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2022 WHO

* The 6-month bedaquiline, pretomanid, linezolid and
moxifloxacin (BPaLM) regimen for MDR/RR-TB and pre-XDR-

TB (a)

* The 9-month all-oral regimen for MDR/RR-TB (a)

WHO consolidated guidelines on tuberculosis:
Module 4: treatment drug-resistant tuberculosis
treatment, 2022 update




Pretomanid (PA-824)

A novel nitroimidazole
Inhibiting the synthesis of mycobacterial cell wall components and ketomycolate
Shows potent anti-mycobacterial activity against both DS and DR M. tb clinical isolates.

The bactericidal and sterilizing activities of this molecule, alone and in combination with
first-line anti-TB drugs and/or moxifloxacin, have been exhibited in murine and guinea pig

models.

Approved by FDA: as part of a combination regimen with Bdq and Lzd for pulmonary
XDR- or complicated MDR-TB



Pretomanid

« 2019 WHO: BPaL regimen in pre-XDR-TB patients, under

operational research conditions.
> fE[LtEt= 2 BPaL 2 ¢ S ¢
* Indication : pre-XDR-TB

« 2023.3.31 screening: 17, enrolling: 6



Te NEW ENGLAND JOURNAL o MEDICINE

Treatment of Highly Drug-Resistant Pulmonary TB

109 Patients Three-drug regimen (26 wk)

with confirmed tuberculosis Bedaquiline Pretomanid Linezolid

% (recently approved) GQ

Nonresponsive or
treatment-intolerant

MDR tuberculosis

N=38
(65%) (34%)

90% of all patients had favorable outcomes

Clinical resolution at 0 95% CI, 83-95 0
6 mo after therapy 89% 92%

95% CI, 79-95 95% CI, 79-98

Linezolid associated with peripheral neuropathy (81%) and myelosuppression (48%)

F. Conradie et al. 10.1056/NEJMoal901814 Copyright © 2020 Massachusetts Medical Society
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Provisional CDC Guidance for the Use of Pretomanid as
part of a Regimen [Bedaquiline, Pretomanid, and
Linezolid (BPaL)] to Treat Drug-Resistant Tuberculosis
Disease

Updated February 2, 2022

N MEDICINES AGENCY
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» 2019 WHO guidelines 0|2 A28 &7 &
TB-PRACTECAL and ZeNix

- 2022 WHO guidelines



Remarks BPalLM in 2022 WHO

1. Drug susceptibility testing (DST) for fluoroguinolones is strongly encouraged in people with MDR/
RR-TB, and although it should not delay initiation of the BPaLM, results of the test should guide
the decision on whether moxifloxacin can be retained or should be dropped from the regimen —
in cases of documented resistance to fluoroquinolones, BPalL without moxifloxacin would be

initiated or continued.

2. This recommendation applies to the following:

a.
b.

People with MDR/RR-TB or with MDR/RR-TB and resistance to fluoroquinolones (pre-XDR-TB).

People with confirmed pulmonary TB and all forms of extrapulmonary TB except for TB
involving the CNS, osteoarticular and disseminated (miliary) TB."

Adults and adolescents aged 14 years and older.
All people regardless of HIV status.

Patients with less than 1-month previous exposure to bedaquiline, linezolid, pretomanid or
delamanid. When exposure is greater than 1 month, these patients may still receive these
regimens if resistance to the specific medicines with such exposure has been ruled out.

3. This recommendation does not apply to pregnant and breastfeeding women owing to limited
evidence on the safety of pretomanid.*

4. The recommended dose of linezolid is 600 mg once daily, both for the BPaLM and the BPaL

regimen.®




Zenix

« BPaL: Bedaquiline + Pretomanid
+ Linezolid

« XDR-TB, pre-XDR-TB, or RR-TB
that was not responsive to
treatment or for which a second-
line regimen had been
discontinued because of side
effects

N Engl J Med. 2022 Sep 1;387(9):810-823

=

Bedaquiline
+ 200 mg daily
for 8 weeks
» 100 mg daily
for 18 weeks

i
26 weeks or 9 weeks I

j\ Pretomanid

200 mg daily
for 26 weeks

Linezolid

Linezolid
600 mg
daily




Zenix

Lzd 832  [1200, 26wk [1200, 9wk  |600, 26wk | 600, 9wk

Favorable 93% 89% 91% 84%

(MmITT)

Lzd 8
N 45 46 45 45

Median age 38 34 38 36

DM 7% 0 2% 11%

N Engl J Med. 2022 Sep 1;387(9):810-823




TB-PRACTECAL

« an open-label, phase 2—3, multicenter, randomized, controlled,
noninferiority trial to evaluate the efficacy and safety of three 24-week, all-

oral regimens.
¢ TWO Stage B Trial Design

Standard-Care Group (N=152)

BPaLM Group (N=151)

BPaLC Group (N=126)

BPaL Group (N=123)

2017

Lzd: 600mg for 16 weeks then 300mg for 8 weeks

Stage 1 Stage 2
Transitionto  Termination of
stage 2 complete recruitment
60 92
Stage 1 dataset
analysis
60 91
60 66
60 63
. ! Y
2018 2019 2020 2021

Protocol-defined
stage 2 analyses

Additional
analyses

N Engl J Med. 2022 Dec 22;387(25):2331-2343.




 The BPaLM
regimen was
selected for
analysis in stage
2 of the trial.

TB-PRACTECAL

Figure S1b. Trial design — stage 2

Stage 2

108 weeks post
randomization

Randomization EDT 24 week 72 weeks post Eot
regimen
& randomization Standard
of care
BPaLM group l
— 24 weeks e P | P ——
| l
I |
Standard of 1 l
care - 36+ i v
weeks

Primary safety
and efficacy
analysis

Secondary
efficacy

analysis
|

N Engl J Med. 2022 Dec 22;387(25):2331-2343.




Role of Mfx

e BPaLM vs BPaL in TB-PRACTECAL N Eng! ] Med. 2022 Dec 22;367(25):2331 2343
.~ BPalM__ |BPaL

8 weeks culture 77.1% 45.7%

conversion

8 weeks 7. 7% 9.8%

discontinuation

Favorable 89% 7%

outcome

BPaL > MDR-TB X| 20| 83| Z1}X X|2HoI7p



Poor outcome in control of TB-PRACTECAL

6.1.3 Control regimens
Locally approved standard of care which is as much as possible consistent with the WHO recommendations for
the treatment of M/XDR-TB. This is an algorithm and hence the constituent drugs would change depending on the
proven or expected DST of the infecting bacilli. The current algorithm includes the use of at least five drugs
including a later generation quinolone (Mfx or Lfx), a second line injectable (Cm or Km or Am), Z and two of
Pto/Eto, Cs/Trd, Lzd or Cfz. Other drugs such as ethambutol, High dose isoniazid, B, delamanid, PAS,
Imipenem/cilastatin and meropenem may also be used. A standardised shortened course regimen or modified

shortened course for MDR-TB patients with no second line drug resistance may be used if approved locally.

Most patients in the standard-care group received at least two WHO -

group A drugs3 as part of their regimen (Table S7); these drugs were _ 0

fluoroquinolones (in 95%), linezolid (in 77%), and bedaquiline (in 76%) ollow = 10%
ADRs 49% Median age 52
S2[E 3 17% DM 18%

N Engl J Med. 2022 Dec 22;387(25):2331-2343. Hongjo Choi. et al. J Korean Med Sci. 2023 Feb 6;38(5):e33




AL 2] HA0 MHE X2 8H

All patients with MDR-TB who were submitted for approval for the use of new TB drugs, including
bedaquiline and delamanid.

Duration : 2016.9 — 2019.12
Treatment: 2016 WHO guidelines and 2017 Korean guideline based regimen

drugs TB drus

Number 614 615

Culture conversion 98% 98% 100% 1.000
Time to culture conversion, days 34 (13-70) 34 (13-70) 32 (10-90) 0.890
Final outcomes 771 741 30

Cured 56% 57% 33% 0.013
Completed 24% 23% 53% 0.001
Failure 4% 4% 0% 0.627
Died 11% 11% 10% 1.000
Loss to follow-up 5% 5% 3% 1.000
Treatment success 80% 80% 87% 0.486

Int J Tuberc Lung Dis. 2023 Jan 1;27(1):55-60.



Dosing of linezolid

The ZeNix trial used several different dosing and duration schemes of linezolid, with the aim of
determining the optimal administration schedule for this medicine. Linezolid is known to cause several
potentially serious adverse effects; among those of most concern are peripheral neuropathy, optic
neuritis and myelosuppression (40). The GDG review of the ZeNix trial data identified the optimal
dosing for linezolid to be 600 mg once a day for 26 weeks, and this arm of the ZeNix trial was used
for the main comparisons. Study participants in this arm of the trial received 600 mg of linezolid
once daily for 26 weeks, with a reduction to 300 mg daily allowed in the event of linezolid specific
toxicities. In the TB-PRACTECAL trial, dosing of linezolid was slightly different — participants were
given 600 mg daily for 16 weeks and then 300 mg daily for the remaining 8 weeks (the duration of
BPaLM in this trial was 24 weeks).

The GDG panel considered that it would be preferable to use linezolid 600 mg/daily throughout the
regimen, but the dose can be reduced to 300 mg/daily if necessary to mitigate toxicity:.

WHO consolidated guidelines on tuberculosis:
Module 4: treatment drug-resistant tuberculosis
treatment, 2022 update




300mg/day= S=27}?

0 150 -
. . O
» The MICs of linezolid were 2 mOR
< 0.5 mg/L in the H37Rv = ol )
control strain. 5 |
« 23 ATL] 4207 clinical S ol |
strain ;-
Lol .

44 1
(i I =
1 2 4 8 16 >16
MIC (mg/L)

{ MDR TB strains J [ XDR TB strains } [Pre_}([]ﬁ B strains} Fig. 2. Overall MIC distribution for 420 clinical strains: (A) Delama-

<0125 025 05

N=171 N=110 N=139 nid, (B) bedaquiline, and (C) linezolid MICs. The number above
each bar indicates the number of strains.

Abbreviations: MIC, minimum inhibitory concentration; MDR, multidrug-re-
sistant tuberculosis; XDR, extensively drug-resistant tuberculosis; Pre-XDR,

Ann Lab Med 201 8;38;563_568 pre-extensively drug-resistant tuberculosis.




TABLE 1 Demographic data for patients included in the model

Value for data set

Characteristic® Brazll (n = 19) Georgla (h = 69) U.S. centers (h = 16) Combined (nh = 104)
Median age (yr) (IQR) 46.6 (32.3-62.2) 35.0 (27.4-48.1) 39.0 (24.0-47.0) 37.1 (27.3-49.0)

No. (%) of male patients 11 (68.8) 52 (75.4) 15 (78.9) 78 (75.0)

Median wt (kg) (IOQR) 61.2 (52.4-75.7) 64.0 (57.0-71.0) 55.9 (50.2-58.1) 60.0 (54.2-69.8)
Median BMI (kg/m?) (IQR) 23.2 (19.0-26.5) 21.0 (18.7-22.9) 19.5 (18.2-21.7) 20.8 (18.7-23.2)
Median CrCL (ml/min) (IQR) 101.1 (66.7-122.0) 101.6 (79.0-125.6) 94.3 (75.2-107.3) 100.7 (75.7-120.3)
Linezolid dose (mqg) 600 600 (except one who 300-600 300-600

received 300)

9lQR, interquartile range; BMI, body mass index; CrCL, creatinine clearance.

TABLE 3 PK/PD breakpoints and probability of achieving C,;,s of =2 and =7 mg/liter for
the simulated dosage regimens?

PK/PD breakpolnt® ¢ PK/PD bl‘eaprin’[ iS deﬁnEd as the

gszgjaiﬁ“'me" - I highest MIC at which the probability
300 013 of target attainment is >90%

450 0.25

600 0.25

900 0.50

1,200 0.50

AAC 2020; 64: e01174-20




DISCUSSION

Our results provide valuable insight into dosing schemes for linezolid that may
maximize benefit and limit toxicity. Our simulations found that a dosing regimen of
300 mg daily will likely not be effective given its PK/PD breakpoint of 0.125 mg/liter,
which is at the lower end of the wild-type MIC distribution for linezolid and lower than
the proposed epidemiological cutoff (ECOFF) of 0.5 mg/liter. On the contrary, dosing

AAC 2020; 64: e01174-20




B Pharmacokinetics and MICs of Isolates
25+

PHARMACOKINETICS

The maximal and minimal plasma concentra- 20
tions that we observed for linezolid (Fig. 4B) are
generally in agreement with published pharma-
cokinetic data in patients with other infectious
diseases.?2:32:33 Considering that the plasma pro-
tein binding of linezolid is approximately 30%,
plasma levels of free linezolid were above the
measured minimum inhibitory concentration for
each isolate during the entire dosing interval in 0
almost all patients taking 600 mg per day. Among

those taking 300 mg per day, the trough level

was lower than the mean minimum inhibitory | g/16=56%

concentration in nine patients, including the two

in whom linezolid resistance developed during

15+

104

Plasma Concentration of Linezolid (ug/ml)

| Peak Trough” Peak Tr-::ugh| MIC

600 mg 300 mg

T

33 Underwent second randomization

treatment with that dose. The two doses provided

l 1

NEJM 2012,367 1508 17 Were assigned to continue receiving 16 Were assigned to receive
600 mg of linezolid daily 300 mg of linezolid daily




Lzd 2 %: 2022 WHO guidelines

Table 1.3. PICO questions and decisions of the GDG panel

# PICO

3

Should BPal regimens with
lower linezolid exposure
(dose or duration) be used
instead of the original
BPal regimen in patients
who are eligible for

BPaL regimen?

Population

MDR/RR-TB or
pre-XDR-TB

Intervention

BPal (1200 mg
— 9 weeks)

BPaL (600 mg
— 26 weeks)

BPaL (600 mg
— 9 weeks)

BPaL (600 mg then
300 mg)

Comparator .
[data source] Sub-PICO Recommendation
BPal 1200-26 3.2 Conditional against the
[ZeNix]? intervention
3.3 Conditional for the intervention
34 Conditional against the
intervention
35 No recommendation because

the panel felt that comparison
of data from different trials was
less reliable and indirect

WHO consolidated guidelines on tuberculosis:
Module 4: treatment drug-resistant tuberculosis
treatment, 2022 update




N .

However, when the patient has a recurrence (<3%), they were shown to have acquired increased bedaquiline MIC that could be considered resistance
Therefore, | would recommend to keep the patient on 600mg throughout the 6 months when using BPaL without moxifloxacine.

All the best in helping patients who really deserve much shorter, safe and effective treatment.
Regards

Bern

Dr Bern-Thomas Nyang'wa

Medical Director
Meédecins Sans Frontiéres



The 9-month all-oral regimen for
MDR/RR-TB (a)

1. The 9-month all-oral regimen consists of bedaquiline (used for 6 months), in combination with
levofloxacin/moxifloxacin, ethionamide, ethambutol, isoniazid (high-dose), pyrazinamide and
clofazimine (for 4 months, with the possibility of extending to 6 months if the patient remains
sputum smear positive at the end of 4 months), followed by treatment with levofloxacin/
moxifloxacin, clofazimine, ethambutol and pyrazinamide (for 5 months). Ethionamide can be
replaced by 2 months of linezolid (600 mg daily).

Remarks

2. A 9-month regimen with linezolid instead of ethionamide may be used in pregnant women, unlike
the regimen with ethionamide.

3. This recommendation applies to:
a. people with MDR/RR-TB and without resistance to fluoroquinolones;
b. patients without extensive TB disease?” and without severe extrapulmonary TB;*

C. patients with less than 1 month exposure to bedaquiline, fluoroquinolones, ethionamide,
linezolid and clofazimine; when exposure is greater than 1 month, these patients may still
receive this regimen if resistance to the specific medicines with such exposure has been
ruled out;

d. all people regardless of HIV status;

e. children (and patients in other age groups) who do not have bacteriological confirmation
of TB or resistance patterns but who do have a high likelihood of MDR/RR-TB (based on
clinical signs and symptoms of TB, in combination with a history of contact with a patient with
confirmed MDR/RR-TB).



2022 Curry guidelines

The 2022 WHO standardized, 9-month regimen consists of:

* Intensive Phase: BDQg e + [(MXF or LFX) + CFZ + PZA + EMB + INH™] 4 s
+ LZD (600 Mg)2 months) OF ETA 4 montng) ; May extend 4 month drugs to 6 months
if smear positive at the end of 4 months.

¢ Continuation Phase: [(MXF or LFX) + CFZ + PZA + EMB]Js montns

The WHO standardized 9-month regimen has limited application in higher-re-
source countries due to the eligibility criteria that excludes use if documented
resistance is found to any drug used in the regimen (exception for high-dose INH).
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Lancet Infect Dis 2022;
22:1042-51

Published Online

Treatment outcomes 24 months after initiating short,
all-oral bedaquiline-containing or injectable-containing
rifampicin-resistant tuberculosis treatment regimens

in South Africa: a retrospective cohort study

Norbert Ndjeka, Jonathon R Campbell, Graeme Meintjes, Gary Maartens, H Simon Schaaf, Jennifer Hughes, Xavier Padanilam, Anja Reuter,
Rodolfo Romero, Farzana Ismail, Martin Enwerem, Hannetjie Ferreira, Francesca Conradie*, Kogieleum Naidoo*, Dick Menzies*

Summary

Background There is a need for short and safe all-oral treatment of rifampicin-resistant tuberculosis. We compared
outcomes up to 24 months after treatment initiation for patients with rifampicin-resistant tuberculosis in South Africa
treated with a short, all-oral bedaquiline-containing regimen (bedaquiline group), or a short, injectable-containing

Final treatment outcomes 24 months post-initiation

Treatment success

Treatment failure and recurrence

Died

Lost to follow-up

69%)
1%)
24%)
6%)

478

(
(
(
(




Phenotypic drug

resistance rates in Number 768
Korea Ethambutol 66%
Pyrazinamide 64%
Kanamycin 21%
All patients with MDR-TB who were -
submitted for approval for the use of new Amikacin 17%
B drugg, including bedaquiline and Cycloserine 504
delamanid.
Prothionamide 19%
Duration : 2016.9 — 2019.12 _ o
Para-aminosalicylic acid 18%
Levofloxacin 38%
Moxifloxacin 36%
Linezolid* 3/466 (0.6)
Bedaquiline* 1/172 (0.6)

Delamanid* 71172 (4.1)



MOED Lzd LA LAY

— * Bdq: 48 (11%) were resistant,
[ N=57 } based on the European
[~ Stais vithou Committee on Antimicrobial
M } Susceptibility Testing
N, (EUCAST) breakpoint of 0.25
[ N=420 } mg/L.
* DIm: 41 (10%) were resistant
based on the critical
MDR TB strains XDR TB strains Pre-XDR TB strains Concentration Of 02 mg/L1 as
[ N=171 } [ N=110 J [ N=139 } suggested by Otsuka
Pharmaceutical

Ann Lab Med 2018;38:563-568




Bdq, DIm, Lzd L/ =Ql 7151
AFB sensitivity L+406 D6013003

& AFB culture &3}

& oUx Zed AL 29
¥R A2 ST 3+

NE % i & % i
aMz  IEEE gwsys  wyaEw | yMz (IS3E Fwsus  muEn
INH 02 3+ R TH 400 - S
RMP 00 3+ R cs 300 - S
SM 100 = S OFLX 40 - S
EMB 20 = S PAS 1.0 = S
KM 00 - S CPM 400 - S
RBT 0.0 3+ R MXF 10 z S
AMK 0.0 = S LFX 20 = S
Pyrazinamidase Test( S ) %S &4, R:ud
2USEAY

- - No growth, 1+ : <100 colony, 2+ : 101-200 colony, 3+ : 201-500 colony, 4+ : 3+0|4 88 £%§

& M3 2 2ALl 1 Mycobacterium tuberculosis

SARRE TEE MT(31847) 23R 0|34 M.D.(sm)o/ %%‘7 2017 MD.(1062) ( (1/1
¥ FAH SN AOES] 4-HAH MY OIE (81921581 3l 0} CAP(Calage of Amedaan Pathologexjo] 1IQ) OIBE 122 JADIRIUUG,

AR wiAST
Y EAI7| 97| 2 : 41303089 + GC Labs ?.;';’ff’“ 7|@- O 0% 107




Table 4 Safety data*

254

DS-TB RR-TB
Total' HRZE 4Pa, o MZ* 4Pa, o MZ* 6Pa,ooMZ* 6Pa,qoMZ*
(n=271) (n = 68) (n = 65) (n=171) (n = 67) (n = 13)
n (%) n (%) n (%) n (%) n (%) n (%)
Peak ALT result
=>3xULN 40 (14.8) 5(7.4) 9(13.8) 12 (16.9) 14 (20.9) 1(7.7)
=>5xULN 27 (9.9) 4 (5.9) 4 (6.2) 9 (12.6) 10 (14.9) 1(7.7)
=>10xULN 16 (5.9) 2(2.9) 4 (6.2) 5(7.0) 5 (7.5) 1(7.7)
Mean change from baseline in — 2(5.4-129) 13.3(10.0-16.6) 17.6(13.8-21.5) 18.3(15.1-21.5) 13.7 (2.5-23.8)
QTcF (95% CI)*
Deaths 12 (4.4) 2(2.9) 4 (6.2) 3(4.2) 3 (4.5) 1(7.7)
Table 5 Deaths in the trial
Relationship of
Trial day adverse event(s)
Treatment group™" (post-randomisation) Trial status Cause of death to trial drug®
DS-TB 4Pa,ooMZ Day 482 Follow-up Fell down from bulldozer at work Not related
Follow-up =! ' Nm.ml.a:.ad_l
Qn treatment Fulmingant liver failyre Possibly related
Day 436 Follow-up Massive haemoptysis Not related

DS-TB 4P8200MZ

Day 343 Follow-up Sepsis Not related
I Da§ 28 On treatment Hegatotoxicig Possiblx related I
Day 34 On treatment Liver failure with hepatic encephalopathy Possibly relate

INT J TUBERC LUNG DIS 2021;25:305-314
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