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Abstract

Background Additional antibiotic options are needed to treat bone and joint infections caused by penicillin-resistant Gram-
positive pathogens.

Objective This subanalysis of the Telavancin Observational Use Registry (TOUR™) aimed to record real-world telavancin
usage patterns in patients with bone and joint infections treated with telavancin.

Methods TOUR was a multicenter observational-use registry study conducted at 45 US sites between January 2015 and
March 2017. Patient characteristics, infection type, infecting pathogen(s), previous treatment, telavancin dosing and duration,
clinical response, and adverse event data were collected by retrospective medical chart reviews. As such, inclusion/exclusion
criteria were limited, and any patient receiving at least one dose of telavancin at the discretion of the treating physician was
eligible. Patients were assessed as either positive clinical response, failed treatment, or indeterminate outcome.

Results Of the 1063 patients enrolled in TOUR, 27.4% (291/1063) were patients with bone and joint infections includ-
ing osteomyelitis (with or without prosthetic material), acute septic arthritis, and prosthetic joint infections. Most of these
patients had osteomyelitis without prosthetic material (191/291; 66.0%). Among patients assessed at the end of treatment,
211/268 (78.7%) achieved a positive clinical response, 26/268 (9.7%) failed treatment, and 31/268 (11.6%) had an indetermi-
nate outcome. The most frequent pathogen was methicillin-resistant Staphylococcus aureus (110/291; 37.8%). The median
(interquartile range [IQR as Q1, Q3]) telavancin dose was 750.0 mg (IQR, 750, 750 mg) or 8.2 mg/kg (IQR, 6.8, 9.7 mg/kg)
administered for a median of 26 days (IQR, 12, 42 days). These assessments were recorded in the registry > 30 days after
the last dose of telavancin was administered.

Conclusions Real-world data from the TOUR study show that clinicians are using once-daily telavancin with positive clinical
outcomes for the treatment of bone and joint infections caused by Gram-positive pathogens.

Clinical Trial Registration This trial was registered with ClinicalTrials.gov (NCT02288234) on 11 November, 2014.

1 Background
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Enterococcus are preferentially treated with vancomycin
and require prolonged treatment [1-3]. However, data from
the literature are unclear on the ability of vancomycin to
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elitis, complicating effective therapy [2, 4—7]. Furthermore,
vancomycin dosing requires therapeutic drug concentration
monitoring, and this may be highly variable. This imposes
a significant burden on patients who require prolonged
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Clinicians are using once-daily telavancin with positive
clinical outcomes for the treatment of bone and joint
infections caused by Gram-positive pathogens

Telavancin is generally well tolerated in patients with
bone and joint infections

This subanalysis suggests that telavancin is a promising
and viable option for patients with bone and joint infec-
tions due to Staphylococcus aureus including methicil-
lin-resistant S. aureus

treatment [2, 8, 9]. There is thus an unmet need for antibiot-
ics to treat bone and joint infections caused by penicillin-
resistant Gram-positive pathogens.

Telavancin is a once-daily, parenterally administered,
lipoglycopeptide antibacterial agent for the treatment of
Gram-positive pathogens, including methicillin-susceptible
S. aureus (MSSA) and MRSA [10]. Telavancin has demon-
strated noninferiority to vancomycin in pneumonia treatment
of both MSSA and MRSA [11, 12]. The Telavancin Obser-
vational Use Registry (TOUR™) was conducted to record
real-world telavancin usage patterns, including population
characteristics and clinical outcomes of patients treated with
telavancin for infections with Gram-positive pathogens [13,
14]. Although many patients in TOUR were treated for the
approved indications of complicated skin and skin structure
infections and hospital-acquired and ventilator-associated
bacterial pneumonia, participating physicians elected to
use telavancin for other types of infection. Over a quarter
(27.4%) of the telavancin use in this registry was for bone
and joint infections; this registry study subanalysis evaluates
the clinical characteristics and outcomes for these TOUR
patients.

2 Methods
2.1 Study Design and Oversight

The design of TOUR has been described in detail [13].
TOUR was a multicenter, observational-use registry study
conducted at 45 US hospitals or outpatient infusion centers
between January 2015 and March 2017. All treatment deci-
sions and clinical assessments were based on the judgment
of the treating physician and not mandated by a registry
study design or protocol. All data were obtained by retro-
spective medical chart reviews. The sponsor did not provide

A\ Adis

the study drug to patients; there were no comparator groups;
and there were no restrictions on concomitant treatments.

The registry study was conducted in compliance with the
International Society for Pharmacoepidemiology Guidelines
for Good Pharmacoepidemiology Practice, the Declaration
of Helsinki and its amendments, and the Health Insurance
Portability and Accountability Act of 1996. Institutional
review board waiver or approval was obtained consistent
with local regulations prior to collection of patient data
at each site. As informed consent was not obtained, only
de-identified information was collected in accordance with
Section 164.514 of the Health Insurance Portability and
Accountability Act Privacy Rule.

2.2 Patient Population

Patients who received one or more doses of telavancin
as part of clinical care, excluding interventional research
studies or clinical trials, after 1 January, 2015 were eligi-
ble for inclusion at the treating physician’s discretion. This
subgroup analysis focused on patients with bone and joint
infections, including but not limited to osteomyelitis with or
without prosthetic material, acute septic arthritis, and pros-
thetic joint infections.

2.3 Data Collection

Data of interest were obtained by retrospective medical
chart reviews and entered into electronic case report forms
by qualified site personnel > 30 days after administration of
the last dose of telavancin. Information captured included
patient characteristics; infection type; infecting pathogen(s);
whether infection was previously treated unsuccessfully and
which antibiotics were used; health resource utilization,
including surgical and medical interventions, hospitaliza-
tions, and intensive care unit stays; telavancin dosing and
duration of treatment; clinical response; and adverse events
(AEs) of interest, including renal AEs, any AEs leading to
discontinuation of telavancin treatment, and AEs with a fatal
outcome.

2.4 Data Analysis

Population size was based on patient recruitment over a
planned period of approximately 3 years. All analyses
except clinical response at the end of telavancin treatment
(EOT) included all patients who received one or more doses
of telavancin. The analysis set for clinical response at EOT
included only patients with an available assessment at EOT.
No formal hypothesis or statistical significance testing was
performed. The qualitative and quantitative nature of the
data collected and characteristics of the population were
analyzed descriptively. Efficacy was assessed from clinical
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response at the EOT and designated as positive, failed, or
indeterminate. Positive clinical response included patients
who were cured or improved to step-down oral therapy.
Cure was defined as the resolution of signs and symptoms
of infection or no need for additional antibiotic therapy, or
clearance of infection demonstrated by a negative culture.
Partial resolution of clinical signs and symptoms of infec-
tion or the need for additional oral antibiotic therapy was
designated as improvement to step-down therapy. Treatment
failure was defined as an inadequate response to therapy,
including worsening or new signs or symptoms of infec-
tions; need to change antibiotic therapy before planned com-
pletion of telavancin treatment; or positive culture at the
EOT. Response was recorded as indeterminate when there
was insufficient information to determine a positive clinical
response or failure. Clinical response was recorded at post-
treatment assessment 7-30 days after EOT.

Safety was assessed from AEs and change in renal func-
tion. Collection of AEs was limited to events of interest. A
renal AE was defined as any untoward medical occurrence
judged by the investigator to be related to the kidney, urinary
tract, or renal function. Change in renal function was meas-
ured as change in serum creatinine and serum creatinine
clearance (CrCl) estimated by the Cockcroft—-Gault method.
Changes in serum creatinine and CrCl were calculated from
baseline to last value and worst value on treatment in all
patients with available measurements; changes in CrCl were
also calculated in patients with available measurements who
received telavancin for > 21 days.

Results were reported as mean with standard deviation,
median with interquartile range (IQR as Q1, Q3), and num-
ber with proportion, as appropriate. All AE and medical
history verbatim terms were recorded and coded using the
Medical Dictionary for Regulatory Activities (MedDRA®),
Version 17.1. MedDRA® terminology is the international
medical terminology developed under the auspices of the
International Conference on Harmonisation of Techni-
cal Requirements for Registration of Pharmaceuticals for
Human Use. The MedDRA® trademark is owned by the
International Federation of Pharmaceutical Manufacturers
and Associations on behalf of the International Conference
on Harmonisation. Concomitant medications were coded
using the World Health Organization Drug Dictionary, Sep-
tember 2014. Analysis was performed using SAS® Version
9.2 or higher (SAS Institute, Cary, NC, USA).

3 Results

3.1 Patient Demographics and Clinical
Characteristics

From January 2015 to March 2017, TOUR enrolled 291
patients with bone and joint infections. Four of these patients

died during the registry study; only one death was consid-
ered possibly related to telavancin. Clinical response assess-
ments at EOT were available for 268/291 (92.1%) patients;
disposition of patients with missing or undocumented EOT
assessments is summarized in the Electronic Supplementary
Material (ESM). Baseline demographics and clinical char-
acteristics of the enrolled patients are presented in Table 1.
The majority of patients were White (245/291; 84.2%),
male (192/291; 66.0%), and < 65 years of age (210/291;
72.2%). In total, 81/291 (27.8%) patients were > 65 years
of age, of whom 26/81 were > 75 years of age. Hyperten-
sion and type 2 diabetes mellitus were the most common
comorbidities. Baseline CrCl was < 80 mL/min in 35/291
patients and missing for 126/291 (43.3%) patients. At base-
line, 29/291 (10.0%) patients had chronic renal failure, and
6/291 (2.1%) patients were undergoing dialysis. The most
frequent infection subtype was osteomyelitis without pros-
thetic material (191/291; 65.6%). In the majority of patients
(213/291; 73.2%), the location of the primary infection site
was the lower extremity; 43/291 (14.8%) infections were
in the upper extremity; 26/291 (8.9%) in the back or torso;
and 6/291 (2.1%) in the head and neck; one patient (0.3%)
had a primary blood infection. Vertebral infections were not
recorded systematically; based on verbatim infection sites
reported, approximately 20/291 patients had osteomyelitis
or septic arthritis affecting vertebrae or intervertebral discs.
Surgical and medical procedures performed for treatment
included wound irrigation, debridement, synovectomy,
wound vacuum-assisted closure use, incision and drainage,
joint or bursa aspiration, arthroscopic joint washout, removal
of external fixators and implanted devices, spacer placement
or exchange, skin grafting, bone grafting, and amputation;
this information was also reviewed from verbatim reports
as opposed to systematically recorded information for this
study.

3.2 Isolated Pathogens

Baseline bacterial culture identified one or more pathogens
in 208/291 (71.5%) patients. Pathogens included Gram-pos-
itive-only organisms in 178/291 (61.2%) patients, multiple
Gram-positive-only organisms in 16/291 (5.5%) patients,
and mixed Gram-positive/negative infection in 24/291
(8.2%) patients. In 83/291 (28.5%) patients, no pathogen
was isolated or documented at baseline; only Gram-negative
organisms or other pathogens for which telavancin is not
indicated were identified in 11/291 (3.8%) patients. The
most frequently isolated pathogens for which telavancin is
indicated were MRSA (110/291; 37.8%), MSSA (43/291;
14.8%), and coagulase-negative Staphylococcus (29/291;
10.0%) (Table 2). Of the subjects with a minimum inhibi-
tory concentration assessment available, the minimum
inhibitory concentration of vancomycin was > 1 ug/mL in
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Table 1 Baseline demographics and clinical characteristics

Table 2 Baseline pathogens for which telavancin is indicated

Characteristic N =291 Pathogen n (%) (N =208)
Age?, years Staphylococcus
Mean (SD) 56.5 (13.4) Staphylococcus aureus
Age distribution Methicillin-resistant 110 (37.8)
< 65 years 210 (72.2) Methicillin-susceptible 43 (14.8)
> 65 years 81 (27.8) Vancomycin-intermediate 1(0.3)
Sex Coagulase negative Staphylococcus 29 (10.0)
Male 192 (66.0) Methicillin-resistant Staphylococcus epidermidis 1 (0.3)
Ethnicity Staphylococcus haemolyticus 1(0.3)
Hispanic or Latino 7(2.4) Streptococcus
Not Hispanic or Latino 275 (94.5) Group B Streptococcus 11 (3.8)
Not reported or unknown 9 3.0 Group A Streptococcus 3(1.0)
Race Group G Streptococcus 1(0.3)
American Indian or Alaskan Native 7(2.4) Streptococcus anginosus Group 1(0.3)
Asian 3(1.0) Streptococcus mitis/Streptococcus oralis 1(0.3)
Black or African American 28 (9.6) Enterococcus
White 245 (84.2) Enterococcus faecalis 10 (3.4)
Other 8 (2.7 Enterococcus faecium 1(0.3)
BMI (kg/mz) Enterococcus species 4(1.4)
Mean (SD) 31.3(7.5) . .
. Culture data was not available from 83 patients
Infection type
Osteomyelitis without prosthetic material 191 (65.6)
Acute septic arthritis 40 (13.7) 18/22 patients with MRSA and 13/14 patients with MSSA,
Osteomyelitis with prosthetic material 30(10.3) and vancomycin-intermediate S. aureus (VISA) was isolated
Prosthetic joint infection 27(9.3) from one patient (0.3%) (Table 2).
Other site of infection 3(1.0)
Lower extremity 213(73.2) 3.3 Prior Antibiotic Use
Upper extremity 43 (14.8)
Abdomen/back/torso 26 (8.9) Telavancin was prescribed as first-line therapy in 83/291
Head and neck 6.1 patients and second-line or greater therapy in 208/291
Blood 1(0.3) patients. The most frequently used prior antibiotics in the
Common comorbidities latter population were vancomycin (95/208; 45.7%), dapto-
Hypertension 144 (49.5) mycin (40/208; 19.2%), and trimethoprim/sulfamethoxazole
Type 2 diabetes mellitus 124 (42.6) (23/208; 11.1%) (Table 3). Additional antibiotics with activ-
Renal failure chronic 29 (10.0) ity against Gram-positive pathogens were administered dur-
Baseline creatinine clearance®, mL/min, mean (SD) 130.786.3)  ing telavancin treatment in 8/291 patients; this included four
> 80 130 (44.7) patients receiving ceftriaxone and one patient each receiving
50to <80 25(8.6) piperacillin/tazobactam, levofloxacin, gentamicin, and dap-
30to <50 93.1) tomycin. No patients received vancomycin during telavancin
<30 1(0.3) treatment.
On dialysis 6(2.1)
Not recorded 126 (43.3)

Data shown as n (%) except where otherwise specified
BMI body mass index, SD standard deviation.

n = 290; age of 1 patient was recorded as > 90 years
Not including patients on dialysis at baseline.

“Estimated using the Cockcroft-Gault equation; not calculated for
patients on dialysis at baseline.
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3.4 Care Settings

Nearly 70% of patients started telavancin treatment in out-
patient settings (203/291, 69.8%), including outpatient
infusion centers and outpatient infusion clinics. Hospital
settings where telavancin was initiated included the emer-
gency department (1/291 patients); intensive care unit (1/291



Real-World Clinical Use and Outcomes of Telavancin for the Treatment of Bone and Joint Infections from TOUR™ 513

Table 3 Prior antibiotics in patients taking telavancin as second-line
or greater therapy

Drug n (%) (N =208)
Glycopeptide antibacterials 96 (46.2)
Vancomycin 95 (45.7)
Dalbavancin 1(0.5)
Cephalosporins 55 (26.4)
First-generation cephalosporins 19 9.1)
Cefazolin 15(7.2)
Cephalexin 52.4)
Third-generation cephalosporins 14 (6.7)
Ceftriaxone 11 (5.3)
Cefdinir 1(0.5)
Cefotaxime 1(0.5)
Ceftazidime 1(0.5)
Fourth-generation cephalosporins 4(1.9)
Cefepime 4(1.9)
Other cephalosporins and penems 18 (8.7)
Ceftaroline 18 (8.7)
Other antibacterials 44 (21.2)
Daptomycin 40 (19.2)
Linezolid 6(2.9)
Combinations of sulfonamides and trimethoprim 23 (11.1)
Trimethoprim/sulfamethoxazole 23 (11.1)
Penicillins 22 (10.6)
Combinations of penicillins, including 18 (8.7)
f-lactamase inhibitors
Piperacillin/tazobactam 11 (5.3)
Amoxicillin with clavulanic acid 6(2.9)
Sultamicillin 3(1.4)
Penicillins with extended spectrum 3(1.4)
Amoxicillin 3(1.4)
Beta-lactamase resistant penicillins 1(0.5)
Oxacillin 1(0.5)
Fluoroquinolones 15(7.2)
Ciprofloxacin 9 (4.3)
Levofloxacin 6(2.9)
Moxifloxacin 1(0.5)
Tetracyclines 10 (4.8)
Doxycycline 7(3.4)
Minocycline 2 (1.0)
Tigecycline 1(0.5)
Lincosamides 8 (3.8)
Clindamycin 8 (3.8)
Carbapenems 4(1.9)
Ertapenem 4(1.9)
Antibiotics 3(1.4)
Rifampin 3(1.4)
Other aminoglycosides 2 (1.0
Gentamicin 2 (1.0)

patients); and non-emergency room, non-intensive care unit
hospital units (70/291 [24.1%] patients). Patients who started
treatment as non-emergency room, non-intensive care unit
inpatients spent a median of § days (range 2—88 days) in the
hospital, including time before telavancin initiation.

3.5 Prescribing Patterns

Telavancin was administered at a median dose of 750.0 mg
(IQR, 750, 750 mg) or 8.2 mg/kg (IQR, 6.8, 9.7 mg/kg) of
actual body weight for a median duration of 26 days (IQR,
12, 42 days). The average daily dose of telavancin was < 750
mg in 58/291 (19.9%) patients, 750 mg in 180/291 (61.9%),
> 750 to < 1000 mg in 21/291 (7.2%), 1000 mg in 18 (6.2%),
and > 1000 mg in 14 (4.8%) patients. Telavancin dose was
generally lower in patients with decreased CrCl relative to
patients with normal renal function, consistent with dose
adjustment per telavancin labeling (Table 4). These dosing
decisions were made by the prescribing clinician. A total of
25/291 patients (8.6%) received telavancin dose adjustment
during treatment.

3.6 Clinical Response

Among patients with available EOT assessment, 211/268
(78.7%) achieved a positive clinical response, 26/268 (9.7%)
did not respond to treatment, and 31/268 (11.6%) had an
indeterminate outcome (Fig. la); available outcomes in
patients without EOT assessments are described in the
ESM. The positive clinical response rate ranged from 75.0%
(21/28) in patients with osteomyelitis with prosthetic mate-
rial to 89.5% (34/38) in patients with acute septic arthri-
tis (Fig. 1b). More than 75% of patients with either MSSA
(35/41; 85.4%) or MRSA (77/99; 77.8%) had a positive
clinical response to telavancin treatment (Fig. 1c); the sin-
gle patient with known vancomycin-intermediate S. aureus
at baseline had a clinical cure at EOT. Positive clinical
responses were recorded in 95/119 (79.8%) patients with
baseline CrCl > 80 mL/min, 17/24 (70.8%) patients with
baseline CrCl 50 to < 80 mL/min, and 7/9 (77.8%) patients
with baseline CrCl 30 to < 50 mL/min (Fig. 1d). Of 211
patients with positive clinical response at EOT, 148 were
cured and 63 were improved to step-down oral therapy. At
the post-treatment assessment, 175/240 (72.9%) patients
with available assessment were cured, 30/240 (12.5%)
failed treatment, and 35/240 (14.6%) had an indeterminate
response.
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Table 4 Telavancin dosing by baseline creatinine clearance

Baseline CrCl (mL/min)*

Dialysis (n = 6) 30to <50 (n=9) 50 to < 80 (n = 25) >80 (n=130) Missing (n = 120) Total (N =291)

Average daily dose, mg

Mean (SD) 516.7 (321.7) 520.7 (173.6) 717.8 (92.0) 790.2 (144.0) 769.7 (162.6) 761.4 (164.3)

Median 425.0 600.0 750.0 750.0 750.0 750.0

IQR (Q1, Q3) 346.2, 500.0 375.0, 700.0 700.0, 750.0 750.0, 800.0 750.0, 750.0 750.0, 750.0
Treatment duration, days

Mean (SD) 25.5(23.1) 31.0 (22.6) 27.0 (18.4) 24.6 (18.7) 28.3 (15.5) 26.6 (17.6)

Median 20.5 42.0 24.0 22.0 29.0 26.0

IQR 36.0 37.0 25.0 32.0 26.0 30.0
Average daily dose per body weight, mg/kg®

Mean (SD) 5.38 (1.59) 7.02 (1.72) 8.98 (2.09) 8.09 (1.85) 8.34 (1.85) 8.19(1.93)

Median 5.25 7.00 8.90 7.95 8.30 8.20

IQR (Q1,Q3) 3.90,7.20 5.60, 7.80 8.00, 10.10 6.80, 9.80 7.05, 9.65 6.80,9.70
Dose adjusted, n (%)

Yes 0 1(11.1) 5(20.0) 7(5.4) 11(9.2) 25 (8.6)

No 6 (100.0) 8 (88.9) 20 (80.0) 123 (94.6) 109 (90.8) 266 (91.4)

CrCl creatinine clearance, /QR interquartile range, NA not applicable, SD standard deviation.

*There was one subject with a baseline CrCl < 30; this patient’s average daily dose was 743.6 mg (11.5 mg/kg) with a treatment duration of 49

days.
“Estimated using the Cockcroft-Gault equation.
bMissing, n = 116; total, n = 287.

3.7 Safety

Treatment-emergent AEs (TEAESs) of interest occurred in
58/291 (19.9%) patients, comprising renal TEAESs in 27/291
(9.3%) patients, TEAEs leading to discontinuation of tela-
vancin in 46/58 patients, and TEAEs leading to a fatal out-
come in 4/291 (1.4%) patients (Table 5). Two of the deaths
were considered unrelated to telavancin, one in a patient
with lumbar discitis and concomitant bacteremia as a result
of MRSA who died because of worsening lung cancer and
one in a patient with bilateral prosthetic knee infection as a
result of MRSA who died from respiratory arrest following a
pain medication overdose. One patient with osteomyelitis of
the ankle and bacteremia as a result of MRSA died because
of a cardiac arrest after worsening renal failure; this death
was considered possibly related to telavancin. The fourth
patient with a fatal outcome had lumbar discitis with no
specific pathogen recorded; neither cause of death nor its
relationship to telavancin was recorded. All four patients
with fatal outcomes received telavancin as second-line or
greater therapy, and three patients received two or more
prior antibiotics. Serious TEAEs were recorded in 6/291
(2.1%) patients (Table 5), comprising two patients with renal
failure, one patient with renal failure and cardiac arrest, and
one patient each with worsening lung cancer, respiratory
arrest, and death from reason unrecorded. Study discontinu-
ation because of TEAEs occurred in 16/58 patients. Only
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17.5% of TEAEs (51/291) were considered possibly related
to telavancin. The most common individual TEAE was renal
failure (8.9%), followed by nausea (3.1%) and vomiting
(2.1%); increased serum creatinine based on laboratory data
was reported in three (1.0%) patients, of whom one discon-
tinued treatment. Most TEAEs (51/58) resolved, including
22/26 cases of renal failure (Table 5).

The mean (standard deviation) change in serum creati-
nine from baseline was 0.13 (0.32) mg/dL for the last value
on treatment and 0.25 (0.42) mg/dL for the worst value on
treatment (both n = 139). Among all 137 patients with avail-
able data, mean (standard deviation) change in CrClI from
baseline was — 15.0 (39.0) mL/min for the last value on
treatment and — 23.7 (39.4) mL/min for the worst value on
treatment; median (IQR) change in CrCl from baseline was
— 7.9 (- 28.4, 0.0) mL/min for the last value on treatment
and — 16.6 (— 35.1, 0.0) mL/min for the worst value on
treatment. Changes in CrCl were generally similar between
all patients and patients treated with telavancin for > 21
days (Table 6).

4 Discussion

Results from TOUR™ demonstrate the use of telavancin
for real-world treatment of bone and joint infections caused
by Gram-positive pathogens. The majority of patients had
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(A) (B)

Cured Improved

o litis without p

ic material (n = 173)

Positive clinical response 211/268 (78.7%)

Acute septic arthritis (n = 38)

Osteomyelitis with prosthetic material (n = 28)
Failed treatment 26/268 (9.7%)

Prosthetic joint infection (n = 26)

Other (n =3)

Indeterminate 31/268 (11.6%)

0 20 40 60 80 100
Patients (%)
I Failed treatment

0 20 40 60 80 100
Patients (%)

©) (D)

Il Positive clinical response Indeterminate

>80 mL/min (n =119)

24 50 to <80 mL/min (n = 24

Group B Streptococcus (n =10)

30 to <50 mL/min (n =9 1.1

Baseline CrCI®

Enterococcus faecium® (n = 1)

Other (n = 45) Not recorded (n = 111) 9.9

T T 1
20 40 60 80 100
Patients (%)

I Positive clinicalresponse Bl Failed treatment

0 20 40 60 80 100
Patients (%)

I Positive clinicalresponse [ Failed treatment

0

Indeterminate Indeterminate

Positive clinical response includes patients deemed cured or improved to oral step-down therapy.

aVancomycin-sensitive Enterococcus faecium (vancomycin MIC = 2 pg/mL) with MRSA (vancomycin MIC = 2 pg/mL) coinfection;
Enterobacter cloacae and Citrobacter freundi also detected at baseline.

One patient assessed at EOT had CrCl <30 mL/min and had a positive clinical outcome; 4 patients assessed at EOT were receiving

dialysis at baseline, of whom 1 had a positive clinical response, 2 experienced treatment failure, and 1 had an indeterminate outcome.

CrCl, creatinine clearance; EOT, end of treatment; MIC, minimum inhibitory concentration; MRSA, methicillin-resistant Staphylococcus

aureus, MSSA, methicillin-susceptible Staphylococcus aureus.

Fig.1 Clinical outcomes after telavancin treatment of bone and joint
infections a overall, b by infection subtype, ¢ by infecting pathogen,
and d by baseline creatinine clearance. Positive clinical response
includes patients deemed cured or improved to oral step-down ther-
apy. *“Vancomycin-sensitive Enterococcus faecium (vancomycin mini-
mum inhibitory concentration = 2 ug/mL) with methicillin-resistant
Staphylococcus aureus (MRSA) [vancomycin minimum inhibitory
concentration = 2 ug/mL] coinfection; Enterobacter cloacae and Cit-

robacter freundii also detected at baseline. ®One patient assessed at
the end of treatment had creatinine clearance (CrCl) < 30 mL/min
and had a positive clinical outcome; four patients assessed at the end
of treatment were receiving dialysis at baseline, of whom one had a
positive clinical response, two experienced treatment failure, and one
had an indeterminate outcome. MSSA methicillin-susceptible Staphy-
lococcus aureus

Table 5 Treatment-emergent

. Preferred term Frequency Serious Possibly related  Discontinued  Resolved®

adverse events of interest to treatment treatment

occurring in > 1% of patients

(N=291) All 58 (19.9) 6(2.1) 51 (17.5) 46 (15.8) 51 (17.5)
Renal failure® 26 (8.9) 3(1.0) 26 (8.9) 14 (4.8) 22 (7.6)
Blood creatinine increased 3(1.0) 0 3(1.0) 1(0.3) 3(1.0)
Nausea 9@3.1) 0 9@3.1) 9 (3.1 9@3.1)
Vomiting 6(2.1) 0 6(2.1) 6(2.1) 6(2.1)
Drug intolerance 4(1.4) 0 4(1.4) 4(1.4) 4(1.4)

All data shown as n (%).

“Includes events listed as recovered/resolved, recovered/resolved with sequelae, or recovering/resolving.

®Includes Medical Dictionary for Regulatory Activities version 17.1 codes “renal failure” and “renal failure

acute”.

osteomyelitis without prosthetic material (191/291, 65.6%)
located in the lower extremity (213/291, 73.2%) and initi-
ated telavancin treatment in outpatient settings (203/291,

69.8%). Telavancin was administered intravenously at a
median dose of 750.0 mg or 8.2 mg/kg for a median dura-
tion of 26 days, and the majority (208/291, 71.4%) received
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Table 6 Changes in renal function during telavancin treatment

CrCl (mL/min) All patient (N = 291) Patients treated >

21 days (n = 170)

Baseline
n 165 86
Mean (SD) 130.7 (86.3) 122.8 (55.8)
Median (IQR) 118.6 (68.5) 118.2 (84.4,
146.6)
Change from baseline to last value on treatment
n 137 83
Mean (SD) —15.0(39.0) - 11.8 (27.6)
Median (IQR) -79(28.4) —6.63 (- 27.5,
0.0)
Change from baseline to worst value on treatment
n 137 83
Mean (SD) —23.7(394) —23.9(29.5)
Median (IQR) - 16.6(35.1) —17.7(- 374,
—-64)

Creatinine clearance was determined by the Cockcroft—-Gault equa-
tion, and values collected at the time of or after patients started hemo-
dialysis were excluded.

CrCl creatinine clearance, IQR interquartile range, SD standard devi-
ation.

telavancin as a second-line therapy or greater after failed
antibiotic treatments. More than 75% of patients assessed
at EOT had positive clinical responses to telavancin treat-
ment (211/268, 78.7%). Telavancin was generally well toler-
ated in patients with bone and joint infections. Renal failure
occurred in 26/291 (8.9%) patients and resolved in nearly
85% of affected patients (22/26, 84.6%). Renal function
measured by a change in CrCl declined slightly from base-
line during telavancin treatment; however, a decline in renal
function did not appear related to duration of telavancin
treatment. Although vertebral osteomyelitis is of sufficient
concern to warrant a specific Infectious Diseases Society of
America clinical practice guideline [1], outcomes in at least
20 patients with vertebral infections in TOUR, as discov-
ered in verbatim descriptions, could not be analyzed because
infection sites were not systematically reported.

Telavancin is approved for the treatment of complicated
skin and skin structure infections and hospital-acquired
and ventilator-associated bacterial pneumonia but not for
the treatment of bone and joint infections [10]. However,
of the antibiotics recommended by the Infectious Diseases
Society of America for the treatment of bone and joint
infections caused by Gram-positive pathogens such as S.
aureus, nafcillin, cefazolin, ceftriaxone, clindamycin, van-
comycin, daptomycin, and linezolid [1-3], few are specifi-
cally indicated for bone and joint infections. Nafcillin and
vancomycin are approved for the treatment of susceptible
penicillinase-producing Staphylococci without restriction
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by infection type; for bone infections, the label for inject-
able vancomycin states only “effectiveness has been docu-
mented” [6, 15]. Cefazolin, ceftriaxone, and clindamycin
are indicated for bone and joint infections caused by sus-
ceptible Gram-positive pathogens in general or S. aureus in
particular [16—18]. The newest Infectious Diseases Society
of America-recommended agents, linezolid (approved in
2000) and daptomycin (2003), are not US Food and Drug
Administration approved for the treatment of bone and joint
infections [19, 20]; furthermore, dalbavancin and oritavancin
are also not approved for bone and joint infections [21, 22].
Ciprofloxacin, approved in the USA in 1987, may be the last
antibiotic to date to receive a specific indication for bone and
joint infections, and is only approved for those caused by
certain Gram-negative pathogens [23]. Moreover, the resist-
ance and susceptibility patterns over time and geography
must be accounted for in effective prescribing decisions.
Given the treatment options available, clinicians often elect
to use antibiotics that are not specifically approved for bone
and joint infections in patients for whom other antibiotics
are ineffective or unsuitable.

Concomitant conditions also impact antibiotic diffusion
into bone tissue. For instance, vancomycin diffuses into bone
more poorly when ischemia is present. In contrast, linezolid
and clindamycin achieve adequate treatment concentrations
in ischemic lower limbs [6]. Compelling in vitro data indi-
cating bone penetration also suggest telavancin is a viable
option, especially for hospital-acquired MRSA [6, 24, 25].
The extended stability of telavancin renders it appropriate
and convenient for use in elastomeric devices for self-admin-
istration at home [26]. In addition, more than half of the sub-
jects in this subanalysis initiated telavancin in an outpatient
setting. Moreover, standard dosing for telavancin is every
24 h with no monitoring of serum concentrations required,
only 48- to 72-h interval monitoring or more frequently, if
clinically indicated, of serum creatinine for safety [10].

Recent data on the treatment of bone and joint infections
come largely from retrospective and/or observational studies
such as TOUR. The retrospective, observational Cubicin®
Outcomes Registry and Experience (CORE®) study in the
USA identified 82 patients with device-associated osteomy-
elitis treated with daptomycin, of whom 48 had available fol-
low-up information; 22/27 (82%) of patients with prosthetic
joint infection and 18/21 (86%) patients with other hard-
ware-associated osteomyelitis had a cure or improvement
with daptomycin treatment [27]. Patients with osteomyelitis
and orthopedic device infections in a retrospective European
registry (EU-CORESM) were cured or improved after dap-
tomycin treatment in 522/638 (81.8%) cases [28]. As in this
TOUR subanalysis, Schroeder et al. reported that telavancin
was most often used as a second-line option, for example,
after daptomycin or vancomycin therapy failures [29]. Van-
comycin remains the recommended first-line treatment and
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standard of care for oxacillin-resistant Staphylococci and
penicillin-resistant Enterococcus species [3]. Registry stud-
ies such as TOUR can thus provide real-world data on the
use of antibiotics to treat bone and joint infections when
clinical trials are not feasible.

The present registry study has several limitations.
Enrollment decisions were made by individual site clini-
cians, introducing potential patient selection bias. Only data
available from retrospective chart review were captured, and
not all data of interest were recorded. The purpose of this
observational retrospective study was to learn and provide
insight on how telavancin is being used in the real world and
the efficacy of these different indications. Because of the ret-
rospective nature of this study, the registry includes limited
details and laboratory values necessary for the interpretation
and assessment specific to bone and joint infections. The
reasons for dosage decisions, treatment changes from prior
antibiotic therapy to telavancin or from telavancin to another
antibiotic were not recorded, and it is unclear whether prior
antibiotics were discontinued because of a lack of efficacy,
toxicity, or simplification of the antibiotic regimen. Simi-
larly, other antibiotics used within 2 days prior to 2 days
after the start of telavancin treatment were recorded as con-
current use, but administration dates were not consistently
recorded. There were eight subjects for whom concurrent
antibiotics with Gram-positive coverage were documented
but whether these were truly “concurrent” or being tapered
prior to telavancin remains unknown. Clinical response data
at EOT were unavailable for many patients, which could
bias the interpretation of clinical outcomes. Only AEs of
interest were captured, and AE reporting was also incon-
sistent; for example, it was unclear whether increased blood
creatinine reported in three patients was related to renal
failure or a separate event. There were two death cases that
were assessed by the investigators as possibly related to the
study drug, a case of cardiac arrest and a case of worsen-
ing renal failure. No other detail was provided regarding
the relatedness. It is recommended that renal function be
monitored during telavancin therapy [10]. Such limitations
are intrinsic to retrospective observational studies, yet the
data from TOUR still provide valuable information on the
clinical characteristics and treatment outcomes of patients
with these challenging infections.

5 Conclusions

Real-world data from TOUR offer insights into clinicians’
use of telavancin to treat bone and joint infections caused
by Gram-positive pathogens. The positive clinical response
rates and safety results reported suggest that telavancin may
be a useful treatment option for patients with bone and joint
infections when other antibiotics are unsuitable.
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