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Abstract Intravenous dalbavancin (DalvanceTM;

Xydalba™) is approved for use in adult patients with acute
bacterial skin and skin structure infections (ABSSSI), with
the recommended regimen being a 1000 mg dose followed
1 week later by a 500 mg dose. In the multinational DIS-
COVER 1 and 2 trials in adult patients with ABSSSI, dal-
bavancin treatment was noninferior to vancomycin (for
>3 days with an option to switch to oral linezolid to com-
plete a 10- to 14-day course) in terms of early clinical suc-
cess rates (assessed 48—72 h after initiation of treatment;
primary endpoint required by the FDA to assess noninferi-
ority in registration trials of ABSSSI). Clinical response
rates were also similar in both treatment groups at the end of
treatment (day 14-15), irrespective of geographic region or
baseline characteristics, including by infection type, dia-
betes mellitus status, systemic inflammatory response syn-
drome status, causative pathogen and renal function.
Dalbavancin was generally well tolerated, with adverse
events generally being of mild to moderate intensity and
transient. With its broad spectrum of activity against clini-
cally relevant Gram-positive pathogens and its favourable
pharmacokinetic profile that permits a convenient two-dose,
once-weekly regimen with no requirement for therapeutic
drug monitoring, dalbavancin is a promising emerging
option for the treatment of ABSSSI in adult patients.
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Dalbavancin in acute bacterial skin and skin struc-

ture infections: a summary

Excellent in vitro activity against a broad spectrum
of Gram-positive bacteria, including methicillin-
resistant and methicillin-susceptible Staphylococcus
aureus, and streptococci bacteria

No evidence for the emergence of dalbavancin-
resistant isolates

Intravenous (IV) 30-min infusion; convenient two-
dose, once-weekly regimen, with good tissue
penetration (e.g. into skin blister fluid, bone and
articular cartilage)

Noninferior to IV vancomycin (for >3 days with an
option to switch to oral linezolid) for clinical success
rate 48—72 h after initiation of treatment

At the end of therapy (day 14-15), the clinical
success rate is similar to that with vancomycin-
linezolid

Generally well tolerated

1 Introduction

Acute bacterial skin and skin structure infections (ABSSSI)
involve the skin and subcutaneous tissue, fascia and or
muscle layers, with disease severity ranging from mild,
superficial infections to severe, potentially life-threatening
infections [1]. Key pathogens associated with ABSSSI
include Gram-positive organisms such as Staphylococcus

aureus and  Streptococcus pyogenes strains and,
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particularly in polymicrobial infections, Gram-negative
and anaerobic bacteria [2]. The increasing global preva-
lence of drug-resistant pathogens associated with commu-
nity-acquired and nosocomial Gram-positive infections,
especially staphylococci and enterococci strains, has added
to the challenge of treating these infections [2—6].

Vancomycin (glycopeptide antibacterial) and teicopla-
nin (first generation lipoglycopeptide antibacterial, a sub-
class of the glycopeptides; not approved in USA) have
been the mainstay of parenteral antibacterial therapy for
serious drug-resistant Gram-positive infections, including
methicillin-resistant S. aureus (MRSA) infections [1, 5-7].
However, in addition to an increased risk of nephrotoxicity
with high doses of vancomycin and the need for therapeutic
drug monitoring, its use is potentially limited by the
emergence of vancomycin-intermediate and -resistant S.
aureus and enterococci strains (albeit these isolates remain
relatively uncommon), with vancomycin-resistant isolates
associated with treatment failures and poor clinical out-
comes [5, 6, 8]. Antibacterial drugs developed to overcome
glycopeptide resistance, such as daptomycin and linezolid,
have also been associated with the emergence of resistance
[5, 8].

The increasing prevalence of multidrug-resistant
pathogens, including vancomycin-resistant pathogens, led
to the development of the second generation lipogly-
copeptides (e.g. dalbavancin, oritavancin and telavancin;
all administered intravenously) [3, 4]. The presence of
lipophilic/hydrophobic side chains mean that, relative to
vancomycin, lipoglycopeptide antibacterials exhibit
increased in vitro potency against Gram-positive bacteria
and a low potential for the emergence of resistance. All
lipoglycopeptides are bactericidal, whereas vancomycin
exhibits mainly bacteriostatic activity [3, 4]. Intravenous
dalbavancin (DalvanceTM; XydalbaTM) has recently been
approved in the USA [9] and EU [10] for the treatment of
adult patients with ABSSSI. This article provides a narra-
tive review of its clinical use in adult patients with ABSSSI
and overviews the pharmacological properties and in vitro
antibacterial activity of the drug.

2 Pharmacodynamic Properties of Dalbavancin

Dalbavancin, a semisynthetic lipoglycopeptide, binds to
the C terminal p-alanyl-p-alanine subgroup of the stem
pentapeptide in nascent cell wall peptidoglycan and
thereby inhibits cell wall synthesis by preventing transg-
lycosylation and transpeptidation of the peptidoglycan
chains [3, 4]. As a consequence, the integrity of the cell
membrane is disrupted, leading to rapid cell death [3]. The
addition of a lipophilic side chain prolongs the half-life of
dalbavancin (Sect. 3), anchors the drug to the cell
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membrane, improves its affinity for the p-alanyl-p-alanine
subgroup and enhances its antibacterial activity (Sect.
2.1.1).

2.1 Antibacterial Activity
2.1.1 In Vitro Activity

This section focuses on the antibacterial activity of dal-
bavancin against Gram-positive microorganisms associated
with ABSSSI specified in the US manufacturer’s pre-
scribing information [i.e. S. aureus, including MRSA and
methicillin-susceptible S. aureus (MSSA), S. pyogenes,
Streptococcus agalactiae and Streptococcus anginosus
group (including S. anginosus, S. intermedius and S. con-
stellatus)] [9]. Susceptibility is based on the US FDA-ap-
proved interpretative breakpoint (<0.12 pg/mL) against
these indicated species/groups [9, 11]; the current absence
of data on resistant isolates precludes defining any other
category [9]. The European Committee on Antimicrobial
Susceptibility Testing interpretative breakpoint for dalba-
vancin for Staphylococcus spp., B-haemolytic streptococci
of Groups A, B, C and G, and S. anginosus group for
susceptibility is <0.125 pg/mL, with a resistant breakpoint
of >0.125 pg/mL [10]. Dalbavancin shows no antibacterial
activity against Gram-negative organisms [10]. Only
studies that utilized microbroth dilution techniques are
discussed, since disk diffusion is currently not considered
to be a reliable method for determining the in vitro activity
of dalbavancin [9].

Dalbavancin exhibits bactericidal activity [3, 4, 12—14]
and demonstrates excellent in vitro activity against a broad
spectrum of Gram-positive clinical isolates collected since
2002 as part of global [15, 16], US [11, 17, 18] (one [11] of
which was a pooled analysis of isolates collected in the
other two studies [17, 18]) and Canadian [19] surveillance
studies (Table 1). In these surveillance studies, based on
the minimum inhibitory concentration (MIC) required to
inhibit the growth of 90 % of isolates (MICq), dalbavancin
exhibited more potent in vitro activity than vancomycin
against these targeted strains; however, more than 99 % of
clinical isolates were susceptible to both drugs [15, 16, 19].
In the largest study, MICy, values for against both MSSA
(n =27,052) and MRSA (n = 19,721) isolates were
0.06 pg/mL for dalbavancin and 1 pg/mL for vancomycin
[15].

In vitro activity data for clinical isolates collected in the
phase 3 DISCOVER trials (Sect. 4.1) were consistent with
those in the surveillance studies [20]. MICy, values for
dalbavancin were 0.06 pg/mL against S. aureus (n = 511),
MSSA (n = 361), MRSA (n = 135) and S. pyogenes
(n = 77), 0.03 pg/mL against S. agalactiae (n = 20) and
0.015 pg/mL against S. constellatus (n = 25) [20].
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Table 1 In vitro activity of dalbavancin against targeted Gram-positive clinical isolates collected globally (2002-2007 [15]; 2002 [16]), in the
USA (2011 [17]; 2012 [18]; 2011-2012 [11]) or in Canada (2007-2009) [19]

No. of isolates

MICyy (png/mL)?* (references)

Susceptibleb (% of isolates) (references)

MSSA 500-27,052 0.06
MRSA 202-19,721 0.06
Streptococcus pyogenes 151-200 <0.03
S. agalactiae 134-153

S. anginosus groupcl 111 0.06

0.06 [18]; 0.12 [17]

>99.6 [15-18]; NR® [19]
>99.7 [15-19]

100 [17-19]

90.8 [17]; 98.5 [18]

100 [11]

Assessed using Clinical and Laboratory Standards Institute microbroth dilution methods. MICgyy minimum inhibitory concentration required to
inhibit the growth of 90 % of isolates, MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-susceptible S. aureus, NR not

reported

? For each individual strain, the MICo, was generally consistent across all studies in which it was evaluated

° Based on a US FDA susceptibility interpretative breakpoint of <0.12 pg/mL [9]

¢ MIC ranges: 1980 MSSA isolates <0.03-0.25 pug/mL

4 Pooled data from two studies [17, 18]; separate in vitro activity against the S. anginosus group was not reported in individual studies

Dalbavancin also showed very good in vitro activity
against clinical isolates of vancomycin-susceptible Enfe-
rococcus faecium and vancomycin-susceptible Enterococ-
cus faecalis isolates [11, 15, 18]. At least 90 % of E.
faecium and E. faecalis vancomycin-susceptible isolates
exhibited an in vitro MIC less than or equal to the dalba-
vancin susceptibility breakpoint of <0.12 pg/mL [9]. The
clinical significance of these in vitro data remains to be
determined, since there are currently no adequate well-
controlled clinical studies of the efficacy and safety of
dalbavancin in clinical infections caused by these species
[9]. Dalbavancin does not exhibit significant in vitro
activity against vancomycin-resistant enterococci contain-
ing vanA gene mutations [3, 5]. The reduced in vitro sus-
ceptibility of dalbavancin and most other lipoglycopeptides
(except oritavancin) to VanA-type but not VanB-type
resistant enterococci, reflects that unlike vancomycin
which activates both the vanA and vanB genes, lipogly-
copeptides only activate the vanA gene [3, 5].

Currently, there is no evidence for the emergence of
bacterial isolates resistant to dalbavancin, based on
in vitro, animal and clinical studies [9, 13, 20]. More than
99 % of clinical isolates collected over the past decade
were susceptible to dalbavancin (Table 1). In the DIS-
COVER trials, relative to baseline, no Gram-positive
isolates identified after treatment with dalbavancin or
vancomycin exhibited a greater than twofold increase in
in vitro susceptibility [20].

In broth microdilution checkerboard assays, no syner-
gistic or antagonist interactions were observed between
dalbavancin and aztreonam, clindamycin, gentamicin,
levofloxacin, linezolid, quinupristin/dalfopristin, rifampin
or vancomycin [21], or with azithromycin [22]. Dalba-
vancin was synergistic or partially synergistic with oxa-
cillin for staphylococci, including against methicillin-

resistant strains and vancomycin-intermediate S. aureus
isolates [21].

2.1.2 Activity in Animal Models

The in vitro activity of dalbavancin is supported by evi-
dence from animal models of S. aureus infections [23-25],
including models of MRSA infection [24] and of infection
with S. aureus with or without reduced susceptibility to
vancomycin and teicoplanin [23]. For example, in a rat
granuloma pouch infection model, within 24 h of admin-
istration of a single intravenous dalbavancin 10 mg/kg
dose, viable MRSA counts were reduced by >2 log colony
forming units (CFU)/mL and MSSA counts to below the
limits of detection [24]. No bacterial regrowth of MRSA
was observed for up to 120 h, with no regrowth of MSSA
for at least 96 h [24].

2.1.3 Pharmacodynamic/Pharmacokinetic Considerations

The inter-relationships between pharmacodynamic and
pharmacokinetic parameters are an important consideration
in predicting antibacterial activity [26]. Glycopeptides
typically exhibit concentration-dependent bactericidal
activity, with the maximum plasma concentration
(Cinax):MIC ratio and the area under the concentration-time
curve (AUC) from time zero to 24 h:MIC ratio shown to
correlate with efficacy in in vitro studies and animal
models [25-28].

There was a significant (p < 0.05) correlation between a
successful clinical response at the test-of-cure (TOC;
14 £ 2 days post treatment) visit and the average AUC
(AUC,,):MIC ratio, using data from a phase 3 study in
patients with ABSSSI for the MIC values and a population
pharmacokinetic model [29]. At the TOC visit, 89.3 and
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98.4 % of patients achieved clinical success at AUC,:
MIC ratios of <21,267 and >21,267, respectively, in the
overall population (n = 192 evaluable). Similarly, in a
subgroup of patients with S. aureus infections at baseline
(n = 177), 89.1 and 100 % of patients achieved clinical
success at these respective AUC,,,:MIC ratios. The
AUC,,, was derived by dividing the AUC from time zero
to 120 h by 5 [29].

2.2 Effects on Cardiac Electrophysiology

In a thorough QT study in healthy volunteers, a 30-min
intravenous infusion of dalbavancin 1000 or 1500 mg had
no clinically relevant effects on heart rate, the PR or QRS
intervals or the corrected QT (QTc) interval [30].

3 Pharmacokinetic Properties of Dalbavancin

The pharmacokinetics of dalbavancin are best described
using a three-compartment model (o and f distribution
phases followed by a terminal elimination phase) [10]. The
distributional half-life, which constitutes most of the clin-
ically-relevant concentration-time profile, ranged from 5 to
7 days and is consistent with once-weekly dosing [10].

In healthy adult volunteers, dalbavancin exhibits linear,
dose-proportional pharmacokinetics following single
intravenous doses of 140—1120 mg (30-min infusion) [14].
In two phase 1 studies, mean C,, values following a
single dalbavancin 1000 mg dose were 248.8 and
287.3 mg/L [31]. There was no apparent accumulation of
dalbavancin following multiple doses of dalbavancin
(1000 mg on day 1 and then 7 weeks of once-weekly
500 mg doses) [32]. Minimum plasma concentrations of
dalbavancin on day 22 were similar to those observed on
day 8 (i.e. at end of the dosing interval prior to the weekly
dose), indicating that steady-state concentrations of the
drug were attained by day 8 [32].

Dalbavancin is extensively (x93 %) and reversibly
bound to human plasma proteins, primarily to albumin [9].
The extent of protein binding is not altered by the con-
centration of dalbavancin, or renal or hepatic impairment
[9]. Based on a population pharmacokinetic analysis using
data from three clinical trials in patients with ABSSSI, the
estimated central, peripheral and steady-state volumes of
distribution of dalbavancin were 4.03, 11.8 and 159 L,
respectively [33].

After intravenous infusion, dalbavancin shows good
tissue penetration, including into skin blister fluid [34],
bone [32] and articular cartilage [32]. The mean penetra-
tion of dalbavancin into cantharidin-induced skin blisters
was 59.6 % after a single 1000 mg dose in healthy adult
volunteers [34], with mean blister fluid concentrations
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(>30.3 mg/L at 7 days post dose) exceeding the MICqy,
values for target bacteria associated with ABSSSI (in-
cluding for drug-resistant staphylococci and streptococci
strains) (Table 1) [34]. Plasma dalbavancin concentrations
were also maintained above the relevant MICq, values for
at least 12 days in patients with ABSSSI treated with
dalbavancin 1000 mg on day 1 and 500 mg on day 8 [35].
In adults scheduled for elective orthopaedic surgery, mean
concentrations of dalbavancin in the bone, skin and artic-
ular cartilage are predicted to exceed the MICy, of S.
aureus strains [32]. After a single 1000 mg dose, mean
dalbavancin concentrations at 12 h in the synovium, syn-
ovial fluid, bone and skin were 25.0 pg/g, 22.9 pg/mL,
6.3 ng/g and 19.4 pg/g, respectively, with corresponding
concentrations at day 14 of 15.9 ng/g, 6.2 pg/mL, 4.1 ng/g
and 13.8 pg/g [32].

Metabolites of dalbavancin have not been observed in
significant amounts in human plasma [9, 10]. The
metabolites hydroxy-dalbavancin and mannosyl aglycone
have been detected in the urine (<25 % of administered
dose); the metabolic pathways for these metabolites have
not been identified. After a single 1000 mg dose, ~20 %
of the drug was eliminated in the faeces over the 70-day
post dose period. An average of 19-33 % of the dose was
excreted in the urine as unchanged drug and 8-12 % as
hydroxy-dalbavancin over the 42-day post dose period.
Dalbavancin has a prolonged terminal elimination half-life
(mean 14.4-15.5 days) [9, 10].

Dalbavancin has a low potential for drug-drug interac-
tions, based on preclinical studies [9]. In a population
pharmacokinetic analysis, dalbavancin pharmacokinetics
were not affected by coadministration of known CYP
substrates, inducers or inhibitor or by individual drugs such
as acetaminophen, aztreonam, fentanyl, metronidazole,
furosemide, proton pump inhibitors, midazolam or sim-
vastatin [9].

3.1 In Specific Populations

In adults, there are no clinically relevant effects of gender
or age on the pharmacokinetics of dalbavancin [9, 10]. The
pharmacokinetics of dalbavancin in children aged
<12 years have not been established [9, 10]. In children
aged 12-17 years, dalbavancin-exposure profiles were
slightly lower (=30 % lower) than those observed in
adults with ABSSSI (historical data) [36].

Compared with adults with normal renal function, mean
plasma clearance of dalbavancin was reduced by 35 and
47 % in adults with moderate [creatinine clearance (CRcy)
3049 mL/min] and severe renal impairment (CRcp
<30 mL/min) [9, 10, 31]. No dosage adjustments of dal-
bavancin are required in patients with a CR¢p of >30 mL/
min and in those on haemodialysis [9, 10]. The dosage of
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dalbavancin should be reduced in patients with severe renal
impairment (CRcp <30 mL/min) who are not receiving
regularly scheduled haemodialysis (Sect. 6) [9, 10].

The pharmacokinetic profile of dalbavancin was not
altered to a clinically relevant extent in patients with
varying degrees of hepatic impairment compared with
adults with normal hepatic function [9, 10, 31]. Clinical
experience in patients with moderate or severe hepatic
impairment is limited; thus, caution is advised when dal-
bavancin is prescribed in these patient populations [9, 10].

4 Therapeutic Efficacy of Dalbavancin

The efficacy of intravenous dalbavancin versus intravenous
vancomycin (for >3 days with an option to switch to oral
linezolid thereafter; i.e. the vancomycin-linezolid group)
[37] or oral linezolid [38] in the treatment of adult patients
with an ABSSSI [37] or complicated skin and skin struc-
ture infections (CSSSI) [38] was investigated in three
double-blind, double-dummy, multinational, phase 3,
noninferiority trials. Two of these trials (DISCOVER 1 and
2) are reported in the same publication, along with pooled
and prespecified subgroup analyses of these two identically
designed trials [37]. Other pooled prespecified exploratory
and post hoc subgroup analyses of DISCOVER 1 and 2
[39-43] are also briefly discussed (available as abstract
presentations).

Discussion focuses on the DISCOVER 1 and 2 trials
(Sect. 4.1), which used the recent US FDA recommended
timepoint (i.e. 4872 h after initiation of treatment; early
success) to assess clinical response for determination of
noninferiority in registration ABSSSI trials [37]. Historical
timepoints for assessing clinical response rates are at the
end of treatment (EOT) or thereafter, at the test-of-cure
(TOC) visit (typically on days 14-28) [37]. The initial
phase 3 trial (VER001-09) [38] of dalbavancin treatment in
patients with CSSSI evaluated clinical response rates at the
EOT and TOC visits (reviewed previously in Drugs [44]),
with the clinical response rate at the TOC visit in the
dalbavancin group noninferior to that in the linezolid group
(primary endpoint) [88.9 vs. 91.2 %; the lower limit of
95 % CI was within the prespecified noninferiority crite-
rion]. All phase 3 trials assessed clinical success rates at the
EOT and TOC/short-term follow-up (SFU) visits [37, 38].

4.1 DISCOVER 1 and 2 Trials

In the DISCOVER trials, key eligibility criteria included a
diagnosis of ABSSSI as determined by the presence of
cellulitis, a major abscess or a wound infection, each of
which were associated with >75 cm? of erythema [37].
Eligible patients were adults who were thought to require 3

days of intravenous therapy and had one or more systemic
signs of infection within 24 h prior to randomization,
including a body temperature of >38 °C, a white cell count
of >12,000 cells/mm?> or more than 10 % band forms on
the white-cell differential count. At least two of the fol-
lowing local signs had to be present in addition to ery-
thema: purulent drainage or discharge, fluctuance, heat or
localized warmth, tenderness on palpation, and swelling or
induration. Patients were excluded if they had received
antibiotic treatment within 14 days prior to randomization.
Patients were randomized to two doses of dalbavancin
(1000 mg then 500 mg) given one week apart or twice-
daily vancomycin for >3 days, with vancomycin recipients
having an option to switch to oral linezolid twice daily
thereafter; treatment continued for 10-14 days [37].

Within each trial, there were no statistically significant
between-group differences in patient characteristics or
disease status at baseline, with the exception of the pro-
portion of patients with diabetes mellitus enrolled in DIS-
COVER 2 (9.4 % in the dalbavancin group vs. 16.8 % in
the vancomycin-linezolid group; p = 0.003) [37]. At
baseline, across both trials, the mean age of patients was
~49.6 years; 13 % of patients had diabetes; ~25.6 % had
major abscess infections, x53.6 % had cellulitis and
~20.8 % had wound or surgical site infections; ~51.2 %
had systemic inflammatory response syndrome (SIRS). The
median size of the infected area was 351 cm? in DIS-
COVER 1 and 336 cm? in DISCOVER 2. The primary
endpoint was the success rate 48—72 h after initiating
therapy (i.e. early clinical response) in the intent-to-treat
(ITT) population (Table 2) [37].

Early clinical response rates in the dalbavancin group
were noninferior to the vancomycin-linezolid group in both
the individual studies and in pooled analyses (primary
endpoint), with >77 % of patients in both treatment groups
achieving early success indicative of a clinical response
(Table 2) [37]. In prespecified sensitivity analyses of the
primary endpoint in the ITT population, the proportion of
patients with a >20 % reduction in lesion size at 48—72 h
was similar in the dalbavancin and vancomycin-linezolid
groups in DISCOVER 1 (89.9 vs. 90.9 %; absolute dif-
ference —1.0; 95 % CI —5.7 to 4.0), DISCOVER 2 (87.6
vs. 85.9 %; absolute difference 1.7; 95 % CI —3.2 to 6.7)
and for the pooled data (88.6 vs. 88.1 %; absolute differ-
ence 0.6; 95 % CI —2.9 to 4.1) [37]. In prespecified pooled
subgroup analyses for the primary outcome, there was also
no between-group differences in terms of early clinical
response rates by geographic region [43] or baseline
infection type [37] (Table 2). The most common reason for
patients being classified as treatment failures 48—72 h after
initiating treatment was missing data (41 % of 134 treat-
ment failures in the dalbavancin group vs. 39 % of 132
treatment failures in the vancomycin-linezolid group). The
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Table 2 Comparative efficacy of dalbavancin in adults with acute bacterial skin and skin structure infections in the double-blind, double-
dummy, multinational, phase III, noninferiority DISCOVER 1 and 2 trials

No. of pts ITT/CPP* Early clinical response rate® (ITT)? EOT clinical response rate® (CPP*)

DAL? VAN-LIN® DAL VAN-LIN  Absolute difference DAL VAN-LIN  Absolute difference
(% of pts) (% of pts) (95 % CI) (% of pts) (% of pts) (95 % CI)

Overall population [37]
DISCOVER 1 288/246  285/243 83.3 81.8" 1.5(—4.6t07.9% 87.0 91.4 —4.4 (—9.6 to 1.6)
DISCOVER 2 371/324  368/302 76.8" 78.3 —1.5(-74t04.6)% 935 92.7 0.8 (—3.3t04.9)
Both trials 659/570  653/545 79.7° 79.8 —0.1 (—4.5t04.2)%* 90.7 92.1 —1.5(—4.8t0 1.9)
In pooled prespecified subgroup analyses of the primary endpoint by infection type at baseline [37]
Cellulitis 354/324  349/301 79.4 77.1 90.7 91.7
Major abscess 163/133  173/139 81.6 86.1 94.0 95.7
TW/SSI 142/113  131/105 78.2 78.6 86.7 88.6
In pooled prespecified subgroup analyses of the primary endpoint by geographic region [43]"
North America 238/193  235/185 82.4 80.4 90.7 91.4
Europe and Asia  421/377  418/360 78.1 79.4 90.7 92.5

CPP clinical-per-protocol, CR¢; creatinine clearance, DAL dalbavancin, EOT end-of-therapy, /7T intent-to-treat, IV intravenous, LIN linezolid,
pts patients, TW/SSI traumatic wound/surgical site infection, VAN vancomycin

* ITT population included all randomized pts; CPP population included pts who met all inclusion criteria and no exclusion criteria, received the
correct study drug and met minimum dosing requirements

® Defined as cessation of spread of infection-related erythema and a temperature of <37.6 °C for three consecutive readings taken 6 h apart
¢ A success if the lesion size decreased from baseline, temperature was <37.6 °C, fluctuance and localized heat/warmth were absent, tenderness
to palpation and swelling/induration were no worse than mild and, for pts with a wound infection, the severity of purulent drainage was improved
and no worse than mild relative to baseline

4 30-min IV infusion of DAL 1g on day 1 followed by a 30-min IV infusion of DAL 0.5 g on day 8, with the dose reduced (750 mg dose then
375 mg on day 8) in pts with a CRcp <30 mL/min who were not receiving regular haemodialysis or peritoneal dialysis

¢ 120-min IV infusion of VAN Ig (or 15 mg/kg weight) every 12 h for >3 days, with an option to switch to oral LIN 600 mg every 12 h
thereafter (10-14 days’ therapy overall). The dosage of VAN was adjusted in pts with renal impairment and whether or not pts received a fixed

dose or weight-based dose, based on the local standard of care

£ Primary endpoint

€ Noninferiority shown as the lower limit of the 95 % CI was greater than —10

" Abstract presentation

definition of missing data included no fever, but tempera-
ture protocol-specified criteria not met (i.e. temperature not
recorded or taken outside the protocol-specified time win-
dow). Both groups had a similar pattern of reasons for
treatment failure [37].

There were also no significant differences between the
dalbavancin and vancomycin-linezolid group for the sec-
ondary outcome of clinical status at the EOT (day 14-15)
in individual trials and/or across trials, including in the
pooled clinical per-protocol (CPP) population (Table 2), by
infection type (Table 2; CPP population), by geographic
region (Table 2) [43], by diabetes status at baseline (CPP
population), by SIRS status at baseline (CPP population) or
by baseline pathogen (assessed in a subset of patients with
monomicrobial infections who were in the microbiological
per-protocol population; the latter included patients who
had >1 Gram-positive pathogen isolated at baseline) [37].
For example in pooled analyses, clinical response rates in
the dalbavancin and vancomycin-linezolid groups were
similar in those with S. aureus (97.9 vs. 96.6 %; n = 191
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and 177), MRSA (97.3 vs. 98.0 %; n = 74 and 50) or S.
pyogenes (100 vs. 92.3 %; n = 19 and 13) infections at
baseline, in patients with diabetes (84.5 vs. 88.2 %;n = 71
and 76) or without diabetes (91.6 vs. 92.7 %; n = 499 and
469) at baseline and in patients with SIRS (86.8 vs. 90.7 %;
n =296 and 290) or without SIRS (94.9 vs. 93.7 %;
n = 274 and 255) at baseline [37].

Based on a pooled analysis of DISCOVER 1 and 2 that
evaluated the concordance of an early clinical response
with clinical success at the EOT, 90.3 % of patients (945 of
1046 patients) who achieved an early clinical response and
70.9 % (129 of 182 patients) who failed to achieve an early
clinical response were cured at the EOT [42]. Positive
predictive values for an early clinical response predicting
clinical success at the EOT exceeded 90 %, irrespective of
the early response parameters utilized (i.e. cessation of
spread £ absence of fever; cessation of spread + wors-
ening pain; absence of fever; >20 % reduction in lesion
size). Conversely, the cessation of lesion spread with an
assessment of pain (negative predictive value of 80 %)
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could potentially predict which patients will ultimately fail
therapy [42].

With dalbavancin treatment, early clinical response rates
did not differ significantly based on baseline renal function,
including between patients with normal renal function and
those with varying degrees of renal impairment (80 vs.
80-82 % of patients achieved an early clinical response), in
post hoc pooled analyses of the DISCOVER trials [41]. In
patients with a CR¢p, of <30, 30-59, 60-89 or >90 mL/
min (n = 35, 249, 392 and 627, respectively), there were
also no significant differences in early clinical response
rates between the dalbavancin and vancomycin-linezolid
group. Respective between-group differences based on
renal function were 6.7 % (95 % CI —21.4 to 36.3), 5.4 %
(95 % CI —=5.1 to 15.9), —2.9 % (95 % CI —10.4 to 4.6)
and 0.8 % (95 % CI —5.5 to 7.1) [41].

Clinical response rates at the EOT were also similar in
the dalbavancin and vancomycin-linezolid groups in
patients who were treated in the outpatient setting for all
doses (90.6 vs 90.5 %; n = 138 and 126) [40]. In this post
hoc analysis of the DISCOVER trials, outpatient treatment
occurred more frequently in North America than in Europe,
Asia and South Africa (99.6 vs. 0.4 % of outpatients; no
p value reported) [40].

At the EOT, clinical response rates were similar between
the dalbavancin and vancomycin group in patients who had
received intravenous therapy (i.e. >10 days’ dalbavancin or
vancomycin + oral placebo) without switching to oral
treatment in a post hoc analysis of the DISCOVER trials
(68.9 vs. 66.7 %; n = 61 and 54 ITT) [39].

In a pooled analysis of three phase 3 trials in patients
with ABSSSI and a phase 2 study in patients with catheter-
related infections, dalbavancin treatment resulted in clear-
ance of bacteremia and clinical response rates that were
similar to those in the comparator arms at the EOT in
evaluable patients who had Gram-positive bacteremia at
baseline (abstract presentation) [45]. For example, in
patients with S. aureus bacteremia at baseline, 100 and
95 % of patients in the dalbavancin (n = 24) and com-
parator (n = 20) groups had documented clearance of S.
aureus bacteremia at the EOT, with clinical success rates
of 86.4 and 78.3 % [45].

At the SFU (days 26-30), there was no significant
between-group difference in clinical response rates (i.e.
clinical status; as defined for EOT in Table 2) [9]. In ITT
analyses, clinical response rates at the SFU in the dalba-
vancin (n = 288) and vancomycin-linezolid (n = 285)
group were 83.7 and 88.1 % in DISCOVER 1, with
respective rates of 88.1 and 84.5 % (n = 371 and 368) in
DISCOVER 2 [9].

5 Tolerability of Dalbavancin

Dalbavancin was generally well tolerated in patients with
ABSSSI participating in phase 2 and 3 clinical trials, with
most adverse events being of mild to moderate severity
and transient (median duration 4 vs. 3 days in the van-
comycin-linezolid group [37]) [37, 38]. In a pooled
analysis of seven phase 2 and 3 trials, the most common
selected adverse reactions (incidence >2 %) occurring in
the dalbavancin (n = 1778) and comparator (n = 1224)
groups were nausea (5.5 vs. 6.4 %), headache (4.7 vs.
4.8 %), diarrhoea (4.4 vs. 5.9 %), vomiting (2.8 vs.
3.0 %), rash (2.7 vs. 2.4 %) and pruritus (2.1 vs. 3.3 %)
[9]. The median duration of adverse reactions was 4 days
in both the dalbavancin and comparator groups, with 3.0
and 2.8 % of patients discontinuing treatment because of
an adverse reaction; the comparator drugs included line-
zolid, cefazolin, cephalexin and vancomycin. Serious
adverse events occurred in 6.1 % of patients receiving
dalbavancin and 6.5 % of patients in the comparator arms
[9].

There was a numerically lower incidence of nephro-
toxicity during intravenous dalbavancin therapy than dur-
ing intravenous vancomycin therapy (3.3 vs. 9.3 %;
p = 0.06; n = 637 and 54 evaluable), based on a pooled
subgroup ITT analysis of patients who received >10 days
of intravenous vancomycin without switching to oral
linezolid in DISCOVER 1 and 2 (abstract presentation)
[39]. Nephrotoxicity was defined as a 50 % increase from
baseline in serum creatinine levels or an absolute increase
in serum creatinine level of 0.5 mg/dL.

Overall, abnormalities in liver tests [alanine amino-
transferase (ALT), aspartate aminotransferase (AST),
bilirubin] occurred with a similar frequency in the dalba-
vancin and comparator groups in a pooled analysis of phase
2 and 3 trials [9]. In patients with normal ALT levels at
baseline, elevations in ALT levels of >3 x the upper limit
of normal (ULN) occurred in 12 dalbavancin recipients
(0.8 %) and two comparator recipients (0.2 %); amongst
these patients, eight dalbavancin recipients and one com-
parator recipient had underlying conditions that could
affect liver enzyme levels. Elevations in ALT levels of
>10x ULN occurred in three patients in the dalbavancin
group and no patients in the comparator group in these
trials, with one dalbavancin recipient participating in a
phase 1 trial having post baseline ALT levels of >20x
ULN. All elevations in ALT levels were reversible [9].
Increased y-glutamyl transferase levels were reported in
1.1 % of patients; the degree of increase was not stated
[10].
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6 Dosage and Administration of Dalbavancin

In the USA [9] and EU [10], intravenous dalbavancin is
indicated for the treatment of adult patients with ABSSSI,
with the US prescribing information [9] specifying infec-
tions caused by susceptible isolates of the following Gram-
positive micro-organisms: S. aureus (including methicillin-
susceptible and -resistant strains), S. pyogenes, S. agalac-
tiae and S. anginosus group (including S. anginosus, S.
intermedius, S. constellatus). To reduce the risk of drug-
resistant bacteria and maintain the effectiveness of dalba-
vancin and other antibacterial drugs, dalbavancin should
only be used to treat infections that are proven or strongly
suspected to be caused by susceptible pathogens [9, 10].

The recommended initial dose of dalbavancin is
1000 mg followed 1 week later by a 500 mg dose,
administered as a 30-min infusion [9, 10]. In patients with a
CLcr of <30 mL/min and not receiving regularly sched-
uled haemodialysis, the dosage of dalbavancin should be
reduced to 750 mg followed 1 week later by a dose of
375 mg. Dalbavancin is contraindicated in patients with a
hypersensitivity to the drug and caution should be exer-
cised when administering the drug to patients with a known
hypersensitivity to glycopeptides. Rapid intravenous infu-
sions of glycopeptide antibacterial drugs may cause a
reaction that resembles Red-Man Syndrome; stopping or
slowing the infusion may result in cessation of these
reactions. If diarrhoea occurs during treatment, evaluate
patients for potential Clostridium difficile infection, as
cases of C. difficile-associated diarrhoea (CDAD) have
been reported with almost all systemic antibacterial agents,
including dalbavancin [9, 10].

7 Place of Dalbavancin in the Management
of Acute Bacterial Skin and Skin Structure
Infections

Current Infectious Diseases Society of America treatment
guidelines for the management of severe ABSSSI recom-
mend several first-line empirical treatment options,
including vancomycin, linezolid, daptomycin, telavancin
and clindamycin [1, 6]. The approval of dalbavancin for the
treatment of adults with ABSSSI is too recent for the drug
to have been considered for inclusion in these guidelines
[9, 10]. Oritavancin, which is active against Gram-positive
bacteria, was also recently approved in the USA [46] and
the EU [47] for use in adult patients with ABSSSI
Antibacterials from other classes that have recently been
approved for use in the treatment of ABSSSI, include drugs
with activity against Gram-positive bacteria (daptomycin
and tedizolid) and with activity against both Gram-positive
and -negative bacteria (ceftaroline and tigecycline) [7].
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Dalbavancin shows excellent in vitro activity against a
broad spectrum of Gram-positive bacteria, including
MRSA isolates, with good tissue penetration and a low
potential for the emergence of bacterial resistance (Sect.
2.1.1). The prolonged distribution phase means that plasma
concentrations of dalbavancin remain above the MIC of
common ABSSSI pathogens for at least 7 days (Sect. 3)
and this, along with the prolonged elimination half-life
(Sect. 3), permits a convenient two-dose, once-weekly
administration schedule (Sect. 6), with no requirement for
therapeutic drug monitoring. The potential for using a
single-dose dalbavancin regimen to treat ABSSSI is cur-
rently being investigated in a double-blind, multinational,
phase 3, noninferiority trial (DUR001-303; n = 698), as
per FDA guidelines for developing treatments for ABSSSI
[48]. Preliminary results indicated that a single 1500 mg
dose of dalbavancin was noninferior to the currently
approved two-dose regimen (Sect. 6), with a similar pro-
portion of patients achieving a >20 % decrease in lesion
size 48-72 h after initiation of therapy (81.4 vs. 84.2 %;
between group difference —2.9; 95 % CI —8.5 to 2.8)
(primary endpoint) [48]. Oritavancin also has a convenient
dosage regimen involving a single intravenous 3-h infusion
[46], whereas vancomycin is administered twice daily [49]
and telavancin once daily [50].

The potential for drug-drug interactions is an important
factor when considering treatment options. Dalbavancin
has a low potential for drug-drug interactions (Sect. 3) and
does not alter the QTc interval (Sect. 2.2). Concomitant
administration of vancomycin and local anaesthetics has
been associated with anaphylactoid reactions, erythema
and histamine-like flushing, and concurrent and/or
sequential use of potentially nephrotoxic and/or neurotoxic
drugs requires careful monitoring [49]. Telavancin treat-
ment should be avoided in patients with QTc prolongation
and should be used with caution in patients taking con-
comitant drugs known to prolong the QTc interval [50].
Like oritavancin (for up to 48 h post administration) [46],
telavancin interferes with some laboratory coagulation
tests, including prothrombin time, International Normal-
ized Ratio and activated partial thromboplastin time [50].
Oritavancin should only be used in patients taking chronic
warfarin if the benefits outweigh the risks of bleeding; the
use of intravenous unfractionated heparin is contraindi-
cated for 48 h after oritavancin administration [46].

In the large, multinational, DISCOVER 1 and 2 trials in
adult patients with ABSSSI, dalbavancin was noninferior
to vancomycin (for >3 days, with an option to switch to
oral linezolid) in terms of early clinical response rates, with
>77 % of patients in both treatment groups achieving early
success indicative of a clinical response (Sect. 4.1). There
was also no between-group difference in clinical response
rates at the EOT, irrespective of geographic region or
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baseline characteristics, including by infection type, dia-
betes status, SIRS status, causative pathogen and renal
function (Sect. 4.1). Early clinical success, the recently
defined FDA endpoint for determining noninferiority in
ABSSSI trials, showed concordance with cure at the EOT
for positive predictive values (Sect. 4.1). Limited data also
indicate that dalbavancin treatment may be effectively
administered in the outpatient setting, with clinical
response rates at the EOT in both groups of >90.5 % (Sect.
4.1).

Dalbavancin was generally well tolerated in adult
patients with ABSSSI (Sect. 5). Most adverse events
occurring during dalbavancin treatment were of mild to
moderate intensity and transient, with 3 % of patients
discontinuing treatment because of an adverse reaction.
The most common adverse reactions (incidence >4 %)
were nausea, headache and diarrhoea. Overall, liver test
abnormalities were uncommon and occurred with a similar
frequency in the dalbavancin and comparator arms in
clinical trials. For instance, in patients with normal ALT
levels at baseline, 0.8 % of dalbavancin recipients had an
increase in ALT level of >3x ULN, all of which were
reversible (Sect. 5).

Another important determinant in the choice of drug is
its tolerability and safety, with specific safety issues dif-
fering between individual drugs. As with all glycopeptide
antibacterials, cases of CDAD, hypersensitivity and rapid
infusion reactions have been known to occur with dalba-
vancin treatment (Sect. 5). Vancomycin is also associated
with an increased risk of ototoxicity and nephrotoxicity (in
patients with renal dysfunction or taking concomitant
aminoglycosides) [49]. Of interest, intravenous dalba-
vancin was associated with a numerically lower incidence
of nephrotoxicity than intravenous vancomycin (>10 days’
treatment) in a pooled subgroup analysis of DISCOVER 1
and 2 (Sect. 5). Telavancin has also been associated with an
increased risk of nephrotoxicity and of new or worsening
renal impairment and, based on data from animal studies,
should not be used during pregnancy [50]. Oritavancin may
be associated with an increased risk of osteomyelitis, with
more cases of osteomyelitis reported in oritavancin than
vancomycin recipients in phase 3 clinical trials in patients
with ABSSSI [46]. Although dalbavancin has a prolonged
half-life (Sect. 3), as is also the case with oritavancin
(=~ 10 days) [46], the median duration of adverse reactions
(4 days) during dalbavancin treatment was similar to that
of comparators in clinical trials (Sect. 5).

In contemporary healthcare systems, pharmacoeco-
nomic considerations play an important role in determining
the choice of pharmacotherapy. The increasing prevalence
of multidrug-resistant bacterial infections, including
ABSSSI, has significant impacts on morbidity and mor-
tality, and poses a considerable cost from a healthcare

perspective [5]. Given its recent approval, robust pharma-
coeconomic studies evaluating dalbavancin treatment in
ABSSSI are currently lacking, albeit the convenient two-
dose, once-weekly regimen and the potential for use of
dalbavancin in the outpatient setting may reduce hospital
costs and be more acceptable to patients.

In conclusion, in the multinational DISCOVER 1 and 2
registration trials, intravenous dalbavancin was an effective
and generally well tolerated treatment in adult patients with
ABSSSI. In these trials, dalbavancin was noninferior to
vancomycin (3 days’ therapy with an option to switch to
oral linezolid to complete a 10—14 day course) in terms of
early clinical success rates. Clinical response rates were
also similar in both treatment groups at the EOT, irre-
spective of geographic region or baseline characteristics,
including by infection type, diabetes status, SIRS status,
causative pathogen and renal function. Adverse events
occurring during dalbavancin therapy were generally of
mild to moderate intensity and transient, with the most
common adverse reactions being nausea, headache and
diarrthoea. With its broad spectrum of activity against
clinically relevant Gram-positive pathogens and favourable
pharmacokinetic profile that permits a convenient two-
dose, once-weekly regimen with no requirement for ther-
apeutic drug monitoring, dalbavancin is a promising
emerging option for the treatment of ABSSSI in adult
patients.

Data selection sources: Relevant medical literature (including
published and unpublished data) on dalbavancin was identified by
searching databases including MEDLINE (from 1946), PubMed
(from 1946) and EMBASE (from 1996) [searches last updated 9
Jun 2015], bibliographies from published literature, clinical trial
registries/databases and websites. Additional information was
also requested from the company developing the drug.

Search terms: Dalbavancin, Dalvance, Xydalba, skin.

Study selection: Studies in patients with skin and skin structure
infections who received dalbavancin. When available, large, well
designed, comparative trials with appropriate statistical method-
ology were preferred. Relevant pharmacodynamic and pharma-
cokinetic data are also included.

Disclosure The preparation of this review was not supported by any
external funding. During the peer review process, the manufacturer of
the agent under review was offered an opportunity to comment on this
article. Changes resulting from comments received were made by the
author on the basis of scientific and editorial merit. Lesley Scott is a
salaried employee of Adis/Springer.
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