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ABSTRACT

Backgroud: Daptomycin has been used in bone and joint infections (BJI) and prosthesis joint
infections (PJI) considering spectrum of activity and biofilm penetration. However, the cur-
rent experience is based on case reports, case series, cohorts, and international surveys. The
aim of this systematic review was to evaluate studies about daptomycin treatment efficacy
in BJI/PJI compared to other antibiotic regimens.
Methods: PubMed, LILACS, Scielo and Web of Science databases were searched for articles
about daptomycin and treatment of BJI and PJI from inception to March 2018. Inclusion crite-
ria were any published researches that included patients with BJI treated with daptomycin.
Diagnosis of BJI was based on clinical, laboratory and radiological findings according to IDSA
guidelines.
Results: From 5107 articles, 12 articles were included. Only three studies described the out-
comes of patients with BJI treated with daptomycin with comparator regimen (vancomycin,
teicoplanin and oxacillin). Studies presented large heterogeneity regarding device related
infections, surgical procedures, and daptomycin regimens (varied from 4 mg/kg to 10 mg/kg).
A total of 299 patients have been included in all studies (184 infections associated with
orthopedic disposal and 115 osteomyelitis/septic arthritis). Two hundred and thirty-three
patients were treated with daptomycin. The clinical cure rates on device related and non-
device related infections (i.e. osteomyelitis) were 70% and 78%, respectively. Compared to
all regimens evaluated, daptomycin group outcomes were non-inferior.
Conclusion: Although a randomized clinical trial is needed, this systematic review tends to
support daptomycin usage for bone and joint infections.
© 2019 Sociedade Brasileira de Infectologia. Published by Elsevier Espana, S.L.U. This is
an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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Introduction

Daptomycin is an important antibiotic to treat Gram-positive
infections.! Methicillin resistant Staphylococcus aureus (MRSA)
has been a global public health concern, becoming endemic
in most hospitals, although some studies have shown a ten-
dency to decline from 2005 in some regions.”> Therapeutic
option for the treatment of MRSA infection was based on van-
comycin and teicoplanin for several decades. However, new
options have been developed with several advantages, but
lacking evidence of clinical superiority. Some of these drugs
include linezolid, telavancin, tigecycline, ceftaroline, and dap-
tomycin.

Daptomycin is a bactericidal antibiotic with pharmacoki-
netics profile that allows once daily infusion and safety in
outpatient parenteral therapy (OPAT) practice.* OPAT pro-
grams are important in bone and joint infections (BJI) and
prosthesis joint infections (PJI) because long-term treatments
are commonly necessary.” Staphylococcal BJI and PJI are
commonly associated with biofilm formation. Most antibi-
otics have effect against planktonic microorganisms, but not
against those inside and in the base of the biofilm. This is
due to poor penetration of most drugs in the biofilm (e.g. van-
comycin) and most of them cannot reduce the biofilm burden
and lack bactericidal activity against non-growing microor-
ganisms present in the biofilm. Daptomycin is a drug that can
penetrate biofilm, although it is no able to reduce the biofilm
formation.®”

Dose and bone penetration of daptomycin has raised con-
cern and some specialists have being cautious to advocate its
routine use.?° Nevertheless, several case reports, case series,
cohorts, and international surveys suggest safety of its use.
Cubicin Outcomes Registry and Experience (CORE) studies and
its sub-analyses represented international surveys from all
around the world, which included daptomycin use to treat
BJI and PJI. Variable doses, surgery techniques and time of
follow-up were used, but results often demonstrated good
efficacy.'%?° Considering the importance of daptomycin as an
option in the treatment of MRSA-associated bone and joint
infections and OPAT, in this systematic review we tried to get
the studies on daptomycin treatment efficacy in BJI/PJI com-
pared to other antibiotic regimens.

Methods
Search strategy

Using PubMed, Scielo, LILACS and Web of Science databases
we searched for published literature in English and Spanish
that evidenced the efficacy of daptomycin in the treatment
of BJI. The search included publications from inception to
March 2018. The keywords used were aaptomycinénd bone OR
osteomyelitis OR joint OR biofilm OR prosthesis joint infection
OR orthopedic infection OR staphylococcus OR staphylococcal
infection: This systematic review followed PRISMA statement
guidelines.

Data extraction and quality evaluation

Two reviewers independently screened all studies based on
either title or abstract for eligibility. Discrepancies were
resolved through discussion. The authors then independently
extracted the relevant data from all the publications to include
in the review (JT & FT).

Inclusion and exclusion criteria

Inclusion criteria were any published researches thatincluded
patients with BJI and/or PJI treated with daptomycin. Publica-
tions with less than 10 patients, experimental studies, without
clear description of the strategy treatment (i.e. types of surgi-
cal procedures) or clinical outcome were excluded.

Definitions and outcomes

Diagnoses of BJI and PJI were based on clinical, laboratory and
radiological findings according to Infectious Disease Society
of America (IDSA) (i.e. histopathology, sinus tract with pros-
thesis communication, purulence around prosthesis without
another known etiology, cultures form pre or intraoperative
or clinical judgment after reviewing pre and intraoperative
information).” The terms “treatment successes” and “favor-
able outcomes” were defined as clinical improvements at the
end of the treatment with daptomycin.

A “clinical cure” was defined as a total resolution of all
infections signs and symptoms, or an improvement of signs
and symptoms to such an extent that no further antimicrobial
therapy was necessary. Secondary outcomes such as mortal-
ity, incidence of adverse events, serious adverse events, and
discontinuation due to adverse events were not evaluated.
The standard form included the following information: first
author, study design, country, publication year, number of
patients, period of the study, classification of the infection,
percentage of MRSA, surgical procedure, daptomycin dose,
antimicrobial agents combination or switch therapy, duration
of the treatment, follow-up and explanation to use dapto-
mycin.

Statistical analysis was not performed due to absence of
randomized clinical studies to perform a meta-analysis. Grad-
ing quality of evidence and risk of bias were not accessed.

Results
Selected articles

Five thousand one hundred and seven articles were initially
found using the search criteria. After first analysis, only 930
articles were related to daptomycin and BJI and/or PJI. Fol-
lowing title and abstract reviews, only 12 articles fulfilled the
inclusion criteria (Fig. 1). The first study was published in 2005,
and the last in 2017. Daptomycin dose and duration of regi-
mens, device related infection, and clinical outcomes were
evaluated (Table 1).
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Total articles identified
5107

First analysis

— 4177 excluded

Articles related to
orthopedic infections
930

902 excluded articles

(Reviews, in vitro, <10 patients)

v

28 daptomycin articles > 10 patients

16 excluded articles
-15 insufficient information
-1 french language

 —

v

| 12 articles met final inclusion criteria

Fig. 1 - Flowchart of selection process for daptomycin and
BJI articles included in review.

Characteristics of selected articles

Two hundred ninety-nine patients were included from a total
of 12 articles. Two hundred thirty-three patients were treated
with daptomycin. Two were multicenter,”>?? three studies
were from USA,”>"?> Spain?®?® and Taiwan?®—! each, and
one from Switzerland.?? Nine studies described the outcomes

of patients with BJI/PJI treated with daptomycin without
comparator, and three studies compared the outcomes
of daptomycin with other antibiotic therapy (vancomycin,
teicoplanin and oxacillin).?%?2%>33 Studies methodology pre-
sented large heterogeneity regarding device related infections,
surgical procedures and daptomycin regimens.

Device related infections and surgical procedures

A total of 299 patients have been included in all studies,
184 with infections associated with orthopedic disposal and
115 patients with osteomyelitis/septic arthritis. Daptomycin
was used to treat 88% (163/184) of device related infections.
These were represented by 85 total knee arthroplasty (TKA),
77 hip arthroplasty (HA) and one shoulder arthroplasty. Clin-
ical cure rate of patients with hardware infection was 70%.
Overall, variability was observed and median clinical cure
rate from studies results was 70% [IQR 50-89]. Clinical cure
were observed in 58 TKA infections (68%) and 56 HA infec-
tions (73%). Shoulder device infection did not have favorable
outcome in one study with few cases (Table 1).

Surgical procedures also had variability. Clinical cure rate
of patients submitted to two-stage surgical strategy was 73%
(n=106) and median cure rate from six studies was 76% [IQR
59.5-90]. Clinical cure rate of patients submitted to debride-
ment, antibiotics and implant retention procedure (DAIR) was
63% (n=43) and median cure rate from six studies was 80%
[IQR 57-80.75]. Fusion and one-stage revision was used on two
studies each and clinical cure rates varied between 75-100%
and 33-100%, respectively.

Table 1 - Description of published studies evaluating daptomycin use in orthopedic infections.

Author Region Date N Infection (n)  Daptomycin Length of Clinical cure
dose (mg/kg) therapy (days) rates
Chang Taiwan 2013-2014 16 KA (9) 8.3 14 KA (80%)
HA (7) HA 91%
Herrera Espanha 2008-2015 21 KA (12) 10 24 KA (83%)
HA (9) HA (88%)
Jugun Swiss 2013 16 OM (10) 8.15 21 OM (90%)
KA (3) KA (100%)
HA (3) HA (100%)
Kuo Taiwan 2010-2012 22 KA (10) 6 14 KA (100%)
HA (12) HA (100%)
Lora-Tamayo Espanha 2010-2012 18 KA (7) 10 42 KA (42%)
HA (11) HA (50%)
Byren Multicenter 2007-2010 47 KA (27) 6e8 24 KA (59%)
HA 20) HA (42-75%)
Lai Taiwan 2007-2009 12 OM/SA (12) 6,8e10 = 91%
Moenster EUA 2003-2009 17 OM (17) 5.58 14 71%
Pérez-Cardona Espanha 2008-2010 20 KA (7) 6.6 45 KA (45%)
HA (13) HA (65%)
Lalani Multicenter 2002-2005 21 OM (10) 6 23 SA (64%)
SA (11) OM (70%)
Rao USA 2004-2005 13 KA (10) 4 240 KA (50%)
HA (2) HA (50%)
Sh Ar (1) Sh Ar (0%)
Finney USA 2003-2004 10 OM (6) - 24 OM (100%)
SA (4) SA (75%)

KA, knee arthroplasty; HA, hip arthroplasty; Sh Ar, shoulder arthroplasty; OM, osteomyelitis; SA, septic arthritis.
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Table 2 - Description of published studies evaluating daptomycin compared to other antibiotic therapies in orthopedic

infections with cure rates.

Author Infection Daptomycin Doses Days of therapy Comparator Daptomycin Comparator
Cure rates Cure rates

Byren PJI 6-8 mg/kg 24 days Vancomycin Teicoplanin 57% 38%

Moenster oM 5.58mg/kg 14 days Vancomycin 71% 39%

Lalani OM/SA 6mg/kg 23 days Vancomycin Oxacillin 64-70% 60%

Non-related device bone infection: osteomyelitis (OM) and
septic arthritis

Five studies evaluated daptomycin for treating osteomyeli-
tis and/or septic arthritis and totaling 53 patients (Jung et al;
Moenster et al; Lalani et al; Lai et al; Finney et al). Clinical cure
rate of patients with non-related device infection was 78%.
Variability was observed and median clinical cure rate from
studies results was 90% [IQR 71-90], highest found by Finney
et al. (OM: 100% and septic arthritis 75%) and lowest by Lalani
et al. (OM: 64% and septic arthritis: 70%).

Dosing regimens

Daptomycin dosing varied from 4mg/kg to 10 mg/kg. Three
studies used 10 mg/kg,?”-?¢ including 41 patients with a clinical
cure rate of 70%. Doses between 6-8 mg/kg were used in seven
studies,?1?2:26:30,31,33,34 including 151 patients with a clinical
cure rate of 74%. Doses between 4-6 mg/kg were used in three
studies,”>?° including 40 patients with a clincal cure rate of
67%. Median clinical cure rates varied from 85% [IQR 67-92] for
10 mg/kg, 85% [IQR 63-95] for 6-8 mg/kg, and 71% [IQR 58-80]
for 4-6 mg/kg.

MRSA prevalence

MRSA prevalence varied from 10 to 90%, with a total of 83
patients infected with MRSA and treated with daptomycin.
Clinical cure rate was 61.5%. Variability was found and median
clinical cure rate from studies results was 43% [IQR 40-83]. Mal-
izos et al. and Forrest et al. observed highest rates, 100 and 89%,
respectively.'>18

Comparator: vancomycin, teicoplanin and oxacillin

Three studies used comparator regimens. Only one was on
PJI,?? and two were on osteomyelitis and septic arthritis.?>?>33
Vancomycin was used as main comparator regimen, but two
studies evaluated teicoplanin or oxacillin as well. In this group
of analysis, 85 patients received daptomycin and 66 received
comparator regiments (vancomycin, teicoplanin or oxacillin).
Daptomycin group outcomes were non-inferior in all studies,
showing the same efficacy (Table 2).

Discussion

This review included 12 articles with 299 patients with BJI/PJI.
Two hundred and thrity-three patients were treated with dap-
tomycin. However, no randomized controlled trial has been
published about BJI/PJI treatment with daptomycin. The cure

rate was moderate to high, ranging from 45 and 100%. Dapto-
mycin was approved by FDA for complicated skin infection and
S. aureus blood stream infection (except left-sided endocardi-
tis), but not for osteomyelitis without bacteremia. However,
several studies evaluating this off-label indication has been
published as case series, retrospective analysis of cohorts,
subgroup of clinical trial of secondary bacteremia with BJI. In
most studies, daptomycin was indicated due to the need of an
alternative treatment to currently indicated therapies.

Multicenter international surveys named CORE studies
demonstrated daptomycin safety and efficacy on multiple
sites of infection.’®1? BJI and PJI were also evaluated and
daptomycin doses varied from 4 to 10mg/kg. MRSA preva-
lence varied between 16.9-45%. Although the lowest success
clinical rate was 55%,"° usually rates higher than 70%'%-420
were found and even higher than 90%.>'''® Other non-
survey studies with clinical cure rates higher than 70% also
demonstrated daptomycin safety and efficacy to bone related
infections.?>?! Unfortunately, these studies were not included
on this systematic review due lack of information such
as differentiation between prosthesis related infection and
osteomyelitis, surgical technique or/and follow-up and clear
outcomes.

Eight studies presented clinical cure rate above 70%. High-
est rates were observed by Kuo et al. and Finney et al. Kuo
et al. observed 100% cure rates with systemic and cement
impregnation treatment with daptomycin on PJI scenario and
2-stage surgical procedure.>’ On another scenario Finney et al.
observed 90% cure rates on bone infections with no-device
related infections, mainly osteomyelitis.?*> Differences cited
above as daptomycin impregnation in the orthopedic cement
and only patients with 2-stage surgical procedure or no-device
related infection (osteomyelitis) might have had an influ-
ence on their results. Lower success rate, between 46-60%
of clinical cure rate, were demonstrated. Byren et al. con-
ducted a clinical trial with 2-stage surgical procedure and
considered therapy failure in those patients with one positive
culture on second stage surgery.’? This definition of failure
might explain low success rates to vancomycin (38%) and
daptomycin (57%), since one positive from multiple negative
cultures could represent contamination (e.g. Staphylococcus
epidermidis). Lora-Tamayo et al. selected patients who were
candidates to DAIR strategy and considered microbiological
failure if in a two-year follow-up the patient presented a
new infection, even if no culture were positive.”” Thus, differ-
ent bacterial infection from the beginning could overestimate
therapeutic failure. Rao et al. used for all patients 4mg/kg
daptomycin and DAIR strategy success rate (20%) was more
affected than 2-stage (62%). Furthermore, they concluded that
other studies are needed to support daptomycin usage in PJI,
mainly in DAIR strategy. These results reinforce the impact of
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surgical strategy to explain different results among studies of
patients treated with daptomyecin.

Daptomycin penetration and activity on bone infections
are slowly being understood. in vitro and in vivo studies
observed good bone penetration.?**® However, it was demon-
strated variability on daptomycin concentrations even on
those patients with normal renal function and some recom-
mend drug monitoring in case of prolonged use.?’ In addition,
intracellular activity appears to be an important antimicro-
bial characteristic if considered intracellular reservoir on bone
infection.*® In this context, it was observed that daptomycin
limited but did not prevent ofloxacin intracellular bacterial
growth?! and presented good intracellular activity against
intraosteoblastic S. aureus if combined with oxacillin for MSSA
and MRSA.#?

Activity on biofilm is still a major problem, nevertheless not
only to daptomycin. Studies are different on their conclusions.
Reasonable in vitro activity was demonstrated.®**> mainly
if combined with rifampin.***> However, reliable minimal
biofilm eradication concentration (MBEC) of each antibiotic
may be difficult to predict. Molina-Manso et al. observed MBEC
values as high as 1024 mg/L for most common antibiotics used
to treat BJ1.%6 Therefore, therapeutic failure might be explained
by true higher MBEC.

Antibiotic cement loaded is considered an important strat-
egy when 2-stage surgical procedure is needed. Gentamicin is
known to be an option with polymethyl-methacrylate since
mid 20% century.*’ Higher bacterial resistance rates forced
to try other options. Since then, vancomycin has been used
with gentamicin,*® but has already demonstrated impact on
resistance elevating S. aureus MICs.*°

This study has several limitations and it is not possible to
assume the above results as true. The number of patients is
small in all these studies, the duration and doses of treat-
ment with daptomycin varied and most patients completed
the treatment with therapies other than daptomycin. The sur-
gical procedures varied according to the group, which is very
important in the management of BJI. Clinical cure can only
be judged with a follow-up of one year without implant and
two years with implant, respectively. Therefore, patients with
a shorter follow-up should be excluded from the analysis.

In conclusion, our systematic review tends to supports dap-
tomycin use for bone and joint infections and considers an
antimicrobial combination mainly against staphylococci, as
rifampin or quinolone, to exert anti-biofilm activity or even
prevent possible small-colony resistance appearance during
follow-up.
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