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Teicoplanin is a key drug for the treatment of multiresistant staphylococcal bone and joint infections (BJI), yet can only be ad-
ministered via a parenteral route. The objective of this study was to evaluate the safety and tolerability of subcutaneous (s.c.)
teicoplanin for that indication over 42 days. Thirty patients with Gram-positive cocci BJI were included. Once the target of 25 to
40 mg/liter trough serum concentration was achieved, treatment was switched from an intravenous to an s.c. route. No discon-
tinuation of teicoplanin related to injection site reaction and no severe local adverse event were observed. On multivariate analy-
sis, better tolerability was observed at the beginning of treatment, in patients over 70 years old, and for dosages less than 600 mg.
In conclusion, we recommend s.c. administration of teicoplanin when needed.

The use of a glycopeptide (teicoplanin or vancomycin) for 6 to
12 weeks is recommended to treat infection due to Gram-

positive bacteria, most commonly involved in bone and joint in-
fections (BJI), when the isolated strain is resistant to several class
of antibiotics (1). Teicoplanin, generally preferred over vancomy-
cin because of lower nephrotoxicity and longer elimination half-
life (2, 3), has a marketing authorization exclusively for intramus-
cular (i.m.) or intravenous (i.v.) administration; the painful i.m.
route is not routinely used, and long-term daily i.v. administra-
tion usually requires placement of a central venous catheter or an
implantable chamber (1), which constitutes an invasive procedure
and exposes the patient to the risk of mechanical, infectious, and
thrombotic complications (4, 5).

The efficacy and nephrotoxicity of teicoplanin depend on
plasma levels, and a trough serum concentration (Cmin) between
25 and 40 mg/liter appears to achieve the best benefit/risk balance
(2, 6, 7).

When teicoplanin is needed, subcutaneous (s.c.) administra-
tion should offer several advantages: preservation of peripheral
veins, absence of implantable device-related complications, easier
outpatient management, reduction of health care costs, and pos-
sibly improved patient comfort.

Few clinical studies demonstrated comparable efficacy of the
s.c. route to the i.v. route (8, 9). However, the tolerability of treat-
ment administered for more than 2 weeks has not been evaluated.

We therefore conducted a prospective open-label study to
evaluate the tolerability of s.c. teicoplanin for the treatment of BJI
and the usefulness of drug concentration monitoring in dosage
adjustments.

(Portions of the results of this study have been presented pre-
viously at Réunion Interdisciplinaire de Chimiothérapie Anti-In-
fectieuse 2014, Paris, France [64-O], at Journées Nationales
d’Infectiologie 2015, Nancy, France [IOS 04], and at Congrès des
Centres de Référence pour le Traitement des Infections Ostéo-
Articulaires Complexes 2015, Lille, France [oral communica-
tion]).

This study was conducted at the Amiens University Hospital

(France) from March 2013 to June 2015, the institutional ethics
review board of which provided ethics approval.

The primary objective was to evaluate the tolerability at the
injection site of subcutaneous teicoplanin for the treatment of BJI.
Each evaluation was scored according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE) (10). The secondary
objective was to analyze the usefulness of teicoplanin dosage in
maintaining its Cmin within a therapeutic range.

We prospectively included adult patients hospitalized for
BJI (arthritis, spondylodiscitis, and osteitis, with or without
foreign bodies) with Gram-positive bacteria susceptible to tei-
coplanin (MIC, �4 mg/liter) and resistant to beta-lactams, lin-
cosamides, and quinolones, or patients who were allergic to
penicillin or rifampin. Remission was defined as the absence of
relapse 10 months after the end of treatment. Failure was de-
fined by the association of clinical and radiological signs of
culture-proven infection with the same strain. Remission was
defined as the absence of infectious symptoms in patients on
long-term oral antimicrobial suppression after surgery and tei-
coplanin therapy.

Treatment was initiated with 5 doses of 12 mg/kg of body
weight twice daily (loading phase) and then administered once
daily (maintenance dose), adjusted to renal function (1).

The first Cmin was determined 24 h after the end of the loading
phase and then every 48 h. The dosage was then adapted to obtain
a Cmin between 25 and 40 mg/liter; once it reached this target, the
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treatment was switched to the s.c. route at the same dosage. The
Cmin was determined after 48 to 96 h and then every 10 to 15 days
for 42 days.

After reconstituting, a maximum of 800 mg of teicoplanin so-
lution was diluted into 50-ml bags of 0.9% sodium chloride
(NaCl) and then administered over 30 min (1.7 ml/min). For tei-
coplanin doses of �800 mg, the total dose, divided in two, was
administered at 2 different subcutaneous injection sites.

The injection site was changed daily, with rotation between
various zones as well as within the same zone and varied from one
patient to another depending on local tolerance. Teicoplanin was
administered by gravity i.v. infusion (from i.v. pole) in inpatients
and by nonelectronic elastomeric infusers for outpatients.

Clinical assessment of tolerability was performed by the same
clinician for all patients; in-site reactions (ISR) were scored ac-
cording to the Common Terminology Criteria for Adverse Events
(CTCAE) (10). Pain, evaluated by numerical rating scale, was con-
sidered to be significant for a score strictly greater than 3. Safety
was evaluated on inclusion, during the first 48 h following initia-
tion of treatment via the s.c. route (D2), and then at each visit
(D14, D28, and D42) on the presence or absence of clinical sign of
hypersensitivity, and on the dosage of plasma creatinine levels and
estimation of clearance by the simplified Modification of Diet in
Renal Disease (MDRD) formula (11).

Serum teicoplanin assays were performed by an automated
quantitative microsphere system (QMS on Indiko apparatus;
Thermo Fisher), which is based on competition between teicopla-
nin present in samples and teicoplanin bound to microspheres for
anti-teicoplanin antibodies present in the reagent. The lower limit
of quantification is 4 �g/ml, the upper limit of linearity is 80 �g/
ml, and the uncertainty is 15%.

For a description of patient characteristics, quantitative vari-
ables were described by the mean and range. The association be-
tween tolerability during treatment and the various clinical pa-
rameters was analyzed with a proportional hazards mixed model.
All statistical analyses were performed with SAS 9.2 software (SAS
Institute, Inc., Cary, NC, USA).

Thirty patients were included, and 25 completed the study

(Fig. 1). The detailed characteristics of the population are
provided in Table 1.

A single bacterial strain was isolated in 26 cases of BJI, and
multiple strains were isolated in 4 cases. The teicoplanin MIC was
between 0.75 and 2 mg/liter and between 0.19 and 4 mg/liter for
Staphylococcus aureus and coagulase-negative staphylococci
(CoNS), respectively. All staphylococci isolated in our study were
methicillin resistant.

Teicoplanin was also prescribed when other antibiotics were in-
appropriate for 5 patients: 3 patients were allergic or intolerant to
penicillin or rifampin, and 2 failed to respond to initial treatment.

The clinical, biological, and radiological assessment showed
cure in 18/25 patients (72%) after a mean follow-up of 19 months
(range, 10 to 29 months), remission in 3/25 patients (12%), and
failure in 4/25 patients (16%).

A total of 1,460 s.c. injections were performed in this study.
The proportion of patients for whom the daily dose was divided
into 2 s.c. injections per day was 12/30 patients at D2, 10/30 pa-
tients at D14, 6/26 patients at D28, and 4/25 patients at D42.

No severe in-site reaction and no discontinuation of teicopla-
nin due to ISRs were observed (Table 2). On multivariate analysis,
better tolerability was observed at the beginning of treatment (P �
0.0017), in patients over 70 years old (P � 0.0273), and when

FIG 1 Flow chart of patient groups and visits.

TABLE 1 Population characteristics

Characteristica Value (n � 30)

Age (mean [range]) (yr) 62.4 (24–89)
Sex ratio (male/female) 2.33
BMI (mean [range]) (kg/m2) 27.3 (19.6–41.8)
Wt (mean [range]) (kg) 78.7 (50–130)

Characteristics of infection (no. [%])
Prosthesis 20 (67)

Hip 12 (40)
Knee 8 (27)

Nonprosthetic material 5 (17)
Absence of material 5 (17)

Course of infection (no. [%])
Acute 6 (20)
Chronic 24 (80)

Bacteria isolated (n � 34) (no. [%])
Methicillin-resistant CoNS 13 (38)
Methicillin-resistant S. aureus 12 (35)
Enterococcus spp. 4 (12)
Corynebacterium spp. 4 (12)
Propionibacterium acnes 1 (3)

Associated surgical treatment (no. [%]) 26 (87)

Antibiotic in association (no. [%])
Rifampin 18 (60)
Linezolid 5 (17)
Clindamycin 3 (10)
Fusidic acid 2 (7)
Amoxicillin 1 (3)
None 1 (3)

Mean estimated creatinine clearance by
MDRD formula rate (ml/min)

108.6

a BMI, body mass index.
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using a daily dosage of �600 mg (P � 0.0195). The ISRs (apart
from local warmth) were less frequent at the start of treatment
(D2) than at other evaluation time points (Table 2).

Local injection site reactions usually lasted only a few minutes
and were mainly mild (Table 3). Adverse reactions were recurrent
in one-third of cases throughout the study. Thirty percent (9/30)
of patients never experienced any pain during the study, while
26.7% (8/30) experienced pain throughout the study. Discontin-
uation of treatment was necessary in two cases because of neutro-
penia, and three patients with chronic renal failure and vascular
disease presented a slight deterioration of renal function with re-
turn to their baseline state after the study.

The Cmin was higher after 48 h of s.c. administration than via
the i.v. route: a mean difference of �6.51 mg/liter was observed
(confidence interval, 3.05 to 9.97; P � 0.001) after adjustment for
dosage (P � 0.5823) and glomerular filtration rate (GFR) (P �
0.0180).

The mean � standard deviation (SD) dosage during treatment
decreased from 11.69 � 2.77 mg/kg (range, 6.06 to 19.04 mg/kg)
to 8.03 � 4.06 mg/kg (range, 3.84 to 16.66 mg/kg) between D2 and
D42 (P � 0.0001), with no significant difference in creatinine
clearance (P � 0.16; n � 27) and serum protein levels (P � 0.27;
n � 27) (Fig. 2).

This prospective study found a good tolerability of s.c. admin-

istration of teicoplanin for the management of multiresistant
Gram-positive cocci BJI, with very mild pain and transitory side
effects, like swelling and erythema. Although these side effects
seemed to increase during the study, no treatment interruption
because of intolerance was observed.

Not surprisingly, we observed a better local tolerance at the
beginning of s.c. injections of teicoplanin, probably due to lesser
local trauma at the injection sites at the beginning of antibiotic
therapy than at the end. However, while ISRs increased during the
study, better long-term tolerance was observed among the oldest
patients, possibly related to looser s.c. tissue in older patients.
Doses lower than 600 mg improved tolerability, and at the begin-
ning of treatment, more patients had the divided doses in two
sites. On the contrary, tolerability was not improved by the end
of the study, probably due to more-frequent injections in a
single site as the daily dose decreased below 800 mg but re-
mained above 600 mg.

Intravenous administration of teicoplanin results in higher
peak concentrations than with the s.c. route, but higher trough
concentrations are obtained with the s.c. route (7). This is con-
firmed in the present study, as the teicoplanin Cmin at the time of
administration route switch was significantly higher with the s.c.
route than with the i.v. route (mean difference, 6.51 mg/liter),
which could be explained by an accumulation of teicoplanin. This

TABLE 2 Injection site reactions observed during the study

Reaction

No. (%) by visita

D2 D14 D28 D42

n 30 30 26 25

Grade
No local reaction 7 (23) 3 (10) 3 (12) 3 (12)
1 9 (30) 5 (17) 5 (19) 6 (24)
2 14 (47) 22 (73) 18 (69) 16 (64)
�3 0 0 0 0

Pain 11 (37) 15 (50) 13 (50) 9 (36)

Swelling 11 (37) 18 (60) 19 (73) 17 (68)
�5 cm 7 (23) 9 (30) 9 (35) 11 (44)

Erythema 15 (50) 21 (70) 14 (54) 13 (52)
�5 cm 9 (30) 10 (33) 8 (31) 6 (24)

Warmth 12 (40) 11 (36.7) 10 (39) 6 (24)
Itching 5 (17) 9 (30) 7 (27) 7 (28)
Hematoma (0) 3 (10) 3 (12) 2 (8)
Telangiectasia 1 (3) (0) (0) (0)
a D2, D14, D28, and D42 are 2, 14, 28, and 42 days after s.c. teicoplanin initiation, respectively.

TABLE 3 Proportion of patients according to the duration of local reactions during and after s.c. administration of teicoplanin

Visit (n)

No. (%) by reaction type

Not concerned,
no local reaction

Only during
injection

During and for several
min after injection

During and for several
h after injection

�1 day after
injection

D2 (30) 20 (67) 3 (10) 5 (17) 1 (3) 1 (3)
D14 (30) 14 (47) 3 (10) 5 (17) 3 (10) 5 (17)
D28 (26) 14 (54) 2 (8) 7 (27) 2 (8) 1 (4)
D42 (25) 15 (60) 4 (16) 2 (8) 4 (16) 0
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study confirms the need for therapeutic drug monitoring of teico-
planin in order to offer an optimal dosage and avoid toxicity. No
significant variation of GFR or serum proteins was observed
throughout treatment, allowing accurate analysis of the various
teicoplanin Cmin results.

In conclusion, this first prospective study performed in pa-
tients treated with subcutaneous injections of teicoplanin for 6
weeks showed acceptable tolerability and safety. Our results stress
the importance of drug monitoring to avoid toxicity as teicoplanin
accumulates over time. We therefore recommend the use of s.c.
teicoplanin for long-term treatment of BJI when needed.
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