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Abstract
Tuberculosis is a severe, infectious disease caused by Mycobacterium tuberculosis. The aim of this review was to present the efficacy 
of linezolid as an agent against multidrug and extensively drug-resistant tuberculosis as gathered from many recent research studies. 
Linezolid seems to have strongly the potential of being used as an anti-tuberculosis agent because it blocks bacterial ribosomal protein 
synthesis. Nevertheless caution is required because of the adverse effects it causes, especially when the linezolid daily dosage exceeds 600 
mg. The most severe adverse effects include anemia, peripheral neuropathy, optic neuropathy and thrombocytopenia. Still, more trials 
and research need to be done in order to gather more information and value the cost-benefit dosage of the treatment. 
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INTRODUCTION
Tuberculosis (TB), an infectious disease caused by Myco-
bacterium tuberculosis, constitutes one of the most severe 
diseases around the globe. Although it was thought to be 
incurable until the middle of the 20th century1, new drug 
regimens are added to our armamentarium with favourable 
results. It is still one of the most challenging public health 
problems worldwide2 with an estimated 9 million people 
infected worldwide.3,4 In recent years, TB has shown a sig-
nificant boost in developed countries because of immigra-
tion from countries with high prevalence as well as a rising 
incidence of TB and HIV co-infection.4,5 As a result, an 

increase of TB burden is also anticipated over the next few 
years owing to population migration patterns.4,6 According 
to the World Health Organization (WHO) report in 2010, 
there were an estimated 9.4 million new cases of TB and 
14.0 million prevalent cases causing death to 1.3 million 
people in 2009. In India there were an estimated 2.0 million 
cases (21% of the estimated worldwide burden).7,8 

Multiple and Extensively Drug-Resistant 
Tuberculosis

Drug-resistant TB has been reported since the early days of 
chemotherapy. The first line agents that have been and are 
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still used for the treatment of TB are isoniazid, rifampin, 
pyrazinamide, streptomycin, and ethambutol. Resistan-
ce emerged and then second-line agents were introduced 
such as fluoroquinolones, ethionamide, amikacin, capre-
omycin, p-aminosalicylic acid, cycloserine, and kanamy-
cin.7 TB with bacillary resistance to at least isoniazid and 
rifampin is defined as Multi-Drug Resistant TB (MDR-TB) 
and has become a global epidemic issue.9 Surveillance data 
indicate that MDR-TB is an emerging problem, especially 
in countries of the former Soviet Union (FSU), Israel, and 
areas of the People’s Republic of China.10-12 Since active 
TB will develop in only a proportion of persons infected 
with M. tuberculosis directly after primary infection, the 
prevalence of MDR-TB may still be underestimated. Fu-
rthermore, strains of M. tuberculosis that are resistant to 
second-line drugs are also emerging. Drug resistance of 
M. tuberculosis to any fluoroquinolone and to at least one 
of the injectable drugs (capreomycin, kanamycin, or ami-
kacin), in addition to isoniazid and rifampin resistance, is 
defined as Extensively Drug-Resistant TB (XDR-TB).7,13,14 
Anti-TB drugs have to cross various physical barriers be-
fore reaching their targets: (i) the granuloma as a host-de-
rived containment for the pathogen, (ii) the infected host 
cell, and (iii) the pathogen’s envelope.15 The phenotypic 
drug resistance observed in M. tuberculosis is mediated by 
the physiological downshift to dormancy. Nutrient starva-
tion causes the pathogen to arrest growth, minimize res-
piration, and become resistant to drugs while maintaining 
viability, thereby mimicking some of the features of M. 
tuberculosis persistence.16,17

Although genetic resistance to an anti-TB medication 
happens naturally, in consequence of chromosomal mutati-
ons that accompany mycobacterial replication, MDR-TB is 
a man-made phenomenon that has emerged owing to im-
proper TB treatment.18,19 MDR-TB and XDR-TB are more 
difficult to treat than drug-susceptible TB, with substan-
tially worse outcome alongside mounting drug resistan-
ce.7,20-26 It is often necessary to include the WHO group 5 
drugs in the treatment of XDR-TB and fluoroquinolone-re-
sistant MDR-TB. The WHO group 5 drug classification re-
fers to anti-TB drugs with unclear efficacy or an unclear 
role in MDR-TB treatment.12 These include thioacetazone, 
linezolid, high-dose isoniazid, clofazimine, amoxicillin 
with clavulanate, macrolides, carbapenems, and thiorida-
zine.19 Both cohort analysis using robust Poisson regressi-
on models and meta-analysis using random-effects models 
showed that use of linezolid substantially and significant-
ly increased the probability of a favourable outcome by 
57%. Defining clinically significant improvement by risk 
ratios 1.2 or 0.9, neither cohort analysis nor meta-analy-
sis demonstrated any add-on benefit from the use of the 
other group of 5 drugs (high-dose isoniazid, clofazimine, 
amoxicillin with clavulanate, macrolides, carbapenem, and 
thioridazine) with respect to outcome for XDR-TB or flu-
oroquinolone- resistant MDR-TB patients treated with li-
nezolid.19

Epidemiology of tuberculosis

According to the global tuberculosis report that was pre-
sented by WHO in 2019, the number of people with tuber-
culosis was estimated to about 10 million, an equivalent of 
132 cases per 100,000 population. The number of deaths 
caused by tuberculosis among HIV-negative people decre-
ased from 1.7 million in 2010 to 1.2 million in 2018 (a 27% 
reduction), and this decrease was even more pronounced 
among HIV-positive people from 624,000 in 2000 down to 
251,000 in 2018 (a 60% reduction).27

The estimated number of patients with multidrug-re-
sistant and rifampicin-resistant tuberculosis (MDR/RR-
TB) amounted to 484,000 incident cases in 2018 and 78% 
of these were MDR-TB. The number of people registered 
to undergo a second-line MDR-TB treatment was 156,071 
in 2019 compared to 139,114 people in 2017 and 30,500 
in 2009. The registered patients for XDR-TB treatment 
numbered 11,403 and this was elevated by 16% compared 
to those in 2017. Fifty-six percent of MDR/RR-TB patients 
completed the treatment successfully in 2016, whereas in 
8% of the cases the treatment failed, 15% died, 15% were 
lost to follow-up, and 6% of the treatment outcome was 
not evaluated. Similarly, among 9,258 patients who started 
XDR-TB treatment in 2016, 39% completed the treatment 
successfully, 26% died, the treatment of 18% failed, and 
18% were lost to follow-up or their treatment outcome was 
not evaluated.27

Current treatment for tuberculosis requires multiple 
drug combinations with varying treatment periods starting 
at 6 months for drugs susceptible to tuberculosis and up to 
9-20 months in the case of rifampicin-resistant tuberculo-
sis (RR-TB) or MDR-TB and sometimes the treatment pe-
riod may be longer if there is additional drug resistance or 
if the clinical and laboratory outcomes after the completion 
of the treatment are unsatisfactory.

Linezolid Pharmacology

Oxazolidinones are a new class of antimicrobials that inhi-
bit protein synthesis at a site not targeted by other antimi-
crobials.28,29 Linezolid, the first of these compounds to be 
approved by the U.S. Food and Drug Administration, is a 
synthetic antibiotic that is licensed for the treatment of se-
rious skin and soft tissue infections, bacteremia and pneu-
monia due to resistant in beta-lactams and glycopeptides 
gram-positive bacteria, including methicillin-resistant 
staphylococcus aureus (MRSA), and vancomycin-resistant 
enterococci (VRE). It is also active in vitro against many 
gram-positive actinomycetes, including Nocardia, Actino-
madura and Mycobacterium tuberculosis.30-35 Linezolid is a 
bacteriostatic drug that blocks the initiation step of bacte-
rial ribosomal protein synthesis by a novel mechanism of 
action. Linezolid binds to a site on the bacterial 23S riboso-
mal RNA of the 50S subunit thus inhibiting the formation 
of a functional 70S initiation complex that is essential for 
the bacterial translation process. This inhibition does not 
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affect the formation of mammal proteins, but the prolonged 
treatment of linezolid can interfere with the mitochondrial 
protein synthesis in mammals, thus causing its dysfuncti-
on. Linezolid is also a weak, reversible, non-selective in-
hibitor of monoamine oxidase and therefore it may cause 
drug-drug interactions with adrenergic and serotonergic 
agents.29-37 Linezolid is rapidly and extensively absorbed 
in both the oral suspension and tablet formulation, with 
oral availability approaching 100%.38,39 In healthy volun-
teers the time to maximum concentration (Tmax) is 0.5-2 h. 
Co-administration with a high-fat meal may delay the Tmax 
and slightly reduce the maximum plasma concentration 
(Cmax), but does not affect the area under curve (AUC).39 
Protein binding is reported to be 31%.38,39 Linezolid has 
complex metabolism with two primary and multiple mi-
nor metabolites.39 Its main metabolic route is the non-en-
zymatic oxidation of the morpholine ring that produces 
two inactive ring-opened carboxylic acid derivatives, the 
aminoethoxyacetic acid metabolite and the hydroxyethyl 
glycine metabolite.39 Linezolid does not pass through the 
hepatic P450 metabolism and therefore it does not inhibit 
the activities of CYP isoforms.40 Major route for linezolid 
excretion is urine. As linezolid is metabolized to its main 
metabolites, they are excreted via urine. Thirty percent of 
the dose given is excreted as linezolid, 40% is excreted as 
hydroxyethyl glycine and 10% as aminoethoxyacetic acid.39 
The rate-limiting step in linezolid clearance is the non-en-
zymic formation of the primary metabolite, and both renal 
and non-renal routes are involved in elimination39, with 
non-renal elimination accounting for roughly 65%.41 Line-
zolid has good tissue penetration39,42, including lung and 
epithelial lining fluid.43,44 Penetration into cerebrospinal 
fluid (CSF) is good and as a result linezolid can be used 
in the treatment of tuberculous meningitides.45 Linezolid 
appears to have both time and concentration dependent 
killing, with both the AUC/MIC ratio and per cent time 
above MIC (%T > MIC) correlated with linezolid activity 
against Gram-positive bacteria.46,47 

Linezolid treatment in multiple and 
extensively drug-resistant tuberculosis

After having searched the PubMed database, we found se-
veral studies as well as some systematic reviews that present 
the efficacy, the tolerability and the adverse events of line-
zolid use for the treatment of the MDR-TB and XDR-TB. 

Sotgiu et al.48 presented a systematic review and me-
ta-analysis where they collected 12 studies (11 countries 
from three continents) reporting complete information on 
treating MDR-TB cases which were based on Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
guidelines. Meta-analysis was performed using the indivi-
dual data of 121 patients with a definite treatment outcome 
(cure, completion, death or failure). Most MDR-TB cases 
achieved sputum smear clearance 92.5% and 93.5% culture 
conversion respectively after treatment with individualized 
regimens containing linezolid [median (inter-quartile ran-

ge) times for smear and culture conversions were 43.5 and 
61 days, respectively] and  81.8% of patients were succes-
sfully treated. No significant differences were detected in 
the subgroup efficacy analysis (daily linezolid dosage ≤600 
mg versus >600 mg). Adverse events were observed in 
58.9% of the patients, of which 68.4% were major adverse 
events that included anemia 38.1%, peripheral neuropat-
hy 47.1%, gastro-intestinal disorders 16.7%, optic neuritis 
13.2%, and thrombocytopenia 11.8%. The proportion of 
adverse events was significantly higher when the linezolid 
daily dosage exceeded 600 mg. 

Cox and Ford49 also included a total of 11 studies in 
their review, representing 148 patients. The pooled pro-
portion for treatment success was 67.99%. There were no 
significant differences in success comparing daily linezolid 
dose (≤600 vs. >600 mg) and mean linezolid duration (≤7 
vs. >7 months). The pooled estimate for the frequency of 
any adverse events was 61.48%, with 36.23% discontinuing 
linezolid due to adverse events. Nine studies reported the 
proportion of patients who had converted sputum cultures 
from positive to negative during linezolid treatment: the 
pooled proportion was 97.86%. 

Similarly to the above meta-analyses, many more stu-
dies have been published giving approximately the same 
results. Gratifying efficacy of linezolid and a variety in the 
percentages of the same adverse effects compose the profile 
of the drug according to all examined references.1,2,4,9,50-61 
Additionally, one study examined the intermittent dosing 
of linezolid over the daily dosing and found that intermit-
tent use of the drug may optimize the serum linezolid pro-
file thereby enabling safe, efficacious and prolonged use 
of linezolid.62 The high frequency of adverse events is an 
important limitation of linezolid and as a consequence the-
rapeutic drug monitoring should be considered. Close mo-
nitoring for toxicity in long term treatment with linezolid 
can be achieved with conventional serum sampling and as 
an alternative with dried blood spot analysis or oral fluid 
sampling. Full blood count every month is necessary as 
well as active monitoring for neuropathy. Severe adverse 
events—predominantly neuropathies and bone marrow 
suppression—lead to discontinuation of linezolid in over 
a third of patients and dose reduction in others. These re-
sults indicate that a reduced daily dose of ⩽600 mg from 
treatment initiation may lower the frequency of occurrence 
of adverse events without impacting treatment success. In 
particular, reducing the daily dose may reduce the impact 
of bone marrow suppression, particularly severe anemia.49 
In addition, an incident of rhabdomyolysis occurred in in-
dividuals receiving long-term linezolid therapy, although 
it is not a common adverse effect. Elevated AST or CPK 
levels should draw attention if observed, as linezolid is 
thought to decrease mitochondrial protein synthesis that 
was dose-related and coincided temporarily with rhabdo-
myolysis. In this case, linezolid-induced inhibition of mi-
tochondrial protein synthesis may be the mechanistic cause 
of this event and maybe a means of predicting toxicity and 
the dose-related degree of this toxicity.63 
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Moreover, linezolid administration to children for the 
treatment of the MDR-TB raises serious concerns. Several 
types of research have been published about this topic. The 
results were quite similar to the adult research, especially 
the ones referring to the efficacy of the drug, which reaches 
81.7%.45,64 Regarding the side effects of linezolid, these are 
not quite the same as those in adults. Children present with 
nausea and vomiting as the most common adverse effects 45 
and treatment is rarely discontinued. Hematologic adverse 
events such as anemia and thrombocytopenia occur if tre-
atment is highly dosed and prolonged. Peripheral neuropa-
thy (“stocking and glove distribution”) or optic neuropa-
thies are mentioned at prolonged use of linezolid.65

Additionally, in a couple of trials, resistance to linezo-
lid has been observed in long term treatment. One of these 
trials has found genetic disposition, as mutations either in 
23S rRNA or in ribosomal protein L3 have been detected.58 
Simultaneously, linezolid resistance was observed in 4 out 
of 210 MDR-TB patients with no mutations found in po-
tential target genes and with an unclear mechanism. Pos-
sible effects of efflux pump inhibitors (reserpine) and the 
reduced input rate of the drug could account for the first 
hints of resistant mechanisms.66 

Tang et al.67 in a multicenter, prospective, randomized 
controlled study for treating extensively drug-resistant TB 
(XDR-TB) concluded that the patients exposed to linezolid 
(1200 mg per day for 4-6 weeks followed by 300-600 mg per 
day thereafter) had better treatment outcomes compared to 
those in the control group (78.8% versus 37.6%, p<0.001) 
by 24 months. Thus, the treatment success rate was signifi-
cantly higher in linezolid therapy group (69.7%) compared 
to control group (34.4%, p=0.004). However, the main con-
cern remained the safety and the tolerability of linezolid, as 
82% of the patients experienced adverse events including 
gastrointestinal and hematological reactions, optic neuro-
pathy and peripheral neuropathy. 

The study of Liu et al.68 used 600 mg of linezolid for the 
treatment of XDR-TB patients indicating a well-tolerated 
and efficient treatment with low rate of side-effects. Simi-
larly, the systematic review and meta-analysis of Sotgiu et 
al.48 suggested an excellent efficacy of linezolid at a dosage 
of ≤600 mg in the treatment of MDR-TB and XDR-TB as it 
minimizes the occurrence of adverse events. However, the 
administration of higher doses of linezolid (1200 mg daily), 
as reported by Xu et al.69 resulted in severe adverse events 
to 82% of the patients and thus the linezolid therapy must 
be closely monitored for adverse side effects. 

The systemic review and meta-analysis performed by 
Zhang et al.70 suggested that the use of linezolid is a valid 
option for treating drug resistant-TB patients and the bene-
fits and the drawbacks like the adverse events of such treat-
ment should be taken into account by the specific needs of 
individual patients. 

A recent systematic review and meta-analysis by Millard 
et al.71 reports that despite the increased use of linezolid 
treatment in patient with MDR-TB, its safe dosing still re-

mains unclear. Thus, additional prospective clinical studies 
are required to better assess its daily dosage with minimal 
adverse effects. 

The latest update of the WHO treatment guidelines 
for drug-resistant tuberculosis regrouped medicines used 
in the design of longer MDR-TB treatment regimens, ba-
sed upon current evidence on their effectiveness and sa-
fety. Clofazimine and linezolid are now recommended as 
core second-line medicines in the MDR-TB regimen while 
p-aminosalicylic acid is an add-on agent.72 

Nowadays, a new agent, PNU-100480, is being tested. 
Its structure differs from that of linezolid by a sulfur atom 
instead of the oxygen atom in the ring structure. Struc-
ture modification of oxazolidinones influences both acti-
vity and toxicity; PNU-100480 is more active against TB 
than linezolid and that the efficacy was similar to that of 
isoniazid (INH) and/or rifampin. Unfortunately, data on 
PNU-100480 in vitro activity have been obtained exclu-
sively from testing drug-susceptible isolates. The clinical 
importance remains to be seen when phase III studies are 
performed.73 

Linezolid-induced adverse events

Although linezolid is generally a well-tolerated drug, it 
can cause several adverse effects, especially in long-term 
use. The most common linezolid-related adverse reaction 
observed are nausea, headache, diarrhea, elevated liver 
enzymes levels, and myelosuppression including throm-
bocytopenia, sideroblastic anemia, and leukopenia. Other 
rare but severe adverse reactions are observed mostly in the 
case of long-term linezolid therapy (> 28 days) including 
lactic acidosis, peripheral and ocular neuropathy, and sero-
tonin syndrome.

Thrombocytopenia is the most common linezolid-re-
lated adverse event among patients caused by myelosup-
pression with a reported incidence of about 15-50%.74-76 
Although thrombocytopenia is associated with long-term 
linezolid therapy, it is reversible after the discontinua-
tion of linezolid and eventually recovery occurs within 
4-13 days.77,78 The mechanism by which linezolid induces 
thrombocytopenia was initially thought to be due to bone 
marrow suppression.79 However, an alternative mechanism 
has been postulated80 where the drug or its metabolites 
bind to platelet membrane glycoproteins forming a com-
plex which is recognized by circulating IgG antibodies. 
Subsequently, the IgG-drug-platelet complex is removed by 
the reticuloendothelial system, producing thrombocytope-
nia. Thus, platelet count should be monitored every week 
during the course of treatment and discontinuation of li-
nezolid should be considered in patients who have develo-
ped thrombocytopenia and the platelet counts eventually 
return to normal values.

Prolonged linezolid therapy, ranging from 4 weeks to 6 
months, can cause anemia as an adverse effect which is cau-
sed by a decline in the hemoglobin levels, and an increase 
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in serum iron levels and iron saturation. The mechanism 
by which linezolid can induce anemia is through a direct 
effect on bone marrow which is responsible for the pro-
duction of erythrocytes with concurrent reticulocytopenia. 
Serum iron levels and iron saturation are increased which 
may be predictive of this adverse event. Bone marrow exa-
mination may indicate erythroid hypoplasia with vacuola-
ted erythroblasts and megaloblastosis. In addition, special 
staining on bone marrow smears can reveal elevated levels 
of ringed sideroblasts (> 15%) which are characteristic of 
sideroblastic anemia. Sideroblasts consist of mitochondria 
loaded with iron due to the reduced heme synthesis.80-82 
Severe cases of anemia are treated with blood transfusion, 
whereas linezolid withdrawal results in the disappearance 
of ringed sideroblasts and restitution of hemoglobin levels 
back to normal values.83 

Linezolid could induce abnormal liver function tests, 
such as elevated alanine transaminase (ALT) and γ-gluta-
myltransferase enzyme levels.84 However, it does not seem 
severe enough to warrant drug discontinuation.

Linezolid-associated lactic acidosis is an uncommon 
adverse drug reaction that can occur in adult patients with 
multidrug-resistant tuberculosis especially after prolon-
ged use (> 28 days).85,86 Lactic acidosis occurs due to low 
pH in body tissues and blood and it is accompanied by 
increased levels of L-lactate. Lactic acidosis is characteri-
zed by repeated episodes of nausea, vomiting, and muscle 
weakness.87 It is a serious adverse effect that can result in 
multi-organ failure, such as liver and renal dysfunction, 
and death. The mechanism by which linezolid may indu-
ce lactic acidosis is due to mitochondrial toxicity where 
cytochrome c oxidase activity is decreased. Cytochrome 
c oxidases are partially synthesized by mitochondrial ri-
bosomes but linezolid impairs mitochondrial protein syn-
thesis, thus causing lactic acidosis.88 When lactic acidosis 
occurs, an immediate medical evaluation is required. Dis-
continuation of linezolid usually resolves lactic acidosis 
within two weeks.89

Peripheral90,91 and ocular neuropathy92-94 are serious 
adverse events reported in patients treated with prolonged 
linezolid therapy for more than 28 days. These two neuro-
pathies may be developed either independently or simul-
taneously in the same patient. Linezolid-related peripheral 
neuropathy is characterized by paresthesia, numbness and 
mild weakness of the distal limbs.91 However, symptoms 
do not improve after linezolid withdrawal revealing that 
peripheral neuropathy is an irreversible process. Linezo-
lid-induced ocular neuropathy has a sudden onset with 
blurred vision, pain in the eye, tingling, bilateral visual 
loss and color discrimination throughout the duration 
of therapy with linezolid. The mechanism responsible for 
this type of neuropathy may be due to the mitochondrial 
toxicity where impaired mitochondrial protein synthesis 
occurs that leads to the death of neuronal axons.95 Alter-
natively, it inhibits monoamine oxidase activity. No other 
specific treatments exist for either of these conditions, 

apart from discontinuing linezolid treatment. Patients 
who are to receive linezolid treatment for more than 28 
days should be considered for a baseline ophthalmological 
examination to assess visual acuity, color discrimination 
and visual fields, and a baseline neurological examinati-
on to assess sensory function. Additionally, patients that 
undergoing linezolid treatment for extended periods must 
be frequently monitored for peripheral neuropathy and/or 
ocular neuropathy.

Linezolid-related therapy may cause the life-threate-
ning serotonin syndrome when it is co-administered with 
selective serotonin reuptake inhibitors such as monoa-
mine oxidase (MAO) inhibitors. Serotonin syndrome is 
characterized by spasmodic jerky contractions of muscles, 
tremor, hyperpyrexia, hyper-reflexia, cognitive dysfuncti-
on and lack of coordination. Linezolid is a weak, compe-
titive, reversible, non-selective inhibitor of MAO.84, 96-98 
MAO is a mitochondrial enzyme that deaminates aroma-
tic amines and thus inactivates neurotransmitters such as 
serotonin and dopamine. MAO has two isoforms, MAO-A 
which deaminates serotonin and norepinephrine, and 
MAO-B which deaminates dopamine and phenylethyla-
mine. Linezolid inhibits MAO-A because it is structurally 
similar to toloxatone, an inhibitor of MAO-A that is used 
for the treatment of depression.99 As a result, the concen-
tration of serotonin increases intracellularly causing sero-
tonin syndrome. The onset of serotonin syndrome caused 
by linezolid occurs within the first week after the initiation 
of the linezolid therapy while the patients receive conco-
mitant serotonin reuptake inhibitors.100 However, the on-
set symptoms in older patients can be delayed for up to 3 
weeks after the initiation of linezolid treatment.101-103 This 
may be caused by the decreased synthesis of serotonin and 
the reduced serotonin receptor expression found in the el-
derly.104 Immediate withdrawal of the offending agent and 
replacement of the antibiotic whenever possible should be 
considered. In practice, however, this may not be possi-
ble especially when pathogens are multidrug resistant and 
thus a dose reduction of the serotonin reuptake inhibitor 
should also be considered.

CONCLUSION

Despite the favourable efficacy, the necessity of caution in 
the prescription of linezolid for the treatment of MDR-TB 
and XDR-TB is strongly suggested. The high proportion 
of cases experiencing adverse events and requiring drug 
interruption or dosage reduction suggests that the use of 
linezolid should be limited to severe cases in specialized 
drug resistant-TB reference centres, where both inpatients 
and outpatients can be carefully monitored for any oc-
currence of serious adverse events and where facilities are 
well equipped to manage any serious problem. Balancing 
the long term risk-benefit ratio of linezolid requires iden-
tifying a dose with sufficient potency but less toxicity.



Linezolid Treatment for Tuberculosis

449Folia Medica I 2020 I Vol. 62 I No. 3

Funding

The authors have no funding to report.

Competing Interests

The authors have declared that no competing interests exist.

Acknowledgements

The authors have no support to report.

REFERENCES
1. Chiang C-Y, Centis R, Migliori GB Drug-resistant tuberculosis: Past, 

present, future. Respirology 2010; 15(3): 413–32.
2. Thaiss WM, Thaiss CC, Thaiss CA. Recent developments in the epi-

demiology and management of tuberculosis – new solutions to old 
problems? Infect Drug Resist 2012; 5: 1–8.

3. World Health Organization (2007) WHO report 2007: global tuber-
culosis control, surveillance, planning, financing. Geneva, World 
Health Organization. Available from: https://apps.who.int›iris›handle

4. Farshidpour M, Ebrahimi G, Mirsaeidi M. Multidrug-resistant tuber-
culosis treatment with linezolid-containing regimen. Int J Mycobac-
teriol 2013; 2(4): 233–6.

5. Lillebaek T, Andersen AB, Bauer J, et al. Risk of Mycobacterium tu-
berculosis transmission in a low-incidence country due to immigra-
tion from high-incidence areas. J Clin Microbiol 2001; 39(3): 855–61.

6. Falzon D, Jaramillo E, Schunemann HJ, et al. WHO guidelines for 
the programmatic management of drug resistant tuberculosis: 2011 
update. Eur Respir J 2011; 38(3): 516–28.

7. Eker B, Ortmann J, Migliori GB, et al, German TBNET Group. Mul-
tidrug- and extensively drug-resistant tuberculosis, Germany. Emerg 
Infect Dis 2008; 14(11): 1700–6.

8. World Health Organization. Global tuberculosis control: WHO re-
port 2010. Geneva, World Health Organization. Available from: 
https://apps.who.int › iris › bitstream › handle › 9789241564069_eng

9. Chang KC, Yew WW, Tam CM, et al. WHO group 5 drugs and diffi-
cult multidrug-resistant tuberculosis: a systematic review with cohort 
analysis and meta-analysis. Antimicrob Agents Chemother 2013; 
57(9): 4097–104.

10. Espinal MA, Laszlo A, Simonsen L, et al. Global trends in resistance 
to antituberculosis drugs. World Health Organization–International 
Union against Tuberculosis and Lung Disease Working Group on 
Anti-Tuberculosis Drug Resistance Surveillance. N Engl J Med 2001; 
344(17): 1294–303. 

11. WHO launches new Stop TB strategy to fight the global tuberculosis 
epidemic. Indian J Med Sci 2006; 60(3): 125–6. 

12. World Health Organization. Anti-tuberculosis drug resistance in the 
world: the WHO/IUATLD Global Project on Anti-Tuberculosis Drug 
Resistance Surveillance. Geneva, World Health Organization. 2008. 
Available from: https://www.who.int›tb›publications›2008

13. Centers for Disease Control and Prevention (CDC). Emergence of 
Mycobacterium tuberculosis with extensive resistance to second-

line drugs—worldwide, 2000–2004. MMWR Morb Mortal Wkly Rep 
2006; 55(11): 301–305.

14. World Health Organization. Guidelines for the programmatic man-
agement of drug-resistant tuberculosis. WHO/HTM/TB/2006.361. 
Geneva, World Health Organization. 2006 Available from: whqlib-
doc.who.int›publications›9789241547581_eng

15. Sarathy J, Dartois V, Dick T, et al. Reduced drug uptake in phenotypi-
cally resistant nutrient-starved nonreplicating Mycobacterium tuber-
culosis. Antimicrob Agents Chemother 2013; 57(4): 1648–53.

16. Betts JC, Lukey PT, Robb LC, et al. Evaluation of a nutrient starvation 
model of Mycobacterium tuberculosis persistence by gene and pro-
tein expression profiling. Mol Microbiol 2002; 43(3): 717–731.

17. Goude R, Parish T. The genetics of cell wall biosynthesis in Mycobac-
terium tuberculosis. Future Microbiol  (2008); 3(3): 299 –313.

18. Zhang YW, Yew WW. Mechanisms of drug resistance in Mycobac-
terium tuberculosis. Int J Tuberc Lung Dis 2009; 13(11): 1320–1330.

19. Chang KC, Yew WW. Management of difficult multidrug resistant tu-
berculosis and extensively drug-resistant tuberculosis: update 2012. 
Respirology 2013; 18(1): 8–21.

20. Kim HR, Hwang SS, Kim HJ, et al. Impact of extensive drug resis-
tance on treatment outcomes in non-HIV-infected patients with mul-
tidrug-resistant tuberculosis. Clin Infect Dis 2007; 45(10): 1290–5.

21. Migliori GB, Besozzi G, Girardi E, et al., SMIRA/TBNET Study 
Group. Clinical and operational value of the extensively drug-resis-
tant tuberculosis definition. Eur Respir J 2007; 30(4): 623–6.

22. Keshavjee S, Gelmanova IY, Farmer PE, et al. Treatment of extensively 
drug-resistant tuberculosis in Tomsk, Russia: a retrospective cohort 
study. Lancet 2008; 372(9647): 1403–9.

23. Mitnick CD, Shin SS, Seung KJ, et al. Comprehensive treatment of 
extensively drug-resistant tuberculosis. N Engl J Med 2008; 359(6): 
563–74.

24. Shah NS, Pratt R, Armstrong L, et al. Extensively drug-resistant tu-
berculosis in the United States, 1993–2007. JAMA 2008; 300(18): 
2153–60.

25. Orenstein EW, Basu S, Shah NS, et al. Treatment outcomes among 
patients with multidrug-resistant tuberculosis: systematic review and 
meta-analysis. Lancet Infect Dis 2009; 9(3): 153–161.

26. Gandhi NR, Shah NS, Andrews JR, et al. Tugela Ferry Care and Re-
search (TF CARES) Collaboration. HIV coinfection in multidrug- 
and extensively drug-resistant tuberculosis results in high early mor-
tality. Am J Respir Crit Care Med 2010; 181(1): 80–6.

27. World Health Organization. Global Tuberculosis Report 2019. Ge-
neva, World Health Organization. 2019. Available from: https://www.
who.int/tb/global-report-2019

28. Shinabarger D. Mechanism of action of the oxazolidinone antibacte-
rial agents. Expert Opin Investig Drugs 1999; 8(8): 1195–202.

29. Dietze R, Hadad DJ, McGee B, et al. Early and extended early bacteri-
cidal activity of linezolid in pulmonary tuberculosis. Am J Respir Crit 
Care Med 2008; 178(11): 1180–1185.

30. Cynamon MH, Klemens SP, Sharpe CA, et al. Activities of several 
novel oxazolidinones against Mycobacterium tuberculosis in a mu-
rine model. Antimicrob Agents Chemother 1999; 43(5): 1189–91.

31. Rodriguez JC, Ruiz M, Lopez M, et al. In vitro activity of moxifloxa-
cin, levofloxacin, gatifloxacin and linezolid against Mycobacterium 
tuberculosis. Int J Antimicrob Agents 2002; 20(6): 464–467.

32. Alcala L, Ruiz-Serrano MJ, Perez-Fernandez Turegano C, et al. In vi-
tro activities of linezolid against clinical isolates of Mycobacterium 



450

D. Fermeli et al

Folia Medica I 2020 I Vol. 62 I No. 3

tuberculosis that are susceptible or resistant to first-line antitubercu-
lous drugs. Antimicrob Agents Chemother 2003; 47(1): 416–7.

33. Molicotti P, Ortu S, Bua A, et al. In vitro efficacy of linezolid on clini-
cal strains of Mycobacterium tuberculosis and other mycobacteria. 
New Microbiol 2006; 29(4): 275–80.

34. Sood R, Bhadauriya T, Rao M, et al. Antimycobacterial activities 
of oxazolidinones: a review. Infect Disord Drug Targets 2006; 6(4): 
343–54.

35. Tato M, de la Pedrosa EG, Canton R, et al. In vitro activity of linezolid 
against Mycobacterium tuberculosis complex, including multidrug-
resistant Mycobacterium bovis isolates. Int J Antimicrob Agents 2006; 
28(1): 75–8.

36. Bozdogan B, Appelbaum PC. Oxazolidinones: activity, mode of ac-
tion, and mechanism of resistance. Int J Antimicrob Agents 2004; 
23(2): 113–9.

37. Di Paolo A, Malacarne P, Guidotti E, et al. Pharmacological issues of 
linezolid: an updated critical review. Clin Pharmacokinet 2010; 49(7): 
439–47.

38. Diekema DJ, Jones RN. Oxazolidinone antibiotics. Lancet 2001; 
358(9297): 1975–82.

39. MacGowan AP. Pharmacokinetic and pharmacodynamics profile of 
linezolid in healthy volunteers and patients with gram-positive infec-
tions. J Antimicrob Chemother 2003; 51(Suppl. S2): ii7–ii25.

40. Wynalda MA, Hauer MJ, Wienkers LC. Oxidation of the novel oxa-
zolidinone antibiotic linezolid in human microsomes. Drug Metab 
Dispos 2000; 28(9): 1014–7. 

41. Jungbluth GL, Welshman IR, Hopkins NK. Linezolid pharmacokinet-
ics in pediatric patients: an overview. Pediatr Infect Dis J 2003; 22(9 
suppl): S153–7.

42. Gee T, Ellis R, Marshall G, et al. Pharmacokinetics and tissue pen-
etration of linezolid following multiple oral doses. Antimicrob Agents 
Chemother 2001; 45(6): 1843–6.

43. Conte JE Jr, Golden JA, Kipps J, et al. Intrapulmonary pharmacokinet-
ics of linezolid. Antimicrob Agents Chemother 2002; 46(5): 1475–80.

44. Honeybourne D, Tobin C, Jevons G, et al. Intrapulmonary penetra-
tion of linezolid. J Antimicrob Chemother 2003; 51(6): 1431–4.

45. Garcia-Prats AJ, Rose PC, Hesseling AC, et al. Linezolid for the treat-
ment of drug-resistant tuberculosis in children: A review and recom-
mendations. Tuberculosis 2014; 94(2): 93–104.

46. Andes D, van Ogtrop ML, Peng J, et al. In vivo pharmacodynamics 
of a new oxazolidinone (linezolid). Antimicrob Agents Chemother 
2002; 46(11): 3484–9.

47. Rayner CR, Forrest A, Meagher AK, et al. Clinical pharmacodynam-
ics of linezolid in seriously ill patients treated in a compassionate use 
programme. Clin Pharmacokinet 2003; 42(15): 1411–23.

48. Sotgiu G, Centis R, D’Ambrosio L, et al. Efficacy, safety and tolerabil-
ity of linezolid containing regimens in treating MDR-TB and XDR-
TB: systematic review and meta-analysis. Eur Respir J 2012; 40(6): 
1430–42.

49. Cox H, Ford N. Linezolid for the treatment of complicated drug-resis-
tant tuberculosis: a systematic review and meta-analysis. Int J Tuberc 
Lung Dis 2012; 16(4): 447–54.

50. Brown-Elliott BA, Crist CJ, Mann LB, et al. In vitro activity of linezol-
id against slowly growing nontuberculous Mycobacteria. Antimicrob 
Agents Chemother 2003; 47(5): 1736–8.

51. Fortún J, Martín-Dávila P, Navas E, et al. Linezolid for the treatment 
of multidrug-resistant tuberculosis. J Antimicrob Chemother 2005; 
56(1): 180–5.

52. Park IN, Hong SB, Oh YM, et al. Efficacy and tolerability of daily-half 
dose linezolid in patients with intractable multidrug-resistant tuber-
culosis. J Antimicrob Chemother 2006; 58(3): 701–4.

53. Migliori GB, Eker B, Richardson MD, et al., TBNET Study Group. A 
retrospective TBNET assessment of linezolid safety, tolerability and 
efficacy in multidrug-resistant tuberculosis. Eur Respir J 2009; 34(2): 
387–93.

54. Mitnick CD, McGee B, Peloquin CA. Tuberculosis pharmacotherapy: 
strategies to optimize patient care. Expert Opin Pharmacother 2009; 
10(3): 381–401.

55. Anger HA, Dworkin F, Sharma S, et al. Linezolid use for treatment of 
multidrug-resistant and extensively drug-resistant tuberculosis, New 
York City, 2000-06. J Antimicrob Chemother 2010; 65(4): 775–83.

56. Schecter GF, Scott C, True L, et al. Linezolid in the treatment of multi-
drug-resistant tuberculosis Clin Infect Dis 2010; 50(1): 49–55.

57. Villar M, Sotgiu G, D’Ambrosio L, et al. Linezolid safety, tolerability 
and efficacy to treat multidrug- and extensively drug-resistant tuber-
culosis. Eur Respir J 2011; 38(3): 730–3.

58. Lee M, Lee J, Carroll MW, et al. Linezolid for treatment of chronic 
extensively drug-resistant tuberculosis. N Engl J Med 2012; 367(16): 
1508–18.

59. Prasar R. Multidrug and extensively drug-resistant tuberculosis man-
agement: Evidence and controversies. Lung India 2012; 29(2): 154–9.

60. Bolhuis MS, van Altena R, van Hateren K, et al. Clinical validation of 
the analysis of linezolid and clarithromycin in oral fluid of patients 
with multidrug-resistant tuberculosis. Antimicrob Agents Chemoth-
er 2013; 57(8): 3676–80.

61. World Health Organization. Guidelines for the programmatic 
management of drug-resistant tuberculosis - 2011 update. Gene-
va, World Health Organization. Available from: https://apps.who.
int›bitstreams›retrieve

62. Chang KC, Yew WW, Cheung SW, et al. Can intermittent dosing op-
timize prolonged linezolid treatment of difficult multidrug resistant 
tuberculosis? Antimicrob Agents Chemother 2013b; 57(7): 3445–9.

63. Carroll MW, Choi H, Min S, et al. Rhabdomyolysis in a patient treated 
with linezolid for extensively drug-resistant tuberculosis. Clin Infect 
Dis 2012; 54(11): 1624–7.

64. Ettehad D, Schaaf HS, Seddon JA, et al. Treatment outcomes for chil-
dren with multidrug-resistant tuberculosis: a systematic review and 
meta-analysis. Lancet Infect Dis 2012; 12(6): 449–56.

65. Nambiar S, Rellosa N, Wassel ET, et al. Linezolid-associated pe-
ripheral and optic neuropathy in children. Pediatrics 2011; 127(6): 
e1528–32.

66. Richter E, Rusch-Gerdes S, Hillemann D. First linezolid-resistant 
clinical isolates of Mycobacterium tuberculosis. Antimicrob Agents 
Chemother 2007; 51(4):  1534–6.

67. Tang S, Yao L, Hao X, et al. Efficacy, safety and tolerability of linezolid 
for the treatment of XDR-TB: a study in China. Eur Respir J 2015; 
45(1): 161–70.

68. Liu Y, Bao P, Wang D, et al. Clinical outcomes of linezolid treatment 
for extensively drug-resistant tuberculosis in Beijing, China: A hos-
pital-based retrospective study. Jpn J Infect Dis 2015; 68(3): 244–7.

69. Xu HB, Jiang RH, Li L, et al. Linezolid in the treatment of MDR-TB: a 
retrospective clinical study. Int J Tuberc Lung Dis 2012; 16(3): 358–63.

70. Zhang X, Falagas M, Vardakas KZ, et al. Systematic review and meta-
analysis of the efficacy and safety of therapy with linezolid contain-
ing regimens in the treatment of multidrug-resistant and extensively 
drug-resistant tuberculosis. J Thorac Dis 2015; 7(4): 603–15.



Linezolid Treatment for Tuberculosis

451Folia Medica I 2020 I Vol. 62 I No. 3

71. Millard J, Pertinez H, Bonnett L, et al. Linezolid pharmacokinetics in 
MDR-TB: A systematic review, meta-analysis and Monte Carlo simu-
lation. J Antimicrob Chemother 2018; 73(7): 1755–62.

72. World Health Organization. WHO treatment guidelines for drug-
resistant tuberculosis, October 2016 Revision. Geneva, World 
Health Organization. 2016. Available from: https://apps.who.
int›9789241549639-eng

73. Alffenaar JW, van der Laan T, Simons S, et al. Susceptibility of clinical 
Mycobacterium tuberculosis isolates to a potentially less toxic deri-
vate of linezolid, PNU-100480. Antimicrob Agents Chemotherapy 
2011; 55(3): 1287–9.

74. Takahashi Y, Takesue Y, Nakajima K, Risk factors associated with the 
development of thrombocytopenia in patients who received linezolid 
therapy. J Infect Chemother 2011; 17(3): 382–7.

75. Chen C, Guo DH, Cao X, et al. Risk factors for thrombocytopenia in 
adult chinese patients receiving linezolid therapy. Curr Ther Res Clin 
Exp 2012; 73(6): 195–206.

76. Natsumoto B, Yokota K, Omata F, et al. Risk factors for linezolid-
associated thrombocytopenia in adult patients. Infection 2014; 42(6): 
1007–12.

77. Zhang Z, Liang Z, Li H, et al. Comparative evaluation of thrombo-
cytopenia in adult patients receiving linezolid or glycopeptides in a 
respiratory intensive care unit. Exp Ther Med 2014; 7(2): 501–7.

78. Wang MG, Wang D, He JQ. Reversible recurrent profound throm-
bocytopenia due to linezolid in a patient with multi-drug resistant 
tuberculosis. A case report. Medicine 2018; 97(34): e11997.

79. Birmingham MC, Rayner CR, Meagher AK, et al. Linezolid for the 
treatment of multidrug-resistant, gram-positive infections: experi-
ence from a compassionate-use program. Clin Infect Dis 2003; 36(2): 
159–68.

80. Bernstein WB, Trotta RF, Rector JT, et al. Mechanisms for linezol-
id-induced anemia and thrombocytopenia. Ann Pharmacoth 2003; 
37(4): 517–20.

81. Monson T, Schichman SA, Zent CS. Linezolid-induced pure red 
blood cell aplasia. Clin Infect Dis 2002; 35(3): e29–31.

82. Dawson MA, Davis A, Elliott P, et al. Linezolid-induced dyserythro-
poiesis: chloramphenicol toxicity revisited. Intern Med J 2005; 35(10): 
626–8.

83. Vinh DC, Rubinstein E. Linezolid: a review of safety and tolerability. J 
Infect 2009; 59(S1): S59–S74.

84. Rubinstein E, Isturiz R, Standiford HC, et al. Worldwide assessment 
of linezolid’s clinical safety and tolerability: comparator-controlled 
phase III studies. Antimicrob Agents Chemother 2003; 47(6):  
1824–31.

85. Apodaca AA, Rakita RM. Linezolid-induced lactic acidosis. N Engl J 
Med 2003; 348(1): 86–7.

86. Boutoille D, Grossi O, Depatureaux A, et al. Fatal lactic acidosis after 
prolonged linezolid exposure for treatment of multidrug-resistant tu-

berculosis. Eur J Intern Med 2009; 20(6): e134–e5.
87. Kraut JA, Madias NE. Lactic acidosis. N Engl J Med 2014; 371(24): 

2309–19.
88. Soriano A, Miro O, Mensa J. Mitochondrial toxicity associated with 

linezolid. N Engl J Med 2005; 353(21): 2305–6.
89. Kishor K, Dhasmana N, Kamble SS, et al. Linezolid induced adverse 

drug reactions – An update. Curr Drug Metab 2015; 16(7): 553–9.
90. Bressler AM, Zimmer SM, Gilmore JL, et al. Peripheral neuropathy 

associated with prolonged use of linezolid. Lancet Infect Dis 2004; 
4(8): 528–31.

91. Rho JP, Sia IG, Crum BA, et al. Linezolid-associated peripheral neu-
ropathy. Mayo Clin Proc 2004; 79(7): 927–30.

92. Karuppannasamy D, Raghuram A, Sundar D. Linezolid-induced op-
tic neuropathy. Indian J Ophthalmol 2014; 62(4): 497–500.

93. Mehta S, Das M, Laxmeshwar C, et al. Linezolid-associated optic 
neuropathy in drug-resistant tuberculosis patients in Mumbai, India. 
PLoS One 2016; 11(9): e0162138.

94. Brandariz-Nunez D, Hernandez-Corredoira V, Guarc-Prades E, et 
al. Optic neuropathy associated with linezolid: systematic review of 
cases. Farm Hosp 2019; 43(2): 61–5.

95. Lee E, Burger S, Shah J, et al. Linezolid-associated toxic optic neu-
ropathy: a report of 2 cases. Clin Infect Dis 2003; 37(10): 1389–91.

96. Gillman PK. Monoamine oxidase inhibitors, opiod analgesics and se-
rotonin toxicity. Br J Anaesth 2005; 95(4): 434–41.

97. Frykberg RG, Gordon S, Tierney E, et al. Linezolid-associated sero-
tonin syndrome. A report of two cases. J Am Podiatr Med Assoc 2015; 
105(3): 244–8.

98. Rodvold KA, McConeghy KW. Methicillin-resistant staphylococ-
cus aureus therapy: past, present, and future. Clin Infect Dis 2014; 
58(Suppl 1): S20–S7.

99. Reck F, Zhou F, Girardot M, et al. Identification of 4-substituted 
1,2,3-triazoles as novel oxazolidinone antibacterial agents with re-
duced activity against monoamine oxidase A. J Med Chem 2005; 
48(2): 499–506.

100. Bergeron L, Boule M, Perreault S. Serotonin toxicity associated with 
concomitant use of linezolid. Ann Pharmacother 2005; 39(5): 956–61.

101. Bernard L, Stern R, Lew D, et al. Serotonin syndrome after concomi-
tant treatment with linezolid and citalopram. Clin Infect Dis 2003; 
36(9): 1197.

102. Jones SL, Athan E, O’Brien D. Serotonin syndrome due to co-admin-
istration of linezolid and venlafaxine. J Antimicrob Chemother 2004; 
54(1): 289–90.

103. Tahir N. Serotonin syndrome as a consequence of drug-resistant in-
fections: an interaction between linezolid and citalopram. J Am Med 
Dir Assoc 2004; 5(2): 111–3.

104. Morales-Molina JA, Mateu-de Antonio J, Marin-Casino M, et al. Li-
nezolid-associated serotonin síndrome: what we can learn from cases 
reported so far. J Antimicrob Chemother 2005; 56(6): 1176–8.



452

D. Fermeli et al

Folia Medica I 2020 I Vol. 62 I No. 3

Линезолид: перспективный препарат для лечения 
мультирезистентного и экстенсивно резистентного 
туберкулёза
Дионисия Д. Фермели1, Теодорос Д. Марантос2, Александрос-Леонидас Д. Лиаракос3, 
Георгиос Д. Панайотакопулос4, Василеиос К. Дедес5, Георгиос И. Панутсопулос5 

1 Хирургическая клиника, Больница „Спарта“, Спарта, Греция 
2 Четвёртое медицинское отделение, Афинский университет, Больница „Аттикон“, Афины, Греция
3 Больница „Джордж Элиот“, Ковентри и Йоркшир, Регион Уэст Мидлендс, Объединённое Королевство
4 Медицинский факультет, Университет Патр, Греция.
5 Лаборатория физиологии и фармакологии, Кафедра сестринского дела, Факультет естественных наук, Пелопонесский университет, 
Триполис, Греция

Адрес для корреспонденции: Георгиос И. Панутсопулос, Кафедра сестринского дела, Факультет естественных наук, Пелопонесский 
университет, Корпус экономического факультета , этаж 2, Район Сехи, Триполис 22 100, Греция; E-mail: gpanouts@uop.gr

Дата получения: 25 ноября 2019 ♦ Дата приемки: 24 декабря 2019 ♦ Дата публикации: 30 сентября 2020

Образец цитирования: Fermeli DD, Marantos TD, Liarakos AD, Panayiotakopoulos GD, Dedes VK, Panoutsopoulos GI. Line-
zolid: a promising agent for the treatment of multiple and extensively drug-resistant tuberculosis. Folia Med (Plovdiv) 2020;62(3):444-
52. doi: 10.3897/folmed.62.e48742.

Резюме
Туберкулёз – это тяжёлое инфекционное заболевание, вызываемое Mycobacterium tuberculosis. Целью настоящего обзора 
является представление эффективности линезолида в качестве лекарственного средства против мультирезистентного и 
экстенсивно резистентного туберкулёза, согласно многим современным научным исследованиям. Линезолид обладает 
большим потенциалом в качестве противотуберкулёзного препарата, поскольку он блокирует синтез рибосомального белка 
в бактериях. Тем не менее, следует соблюдать осторожность при использовании его из-за побочных эффектов, которые он 
вызывает, особенно если суточная доза линезолида превышает 600 мг. Наиболее серьёзные побочные эффекты включают 
анемию, периферическую невропатию, оптическую невропатию и тромбоцитопению. Тем не менее, необходимы дальнейшие 
исследования и испытания для сбора большего количества информации и анализа рентабильности дозировки лечения.
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