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Introduction générale

« Nous parlerons plutét de ce que nous avons vu, persuadés que plus une question est classique ou
parait telle, plus elle gagne a étre ramenée dans le champ de I'observation personnelle, et que c’est a
ce prix seulement qu’elle risque de gagner quelque chose. »

L. GALLAVARDIN - L.GRAVIER 1931 [51].

Les infections a cocci Gram positif résistants, que ce soient le Staphylococcus aureus
résistant a la méthicilline, I'Enterococcus faecium résistant a I‘amoxicilline, ou les
staphylocoques coagulase-négative résistant a la méthicilline, restent un probleme majeur
de santé publique en Europe et dans le monde. Leur traitement est une des controverses les
plus actuelles parmi les experts infectiologues. A I’heure actuelle, la vancomycine reste le
traitement de premiére intention pour la plupart de ces infections. Cependant, I'utilisation
de molécules plus récentes telles que le linézolide, la daptomycine ou la ceftaroline ne cesse
d’augmenter, bien souvent en dehors des recommandations. D’une part ces molécules sont
trés séduisantes du fait de leur bonne diffusion dans la plupart des tissus, de leur facilité
d’utilisation par rapport a la vancomycine, et de leurs effets indésirables limités. D’autre
part, 'augmentation de prévalence des souches de sensibilité diminuée a la vancomycine
(VISA, hétéro-VISA, VRSA, ERV) et la gravité des infections qu’elles induisent aménent a
prescrire plus fréquemment ces molécules encore actives, parfois de maniére empirique.
Cependant, comme pour tout antibiotique, leur utilisation excessive entraine I'apparition de
résistances, pouvant poser de graves problemes de prise en charge. Ces résistances
semblent de plus apparaitre beaucoup plus rapidement qu’avec la vancomycine, témoignant

d’une barriere génétique probablement faible. Par ailleurs, ces molécules sont onéreuses et
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non dénuées d’effets secondaires. En conséquence, leur utilisation doit étre maitrisée et

réservée a des indications bien précises.

Le linézolide est I'un de ces antibiotiques récents, de la classe des oxazolidinones. Son
spectre d’action est limité aux bactéries a Gram positif. Il est indiqué, selon I'autorisation de
mise sur le marché, uniquement dans le traitement des pneumonies nosocomiales et
communautaires lorsqu’elles sont documentées ou suspectées a Gram positif sensibles, ou
dans le traitement des infections compliquées de la peau et des tissus mous uniquement
lorsque l'infection a été microbiologiguement documentée a bactérie a Gram positif
sensible. Nous avons souhaité évaluer les pratiques de prescription du linézolide dans le
Centre Hospitalier Universitaire de Grenoble et dans les hépitaux périphériques d’Annecy et
Chambéry, afin de déterminer les indications pour lesquelles il est utilisé, les modalités
d’utilisation, la conformité aux recommandations internationales et locales, et le co(t

associé.
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Résumé en frangais

Introduction :Le linézolide est de plus en plus utilisé pour traiter les infections a cocci a Gram positif, et ce en
dehors des recommandations, qui sont essentiellement limitées aux pneumopathies et infections compliquées
de la peau et tissus mous. Or, I'utilisation excessive et le mésusage du linézolide induisent I'apparition de
résistances aux conséquences cliniques et épidémiologiques préoccupantes. Il est donc capital d’améliorer les

modalités d’utilisation de cette molécule et de la réserver aux indications certaines.

Matériels et méthodes : Nous avons évalué de facon rétrospective la pertinence des indications et des
modalités d’utilisation du linézolide dans 3 centres hospitaliers de la région Rhone-Alpes : Grenoble, Annecy,
Chambéry, ainsi que leur conformité aux recommandations. Toutes les prescriptions de linézolide ont été

recueillies sur une période de 3 mois et analysées par 2 experts infectiologues indépendants.

Résultats : Quatre-vingt-une prescriptions ont été analysées. Quarante-huit pourcent des prescriptions initiales
étaient pertinentes. Seules 51% d’entre elles étaient conformes aux recommandations internationales. La
pertinence des prescriptions finales et globales (prescription initiale + finale) était respectivement de 41% et
35%. Les modalités d’utilisation étaient conformes dans 57% des prescriptions. Au final, seules 23% des
prescriptions étaient jugées conformes a la fois pour l'indication et pour les modalités d’utilisation. La non-
conformité était principalement liée a la possibilité d’utiliser un antibiotique a spectre plus étroit et a
I'utilisation du linézolidede maniére empirique en situation de sepsis sévere ou de choc septique. La pertinence
des indications était meilleure pour les infections ostéo-articulaires (p = 0.001) et moins bonne pour les sepsis

séveres ou les chocs septiques (p = 0.002).

Conclusion :Les modalités d’utilisation sont correctes dans ces 3 centres hospitaliers. Cependant, la pertinence
des indications reste trop faible, notamment dans le sepsis sévere ou le choc septique ou cette molécule n’a
jamais été évaluée. Des études sont nécessaires pour analyser l'indication du linézolide dans d’autres
indications que la pneumopathie ou les infections compliquées de la peau et des tissus mous. A I'heure
actuelle, en I'absence de données fiables, la vancomycine reste le traitement de premiére intention pour la

plupart des infections a cocci Gram positif résistants aux bét-lactamines.

Mots-clés :linézolide, audit, prescriptions, pertinence
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Article: Audit of linezolid prescriptions in 3 French hospitals.

ABSTRACT

Introduction: Use of linezolid for Gram positive cocci infections is increasing, even in clinical situations where
guidelines are very scarce. Currently, linezolid is allowed mainly in pneumonia and complicated skin and soft
tissue infections. Overuse and misuse of linezolid can favor the development of linezolid-resistant strains with
worrying clinical and epidemiological consequences. Therefore this drug should be preserved for well-defined

situations.

Methods: We retrospectively evaluated linezolid prescriptions’ appropriateness in 3 French hospitals of the
Rhone-Alpes region, the way they were prescribed and their compliance to guidelines. Over a three-month
period, all prescriptions of linezolid were extracted and analyzed by two independent infectious disease

experts.

Results: Eighty-one prescriptions were analyzed. Forty eight percent of the initial prescriptions of linezolid were
considered appropriate. Among those, only 51% were compliant with international guidelines. 41% of final
prescriptions and 35% of whole treatments (initial + final prescriptions) were deemed appropriate. Considering
the way they are used, 57% of the prescriptions were adequate. In the end, only 23% of prescriptions
combined whole appropriateness and adequacy. The main reasons for inappropriateness included the
possibility of choosing narrower-spectrum antibiotics and the empirical use of linezolid in severe sepsis or
septic shock. Initial treatment was the most appropriate for all bone and joint infections (p = 0.001) whereas it

was the most inappropriate for severe sepsis or septic shock (p = 0.002).

Discussion: Even if modalities of use were correct in these 3 hospital centers, appropriateness of indications is
still too low, especially in severe sepsis or septic shock where this drug was not evaluated. Studies are
mandatory to assess the use of linezolid in clinical situations other than pneumonia or complicated skin and
soft tissue infections. Pending these data, vancomycin remains the first therapeutic option for most infections

with Gram positive cocci resistant to betalactams.
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INTRODUCTION

Though resistant Gram negative bacilli become the main issue for infectious disease
experts, methicillin-resistant Staphylococcus aureus (MRSA) and other resistant Gram-
positive bacteria are still of major concern, notably because of the associated mortality [1,2].
In Europe, Staphylococcus aureus is responsible for 12% of nosocomial infections (among
which 34% of MRSA), enterococci for 9.8% (among which 5.4% of vancomycin Resistant
Enterococci) and coagulase-negative staphylococci (CNS) for 8.4% [3]. The choice of the
optimal antibiotic regimen between classical glycopeptides and more recent drugs (including
linezolid, daptomycin and ceftaroline) to treat these resistant bacteria is an important
therapeutic challenge, because of the rising costs of antibiotics and changing antibiotic
resistance patterns. The prescription of new antibiotics is increasing [4], primarily because of
their greater ease of use and fewer side effects compared to glycopeptides, but also because
of the increasing MRSA strains resistant to vancomycin with MIC >2 mg/| [5].Focusing on
linezolid, this increase is notably due to very good bioavailability, retained efficacy against
glycopeptides-resistant bacteria, and good penetration rate into tissues. On the other hand,
the associated cost is important and guidelines are very limited for linezolid, with a
marketing authorization only for community-acquired or nosocomial pneumonia with
documented or suspected Gram positive bacteria and for complicated skin and soft tissue
infections (cSSTI) with documented Gram positive bacteria. We feel that it is important to
assess the present state of linezolid prescriptions, all the more so that linezolid-resistant
strains are not so uncommon [6-8], and everyone should be concerned about preserving all

those precious recent antibiotics.
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Therefore, we evaluated linezolid prescriptions’ appropriateness in 3 French hospitals, how

they are prescribed, the compliance to guidelines and the associated cost.

METHODS

Data source and study population

We conducted a retrospective study including all the prescriptions of linezolid in
adult patients (aged > 18 years) over a 3-month period (August 1% 2013-October 30" 2013)
in 3 hospitals (one teaching hospital and two general hospitals) of the Rhéne-Alpes region
(France). The prescriptions were extracted from the pharmacy’s database of each hospital.
The minimum linezolid duration of treatment to be analyzed was 24 hours. A single course

was defined as treatment with no interruption greater than 7 days.

Data collection

A standard data recording form was developed and tested by two infectious disease
(ID) specialists, including demographics, comorbid conditions, Charlson index [9], antibiotic
allergy history, site and type of infection, clinical presentation, biological and bacteriological
data, previous, simultaneous and succeeding antimicrobials, details on linezolid use (start
and stop dates, dose and route of administration), request of an ID expert’s opinion,
reevaluation and adverse effects. Considering bacteriological data, only Gram positive
bacteria were taken into account since linezolid is active only against them. Patients were

followed until discharge from the hospital.
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Appropriateness of linezolid prescriptions

A standard evaluation form was also developed and tested. Two ID specialists
independently assessed the appropriateness of the indication of each prescription, at the
beginning and at the end of the treatment (if treatment > 3 days) (Table 1). Conflicting
analyses were reviewed by the same experts until they agreed. Prescription indications were
considered appropriate if the experts considered it as “justified”, “probably justified” or
“possibly justified”. If “not justified” the treatment was considered inappropriate. The
assessment of appropriateness was based on current guidelines, including American,
European, French and marketing authorization guidelines[10,11]. If no guideline was
available for the indication, experts relied on current scientific data. If the prescription was
inappropriate, experts had to choose one or more reasons ranging from: no infection,
possibility of using a narrower-spectrum antibiotic, inactivity of linezolid, bacteriostatic
effect of linezolid, disrespect of contra-indications and others. For all prescriptions, experts
had to propose an alternative to linezolid.

Additionally, a composite criterion was created to evaluate the adequacy of the
prescriptions, meaning the compliance with prescription rules according to marketing
authorization data. This score included dosage, route of administration, switching to oral
administration and complete blood count (CBC) monitoring. Prescriptions were considered
adequate if they met all the criteria.

We also evaluated whether infections were confirmed or only suspected (5 choices question,
either certain, likely, possible, unlikely or no infection), as well as total duration of
treatment, reevaluation, association of antibiotics and outcome at the end of linezolid.

Failure of linezolid was defined as persistence or progression of signs and symptoms, or
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death due to the infection. Success of linezolid was defined as clinical cure (resolution of
baseline signs and symptoms of primary infection) or clinical control of the infection.

Costs analyses were based on hospital antimicrobials’ prices.

Statistical analyses

Categorical variables were expressed as frequency. Continuous variables were
expressed as median and 25th—75th percentiles. We performed univariate analyses using
uncorrected x2 tests (or Fisher exact tests when needed) to evaluate the parameters
associated with appropriateness. The Mann-Whitney rank test was used to compare median
duration of treatment so as to assess if cytopenia was more frequent when treatment was
longer. Two-sided P values of <.05 were considered statistically significant. Statistical

analysis was performed with SPSS® 22 for Windows (IBM, Inc., Armonk, New York, USA).

RESULTS

Description of population and linezolid prescription

Eighty-one prescriptions from 77 patients were collected and analyzed, 63 from the
teaching hospital and 18 from the 2 general hospitals. Median age was 66 years (25th-75th
percentiles, 53-78 years). The male-to-female ratio was 1.89:1. Characteristics of population
are shown in Table 2.

Sixty-six infections (81%) were nosocomial. The main site of infection was pulmonary (Table
2), followed by surgical sites and intravascular device infections, bacteremia, severe sepsis or

septic shock and skin and soft tissue infection. The most commonly involved microorganisms
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were coagulase negative staphylococci, enterococci and Staphylococcus aureus (Table 3),
with a high rate of penicillin or methicillin resistance (60% of all bacteria). Among 66 Gram
positive cocci, only one was resistant to linezolid and none to vancomycin. Treatment was
documented in 62 observations (77%), among which 34%were based on direct examination.
On the other hand it was empiric in 19 (23%) observations, among which 7 pneumonias or
cSSTI. Most of the time linezolid was associated with one or more antibiotics (77%), and was
prescribed as first-line therapy for a vancomycin-susceptible organism in 80% of cases.
Median duration of treatment was 8 days (3-37). Linezolid was mainly initially administrated
intravenously (64% vs 36%) and if so, switching to oral administration was performed in 21%
of cases. We had written evidence of approval from an ID specialist in 36 (44%) patients. The
latter’s opinion was particularly asked in bone and joint infections and in surgical
prescriptions (89% and 91% of cases respectively). Complete blood count (CBC) was
monitored in 91% of cases. Thirty-three(41%) patients had secondary effects, among which
28 cytopenias (85% of secondary effects)and 5 lactic acidosis. These adverse events occurred
mainly (70%) inpatients from intensive care units. The treatment was stopped because of
secondary effects in 12 patients, including one patient suffering from status epilepticus. If
there was a secondary effect possibly due to linezolid, the treatment was stopped in 52% of
cases. Among 81 patients, 51 (63%) had a favorable outcome at the end of linezolid
treatment, whereas in 14 (17%) observations, linezolid was not efficient. The overall in-
hospital mortality rate at the end of study was 34.6% (28 patients, 7 being due possibly to
the infection). The main reasons to stop linezolid was ending of treatment and switching to
another antimicrobial therapy.

Sixty-three percent of the infections were considered certain by the experts a

posteriori, according to all data available at the end of the infection. The remaining 36%
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were equally divided between probable or possible infection, and improbable infection or no
infection. Among the 15 (19%) patients with no or unlikely infection, 10 (67%) had

colonization.

Appropriateness of initial linezolid prescription

Initial antibiotic treatment was deemed justified in 86% of the 81 observations
studied. Forty eight percent (n=39) of the initial prescriptions of linezolid were considered
appropriate. Among those, 46% were compliant with marketing authorization data, 51%
with international guidelines, and 73% with local hospital guidelines. One hundred percent
of the appropriate prescriptions were compliant with current scientific data. The main
reasons for inappropriateness included the use of linezolid where an antibiotic with a
narrower-spectrum would have been sufficient (n=17), the empirical use of linezolid in
severe sepsis or septic shock (n=17), and the use of an antibiotic when there was no
infection (n=11). Linezolid prescriptions were more appropriate for nosocomial infection, for
empiric treatment, and for bone and joint, urologic, pulmonary and cutaneous infections
(Figure 1). When prescriptions were appropriate but not compliant with international
guidelines, there were more CNS (n=11), more enterococci (n=5) and more infections of

other sites (n=26) (Figure 2).

Adequacy of linezolid prescriptions

Regarding of dosage, route of administration, switching to oral administration and
full blood count monitoring, prescriptions were analyzed only if an antibiotic was indicated
(n=70). Fifty seven percent of the prescriptions were adequate according to marketing

authorization data. Dosage was almost always correct (98%). Route of administration was
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inadequate in 27% (19/70) of analyzed prescriptions, including one patient with continuous
infusion of linezolid. Most of inadequate prescriptions were due to delayed or non-

switching to oral administration.

Evaluation of whole treatment (initial + final prescriptions)

Forty-one percent of final prescriptions (> 3days) and 35% of whole treatments
(initial + final prescriptions) were deemed appropriate. In the end, 23% of prescriptions
combined whole appropriateness and adequacy (Table 4, Figure 3). Total duration of
antibiotics was correct in 60% of observations. Linezolid needed to be associated with other
antibiotics in 57% of cases but only 36% of associations were correct. We had written
evidence of reevaluation for 42% of the treatments at day 3, and 32% at day 10. Among all

the reevaluations, 66% were correct.

Parameters associated with appropriateness of linezolid prescription

Initial treatment was deemed appropriate for all bone and joint infections (p = 0.001),
though compliant with international guidelines only in 22% of cases. In contrast, it was
considered inappropriate for most severe sepsis or septic shock (p = 0.002) (Table 5).
Appropriateness of linezolid prescription was more frequent at Chambery Hospital
compared with the two others (p = 0.04). There was a tendency for surgical prescriptions to
be mostly appropriate but the association was not statistically significant (p = 0.055). The
tendency disappeared when surgical prescriptions were adjusted forlD specialist opinion and
bone and joint infections in a multivariate analysis.

Of all parameters studied (appropriateness of initial, final or whole treatment, site of

infection, nosocomial or community-acquired infection, department), none was statistically
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associated with failure of linezolid (n=65 because there were 16 patients with no infection or
death not due to the infection, therefore success of linezolid was not evaluable).Death was
neither statistically associated with inappropriateness of initial, final, or whole prescription.

Cytopenia was more frequent if the treatment was longer. Indeed, median time was 7 (4.75-

9) vs 9.5 (6.75-17) days, respectively (p = 0.034, Mann-Whitney rank test) (Figure 4).

Cost analyses

In 98% of prescriptions, a cheaper antibiotic could have been used. In 86% of cases,
experts estimated that it should have been favored, leading to an estimated saving of about
80000 euros. Additionally, switching to oral administration was possible in 25 of all
prescriptions, but in 17 patients it did not occur. Considering that medium oral switch was at
J3, we calculated that 122 days of linezolid could have been administrated orally instead of

intravenously.

Analysis of subclass of intensive care units patients

Linezolid was mainly prescribed in intensive care units (n= 40). Initial, final and whole
treatments were appropriate in 43%, 38% and 28% of cases respectively. Infection was
deemed unlikely or absent in 20% of cases. An ID specialist’s opinion was requested in only
18% of cases. Considering the special issue of severe sepsis or septic shock, sixteen patients
were concerned. Infection was certain in 15 patients, but linezolid was appropriate only in 2
patients (13%). Only 6 patients were infected by penicillin or methicillin resistant strains. The
main reason for inappropriateness was that linezolid is a bacteriostatic agent (13/16). Eleven
patients (69%) had a favorable outcome at the end of linezolid, but sepsis was due to Gram

positive bacteria in only 4 patients and linezolid was always associated with other
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antimicrobials. Three of four patients had a favorable outcome. Thirty-eight percent died

during the hospital stay, 66% of which during the 7-day period after the end of linezolid.

DISCUSSION

We found in this study that 52% of initial and 65% of whole linezolid prescriptions
were deemed inappropriate with regards to indication. These results highlight first that
linezolid is much too frequently prescribed in our hospitals and second that it is prescribed
for wrong indications. There are few strong guidelines for this drug and they are mostly
based on American studies. Guidelines allow the prescription of linezolid for documented
infections only if failure of or contra-indication to vancomycin, and for empirical or
documented treatment of nosocomial pneumonia or nosocomial ¢SSTI [10,12]. Here only
one third of empirical treatments were prescribed for pneumonias or cSSTI. Linezolid was
prescribed as first-line therapy in 80% of courses. One of the two main reasons of
inappropriateness was the possibility of using a narrower-spectrum antibiotic. Linezolid must
be reserved for real documented GPC resistant to methicillin, penicillin or vancomycin, or for
empirical treatment of pulmonary infections or cSSTi with suspected resistant GPC, but with
de-escalation as soon as possible. However, even if the indication is good, linezolid should
not be automatically prescribed. Experts estimated that an alternative would have been
preferred in 86% of cases, mainly vancomycin. The choice of the optimal antibiotic regimen
for GPC infections is still a point of controversy between infectious disease specialists [13—
15]. Vancomycin was commercialized at the end of the 1950s, and is therefore well-known.

Its main advantages are that it is a bactericidal agent, that daily cost is very low, and that it is
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robust against resistances. The weaknesses of this drug are the bad penetration into tissues,
the slow bactericidal activity [16], the mandatory intravenous route of administration and
the need to realize therapeutic drug monitoring due to the narrow therapeutic window and
to the risk of secondary effects[17-19]. Furthermore, in recent years, we have seen the
emergence of vancomycin resistant strains (VRSA, VISA and hVISA) [5,20-22]with proven
therapeutic failure [23—25]. New drugs such as linezolid, daptomycin and others appear very
attractive because of their greater ease of use, their good penetration into tissues and their
fewer side effects [26].The main advantages of linezolid are its oral form with a
bioavailability of 100%, allowing earlier hospital discharge [27]and possibly fewer catheter-
associated complications, its retained efficacy against glycopeptides-resistant bacteria, and
lastly its good rates of penetration into tissues [28]. However, secondary effects are not
negligible, and the genetic barrier is lower than that of vancomycin, with the rapid
apparition of resistances to linezolid [6,7,29—-31].The attraction for new antibiotics is always
strong [32], but for the moment vancomycin remains the first therapeutic option for most

GPC infections [10].

In this study, linezolid was prescribed even in indications without any guidelines, such
as severe sepsis or septic shock. There is no strong data concerning this indication, and there
maybe confusion with studies assessing the efficacy of linezolid in nosocomial pneumonia
[33,34].Here, experts estimated that 87% of prescriptions for this indication were
inappropriate. This position is based on the fact that linezolid is a bacteriostatic agent,
meaning that it may be efficient more slowly and therefore be inadequate for severe
infections. Moreover, due to its high level of tissue penetrations, the concentrations in

serum are much lower than in the tissues (though still superior to Minimum Inhibitory
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Concentration) [35,36]. However, current scientific data are not so clear. The categorization
of antibiotics into bacteriostatic and bactericidal may not be relevant in clinical practice [37].
Vancomycin has a slow bactericidal activity, and it has been shown to be less efficient in
endocarditis compared to methicillin [38]. No study compared the effectiveness of linezolid
versus vancomycin in this indication and the choice is hard. In a pooled analysis of five
studies comparing linezolid with vancomycin in patients with secondary S. aureus
bacteremia, linezolid was found non-inferior to vancomycin [39], but vancomycin was
administrated 1g bid without any pharmacokinetics monitoring. Another review found that
of 81 studies of antibiotic therapy for MRSA bacteremia, only 1 high-quality trial was
identified [40]. In our study, 69% of patients suffering from severe sepsis or septic shock had
a favorable outcome at the end of the treatment. However, sepsis was due to Gram positive
bacteria in only 4 patients and linezolid was always associated with other antimicrobials.
Moreover, 38% died during the hospital stay, 66% of which during the 7-day period after the
end of linezolid. Therefore conclusions are hard to draw concerning the efficacy of linezolid

in this indication.

Linezolid was largely prescribed in intensive care units, not always for documented
GPC infections. The “treat large” concept is easily understandable [41], but the challenge
then is to de-escalate [42]. Here the initial appropriateness in ICU was 43% vs 38% for final
prescriptions, meaning that de-escalating was insufficient. Moreover, this drug is considered
as a low risk treatment, but it has some well-known and not negligible secondary effects
[43]. We showed that 41% of patients had secondary effects, mainly cytopenias (85%). The
adverse events occurred mainly (70%) in patients of intensive care units, where CBC are

monitored more frequently, and where cytopenias can be due to sepsis, so the real link with
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linezolid is hard to prove. However, we showed that cytopenia was statistically more
frequent if the treatment was longer (p = 0.034), arguing for de-escalating as soon as
possible. Besides, to our knowledge, no one has ever studied the possible role of linezolid in

ICU-acquired polyneuropathy.

Experts deemed a posteriori that infection was unlikely or that there was no infection
in 15 (19%) patients. Among these, 10 (67%) had colonization. In 14% of all patients, no
antibiotic was necessary even at the beginning. Overuse of antibiotics is an old issue,
especially in France [44], and it is sometimes hard to differentiate between real infection and
colonization, especially in ICU where patients are seriously ill. The opinion of an ID specialist
could be the most helpful in these difficult situations. Here, though there is a lot of missing
data for this special point, an ID specialist was solicited only in 44% of all prescriptions. Still,
an ID specialist gave his opinion in 89% of bone and joint infections’ prescriptions and in 91%

of surgical prescriptions, and most were considered appropriate.

Concerning adequacy, linezolid was mainly well administrated (57%). Dosage was
almost always correct. Route of administration was adequate in 73% of cases. In one patient
linezolid was administrated with continuous infusion, as already studied in critically ill
patients [45]. Switching to oral route of administration was too infrequent, as it has been
already shown for fluoroquinolones [46]. Reevaluation was as well too rare (42% and 32% at
day 3 and 10 respectively), and was correct only in 66% of prescriptions. This is a special
point to work on since it is part of the ICATB indicator, the French hospital antibiotic

stewardship score.
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Another important issue is the cost associated with the use of Linezolid. Many studies
were published over the last decade concerning the cost of linezolid vs vancomycin, with
much controversy [47—-49].It appears that most significant cost drivers are the length of stay
in hospital, the hours of mechanical ventilation and the time treated in intensive care
units[50]. Drug acquisition costs are not significant. The cost-effectiveness of linezolid
essentially relies on reduction of length of stay (LOS). Indeed, Li et al showed that LOS was
shorter with linezolid than with vancomycin but the majority (50%) of the infections were
cSSTI, which are usually not severe [27]. In cases of severe infections or debilitated patients,
where the LOS will necessarily be long, linezolid may not be so interesting. In our study,
considering only the drug acquisition prices, we estimated that a saving of 80,000 euros
would have been possible. Moreover, it has been demonstrated that inappropriate use
increases treatment related cost [51].Here, we calculated that 122 days of linezolid could
have been administrated orally instead of intravenously. The intra-hospital price is the same
for oral or intravenous linezolid but the associated cost must be lower in case of oral route
of administration because of the cost of catheters and of complications associated with

catheters.

Despite the misuse of linezolid, experts estimated that 48% of prescriptions were
appropriate. Among these, 46% only were compliant with marketing authorization data and
51% with international guidelines while they were compliant with current scientific data and
local guideline in 100% and 73% of cases respectively. This difference may be due to the fact
that local guidelines are inspired by literature data and may be more recent than
international guidelines. Also, when prescriptions were deemed appropriate but not

compliant with international guidelines, infections were mainly from sites other than
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pulmonary or cSSTI. This observation shows the need for new guidelines in specified
therapeutic indications such as urinary tract infections where resistant enterococci are
frequent [52], or bone and joint infections, in which linezolid was appropriate in all cases but
compliant with international guidelines only in 22% of cases. Though no good quality trials
were conducted for this clinical setting, many reports show encouraging data [53,54]. Also,
most of the appropriate prescriptions that were non-compliant with international guidelines
were due to CNS or enterococci, highlighting the lack of guidelines concerning these two
families of bacteria. This may be explained by the differences in epidemiology of Gram
positive cocci in Europe and Northern America, where linezolid is mainly used for methicillin-

resistant Staphylococcus aureus infections [55,56].

This analysis of linezolid prescriptions in France is interesting since it evaluates real-
life practices, which is quite rare in literature [56-58] and as it shows a representative
sample of linezolid prescriptions and Gram positive cocci’s epidemiology in our hospitals.
However, our study has several limitations. First, it is retrospective with all the well-known
limitations of this method. Second, there were huge differences in the numbers of patients
between the 3 hospital centers and the comparison of the centers is weak, all the more so
that there were no local guidelines in one general center. Another limitation is the absence
of data on the outcome of patients at the end of whole antibiotic treatment. Indeed we
focalized on the outcome at the end of linezolid, even if it was at the beginning of the
infection or if the antibiotic treatments were continued for a long time. At last, the relatively
small sample size used in the present study, although likely capturing much of the total
linezolid use in France at the time the study was conducted, may impact the ability to

generalize the results.
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CONCLUSION

The present study provides an understanding of linezolid utilization in 3 hospitals of
the Rhone-Alpes region in France. More than 50% of linezolid prescriptions were
inappropriate in our hospitals, showing that educational programs are mandatory to
strengthen knowledge of good clinical indications. Moreover, linezolid prescriptions were
much too frequent, especially in the teaching hospital. A better collaboration between ID
specialists and other physicians is necessary to improve practices. Rational use of this
important medicine should contribute to control the apparition of resistance and optimize
the occurrence of favorable patient outcomes. On the other hand, some prescriptions were
deemed appropriate though they were not compliant with guidelines, highlighting the need
for new studies to assess the role of linezolid in some specific indications such as bone and

joint infections, infections due to enterococci or to coagulase negative staphylococci.
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Figures and tables

Table 1: Definition of appropriateness and adequacy

Appropriateness of the indication

Initial prescription: appropriate or inappropriate

Final prescription (analyzed only if linezolid was continued > 3 days): appropriate or
inappropriate. Could be appropriate even if initially inappropriate.

Whole prescription: appropriate (if initial and final prescriptions were both appropriate)
or inappropriate (if initial prescription or final prescription or both were inappropriate)

Composite criterion of adequacy of prescriptions rules (adequate if all the criteria below
were adequate)

Dosage: adequate or inadequate

Route of administration: adequate or inadequate

CBC monitoring at least each week: adequate or inadequate

Switching to oral route: adequate if switching to oral route was indicated and realized
within good time; or if switching to oral route was not indicated and not realized; or if
linezolid was initially prescribed orally; inadequate in all other cases
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Table 2: Characteristics of the studied population

Characteristics Total population n=81
Number of Percent (%) of total
prescriptions prescriptions
Age* 66 (53-78)
Sex
Male 53 65
Female 28 35
Hospital center
Grenoble University Hospital 63 78
Annecy General Hospital 7 9
Chambery General Hospital 11 14
Department
Medical 30 37
Surgical 11 14
Intensive care units 40 49
Median hospital stay* 36 (20-66)
Co-morbidities
Renal failure 35 43
Hepatic failure 13 16
Immune suppression 19 23
Median Charlson Index* 5(3-7)
Treatment
Empiric therapy 19 23
Documented therapy 62 77
Infection
Nosocomial 66 81
Community-acquired 15 19
Site of infection **
Pulmonary 21 26
Surgery site and devices 19 23
Bacteremia 18 22
Severe sepsis or septic shock 16 20
Skin and soft tissue 13 16
Bone and joint 9 11
Intra-abdominal 9 11
Central nervous system 6 7
Urogenital system 3 4
Heart 2 2
ID specialist’s opinion asked 36 44

*: median (25th-75th percentiles). **: a patient could have one or more site of infection.



Table 3: Gram positive microorganisms isolated from bacterial culture

Microorganism Number of isolates % of total positive isolates

Staphylococcus aureus

Methicillin-susceptible 10 13

Methicillin-resistant 9 11
Coagulase-negative staphylococci

Methicillin-susceptible 6 8

Methicillin-resistant 23 29
Enterococcus species

Penicillin-susceptible 10 13

Penicillin-resistant 15 19

Vancomycin-resistant 0 0
Streptococcus species

Penicillin-susceptible 3 4

Penicillin-resistant 1 1
Other Gram positive bacteria 3 4
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Table 4: Detailed appropriateness and adequacy of linezolid prescriptions

n=81 %
Justified antibiotics 70 86%
Appropriateness of initial prescription of linezolid (n=81) 39 48%
Compliance with marketing authorization data (n=81) 18 46%
Compliance with international guidelines (n=81) 20 51%
Compliance with local guidelines (n=70) * 22 73%
Compliance with current scientific data (n=81) 39 100%
Non appropriateness of initial prescription of linezolid (n=81) 42 52%
No indication to any antibiotic 11 26%
Narrower-spectrum antibiotic possible 17 40%
Bacteriostatic agent 17 40%

Inactivity of linezolid 1 2%

Disrespect of contra-indications 0 0%
Other** 4 10%
Correct total duration of antibiotics (n=81) 49 60%
Association needed (n=81) 46 57%
Correct association (n=81) 29 36%
Correct reevaluation (n=41) *** 27 66%
Composite criterion of adequacy of linezolid prescriptions rules (n=70) **** 40 57%
Adequate dosage (n=81) 68 97%
Adequate route of administration (n=81) 51 73%
Appropriateness of final prescription of linezolid (n=59) ***** 24 41%
Appropriateness of whole prescription of linezolid (n=81) 28 35%
Whole prescription appropriate and adequate (n=81) 19 23%
Cheaper antibiotic possible (n=81) 79 98%
Cheaper antibiotic to favor (n=81) 70 86%

*: n=70 because no local guidelines in one general hospital. **: anemia or thrombopenia in 3 patients, recent

previous treatment with linezolid in one patient, linezolid intolerance in one patient. ***: 41 prescriptions only

were reevaluated. ****: n=70 because adequacy was not evaluated in 11 prescriptions (no infection). *****:

linezolid was continued for more than 3 days in 59 patients.
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Table 5: parameters influencing appropriateness of initial linezolid prescriptions

Parameters Appropriate Inappropriate P-
prescription (n=39) prescription (n=42) value
n (%) n (%)

Gender 0.808
Men (n=53) 25 (47.2) 28 (52.8)

Women (n=28) 14 (50) 14 (50)

Treatment 0.331
Empiric therapy (n=19) 11 (57.9) 8(42.1)

Documented therapy (n=62) 28 (45.2) 34 (54.8)

Infection 0.203
Nosocomial (n=66) 34 (51.5) 32 (48.5)
Community-acquired (n=15) 5(33.3) 10 (66.7)

Site of infection
Pulmonary (n=21) 13 (61.9) 8(38.1) 0.143
Skin and soft tissue (n=13) 7 (53.8) 6 (46.2) 0.654
Bone and joint (n=9) 9 (100) 0(0) 0.001
Central nervous system (n=6) 3 (50) 3 (50) 1.000
Heart + bacteremia (n=18) 6 (33.3) 12 (66.7) 0.154
Severe sepsis or septic shock (n=16) 2 (12.5) 14 (87.5) 0.002
Urogenital system (n=3) 2 (66.7) 1(33.7) 0.606
Intra-abdominal (n=9) 3(33.3) 6 (66.7) 0.485
Surgery site and devices (n=19) 12 (63.2) 7 (36.8) 0.134

Hospital center 0.040
Grenoble (n=63) 26 (41.3) 37 (58.7)

Annecy (n=7) 4(57.1) 3(42.9)
Chambery (n=11) 9 (81.8) 2 (18.2)
Department 0.055
Medical (n=30) 13 (43.3) 17 (56.7)
Surgical (n=11) 9 (81.8) 2 (18.2)
Intensive care units (n=40) 17 (42.5) 23 (57.5)
ID specialist’s opinion asked (n=36) 18 (58.1) 13 (41.9) 0.160
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Figure 1: Initial linezolid prescription appropriateness by infection type.
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Figure 2: Differences of microorganisms and sites of infection depending on compliance
with international guidelines, among the appropriate prescriptions (n=39)
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Figure 3: Appropriateness and adequacy of initial, final and whole prescriptions (initial +

final)

81 linezolid prescriptions (100%)

38 appropriate initial
prescriptions (483)

42 inappropriate initial
prescriptions (523%)

24/59 appropriate final 35/59 inappropriate final
prescriptions (41%) prescriptions (59%)
s 11: noinfection {not
analyzed for adequacy)
\L W
28 appropriate whole 40/70 adequate
prescriptions (35%) prescription rules (57%)

l

19 appropriate and adequate whole prescriptions (23%)

Figure 4: Comparison of duration of linezolid according to cytopenia

100,00
80,00
2
°
N
o
£ 60,00
c
K]
3 40,00
e
S
(=]
20,00

=

T T

No Yes

Cytopenia*

*: 9 missing values

38



Annexe : Synthéese des recommandations locales, nationales

et internationales

ZYVOXID CHUG Annecy
. . ANSM IDSA 2011 AMM ESCMID
linezolide 2012 (ATBgarde)
PULMONAIRE
Traitement des Oui (2010) Oui (600mg*2/j, PO Oui Oui (minimum Oui, en Oui en 2éme
PAC ou IV, 7-21j) (600mg*2/j, 14j) 1% intention si
documentées a PO, 10-14j) intention Staphylococcus
CA-MRSA (600mg*2 aureus
/i) sécréteur de
toxine (PVL)
Pneumonie
nécrosante
Méti-R
Traitement des | Oui (2010) Non sauf si tableau Oui Non (minimum ?? Ouien 2°™
PAC suspectées | si PAC post- évoquant PNP (600mg*2/j, 14j) intention si
a CA-MRSA grippales nécrosante ou PO, 10-14j) grave (hospit
graves HAP/VAP et facteurs en
hospitalisée de risques de SAMR USI/USC/réa) et
senréa ou incidence locale suspicion
avec élevée (600mg*2/j, d’infection a S.
suspicion de PO ou IV, 7-21j) aureus
SAMR et/ou sécréteur de
PVL (PNP Leucocidine de
nécrosante) Panton
Valentine
(pneumonie
nécrosante), en
association a
une C3G
Traitement des Oui (2010), Oui (600mg*2/j, PO Oui Oui, surtout si Oui, en 7?7
PAN que ce soit ou IV, 7-21j) (600mg*2/j, ins rénale ou 1%
documentées a PVL+/- PO, 10-14j) autres intention
HA-MRSA médicaments (600mg*2
néphrotoxiques /i)
ou CMI
vanco>1,5mg/I
(recos ESCMID
management
2009)
Traitement des ?7?? Non sauf si tableau Oui Oui si PAN Oui, en Oui si
PAN suspectées évoquant PNP (600mg*2/j, | tardive (>4j) ou 1% pneumopathie
a HA-MRSA nécrosante ou PO, 10-14j) FdR de SAMR intention tardive > 5j
HAP/VAP et facteurs ou PAN a gram (600mg*2 ou
de risques de SAMR + et allergie aux /i) antibiothérapie
ou incidence locale beta-lactamines préalable
élevée (600mg*2/j, (minimum 14j)
PO ou IV, 7-21j)
PAC a ?7? Oui (600mg*2/j, PO 7 7?7 7?7 Non
pneumocoque ou IV, 7-21j)
si CMI
pénicilline 22
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PEAUX ET TISSUS MOUS

Traitement des
infections
compliquées de
la peau et des
tissus mous,
documentées

N’en parlent
pas dans
toutes les

recos ANSM

Ovui (je pense) si SSTI
compliquée (infection
des tissus profonds,
infections de plaie
opératoires ou
traumatiques, abces
« majeur », cellulite,
ulcéres et brulures
infectés), ou cellulites
purulentes ou
cellulites non
purulentes si signes
systémiques ou
absence de réponse
aux béta-lactamines
(600mg*2/j) (recos
SAMR 2012) (A1)

Oui
(600mg*2/j,
PO, 10-14j)

Qu’en
I'absence
d’alternativ
esi
infection a

BGN

associée
(suspectée
ou prouvée)

N’en parlent
pas dans toutes
les recos sur
ESCMID
guidelines

Oui, pas
ére

enl
intention

Traitement des
infections
compliquées de
la peau et des
tissus mous en
empirique

N’en parlent
pas dans
toutes les

recos ANSM

Oui (600mg*2/j,
PO/IV, 7-14j si patient
hospitalisé et
infection des tissus
profonds, infections
de plaie opératoires
ou traumatiques,
abces « majeur »,
cellulite, ulceres et
brulures infectés)
(recos SAMR 2012)
(A-1)

Oui (600mg*2/j, 5-10j
si patient externe et
cellulites purulentes
ou cellulites non
purulentes si signes
systémiques ou
absence de réponse
aux béta-lactamines)
(recos SAMR 2012)
(A-l)

Non

N’en parlent
pas dans toutes
les recos sur
ESCMID
guidelines

Oui si
nosocomi
al, pas en

lére
intention

Non

ISO

N’en parlent
pas dans
toutes les

recos ANSM

Oui si bcp de SAMR ds
écologie locale (recos
SSTI 2014 IDSA)

N’en parlent
pas dans toutes
les recos sur
ESCMID
guidelines

77

Infection pied
diabétique, en
empirique

N’en parlent
pas dans
toutes les

recos ANSM

Oui si ATCD
d’infection/colonisati
on a SAMR,
prévalence locale
élevée de SAMR,
infection sévere
(recos IDSA 2012), ou
SAMR suspecté

Non

N’en parlent
pas dans toutes
les recos sur
ESCMID
guidelines

77

Avis infectieux
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Infection pied N’en parlent | Je pense mais pas dit ?7?? N’en parlent ?7?? Avis infectieux
diabétique pas dans clairement (recos pas
documentée toutes les IDSA 2012)
recos ANSM
Infection a oui
strepto ou
SAMS si allergie
péni, tttfasciite
nécrosante
dont gangréne
de fournier,
neutropénie
fébrile
prolongée ou
récurrente et
SSTI
ENDOCARDITE INFECTIEUSE
El a SAMR N’en parlent | Ouisiintolérance ala Non Oui si El coeur Non Non
pas dans vanco (recos IDSA gauche et échec
toutes les 2007) traitement par
recos ANSM vanco et dapto
(Management
of MRSA
infections
ESCMID 2009),
associé a beta-
lactamines
(600mg*2/j,
PO/IV, = 8sem
(lia, C), controle
toxicité
hémato)
El a VRE N’en parlent Oui (E.faecium), Non Oui (recos Non 7?
pas dans 600mg*2/j, PO/IV, = ESCMID EI
toutes les 8sem (recos IDSA 2009), associé a
recos ANSM 2007) beta-lactamines
(600mg*2/j,
PO/IV, > 8sem
(lia, C), controle
toxicité
hémato)
El a VISA, N’en parlent ?7?? Non Oui (recos Non ???
hétéro-VISA pas dans ESCMID EI
toutes les 2009), associé a
recos ANSM beta-lactamines
(600mg*2/j,
PO/IV, > 8sem
(lia, C), contréle
toxicité
hémato)
Prophylaxie N’en parlent Oui si si allergie a Non Non ?7??

pour pose de
matériel
intracardiaque

pas dans
toutes les
recos ANSM

béta-lactamines et a
vancomycine (recos
IDSA 2010)
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Médiastinite
antérieure post
chirurgicale
documentée a
SAMR,
streptocoque/e
ntérocoque

eme

Quien?2
intention

BACTERIEMIE

Bactériémie sur
cathéter a
SAMS/SAMR si
réponse rapide
et hémocs
négatives apres
ablation du
cathéter
(ECSMID
management
2009)

N’en parlent
pas dans
toutes les

recos ANSM

Non

Oui (600mg*2/j,
PO, 14j si pas de
complications)

Non

Bactériémie
persistante a
SAMR avec
échec d’un
traitement par
vancomycine
ou sensibilité
réduite a
vancomycine et
daptomycine

N’en parlent
pas dans
toutes les

recos ANSM

Oui (600mg*2/j)

Non

Non

Suspicion
d’infection de
cathéter
central ou
périphérique
ou PAC, en
empirique, ou
documenté a
SAMR, SCN
méti-R,
entérocoque

Oui en 2™

intention

0s

Infection
ostéoarticulaire
documentée a

SAMR

N’en parlent
pas dans
toutes les

recos ANSM

Oui si ostéomyélite
(600mg*2/j, 8sem
minimum), arthrite
septique (600mg*2/j,
3-4sem), ou
traitement initial de
I'infection a SAMR sur
matériel, associé a la
rifampicine
(600mg*2/j, 2sem)

Non

N’en parlent
pas dans toutes
les recos sur
ESCMID
guidelines

(600mg*2
/i)

eme

Ouien2
intention si
arthrite
septique,
infection de
prothese
articulaire,
pour
ostéite/spondyl
o/matériel
ostéosynthése
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Infection

N’en parlent N’en parlent pas Non N’en parlent Oui, en Oui si arthrite
osseuse pas dans (recos SAMR IDSA pas dans toutes 2nde septique post
nosocomiale toutes les 2011) les recos sur intention, chirurgie (dont
recos ANSM ESCMID durée arthroscopie)
guidelines limitée ou CGP en
amas a I'ED et
Clalavanco
Ouien 2°™
intention si
spondylodiscite
nosocomiale
post acte
invasif
vertébral, ou
post infection
cathéter/bactér
iémie a staph
Infection de N’en parlent Oui (recos IDSA Non N’en parlent ???
prothese pas dans protheses articulaires pas dans toutes
articulaire a toutes les 2013) les recos sur
SAMS, SAMR, recos ANSM ESCMID
entérocoque guidelines

péni-sensible,
péni-résistant,
en ane
intention
(Rcevanco/aller
gie ou
intolérance
vanco), associé
a la rifampicine,
pdt 2-6sem

Arthrite
septique (avec
ou sans
prothése) ou
infection sur
matériel
d’ostéosynthés
e documentée
a SAMS, SAMR,
entérocoque,
streptoagalacti
ae

eme

Quien?2
intention

Ostéite/spondy
lo documentée
a entérocoque

Ouien 2°™

intention
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SNC

Infection N’en parlent Oui si méningite Non N’en parlent Oui en Non
neuro- pas dans (600mg*2/j, PO/IV, pas dans toutes nde
méningée a toutes les 15j) ou si abces les recos sur intention
SAMR recos ANSM cérébral, empyéme ESCMID (600mg*2
sous-dural, abces guidelines /i)
épidural spinal ou
thrombose septique
cérébrale (600mg*2/j,
PO/IV, 4-6sem) B-llI
Méningite a N’en parlent | Oui, en alternative a Non N’en parlent Non
VRE ou SCN-MR pas dans vancoB-Ill pas dans toutes
toutes les les recos sur
recos ANSM ESCMID
guidelines
Infection N’en parlent Non (recos IDSA Non N’en parlent Oui en Non
neuro- pas dans meningite 2004) pas dans toutes 2nde
méningée toutes les les recos sur intention
nosocomiale recos ANSM ESCMID (600mg*2
guidelines /i)
INFECTIONS INTRA-ABDOMINALES
Infection intra- | N’en parlent | Oui (recos IDSA 2010) Non N’en parlent ?7?? Non
abdominale pas dans (pas de grade recos) pas dans toutes
documentée a toutes les les recos sur
SAMR et effets | recos ANSM ESCMID
indésirables a guidelines
la vancomycine
ou échec d’un
traitement par
vancomycine
Traitement N’en parlent Non (recos IDSA Non N’en parlent Non ??? Non
empirique du pas dans 2010) (B-1I1) pas dans toutes
SAMR dans toutes les les recos sur
infections intra- | recos ANSM ESCMID
abdominales guidelines
NON INDICATIONS
Le linézolide Oui

n'est pas actif
dans le
traitement des
infections dues
a des germes a
Gram négatif.

HAS : pas de recos pour linezolid
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Conclusion
THESE SOUTENUE PAR : Charlotte DENTAN

TITRE
Evaluation des prescriptions de linézolide dans 3 centres hospitaliers de la région Rhone-Alpes.
Audit of linezolid prescriptions in 3 French hospitals.

CONCLUSION

Le linézolide est de plus en plus utilisé pour traiter les infections a cocci a Gram positif, et ce en dehors des
recommandations, qui sont essentiellement limitées aux pneumopathies et infections compliquées de la peau et tissus
mous. Or, l'utilisation excessive et le mésusage du linézolide induisent I'apparition de résistances aux conséquences
cliniques et épidémiologiques préoccupantes. Il est donc capital d’améliorer les modalités d’utilisation de cette molécule et
de la réserver aux indications certaines.

Nous avons évalué de fagon rétrospective la pertinence des indications et des modalités d’utilisation du linézolide dans 3
centres hospitaliers de la région Rhone-Alpes: Grenoble, Annecy, Chambéry, ainsi que leur conformité aux
recommandations. Toutes les prescriptions de linézolide ont été recueillies sur une période de 3 mois et analysées par 2
experts infectiologues indépendants.

Quatre-vingt-une prescriptions ont été analysées. Quarante-huit pourcent des prescriptions initiales étaient pertinentes,
dont uniquement 51% étaient conformes aux recommandations internationales. La pertinence des prescriptions finales (> 3
jours) et globales (prescription initiale + finale) était respectivement de 41% et 35%. Les modalités d’utilisation étaient
conformes dans 57% des prescriptions. Au final, seules 23% des prescriptions étaient jugées conformes a la fois pour
I'indication et pour les modalités d’utilisation. La non-conformité était principalement liée a la possibilité d’utiliser un
antibiotique a spectre plus étroit et a l'utilisation du linézolide en situation de sepsis sévere ou de choc septique. La
pertinence des indications était meilleure pour les infections ostéo-articulaires (p = 0.001) et moins bonne pour les sepsis
sévéres ou les chocs septiques (p = 0.002).

Ces résultats montrent que les modalités d’utilisation sont correctes dans ces 3 centres hospitaliers. Cependant, la
pertinence des indications reste trop faible, notamment dans le sepsis sévére ou le choc septique ou cette molécule n’a
jamais été évaluée. Des études sont nécessaires pour étudier I'indication du linézolide dans d’autres indications que la
pneumopathie ou les infections compliquées de la peau et des tissus mous. A I'heure actuelle, en I'absence de données
fiables, la vancomycine reste le traitement de premiere intention pour la plupart des infections a cocci Gram positif

résistants.

VU ET PERMIS D'IMPRIMER

Grenoble, le
LE DOYEN LE PRESIDENT DE LA THESE
J.P. ROMANET PROFESSEUR O. EPAULARD
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