haenszel test for significance
f Patients who received only intravenously administered vancomycin with a duration C 10 days and did not receive blinded
oral therapy
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compared with patients intravenously receiving
vancomycin for at least 10 days, suggesting that
dalbavancin is less nephrotoxic than intra-
venously administered vancomycin. The con-
venient single-dose option of dalbavancin and
lack of requirement for renal function moni-
toring represent a significant reduction in bur-
den to the patient and the healthcare provider.
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