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Abstract Telavancin was discovered by modifying the

chemical structure of vancomycin and belongs to the group

of lipoglycopeptides. It employs its antimicrobial potential

through two distinct mechanisms of action: inhibition of

bacterial cell wall synthesis and induction of bacterial

membrane depolarization and permeabilization. In this

article we review the clinically relevant pharmacokinetic

and pharmacodynamic data of telavancin. For comparison,

the pharmacokinetic and pharmacodynamic data of the

other glycopeptides are presented. Although, in contrast to

the newer lipoglycopeptides, telavancin demonstrates a

relatively short half-life and rapid total clearance, its

apparent volume of distribution (Vd) is almost identical to

that of dalbavancin. The accumulation of telavancin after

repeated dosing is only marginal, whereas the pharma-

cokinetic values of the other glycopeptides show much

greater differences after administration of multiple doses.

Despite its high plasma–protein binding of 90% and rela-

tively low Vd of approximately 11 L, telavancin shows near

complete equilibration of the free fraction in plasma with

soft tissue. The ratio of the area under the plasma con-

centration–time curve from time zero to 24 h (AUC24) of

unbound plasma concentrations to the minimal inhibitory

concentration (MIC) required to inhibit growth of 90% of

organisms (MIC90) of Staphylococcus aureus and S. epi-

dermidis of telavancin are sufficiently high to achieve

pharmacokinetic/pharmacodynamic targets indicative for

optimal bacterial killing. Considering both the AUC24/MIC

ratios of telavancin and the near complete equilibration of

the free fraction in plasma with soft tissue, telavancin is an

appropriate antimicrobial agent to treat soft tissue infec-

tions caused by Gram-positive pathogens. Although the

penetration of telavancin into epithelial lining fluid (ELF)

requires further investigations, the AUC24/MIC ratio for

S. aureus indicates that bactericidal activity in the ELF

could be expected.

Key Points

Multiple dosing does only lead to slight

accumulation of telavancin in blood.

The pharmacokinetic and pharmacodynamic

properties of telavancin make it an effective

treatment option for soft tissue infections caused by

Gram-positive organisms.

Further studies are needed to explore the

pharmacokinetic and pharmacodynamic properties of

telavancin in epithelial lining fluid.

1 Introduction

In the early 1950s, vancomycin was discovered as the first

antibiotic belonging to the glycopeptide group. Since then,

the incidence of bacterial resistance to various kinds of

antimicrobial agents has increased tremendously [1].

Although the population-weighted mean percentage of

methicillin-resistant Staphylococcus aureus (MRSA) has
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been declining in recent years in Europe, it had been on a

dramatic upward trend for decades and remains threaten-

ingly high today in many countries [2–6]. In an analysis of

resistance patterns of S. aureus isolates from intensive care

units in the USA, an increase in the proportion of MRSA

from 35.9% in 1992 to 64.4% in 2003 was found [4]. In

contrast, a more recent survey from Germany studied data

from all clinical settings, including outpatient settings, and

demonstrated a decline in the proportion of MRSA in S.

aureus isolates from 15% in 2010 to 10% in 2015 [3].

Unfortunately, the prevalence of community-associated

MRSA (CA-MRSA) infections is constantly rising and

there is evidence that healthcare-associated infections may

increasingly be caused by CA-MRSA [7, 8]. Moreover,

vancomycin-intermediate S. aureus (VISA), heteroresistant

VISA (hVISA), and even vancomycin-resistant S. aureus

(VRSA) are isolated with increasing frequency from clin-

ical samples [9, 10]. Another threat is the rising number of

vancomycin-resistant Enterococci (VRE; mainly Entero-

coccus faecalis and E. faecium) in cultures obtained from

clinical isolates [5, 6, 11].

Since vancomycin remains one of the foremost treat-

ment options for infections caused by Gram-positive

pathogens with resistance against b-lactams, the decrease

in susceptibility to vancomycin has led to the development

of alternative antibiotic agents. Teicoplanin, the second

member of the group of glycopeptides, was isolated in

1984 from fermentation products of Actinoplanes tei-

chomyceticus and no further glycopeptide was discovered

for 16 years [12]. In the hope of finding more potent

antibiotics, the chemical structure of vancomycin has been

modified in a variety of ways. By adding a lipophilic side

chain and an aminomethyl phosphonite group, telavancin

was successfully developed from vancomycin [13, 14].

This structural modification is responsible for the divergent

pharmacokinetic and pharmacodynamic properties of

telavancin, such as its enhanced lipophilicity and therefore

superior membrane penetration, increased antimicrobial

activity in vitro against various Gram-positive pathogens,

and reduced development of resistance.

Telavancin was discovered in 2000 and became avail-

able on the market as the first lipoglycopeptide antibiotic in

2009 in the USA for the treatment of complicated skin and

skin-structure infections (cSSSIs). Subsequently, in 2013

telavancin was approved for the treatment of hospital-ac-

quired bacterial pneumonia (HABP) and ventilator-asso-

ciated bacterial pneumonia (VABP) in the USA. In the

European Union, telavancin was approved by the European

Medicines Agency (EMA) in 2014 for the treatment of

adults with nosocomial pneumonia, including VABP,

known or suspected to be caused by MRSA [15]. Soon

after the discovery of telavancin, other lipoglycopeptide

antibiotics were developed through modification of the

chemical structure of vancomycin and teicoplanin. Dalba-

vancin and oritavancin are the two other lipoglycopeptides,

which were consecutively developed and successfully

approved by the Food and Drug Administration (FDA) in

the USA. Dalbavancin was also approved by the EMA in

2014 for the treatment of acute bacterial skin and skin

structure infections (ABSSSIs) in adults and oritavancin

was granted approval by the EMA in 2015 for the same

indication [16, 17]. A summary of the indications of the

lipoglycopeptides can be found in Table 1.

In this review we present the clinically relevant phar-

macokinetic and pharmacodynamic data of telavancin and

compare it with the available data of the other members of

the glycopeptide group, namely vancomycin, teicoplanin,

dalbavancin, and oritavancin.

2 Methods

For this review we performed an extensive and systematic

search for pharmacokinetic and pharmacodynamic data on

glycopeptides in humans. Studies from the PubMed US

National Library of Medicine database up until July 2017

were included. We then selected the studies that most

accurately display the approved or recommended dosing

patterns (see Table 2) and provide the most relevant and

detailed pharmacokinetic data. To ensure a thorough

comparison of the discussed substances, the missing

pharmacokinetic parameters were calculated using Eq. (1):

t1=2 ¼ ln 2

ke

; ð1Þ

where ke is the elimination rate constant and t� is the

terminal elimination half-life in hours.

Missing values of the area under the plasma concen-

tration–time curve (AUC) from time zero to 24 h (AUC24)

or the AUC from time zero to infinity (AUC?) were

derived using Eqs. (2) and (3):

AUC24 ¼ AUC1 � AUC24�1; ð2Þ

where AUC24-? represents the AUC from 24 h to infinity.

AUC24�1 ¼ C24

ke

; ð3Þ

where C24 represents the plasma drug–concentration after

24 h.

Missing values of the apparent volume of distribution

(Vd) and total clearance (CLtotal) were calculated using

Eq. (4):

CLtotal ¼ Vd � ke: ð4Þ
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Table 1 Therapeutic indications for the different lipoglycopeptides as approved by the US Food and Drug Administration and European

Medicines Agency

EMA FDA

Telavancin Adults with nosocomial pneumonia, including VABP,

known or suspected to be caused by MRSA

cSSSIs; HABP/VABP caused by susceptible isolates of Staphylococcus

aureus

Dalbavancin ABSSSIs in adults Adult patients with ABSSSIs caused by designated susceptible strains of

Gram-positive micro-organisms

Oritavancin ABSSSIs in adults Adult patients with ABSSSIs caused or suspected to be caused by

susceptible isolates of designated Gram-positive micro-organisms

ABSSSIs acute bacterial skin and skin structure infections, CSSSIs complicated skin and skin-structure infections, EMA European Medicines

Agency, FDA US Food and Drug Administration, HABP hospital-acquired bacterial pneumonia, MRSA methicillin-resistant Staphylococcus

aureus, VABP ventilator-associated bacterial pneumonia

Table 2 Dosing schemes recommended by the manufacturer

Drug Renal status (CLCR

[mL/min])

Dose PB (%)

mg mg/kg mg/24 h Dosing pattern

Telavancin [ 50 10 od 90

30–50 7.5 od

\ 30 Not

indicated

Dalbavancin C 30 or

hemodialysis

1500 Single 93

1000 LD,

500 MD

ow

\ 30 and no

hemodialysis

1000 Single

750 LD, 375

MD

ow

Oritavancin C 30 1200 Single 85

\ 30 or

hemodialysis

No data

available

Vancomycin [ 100 1500–2000 2–4 doses/day 30–55

100–70 1000–1500 2–3 doses/day

70–30 500–1000 1–2 doses/day

Teicoplanin [ 80 6 Bid for 36 h, then od 87.6–90.8

12 Bid for 36–60 h, then od

80–30 6 LD, 3

MD

LD bid for 36 h, then od; from day 4 MD od or LD

every second day

12 LD, 6

MD

LD bid for 36–60 h, then od; from day 4 MD od or

LD every second day

\ 30 or

hemodialysis

6 LD, 2

MD

LD bid for 36 h, then od; from day 4 MD od or LD

every third day

12 LD, 4

MD

LD bid for 36–60 h, then od; from day 4 MD od or

LD every third day

bid twice daily, CLCR creatinine clearance, LD loading dose, MD maintenance dose, PB protein binding, od once daily, ow once weekly
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3 Chemistry and Mechanism of Action

Telavancin, a lipoglycopeptide, belongs to the group of

glycopeptide antibiotics and is a semi-synthetic substance

derived from the glycopeptide vancomycin. It is modified

from vancomycin by addition of a lipophilic side chain and

an aminomethyl phosphonite group and is therefore char-

acterized as a lipoglycopeptide [13, 14]. Figure 1 depicts

the structural formula of all available glycopeptides.

Telavancin has a relatively high molecular weight of

1755.63 g/mol and is poorly soluble in water. The only

available intravenous formulation, named Vibativ�, has

been modified with the solubilizer hydroxypropylbetadex

(HP-b-CD) to enhance solubility [14].

Despite its structural similarity to vancomycin, tela-

vancin deploys its antimicrobial activity through two dif-

ferent mechanisms. The first mechanism, inhibition of

bacterial cell wall synthesis, is shared by all glycopeptide

Fig. 1 Chemical structures of all available glycopeptides, namely telavancin, dalbavancin, oritavancin, teicoplanin, and vancomycin. Figures are

taken from Wikipedia (https://en.wikipedia.org)
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antibiotics. By binding to the D-alanyl-D-alanine (D-Ala-D-

Ala) terminus of peptidoglycan precursors, they inhibit

peptidoglycan cross-linking and consequently bacterial cell

wall synthesis. The second mechanism of antimicrobial

activity of telavancin is achieved by bacterial membrane

depolarization and permeabilization and is not shared with

vancomycin [18, 19].

To perform its antimicrobial activity, telavancin and all

the other glycopeptides have to reach the murein synthases

within the inner membrane of the bacterial cell wall. Due to

the specific differences in bacterial structure, glycopeptides

are not able to reach the target site in Gram-negative

bacteria. Therefore, their antibacterial activity is limited to

Gram-positive bacteria.

Acquired resistance of enterococci to glycopeptides is

induced by plasmid-mediated expression of Van operons.

To date, nine different operons have been identified, of

which VanA and VanB are the most frequently encountered

operons in VRE [20, 21]. These operons encode for

enzymes that modify the peptidoglycan precursor D-Ala-D-

Ala dipeptide and thereby substantially decrease the

affinity of vancomycin to its target site (up to 1000-fold)

[22, 23].

The VanA operon encodes for three different enzymes

(VanH, VanA, and VanX) that are responsible for the

replacement of D-Ala-D-Ala with D-alanyl-D-lactate (D-Ala-

D-Lac) at the peptidoglycan precursor. VanX is one of these

enzymes and its activity has been utilized to measure the

induction of resistance to glycopeptides in enterococci.

Telavancin, teicoplanin, and vancomycin induce VanX

activity in VanA-type strains to a similar extent. However,

the average minimal inhibitory concentration (MIC) of

telavancin for these VRE is significantly lower than those

of vancomycin and teicoplanin (32- and 128-fold, respec-

tively) [22]. The VanB operon encodes for three func-

tionally equivalent enzymes to VanH, VanA, and VanX. In

contrast to vancomycin, telavancin and teicoplanin do not

induce VanX activity in VanB-type strains, which is why

VanB-type enterococci remain susceptible to them [24].

Resistance of VanC-type enterococci to vancomycin is

attained by enzymes that replace the D-Ala-D-Ala at the

peptidoglycan precursors with D-alanyl-D-serine (D-Ala-D-

Ser) and thus reduce the affinity of vancomycin to its

binding site. In contrast to other resistance types, VanC-

type resistance is believed not to be acquired but to be

intrinsic to E. gallinarum, E. flavescens, and E. cas-

seliflavus. However, recent studies identified the VanC

gene in an E. faecium strain and therefore suggest that even

VanC-type resistance can be transferred from one species

to another. Activity of telavancin against VanC-type

enterococci has not been investigated yet, but teicoplanin

remains potent against them [21–23, 25–30].

Resistance of S. aureus to vancomycin has only been

detected in strains carrying the VanA operon. In these

S. aureus strains the VanA resistance genes are transferred

from enterococci, leading to isolates with moderate to high

levels of resistance to vancomycin. Susceptibility to tela-

vancin is reduced in these strains but the MIC remains

much lower than that of vancomycin [10, 31–33].

4 Pharmacokinetics

4.1 Pharmacokinetics in Plasma

4.1.1 After Single-Dose Administration

Table 3 summarizes the pharmacokinetics of all members

of the group of glycopeptides in healthy individuals after

single-dose administration according to the currently rec-

ommended dosing schemes as displayed in Table 2.

The group of glycopeptide antibiotics is very inhomo-

geneous regarding pharmacokinetics. The half-life (t�)

varies from 4.48 h for vancomycin and 6.5 h for telavancin

to 192.3 h for dalbavancin. At first sight the pharmacoki-

netics of telavancin (10 mg/kg) closely resemble the

pharmacokinetics of vancomycin (1000 mg) with an

almost identical maximum concentration (Cmax) [76.7 vs.

74.6 mg/L]. However, the t� of telavancin is moderately

higher (6.5 vs. 4.95 h) with a distinctly lower total clear-

ance (1.19 vs. 5.79 L/h) and Vd (10.88 vs. 40.7 L). We

found no studies that evaluated the AUC24 or AUC? after

single-dose administration of vancomycin to healthy indi-

viduals. Dalbavancin (1000 mg) shows the longest t� of

the glycopeptides [192.3 h] and a much higher Cmax than

telavancin (299 vs. 76.7 mg/L). The AUC? of dalbavancin

is almost five times than that of telavancin (24,745 vs.

539 mg�h/L), and the AUC24 is approximately seven times

that of telavancin (3342.25 vs. 482.7 mg�h/L). The sub-

stantially longer t� and higher AUC values of dalbavancin

can be explained by the considerably lower total clearance

of dalbavancin (0.0404 vs. 1.19 L/h) with a similar Vd

(11.21 vs. 10.88 L). Teicoplanin shows similar Cmax,

AUC?, and total clearance values to telavancin, but a

markedly longer t� (44.12 vs. 6.5 h). This may be

explained by the large Vd of teicoplanin (41.73 vs. 10.88

L). Only limited data for oritavancin are available; there-

fore, we had to include data for a reduced dose of 800 mg.

For this dose, oritavancin demonstrates an approximately

two-fold higher Cmax (137 vs. 67.7 mg/L) and AUC24

(1111 vs. 482.7 mg�h/L) than telavancin [34–38].

The main route of elimination of telavancin is renal

excretion. In a study with a single dose of radiolabeled

telavancin, 76% of the dose was recovered in the urine and

Pharmacokinetics and Pharmacodynamics of Telavancin 801



only 1% in feces. Most of the dose (83%) collected in urine

after 48 h was excreted unchanged [39].

4.1.2 After Multiple-Dose Administration

Table 4 summarizes the pharmacokinetics of the different

glycopeptides after multiple-dose administration in healthy

individuals. Again, the selected studies resemble the rec-

ommended doses by the manufacturer as accurately as

possible.

The pharmacokinetic parameters of telavancin after

administration of 10 mg/kg bodyweight (BW) once daily

are similar to those after single-dose administration. The

Cmax, AUC?, and AUC24 increase by less than twofold

and the t� slightly increases from 6.5 to 7.41 h compared

with single dose-administration. Once-daily administration

of 10 mg/kg BW represents the recommended dosing

pattern of telavancin by the manufacturer for patients with

a creatinine clearance above 50 mL/min.

The t� values of dalbavancin (1000 mg loading dose

and 500 mg maintenance dose), teicoplanin (6 mg/kg

BW), and vancomycin (500 mg four times per day) are

substantially higher after multiple-dose administration than

single-dose administration, rising from 193.1 to 321 h for

dalbavancin, from 44.12 to 159 h for teicoplanin, and from

4.48 to 8.1 h for vancomycin. For dalbavancin the manu-

facturer recommends a loading dose of 1000 mg and a

weekly maintenance dose of 500 mg for patients with a

creatinine clearanceC 30 mL/min or hemodialysis

patients. The pharmacokinetic parameters shown in

Table 4 were accomplished after this standard dose. Mul-

tiple-dose administration of oritavancin is not recom-

mended by the manufacturer, but in Table 4 we show

pharmacokinetic data after oritavancin 200 mg once daily

for 3 days for comparison with the other glycopeptides.

The doses of teicoplanin and vancomycin employed in the

cited studies are in accordance with the recommended

dosing patterns for patients without organ impairment.

However, there are no published data evaluating the

AUC24 or AUC? in healthy individuals after multiple-dose

administration of teicoplanin or vancomycin [36, 40–43].

4.2 Pharmacokinetics in Relevant Tissues

Telavancin is approved for the treatment of cSSSIs and for

the treatment of HABP, including VABP. Therefore, we

concentrated on pharmacokinetic studies regarding soft

tissues and tissues of the lung (epithelial lining fluid [ELF]

or alveolar macrophages).

In Table 5 we present pharmacokinetic data in muscle,

subcutaneous tissue, blister fluid, and ELF. Microdialysis

enables continuous determination of the concentration–

time profile in the interstitial space fluid, which is regardedT
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to resemble the target site compartment of the antimicro-

bial agents more closely than plasma [44]. Similarly,

blister fluid is frequently used for this purpose; however,

the appropriateness of this approach is controversial as skin

blister represents an artificial compartment and continuous

sampling is not possible. Since no pharmacokinetic studies

for vancomycin for healthy tissue are available, we pro-

vided data from patients with lower limb infections for

comparison. Data of the different glycopeptides can

therefore only be compared with caution. For telavancin

we provided data for the administration dose of 10 mg/kg

BW, which is the recommended dose for patients with a

creatinine clearance (CLCR) above 50 mL/min and for the

dose of 7.5 mg/kg, which is the recommended dose for a

CLCR from 30 to 50 mL/min.

The ratio of AUC24 of drug in tissue to the AUC24 of

drug in plasma (AUC ratio) serves as an index for tissue

penetration of the respective drug. In this regard, it is

important to differentiate whether the unbound fraction of

the drug or the total drug concentration was used to cal-

culate the AUC ratio. AUC ratios, which are not derived

from the same drug fractions, are only comparable to a

limited extent. In Table 5 the underlying drug fractions for

the calculation of the AUC ratios are indicated.

Among the glycopeptides vancomycin exhibits the great-

est penetration into blister fluid, with an AUC ratio of 80% in

patients with lower limb infections [45]. Teicoplanin shows

the second greatest AUC ratio with 77%, followed by dal-

bavancin with 60%, telavancin with 40%, and oritavancin

with merely 19% [36, 46–48]. However, as indicated, data

from interstitial space fluid might be considered more rele-

vant, and telavancin achieves near complete plasma to tissue

equilibration between the free fraction in plasma and the

concentration in interstitial space fluid (unbound fraction;

values obtained by microdialysis) of muscle (0.93± 0.60). In

contrast to muscle tissue (values obtained by microdialysis)

for ELF (values obtained by bronchoalveolar lavage) the free

fraction of telavancin is unknown. Therefore, direct com-

parison of the tissue to plasma ratio of muscle and ELF is not

possible. When concentrations of telavancin in ELF are

compared to total plasma, AUC ratios of 0.093 are found

[48–50]. A comparison of the penetration of glycopeptides

into lung tissue cannot be performed, because currently

available data on the pharmacokinetic in lung tissue of healthy

subjects are limited to telavancin.

5 Influence of Organ Impairment and Drug–Drug
Interactions

In Table 6 we present data from two studies that investi-

gated the influence of renal impairment on the pharma-

cokinetics of telavancin. In the first study, patients withT
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various degrees of renal impairment received 10 mg/kg

BW of telavancin and in the second study the patients

received 7.5 mg/kg BW. In both studies, patients were

grouped by their CLCR as patients with no renal impair-

ment, mild renal impairment, moderate renal impairment,

severe renal impairment, and end-stage renal disease

(ESRD) receiving hemodialysis (only in the second study).

In the study with 10 mg/kg BW as the administered dose,

the renal clearance (CLR) and the total clearance of tela-

vancin (CLtotal) were falling in accordance with the

decreasing renal function [34]; i.e., the CLR and CLtotal

were decreasing from 10.5± 1.9 mL/h/kg and 1.19 L/h in

patients with no renal impairment to 1.9± 0.7 mL/h/kg and

0.47 L/h in patients with severe renal impairment. Corre-

spondingly, the AUC?, AUC24, and t� were rising mark-

edly with decreasing degrees of renal function. In line with

this observation the summary of product characteristics

(SmPC) recommends a modification of the administered

dose for patients with a CLCR of 30–50 mL/min to 7.5 mg/

kg BW and does not indicate the administration for patients

with a CLCR\ 30 mL/min.

In the second study the pharmacokinetic parameters

after a dose of 7.5 mg/kg BW of telavancin were studied

[34]. Here again, in patients with decreasing renal function

the AUC? and t� were rising accordingly, from

560± 93 mg�h/L and 6.9± 0.6 h in patients with no renal

impairment to 1220± 120 mg�h/L and 14.5± 1.3 h in

patients with severe renal impairment, whereas the CLtotal

was falling from 1.08 to 0.49 L/h. Indeed, 7.5 mg/kg BW

achieved exposure levels in patients with up to moderate

renal impairment that were comparable to the standard

dose in subjects with normal kidney function, whereas for

more severe forms 7.5 mg/kg results in overexposure.

Moreover, a number of studies demonstrated that tela-

vancin leads to increases in serum creatinine and exhibits a

potential for nephrotoxicity [51–53].

There are only a limited number of studies available that

investigated the interactions of telavancin with other

antibiotics. In a study by Wong et al., pharmacokinetic

interactions between telavancin (10 mg/kg BW, single

dose) and aztreonam (2 g, single dose) or piperacillin/ta-

zobactam (4.5 g, single dose) were investigated. The

authors administered either combination to healthy partic-

ipants and compared the resulting pharmacokinetic

parameters with the pharmacokinetic parameters after

administration of telavancin alone. There were no signifi-

cant changes in the pharmacokinetic parameters after co-

administration of telavancin with either aztreonam or

piperacillin/tazobactam [54].

Another study investigated the effect of telavancin

(10 mg/kg BW) on the pharmacokinetics of midazolam.

The rationale behind this study was to evaluate the influ-

ence of telavancin on hepatic cytochrome P450 (CYP) 3A

activity by using midazolam as a CYP3A probe substrate.

The authors demonstrated that telavancin does not alter the

pharmacokinetics of midazolam to a clinically relevant

extent. Therefore, a clinically relevant influence of tela-

vancin on the activity of CYP3A is not expected by the

authors [55]. Other drug–drug interactions of telavancin

based on the CYP450 enzyme systems are not described. In

accordance with this finding, the SmPC does not recom-

mend a dose adjustment for patients with mild to moderate

hepatic impairment (Child-Pugh class B). For patients with

severe hepatic impairment (Child-Pugh class C), the SmPC

states that caution should be exercised, since there are no

data available for this patient collective.

6 Pharmacodynamics

6.1 Pharmacodynamic Parameters

6.1.1 Minimal Inhibitory Concentrations

Tables 7 and 8 show the MIC values of telavancin and

vancomycin against clinically relevant Gram -positive

pathogens. The data are derived from two in vitro studies

that investigated the MIC of various antibiotic agents

against a wide number of clinical isolates from various

clinical settings. The susceptibility testing method for

telavancin has been revised in 2014 by the Clinical and

Laboratory Standards Institute (CLSI) to increase solubility

and minimize adherence to plastic surfaces. The studies we

included in our review used the revised testing methods.

However, it has to be emphasized that earlier studies

potentially underestimate the in vitro activity of telavancin,

since the old testing method results in considerably higher

MICs [56].

For the interpretation of the respective MICs of tela-

vancin, the revised breakpoints as approved by the FDA

were used. Since there are no defined interpretive break-

points for telavancin against S. epidermidis and S. pneu-

moniae, statements about resistance cannot be made for

these bacteria. The MICs of vancomycin were interpreted

using the breakpoints published by the CLSI. For com-

pleteness, we also give the susceptibility breakpoints

published by the European Committee on Antimicrobial

Susceptibility Testing (EUCAST; http://www.eucast.org)

in Table 9.

The first study performed susceptibility testing on

12,346 Gram-positive clinical isolates, which were col-

lected from 90 study sites worldwide. In this study tela-

vancin was found to be 16- to 32-fold more active against

MRSA and 6- to 16-fold more active against vancomycin-

susceptible E. faecalis than vancomycin. Furthermore,

telavancin showed 64-fold lower MIC required to inhibit

806 V. al Jalali, M. Zeitlinger

http://www.eucast.org


growth of 50% of organisms (MIC50) values and 32-fold

lower MIC required to inhibit growth of 90% of organisms

(MIC90) values against vancomycin-susceptible E. faecium

and 16- to 32-fold lower MIC50 and MIC90 values against

S. pneumoniae than vancomycin [57].

For the second study, 33,433 clinical isolates were col-

lected from 2007 to 2013 from Canadian hospitals and tested

for their antimicrobial susceptibility. Telavancin was 16-fold

more active than vancomycin against methicillin-sensitive S.

aureus (MSSA) and MRSA strains and almost all the strains

were sensitive to telavancin. The median MIC value of

telavancin against hVISA and VISA was 16-fold lower than

the median MIC of vancomycin. However, 10% of the

hVISA isolates and 63.6% of the VISA isolates demon-

strated resistance against telavancin. All of the seven clinical

VRSA isolates were resistant to telavancin and vancomycin,

but the median MIC of telavancin was 64-fold lower.

Compared with vancomycin, telavancin showed 16-fold

lower MIC50 and MIC90 values against S. epidermidis,

regardless of methicillin susceptibility [58, 59].

Sweeney et al. [60] investigated the antimicrobial

activity of telavancin, dalbavancin, oritavancin, and van-

comycin against clinical S. aureus isolates, including

MRSA. They evaluated the MIC of the antimicrobial

agents against 15 MRSA and 12 MSSA strains. As mea-

sured by the MIC50/90, the lipoglycopeptides showed very

similar antimicrobial activity, with dalbavancin being the

most potent of the tested agents. Compared with van-

comycin, they showed 8- to 32-fold lower MIC values

against MSSA and MRSA strains [60]. The data from the

study are displayed in Table 10.

These data demonstrate that telavancin exerts excellent

in vitro activity against the tested bacteria. Furthermore,

the MIC90 values of telavancin were at least 16-fold lower

against all the tested organisms than those of vancomycin.

An innovative tool to discriminate wild-type organisms

from organisms with resistance mechanisms, the epidemi-

ological cut-off value (ECOFF) has been introduced to

clinical microbiology in recent years. However, no ECOFF

values have been defined for telavancin yet. Therefore, we

are only giving the wild-type distributions of telavancin for

the relevant organisms according to EUCAST in Table 11.

6.1.2 Pharmacokinetic/Pharmacodynamic Index

Telavancin exerts rapid concentration-dependent bactericidal

activity in vitro against Gram-positive bacteria [61]. In the

mouse neutropenic thigh model, i.e., the model that is most

frequently used to determine pharmacokinetic/pharmacody-

namic relationships of new antibiotics in vivo, the AUC24

divided by the MIC (AUC24/MIC ratio) has been demon-

strated to be the best pharmacokinetic/pharmacodynamic

index to predict the antimicrobial efficacy of telavancin [62].

Dalbavancin and oritavancin have also been shown to

exert concentration-dependent antimicrobial activity

against Gram-positive organisms, whereas vancomycin

exhibits time-dependent antimicrobial activity [63–66].

Teicoplanin exerts concentration-dependent killing against

Table 7 Minimal inhibitory concentration of telavancin and vancomycin against clinically relevant bacteria from a worldwide collection of

clinical isolates (data modified from Mendes et al. [57])

Organism (number tested)/antimicrobial agent MIC50 (lg/mL) MIC90 (lg/mL) % Susceptiblea % Intermediate % Resistant

Staphylococcus aureus, MSSA (4230)

Telavancin 0.03 0.06 100 0 0

S. aureus, MRSA (2613)

Telavancin 0.03 0.06 100 0 0

Vancomycin 1 1 100 0 0

Enterococcus faecalis (702)

Telavancin 0.12 0.12 98.4

Vancomycin 1 2 98.4 0.2 1.4

E. faecium, vancomycin susceptible (228)

Telavancin B 0.015 0.03

Vancomycin 1 1 100 0 0

S. pneumoniae (1878)

Telavancin B 0.015 B 0.015

Vancomycin 0.25 0.5 100 0 0

CLSI Clinical and Laboratory Standards Institute, MIC minimal inhibitory concentration, MIC50 MIC required to inhibit growth of 50% of

organisms, MIC90 MIC required to inhibit growth of 90% of organisms, MRSA methicillin-resistant S. aureus, MSSA methicillin-sensitive

S. aureus
aSusceptibility according to US Food and Drug Administration (FDA) interpretive breakpoints for telavancin and according to CLSI interpretive

breakpoints for vancomycin
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S. epidermidis. Controversial data exist regarding the rel-

evant pharmacokinetic/pharmacodynamic index of teico-

planin against S. aureus. Odenholt et al. [67] investigated

the mode of action of teicoplanin against S. aureus in a

time–kill experiment with different static concentrations

and were able to show a slight concentration-dependent

killing after 12 h of 1–1.5 colony-forming units (cfu)/mL.

This finding is in contrast to several studies which found

that there is a maximum effective concentration of

teicoplanin and that concentrations above this value do not

correlate with increased killing activity [68–70].

6.2 Pharmacokinetics/Pharmacodynamics

in Plasma

Odenholt et al. [71] employed an in vitro pharmacokinetic

model to investigate the relationship between AUC24/MIC

and the extent of bacterial killing of telavancin. They

Table 8 Minimal inhibitory concentration of telavancin and vancomycin against clinically relevant bacteria isolated from Canadian hospitals

(data modified from Zhanel et al. [58] and Nichol et al. [59])

Organism (number tested)/antimicrobial agent MIC50 (lg/mL) MIC90 (lg/mL) % Susceptiblea % Intermediate % Resistant

Staphylococcus aureus, MSSA (4734)

Telavancin 0.06 0.06 99.7 0 0.3

Vancomycin 1 1 100 0 0

S. aureus, MRSA (1391)

Telavancin 0.06 0.06 100 0 0

Vancomycin 1 1 99.9 0.1 0

S. aureus, HA-MRSA (868)

Telavancin 0.06 0.06 100 0 0

Vancomycin 1 1 99.9 0.1 0

S. aureus, CA-MRSA (366)

Telavancin 0.06 0.06 100 0 0

Vancomycin 1 1 100 0 0

S. aureus, hVISA (10)c

Telavancin 0.12b 90 0 10

Vancomycin 2b 100 0 0

S. aureus, VISA (11)d

Telavancin 0.25b 36.4 0 63.6

Vancomycin 2b 81.8 18.2 0

S. aureus, VRSA (7)d

Telavancin 0.5b 0 0 100

Vancomycin 32b 0 0 100

S. epidermidis, MSSE (533)

Telavancin 0.06 0.12

Vancomycin 1 2 100 0 0

S. epidermidis, MRSE (97)

Telavancin 0.06b

Vancomycin 1 2 100 0 0

S. pneumoniae (1931)

Telavancin 0.008 0.015

Vancomycin B 0.25 0.25 100 0 0

CA-MRSA community-acquired MRSA, CLSI Clinical and Laboratory Standards Institute, HA-MRSA hospital-acquired MRSA, hVISA

heteroresistant vancomycin-intermediate S. aureus, MIC minimal inhibitory concentration, MIC50 MIC required to inhibit growth of 50% of

organisms, MIC90 MIC required to inhibit growth of 90% of organisms, MRSA methicillin-resistant S. aureus, MRSE methicillin-resistant S.

epidermidis, MSSA methicillin-sensitive S. aureus, MSSE methicillin-sensitive S. epidermidis, VISA vancomycin-intermediate S. aureus, VRSA

vancomycin-resistant S. aureus
aSusceptibility according to FDA interpretive breakpoints for telavancin and according to CLSI interpretive breakpoints for vancomycin
bMedian MIC value
cOrganisms collected as part of the CANWARD study [58]
dOrganisms identified are part of the Network on Antimicrobial Resistance in S. aureus (NARSA) repository
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demonstrated that a free AUC24/MIC (fAUC24/MIC) ratio

of 50 produces[3-log killing at 6–8 h against MSSA and

MRSA and is the lowest AUC24/MIC ratio to detain bac-

terial regrowth after 24 h. Maximum killing was obtained

against the two strains at an AUC24/MIC ratio of 404 [71].

Another in vitro study found similar fAUC24/MIC90 targets

for telavancin against S. aureus. MacGowan et al. [72]

performed dose-ranging studies for telavancin against five

vancomycin-susceptible S. aureus and three Enterococcus

strains. The authors demonstrated that a bacteriostatic

effect after 24 h can be achieved with mean fAUC24/MIC90

ratios of 43.1 and 15.1 for vancomycin-susceptible S.

aureus and enterococci, respectively, and a 1-log-unit

reduction in the viable counts with ratios of 50.0 and 40.1

for vancomycin-susceptible S. aureus and enterococci,

respectively. Furthermore, the maximum bactericidal effect

against vancomycin-susceptible S. aureus was achieved

with a fAUC24/MIC90 ratio of[ 150 [72]. Employing an

in vivo neutropenic murine thigh and murine lung infection

model, Lepak et al. [73] further explored AUC24/MIC

targets for telavancin and vancomycin against S. aureus

strains, including MRSA. For telavancin they found that

mean fAUC24/MIC values of 83.0 in the thigh model and

40.4 in the lung model were necessary to ensure bacterial

stasis. Telavancin mean fAUC24/MIC values of 215 and

76.4 were necessary for the thigh and lung models,

respectively, to achieve killing of 1 log cfu/mL. For van-

comycin the experiments showed very similar fAUC24/

MIC target ratios, with 77.9 and 45.3 for bacterial stasis

and 282 and 113 for bacterial killing of 1 log cfu/mL in the

thigh and lung models, respectively [73]. These data indi-

cate comparable pharmacokinetic/pharmacodynamic tar-

gets for telavancin and vancomycin, but also highlight the

impact of the employed model and side of infection. With

Table 9 Minimal inhibitory concentration (MIC) breakpoints for the

glycopeptides against the relevant bacteria as defined by the European

Committee on Antimicrobial Susceptibility Testing (EUCAST). The

first MIC value represents the susceptibility breakpoint, the second

value represents the resistance breakpoint

Organism Telavancin Dalbavancin Oritavancin Vancomycin Teicoplanin

Staphylococcus aureus ND B 0.125/[ 0.125 B 0.125/[ 0.125 B 2/[ 2 B 2/[ 2

MRSA B 0.125 ND ND ND ND

S. epidermidis ND B 0.125/[ 0.125 ND B 4/[ 4 B 4/[ 4

S. pneumoniae IE IE IE B 2/[ 2 B 2/[ 2

Enterococcus faecalis IE IE IE B 4/[ 4 B 2/[ 2

E. faecium IE IE IE B 4/[ 4 B 2/[ 2

IE insufficient evidence, MRSA methicillin-resistant S. aureus, ND not done

Table 10 MIC of the lipoglycopeptides and vancomycin against 12 methicillin-sensitive Staphylococcus aureus and 15 methicillin-resistant S.

aureus strains (modified from Sweeney et al. [60])

Organism (number tested)/antimicrobial agent MIC50 (lg/mL) MIC90 (lg/mL) % Susceptiblea % Intermediate % Resistant

Staphylococcus aureus, MSSA (12)

Telavancin 0.06 0.06 100 0 0

Dalbavancin 0.03 0.03 100 0 0

Oritavancin 0.03 0.12 100 0 0

Vancomycin 0.5 1 100 0 0

S. aureus, MRSA (15)

Telavancin 0.06 0.06 100 0 0

Dalbavancin 0.03 0.06 100 0 0

Oritavancin 0.06 0.12 100 0 0

Vancomycin 1 1 100 0 0

CLSI Clinical and Laboratory Standards Institute, MIC minimal inhibitory concentration, MIC50 MIC required to inhibit growth of 50% of

organisms, MIC90 MIC required to inhibit growth of 90% of organisms, MRSA methicillin-resistant S. aureus, MSSA methicillin-sensitive S.

aureus
aSusceptibility according to US Food and Drug Administration (FDA) interpretive breakpoints for telavancin, dalbavancin, and oritavancin and

according to CLSI interpretive breakpoints for vancomycin
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regard to animal pharmacokinetic/pharmacodynamic

studies, it has to be kept in mind that protein binding in

animals might be different to humans and is an important

factor that influences pharmacokinetics and pharmacody-

namics. In the study by Lepak et al. [73], the protein

binding in mice was 96% compared to 90% in humans

(according to the SmPC) for telavancin and 25% in mice

compared to 30–55% in humans (according to the SmPC)

for vancomycin. However, these fAUC/MIC calculations

are considering unbound drug fractions and are therefore

not affected by differences in protein binding.

For Table 12 we calculated the unbound AUC24 with

the use of the protein binding as indicated in the SmPC of

the respective drug, and the total AUC24 as displayed in

Table 3. We then calculated the ratio of the AUC24 of

unbound plasma concentrations to the MIC90 (fAUC24/

MIC90). For the MIC90 we utilized the previously illus-

trated values (Tables 7, 8, 10). The focus of our review lies

on telavancin, and therefore we selected studies that

investigated the MIC of telavancin and, if possible,

included other glycopeptides. Because it is not legitimate

to directly compare MIC values of a certain pathogen from

different studies, we could not provide comparative values

for dalbavancin and oritavancin against bacteria other than

S. aureus.

At a dose of 10 mg/kg BW, the calculated AUC24/

MIC90 ratio of telavancin is 805 against clinical MSSA and

MRSA isolates. Assuming the aforementioned AUC24/

MIC targets, telavancin concentrations would therefore be

sufficient to achieve maximum efficacy against the tested

S. aureus strains. To date, AUC24/MIC target values for

telavancin against S. epidermidis and S. pneumoniae have

not been published. For analysis, we are therefore applying

the target ratio range of 150–404 for maximum killing

against S. aureus to S. epidermidis. Using this target ratio,

the activity of telavancin would be sufficient against

methicillin-sensitive S. epidermidis (ratio of 403) to

achieve maximum killing. However, this predication has to

be interpreted with caution. Since S. pneumoniae and

enterococci show very different pharmacodynamic prop-

erties to S. aureus, it is not legitimate apply the target

ratios of S. aureus to them. The AUC24/MIC target value

for 1-log kill of enterococci was exceeded by far for

telavancin against E. faecalis and E. faecium. A target

value for maximum killing against enterococci has not yet

been published.

The previously mentioned study of Lepak et al. [73]

provided an AUC24/MIC threshold of 400 for vancomycin,

above which bacterial killing of S. aureus did not increase.

Several clinical studies demonstrated AUC24/MIC target

ratios in the same range and a consensus guideline has

been published that defines a AUC24/MIC target ratio

ofC 400 as being best correlated with clinicalT
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effectiveness against S. aureus [74–77]. However, this

ratio is derived from the total AUC24 and, considering a

protein binding of vancomycin of 40%, the calculated

fAUC24/MIC target ratio would beC 240. This ratio is

achieved by vancomycin in our calculations (Table 12).

Unfortunately, no target ratios for vancomycin against S.

epidermidis, S. pneumoniae, and enterococci have been

established yet. For the purpose of comparison, we there-

fore applied the fAUC24/MIC target ratio ofC 240 to S.

epidermidis. Using this value, vancomycin showed insuf-

ficient antimicrobial activity against S. epidermidis.

The fAUC24/MIC target ratio of 100–300 against S.

aureus has been demonstrated for dalbavancin [63]. Dal-

bavancin exceeds this ratio widely for the indicated dose.

No AUC/MIC target values have been established for

oritavancin, but the relatively high fAUC24/MIC ratio of

1389 demonstrated in our calculations appears to be ade-

quate for the treatment of S. aureus infections.

It should be noted that the fAUC24/MIC values we

calculated are based on the AUC24 after single doses of the

examined substances, and in the clinical setting with

multiple dosing even higher ratios could be reasonably

expected.

6.3 Combination Therapy

Leonard et al. [78] employed in vitro time–kill synergy

studies and a pharmacokinetic/pharmacodynamic infection

model to evaluate the synergistic effect of telavancin

combined with nafcillin, imipenem, or gentamicin. The

time–kill analysis showed high rates of synergy between

telavancin and all of the tested agents. In the pharma-

cokinetic/pharmacodynamic models, the authors were able

to reproduce these synergistic effects against two MSSA,

two MRSA, and two hVISA strains [78]. Tängdén et al.

[79] performed time–kill experiments and found no syn-

ergistic effect of telavancin in combination with colistin

against Verona imipinemase (VIM)-producing Klebsiella

pneumonia strains.

In a synergy time–kill study by Lin et al. [80], the

synergistic activity of telavancin in combination with

various antibiotics was tested against different MRSA

strains. After 24 h of incubation the combination of a

subinhibitory concentration of telavancin with subin-

hibitory concentrations of gentamicin, ceftriaxone, mer-

openem, or rifampin (rifampicin) showed synergy rates of

90, 88, 65, and 65%, respectively [80]. This observation is

backed up by another in vitro study by Leonard et al. [81]

where bacterial killing of telavancin was significantly

enhanced in combination with gentamicin against

heteroresistant glycopeptide-intermediate S. aureus

(hGISA), glycopeptide-intermediate S. aureus (GISA), and

MSSA. Finally, an in vitro pharmacokinetic/pharmacody-

namic study by Yim et al. [82] investigated possible

antagonism between telavancin and aztreonam or

piperacillin/tazobactam against Pseudomonas aeruginosa,

Escherichia coli, and MRSA in simulated reduced renal

function conditions. In their model, the combination of

telavancin with either of the other two antibiotics did not

lead do any antagonistic effects [82].

7 Discussion

The pharmacokinetic characteristics of the members of the

group of glycopeptides show considerable differences.

With regard to the single-dose pharmacokinetics, tela-

vancin takes an intermediate position among the

Table 12 Ratio of the area under the plasma concentration-time curve from 0 to 24 h (AUC24) of unbound plasma concentrations to minimal

inhibitory concentration required to inhibit growth of 90% of organisms (MIC90) for relevant Gram-positive pathogens

Dose AUC24

(mg�h/

L)

Unbound

AUC24

(mg�h/L)

Staphylococcus

aureus, MSSA

[60]

S.

aureus,

MRSA

[60]

S.

epidermidis,

MSSE

[58, 59]

S.

pneumoniae

[57]

Enterococcus

faecalis [57]

E.

faecium,

VSE [57]

Telavancin 10 mg/kg 482.7 48.3 805 805 403 3220 403 1610

Dalbavancin 1000 mg 3342.25 233.96 7799 3899

Oritavancin 800 mg 1111 166.7 1389 1389

Vancomycin 25 LD, then MD

with target

trough

concentration

10–20 mg/L

442.6 265.6 266 266 133 1062 133 266

AUC area under the concentration-time curve, AUC24 AUC from time zero to 24 h, LD loading dose, MD maintenance dose, MRSA methicillin-

resistant S. aureus, MSSA methicillin-sensitive S. aureus, MSSE methicillin-sensitive S. epidermidis, VSE vancomycin-sensitive enterococcus
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glycopeptides. In contrast to the newer lipoglycopeptides,

telavancin demonstrates a relatively short t� and rapid total

clearance, which warrants once-daily dosing schemes. The

multiple-dose pharmacokinetics of telavancin demonstrate

only a slight accumulation compared with its single-dose

pharmacokinetics, with an increase of the t� of less than

15%. The other glycopeptides show much greater differ-

ences, with increases in the t� of 55–260% for the inves-

tigated dosing patterns.

Our analysis of the pharmacokinetics in relevant tissues

set out the potential of telavancin for the treatment of soft

tissue infections, especially when considering the concen-

trations that were determined in interstitial space fluid

(using microdialysis). Telavancin shows a high plasma

protein binding of 90% according to the SmPC and its Vd is

almost identical to dalbavancin but markedly lower than

the value for vancomycin and teicoplanin. However, tela-

vancin shows excellent soft tissue penetration (concentra-

tion values obtained using microdialysis), as indicated by

the unbound AUC tissue to plasma ratio. The penetration of

telavancin into ELF (concentration values obtained through

bronchoalveolar lavage) as indicated by the AUC tissue to

plasma ratio seems relatively low; however, total concen-

trations were used for this ratio and further studies using

free drug concentrations are needed for a more exhaustive

analysis.

Staphylococcus aureus is known to invade and survive

inside eukaryotic cells, evading the immune system and

causing chronic or recurrent infections. This ability of S.

aureus is hypothesized to be one of the reasons for failures

in the treatment of MRSA infections [83–87]. Among the

investigated glycopeptides, oritavancin shows the greatest

intracellular accumulation in macrophages and exhibits the

most pronounced intracellular activity [88–92]. Telavancin

also shows some uptake into macrophages and fibroblasts

and even a moderate intracellular bactericidal activity,

whereas vancomycin and teicoplanin only reach marginal

intracellular concentrations [89, 93, 94].

Therapeutic drug monitoring is necessary for van-

comycin because of the intrinsic inter-individual variability

in the pharmacokinetics of the antibiotic as well as dif-

fering pharmacokinetics in patients with impaired renal

function and obese patients. In order to minimize nephro-

toxicity and development of resistance, this is usually

performed by determination of trough concentrations that

should be in the magnitude of 10–15 (sometimes up to 20)

lg/mL [74, 95]. In contrast to vancomycin, by decreasing

the daily dose to 7.5 mg/kg BW, exposure levels of tela-

vancin can be kept in a safe and effective range in patients

with up to moderate renal impairment. Therefore, no

therapeutic drug monitoring is necessary for telavancin

according to the SmPC. However, the lack of a widely

available assay to determine telavancin concentrations can

also be considered a major disadvantage of the drug.

For telavancin, there are no studies investigating the

exposure–toxicity relationship in humans. However, study

data for vancomycin indicate a clear correlation between

drug exposure measured in trough concentrations and

nephrotoxicity. The authors of this study showed that with

rising trough concentrations of vancomycin the odds ratio

for nephrotoxicity also rises. At concentrations of

10–15 lg/mL the odds ratio was 3.65 compared with an

odds ratio of 1 for concentrations of 0–10 lg/mL. In con-

trast, at concentrations of 15–20 lg/mL the odds ratio was

already 7.99 and at concentrations[ 20 lg/mL it was as

high as 45.3 [96].

When looking at the pharmacokinetic/pharmacody-

namic data of telavancin and the other lipoglycopeptides,

their noticeable potency against S. aureus, including

MRSA, becomes apparent. The ratio of the AUC24 of

unbound plasma concentrations to the MIC90 of S. aureus

for all the lipoglycopeptides appears sufficiently high to

achieve maximum killing. Furthermore, when applying the

unbound AUC24/MIC target value of S. aureus to S. epi-

dermidis, telavancin also achieves maximum antimicrobial

efficacy. These findings highlight the potential of tela-

vancin to treat infections caused by S. aureus, including

MRSA and S. epidermidis. With regard to this, and con-

sidering the penetration into soft tissues as measured by the

ratio of the AUC of drug in plasma to the AUC of drug in

tissue, telavancin appears to be a promising antimicrobial

agent to treat soft tissue infections caused by the afore-

mentioned organisms. This also applies for dalbavancin

with respect to soft tissue infections caused by S. aureus,

including MRSA. However, further studies that investigate

the penetration of dalbavancin and oritavancin into tissues

using free drug fractions are required to provide a more

accurate estimation of their tissue penetration in vivo.

Although the AUC24/MIC ratios of telavancin would

suggest sufficient antimicrobial killing of S. aureus, one of

the most frequently isolated bacteria in hospital-acquired

pneumonia, the low penetration of telavancin into ELF as

measured by total drug fractions demands further investi-

gations [97].

In 2014 the CLSI revised the guidelines for broth

microdilution susceptibility testing of telavancin. With

regard to isolates with decreased susceptibility to van-

comycin, using the revised CLSI guidelines telavancin

shows greater potency against hVISA, VISA, and VRSA

strains than vancomycin as measured by the MIC (Table 8)

[59].

Four double-blind clinical phase III studies were con-

ducted to evaluate the efficacy of telavancin for the treat-

ment of cSSSIs and nosocomial pneumonia. The ATLAS

(Assessment of Telavancin in Complicated Skin and Skin
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Structure Infections) trials investigated the clinical efficacy

of telavancin compared with vancomycin for the treatment

of complicated SSSIs caused by Gram-positive bacteria in

a large study population (n = 1876). The authors demon-

strated that telavancin is non-inferior to vancomycin [98].

The ATTAIN (Assessment of Telavancin for Treatment of

Hospital-Acquired Pneumonia) trials were conducted to

evaluate the efficacy of telavancin compared with van-

comycin for the treatment of patients with HABP caused

by Gram-positive bacteria. The analysis of the clinical data

from 1503 patients showed non-inferiority of telavancin

compared with vancomycin regarding clinical response

rates [99]. Furthermore, a retrospective analysis of the data

from the ATLAS and ATTAIN trials provides evidence

that telavancin is comparable with vancomycin for the

treatment of cSSSI or HABP with concurrent S. aureus

bacteremia [100].

8 Conclusion

In summary, the pharmacokinetic and pharmacodynamic

properties of telavancin make it an effective treatment

option for soft tissue infections and possibly infections of

the respiratory tract caused by Gram-positive organisms.

Yet, because of its nephrotoxic potential, clinical use

should be carefully balanced based on risk–benefit expec-

tations compared with other available glycopeptides.
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