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* Excluding deaths attributed to HIV/TB
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Streptomycin (SM)

Reference: Comroe JH Jr (1978). "Pay dirt: the story of streptomycin. Part I: from Waksman to Waksman". American 
Review of Respiratory Disease. 117 (4): 773–781.

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.



Reference: Mitchison DA. Role of individual drugs in the chemotherapy of tuberculosis Role of individual drugs in the chemotherapy of tuberculosis. Int J Tuberc Lung Dis. 2000, 4(9): 796–806. Fox, W.; Ellard, 
G. A.; Mitchison, D. A. Studies on the treatment of tuberculosis undertaken by the British Medical Research Council tuberculosis units, 1946-1986, with relevant subsequent publications. The international 
journal of tuberculosis and lung disease : the official journal of the International Union against Tuberculosis and Lung Disease. 1999, 3 (10 Suppl 2): S231–S279.
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Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.



•
•
•
• The revelation of triple therapy

SM + PAS +INH for 24 month

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.



• Better tolerated than PAS

• Replacement of PAS in 1960s

• Allows reduction in the duration of treatment to

18 months18 months

Repppplacement of PAS in 1960s

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.



•

•

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.
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• “Sterilizing effect”
Kill mycobacteria undergoing sporadic metabolism
• INH+SM+EMB+RIF 
cures in >95% cases in 8-9 monthsnnnnnnnn 8-9 months

Reference: Iseman M.D. Tuberculosis therapy: past, present and future. Eur Respir J, 2002;20:Suppl,36,87s-94s.

NIH: http://www.niaid.nih.gov/topics/tuberculosis/Understanding/WhatIsTB/ScientificIllustrations/Pages/firstLineIllustration.aspx

First-Line Treatment of Tuberculosis (TB)
for Drug-Sensitive TB



The fundamental basis of TB treatment was 
defined based on the analysis of multiple 
randomized clinical trials (RCTs):
1) combining different effective drugs to avoid 

the selection of resistant M. tuberculosis 
strains; and 

2) ensuring that treatment is long enough to 
sterilise the tissues infected with M. 
tuberculosis and, therefore, prevent relapse.



Why 6 month therapy?

• A comparison of <6 months 
vs. 6 months of treatment

• Success short course (3-
5months) chemotherapy 
randomized trials between 
1970sand 1980s 

• 7 papers reviewed 

Gellband, H. Regimens of less than six months for treating tuberculosis (review). Cochrane Database of 
Systematic Reviews, 1999, issue4.http://cochranelibrary-wiley.com/doi/10.1002/14651858.CD001362/epdf

1. Agra 1981 : 
3-month vs. 4.5-months 

regimen 
2. Germany 1986:
3-month vs. 6-month
3.Hong Kong 1979:
2-month 3-monthvs. 
12-month

4.Hong Kong1989:
4-month vs. 6-month
3-month vs. 4-month
5.S. India 1983:
5-month vs. 7-month
6. S. India 1986:
3-month vs. 5-month
7.Singapore 1979:
4-month vs. 6-month



Conclusion 

• Shorter regimen(2m,3m,4m,& 5m) than the 
standard  6 months are not as good as longer 
regimens at preventing relapse

Standard regimen recommended by WHO



Regimen for drug-susceptible TB

Reference: Treatment of Tuberculosis guideline Fourth edition. 2017 WHO 

2HERZ/4HR

Source: https://www.tballiance.org/why-new-tb-drugs/global-pandemic



MDR-TB and XDR-TB

Multidrug-resistant TB
Resistance to at least both INH and RMP

isoniazid rifampin

Extensively (Extremely) Drug-resistant TB
Resistance to at least both INH and RMP (MDR-TB) in addition to 
resistance to any fluoroquinolone, and to at least one of three 
injectable 2nd-line anti-TB drugs (kanamycin, amikacin and 
capreomycin)

INH RMP fluoroquinolone
(kanamycin, amikacin, capreomycin)

Rifampicin-resistant TB and MDR-TB 
WHO



Group A
Fluoroquinolones

Levofloxacin Lfx

Moxifloxacin Mfx

Gatifloxacin Gfx

Group B
Second-line injectable
agents

Amicacin Am

Capreomycin Cm

Kanamycin Km

(Strptomycin) sm

Group C
Other core second-line 
agents

Ethionamide/protholonamide Eto-Pto

Cycloserin /terizidone Cs/Trd

Linezolid Lzd

Clofazimine Cfz

Group D
Add-on agents (not 
part of core MDR 
regimen)

D1 Pyraziramide Z

Ethambutol E

High-dose Isoniazid Hh

D2 Bedaquiline Bdq

Delamanid Dlm

D3 p-aminosalicylic acid Pas

Imipenem –Cilastatin Ipm

Meropenem Mpm

Amoixicillin-Clavulanate

Thloacetazone

Group A
Fluoroquinolones

Levofloxacin Lfx

Moxifloxacin Mfx

Gatifloxacin Gfx

Fluoroquinolones 

•

•

•



A high relapse in the quinolone group compared with 
6-month  standard rifampin, isoniazid, pyrazinamide, 
and ethambutol .

Jawahar MS, et al. Randomized clinical trial of thrice-weekly 4-month moxi floxacin or gatifloxacin containing regimens in the treatment of new sputum posit ive 
pulmonary tuberculosis patients. PLoS One 2013;8:e67030.

Moxifloxacin did not improve outcomes when added 
to rifampin, isoniazid, pyrazinamide, and ethambutol, 
but an earlier sputum conversion was founded when it 
was used instead of INH. 

Nuermberger E L, Yoshimatsu T, T yagi S, O ’Brien RJ , Vernon AN, Chaisson RE, Bishai WR, Grosset JH. Moxifloxacin-containing regimen greatly reduces time to 
culture conversion in murine tuberculosis. Am J Respir Crit Care Med 2004;169: 421–426.



Group A
Fluoroquinolones

Levofloxacin Lfx

Moxifloxacin Mfx

Gatifloxacin Gfx

Group B
Second-line injectable
agents

Amicacin Am

Capreomycin Cm

Kanamycin Km

(Strptomycin) sm

Group C
Other core second-line 
agents

Ethionamide/protholonamide Eto-Pto

Cycloserin /terizidone Cs/Trd

Linezolid Lzd

Clofazimine Cfz

Group D
Add-on agents (not 
part of core MDR 
regimen)

D1 Pyraziramide Z

Ethambutol E

High-dose Isoniazid Hh

D2 Bedaquiline Bdq

Delamanid Dlm

D3 p-aminosalicylic acid Pas

Imipenem –Cilastatin Ipm

Meropenem Mpm

Amoixicillin-Clavulanate

Thloacetazone

Linezolid Lzd

Sotgiu G, et al.Efficacy, safety and tolerabili ty of linezolid containing regimens in treating MDR-TB and XDR-TB: systematic review 
and meta-analysis. EurRespir J 2012;40:1430–1442

•

•

•
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D1 Pyraziramide Z

Ethambutol E
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D2 Bedaquiline Bdq

Delamanid Dlm
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Meropenem Mpm
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Thloacetazone

D2 Bedaquiline Bdq

Delamanid Dlm

Rifampicin-resistant TB and MDR-TB 
WHO



Nature Reviews Drug Discovery, 2013; 12:388-404
http://www.nature.com/nrd/journal/v12/n5/fig_tab/nrd4001_T1.html

Target                                                  Effect

Reference: NIH: 
http://www.niaid.nih.gov/topics/tuberculosis/Understanding/WhatIsTB/ScientificIllustrations/Pages/multidrugResistantIllustratio
n.aspx

Multidrug-Resistant Tuberculosis (MDR TB) and Possible 
Effective Treatments



Extensively Drug-Resistant Tuberculosis (XDR TB) 
Diminishing Options for Treatment

Reference: NIH: 
http://www.niaid.nih.gov/topics/tuberculosis/Understanding/WhatIsTB/ScientificIllustrations/Pages/multidrugResistantIllustratio
n.aspx

1

1

2



…

Reference: The TB Alliance2018,  https://www.tballiance.org/why-new-tb-drugs/inadequate-treatment, World Health 
Organization, Global Tuberculosis report 2016. Geneva:World Health Organization;2016.



•
•

•

Required properties of 
new anti-TB drugs

Required properties of new anti-TB drugs

New drugs against tuberculosis: problems, progress, and evaluation of agents in clinical development.  Antimicrob. Agents Chemother. 2009; 
53(3):849-862.



1)New anti-TB drugs
2)New uses of existing anti-Microbials
3)Immunomodulators

Reference: Resist-TB http://www.resisttb.org/?page_id=1602    Last updated Jun,6,2018

Drug-resistant Tuberculosis Clinical Trials 
Progress Report-1

Bedaquiline



Drug-resistant Tuberculosis Clinical Trials 
Progress Report-2

MDR-TB LTBI:1.V-QUIN & 
2.TB-CHAMP





MmpL3 is a 
transporter of 
mycobacterial
trehalose
monomycolate (TMM
) *MmpL3

Reference: 
NIH:http://www.niaid.nih.gov/topics/tuberculosis/Understanding/WhatIsTB/ScientificIllustrations/Pages/newTBdrugs.aspx

New Tuberculosis (TB) Drugs Under 
Development



DIARYLQUINOLINE• Sirturo® bedaquline (TMC207)

Tbfacts.org. https://www.tbfacts.org/bedaquiline/



�

• A member of the diarylquinoline group.

• Unique mechanism inhibits adenosine triphosphate

(ATP) synthase enzyme of the TB mycobacteria.

• This enzyme is used by bacteria to generate

energy

Reference: review of available evidence on the use of bedaquiline for the treatment of multi-drug resistant 
tuberculosis: Data analysis report. 

NITROIMIDAZOPYRANS• Delamanid (OPC-67683)



Delamanid (OPC-67683) 

•
•

•

Nitroimidazopyrans

•

•

•

New drugs against tuberculosis: problems, progress, and evaluation of agents in clinical 
development.  Antimicrob. Agents Chemother. 2009; 53(3):849-862.



Safety and tolerability 

• OPC-67683 showed sterilizing activity that was superior to

that of isoniazid and equal to that of rifampin in an in vitro

model of drug-tolerant M. tuberculosis, representing

semidormant bacilli. No antagonism of OPC-67683 with

rifampin, isoniazid, ethambutol, and streptomycin was shown

in vitro.

• OPC-67683 in multiple doses up to 400 mg was tolerated

well by healthy volunteers.

New drugs against tuberculosis: problems, progress, and evaluation of agents in clinical development.  Antimicrob. Agents 
Chemother. 2009; 53(3):849-862.

Delamanid 
Background
MDR-TB
regimen
+100mg
Delamanid
twice daily

Background 
MDR-TB 
regimen 
+placebo

vs

Culture conversion 

improve significantly at 

month 2 (45.4 vs 29.6%)

Gler, M. T. et al. Delamanid for multidrug-resistant pulmonary tuberculosis. N. Engl. J. Med. 366, 2151–2160 (2012).



WHO position statement on the use
of delamanid for MDR-TB

• The final Trial 213 data were 

released by the manufacture  to 

WHO in the late Nov,2017

• WHO response to the final data 

from trial 213

WHO position statement on the use of delamanid for multi-drug resistant tuberculosis WHO/CDS/TB/2018.1 2018 Jan 
http://www.who.int/tb/publications/2018/WHOPositionStatementDelamanidUse.pdf?ua=1

•

•

WHO position statement on the use of delamanid for multi-drug

Background

• WHO issued interim policy guidance on the use of 
delamanid in 2014

• The WHO interim policy was based on evidence 
available at the time from phase ᵇ trial and an 
observational study conducted by the manufacture

• In 2016, the delamanid interim policy was extended 
to children aged 6-17 years following a review of 
data from a 6-month safety, efficacy, and 
pharmacokinetic trial of pediatric patients. 
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• WHO issued interim policy guidance on the use of 
delamanid in 2014

• The WHO interim policy was based on evidence 
available at the time from phase ᵇ trial and an 
observational study conducted by the manufacture 

• In 2016, the delamanid interim policy was extended 
to children aged 6-17 years following a review of 
data from a 6-month safety, efficacy, and 
pharmacokinetic trial of pediatric patients. 



Tiral 213

• The phase , multicentre, randomized, 

double-blind, placebo-controlled clinical trial to

evaluate the safety and efficacy to delamanid

• Comparing two regimens for treating adult MDR-TB 

patients

Tiral 213

• The phase , multicentre, randomized, 

double-blind, placebo-controlled clinical trial to

evaluate the safety and efficacy to delamanid

• Comparing two regimens for treating adult MDR-TB 

patients



Trial 213

An OBR consistent with WHO 
and National guideline 
+ delamanid 100mg BID for 2m, 
followed by 200mg QD for 4m; 
after 6m continued to receive 
OBR for a total treatment 
duration of 18-24m. (n=341) 

The control regimen 
consisted of optimized 
Background regimen
(OBR) + 
placebo for 6mos, 
followed by OBR for the 
remaining duration of 
therapy.(n=170) 

Study groupvsControl group

Delamanid in treating MDR-TB is
challenging due to …

1. didn’t confirm the efficacy finding from Otsuka

phase ᵇ trials, which suggested statically

significant reduction in mortality and increased

culture conversion at 2mos



Delamanid in treating MDR-TB is
challenging due to …

2. The demonstrated benefit of delamanid when

added to an optimized background regimen

was small and limited to a modest reduction in

time to culture conversion.

Delamanid in treating MDR-TB is
challenging due to …

3. The exposure of many trial participants to multiple 

second-line medicines prior to randomization as well as 

the inclusion (probably by chance) of a disproportionate 

number of patients with both fluoroquinolone-resistant 

strains and bilateral cavitation in the delamanid arm of 

the MITT population may have masked a potentially 

stronger efficacy signal for delamanid. 



Delamanid in treating MDR-TB is
challenging due to …

4. Trial 213 was not designed to indicate which 

MDR-TB patients would most likely benefit from 

delamanid, or whether delamanid can 

effectively replace or protect other medicines in 

composing MDR-TB regimens.

�WHO advise only add delamanid to a longer MDR-TB 

regimen when it cannot be composed according to WHO 

recommendations.

�When an effective and well-tolerated longer MDR-TB 

regimen can be otherwise composed, the addition of 

delamanid may not be warranted. 



�WHO advise only add delamanid to a longer MDR-TB 

regimen when it cannot be composed according to WHO 

recommendations.

�When an effective and well-tolerated longer MDR-TB 

regimen can be otherwise composed, the addition of 

delamanid may not be warranted. 

Reference: WHO treatment guideline for drug resistant tuberculosis: 2016update



Sotgiu G, Tiberi S, Centis R, D’Ambrosio L, Fuentes Z, Zumla A, Migliori GB. Applicability of the shorter 'Bangladesh regimen' 
in high multidrug-resistant tuberculosis settings. International Journal of Infectious Disease ,2017,53,190-193

Reference: WHO treatment guideline for drug resistant tuberculosis: 2016update



Shorter MDR-TB regimen 
“Bangladesh regimen”g g

Sotgiu G, Tiberi S, Centis R, D’Ambrosio L, Fuentes Z, Zumla A, Migliori GB. Applicability of the shorter 'Bangladesh regimen' 
in high multidrug-resistant tuberculosis settings. International Journal of Infectious Disease ,2017,53,190-193

Treatment success in patients treated with a 
shorter MDR-TB regimen vs longer MDR-TB regimen 

Reference: WHO treatment guideline for drug resistant tuberculosis: 2016update



Bedaquiline



Drug Susceptibility Test

Date H R E S Z Km Am Lfx Mfx Pto/  
Eto PAS Cs Ofx CAP Rifa

butin

R S S S

R R R R R R R S S S R R R

R R L:R
H:S R

R R L:R
H:S R

R R L:R
H:S R

R = Resistance; S = Sensitivity

(H) = High in dosage ; (L) = Low in dosage

Date Year 2014/9/19~
2015/2/11

2015
Date 2/12 2/26 3/26 3/29 4/16

Regimen

RFT 5

Transferr
ed to 

Chang-
Hua 

Hospital
hold

EMB 2
PZA    500mg 3 3 3 3
Moxi   400mg 1 1 1 1
CS       250mg 2 2 2 2

PASER  5gm 1#Bid 1#Bid 1#Bid

TBN     250mg 2 2 2 2
CM       850 850 R
Cfz       100mg 55 kg 2 50 kg

Sputum 

9/25 1/24 2/25 3/12 3/25 4/16 5/18 6/18
+*3 +*1 +*2 Scanty - -*2 Scanty +*1
+*3 +*1 +*2 + + -*2 + -*2

ID TB*3 TB*1 TB*2 TB TB NTM

Lab

9/19 2/12 3/26 4/16
AC / PC AC 113 AC 123

GOT 43 21 80 0.39
GPT 12 13 20 11
T-bil 1.1 0.5 0.55
BUN 8
Cr 0.62 0.5 1.11 0.97
UA 7.9

WBC *103 4.1
RBC *106 4.25

Hb 13.4
Plat *103 103



Dat
e

Year 2015
Date 7/3 7/6 7/17 8/9 8/20 8/24 9/5 9/9 9/11 9/16 9/27 10/7

Regi
men

Bedaquiline 4 QD 4 QD 2 QTW 2 QTW

hold

2 QTW 2 QTW

hold

2 QTW 2 QTW 2 QTW
Hold

Ascite
s

PRBL
2U

Augmentin 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid
Cfz 2 2 2 2 2 1 1 1 1
Linezolid 1 1 1 1 1 1 0.5 0.5 0.5
TBN 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid
CS 2 2 2 2 2 2 2 2 2

Meropenen 1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

1gm
Q12h

PASER 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid

Sput
um 

Date 7/17 8/2 9/2 10/3

Smear Scanty*
2 +*1 -*2 -*2

Culture -*2 -*3 -*2 -*2
Weight 60 kg 60 60 58.2 58.1 56.7 55.4

Lab

Date 6/29 7/17 7/24 8/19 8/24 8/31 9/9 9/16 9/27 10/7
AC / PC PRBL

2U
PRBL

2UGOT 22 42 32 31 35 80 50
GPT 16 22 16 12 13 21 15
T-bil 0.84 0.55 0.54 0.8 1.32 1.15 2.84
BUN 10 13 12 14 11 17 15
Cr 0.68 0.75 0.73 0.87 0.83 1 0.84
UA 7.1 4.4 4 4.1 5.4 9/23 3.4

WBC *103 4.4 3.5 3.4 3.7 4.5 2.8 2.7 2.6 2.5 3.1
RBC *106 3.94 4.05 4.05 3.63 2.73 3.02 2.85 2.22 2.38 2.44

Hb 12.5 12.8 12.7 9.9 8.4 9.4 8.7 6.9 7.4 7.8
Plat *103 174 109 90 79 95 132 70 72 108 94

Date Year 2015
date 10/9 10/21 10/23 10/28 11/3 11/6 11/9 11/10 11/13 11/20 12/4 12/11

Regi
men 

Bedaquiline 2 QTW

Hold

Anemi
a

PRBL
2U

2 QTW 2 QTW 2 QTW 2 QTW 2 QTW 2 QTW 2 QTW 2 QTW 2 QTW 2 QTW
Augmentin 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid 1 /Tid
Cfz 1 1 1 1 1 1 1 1 1 1 1
Linezolid 0.5 0.5 0.5 0.5 0.5 1 Q2D 1 Q2D 1 Q2D 1 Q2D 1 1
TBN DC
CS 2 2 2 2 2 2 2 2 2 2 2

Meropenen 1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

1 gm
Q12h

PASER 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid 5g /Bid 4g /Bid 4g /Bid 4g /Bid 4g /Bid 4g /Bid

Sput
um 

Date EPO 11/3 EPO EPO 12/4
Smear - -*2
Culture 

ID 59.3 57 58.4 59.6 62.5

Lab 

Date 10/13 10/21 10/28 11/6 11/13 11/20 12/4 12/11
AC / PC

GOT 52 52 39 47
GPT 15 14 13 10
T-bil 1.18 0.91 1.14 0.9 0.66
BUN 12 10 10 12 11
Cr 0.66 0.66 0.71 0.67 0.66
UA 4.7 4.7

WBC *103 3.5 2.7 2.6 2.8 3.6 3.1 3.3 3.4
RBC *106 2.87 1.64 2.74 2.55 2.86 2.89 3.25 3.24

Hb 9.1 5.5 9.1 8.9 10.4 10.3 11.8 11.8
Plat *103 166 156 140 154 161 148 144 143

10/13
Albumin: 2.7



Chest X-Ray

2014.09.19 at Feng Yuan Hospital 2014.12.19 at Feng Yuan Hospital

2015.02.12 at Taichung Hospital



2015.03.26 at Taichung Hospital

CXR at Chang-Hua Hospital

2015/07/17 two weeks after 
medication administration

2015/04/18 Admitted to Chang-
Hua Hospital



2015/09/22 Two months after 
meds administration

CXR at Chang-Hua Hospital

2015/08/17 One month after 
meds administration



2015/12/11 2016/01/08



Hemoglobin ↓ since 2015/08/19  
Hb:5.5-9.1  

Action:
1. Blood transfusion at 09/16 09/27 10/07 10/21
2. Erythropoietin injection at 10/28 11/6 11/13.

Result: 
Hb11.8 at 12/08

*Discharged from Chang-Hua hospital and returned to his 

hometown at 10th of Jan, 2016.

*XDR treatment completed at July 2017.




