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Nitroimidazole

CGI-17341: bicyclic nitroimidazoles, active against drug-susceptible as well as MDR Mtb. 
However, further development was abandoned due to its mutagenicity
A few years prior to the discovery of OPC-67683, PathoGenesis (now Novartis) came out with 
their lead compound PA-824 from a series of over 300 nitroimidazooxazines, which showed 
increased activity against Mtb with potential to decrease the duration of therapy

Mukherjee, et al. Future Med Chem 2011;3:1427



Delamanid (OPC-67683)

• The mutagenic potential: OPC-67683 did not show mutagenicity

• Susceptibility testing
• The MICs against standard strains: 0.006 to 0.012 ug/ml

RFP INH EB SM CGI-

17341

PA-824

MIC of 

OPC-67683

4-64 2-32 128-256 64-512 8-16 4-16

MIC90 of 

OPC-67683

24 8 303 244

Matsumoto M et al. PLOS Med 2006;3:e466



Matsumoto M et al. PLOS Med 2006;3:e466

Mechanism of action



Activity against Intracellular Mycobacteria in 
Human Macrophages

Matsumoto M, et al. PLOS Med 2006;3:e466



Matsumoto M, et al. PLOS Med 2006;3:e466



K.E. Dooley et al. Advanced Drug Delivery Reviews. 2016 Jul 1;102:116



Delamanid: Phase IIa study

Diacon AH, et al. Int J Tuberc Lung Dis 2011;15:949



Delamanid

• Phase 2b RCT (Trial 204)

• 2 months of treatment (100 and 200 

mg twice daily) in combination with a 

standard MDR-TB regimen

• Culture conversion at 2 months

45% in the 100-mg group  vs. 

42% in the 200-mg group  vs. 

29% in the placebo group 

Gler MT, et al. N Engl J Med 2012;366:2151



Bedaquiline

•A potent new drug that targets the proton pump of 
ATP synthesis

•Phase 2 RCT (C208 (stage 1)

•47 MDR-TB

•TMC207 (400mg/day 2wks → 200mg 
3times/week with standard 5 drug second line 
regimen

•Primary: 8weeks culture conversion

Diacon AH. N Engl J Med 2009;360:2397-2405



Phase 2b studies for 8weeks culture 
conversion

Dlm (100mg Bid) D-placebo Bdq B-placebo

Study period 2008.5~2010.6 2007.6~2008.1

n 161 160 23 24

Age 36 35 33 33

BMI 19.8 19.5 18.3 18.5

Male 57% 56% 78% 71%

HIV Almost no Almost no 57% 54%

Cavity 60% 54% 87% 83%

FQ resistance 4% 8%

XDR Yes Yes No No

Use of injectable drugs 68% 70% 100% 100%

Use of FQ 99% 99% 100% 96%

Use of Lzd No No No No

Culture conversion at 8weeks

Total 45% 29% 48% 9%

XDR 17% 7%

Gler MT, et al. N Engl J Med 2012;366:2151 Diacon AH. N Engl J Med 2009;360:2397-2405





Phase 2b, Dlm for MDR and XDR-TB

• the mortality rates in patients receiving delamanid for 
≥6 months and ≤2 months were 1% and 8.3%

>6 m <2 m

Skripconoka V et al. Eur Respir J 2013;41:1393



C208 stage 2



Phase 2b, Bdq for MDR and XDR-TB

Diacon A et al. NEJM 2014;371:723 Pym AS. et al. Eur Rerspir J 2016;47:394

C208 stage 2 C209 Single-arm



Phase 2b studies for final outcomes

Phase 2B Dlm Bdq Bdq

2008.5-2012.5 2007.6-2008.1 2009.8-2010.9

n 421 132 205

Age 34 34 32

Male 65% 64% 64%

HIV 1% 14% 4%

Cavity 67% 83% 66%

FQ resistanceNA 9% 6%

XDR 13% 0% 18%

Outcomes

Cure or com

plete
75% 58% 61%

Skripconoka V et al. Eur Respir J 2013;41:1393 Diacon A et al. NEJM 2014;371:723 Pym AS. et al. Eur Rerspir J 2016;47:394







Bedaquline

• A retrospective cohort study

• 25 centers in Africa, Asia, Europe, 
Oceania, Southern America

Total 428

Age 35

Male 62%

HIV 22%

XDR 46%

Culture conversion 92%

Treatment success 71%

Death 13%



Treatment success

2010-2011 2012-2014

56% 79%



Delamanid 213 Trial – Phase 3

Lancet Respir Med 2019;7:249–59.

• OBR + delamanid (for 6M) vs. OBR + placebo (for 6M)

• 17 sites in seven countries (Estonia, Latvia, Lithuania, Moldova, Peru, 

the Philippines, and South Africa)

• Primary outcomes 

- Time to SCC over 6 months (MGIT)

- Difference in the distribution of time to SCC over 6 months  

between the two groups



Over-performance of the placebo group

• Cure rate: 77% (trial 213) vs. 55% (WHO global report)

• Late generation FQ, repurposed drugs (Lzd, Cfz), rapid 

diagnostic test 

(eg, Xpert MTB/RIF assay)…

Under-performance of delamanid

• Allowance of pre-treatment up to 90 days prior to enrolment

Dlm Placebo p

6-m culture 
conversion

88% 86% 0.38

Culture conversion at 
30m

77% 77% 0.90

Treatment success 77% 77% 0.99

Death 5% 5% 0.78



Kwak N et al. Eur Respir J 2020; 56: 2001394

2001-2003  → 2013-2015

Treatment success                        46% → 72%

Treatment failure and relapse         25% → 5%



Safety











• Not randomized → selection bias

• No protocol → different treatment

• Excluded LFU in final treatment outcome 

→ more favorable in Bdq

94% vs 67 %, p=0.0013 

(Fisher’s exact test)

73% vs 68 %, p=0.6304 

(Fisher’s exact test)

R R Kempker et al. Clin Infect Dis 2020; 71: 2336







• The endTB Observational Study

• Bdq- or Dlm-containing regimen 
for RR/MDR-TB at sites in 17 
countries

• 631 initiated a Dlm-containing 
regimen, and 325 had a positive 
baseline culture and were eligible 
for analysis.

• 80% culture conversion within 6 
months

KJ Seung et al. Clin Infect Dis 2020;71:415



Weeks Solid medium Liquid medium

8 72% 50%

24 94% 93%

ADR

Grade 3/4 (QT prolongation) 6% / 0%

Nausea vomiting 19%

Dyspepsia 17%

Temporary discontinuation 4%

Efficacy (culture conversion) Safety

Mok J et al. J Antimicrob Chemothera 2018; 73: 503



Total MDR preXDR_slid preXDR_fq XDR

n 49 14 7 20 8

Tx success 82% 86% 86% 75% 88%

QTcF interval of >500 msec (n=3): 4 weeks (n=1) and 12 weeks (n=2). 

One patient continued delamanid, while two patients transiently discontinued delamanid.

Mok J et al. Eur Respir J. 2019;54:1900811 



Variables Total(n=61) Dlm (n=11) Bdq (n=39) Both (n=11) p

Culture conversion 71% 100% 68% 64% 0.16

Time to culture 

conversion, days 

119 (53-199) 122 (53-145) 84 (36-174) 308 (235-347) <0.01

Culture conversion

Kim CT et al. Eur Respir J. 2018;51:1702467



Kang H et al. Respiratory Medicine 2020; 167: 105956



Kang H et al. Respiratory Medicine 2020; 167: 105956



Final outcomes of Bdq or Dlm in Korea

• Initiation of bedaquiline rather than delamanid was not associated with treatment success 
(aOR = 0.671, 95% CI = 0.350–1.285). 

• Frequencies of adverse events were not significantly different between the two groups.

Hwang H et al. Clinical Infect Dis. accepted

Total Bedaquiline Delamanid p-value

Number of patients 260 119 141

Culture conversion (n = 120) 93% 93% 92% 1.000

Median time to culture

conversion, days (95% CI) (n =

120)

48.0 (27.0–

69.0)

45.0 (17.8–

72.2)

54.0 (27.4–

80.6)
0.542

Final outcomes

Cured 172 (66.2) 75 (63.0) 97 (68.8) 0.327

Completed 35 (13.5) 15 (12.6) 20 (14.2) 0.710

Failure 6 (2.3) 2 (1.7) 4 (2.8) 0.691

Died 31 (11.9) 18 (15.1) 13 (9.2) 0.143

Tuberculosis-related 12 (4.6) 7 (5.9) 5 (3.5)

Not related to tuberculosis 13 (5.0) 10 (8.4) 3 (2.1)

Unknown 6 (2.3) 1 (0.8) 5 (3.5)

Loss to follow-up 16 (6.2) 9 (7.6) 7 (5.0) 0.385

Treatment success 79% 76% 82% 0.189



Total (n=74) BD (n=22) DB (n=52)

Culture conversion 94% 93% 94%

Favorable outcome 92% 96% 90%

Discontinuation due 

to QTcF prolongation 

1% 0% 2%

Lee HH et al. Int J Infect Dis. 2020;98:478



We conclude that there is limited evidence of the efficacy of 

IAs, clear evidence of the risks of these drugs, and that 

persons living with MDR-TB should be informed about these 

risks and provided with access to alternative therapeutic 

options. => Injectable-free regimen

* aDSM: active TB drug safety monitoring and management

MDRTB 컨소시엄 교육자료



RR/MDR-TB 치료 약제(WHO, 2019)



How about Lzd?

Lan Z et al. Lancet Respir Med 2020;8:383

Lzd All ADRs 
(14.1%)

Peripheral
neuropathy 
(22%)

Myelosuppr
ession (22%)

Optic 
neuritis (5%)

Gastrointesti
nal (2%)

Rash (2%)



Summary

• Delamanid is a new nitro-hydro-imidazooxazole derivative, 
inhibits mycolic acid synthesis.

• It has a potent activity against DS- and DR-M.tb in both in vitro
and in vivo studies.

• Delamanid demonstrated clinical evidence of increased sputum 
culture conversion and improved treatment outcomes and 
decreased mortality in combination with OBR over a 6-month 
treatment period for MDR-TB, although it did not be reproduced 
in a phase 3 trial.

• It can have GI side effects and QTcF prolongation, but relatively 
safe drug compared to other second line TB drugs. 



Conclusion

• Delamanid is an effective and safe drug for treating MDR-TB. 

• It can be a core drug for treating MDR-TB.


