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Linezolid is an oxazolidinone, a new class of antibacterial with a uniqueAbstract
mechanism of action, namely inhibition of the formation of a functional 70S
initiation complex in the 50S bacterial ribosomal subunit. Linezolid is highly
active against multidrug-resistant Gram-positive cocci, including meticillin-resis-
tant Staphylococcus aureus (MRSA), vancomycin-intermediate and vancomycin-
resistant S. aureus, and vancomycin-resistant enterococci; its spectrum of activity
also includes some anaerobic bacteria.

Linezolid has been studied in several randomized controlled trials for the
treatment of patients with community-acquired and nosocomial pneumonia, skin
and soft tissue infections (SSTIs), urinary tract infections and bacteraemia. The
available evidence suggests that linezolid is at least as effective as vancomycin for
patients with nosocomial pneumonia, and there are some retrospective analyses
supporting its superiority in comparison with vancomycin for MRSA nosocomial
pneumonia, including ventilator-associated pneumonia. Linezolid is more effec-
tive than glycopeptides, macrolides and β-lactams for SSTIs. The limited avail-
able data for the treatment of patients with bacteraemia suggest that it may be a
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better treatment option than vancomycin and β-lactams for these patients, but
questions have arisen regarding patients with catheter-related bacteraemias.

Compared with other antibacterials, linezolid is associated with a greater
frequency of adverse events, mainly nausea, vomiting, diarrhoea and headaches.
Thrombocytopenia also occurs more frequently in patients taking linezolid but
there is no increased frequency of anaemia. Other adverse events potentially
related to linezolid therapy include fungal infections (moniliasis), hypertension
and serotonin-like syndrome, tongue discolouration and taste alterations, dizzi-
ness, insomnia, rash and Clostridium difficile-related diarrhoea. The majority of
adverse events develop after prolonged administration (i.e. >2 weeks) and subside
shortly after discontinuation of linezolid. Peripheral or optic neuropathy, another
possible adverse effect, is associated with an even longer duration of treatment
(3–6 months).

In conclusion, linezolid is an important treatment option for the treatment of
patients with multidrug-resistant, Gram-positive bacterial infections. However, in
order to reduce the possibility of development of resistance and preserve its
activity, the use of linezolid should be restricted to treatment of patients with
infections associated with high morbidity and mortality, particularly those caused
by multidrug-resistant bacteria.

Linezolid, a drug that belongs to a new class of meningosepticum. Finally, it shows limited activity
antibacterials called oxazolidinones, inhibits bacter- against Moraxella catarrhalis and Haemophilus in-
ial growth by binding to the bacterial 23S ribosomal fluenzae.[6]

RNA of the 50S subunit and blocking formation of a Linezolid is administered orally or intravenously
functional 70S initiation complex, which is essential at a dosage of 600 mg twice daily.[7] With this
for the bacterial translation process.[1-3] This mecha- schedule of administration, a 24-hour area under the
nism of action is not found in any other class of plasma concentration-time curve over minimal in-
antibacterials currently used for the treatment of hibitory concentration (AUC/MIC) ratio of 50 : 100
Gram-positive infections. Therefore, it has been ar- is achieved, which is usually associated with clinical
gued that resistance to linezolid (both cross- and de effectiveness in the treatment of patients with infec-
novo resistance) may be unlikely to develop.[4,5] tions due to susceptible bacteria.[8] Specifically, hav-

Linezolid is active against a variety of Gram- ing achieved this pharmacodynamic goal, linezolid
positive cocci, including staphylococci, streptococci 600 mg twice daily in humans would be successful
and enterococci.[6] Multidrug-resistant strains of the against organisms with MICs of up to 2–4 µg/mL.[8]

aforementioned cocci (i.e. meticillin- (MRSA) and Linezolid is 100% bioavailable after oral adminis-
vancomycin-resistant Staphylococcus aureus tration, and the times to peak plasma concentration
(VRSA), vancomycin-resistant Enterococcus faeci- are 1 and 2 hours after single- and multiple-dose
um and E. faecalis (VRE), and penicillin-resistant administration, respectively.[9,10] Linezolid exhibits
Streptococcus pneumoniae) are also susceptible to good penetration in the lungs,[11] skin,[12] mus-
this antibacterial.[6] Linezolid is bacteriostatic cles,[13] cerebrospinal fluid[14] and bones.[15] Its plas-
against staphylococci and enterococci, and bacteri- ma protein binding is approximately 31% (which is
cidal against streptococci. It is also active against concentration independent).[16] Its half-life is
anaerobic bacteria including Clostridium perfrin- 5.5 hours[17] and it is eliminated through the kidneys
gens, C. difficile, Peptostreptococcus spp., Bacter- and gastrointestinal tract either as the administered
oides fragilis, Fusobacterium nucleatum and F. form or as metabolites.[18,19]

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (9)
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Linezolid was released to the market in 2000. Its ratio (OR) 0.97; 95% CI 0.79, 1.19]. Linezolid treat-
primary indications include treatment of patients ment resulted in resolution or improvement of
with complicated and uncomplicated skin and soft symptoms of infection in 86.3% of patients, com-
tissue infections (SSTIs), community-acquired pared with 81.9% of patients treated with compara-
pneumonia (CAP) and nosocomial pneumonia, and tor antibacterials. Overall, linezolid was more effec-
infections caused by VRE.[7] Linezolid has also been tive in this respect than comparator antibacterials for
used to treat other infections caused by Gram-posi- the treatment of patients with Gram-positive infec-
tive cocci, including endocarditis, urinary tract in- tions in both intention-to-treat (ITT) [OR = 1.23;
fections, bacteraemia, infections of the CNS, osteo- 95% CI 1.06, 1.42] and clinically evaluable (OR =
myelitis, infections in neutropenic patients, and tu- 1.41; 95% CI 1.11, 1.81) populations. When data
berculosis caused by multidrug-resistant from blinded RCTs only were pooled, linezolid was
mycobacteria. not more effective than the comparator antibac-

Linezolid is one of the newly available antibac- terials (OR = 1.14; 95% CI 0.95, 1.38). Conversely,
terials that were added to those used traditionally for when data from non-blinded RCTs only were
the treatment of serious Gram-positive infections, pooled, linezolid was more effective than the com-
i.e. vancomycin and teicoplanin for multidrug-resis- parators (OR = 1.35; 95% CI 1.08, 1.68). Linezolid
tant Gram-positive cocci, and broad-spectrum β- was more effective than glycopeptides (OR = 1.51;
lactams, cotrimoxazole (trimethoprim/sulfamethox- 95% 1.03, 2.22) for all infections combined but not
azole), clindamycin, aminoglycosides or fluoroquin- more effective than vancomycin (OR = 1.44; 95%
olones for susceptible micro-organisms. Other new CI 0.90, 2.30) or β-lactams (OR = 1.34; 95% CI
treatment options approved for such infections in- 0.99, 1.81).[40]

clude quinupristin/dalfopristin, tigecycline and
Sub-analyses were conducted according to thedaptomycin, while telavancin, dalbavancin and

site of infection. In patients with SSTIs, linezolidceftobiprole have also shown promising results.
treatment resolved or improved symptoms of infec-
tion in 90.3% of patients, while treatment with gly-1. Benefit Assessment: Comparison with
copeptides and β-lactams was successful in 85.7%Alternative Treatment Options
of patients.[40] Linezolid was more effective in this
respect than all comparator antibacterials (OR =

1.1 Overview of the Available Evidence from 1.67; 95% CI 1.31, 2.53), glycopeptides (OR = 2.24;
Randomized Controlled Trials 95% CI 1.12, 4.48) and β-lactams (OR = 1.37; 95%

CI 1.00, 1.88). In patients with bacteraemia, linezo-Several randomized controlled trials (RCTs)
lid was successful in 81.3% of patients in contrast tohave been conducted thus far comparing linezolid
66.4% treated with comparator antibacterials (OR =with another antibacterial for the treatment of pa-
2.07; 95% CI 1.13, 3.78). It should be noted that thetients with Gram-positive infections (table I);[20-38]

majority of these bacteraemias were secondary toin an additional RCT, two different doses of linezo-
other infections. Finally, in patients with pneumonialid were compared.[39] The majority of these RCTs
due to Gram-positive infections, linezolid was asenrolled patients with different types of infections,
effective as comparator antibacterials (74.9% vsincluding SSTIs, pneumonia (both CAP and hospi-
74.8%, respectively; OR = 1.03; 95% CI 0.75, 1.42).tal-acquired pneumonia), urinary tract infections
There was also no difference between antibacterialsand bacteraemia.
when only patients with nosocomial pneumoniaA meta-analysis of 12 RCTs[23-26,28-34,38] involv-
were analysed (OR = 1.05; 95% CI 0.75, 1.46).ing 6093 patients has been reported.[40] This meta-
Because of a lack of available data, no further ana-analysis found that all-cause mortality was similar
lysis was performed regarding patients with ventila-between patients receiving linezolid and comparator
tor-associated pneumonia).[40]antibacterials (glycopeptides and β-lactams) [odds

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (9)
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In the microbiologically evaluable population,
linezolid was associated with better resolution or
improvement of symptoms than all comparator anti-
bacterials combined (OR = 1.34; 95% CI 1.05,
1.72), glycopeptides (OR = 1.49; 95% CI 1.11, 1.99)
and vancomycin alone (OR = 1.41; 95% CI 1.01,
1.98); however, there was no difference in this re-
spect between linezolid and β-lactams (OR = 1.06;
95% CI 0.67, 1.68).[40] In addition, linezolid was
associated with higher eradication rates for S. aure-
us than all comparator antibacterials (OR = 1.81;
95% CI 1.40, 2.34) and glycopeptides (OR = 2.08;
95% CI 1.51, 2.86), but was not associated with
higher eradication rates for MRSA (OR = 1.69; 95%
CI 0.84, 3.41) or MRSA strains isolated from pa-
tients with nosocomial pneumonia (OR = 1.26; 95%
CI 0.54, 2.96). Finally, there was no difference in
eradication of enterococcal species (OR = 0.95; 95%
CI 0.33, 2.73) or streptococcal species (OR = 0.97;
95% CI 0.55, 1.72).[40]

Although meta-analyses are useful for synthesiz-
ing results of different studies, they also have limita-
tions, such as the lack of individual patient data or
the lack of extractable disaggregated data, which
should always be taken into account. Therefore,
several issues that have been raised in individual
RCTs or post hoc analyses of them, which were
designed to compare the effectiveness of linezolid
with that of other antibacterials for the treatment of
patients with Gram-positive infections, are dis-
cussed in the following sections.

1.2 Community-Acquired Pneumonia

Although linezolid is not highly active against all
causative pathogens of CAP, such as atypical patho-
gens, which are responsible for approximately 30%
of pneumonia cases,[41] and H. influenzae,[6] it has
been compared with ceftriaxone (1 g twice daily)
followed by cefpodoxime (200 mg twice daily) for
the treatment of patients with CAP who required
hospitalization in an open-label RCT that enrolled
747 patients.[35] S. pneumoniae was the predomin-
antly isolated pathogen (73% of patients), followed
by S. aureus (22%), H. influenzae (12%) and M.
catarrhalis (4%); several patients with polymicrobi-
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al CAP were enrolled. Linezolid was associated Linezolid and vancomycin were equally effective
with greater resolution or improvement of symp- in resolving or improving the symptoms of
toms of infection than ceftriaxone/cefpodoxime in nosocomial pneumonia in the clinically evaluable
the ITT population (83.0% vs 76.4%, respectively; population (66% and 68% for linezolid-treated pa-
p = 0.04) but not in the clinically evaluable (90.8% tients, and 68% and 65% for vancomycin-treated
vs 88.6%, respectively) population of hospitalized patients, for the two RCTs, respectively).[31,34] Al-
patients with CAP. Similar effectiveness was report- though lower, the clinical success rates for the ITT
ed for microbiologically evaluable patients in the populations were also similar between the compared
two groups (89.9% vs 87.1%, respectively). These antibacterials in both RCTs. Microbiological suc-
data suggest that linezolid should not be considered cess was not significantly different between linezo-
a first-line choice for patients with CAP, given the lid and vancomycin (62% and 68% for linezolid, and
availability of effective older antibacterials for this 52% and 73% for vancomycin, for the two RCTs,
infection. respectively). Eradication rates of all Gram-positive

cocci were also similar. Finally, mortality was not
1.3 Nosocomial Pneumonia different between the compared antibacterials in

both RCTs (approximately 20% in both groups of
Two double-blind, multicentre RCTs with simi- patients in both RCTs). In addition, Rubinstein et

lar designs conducted by the same group of investi- al.[34] reported that the majority of these deaths in
gators have been conducted to study the effective- both groups of patients occurred during the follow-
ness and safety of linezolid for the treatment of up period and “were attributed to the progression or
patients with Gram-positive nosocomial pneumo- complications of the severe underlying comor-
nia.[31,34] In both RCTs, linezolid 600 mg every 12 bidity”.
hours was compared with vancomycin 1 g every 12

Pathogens were isolated from a total of 607 pa-hours; aztreonam was added in both groups but
tients enrolled in these two RCTs.[31,34] Amongdiscontinued if no Gram-negative bacteria were
them, 339 patients had nosocomial pneumonia dueidentified. In the first RCT, 396 patients comprised
to S. aureus, and 160 patients had MRSA pneumo-the ITT population;[34] in the second RCT, 623 pa-
nia. These patients were included in a retrospectivetients received at least one dose of study med-
analysis.[42] None of these isolates was resistant toication.[31] A dropout rate of approximately 50% was
vancomycin; in fact, 90% had an MIC <1 µg/mL.reported for both RCTs. Baseline characteristics (in-
Linezolid was as effective as vancomycin for thecluding age, sex, race, Acute Physiology and Chron-
treatment of patients (ITT population) with S. aure-ic Health Evaluation [APACHE] II score, need for
us pneumonia (51.5% vs 43.4%, respectively), butventilator support and days on ventilator before en-
was associated with significantly greater treatmentrolment to the RCTs, chest radiograph and microbi-
success than vancomycin in patients with MRSAological findings) and treatment duration were simi-
pneumonia (59.0% vs 35.5%, respectively;lar between the compared treatment groups in both
p < 0.01). In addition, Kaplan-Meier analysis forRCTs, except that a more frequent multilobar in-
mortality showed that linezolid was associated withvolvement was found in patients treated with linezo-
non-significantly better survival than vancomycin inlid in one of the RCTs.[31] A pathogen was isolated
patients with S. aureus nosocomial pneumoniain 43% of patients in the RCT by Rubinstein et al.[34]

(78.0% vs 69.8%, respectively), and significantlyand 61% of patients in the RCT by Wunderink et
better survival than vancomycin in the MRSA sub-al.[31] Gram-positive cocci were isolated from 45%
set (80% vs 63.5%, respectively; p = 0.03). Linezo-of these patients in both RCTs, and patients with H.
lid administration was not among the predictors ofinfluenzae pneumonia were incorporated into this
clinical cure among patients with MRSA nosocomi-group. S. aureus was the most frequently isolated
al pneumonia in the performed logistic regressionpathogen in both RCTs.
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analysis; however, it was a significant predictor of daily with dalbavancin 1 g on day 1 and 500 mg on
survival in all patients and in the subset of patients day 8.[22] Patients were randomized in a 2 : 1 ratio. A
with MRSA nosocomial pneumonia. total of 854 patients comprised the ITT population.

Data regarding ventilator-associated pneumonia Approximately 23% of patients were not clinically
were not reported in these two publications.[31,34] evaluable at the test-of-cure visit. MRSA was the
However, a retrospective analysis of the combined predominantly isolated micro-organism. Linezolid
data from these two RCTs, which included 544 and dalbavancin were equally effective for the treat-
patients with ventilator-associated pneumonia, was ment of patients with SSTIs (91.2% vs 88.9%, re-
performed.[43] Among these patients, 264 had a con- spectively). This was also true for patients with
firmed Gram-positive ventilator-associated pneu- MRSA SSTIs (89% vs 91%, respectively). No dif-
monia. Linezolid was associated with a higher, sta- ferences between treatment groups were reported
tistically non-significant, clinical cure rate com- for patients with specific infections (abscess, celluli-
pared with vancomycin in all ventilator-associated tis, surgical wound infections and burns).[22]

pneumonia patients (45.4% vs 36.7%, respectively) In another open-label, multicentre RCT, linezolid
and in ventilator-associated pneumonia patients

600 mg twice daily was compared with vancomycin
with S. aureus infections (48.9% vs 35.2%, respec-

1 g twice daily, followed by a semisynthetic penicil-
tively). Clinical cure rates significantly favoured

lin when a susceptible strain was isolated.[24] In
linezolid compared with vancomycin in the Gram-

addition, 37% of linezolid-treated patients and 39%
positive (53.7% vs 37.7%, respectively; p = 0.02)

of vancomycin-treated patients also received anti-
and MRSA (62.2% vs 21.2%, respectively;

bacterials against Gram-negative bacilli. A total ofp = 0.001) subsets. Logistical regression analysis
1200 patients were enrolled in the study, and 1180showed that linezolid was an independent predictor
comprised the ITT population. Approximately 25%of clinical cure for all patients, patients with Gram-
of the ITT population was not considered clinicallypositive ventilator-associated pneumonia, and pa-
evaluable. Although the response rate was very hightients with MRSA ventilator-associated pneumonia.
for both regimens, linezolid was more effective thanKaplan-Meier survival rates favoured linezolid ver-
vancomycin for the treatment of patients with SSTIssus vancomycin in the MRSA subset (84.1% vs
at the test-of-cure visit (94.4% vs 90.4%, respective-61.7%, respectively; p = 0.02). On the other hand,
ly; p = 0.023). The same was true for the microbio-Kaplan-Meier survival rates were similar for linezo-
logically evaluable population (94.5% vs 89.7%,lid versus vancomycin therapy in all patients with
respectively; p = 0.022). Linezolid was also moreventilator-associated pneumonia (79.1% vs 73.7%,
effective for the treatment of patients with majorrespectively), the Gram-positive subset (80.6% vs
abscesses (98.3% vs 91.1%, respectively; p = 0.026)70.8%, respectively), and the S. aureus subset
but not for patients with cellulitis or infected surgi-(78.2% vs 70.3%, respectively). Logistical regres-
cal wounds. Finally, linezolid was more effectivesion showed that linezolid was an independent pre-
than vancomycin for patients with MRSA SSTIsdictor of survival for all patients, patients with
(88.6% vs 66.9%, respectively; p < 0.001), but notGram-positive cocci ventilator-associated pneumo-
for patients with meticillin-susceptible S. aureusnia and patients with MRSA ventilator-associated
(84.9% vs 75.3%, respectively; p = 0.09) or S.pneumonia.
pyogenes SSTIs (86.7% vs 94.4%, respectively).
Despite the higher cure rates and the earlier change1.4 Complicated Skin and Soft Tissue
to oral therapy, linezolid was administered for aInfections (SSTIs)
longer period of time than vancomycin (11.8 ± 4.9
days vs 10.9 ± 5.3 days, respectively; p = 0.004). InThe most recently published study of linezolid
a sub-analysis of this RCT, patients with surgicalfor complicated SSTIs was a double-blind, multi-
wound infections were further evaluated.[44] In thiscentre RCT that compared linezolid 600 mg twice
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analysis, linezolid was as effective as vancomycin in Aztreonam could be added in cases of Gram-nega-
the clinically evaluable population but more effec- tive infection in both groups and vancomycin in
tive than vancomycin in the microbiologically cases of MRSA infection in the aminopenicillins
evaluable population (84% vs 58%, respectively; group. This was the only RCT that allowed enrol-
p = 0.0073) and in patients with MRSA infections ment of patients with concomitant osteomyelitis. A
(87% vs 48%, respectively; p = 0.0022). total of 371 patients were enrolled in the study; 361

comprised the ITT population. Patients were ran-In a double-blind, multicentre RCT, linezolid
domized in a 2 : 1 ratio. Linezolid was more effec-600 mg twice daily was compared with oxacillin 2 g
tive – although not statistically significantly so –four times daily followed by dicloxacillin 500 mg
than aminopenicillins for all SSTIs combined (81%four times daily for the treatment of patients with
vs 71%, respectively). However, linezolid was morecomplicated SSTIs.[38] Patients with MRSA strains
effective for the treatment of patients with infectedwere excluded from this RCT. A total of 823 pa-
ulcers (81% vs 68%, respectively; p = 0.018) and fortients were enrolled in the trial and 819 received at
patients without concomitant osteomyelitis (87% vsleast one dose of the compared antibacterials. A
72%, respectively; p = 0.003). There was no differ-large number of dropouts were reported; 600 pa-
ence between the two regimens regarding treatmenttients comprised the clinically evaluable population
of patients with osteomyelitis (61% vs 69%, respec-and 294 the microbiologically evaluable population.
tively). The clinical cure rates, by baseline patho-S. aureus was the most commonly isolated pathogen
gen, were similar for the two treatment groups,(140 in linezolid patients and 143 in oxacillin/
except that the rate of clinical cure was significantlydicloxacillin patients). Streptococcal spp. were the
higher among linezolid recipients infected with S.second most prevalent isolates (S. pyogenes in 41
agalactiae. The number of MRSA-infected patientslinezolid patients and 46 oxacillin/dicloxacillin pa-
in both groups was small.tients, and S. agalactiae in 10 linezolid patients and

12 oxacillin/dicloxacillin patients). The effective-
ness of both regimens was low in the ITT population 1.6 Meticillin-Resistant Staphylococcus
(69.8% vs 64.9%, respectively). Linezolid was as aureus SSTIs
effective as penicillins in the clinically evaluable

Sharpe et al.[23] reported their experience from anpopulation (88.6% vs 85.8%, respectively) and the
open-label, single-centre RCT that enrolled patientsmicrobiologically evaluable population (88.1% vs
with MRSA SSTIs requiring surgical intervention.86.1%, respectively). Eradication rates were also
A total of 117 patients were enrolled in this RCT; 57similar for all groups of isolated Gram-positive coc-
were excluded from the final analysis. In this study,ci.
linezolid 600 mg twice daily was compared with
vancomycin 1 g twice daily. Vancomycin-treated1.5 Diabetic Foot Infections
patients were older than those treated with linezolid.
Treatment duration was similar between the twoAlthough the majority of the RCTs that studied
treatment groups. Linezolid was more effective thanthe effectiveness of linezolid for the treatment of
vancomycin in this population (97% vs 43%, re-patients with SSTIs also included patients with dia-
spectively; p = 0.015); in addition, fewer linezolid-betes mellitus, none of them specifically reported
treated patients required amputation (0% vs 23.3%,the outcomes for diabetic foot infections.[26] An
respectively; p = 0.011).open-label, multicentre RCT was designed to study

the comparative effectiveness of linezolid 600 mg In another multicentre RCT that compared the
twice daily and aminopenicillins (sulbactam/ampi- effectiveness of linezolid 600 mg twice daily with
cillin 1.5–3 g four times daily and amoxicillin/ vancomycin 1 g twice daily for known or suspected
clavulanic acid 625 mg three times daily or 1 g twice MRSA infection, 460 patients were enrolled; 224 of
daily) for the treatment of diabetic foot infections.[26] these patients had an MRSA infection.[33] SSTIs
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were the most common infections, followed by dalfopristin IV 7.5 mg/kg three times daily for the
pneumonia, urinary tract infections and bacter- treatment of VRE faecium infections in cancer pa-
aemia. In both the ITT and microbiologically evalu- tients.[27] Forty patients were enrolled in the trial.
able populations, linezolid was as effective as van- Over 90% of patients in both treatment groups had
comycin for the treatment of MRSA infections (ITT: either primary or secondary bacteraemia. More criti-
56.8% vs 55.0%, respectively; microbiologically cally ill patients and more patients with pneumonia
evaluable population: 73.2% vs 73.1%, respective- were enrolled in the quinupristin/dalfopristin group;
ly). no other differences between the treatment groups

Finally, in a recently published RCT in patients were reported. Linezolid was more effective than
with MRSA infections in Japan, 151 patients com- quinupristin/dalfopristin for the treatment of Gram-
prised the ITT population.[20] Patients with positive infections in cancer patients, but this differ-
nosocomial pneumonia, SSTIs and sepsis were in- ence was not statistically significant in both clinical-
cluded. At the end of treatment, linezolid was as ly (58% vs 43%, respectively) and microbiological-
effective as vancomycin in the microbiologically ly evaluable (90% vs 71%, respectively) popula-
evaluable patients (62.9% vs 50.0%, respectively),

tions. Infection-related mortality was similar in the
but linezolid was associated with higher eradication

two treatment groups (16% vs 10%, respectively);rates than vancomycin (79.0% vs 30.0%, respective-
all-cause mortality was not reported. Relapse rately; p < 0.001).
was not statistically different between the compared
antibacterials (21% vs 10%, respectively).1.7 Vancomycin-Resistant

The efficacy of linezolid in patients with VREEnterococcal Infections
infections was assessed in a multicentre, double-

In a non-comparative, non-randomized, compas- blind RCT.[39] This RCT compared the effectiveness
sionate-use programme, linezolid intravenous (IV) of two linezolid doses in the treatment of patients
or oral (PO) 600 mg daily for adults, or 10 mg/kg with VRE infections because at the initiation of the
three times daily for children or adults weighing study no alternative choice of therapy was available.
<40 kg, was used for the treatment of patients with A total of 145 patients were randomized to treatment
serious multidrug-resistant, Gram-positive infec- with linezolid IV or PO 600 mg twice daily or
tions.[45] A total of 796 patients were enrolled, from 200 mg twice daily. The urinary tract was the most
whom 490 VRE faecium strains were isolated, com-

frequent site of VRE infections, followed by SSTIs,
prising 59.2% of the total isolates in the study.

bacteraemia of unknown origin, peritonitis, intra-Overall, in patients with VRE faecium infections,
abdominal infection, catheter-related infection andthe cure rate in the clinical evaluable population was
pneumonia. The average duration of antibacterial81.4%; 5.8% of patients had infections that failed to
administration was similar in the two groups (15.0respond to therapy and 12.8% of patients had inde-
and 16.1 days in the 200 mg and 600 mg groups,terminate outcomes. More specifically, the clinical
respectively). Cure rates were not significantly dif-cure rate according to infection site was as follows:
ferent between the two groups for all infectionsurinary tract infections 92%; intra-abdominal infec-
combined in the ITT population (67% vs 52%, re-tions 91.4%; SSTIs 79.3%; bacteraemia 78%; endo-
spectively), as well as at each infection site. How-carditis 76.9%; bone infections 75%; and lower
ever, the microbiological outcome in the clinicallyrespiratory tract infections 75%. The microbiologi-
evaluable population at follow-up was superior forcal success rate in patients with VRE faecium infec-
the linezolid 600 mg group compared with the line-tion was 86.4%, failure occurred in 12.7%, and the

outcome was indeterminate in 0.9%. zolid 200 mg group (88% vs 62%, respectively;
p = 0.007). Similarly, success rates favoured theIn a single-centre, pilot RCT, linezolid IV or PO
higher linezolid-dose group in microbiologically600 mg twice daily was compared with quinupristin/
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evaluable patients (86% vs 59%, respectively; p = sis.[54] The majority of data regarding these infec-
0.015). tions (except for bacteraemia and neutropenia)

arises from retrospective case series and case reports
1.8 Paediatric Populations in which linezolid was usually administered as a

rescue drug. These reports support the use of linezo-
The results of an open-label, multicentre RCT

lid as an alternative to already approved antibac-
that enrolled patients aged ≤12 years with hospital-

terials for the treatment of patients with such infec-
acquired, Gram-positive infections (pneumonia, SS-

tions when previous treatments have failed, admin-
TIs, bacteraemias or other infections) have been

istration of other antibacterials is prohibited because
published.[29] In this RCT, linezolid 10 mg/kg three

of allergic reactions or other adverse events, or when
times daily was compared with vancomycin

IV administration of antibacterials is not feasible or
10–15 mg/kg one to four times daily according to

acceptable.
dosing recommendations. Patients were randomized

A preliminary analysis of data from an open-in a 2 : 1 ratio; 316 patients comprised the ITT
label RCT that included 726 patients with catheter-population. The discontinuation rate was high (ap-
related bacteraemia and catheter-site infections hasproximately 30%). S. aureus (including MRSA) and
been released online by the US FDA.[55] In this RCT,coagulase-negative staphylococci (including
patients treated with linezolid had a highermeticillin-resistant strains, MRCNS) were the most
probability of death than patients treated with van-commonly isolated pathogens. Linezolid was as ef-
comycin (78/363 patients [21.5%] vs 58/363 pa-fective as vancomycin in both ITT (79.1% vs 74.1%,
tients [16.0%], respectively). Mortality in patientsrespectively) and clinically evaluable (89.3% vs
with Gram-positive infections did not differ accord-84.5%, respectively) populations. Clinical cure rates
ing to the antibacterial administered. However, mor-were also similar in the two groups when specific
tality was higher in patients receiving linezolid forinfections were considered. In addition, clinical cure
Gram-negative infections alone (4/15 [26.7%] vs 1/rates were comparable between linezolid and vanco-
11 [9.1%], respectively), for those with both Gram-mycin in neonates (84% vs 77%, respectively).[46]

positive and Gram-negative infections (16/46Treatment duration was similar in the two groups,
[34.8%] vs 7/39 [17.9%], respectively) and for thosebut IV treatment was shorter in linezolid-treated
in whom no micro-organism was isolated.[55]

patients. Success rates were also similar in the mi-
crobiologically evaluable population (88.2% vs

2. Risk Assessment87.0%, respectively). Pathogen eradication rates
were similarly high in both treatment groups for all

In addition to relatively common adverse events
isolated groups of pathogens, including MRSA and

described for several, if not all, antibacterials, such
MRCNS.

as vomiting, diarrhoea and rash, linezolid adminis-
Linezolid has also been evaluated in two addi-

tration has been associated with a series of serious
tional cohort studies for the treatment of children

adverse events. Of these, anaemia, leukopenia and
with recurrent otitis media[47] and CAP.[48] Linezolid

thrombocytopenia are most common, but lactic aci-
was found to be effective in these studies.

dosis, optic and peripheral neuropathy, convulsions
and serotonin-like syndrome are also noteworthy. In1.9 Other Infections
general, these serious adverse events occur either

In addition to its approved indications, linezolid after prolonged linezolid administration (>2 weeks
has been used for the treatment of several other of therapy for myelosuppression or neuropathy) or
infectious diseases, including bacteraemia,[40] infec- simultaneous administration with other drugs or
tions of the neutropenic host,[21] endocarditis,[49] foods (e.g. monoamine oxidase inhibitors, selective
urinary tract infections,[33,45] bone and joint infec- serotonin reuptake inhibitors and adrenergic drugs
tions,[50-52] infections of the CNS[53] and tuberculo- or tyramine-containing foods for the development of
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serotonin-like syndrome). These adverse effects tension, dyspepsia, glossitis, stomatitis, tongue dis-
colouration, eosinophilia, thrombocytopenia,subside after discontinuation of linezolid.
dizziness, insomnia, paraesthesia, pruritus and rash.Several articles investigating the development of
The rates of C. difficile-related complications wereadverse events probably or possibly associated with
similar between linezolid and comparator agents. C.linezolid administration have been published. In a
difficile was reported in 0.2% of linezolid-treatedmeta-analysis conducted by our team in which 12
patients and 0.4% of comparator drug-treated pa-RCTs were included,[40] we found that linezolid was
tients. Analyses[56] showed essentially no difference

associated with more adverse events than glycopep-
between linezolid and comparator antibacterials in

tides or β-lactams, but this finding did not reach
the cumulative percentage of patients with outlying

statistical significance (OR = 1.40; 95% CI 0.95,
haemoglobin, neutrophil or platelet counts over the

2.05). Headaches, diarrhoea, nausea and vomiting of
first 14 days of therapy. However, with longer treat-

mild to moderate severity were the most commonly
ment durations, there appeared to be a small in-

reported adverse events. The number of patients
creased risk of decreased platelet counts in linezo-

who had to be withdrawn from the RCTs because of
lid-treated patients compared with the risk for the

development of adverse events was equal for those
comparator group, but the difference was not statis-

receiving linezolid compared with those receiving
tically significant.

glycopeptides or β-lactams (OR = 0.91; 95% CI
Linezolid-related haematological adverse effects0.42, 1.96). There was no difference between the

may not increase in patients receiving chemotherapycompared treatment groups for development of
for haematological malignancies. An RCT conduct-anaemia (OR = 1.43; 95% CI 0.74, 2.75), but linezo-
ed in neutropenic patients, in whom the most com-lid was associated with significantly more episodes
mon diagnosis was haematological malignancy andof thrombocytopenia (OR = 11.72; 95% CI 3.66,
treatment was expected to continue for 10–28 days,37.57).
indicated that myelosuppression is no more likely to

A pooled analysis that included seven RCTs was occur in patients receiving linezolid than in those
published in 2003.[56] This meta-analysis was re- receiving vancomycin.[21]

stricted to the assessment of the safety and tolerabil-
Lactic acidosis has also been reported with theity of linezolid in comparison with other antibac-

use of linezolid. In reported cases, patients experi-terials (vancomycin, β-lactams and macrolides).
enced repeated episodes of nausea and vomit-Overall, linezolid was associated with more adverse
ing.[57,58] Convulsions have also been reported: inevents than comparator antibacterials (21.7% vs
some of these cases, a history of seizures or risk15.7%, respectively; p = 0.001). However, there was
factors for seizures was present.[7]

no difference between the compared antibacterials
in serious adverse events (11.4% vs 10.6%, respec- The association between duration of linezolid
tively) or in patients discontinuing the studied anti- administration and development of drug-related ad-
bacterials because of adverse events (2.4% vs 1.9%, verse events was more evident when the drug was
respectively). The most common drug-related ad- used to treat infections that require prolonged anti-
verse events associated with both linezolid and com- microbial administration. In such cases (i.e. treat-
parator agents were diarrhoea (4.3 and 3.2%, respec- ment of endocarditis,[49] bone and joint infections[52]

tively; p = 0.074), nausea (3.4 and 2.3%, respective- and tuberculosis[54]) adverse events were reported to
ly; p = 0.036) and headache (2.2 and 1.3%, be several-fold higher than in patients with pneumo-
respectively; p = 0.047). Other potentially drug- nia or SSTIs. Therefore, complete blood counts once
related adverse events that were reported in >0.1% a week are required when linezolid is administered
but <1% of linezolid-treated patients included abdo- for >2 weeks. Peripheral and optic neuropathy have
minal pain, chills, fatigue, fungal infections (monili- also been reported in patients treated with linezolid.
asis), localized pain, increase in ALT levels, hyper- These adverse effects have occurred primarily in
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patients treated for longer than the maximum recom- mean linezolid concentrations in lung tissue and
mended duration of 28 days; indeed, in many of epithelial lining fluid were reported to be higher
these patients, treatment durations of 3–6 months than those in blood or plasma.[11,63] Second, vanco-
were employed.[59,60] mycin is usually coadministered with other antibac-

terials (e.g. aminoglycosides or β-lactams such asFinally, in a review that evaluated the develop-
ment of adverse events after linezolid administration aztreonam) that may act as antagonists to it.[64]

in children, the authors reported that the most com- Third, use of vancomycin leads to cell death and the
monly observed adverse events were diarrhoea, release of higher levels of exotoxins and other in-
vomiting and nausea.[61] However, none of these flammation inducers to the circulation than linezo-
adverse events was more commonly reported in the lid, consequences that may increase the overall se-
linezolid group than in comparator antibacterial verity of the infection.[65] Finally, the other currently
groups.[61] approved antibacterials for the treatment of Gram-

positive infections cannot be used for the treatment
3. Comments of nosocomial pneumonia. Daptomycin activity is

inhibited in the lungs by pulmonary surfactant,[66]

The effectiveness of linezolid has been investi- while quinupristin/dalfopristin has not been ap-
gated in several studies. These have shown that proved for the treatment of pneumonia although it
linezolid is at least as effective as comparator anti- has been shown to be as effective as vancomycin in
bacterials for the treatment of patients with both an RCT.[67] Telavancin, ceftobiprole and tigecycline
CAP and nosocomial pneumonia, and is better than have been also evaluated in RCTs. Although all
comparators for the treatment of patients with SS- were equally effective to their comparator antibac-
TIs. In relation to CAP, we believe that the currently terials in each RCT for the treatment of patients with
available evidence suggests that linezolid should not nosocomial pneumonia, only telavancin was as ef-
be used as first-line empirical treatment because it

fective as its comparator regimen for the treatment
lacks activity against atypical pathogens and Gram-

of patients with ventilator-associated pneumo-
negative bacilli, which are common causes of this

nia.[68-70]

infection. In addition, several other treatment op-
Conversely, the currently available evidence, al-tions are currently available that are highly effective

beit debatable,[40,71-73] suggests that linezolid isfor such patients.[62] Linezolid could be considered
probably more effective than vancomycin for theas a treatment option in cases of severe CAP but
treatment of MRSA nosocomial pneumonia, includ-only in addition to β-lactams and/or fluoroquino-
ing ventilator-associated pneumonia. However,lones.
there was no difference between the two drugs whenOn the other hand, use of linezolid for the treat-
all pneumonia patients were included in the analy-ment of nosocomial pneumonia should be consid-
ses. Currently, Gram-positive cocci are the leadingered more often. Several reasons may justify selec-
cause of nosocomial infections,[74-76] and the inci-tion of this agent in this context. First, linezolid has a
dence of MRSA infections is increasing.[77,78] There-better pharmacokinetic and pharmacodynamic pro-
fore, the important question at this point is whetherfile than vancomycin, the antibacterial that has been
linezolid should replace vancomycin as the empiri-considered the drug of choice for suspected
cal treatment option in all patients with nosocomialnosocomial pneumonia due to Gram-positive micro-
pneumonia or should it be restricted to those whoorganisms. It has been suggested that the vancomy-
have several risk factors for MRSA nosocomialcin concentration achieved in the lungs (after admin-
pneumonia and those who receive care in hospitalsistration of the usual dosage of 1 g twice daily) is
with high MRSA prevalence. In a recent systematicapproximately 20% of that measured in plasma,
review of outcomes for patients with MRSA or otherresulting in a concentration below the MIC for the
S. aureus ventilator-associated pneumonia, the au-majority of susceptible pathogens.[11,63] In contrast,
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thors concluded that the presence of meticillin resis- able reason for empirical use of linezolid as a first-
tance was associated with higher mortality. How- line antibacterial choice. The lack of comparative
ever, these authors also argued that there is probably data for infections such as endocarditis or osteomye-
no causal relationship between meticillin resistance litis do not allow us to proceed to recommendations
and mortality, and that the higher mortality may regarding use of linezolid in such patients, although
have been attributable to confounders such as sever- several associations have already incorporated use
ity of underlying diseases, inadequacy of empirical of this drug into their guidelines.[62,81]

treatment and duration of intensive care unit stay.[79]
Although linezolid has been associated with

Linezolid has been shown to be better than com- more adverse events than comparator antibacterials,
parator antibacterials (β-lactams, glycopeptides and these were mild to moderate in severity, mainly
macrolides) for the treatment of patients with SS- involved nausea, vomiting, diarrhoea or headache,
TIs.[40] However, the latter antibacterials were also subsided early after drug discontinuation and were
highly effective for the treatment of SSTIs (90.3% never associated with the death of patients in RCTs.
success with linezolid vs 85.7% with comparator However, physicians should always remember the
antibacterials).[40] Furthermore, the RCTs that stud- association between duration of linezolid adminis-
ied the effectiveness of linezolid for SSTIs excluded tration and development of serious adverse events,
patients with the most severe forms, such as gan- and monitor complete blood counts at least once a
grene, necrotizing fasciitis and concurrent osteomy- week. In addition, there is evidence that although
elitis, and several of them included only patients optic neuropathy usually subsides after discontinua-
with uncomplicated SSTIs (table I). Therefore, there tion of linezolid administration, peripheral neuro-
is no good reason to use linezolid as a first-line pathy may persist.[82] Therefore, close surveillance
treatment option for SSTIs and increase the possibil- is warranted when longer treatment duration (>28
ity of development of resistance to an antibacterial days) with linezolid, mainly for off-label indica-
that is valuable for more severe infections. tions, is employed.

Finally, the limited available evidence from
RCTs suggests that linezolid is more effective than

4. Conclusioncomparator antibacterials for the treatment of pa-
tients with Gram-positive bacteraemia[40] but not for
patients with MRSA bacteraemia.[80] These RCTs Linezolid is an important, effective and relatively
did not enrol patients with catheter-related blood- safe treatment option for the treatment of Gram-
stream infections; rather, patients in these trials had positive infections. It has a favourable pharmacokin-
bacteraemias of unknown origin or secondary to etic profile and surveillance programmes have
other infections. The FDA has released a report file shown that is highly active against multidrug-resis-
suggesting that linezolid administration is asso- tant, Gram-positive cocci. Its unique mechanism of
ciated with higher mortality than vancomycin in action suggests that resistance is relatively unlikely
patients with catheter-related blood stream infec- to develop, but unwise and uncontrolled prescription
tions; the main difference was observed in patients will definitely lead to resistant micro-organisms. In
with Gram-negative bacteremia.[55] The FDA com- order to preserve the role of linezolid in current
mittee was not prepared to make any recommenda- therapeutics, its use should be limited to specific
tion regarding use of linezolid in the treatment of patient populations (VRE infections, hospitals with
catheter-related bacteraemias until further analysis high prevalence of MRSA, patients with several
of the data had been completed. risk factors for multi-drug resistant Gram-positive

pathogens) and after consideration of data from rele-There are limited options available for treatment
vant antimicrobial resistance surveillance studiesof patients with VRE infections. Clinical suspicion
and hospital infection control programmes.for VRE infection is probably the only unchallenge-
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