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What is Nearly New  (where we are now)?

•Six Month – all oral -  Short Course regimens for 
Rifampin Resistant and MDR TB
•BPaL plus moxifloxacin or BPaLM x 26 weeks 

• WHO recommends (2022) for all RR or MDR who are candidates and not 
resistant to fluoroquinolones

•BPaL x 26 weeks
• FDA approval for Pretomanid as part of the BPaL regimen 2019

B = Bedaquiline
Pa = Pretomanid*

L = Linezolid 600 mg once daily
M = Moxifloxacin 400 mg once daily

*newest medication – August 2019 FDA approval as BPaL



All Oral
Open Label – Observational

*109 patients 

65% XDR
51% HIV +

84% cavitary on CXR
Unresponsive to treatment or intolerant

Favorable Treatment Outcomes
XDR TB 89%
MDR TB 92%

Relapse
XDR TB: 1/MDR TB: 1

Bedaquiline 400 mg (14 days); 200 mg M/W/F
Pretomanid 200 mg daily
Linezolid 1200 mg daily

Time to Culture Negative: MDR vs XDR TB



BUT ……..  BPaL Adverse Events

•Adverse Effects:
•HIV negative: 100%
•HIV positive: 100%

•Adverse Effects by Linezolid dose 

•1200 mg once daily: 100%

•600 mg twice daily:   100%

Myelosuppression 48% 
Peripheral neuropathy 81%



NEJM September 2022

ZeNIX: Linezolid Optimization Trial
Patients with MDR or XDR TB

Treatment Failure or Intolerant

30 XDR TB/group and up to 15 pre-XDR or 
treatment non-response or intolerant MDR TB

45 -46 patients/group

6 months of treatment

Bedaquiline dose
200 mg daily x 8 weeks

100 mg daily x 18 weeks



ZeNIX: Linezolid Optimization Trial
MDR or XDR TB Treatment Failure or Intolerant

Safety 600 mg x 26 wk.
24% Peripheral 

neuropathy
    2% Myelosuppression

•Only 13% required 
Linezolid dose 
modification at 600 
mg/day dose

Efficacy 
•LZD - 1200mg x 6 mo. -  93%

•LZD - 1200 mg x 9 wks. - 89%

•LZD -    600 mg x 6 mo. - 91%

•LZD -    600 mg x 9 wks. – 84%



 
TB-Practecal Clinical Trial 
     randomized, controlled



Cumulative incidence of unfavorable outcomes



TB PRACTECAL



TB-Practecal
BPaLM vs BPaLC vs BPaL vs Standard of Care



Short course treatment options for drug resistant TB
• BPaL    6 months; may extend to 9

• BPaLM  6 months; may extend to 9

• BDQ, LZD (2), Moxi core   9 months
• WHO includes in regimen:

•  BDQ, LZD (2), Moxi, high dose INH, EMB, PZA, 
Clofazimine x 4-6 months

•  moxifloxacin, clofazimine, EMB, PZA x 4 months

• U.S. would likely include in regimen: 
• BDQ, LZD, Moxi throughout 9 – 12 months plus
• Clofazimine or PZA
• Cycloserine 

6 – 9 months 

All oral 

Core drugs:

 Bedaquiline

 Pretomanid

 Linezolid

 Moxifloxacin 

(B)BDQ = bedaquiline, Pa = pretomanid,  (L) LZD = linezolid, 
(M) Moxi = moxifloxacin



Characteristics of Drug Resistant TB treated 
in Texas with BPaL and BPaLM 2021 – 6/2023

Age at Diagnosis

0 – 17 1

18 – 39 14

40 – 59 6

60 – 70 5

70 or greater 6

Diagnosis

Pulmonary TB (PTB) 23

PTB + Extra Pulmonary TB* 9

First Case 8/3/2021

# starting treatment
2021 (5)

2022 (16)
2023 (11)- 

who finished treatment in 2023



24

4

1

3

6 months 7 - 9 months Refused therapy after 2 months Lost at 5 months

Duration of Treatment

Completed Therapy



8

24

7

BPaL BPaLM Bridging Regimen*

Treatment Regimen

• Bridging regimen – Adequate treatment regimen for RR or MDR/pre-XDR or 
XDR TB prior to start of BPaL or BPaLM 

• BPaLM (Bedaquiline, Pretomanid, Linezolid and Moxifloxacin)
• BPaL (Bedaquiline, Pretomanid, Linezolid)



Management of Patient When MDR/RR TB is 
Suspected/Identified
• Stop RIPE treatment

• Contact a consultant to help with an empiric (bridging) regimen pending 
more information

• Submit specimen to CDC for Molecular Detection of Drug 
Resistance (MDDR – sequencing) to confirm rifampin resistance 
testing once Xpert identifies rifampin resistance

•Obtain initial assessments needed to decide on the initial regimen
• LAB:  CBC, CMP, calcium, magnesium, potassium, TSH
• Assess for visual acuity, Ishihara, peripheral neuropathy
• EKG
• Other medical comorbidities/medications

• Strongly consider bridging regimen (results of MDDR > 7-10 days)



What else are we waiting for?

•Expanded use of BPaLM or BPaL
• Children < 14 currently being studied
• Pregnancy – currently being studied
• CNS TB – no studies underway but some limited evidence that 

bedaquiline and pretomanid enter CNS
•Other types of extra-pulmonary/ extensive TB disease
• TB in special populations

• Elderly
• Transplants
• Chemotherapy/Dialysis/Immunosuppressive medications

•New drugs and regimens 
•  Reports of BDQ resistance and BPaL/BPaLM relapse 



WHAT IS NEW?



Moxi

CFZ

DLM

Levo

TB Medication Soup Bowl

LZD
New MDR
FDA Approved

Repurposed Drug – 
Essential Components

Investigational Drugs

MDR - others

BDQ – bedaquiline     CFZ – Clofazimine    DLM – delaminid     Levo – levofloxacin    LZD – linezolid    Moxi – moxifloxacin  PA – pretomanid    

22 new or investigational compounds
11 from new class or new mechanism

11 potentially advantage alterations to existing drugs



endTB 
evaluates safety of treatment regimens

containing both BDQ and Delamanid



endTB   9 months

                    BDQ or Delamanid – no pretomanid



end TB

Non-inferior to 
SOC

Superior

This give may give an option other than older individualized regimen when 

isolate is resistant to or patient is intolerant to Bedaquiline - 9CLLfxZ



endTB

Met margin of 

non-inferiority

81.5% of control regimen conformed to WHO guidance

superior

Similar 
safety

89
90.4
85.2
78.8



BEAT Tuberculosis (South Africa)
  6BDLz (Lx, C or both) no pretomanid 

Allows treatment during pregnancy and for children < 14

Similar safety and efficacy
But compared to newer SOC

87% favorable 
outcome



BEAT-TB India    6 BDLzC    (no Pretomanid)

Favorable outcome 
91%



MDR-END    9 DLzLxZ   No BDQ or Pretomanid (Korea)

Non – inferior to SOC but 
longer regimen with IA

Favorable outcome 70.6% 



SimpliciTB - RIPE versus 4 months (drug susceptible)
 or 6 months BPaMZ(drug resistant)

Highly potent 
but unfavorable 

outcomes
Hope when LZD 

not tolerated

81.9
93.1
83.5

Did not meet non-
inferiority 

compared to HREZ



SimpliciTB - RIPE versus 4 months (drug susceptible)

 or 6 months BPaMZ(drug resistant)

•  Method was to study in drug susceptible TB to get 
initial information and to look for alternative 4 month 
regimen
•Regimen highly potent - 2.93 x more likely to reach culture 

conversion at 56 days but….
•Failed to meet non-inferiority due to unfavorable outcomes

• 10% withdrew 
• Hepatotoxicity – likely due to combination of PZA and Pretomanid

• Stand Trial Pretomanid/Moxifloxacin/PZA stopped due to safety. Restart allowed but 
TB Alliance decided to move forward with NIX Trial instead (BPaL).

•Drug resistant group added for safety analysis
•Not powered for efficacy



CRUSH TB (CDC TB Trial Consortium)

drug sensitive TB but MDR type regimens



Pipeline Report 2023

DprE1 inhibitors



Where should research be going?
What does the TB Community Want?

•Safety      Efficacy

•Tolerability    Time

•Pill burden, side effects                 Duration, home time

One Size Does Not Fit All
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