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A B S T R A C T

Oritavancin is a novel long-acting lipoglycopeptide with in vitro activity against methicillin-resistant (MR) Gram- 
positive pathogens and a good bactericidal activity even in presence of biofilm forming bacteria. It has been 
approved for acute bacterial skin and skin structure infections (ABSSSI), but recent reports have demonstrated 
possible off-label uses, as for prosthetic joint infections (PJI), which, in more than half of cases, are caused by MR 
Gram positive organisms.

We reported a case of a man in his eighties with a late shoulder PJI caused by methicillin resistant Staphyloccus 
epidermidis (MRSE) with contraindications for surgical replacement and few oral therapeutic options for a long 
term suppressive antibiotic therapy. The prosthesis was retained, and the patient received ten outpatient 
sequential doses of 1200 mg of oritavancin for 28 weeks, based on therapeutic drug monitoring (TDM) as a guide 
for correct timing of administration of each dose. During oritavancin administration, the patient achieved clinical 
cure, with disappearance of the pain and regaining pre-infection joint mobility, with no side effects reported and 
no further surgery or hospitalization needed. The treatment is ongoing as a long-lasting suppressive antimicrobial 
therapy. Oritavancin could represent an excellent solution for treating PJI caused by MR organism, especially in 
patients who need a long-term suppressive therapy.

Introduction

Prosthetic joint infections (PJIs) are a major cause of failure and 
revision surgery after joint arthroplasties, and the incidence appears to 
be increasing: the annual PJI incidence rate in the United States 
increased from 1.99 % in 2001 to 2.18 % in 2009 [1]. The goals of 
treating patients with PJI include eradication of the infection, avoidance 
of medical and surgical complications, improvement in function and 
quality of life [2].

The incidence of PJI following total shoulder replacement is 0.61 % 
over 1-year follow-up [3]. Three main causative pathogens are recog-
nized: Cutibacterium acnes as the most common (38.9 %), followed by 
Staphylococcus epidermidis (14.8 %), and Staphylococcus aureus (14.5 %)
[4]. These species causes PJI primarily through their ability to adhere to 
prosthetic materials and produce biofilm, although other virulence 
factors have been identified [1].

Oritavancin, a semi-synthetic, long acting lipoglycopeptide (LGP) 
with potent activity against Gram-positive pathogens, has shown 
favorable pharmacokinetics-pharmacodynamics (PK/PD), wide distri-
bution volume, good bone penetration, in vitro bactericidal activity 
against gram positive bacteria, and potential sterilization of biofilm [5]. 
Oritavancin is not currently approved for the treatment of PJIs, but 
thanks to the above-mentioned characteristics, it could represent a 
particularly appealing molecule for treating these infections, especially 
in patients with limited therapeutic options, including those not eligible 
for prosthetic replacement [6].

Oritavancin has been approved in recent years by the Food and Drug 
Administration (FDA) and the European Medicines Agency (EMA) for 
the treatment of acute bacterial skin and skin structure infections 
(ABSSSI) as a single 1200 mg intravenous (IV) infusion over 3 h, but 
there are studies [7–9] and case reports [10,11] describing its off-label 
use in bone and prosthetic-associated infections [5]. The single-dose 
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and prolonged half-life, offer an alternative to multi-dose daily thera-
pies, allowing earlier hospital discharge [5] or avoiding hospitalization, 
since it can be administered in the outpatient setting. Moreover, accu-
mulating evidence, primarily from case reports and observational 
studies, has demonstrated that continued dosing regimens have been 
well tolerated and have resulted in clinical cure for many patients with 
complicated or invasive infections, including PJIs. [12].

In this report, we describe a case of a late shoulder PJI caused by 
methicillin-resistant Staphylococcus epidermidis (MRSE) treated with 
multiple doses of oritavancin, in which the correct timing of adminis-
tration of the doses has been guided by therapeutic drug monitoring 
(TDM).

Case report

The patient is a Caucasian male in his eighties with multiple 
comorbidities: hypertension, obesity, chronic ischemic heart disease, 
chronic obstructive pulmonary disease, chronic kidney disease (stage 3b 
according to KDIGO classification (Kidney Disease Improving Global 
Outcomes 2012).

), and peripheral vascular disease. After a right humeral fracture in 
2021, he underwent a reverse total shoulder prosthetic surgery stabi-
lized by metal hoop.

Two years later, he developed an extremely painful swelling and 
functional impairment of the right shoulder. Radiography revealed ir-
regularity of the prosthetic/bone interface, with a lytic area of the cortex 
on the medial side of the distal half of the prosthetic stem, an extensive 
detachment of the periprosthetic bone at the proximal half and 
increased density and thickness of the soft tissues of the arm. A 
computed tomography (CT) scan of the right shoulder requested there-
after, showed widespread signs of periprosthetic bone reabsorption and 
a medium-density pseudo nodular thickening in the subcutaneous tis-
sues of the middle third of the arm.

To confirm the diagnosis of shoulder PJI, a radiolabeled white blood 
cell scintigraphy (WBCS) was performed, which showed increased up-
take of radiolabeled WBC in periprosthetic tissues up to the humeral 
stem of the prothesis, confirming the diagnosis of PJI.

The patient was then referred to our Centre to establish an antibiotic 
treatment and to evaluate potential surgical options. Given patient’s 
comorbidities and his advanced age, prosthetic replacement was con-
traindicated, and the only possible surgical option was shoulder 
arthrodesis which would have implicated a complete loss of joint 
mobility. This option was declined by the patient. Therefore, the only 
therapeutic option left was long-term suppressive antibiotic therapy.

On the first visit, the patient was in good clinical condition, reporting 
pain and impaired mobility of the right shoulder. Physical examination 
showed the presence of a soft, warm and tender swelling, about 4 cm in 
diameter, at the middle-third of the right arm, near the surgical wound, 
with purulent discharge from fistula. He had a slightly increased C- 
reactive protein (CRP) (1.56 mg/dl) and a white blood cell count (WBC) 
of 7270 cells/mm3 with 56.3 % neutrophils.

An ultrasound guided drainage of the periprosthetic fluid collection 
was performed, collecting two samples of 5 ml of purulent fluid which 
culture yielded methicillin-resistant Staphylococcus epidermidis (MRSE) 
in both samples with a slight difference in pattern of susceptibility 
(Table 1).

After obtaining the patient’s informed consent and the approval of 
the Institutional Review Board for off-label therapy, the patient received 
a first dose of 1200 mg intravenously (i.v.) of oritavancin (Day 0), a 
second dose of 1200 mg 14 days later (Day 14) and a third dose 14 days 
later (Day 28). On Day 35, a blood sample for oritavancin TDM was 
collected before the third dose (T0) and 3 h after the end of the infusion 
(T6h). Oritavancin TDM was performed in plasma, on total drug con-
centration, using liquid chromatography-tandem mass spectrometry- 
based RUO KIT (CoQua Lab, Turin, Italy). The kit was fully validated 
internally following international (FDA and EMA) guidelines. Starting 

from TDM measurements, area under the concentration-time curve 
(AUC) for the last dose was calculated using Phoenix WinNonLin soft-
ware and a non-compartmental model was applied. A PK/PD target of 
AUC/minimum inhibitory concentration (MIC) (AUC/MIC) higher than 
17.568 (for MIC up to 0.5 mg/l) was chosen, according to data reported 
in literature [13,14].

Guided by PK/PD determinations, the following 4th and 5th dose 
were administered each at an interval of 14 days from the previous; the 
6th dose 21 days later and the following doses every 28 days from the 
previous ones; once the patient achieved the target trough concentration 
of oritavancin > 3 mg/L and an AUC/MIC= 37,587 at 12 weeks after 
treatment, as detailed in Table 2 and Fig. 1.

From a clinical point of view, fourteen days after the first dose of 
oritavancin, local signs of infection improve, and CRP decreased to 
0.94 mg/dl. Fifteen days after the second infusion, i.e. after 35 days of 
treatment, the fistula at the middle third of the arm resolved (Fig. 2), and 
laboratory tests showed a further decrease of inflammatory markers 
(CRP 0.64 mg/dl).

From the third administration, the patient reported a gradual and 

Table 1 
Susceptibility profile of two different methicillin-resistant Staphylococcus epi-
dermidis (MRSE) obtained from two samples from sterile drainage of peri-
prosthetic fluid at diagnosis. Interpretation according to the European 
Committee Antimicrobial Susceptibility Test (EUCAST).

Detected Microorganism: Staphylococcus epidermidis

Antibiotic MIC1 

(mcg/ 
ml)

EUCAST 
Interpretation

MIC2 

(mcg/ 
ml)

EUCAST 
Interpretation

Fusidic Acid > 8 R 16 R
Trimethoprim/ 
Sulfamethoxazole

> 4/76 R 80 I

Ampicillin > 2 R - -
Ciprofloxacin > 4 R > 4 R
Clindamicin ≤ 0.25 S 0.25 S
Daptomicin ≤ 0,5 S 0.25 S
Eritromicin ≤ 0.25 S 1 S
Fosfomicin c/G6P ≤ 16 S - -
Gentamicin ≤ 1 S ≤ 0.5 S
Linezolid 1 S 2 S
Moxifloxacin > 1 R - -
Oxacillin > 2 R > 2 R
Rifampin > 1 R > 2 R
Teicoplanin < 2 S - -
Tetraciclin 1 S 2 R
Tigeciclin ≤ 0.25 S 0.25 S
Vancomicin 2 S ≤ 0.5 S

Table 2 
Timing of administration of each dose of oritavancin (1200 mg) and TDM 
sample timing and results. TDM=Therapeutic Drug Monitoring, h=hours, 
d=days.

TIMING ADMINISTRATION ORITAVANCIN 1200 mg

Dose Day 
of 
treatment

Time from last 
dose 
(days)

TDM 
timing

Oritavancin plasma 
concentration 
(mg/L)

I 0 0   
II 14 14   
III 28 14 T0 

T6h
2.800 

7.420
35 7 T7d 4.240

IV 49 21 T0 
T6h

3.020 
94.590

V 63 14   
VI 84 21 T0 2.610
VII 112 28 T0 6.480
VIII 140 28 T0 3.510
IX 168 28 T0 3.590
X 196 28 T0 3.450
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progressive improvement in pain and mobility. After the sixth dose, i.e. 
12 weeks after starting the treatment with oritavancin, the pain dis-
appeared, and the patient completely recovered joint mobility. Physical 
and US-guided examination showed a complete healing of the fistula 
and the disappearance of the underlying abscess.

At the time this paper was written, the patient has received ten doses 
of oritavancin 1200 mg, for a total of 28 weeks of treatment: he has no 
symptoms and sings of uncontrolled infection and the mobility of the 
shoulder joint is completely restored. Suppressive antibiotic treatment 
with oritavancin is still ongoing with scheduled administration of 
1200 mg of oritavancin every 28 days, guided by TDM through con-
centration. Our aim is to perform a PET-CT scan after 48 weeks of 
treatment in order to plan an advisable end of the antimicrobial 
treatment.

Discussion

Periprosthetic joint infection (PJI) of the shoulder can be a devas-
tating complication. Although it may occur less frequently than after 
lower extremity arthroplasty, PJI of the shoulder can lead to poor 

functional outcomes, disability and death [15]. Risk factors for shoulder 
PJI include previous surgery, increased age, male gender, increased 
body mass index, and diabetes mellitus [16].

The management of PJIs depends on the timing of the infection, 
microbial etiology, the condition of the joint and implant, the quality of 
the soft tissue, and individual patient circumstances. The three most 
common surgical techniques include a one-stage exchange procedure, a 
two-stage procedure, a combined approach known as debridement, 
antibiotics and implant retention (DAIR)[17], which is only suitable in 
early infections, within 30 days from surgery [18]. The goal of each 
surgical strategy is to remove all infected tissue and hardware or to 
decrease the burden of biofilm if any prosthetic material is retained, so 
that postoperative antimicrobial therapy can eradicate the remaining 
infection [1].

The ability to grow and persist on the implant surface and on necrotic 
tissue in the form of a biofilm represents a basic survival mechanism by 
which microorganisms resist to environmental factors [19]. After the 
first contact with the implant, microorganisms immediately adhere to its 
surface. Mature biofilms take four weeks to develop and represent 
complex 3D-communities where microorganisms of one or several 

Fig. 1. Oritavancin plasma through concentration in relation to administered doses.

Fig. 2. Clinical improvement after three doses of 1200 mg of oritavancin.
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species live clustered together in a highly hydrated, self-produced 
extracellular matrix (slime). Depletion of metabolic substances and 
waste product accumulation cause micro-organisms to enter a slow- or 
non-growing (stationary) state. Planktonic bacteria can detach at any 
time, activating the host immune system, causing inflammation, 
oedema, pain and early implant loosening. Biofilm micro-organisms are 
up to 1000 times more resistant to growth-dependent antimicrobial 
agents than their planktonic counterparts [19,20].

From a microbiology point of view, Yan et al. evaluated antibiofilm 
activity of oritavancin in combination with rifampin, gentamicin, or 
linezolid against 10 prosthetic joint infection (PJI) by methicillin- 
resistant Staphylococcus aureus (MRSA) isolates by time-kill assays: 
oritavancin combined with rifampin demonstrated statistically signifi-
cant bacterial reductions compared with those of either antimicrobial 
alone for all 10 isolates (p ≤ 0.001), with synergy being observed for 
80 % of the isolates [21].

Staphylococcus epidermidis causes PJI primarily through its ability to 
adhere to prosthetic materials and produce biofilm, although other more 
typical virulence factors have involved as well [1]. In recent years, there 
has been a worrisome increase in the number of surgical site infections 
caused by methicillin-resistant (MR) organisms and consequently the 
number of PJIs caused by MR organisms has also risen, accounting for 
more than one half of cases of PJIs. The management of PJI caused by 
MR organisms is associated with increased treatment failure, longer 
hospitalizations, and poor clinical outcomes [22].

Moreover, in the United States, a study compared the costs of 
treating infections due to methicillin-resistant germs versus those due to 
sensitive strains. Significantly higher cost of care for treatment of in-
fections due to methicillin-resistant organisms have been demonstrated 
($107,264 versus $68,053, p < 0.0001) [23]. In the setting of MR 
Staphylococcus infection, therapeutic options are unfortunately limited 
with glycopeptides and daptomycin that are considered first line option. 
However, the development of biofilm should also be considered, and the 
treatment should include active drugs or a combination of drugs able to 
penetrate biofilm. 2324.

Given our patient’s comorbidities and his advanced age, prosthetic 
replacement was contraindicated, and the only possible surgical option 
was shoulder arthrodesis, i.e. fusion of the humeral head to the glenoid, 
mostly used as an end-stage, salvage procedure. The patient refused 
arthrodesis since this would have resulted in a complete loss of joint 
mobility, therefore the only therapeutic option remained a long-term 
suppressive antibiotic therapy without further surgical interventions.

In our clinical case, the patient has few available oral therapeutic 
options for suppressive treatment, as long-term administration of oxa-
zolidinones is contraindicated and the prolonged use of clindamycin is 
associated with high risk of Clostridioides difficile infections [24,25]. 
Therefore, only intravenous administration of daptomycin or glyco-
peptides could have been considered as suitable therapeutic options for 
a long-term treatment, but both would have required a long-term hos-
pitalization, with relevant consequences on healthcare associated in-
fections and costs together with terrible impact on patient’s quality of 
life. A daily OPAT approach was also unfeasible for the supposed 
long-term administration of the drug. To avoid all these unfavorable 
scenarios, our clinical decision was to prescribe oritavancin 1200 mg i.v. 
in multiple sequential doses.

Our decision was supported by a few clinical observations that 
showed safety and efficacy of a multiple-dose regimens for the treatment 
of complicated and deep-seated Gram-positive infections, such as PJIs 
[26]. In fact, a clinical success in 30 of 32 patients (93.8 %), including 10 
of 11 (90.9 %) patients with bone and joint infections has been reported 
in a cohort of 32 patients who received at least two doses of oritavancin 
in the CHROME study a multicenter, retrospective, observational study 
[27].

Despite several studies reporting the safety and the efficacy of a 
multi-dose oritavancin regimen for difficult-to-treat infections, there are 
very few data regarding pharmacokinetics of this dose schedule. In our 

case, the first two doses of oritavancin 1200 mg have been administered 
every two weeks. From the third dose, we started TDM of oritavancin to 
define the correct timing of the following administration. We firstly 
postpone to 21 days next dose, then, since drug concentrations were still 
above the target, we extended the interval between doses to 28 days. 
Thanks to the use of TDM, we noticed that even if administered every 28 
days, the oritavancin concentration ranged above the chosen target 
trough (3.5 mg/L). Therefore, starting from the fourth dose, we estab-
lished a monthly administration schedule. From the clinical point of 
view, the efficacy was preserved, and the patient could then make 
hospital access only once a month, with a great impact on his quality of 
life. Our case confirms what the SOLO I and II studies have assessed that 
a target plasma trough cut-off of 3 mg/L appeared to be associated with 
therapeutics effectiveness29. Nevertheless, there is an important lack of 
information for oritavancin TDM, associated with a scant of works 
describing oritavancin determination in liquid chromatography-tandem 
mass spectrometry (LC -MS/MS) 30.

Conclusions

Oritavancin could represent an excellent solution for treating pros-
thetic joint infections, especially for those who need a long-term sup-
pressive therapy as you may both reduce the number of days of 
hospitalization and ensure better compliance.

Further clinical studies are needed to better understand the phar-
macokinetics of this regimen in order to figure out the correct concen-
tration target and therefore the optimal schedule of administration in 
this setting.
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