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Global treatment outcomes

XDR-TB : 34%

WHO. Global tuberculosis report 2018.



Guidelines on MDR-TB
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• Regrouping of anti-TB drugs
• Against routinely use of Z
• Shorter regimen

Slide: Courtesy of D. Jeon, MD.

Guide on Bdq, Dlm



2016 WHO guideline

WHO. Treatment guidelines for drug-resistant tuberculosis 2016 update.
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2018 WHO guideline

The new MDR-TB treatment guidelines will be released 
later in 2018. These guidelines will replace all previous and   
current WHO guidelines on treatment of MDR/RR-TB. 



2018 WHO guideline

Data sources of longer treatment regimens

• Individual patient database (meta-analysis)

• WHO public call data from 26 countries (including Bdq)

• Aggregated results from the phase III RCT of Dlm

• PK and safety data from trials of Bdq and Dlm in children



Key changes of longer regimens 

Group Medicine Abbreviation

Group A
Include all three medicines
(unless they cannot be used)

Levofloxacin or Moxifloxacin Lfx or Mfx

Bedaquiline Bdq

Linezolid Lzd

Group B
Add both medicines
(unless they cannot be used)

Clofazimine Cfz

Cycloserine or Terizodone Cs or Trd

Group C
Add to complete the regimen and 
when medicines from Groups A and 
B cannot be used

Ethambutol E

Delamanid Dlm

Pyrazinamide Z

Imipenem/cilastatin or Meropenem Ipm-Cln or Mpm

Amikacin (or Streptomycin) Am (S)

Ethionamide or Prothionamide Eto or Pto

p-aminosalicylic acid PAS

WHO. Rapid communication: key changes to treatment of multidrug-
and rifampicin-resistant tuberculosis (MDR/RR-TB) 2018.
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Considerations

WHO. Rapid communication: key changes to treatment of multidrug-
and rifampicin-resistant tuberculosis (MDR/RR-TB) 2018.



Considerations

Treatment regimen choice is also determined by

- DST results

- Reliability of existing DST methods

- Population drug resistance levels

- History of previous use of the medicine

- Drug tolerability

- Potential drug-drug interactions

• All-oral

• More effective
• Less toxic
• Better tolerated
• Reduce the need for hospitalization

Target of WHO new longer regimen



Lancet. 2018;392:821-34.

Bdq, Dlm, Lzd, Cfz, Cpm...

PLoS Med. 2012;9:e1001300.



IPD meta-analysis

• 50 studies published between Jan, 2009 and April, 2016

• 12,030 patients from 25 countries 

- Children : 2.4%  

- HIV (+) : 18.3%

• Mean age : 38.3 ± 13.8 years 

• Resistance levels : Z (51.9%), pre-XDR (about 25%), XDR (10.6%)

• Treatment outcomes

- Success : 61%

- Failure or relapse : 8%

- Died : 14%

Lancet. 2018;392:821-34.



Lancet. 2018;392:821-34. (suppl.)



Correlates of outcomes
(for susceptible strains)

Success
aOR

Death
aOR

Success
aOR

Death
aOR

E 0.9 (0.7-1.1) 1.0 (0.9-1.2) Ofx 1.0 (0.8-1.2) 0.6 (0.5-0.7)

Z 0.7 (0.5-0.9) 0.7 (0.6-0.8) Lfx 4.2 (3.3-5.4) 0.6 (0.5-0.7)

Eto/Pto 0.8 (0.7-0.9) 0.9 (0.8-1.0) Mfx 3.8 (2.8-5.2) 0.5 (0.4-0.6)

Cs/Trd 1.5 (1.4-1.7) 0.6 (0.5-0.6) Lzd 3.4 (2.6-4.5) 0.3 (0.2-0.3)

PAS 0.8 (0.7-1.0) 1.2 (1.1-1.4) Cfz 1.5 (1.1-2.1) 0.8 (0.6-1.0)

S 1.5 (1.1-2.1) 0.8 (0.6-1.1) Bdq* 2.0 (1.4-2.9) 0.4 (0.3-0.5)

Am 2.0 (1.5-2.6) 1.0 (0.8-1.2) Cpm* 4.0 (1.7-9.1) 1.0 (0.5-1.7)

Km 0.5 (0.4-0.6) 1.1 (0.9-1.2) Amx/Clv* 0.6 (0.5-0.8) 1.7 (1.3-2.1)

Cm 0.8 (0.6-1.1) 1.4 (1.1-1.7) Macrolide* 0.6 (0.5-0.8) 1.6 (1.2-2.0)

* No DST testing

Lancet. 2018;392:821-34.
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XDR-TB 
(for all strains)

Success
aOR

Death
aOR

Am 2.5 (0.9-6.6) 0.4 (0.2-0.8)

Km 0.9 (0.5-1.9) 0.9 (0.5-1.9)

Cm 0.5 (0.4-0.7) 3.4 (2.7-4.3)

Lfx/Mfx 1.2 (0.8-1.6) 0.6 (0.4-0.8)

Lzd 6.6 (4.1-10.6) 0.2 (0.1-0.3)

Cfz 1.5 (0.9-2.6) 0.4 (0.2-0.6)

Bdq 2.5 (1.3-4.8) 0.5 (0.2-0.9)

Lancet. 2018;392:821-34.



Correlates of outcomes
(for susceptible strains)
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Bedaquiline

• Diarylquinoline

• Inhibiting ATP synthase of 

M. tuberculosis

• QT prolongation N Engl J Med. 2014;371:723-32.



Bedaquiline

Study Design Pt. No. XDR
Interruption
Bdq d/t ADR

QTcF
> 500ms

Success Death

NEJM 20141 RCT 
(stage 2b)

79 0% 1.3% 58% (vs. 32%) 12% (vs. 3%)

ERJ 20162

Prospective, 
single arm 
(stage 2)

233 17% 2.6% 0.4% 62.5% 6.8%

ERJ 20173 Retrospective 428 46% 5.8% 9.7% 71.3% 13.4%

ERJ 20184 Retrospective 68 100% 0%
10.3%

(~ 470ms)
66.2% (vs. 13.2%) 14.7% (vs. 33.8%)

Lancet RM
20185

Retrospective
(web-based)

1,016 27%

RR/MDR
: 49.3% (vs. 42.8%)

XDR
: 41.1% (vs. 26.2%)

RR/MDR
: 12% (vs. 24%)

XDR 
: 14.7% (vs. 39.4%)

1 N Engl J Med. 2014;371:723-32.
2 Eur Respir J. 2016;47:564-74.
3 Eur Respir J. 2017;49. pii: 1700387.
4 Eur Respir J. 2018;51. pii: 1800544.
5 Lancet Respir Med. 2018;6:699-706.



Linezolid

• Oxazolidinone class

• Inhibits protein synthesis by

binding the 23S ribosomal RNA

• BM suppression, neuropathy

N Engl J Med. 2012;367:1508-18.

89%

Cure : 71%



Linezolid

Eur Respir J. 2015;45:161-70.

37.6%

78.8%

Success : 34%

Success : 70%



Linezolid

Ann Clin Microbiol Antimicrob. 2016;15:41.



Clofazimine

• Riminophenazine class

• Potent activity against hypoxic, 

non-replicating Mycobacterium

(sterilizing drug)

• Bangladesh regimen

• Skin discoloration
Clin Infect Dis. 2015;60:1361-7.

Success : 54%

Success : 74%



Clofazimine

Int J Tuberc Lung Dis. 2013;17:1001-7.
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MDR-TB

?



Success ↑ Death ↓

S
Am

Cpm
Cfz

Z
Ofx

Lfx/Mfx
Cs/Trd

Lzd
Bdq



Patient-centred care

Trust and transparency
“These two interrelated values require that
communications and decisions at all levels
be made in an open manner, through a fair
process, and that the said decisions are
responsive, factual and evidence-based
whenever evidence exists, so as to engender
trust by all relevant stakeholders.”

Persons with MDR-TB must be ‘given
information about the risks and benefits of
treatment’ and that treatment be
‘accessible, acceptable, affordable and
appropriate’.

WHO. Ethics guidance for the implementation of the End TB strategy 2017.



ADR and treatment outcome

PLoS One. 2013;8:e63057.



ADR and treatment outcome

ADR 
(grade 3-5)

ADR 
(grade 1,2)

ADR 
(grade 3-5)

ADR 
(grade 1,2)

PLoS One. 2013;8:e63057.



“My world fell silent around me. 

I am in front of people, 

but I am not here.”

Lancet. 2018;392:797-8.

Nandita Venkatesan, a survivor of MDR-TB



Int J Tuberc Lung Dis. 2017;21:1114-26. 



Int J Tuberc Lung Dis. 2017;21:1114-26. 



Efficacy of injectables

Int J Tuberc Lung Dis. 2017;21:1114-26. 



ADRs of injectables

• Ototoxicity 

- starting at higher frequencies (higher than those for human speech)

- can be progressive even after discontinuation

• Vestibular toxicity

• Nephrotoxicity

• Electrolyte abnormalities

• Pain/injury at the injection site 

• Health system cost, job problem, etc.



Int J Tuberc Lung Dis. 2017;21:1114-26. 



UNION
Conference, 2018



Better deaf than dead ???

Less frequent
Easily monitored
Usually reversible

Int J Tuberc Lung Dis. 2017;21:1114-26. 

More evidences



Substituting Bdq for injectables

Clin Infect Dis. 2018 [Epub ahead of print]



2018 WHO new longer regimen

L/Mfx - Bdq - Lzd - Cfz - Cs

Accessible ?
Acceptable ?
Affordable ? 

Appropriate ?



Thank You !!


