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Linezolid is a potentially effective drug for the treatment of patients
with drug-resistant tuberculosis. Among 13 patients treated for tuber-
culosis with linezolid in the present study, nine had treatment success
and four remain on treatment. Adverse effects occurred in 11 (85%)
patients, of whom three discontinued treatment because of adverse
effects. The present study adds to the growing evidence supporting the
efficacy of linezolid for tuberculosis, although treatment remains com-
plicated by adverse effects.
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L’évaluation de l'efficacité, de I’innocuité et de la
tolérabilité du linézolide dans le traitement de la
tuberculose : une analyse rétrospective de cas

Le linézolide est un médicament qui peut étre efficace dans le traitement
de patients atteints d'une tuberculose résistant aux médicaments. Dans
la présente étude, chez 13 patients traités au linézolide contre la tubercu-
lose, neuf ont vu leur traitement réussir et quatre sont toujours en traite-
ment. Des effets indésirables se sont manifestés chez 11 (85 %) patients,
dont trois ont arrété le traitement pour cette raison. La présente étude
s'ajoute aux données croissantes étayant I’efficacité du linézolide pour
soigner la tuberculose, méme si le traitement demeure compliqué par
des effets indésirables.

he treatment of tuberculosis (TB) becomes more complicated as

the antibiotic resistance profile of Mycobacterium tuberculosis
increases, especially in the case of multidrug-resistant (MDR) and
extensively drug-resistant (XDR) TB. Treatment then depends largely
on anti-TB agents that may be less potent or not well tolerated. Thus,
information regarding efficacy, safety and tolerability of other antibiot-
ics that are potentially useful in treatment is important to improve
outcomes in drug-resistant TB (DR-TB).

In vitro and pharmacological data suggest that linezolid, an oxazo-
lidinone antibiotic, may be useful in the treatment of TB. Varied
reports regarding linezolid’s safety and tolerability, mostly due to the
occurrence of dose- and duration-dependent reversible myelosuppres-
sion and peripheral and optic neuropathy, have been documented in
the literature. Despite these toxicities, cures have been reported
among patients with MDR/XDR-TB treated with a linezolid regimen.
The present study aimed to describe outcomes in a case series of TB
patients treated with a linezolid-containing regimen.

METHODS

All cases of active, culture-confirmed M tuberculosis infection treated
with a linezolid-containing regimen in the northern Canadian city of
Edmonton, Alberta, as well as the rural communities of the province
between January 1, 2000 through December 31, 2011 were reviewed.
Demographic and clinical data were extracted through retrospective
chart review and from the Integrated Public Health Information
System for TB. Data review was censured on April 30, 2012.

Treatment outcome of linezolid-containing regimens was defined
by clinical, radiographic, and smear and culture results as applicable.
For pulmonary cases, treatment success was defined by culture conver-
sion, treatment completion and a negative end-of-follow-up sputum
culture. For extrapulmonary cases, treatment success was defined by
treatment completion with no clinical or radiographic signs of activity
at the end of follow-up. Relapse was defined as recurrence of positive
cultures requiring retreatment after apparent treatment success. Time
to culture conversion was defined as time from treatment start to the
date of the first of two consecutive negative cultures.

The safety and tolerability of linezolid were assessed by reviewing
monthly complete blood count data and inquiries regarding neuropathy.
The treating physician determined whether myelosuppression, periph-
eral neuropathy or optic neuropathy were attributable to linezolid.
Anemia was defined as a hemoglobin level <135 g/L or a progressive
drop in hemoglobin; leukopenia was defined as a white blood cell
count <4.0x10%/L; and thrombocytopenia was defined as a platelet
count <140x10%/L.

RESULTS
Between January 1, 2000 and December 31, 2011, 13 patients (seven
female, six male) with a mean age of 38 years (range 15 to 72 years)
with culture-confirmed TB were treated with linezolid as part of their
multidrug regimens (Table 1). All patients were foreign-born and one
had HIV coinfection.

Of the 13 patients, one had a history of previous treatment for TB.
Five (38%) patients had pulmonary disease, four (31%) had lymph
node disease and one (8%) had spinal disease. Three patients (23%)
had pulmonary TB and one other site of disease (Table 1). Of the eight
patients with pulmonary TB, one (13%) exhibited cavitary changes on
initial chest radiograph or computed tomography and six (75%) had
positive sputum smear microscopy results at the time of diagnosis. Drug
susceptibility test results are summarized in Table 1. Six patients had
MDR-TB. The median number of drugs to which M tuberculosis isolates
were resistant was five (range zero to seven drugs).

Indications for using linezolid were failure of previous treatment
regimens (n=1), presence of extensive drug resistance (n=9) or inability
to tolerate other drugs (n=3). One patient (patient 13) had pulmonary
TB with a fully susceptible M tuberculosis isolate, but developed verte-
bral TB while in the continuation phase of treatment. Linezolid was
thus added to intensify treatment. Patients had been on other drugs for
TB for a median of 1.5 months (range zero to 12 months) before starting
linezolid (Table 1). The dose of linezolid was always 600 mg once daily.
The dose of vitamin By was 25 mg to 100 mg daily. The median num-
ber of TB medications used concurrently was three (range one to
four [Table 1]). The mean duration of linezolid administration was
8.3 months (range 1.4 to 22 months).
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TABLE 1
Patient characteristics and treatment data
Duration
on TB Total
Sex, age at Smear drugs duration of
treatment Disease at result at before Concurrent Total B
initiation, Country Disease Comorbid time of time of Resistance LZD, medications months on treatment,
Patient years of birth site conditions diagnosis  diagnosis pattern months to LZD LZD* months
1 F, 15 Philippines Pulmonary None Noncavitary Positive INH, PZA, EMB 0.75 RIF, MFX 11.5 12
2 M, 42 Vietnam Pulmonary, Alcohol Noncavitary Positive INH, RIF, PZA, 1 MFX, AMK, 9.7 Ongoing
lymph abuse STM, low-level EMB, ETA
node RIB
3 M, 37 Vietnam Pulmonary, None Noncavitary Negative  INH, RIF, PZA; 1 MFX, AMK, 10 11
pleural low-level EMB and EMB (high
STM dose)
4 F, 28 India Pulmonary None Cavitary Negative  INH, RIF, PZA, 0 PAS, AMK, Ongoing Ongoing
STM, RIB, OFX, EMB (20)
ETA
(microcolonies)
5 M, 32 India Pulmonary Travel Noncavitary Positive INH, PZA, OFX; 2 PAS, AMK, 12 14
low-level EMB and RIB, EMB
STM
6 M, 35 Ethiopia Lymph Travel N/A Negative INH, RIF, PZA, 1 AMK, LFX 10.2 12
node EMB, STM, ETA,
RIB
7 M, 70 China Pulmonary None Noncavitary Positive None 3 AMK, EMB 14 12
8 F 31 Cambodia Lymph None N/A Positive INH, RIF, EMB, 1.5 MFX, AMK, 55 12
node STM, RIB PAS, PZA
9 F 41 Indonesia  Lymph node HIV positive N/A Negative  INH 7 RIB 14 12
10 F 72 China Pulmonary Asthma Noncavitary Positive OFX, STM 6 INH, EMB 6.4 12
11 F, 34 Philippines Lymph None N/A Negative  INH, RIF, PZA, MFEX, AMK, Ongoing Ongoing
node STM, ETA RIB (EMB (3.6)
for 19
days)
12 F, 28 Philippines Vertebral  None N/A Negative  RIF, RIB, ETA; 1 EMB, AMK, Ongoing (8)  Ongoing
column low-level INH MFX, INH
(high
dose)
13 M, 24 India Pulmonary, None Noncavitary Positive None 12 INH, RIF, 6 18
vertebral MFX
column

*0Ongoing’ indicates that the patient was still receiving linezolid (LZD) treatment at data censure, number in parentheses indicates number of months of LZD treat-
ment to date. AMK Amikacin; AZM Azithromycin; EMB Ethambutol; ETA Ethionamide; F Female; INH Isoniazid; M Male; MFX Moxifloxacin; N/A Not applicable; OFX
Ofloxacin; PAS Para-aminosalicylic acid; PZA Pyrazinamide; RIB Rifabutin; RIF Rifampin; STM Streptomycin; TB Tuberculosis

At data censure, nine (69%) of 13 patients had successfully com-
pleted treatment (Table 2) including three patients with MDR-TB.
Four patients (31%) were still receiving treatment. Among the eight
patients with pulmonary disease, all achieved culture conversion by the
time of data censure: five (62%) did so before starting linezolid, while
three (38%) did so after starting linezolid (range one to nine weeks).
To date, there have been no deaths or unsatisfactory outcomes.

Of the 13 patients, 11 (85%) experienced adverse events attributed
to linezolid (Table 2), with all 11 experiencing hematological sides
effects. Adverse events resulted in discontinuation of linezolid therapy
in three patients (for anemia, peripheral neuropathy and rash) and
interruption of linezolid therapy in one patient (for gastrointestinal
side effects).

DISCUSSION
Treatment outcomes for DR-TB are typically worse because of the lack
of potent bactericidal drugs, the duration of treatment, and the side
effects and toxicities of second-line medications. Linezolid has been
shown to be effective in the treatment of DR-TB in several case series
(1-12). A meta-analysis and systematic review of 11 studies (n=148
patients), in which linezolid was used in the treatment of DR-TB,
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demonstrated a pooled proportion of treatment success of 68% (13).
This is comparable with outcomes for MDR-TB treatment in general,
with a reported pooled proportion of 62% treatment success (13,14).
A second meta-analysis and systematic review of 12 studies in which
linezolid was used in the treatment of MDR-TB (15) found 86 (92.5%)
of 93 cases achieved a negative smear and 100 (93.5%) of 107 achieved
culture conversion after treatment with individualized regimens con-
taining linezolid. The efficacy of linezold in the treatment of DR-TB
was further demonstrated in the treatment of refractory XDR-TB with
the addition of linezolid, resulting in culture conversion within six
months (16). In our study, all patients who completed treatment
achieved cure and three (38%) of these achieved culture conversion
while on linezolid. Furthermore, three of six patients with confirmed
MDR-TB achieved cure while the remainder were on treatment at
data censure. However, because all patients in our series were receiving
multidrug regimens, including eight who were also receiving newer
fluoroquinolones, treatment success cannot be attributed solely to the
inclusion of linezolid in the regimen.

Several studies have reported toxicities, primarily myelosuppres-
sion and neuropathy, to be limiting factors in the use of linezolid. In a
meta-analysis (13), the pooled estimate for the frequency of any
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TABLE 2
Treatment outcomes and toxicities

Time to culture

LZD dose, Vitamin Bg conversion on LZD

Patient mg dose, mg regimen, weeks  Reported toxicity Reason for discontinuing LZD Treatment outcome

1 600 100 0 Leukopenia Completion of therapy Cure

2 600 100 1 Rash, anemia Rash Continued treatment

3 600 100 0 Anemia Completion of therapy Cure

4 600 100 9 Anemia Treatment current Continued treatment

5 600 50 4 Leukopenia, neutropenia, Completion of therapy Cure
thrombocytopenia

6 600 25 N/A Anemia, nausea, vomiting, LZD interrupted and resumed; Cure
hyperpigmentation of oral cavity completion of therapy

7 600 50 0 Anemia Change of recommendation Cure

8 600 25 N/A Anemia, peripheral neuropathy Peripheral neuropathy Cure

9 600 25 N/A Anemia, leukopenia, neutropenia Hemolysis (anemia) Cure

10 600 50 0 None Completion of therapy Cure

11 600 50 N/A Anemia Treatment current Continued treatment

12 600 50 N/A Anemia Treatment current Continued treatment

13 600 100 0 None Completion of therapy Cure

LZD Linezolid; N/A Not applicable

adverse events was 61.5%, with 36.2% discontinuing linezolid due to
adverse events. In our small series, 85% of patients experienced
adverse events, with only 23% discontinuing because of toxicity.
Pooled proportions of the frequency of neuropathy and bone marrow
suppression in previous studies were 36.1% and 28.5%, respectively
(13). A second meta-analysis reported adverse events in 63 (58.9%) of
107 patients: 54 (68.4%) of 79 were major adverse events including
anemia (38.1%), peripheral neuropathy (47.1%), gastrointestinal dis-
orders (16.7%), optic neuritis (13.2%) and thrombocytopenia (11.8%)
(15). In our series, hematological side effects represented the most
common toxicity, with 85% having anemia. One possibility for the
increased rates of bone marrow toxicity observed in our study may
relate to varying sensitivities in definitions and reporting of bone mar-
row toxicity among studies. Although the incidence of bone marrow
toxicity was increased in our study, the number of patients requiring
discontinuation of linezolid was low, suggesting that the severity of
toxicity was low. Other known toxicities of linezolid, including optic
neuropathy, lactic acidosis and serotonin syndrome, were not apparent
in our study. It has been suggested that reduced daily doses (<600 mg)
may lower the frequency of adverse events without impacting treat-
ment success (1,6,13,15-17).

Our study was limited by the small number of patients and the
retrospective nature of our analysis. However, it supports growing evi-
dence that linezolid may be efficacious in the treatment of DR-TB,
although treatment is complicated by adverse events. The optimal
dose remains to be determined.
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