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# bacilli

A: rapidly multiplying, INH>RIF>EMB
B: slowly multiplying, acid pH, PZA>RIF>INH
C: sporadically multiplying, RIF>INH

“Persisters”

1 2 3 4 5 6
months of therapy
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Treatment regimen

1944

SM and PAS

1948

RCT, SM vs PAS vs SM/PAS

1952

Triple therapy, INH/SM/PAS, 24 months

1960s

INH/SM/EMB, 18 months (EMB replace PAS)

1970s

H/R/E/SM, 9 months (RFP add)

1980s

H/R/E/Z, 6 months (PZA add)

1990s

MDR-TB




* WHO 2006 ~ WHO 2016

Programmatic management Rapid DST, RR-TB Rapid DST, MTBDRsI
58 Group 5 classification Evidence based recommendation Longer vs shorter regimen
hierarchy Based on IPD meta-analysis Group A-D, new drugs
i 2 2FH| IPNER | 2Kt SFX| (=AM, FH=E) 2XEH (F=E, AN
O | 2 4 effective drugs 4 effective 2"-line drugs 5 effective drugs
=S
(13t line -> 2"-line drugs) (4 2"d-ine drugs + PZA) (4 core 2"-line drugs + PZA)
NN 6 months 8 months 8 months

S X|X| 27| 18 months after conversion 20 months 20 months
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JMDR/RR-TB cases 'L;,r'?- . | -
YA LA Lo
VARV RT \;“'- ) &/
o A 74 - “‘i % N
5/ \Ii“t‘;sv‘a ) },‘3"
1 56 SNPIIAL v
H 6 - 30 months 2 - 4 months 10 days
4
b2 Current Therapy Future Therapy
50 « Old drug * New drug
0 2% 50 75 100 * lLong » Shorter
« Toxic « Safer
[ Treatment success [ Failure [ Died [ Lostto follow-up * Compllpated * S|mp|er
« Expensive « Affordable
« Inadequate « Effective

Global TB Report 2020, WHO



Xt - MDR-TB X| &2

1. Holof EF A
2. 2019 WHO X| &l

3. 2020 =L{ X| &



Wild M. TB strain

l Spontaneous mutation

Strains with genetic
drug resistance

_ 2 S At
> l Selection %ﬁl_&l %Q{:
_ SRS BhX} B2
Acquwed drug
resistance +
> l Transmission —'T'—&.' Ié' _C.'ﬂ 7.:." 0:1 "3 E|
. 1
Primary drug
e — . —_ _
resistance EMHESE g 7tZ2d 22|

Pablo's-Mendez et al. WHO, 1997



Burden of transmitted multidrug resistance in epidemics of @k®
tuberculosis: a transmission modelling analysis o

Emily A Kendall, Mariam O Fofana, David W Dowdy

Lancet Respir Med 2015;3:963

* Modeling analysis
* Global estimates of MDR-TB
3.5% among new TB notifications,
20.5% among re-treatment TB notifications

Transmission 95.9% (95% UR, 68.0—-99.6)
rather than treatment related acquisition



33%

1XFQ A Universal access to diagnosis

of MDR-TB

Mok JH et al. J Korean Med Sci 2017:32:636
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Culture based pDST

Conjugate control
Amplification control
M tuberculosis complex

rpoB locus contral (rpod)

rpoBwild type probe 1 (poBWTL
rpoBwild type probe 2 ErpoEWﬁ%
rpoBwild type probe 3 (rpoB WT3
rpoBwild type probe 4 {(IPDBWT-ﬁ
rpoBwild type probe 5 (rpoB WTE,
rpoBwild type probe & (rpoBWTH
rpoBwild type probe 7 (rpoBWT7 )
rpoBwild type probe 8 J'pDBWT}%}l
rpoB mutation probe I&rpoB MUTL)
rpoB mutation probe 24 (poB MUT24)
rpoB mutation probe 28 frpoﬂ MUT2EB)
rpoB mutation probe 3 (poB MUTS)

karG locus control (katG)

kat G wild type probe (katGWTL)
katG mutation probe 1 (katG MUTL
katG mutation probe 2 (katG MUTZ

inhA locus control (inhA

inhA wild type probe 1 (inha WT1)

inhA wild type probe 2 (inha W'I?_I}I
inhA mutation probe 1 (inhA MUTL)
inhA mutation probe 2 (inhd MUT2
inhA mutation probe 3A (inhA MUT34A)
inhA mutation probe 3B (inhA MUT3E)

Coloured marker

Sputum based mDST
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LY AIQFAFM AR, 2016.9 — 2019.11, (MDR-TB, n=621)

mDST A|dl& 0|
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2015 2016 2017 2018 2019

Time to MDR-TB treatment initiation

121
98
68
59
42
39
29
24
7 16
(5 10
2015 2016 2017 2018 2019

Jeon et al. J Korean Med Sci 2020:35:e284
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LY AF ALR F7H AR MH

Favorable outcome, 2 2FAIE A O|X|, 2016.9 — 2018.2

no Total BDQ DLM Both P value
6 mo 282 89.7% 89.7% 88.9% 91.0% 0.939
12 mo 182 85.2% 82.2% 87.3% 86.8% 0.570
18 mo 70 85.7% 85.2% 80.8% 94.1% 0.402

MDR-TB  Pre-XDR;, Pre-XDR;, XDR-TB

6 mo 282 91.1% 83.3% 89.3% 91.7% 0.623
12 mo 182 87.3% 66.7% 87.0% 87.5% 0.136
18 mo 70 88.2% 71.4% 82.8% 94.1% 0.453

Kang et al. Respir Med. 2020;167:105956



4. X|=7|ZF = : Old & New drugs

Nix =

»  Noninferiority trial, FQ-S SLID-S MDR-TB 6 BPaL
4-6 Km-Mfx-Pto-Cfz-Z-Hhigh-dose-E / 5 Mfx-Cfz-Z-E « Pretomanid, Bedaquiline, Linezolid for 6 months
N=130 N=253
Favorable 79.8% 78.8% N=75 N=51 N=24
AE = grade 3 45.4% 48.2% Favorable  89% 88% 92%
Death 6.4% 8.5%

Nunn AJ et al. N Engl J Med 2019;380:1201 Conradie F et al. N Engl J Med 2020;382:893
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« Taiwan MDR-TB consortium (TMTC)
 Treatment outcomes of MDR-TB, 2007-2016, Taiwan

not TMTC

(n=216)

Treatment success 82.9% (817) 28.7% (62)
Death 12.8% (126) 58.3% (126)
Failure 0.8% (8) 0.9% (2)
Lost to FU 1.6% (16) 2.8% (6)
Not evaluated 1.9% (19) 9.3% (20)

Lee PH, et al. PL0oS One 2019;14:e0214792
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Treatment correlates of successful outcomes in pulmonary 3k )
multidrug-resistant tuberculosis: an individual patient data |

meta-analysis
Lancet 2018: 392: 821-34

« 2009 - 2016.4, 50 studies
- 12,030 MDR-TB patients, Individual patient data meta-analysis

Km, Cm
X223t AIGE g4

WHO
consolidated

s
tuberculosis

drug-resistant
tU be rcu Iosis Module 4: Treatment
treatment

Lfx/Mfx,
Cs/Trd

H—

March 2019 June 2020



Group Medicine

H 12
A 2
A 3
A 4
A 5

RUNNE VRN URNCY

WHO 7i& X|&l: Al kx| o| HT}

20174 =L} X|&

H,R,E,Z Rfb

Km, Am, Cm, Sm
Lfx, Mfx

Pto, Cs, PAS

20194 WHO X| &

Linezolid

Bedaquiline / Delamanid
Clofazimine

Imipenem, Meropenem*
Amoxicillin/clavulanate*

High dose isoniazid

Group Medicine
Levofloxacin or Moxifloxacin
Group A
Include all three medicines Bedaquiline ‘.‘
(unless they cannot be used) Linezolid '
Group B Clofazimine 4
Add one or both medicines

(unless they cannot be used)

Cycloserine or Terizodone

Group C

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

Ethambutol

Delamanid

Pyrazinamide

Imipenem/cilastatin or Meropenem
Amikacin (or Streptomycin) ’r
Ethionamide or Prothionamide .y

4 p-aminosalicylic acid




WHO 778 X|#&!: 7|CHf S

Lfx (Mfx), Bdqg, Lzd, Cs/Cfz

7|y <2
BTAN=R T8 - Ot 27t #5d
HO 20Xo|1 X80l Hsg - MIHFE
2, 2Xt = HEO| E0 - =R, 3RA A
SHXF M K| 2 - FHE #el:LzD,

QT prolongation
. AloFof CH3E LAY SIS f ghat
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WHO,

2019
WHGQ,

Rapid communication

guidelines

WHO
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drug-resistant
tuberculosis
treatment
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=L MDR-TB X2 X| A
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2. A

* ¢

—
Group Medicine
Group A Levofloxacin or Moxifloxacin
Bedaquiline
Linezolid
Group B Cycloserine
Clofazimine
Group C [C1' Amikacin (or streptomycin)?

C22

Ethambutol

Imipenem or meropenem#
p-aminosalicylic acid
Prothionamide

Pyrazinamide

Delamanid

0

. Amikacing £ AFESHC} Streptomycin

amikacing Ar&StA| 2ot F M| Zf=d A A0
M ad+d8E 20l ZUY A amikacing CHA
SlO] At = QUL Kanamycin2 amikacin
= OiA[SHH A8 = UL

Imipenem, meropenem= ZI=A| clavulanic
acide} 28 E sl of oIC}.



ol

]
i

DL

ot

g g, Xz 280 tfe

&t
k| 010f

I

CEH(IIA).

E

-
o
| N

.
o
o

78

(I1A).




2|
o

o| X EL{H

)

a1
L

2hA

|

A

CEA| LK

1.

MDR-TB

e

| AR

0 _
[H) ol
] ofl
8o o~
M oK oF
ok _ ~
D.D _u_._A _”__u_
Zn KO nal
<0 Iﬂ ofr M(m
R E
mm_ EL .m_ O
~ O H
8o M =
r o o
ob of =
= oz Mm
1! e o s _A
@u ol o u_AI
o = mu .
o z0 0 J
=R
R K B
% O O
N 0N <
;B

HEE
o7

28]

CH7| X2 28 Y (operational research) =&

7.

ATHNE

2R
HEEH

2EHgY




10
H

101
Ll

—-

=& U3

E 1
e\

o

o AR

= 3

D 3T
g = SiE L
2 B
7
Bl S ot




A CH A

(A, 22A)

KF
r

o0

-

AX|: 5y

S gyrA, gyrB gene sequencing

AL 7] 8 SR M=oldtet At

7
|

: 5

o]
=

NS =l

A& 7]2k 2020E5E - 2020 H12E



M/51. New case

2 AT E M52 MPCR) (=putum)
Day1 MTE Detected
Rifampin LH-& Detected
AFE === (sputun) Positive{3+)
DayS :E”f’—”:E fl!-i.* LH&Z AF (RFP, IMH) (sputum) |
ifampin (RMPY Resistant
lgonizid (IHH) Resistant
rpob OR16Y
kat G S31ETH
inbi Mot detected

Day1 2 #FB BHZF {sputum)

AFE JHIBHZF subcode
AFE HHIEH2F subcode

Wycobacteriom tuberculosis comples @ (1

Mycobacterium tuberculosis complex @

Day21 ayrh Mutation Mot Detected
gyrh Mutation Mot Detected




M/51. New case

AFB 3+
X-pert : RIF-R

Da 1 2 AT E M52 MPCR) (=putum)
y MTE letected
Rifampin LH-& Detected

AFE === (sputun) Positive{3+)

. K& 7|7t22 (RBISAIKI 2 7))
. A ALE 7|7he?
. ETER| Mool it 22 SA| A2
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2006

2008

MDR-TB X| = :

2011

Guidelines for
the programmatic
management of

drug-resistant

tuberculosis The use of The use of
bedaquiline in delamanid in
the treatment of the treatment of
multidrug-resistant multidrug-resistant
tuberculosis tuberculosis
Intrn potcy guidance v oty gusaece

@) @)

oF S
o T

2014

Gompanion handbook

2016

2019 2020

tuberculosis

drug-resistant
tuberculosis BPocie 4 Treatittt
treatment

1

"'

Conventional MDR-TB regimen

Longer

All-oral regimen

Standardized shorter regimen

BPalL




Clinical Trials : Towards all-oral and shorter regimens

Trial Regimen Duration Promoter Completed
MDR-END DIm-Lzd-Lfx-Z 9-12 Mo SNUH 2021
Nix Pa-Bdqg-Lzd 6-9 Mo TB Alliance 2019
ZeNix Pa-Bdg-Lzd (dose-ranging) 6-9 Mo TB Alliance 2021
STREAM 2 IUATLD 2021
TB PRACTECAL B: Bdg-Pa-Lzd-Mfx 6 Mo MSF 2022

C: Bdg-Pa-Lzd-Cfz

D: Bdg-Pa-Lzd
endTB A: Bdg-Lzd-Mfx-Z 9 Mo MSF. PIH 2022

B: Bdg-Lzd-Cfz-Lfx-Z

C. Bdg-DIm-Lzd-Lfx-Z

D: DIm-Cfz-Lfx-Lzd-Z

E: DIm-Cfz-Mfx-Z
endTB-Q Bdqg-DIm-Cfz-Lzd 6-9 Mo MSF. PIH 2022
SimlpiciTB Bdqg-Pa-Mfx-Z 6 Mo TB Alliance 2022
BEAT-tuberculosis Bdqg-Lzd-DIm-(Cfz)-(Lfx) 6 Mo USAID 2023

Pontali E et al. Eur Respir Rev. 2019 ;28. pii: 190035.




1950s vs 2020s

1955
Cycloserine

1943 1954 1957
Streptomycin(S) | Pyrazinamide(Z)| Kanamycin

J

1952
Isoniazid(H)

1948
PAS

1961

Ethambutol(E)

1960
Ethionamide | Capreomycin

1963

1963

]

Rifampicin(R)

1940

t 1960s — PAS replaced by E: S/H/E
18 months of therapy

1952 - First regimen: S/PAS/H
24 months of therapy

1946 — First randomized trial : S
Monotherapy led to S resistance

Discovery of
TB Drugs

Delaminid

Bedaquiline

1980s - S replaced by Z: H/R/Z/E
6-8 months , oral therapy

1970s — Addition of R: S/H/R/E
9-12 months of therapy




