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A retrospective TBNET assessment of
linezolid safety, tolerability and efficacy in
multidrug-resistant tuberculosis
G.B. Migliori, B. Eker, M.D. Richardson, G. Sotgiu, J-P. Zellweger, A. Skrahina,
J. Ortmann, E. Girardi, H. Hoffmann, G. Besozzi, N. Bevilacqua, D. Kirsten,
R. Centis and C. Lange for the TBNET Study Group

ABSTRACT: Linezolid is used to treat patients with multidrug-resistant (MDR)/extensively drugresistant (XDR)-tuberculosis (TB) cases, although clinical data on its safety, tolerability and
efficacy are lacking.
We performed a retrospective, nonrandomised, unblinded observational study evaluating the
safety and tolerability of linezolid at 600 mg q.d. or b.i.d. in MDR/XDR-TB treatment in four
European countries. Efficacy evaluation compared end-points of 45 linezolid-treated against 110
linezolid-nontreated cases.
Out of 195 MDR/XDR-TB patients, 85 were treated with linezolid for a mean of 221 days. Of
these, 35 (41.2%) out of 85 experienced major side-effects attributed to linezolid (anaemia,
thrombocytopenia and/or polyneuropathy), requiring discontinuation in 27 (77%) cases. Most
side-effects occurred after 60 days of treatment. Twice-daily administration produced more major
side-effects than once-daily dosing (p50.0004), with no difference in efficacy found. Outcomes
were similar in patients treated with/without linezolid (p50.8), although linezolid-treated cases
had more first-line (p50.002) and second-line (p50.02) drug resistance and a higher number of
previous treatment regimens (4.5 versus 2.3; p50.07).
Linezolid 600 mg q.d. added to an individualised multidrug regimen may improve the chance of
bacteriological conversion, providing a better chance of treatment success in only the most
complicated MDR/XDR-TB cases. Its safety profile does not warrant use in cases for which there
are other, safer, alternatives.
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kanamycin or amikacin) have been described in
most regions of the world [7, 8]. This article is
part of a larger effort by the Tuberculosis
Network European Trials Group (TBNET) to
characterise the clinical epidemiology of MDRand XDR-TB in Europe and thus strengthen the
evidence base for clinical and public health
recommendations for MDR- and XDR-TB control.

uberculosis (TB) is a leading cause of death
worldwide. The World Health Organization (WHO) estimates that approximately 9.2 million new TB cases and 1.5 million
TB-related deaths occurred in 2006 [1]. The
prevalence
of
multidrug-resistant
(MDR)
Mycobacterium tuberculosis (defined as in vitro
resistance to isoniazid and rifampicin, the two
most potent first-line drugs for TB treatment) is
increasing globally [2, 3]. MDR strains are now
found in more than 15% of all TB cases in some
countries of the former Soviet Union, Israel and
areas of China [4–6]. M. tuberculosis resistant to
second-line drugs is also emerging. Cases of
extensively drug-resistant (XDR) TB (defined by
the WHO as in vitro resistance to isoniazid and
rifampicin plus any fluoroquinolone and at least
one of the injectable drugs: capreomycin,

Treatment outcomes for complicated MDR-TB
cases (those with additional resistance beyond
isoniazid and rifampicin) and cases with XDR-TB
are poor [9–15]. Thus, information on safety,
tolerability and efficacy of other antibiotics
potentially useful in treatment is urgent to
improve individual outcomes and control the
spread of MDR- and XDR-TB. In vitro and
pharmacological data suggest that linezolid, an
oxazolidinone antibiotic, could be useful in
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treating mycobacterial infections, including MDR-TB [16–23].
However, clinical experience with linezolid for purposes
outside the drug’s approved uses has been restricted mainly
to case reports in nontuberculous mycobacterial diseases [24–
29]. Linezolid is used in both Eastern and Western Europe to
treat MDR/XDR-TB, a purpose outside the drug’s approved
uses, but treatment costs are high. In a recent epidemiological
study on MDR-TB in Germany [15], linezolid was widely used:
33.8% of the patients reported side-effects, with 56% of those
experiencing severe anaemia. However, these data and other
previous studies [22, 30–33] did not provide sufficient detail to
evaluate safety, tolerability and efficacy of linezolid in MDR/
XDR-TB treatment. The aim of this study was to evaluate the
safety, tolerability and efficacy of linezolid using a sizable
cohort of patients with MDR/XDR-TB from four European
countries.
METHODS
Study design
Safety and tolerability were analysed in this retrospective
cohort study of MDR/XDR-TB patients from 21 participating
centres in Belarus, Germany, Italy and Switzerland from 2001
to 2007. To assess the efficacy of linezolid in MDR/XDR-TB
treatment, we compared only patients who had definitive
treatment end-points recorded (cured, completed, died or
failed). Patients who were still on treatment at the time of the
data collection were excluded from the analysis as no followup information was available for these cases.
The data collection tool was pre-tested in Germany [15],
providing the following information: previous treatment, HIV
status, drug-resistance profile, time to sputum and culture
conversion, length of hospital stay, adverse effects (yes/no),
treatment interruption (yes/no) and treatment outcome. This
tool was refined to include linezolid dosage and details on
adverse effects, linezolid reintroduction (including dosage)
and anti-TB drugs used in treatment regimens. The final
dataset included complete information on 59 of the 74 MDR/
XDR-TB cases from Germany and on 26 additional cases from
Italy, Belarus and Switzerland.
Approval for collection of study data was provided by the
ethical committee of the clinical coordinating centre at Sondalo
Hospital in Sondalo, Italy, and the statistical coordinating
centre, Fondazione S. Maugeri in Tradate, Italy. All participating centres complied with national regulations and organisational requirements for human subject protection. All data
were coded and individual identifiers were available only to
treating physicians.
Definitions
Standard treatment outcome definitions as proposed by
LASERSON et al. [34] were used as previously described [11, 35].
A patient who completed treatment and was consistently
culture negative with at least five results for the final
12 months of treatment was defined as cured. If bacteriological
results were lacking (i.e. fewer than five cultures performed),
the case was defined as treatment completed. Treatment failure
was defined as two or more positive cultures in the last
12 months of treatment, or if a medical decision was made to
terminate treatment due to poor response or adverse events.
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VOLUME 34 NUMBER 2

Safety and tolerability end-points included major and minor
side-effects. A major side-effect was defined as any adverse
reaction that resulted in temporary or permanent discontinuation of linezolid, whereas a minor side-effect required only
dose adjustment and/or addition of concomitant treatment.
All patients in the cohort treated with linezolid were included
in the safety and tolerability analysis.
Efficacy end-points included time to and proportion of sputum
smear and culture conversions, and treatment outcome.
Sputum conversion was defined as two consecutive negative
sputum smears in patients who were smear positive at
diagnosis. Time to culture conversion was defined as time
from treatment start to date of the first of two consecutive
negative cultures.
Data collection
Data were extracted from clinical records of all cultureconfirmed MDR/XDR-TB cases diagnosed consecutively by
the participating centres and verified by the study review
panel. Drug susceptibility testing (DST) for first- and secondline anti-TB drugs was performed by laboratories qualityassured by the WHO’s Supranational Reference Laboratories
(Rome/Milan, Borstel, Stockholm) [9–11]. All participating
centres performed sputum smears weekly until negative, and
then monthly. Cultures were performed monthly.
Treatment regimens
In all countries, regimens to treat MDR/XDR-TB cases were
tailored to DST results according to WHO recommendations,
using fluoroquinolones, injectable agents and other second-line
oral agents. Linezolid was available without any limitation,
except in Belarus where it was prescribed for a maximum of
3 months to optimise the use of the drug, given its limited
availability in the country.
Statistical analyses
Categorical variables were compared by Chi-squared test and
continuous variables by t-test for unpaired data. A p-value of
f0.05 was considered statistically significant. Data were
collected on standardised e-forms and analysed using Stata
9.0 (StataCorp, Stata Statistical Software Release 9, College
Station, TX, USA).
RESULTS
Within the cohort of 195 MDR/XDR-TB cases, 85 patients were
treated with an individualised regimen including linezolid and
110 were treated without linezolid. In the linezolid group, 45
patients had a definitive treatment end-point and 40 patients
did not: one (2.5%) out of 40 defaulted, one (2.5%) transferred
out and 38 (95%) were still on treatment.
Safety and tolerability
Safety and tolerability were evaluated for all 75 MDR-TB
patients (88.2%) and 10 XDR-TB patients (11.8%) treated with
linezolid. Of these, 28 patients received linezolid at 600 mg q.d.
and 57 patients received 600 mg b.i.d. (1,200 mg). No differences in the main sociodemographic variables or in drugresistance profiles were observed between these two groups
(data not shown).
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Linezolid was administered for a mean¡SD period of
222¡249 days (median 93 days).
Adverse events appeared after a median of 69 days (range
1–596 days) of linezolid treatment. In total, 35 (41.2%) out of 85
patients experienced 52 episodes of side-effects attributable to
linezolid. Of the 35 patients experiencing side-effects, 27
(77.1%) experienced major side-effects requiring temporary
or permanent discontinuation of linezolid, whereas eight
(22.9%) patients experienced minor side-effects.
Side-effects were primarily represented by anaemia (23 (44.2%)
out of 52 episodes). Out of 23 patients experiencing anaemia,
five (21.7%) were severely affected, requiring blood transfusion
as the haemoglobin level was ,8 mg?dL-1; two of these
patients had haemolytic anaemia. Other side-effects were
thrombocytopenia (seven (13.5%) out of 52), nausea/vomiting
(four (7.7%) out of 52) and polyneuropathy (three (5.7%) out of
52). In eight (29.6%) out of 27 patients experiencing major sideeffects, linezolid was successfully reintroduced and in 19
(70.4%) out of 27 it was permanently discontinued. No
linezolid-related deaths were observed.
A significant difference in side-effects was observed between
those receiving 600 mg versus 1,200 mg daily. Only four
(14.3%) out of 28 patients receiving 600 mg of linezolid
experienced any side-effects versus 31 (54.4%) out of the 57
who received 1,200 mg (p50.0004; fig. 1). Patients prescribed
linezolid at 600 mg daily had a lower risk of major side-effects
as well as a lower risk of any side-effects than those prescribed
1,200 mg (table 1).
Efficacy end-points analysis
No significant differences were found in efficacy between 45
patients treated with linezolid and 110 patients not treated
with linezolid for the main demographic and clinical variables.
There were 41 MDR-TB cases (91.1%) among the 45 linezolidtreated patients and 102 among 110 patients not treated with
linezolid (92.7%; p50.83), whereas there were four (8.9%) and
100
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eight (7.3%; p50.82) XDR-TB patients in the two groups,
respectively. The mean number of first-line drugs to which
those treated with or without linezolid were resistant was 4.3
and 3.8, respectively (p50.002), with 1.5 and 0.9 for second-line
drugs, respectively (p50.02). Both groups included retreatment patients, but the mean number of treatment regimens
previously prescribed (.1 month) was almost doubled in the
linezolid-treated group (4.5 versus 2.3, respectively; p50.07).
Both linezolid-treated and nontreated patients were prescribed
a mean number of five drugs.
Those treated with linezolid took significantly longer for both
sputum smear and culture conversion than those without, but
they achieved a higher (although nonsignificant) percentage of
conversion overall (table 2). The mean¡SD time to smear
conversion was 102.9¡74 days in the linezolid group and
65.4¡80.1 days in the non-linezolid group (p50.007), whereas
the mean¡SD time to culture conversion was 109¡71 and
69¡63 days, respectively (p50.0007). The proportion achieving sputum smear conversion was 69% for the linezolid group
versus 54% in the non-linezolid group (relative risk (RR) 1.28;
95% confidence interval (CI) 0.99–1.6; p50.08). The proportion
achieving culture conversion was 87 versus 78% (RR 1.1; 95% CI
0.95–1.28; p50.22). There was no significant difference in
treatment outcomes for those with definitive treatment endpoints: 36 (80%) out of 45 linezolid-treated patients achieved
treatment success versus 90 (81.8%) out of 110 non-linezolidtreated patients (p50.88), and there was no difference in the
risk of failure or death between the two groups.
Efficacy was similar for patients who were prescribed 600 mg
versus 1,200 mg of linezolid: the proportion achieving sputum
smear conversion was 71.4% in the 600 mg versus 67.7% in the
1,200 mg group (p50.8). The proportion achieving culture
conversion was 92.9% in those receiving 600 mg?day-1 versus
83.9% in the 1,200 mg?day-1 group (p50.4). The mean¡SD time
to sputum smear conversion was 101.5¡79.3 days in the
600 mg?day-1
group
and
103.6¡73.4 days
in
the
1,200 mg?day-1 group (p50.9), whereas the mean¡SD time to
culture conversion was 109¡74.6 and 108.8¡70 days, respectively (p50.9). No significant difference in efficacy end-points
(sputum and culture conversion, or positive treatment outcome) was observed related to the presence or absence of
cavities on chest radiographs.
Efficacy end-point analysis stratified by resistance patterns
When stratified by the number of drugs to which isolates were
resistant, the proportion of sputum smear and culture
converters in the linezolid group was higher than for the
non-linezolid group for all strata, reaching statistical significance only for cases harbouring strains resistant to more than
seven drugs (p50.009 for smear; p50.004 for culture; table 3).
There was no clear trend in time to conversion related to the
number of drugs to which isolates were resistant (data not
shown).

h: 600 mg q.d., n528; &: 600 mg b.i.d., n557.

Risk of adverse outcome
The logistic regression analysis presented in table 4 showed a
significant risk of adverse outcome (failure or death) related to
increasing age, resistance to more than five drugs and the
presence of XDR-TB, and was not influenced by linezolid
treatment (crude odds ratios). Adjusted odds ratios, however,
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FIGURE 1.

Frequency of adverse effects attributed to linezolid during

combined treatment against multidrug-resistant/extensively drug-resistant tuberculosis at different time-points after treatment initiation with a 600 mg q.d. or a 600 mg
b.i.d. regimen (denominator is the total number of individuals per group).
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Safety and tolerability of linezolid in patients
treated for multidrug-resistant/extensively drugresistant tuberculosis in Belarus, Germany, Italy
and Switzerland, 2001–2007

TABLE 2

Comparison of efficacy end-points for the
treatment of multidrug-resistant/extensively drugresistant tuberculosis with or without linezolid in
cases with known outcome

600 mg b.i.d. p-value#

Total

600 mg q.d.

85

28

57

No adverse event

50 (58.8)

24 (85.7)

26 (45.6)

0.0004

Any adverse event

35 (41.2)

4 (14.3)

31 (54.4)

0.0004

Minor

8 (9.4)

0

8 (14)

Major

27 (31.8)

4 (14.3)

23 (40.4)

52

5

47

Anaemia

23 (44.2)

3 (60)

20 (42.5)

Thrombocytopenia

7 (13.5)

0 (0)

7 (14.9)

Nausea/vomiting

4 (7.7)

1 (20)

3 (6.4)

0.25

Success

36 (80.0)

90 (81.8)

0.88

Polyneuropathy

3 (5.8)

1 (20)

2 (4.3)

0.13

Cured

23 (51.1)

75 (68.2)

0.04

15 (28.8)

0 (0)

15 (31.9)

Completed

13 (28.9)

15 (13.6)

0.02

Patients
Total n

Others

No linezolid

45

110

102.9¡74

65.4¡80.1

31 (69)

59 (54)

Mean¡SD

109¡71

69¡63

n (%)

39 (87)

86 (78)

Patients n

p-value

Sputum smear conversion
time days
Mean¡SD
n (%)
0.01

0.007

Culture conversion time
days

Episodes
Total n

Linezolid

0.44

0.0007

Treatment outcome

Failure
Data are presented as n (%), unless otherwise stated. #: comparison between

Death

1 (0.9)
9 (20)

19 (17.3)

0.65

600 mg q.d. group and 600 mg b.i.d. group.
Data are presented as n (%), unless otherwise stated.

showed a significant risk of adverse treatment outcome only
for increasing age and the presence of XDR-TB.
DISCUSSION
In the absence of new drugs for TB treatment, curing patients
with MDR/XDR-TB critically depends on the pattern of drug
resistance and on the availability of second- and third-line antiTB drugs that have reasonable safety, tolerability and efficacy
[13, 14]. Anecdotal reports suggest that linezolid may be an
effective option to treat complicated cases of MDR/XDR-TB.
However, serious concerns have been raised regarding safety
and tolerability. Results of the five studies available with more
than one case described suggest that adverse events may range
from 43% [30] up to 80% or more [22, 29, 32, 33, 35]. Results of
the present study augment findings of the previous study [15],
where adverse effects were observed in 33.8% of the cases but
no information on doses prescribed or details on side-effects
were available.
Our results confirm a high frequency of major adverse sideeffects associated with linezolid, particularly in the higher
1,200 mg dose and in treatment longer than 8 weeks. Although
results from our study are more encouraging than most of
those described previously [22, 30–33] and adverse events
seemed reversible shortly after timely drug discontinuation or
dose reduction [30], they are still extremely relevant. More
than one out of three cases treated (35 (41.2%) out of 85)
experienced side-effects, with 27 (31.8%) having adverse
reactions serious enough to indicate drug discontinuation.
Our data showed a significant difference in side-effects
between a 600 mg and 1,200 mg daily dosage of linezolid:
they were less frequent when the lower dosage was prescribed,
whereas no significant difference was seen in efficacy between
the two doses. These data suggest that a lower dose is
sufficient to convey the possible benefits of linezolid while
390
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reducing the risk of major side-effects. In contrast, based on a
case series of eight patients treated with 600 mg daily of
linezolid, PARK et al. [33] suggested that this ‘‘daily half dose’’
was effective in treating intractable MDR/XDR-TB cases, but
did not prevent appearance of major adverse events.
In our cohort, linezolid was administered for a mean duration
exceeding 32 weeks. Thirteen (37.1%) episodes of linezolidattributed adverse effects occurred in the first 8 weeks of
treatment. Only one (3.6%) out of 28 patients who received
600 mg of linezolid daily experienced adverse drug effects in the
first 8 weeks of treatment. Adverse effects appeared after a median
time of ,10 weeks (69 days), suggesting that after ,2 months of
linezolid treatment, the risk of adverse events increases.
Our data show that patients treated with linezolid (at either
dose) achieved similar treatment outcomes to those in the nonlinezolid group, although those treated with linezolid had a
more frequent history of previous treatment and were resistant
to more first- and second-line drugs than patients who were
not. Patients treated with linezolid achieved a higher proportion of sputum smear and culture conversion (significant for
resistance to more than seven drugs only), but took significantly longer to convert than patients who were not treated
with linezolid. This apparent increase in treatment success in
XDR-TB patients might represent an opportunity for decreasing transmission of XDR-TB strains. It would be useful to
improve the methodology in future studies (e.g. prospective,
randomised or blinded evaluation) in order to assess the
safety, efficacy and quality of the drug more thoroughly. These
findings suggest that linezolid may confer a benefit for
treatment of the most complicated cases of MDR/XDR-TB,
and warrants further study in a randomised, controlled trial.
To our knowledge, this is the first study allowing a
comprehensive evaluation of linezolid tolerability and a first
EUROPEAN RESPIRATORY JOURNAL
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Proportion of converters, according to the number of antituberculous drugs to which isolates were resistant, among
patients treated with and without linezolid (LZD) in Belarus, Germany, Italy and Switzerland, 2001–2007

Drug resistance n

Sputum smear conversion
LZD treated

No LZD

Culture conversion
p-value

LZD treated

No LZD

p-value

,5

6/9 (66.7)

35/59 (59.3)

0.68

8/9 (88.9)

50/59 (84.7)

5–7

16/26 (61.5)

23/43 (53.5)

0.51

22/26 (84.6)

34/43 (79.1)

0.6

.7

9/10 (90)

1/8 (12.5)

0.0009

9/10 (90)

2/8 (25)

0.004

31/45 (68.9)

59/110 (53.6)

0.07

39/45 (86.7)

86/110 (78.2)

0.22

Total

0.75

Data are presented as n/n (%), unless otherwise stated.

report on its long-term efficacy in a clinical setting. The study
strengths include a relatively large sample size, the quality of
laboratory data (all XDR-TB-defining drugs tested and qualitycontrolled DST) and the capacity to provide representative
data from four European countries.
The study has several limitations associated with its retrospective, observational nature. Although the described adverse
effects were reversible in all cases when therapy with linezolid
was discontinued, cause and effect of linezolid therapy and
adverse effects are not proven, as they may also be due to other
drugs. Another bias is the nonrandomised allocation of
patients to linezolid treatment. As a consequence of the
linezolid-treated patients being resistant to more drugs than
those not treated with linezolid (and therefore presumably
having a poorer chance of treatment success), the effect of
linezolid on treatment outcome may have been diminished in
these data. In addition, even with a relatively sizable cohort of
patients, numbers of patients when data were stratified by
resistance pattern became small, challenging our ability to
evaluate the potential effects of linezolid on efficacy in a
definitive manner.
The study results are important in that they 1) confirm the
substantial risk of adverse effects noted in other studies of
linezolid, but suggest a safer dosage that could be prescribed
without losing the potential benefits of linezolid; 2) provide
documentation for cautiously justifying the use of linezolid in
clinical practice for only the most complicated MDR/XDR-TB
cases; 3) contribute evidence for regulatory authorities to
develop clear indications for the use of linezolid in MDR/
XDR-TB treatment; 4) represent a baseline against which future
TABLE 4

studies can be compared; and 5) allow for justification and
improved planning of prospective, controlled clinical trials.
Overall, the study results have both clinical and public health
relevance.
In conclusion, the data suggest that linezolid may be useful in
improving the chances of smear and culture conversion and
may provide a better chance at treatment success in only the
most complicated cases of MDR/XDR-TB when other treatment alternatives are not available, but that its safety profile
does not warrant its use in cases for which other, safer secondline or third-line drugs are available. The side-effects associated with linezolid are frequent and often serious, and
require careful monitoring, particularly when treatment
extends beyond 8 weeks. It is likely that the potential benefits
of linezolid can be achieved using a lower dosage of 600 mg
q.d., which appeared to reduce the risk of side-effects in this
cohort of patients, therefore reducing costs without changing
efficacy. Additional randomised, controlled trials of linezolid
for difficult-to-treat cases of MDR/XDR-TB should be conducted to confirm these findings.
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Logistic regression analysis of potential independent variables associated with adverse treatment outcome (failure or
death) in multidrug-resistant/extensively drug-resistant tuberculosis (XDR-TB) cases

Variables

Crude odds ratio

p-value

Adjusted odds ratio

p-value

Sex male

1.11 (0.43–2.85)

0.82

1.8 (0.56–5.78)

0.32

Increasing age yrs

1.03 (1.008–1.06)

0.01

1.03 (1.003–1.07)

0.03

Previous treatment .30 days

1.8 (0.76–4.27)

0.18

1.01 (0.38–2.65)

0.98

Resistance to .5 drugs

2.67 (1.17–6.1)

0.01

1.78 (0.59–5.34)

0.29

Linezolid treatment

0.88 (0.36–2.13)

0.79

1.1 (0.39–3.1)

0.85

XDR-TB

11.6 (3.2–42.05)

,0.0001

8.3 (1.74–40.28)

0.008

c

Data are presented as odds ratio (95% confidence interval), unless otherwise stated.
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