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ABSTRACT ARTICLE HISTORY
Introduction: Fosfomycin is a wide spectrum bactericidal antibiotic with a unique mode of action, low Received 2 March 2021
toxicity, and good penetration in tissues with deep-seated infections, including bone and joint Accepted 18 May 2021

infections. KEYWORDS
Areas covered: Data were extracted from 19 published articles. Three hundred and sixty-five patients, with Fosfomycin; bone and joint
broad age range, received intravenous fosfomycin for the treatment of bone and joint infections (including infections; osteomyelitis;

arthritis, acute and chronic osteomyelitis, discitis, periprosthetic joint infection). Fosfomycin was given as arthritis; discitis;
part of a combination antimicrobial therapy in the majority of patients (93.7%). The dosage of fosfomycin combination
ranged from 4 g/day (in one case) to 24 g/day. The dosage of fosfomycin, in some cases, mostly pediatric,

was calculated based on body weight, ranging from 50 mg/kg/day to 250 mg/kg/day. The duration of

fosfomycin treatment ranged from a couple of days up to 3 months. The most common isolated pathogen

was Staphylococcus aureus (38.9%). Three hundred patients (82.2%) were successfully treated. Fosfomycin

was well tolerated, as few patients developed mild adverse events, mostly gastrointestinal discomfort,
hypernatremia, skin rash, and neutropenia.

Expert opinion: The available data suggests that intravenous fosfomycin may be beneficial for the

treatment of patients with bone and joint infections, especially when used as part of a combination

antibiotic regimen.

1. Introduction
this context, the evaluation of the effectiveness and safety of

1.1. Bone and joint infections intravenous fosfomycin is of interest, as this antibiotic could

Bone and joint infections represent a great variety of osteoar- € a valuable agent for the treatment of patients with bone

ticular infections, including septic arthritis, osteomyelitis, and joint infections.

spinal infections (discitis, vertebral osteomyelitis), prosthetic

joint infections and diabetic foot osteomyelitis. They may be 7.2 Fosfomycin

caused by pathogens that affect the bones and joints, either

hematogenously (most often in children and the elderly) or by Fosfomycin is the only phosphonic acid derivative developed

direct infection of the region, including post-operative and for clinical practice since 1970s [3]. Its physicochemical profile

post-traumatic inoculation [1]. with a relatively low molecular weight (138 Da) and character-
They require immediate and targeted treatment because they istic hydrophilic properties, combined with its negligible bind-

may cause permanent disability, or even death, if left without the ing to plasma proteins, offers a broad distribution into several

appropriate approach. In some cases, surgical and antimicrobial ~ tissues [4]. Its bactericidal action is achieved by irreversible

treatment must be implemented simultaneously, while in others, inhibition of an early stage of the bacterial cell wall synthesis.

antibiotics alone may be sufficient. The choice of the correct Fosfomycin is active against a broad spectrum of both Gram-

antibiotic regimen, either empiric or guided by tissue or blood ~POsitive and Gram-negative pathogens including multiple

cultures’ results, is crucial. Bone and joint infections require fesistant bacteria, such as extended-spectrum beta-lactamase-

prolonged course of antibiotic treatment, and antimicrobials Producing (ESBL) and/or carbapenemase-producing entero-

that can penetrate into the osseous tissue [2]. bacteria, methicillin-resistant Staphylococcus aureus (MRSA),
The treatment of bone and joint infections is often challen- ~and penicillin-resistant Streptococcus pneumoniae [5-9].
ging. They require antibiotics that have both satisfactory Experimental studies showed that fosfomycin has high

penetration into the osseous tissue and are effective against ~activity against st.ap.hylococca.l, enter.ococcal 'an<.j ESBL-
a wide range of pathogens, including multidrug-resistant bac-  Producing E. coli biofilms, particularly in combination with
teria (MDR) and extensively drug-resistant bacteria (XDR). In ~ Other antibacterials [10-12]. In addition, fosfomycin exerts
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Article highlights

e Fosfomycin has strong antimicrobial activity against many bacterial
pathogens and is considered for various types of infections including
staphylococcal, enterococcal and ESBL-producing E. coli biofilms,
particularly in combination with other antibacterials

e The use of intravenous fosfomycin has been recently revised,
because the antibiotic has favorable pharmacokinetic characteristics,
low toxicity and high tissue penetration, even in deep-seated infec-
tions, like bone and joint infections.

¢ A critical evaluation of the availale evidence showed that 300 of 365
patients (82.2%) who received intravenous fosfomycin, alone or in
combination with another antibiotic, for the treatment of bone and
joint infections were succesfully treated.

¢ Intravenous fosfomycin may be beneficial for empiric and targeted
first-line treatment of patients with bone and joint infections. Also, it
is a therapeutic option in patients with bone and joint infections
when there is failure of initial antibiotic therapy or concurrent pre-
sence of difficult-to-treat pathogens.

bactericidal activity against intracellular persisting bacteria,
e.g. Staphylococcus aureus [13]. Another useful effect is its
broad synergistic effect with other antibiotics, including
beta-lactams, given its unique mode of action [14]. As
severe bone infections are often complicated by factors
such as abscess formation and tissue hypoxia which render
bacteria more tolerant to most antibiotics, fosfomycin’s
higher antimicrobial activity under low oxygen conditions
and low pH and sufficient penetration into abscess fluid
may be beneficial for treatment of these difficult-to treat-
infections [15-18].

Regarding the bone tissue, fosfomycin seems to achieve
relatively high bone concentrations compared with other
antibiotics possibly due to its chemical structure similarity
with hydroxylapatite, promoting distribution into the inor-
ganic part of bone [19]. A crucial step in order to achieve
therapeutic efficacy against bone and joint infections is to
ensure adequate antibiotic concentrations into the site of
infection [20]. Studies in rats provide information regarding
the penetration of fosfomycin into the infected bone tissue.
One study of experimental MRSA osteomyelitis model in 11
rats showed that 7 out of 9 bone specimen cultures did not
grow any pathogen when treated with fosfomycin [21].
Similarly, in another study, fosfomycin eradicated MRSA in
8 out of 10 bone specimen cultures of rat-models with
osteomyelitis [22].

A human study included eight patients with deep-seated
bacterial foot infection. Fosfomycin penetrated well into oss-
eous tissue and equilibrated fully with plasma at 3 h post-
infusion. After a single intravenous dose of approximately
100 mg of fosfomycin per kg of body weight, the mean
Craxs Tmax, and AUCq_¢ for bone were 96.4 mg/L, 3.9 h and
330.0 mg - h/L, respectively. The degree of tissue penetration
as determined by the ratios of the AUCy_g for bone to plasma
was 0.43 £+ 0.04 [23].

A recently published pharmacokinetic study in patients
with osteoarticular infections suggests adequate probability
of target attainment of fosfomycin dosages of 12-20 g/day
for pathogens with MIC values up to 128 mg/L assuming
a time-dependent antimicrobial activity [24]. Moreover,

a relatively extended post-antibiotic effect (PAE) of fosfomy-
cin against strains of E. coli and P. mirabilis has been
reported, ranging between 3.4 h and 4.7 h [25].

The use of intravenous fosfomycin has been recently
revised, as it has favorable pharmacokinetic characteristics,
low toxicity, and high tissue penetration, even in deep-
seated infections, like bone and joint infections. In this
context, the use of intravenous fosfomycin for the treatment
of patients with bone and joint infections could be
considered.

1.3. Objective

The objective of this study was to evaluate the available
published data regarding the use of intravenous fosfomycin
for the treatment of patients with bone and joint infections.

2. Literature search

Published evidence concerning the use of intravenous fosfo-
mycin for the treatment of bone and joint infections was
searched in PubMed, Web of Science, Scopus, and Google
Scholar. Terms used for this search included fosfomycin and
bone and joint infections (osteomyelitis, discitis, diabetic foot
infection, and periprosthetic joint infection). Papers referring
to human data were included in the outcome analysis. Data
from published papers, including prospective and retrospec-
tive studies, case series and case reports that referred to the
effectiveness, and safety of intravenous fosfomycin for the
treatment of bone and joint infections, were analyzed.

The information presented in this analysis refers to the
demographic data of the patients, the specific indications for
which intravenous fosfomycin was administered, and the iso-
lated pathogens. Additionally, the dosage of fosfomycin, the
duration of administration, the partner of fosfomycin when
a combination treatment was used, and the clinical outcome
as well as the adverse events of the treatment were all
analyzed.

3. Available published evidence
3.1. Relevant published papers

Nineteen published papers are included in this analysis, as
they report data on the effectiveness of intravenous fosfomy-
cin for the treatment of bone, and joint infections. They con-
sist of six prospective, three retrospective studies, one case
control study, four case series, and five case reports. According
to the data of these studies, 365 patients in total received
intravenous fosfomycin for the treatment of bone and joint
infections. Table 1

3.2. Demographic data - indications

Out of the total 365 patients studied, 144 were children, 129
were adults, whereas for 92 patients there is not clear informa-
tion on their exact age. Most of the cases studied in this
analysis received intravenous fosfomycin for osteomyelitis.
Specifically, 296 patients (81.1% of the total patients included
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in this analysis) were treated with fosfomycin for osteomyelitis
(acute or chronic, hematogenous, vertebral, post-traumatic,
post-operative or in the presence of diabetic foot infection-
limb threatening osteomyelitis). Arthritis, pyogenic discitis,
septic pseudoarthrosis, internal fixation infection and peripros-
thetic joint infections were some of the other indications for
which intravenous fosfomycin was administered [5,26-43].

3.3. Pathogens

The pathogens were isolated from blood cultures, synovial
fluid or tissue cultures. Not always a pathogen was isolated
in the cases studied, whilst, on the other hand, in several
cases, the infection was polymicrobial. In the majority of the
cases, the isolated pathogen was Staphylococcus aureus
(n = 142), including MRSA (n = 9). Coagulase-negative
Staphyloccocus was another pathogen found frequently
(n = 31), including methicillin resistant coagulase-negative
Staphyloccocus (n = 10). In 20 more patients the isolated
pathogen was Staphylococcus spp. Streptococcus spp. grew in
29 cases, while Pseudomonas aeruginosa was isolated in 20
cases. Several other pathogens were less frequently isolated,
including Proteus spp. (n = 16), Enterococcus spp. (n = 13) and
E. coli (n = 12).

3.4. Fosfomycin as first-line treatment

In 167 patients, intravenous fosfomycin was given as a first-
line antibiotic treatment whereas in the rest of the cases, it
was given as a second-line choice, when other antimicrobial
agents have failed to successfully treat the patient. In some
cases, data on whether fosfomycin was a first- or second-line
treatment was not clear.

3.5. Combination regimens

Fosfomycin was administered in combination with another
antibiotic, in 342 out of 365 patients (93.7%). Specifically,
intravenous fosfomycin was combined with cefotaxime in 44
cases [27,28,34,39]. Thirteen patients received fosfomycin with
another third-generation cephalosporin [5,36]. Thirty-eight
patients received fosfomycin in combination with cefaman-
dole [29] and 22 patients received intravenous fosfomycin in
combination with another second-generation cephalos-
porin [38].

Fosfomycin was given in combination with flucloxacillin in
38 [26], carbapenem in 24 [5,36], clindamycin in 19 [26,36,38],
oxacillin in 17 [37], fluoroquinolone in 16 [5,36,41], amoxicillin-
clavulanic acid in 16 [26,36], penicillin in 11 [35], glycopeptide
in 10 [5], rifampicin in 9 [5,38] and amoxicillin in 2 patients
[26], while several other combination choices were less fre-
quently used.

3.6. Fosfomycin dosage and duration of treatment

The dosage of intravenous fosfomycin ranged widely in the
cases presented in these studies. It was administered in
adult patients in a standard dose of 12 to 16 g/day, ran-
ging from 4 g/day (in one case) to 24 g/day. In some cases,
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the dose of fosfomycin, mostly when administered in chil-
dren, was calculated based on body weight, ranging from
50 mg/kg/day to 250 mg/kg/day. Specifically, fosfomycin
was dosed as 50 mg/kg/day in two newborns, and in 10
more patients both, adults and children, 100 mg/kg/day (in
15 children), 200 mg/kg/day (in 82 children and 20 more
patients including adults and children) and 250 mg/kg/day
(in 36 children).

The duration of treatment with fosfomycin was also vari-
able, with a maximum duration of three months. In some
cases, the intravenous treatment of the patients was followed
by oral antibiotics [26,27,31,41].

3.7. Clinical outcomes

Three hundred out of the 365 patients (82.2%) who received
intravenous fosfomycin, alone or in combination with another
antibiotic, for the treatment of bone and joint infections, were
succesfully treated. Fourteen patients improved but needed
further surgical intervention [37,38]. In Fifteen patients, osteo-
myelitis relapsed [32,34,35], 15 patients were lost on follow-up
[5,32]. Six patients were considered failure of treatment
[37,38]. Three patients with wrist osteomyelitis had radiologi-
cal abnormalities of the wrist after treatment. One of them,
complained of moderate pain and limitation of forearm pro-
nation/supination, in the 7 year follow-up visit [27]. In one
prospective study, one patient died early during hospitaliza-
tion and in 4 patients the outcome was considered unfavor-
able — due to death associated with sepsis [5]. In cases with
diabetic foot osteomyelitis, 4 out of 52 patients with a high
risk of major amputation and failure of previous antibiotic
treatment had major amputations but the remaining 48
patients had their infected limbs salvaged [36]. There is miss-
ing data on the clinical outcome of two patients in one
study [29].

3.8. Adverse events

Data on side effects of fosfomycin in the available data is
scarce. Mild gastrointestinal disorders were reported in 10
patients, exanthema in 12 patients [26,32,36], while leukope-
nia and neutropenia were identified in one and three patients,
respectively, [26,34]. Hypernatremia in two cases and increase
of ALT in another case were also reported. Flush was reported
in one patient and taste disorder in another one [38]. Given
that fosfomycin was administered in combination with other
antibiotics, it cannot be clarified which agent was responsible
for these side effects [34].

4. Evaluation of the published evidence

The use of intravenous fosfomycin for the treatment of bone
and joint infections was successful in 82.2% of the cases
included in this analysis. This high rate of effectiveness sug-
gests that fosfomycin may be beneficial when treating
patients with bone and joint infections. According to the
European Medicines Agency (EMA) [44], bone and joint infec-
tions are one of fosfomycin’s approved therapeutic indications
[45]. As shown in the data presented in this analysis,
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osteomyelitis was the main indication for which fosfomycin
was administered (81.1% of the total patients), but ranging
from mild to moderate cases like those with hematogenous
origin to those infections that are intrinsically considered diffi-
cult-to-treat and at high risk of relapse or therapeutic failure,
like chronic osteomyelitis or diabetic foot infections. The rest
of the patients received fosfomycin for arthritis, periprosthetic
joint infections or pyogenic discitis, septic pseudoarthrosis,
and internal fixation infection with excellent clinical outcomes
as well.

A considerable proportion of the data included in this
evaluation are from pediatric patients. This is due, at least in
part, to the fact that hematogenous osteomyelitis is
a common infection in children. The increased blood supply
to the bone metaphysis in children is the major pathophysio-
logical reason why bone and joint infections are often seen in
young ages. There are data supporting that 50% of childhood
osteomyelitis present in the age of <5 years [46]. Fosfomycin
may be administered in children of all age groups, including
premature neonates.

However, more recent data indicate a shift in clinical prac-
tice toward the consideration of use of intravenous fosfomycin
in adult patients with complicated cases of osteomyelitis, e.g.
those with failure of initial antibiotic therapy, diabetic foot
infections, chronic osteomyelitis, infections with abscess for-
mation or infected foreign bodies, particularly difficult-to-
reach infections (e.g. discitis), or infections with involvement
of multidrug-resistant pathogens or polymicrobial infections
[5,33,36,38,40,43,47-49]. This observation is also in line with
current treatment algorithms where fosfomycin is recom-
mended for the combination therapy of periprosthetic joint
infections or infections after fracture fixation [50-52].

Independently of age, the most common pathogen in bone
and joint infections, is Staphylococcus aureus, which is in
accordance with the findings of this analysis [53]. In foreign
bodies associated with infections, coagulase-negative staphy-
lococci are commonly involved. Several other organisms are
also isolated in osteomyelitis, especially in immunocompro-
mised patients (e.g. HIV, diabetes) [54]. The data resulting from
this analysis are in accordance with the already published
information [54], as, apart from Staphylococcus, that was the
major isolated pathogen, other microorganisms, such as
Streptococci, Enterobacteriaceae, Enterococci, and
Pseudomonas aeruginosa were also isolated [54].

The administration of intravenous fosfomycin in the vast
majority of the cases presented in this analysis (93.7%) was
part of a combination regimen. Common partners of fosfo-
mycin were second and third-generation cephalosporins,
penicillin derivatives, carbapenems, clindamycin, fluoroqui-
nolones and glycopeptides. In general, the recommended
treatment for bone and joint infections is a long course of
intravenous antibiotics, either as monotherapy or in combi-
nation. Combination of antibiotics is usually a choice for the
treatment of chronic osteomyelitis, complicated infections
and prosthetic joint infections. The synergistic effect
achieved when antibiotics are given in combination,
together with the possibility of decrease of the emergence
of resistance (especially with infections with high microbial
load as suggested by the effect of high inoculum in vitro

studies) [55,56] are the main reasons why fosfomycin is
administered in combination regimens. In a recent review,
data suggest that the pooled estimate for resistance devel-
opment during fosfomycin monotherapy was 3.4% and
therefore comparable with beta-lactam antibiotics [57].
Another aspect that speaks in favor of a fosfomycin-
containing combination therapy is its excellent penetration
into the bone tissue, as standard antibiotics like flucloxacil-
lin in case of S. aureus involvement show particular poor
bone penetration [58]. As far as it concerns the dosage of
fosfomycin, in the cases presented in this analysis, it ranged
between 4 g/day (in only one case) and 24 g/day. However,
fosfomycin dosages below 12 g/day might be associated
with a higher risk of treatment failure [38]. According to
the SPC of the medication, the recommended dose for the
treatment of osteomyelitis is 12-24 g/day with the note that
high doses should be used in severe infections with less
susceptible bacteria and with caution because there are
limited safety data for doses of more than 16 g/day [44].
In the pediatric population, fosfomycin was dosed based on
age and body weight. The dose regimen ranged from
50 mg/kg/day to 250 mg/kg/day.

The duration of treatment was also variable. Data presented
in this paper include patients that received intravenous fosfo-
mycin for as little as 5 days, as well as patients who were
treated with fosfomycin for almost 90 days. In many cases,
the intravenous treatment was completed by oral administra-
tion of antibiotics.

Intravenous fosfomycin was well tolerated. Only in seven
studies, there are data about the occurrence of side effects.
Mild gastrointestinal discomfort, like diarrhea or nausea, was
reported in ten patients. Hematological side effects (neutro-
penia, and leukopenia) were rare, as they presented in only
three patients. Allergic exanthema was reported in 12 patients.
Flash and taste disorder were reported in one case each.
A causal relationship between these adverse effects and fos-
fomycin cannot be established, because the antibiotic was
given in combination with other agents.

In the evaluation and interpretation of the data presented in
this article, several limitations should be taken into consideration.
First, data derive from four case series, five case reports, one case
control study, three retrospective, and six prospective studies. It
is not a rich database, even though the number of patients
treated with intravenous fosfomycin was considerable. Second,
the information provided comes from a heterogenous sample of
patients. The different age of the patients, various dosage and
duration of treatment with fosfomycin, and the different defini-
tion of clinical success in each study, make a direct comparison of
the results, more difficult. Also, one should take into considera-
tion the publication bias in which the published case reports and
case series, usually represent successful cases and not failures of
treatment, thus creating a result that overestimates the effective-
ness of the studied medication.

5. Expert opinion

The fact that the use of intravenous fosfomycin, especially
when used in combination with other antibiotics, resulted in



clinically successful treatment in 82.2% of the patients studied
in this analysis, allows for serious consideration of fosfomycin
for the treatment of bone and joint infections. The unique
mode of action of fosfomycin, its low toxicity, the wide spec-
trum of bactericidal activity, and its high penetration into deep-
seated infections, make fosfomycin an attractive choice for the
treatment of bone and joint infections.

Bone and joint infections are serious infections affecting
patients of all ages, from neonates to elderly people and are
a major cause of disability, morbidity and mortality. The difficult-
to-reach osseous tissue, together with the fact that multidrug-
resistant bacteria are oftentimes involved in these cases, increase
the demand for a wide range of antibiotic treatment options.
Fosfomycin thus, may be considered as an effective agent in
combination with other antibiotics for the treatment of bone and
joint infections, caused by Staphylococcus aureus, including MRSA,
coagulase-negative Staphylococci, Enterococci, Streptococcus spp,
Enterobacteriaceae, and Pseudomonas aeruginosa.

Successful management of bone and joint infections
requires an interdisciplinary treatment strategy to eradicate
the infection, thus avoiding persistence and relapse in order
to achieve a favorable outcome. However, randomized clinical
studies comparing different orthopedic techniques, antimicro-
bial agents, or treatment durations are mostly missing.
Therefore, learning from the clinical experience is particularly
important [59]. As shown in this analysis, there is considerable
available evidence from several published papers that support
the consideration of intravenous fosfomycin for the treatment
of patients with bone and joint infections. Also, there are
several ongoing prospective studies on intravenous fosfomy-
cin for the treatment of patients with bone and joint infections
[60,61]. Based on the available data, intravenous fosfomycin
may be beneficial for empiric and targeted first-line treatment
[62], but also offers a reasonable therapeutic option when the
infection fails to respond to initial antibiotic therapy or con-
current presence of difficult-to-treat pathogens. Future
research could help to further optimize the combination ther-
apy with intravenous fosfomycin for the treatment of patients
with bone and joint infections.
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