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Story begins

Pulmonary tuberculosis: 2477

NTM: 943

20221995

TB

NTM



Agenda

• Tuberculosis
✓ Diagnosis [1]

✓ Treatment [1]

✓ multidrug-resistant tuberculosis, MDR-TB [3]

• Nontuberculous mycobacteria, NTM [2]
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Diagnostic yield of bronchoscopy in TB

BMC Pulm Med. 2020 May 25;20(1):146.

Sputum induction 
VS. Bronchoscopy

배양 도말



Navigational bronchoscopy

• Bronchial washing from as close to the TB lesion as 
possible increases the diagnostic accuracy

4.0-mm thin 
bronchoscope under 
virtual bronchoscopic 
navigation guidance

5.9-mm conventional 
bronchoscope guided 

by Chest CT

VS.



Objectives

1. Detection of TB in BW fluid, defined as a positive result in the 
Xpert MTB/RIF assay

2. AFB smear and Mycobacterium tuberculosis culture positivity, 

time to treatment initiation



Study population

1) prospectively enrolled participants 
aged ≥18 years with suspected PTB
- possible active PTB evident
- negative AFB smear results
- negative TB-PCR
- inability self-expectorated sputum

2) Exclusion 
- empirical TB treatment
- difficult to target for BW
- bleeding tendency, hypoxemia 

CID 2023 Jan 13;76(2):238-244.



Control group (n=43)
: 5.9-mm conventional bronchoscope 

guided by Chest CT

Investigational group (n=42)
: 4.0-mm thin bronchoscope under 

virtual bronchoscopic navigation guidance

3) Exclusion 
- bronchoscopy refuse
- Unknown final diagnosis

4) Final group

CID 2023 Jan 13;76(2):238-244.



Baseline characteristics

CID 2023 Jan 13;76(2):238-244.



1st objective-Xpert MTB/RIF Assay

CID 2023 Jan 13;76(2):238-244.

23 case 29 case



2nd objective-Microbiological Outcomes

CID 2023 Jan 13;76(2):238-244.

Time to treatment was the date of initiation of anti-TB medication minus the date of bronchoscopy



Summary

1. BW using a thin bronchoscope (4.0-mm thin bronchoscope under 
virtual bronchoscopic navigation guidance) increases the TB 

detection rate in patients with PTB compared to conventional 

bronchoscopy (5.9-mm conventional bronchoscope).



Agenda

• Tuberculosis
✓ Diagnosis [1]

✓ Treatment [1]

✓ multidrug-resistant tuberculosis, MDR-TB [3]

• Nontuberculous mycobacteria, NTM [2]
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N Engl J Med 2021 May 6;384(18):1705-1718.



Short treatment in patients with TB 

• Improved adherence and potentially reducing adverse drug effects 
and costs

• Rifapentine :  Cyclopentyl derivative of rifampin, 식사 1시간 후에 복용

• Rifapentine 1200 mg qd with or without moxifloxacin 400 mg – 4 months regimen

*Rifapentine 
regimen

Rifapentine + HEZ 
8weeks

Rifapentine + INH 
9weeks

*Standard 
regimen

HREZ 8weeks + 
HR(e) 16weeks

VS. VS.

*Rifapentine + 
Moxi regimen

Rifapentine+Moxi+H
Z 8weeks

Rifapentine+Moxi+H
9weeks



Rifapentine :  Cyclopentyl derivative of rifampin

Dorman SE, et al. Am J Respir Crit Care Med. 2015.

Rifapentine 

1200 mg qd



Objectives

1. The primary efficacy outcome was survival free of tuberculosis 
at 12 months

N Engl J Med 2021 May 6;384(18):1705-1718.



Study population

*Standard regimen
HREZ 8weeks + HR(e) 16weeks

*Rifapentine regimen
Rifapentine + HEZ 8weeks
Rifapentine + INH 9weeks

*Rifapentine + Moxi regimen
Rifapentine+Moxi+HZ 8weeks
Rifapentine+Moxi+H 9weeks

N Engl J Med 2021 May 6;384(18):1705-1718.

An open-label, phase 3, randomized, 
controlled trial, Noninferiority, 13 countries

12세 이상,
새로 진단된 폐결핵, 
약제 감수성 결핵



*Standard regimen
HREZ 8weeks + HR(e) 16weeks

*Rifapentine regimen
Rifapentine + HEZ 8weeks
Rifapentine + INH 9weeks

*Rifapentine + Moxi regimen
Rifapentine+Moxi+HZ 8weeks
Rifapentine+Moxi+H 9weeks

Study population

N Engl J Med 2021 May 6;384(18):1705-1718.

약제 감수성 (H, R, Quinolone)
->microbiologically eligible 

population

Assessable population



Baseline characteristics

N Engl J Med 2021 May 6;384(18):1705-1718.



1st objective - Absence of tuberculosis 
disease-free survival

N Engl J Med 2021 May 6;384(18):1705-1718.



Summary

1. The efficacy of a 4-month rifapentine-based regimen containing 

moxifloxacin was noninferior to the standard 6-month regimen in 

the treatment of tuberculosis.



Agenda

• Tuberculosis
✓ Diagnosis [1]

✓ Treatment [1]

✓ multidrug-resistant tuberculosis, MDR-TB [3]

• Nontuberculous mycobacteria, NTM [2]
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Nix-TB trial

NEJM 2020;382:893-902

Linezolid 1200mg 26wks

1. bedaquiline
2. Pretomanid
3. Linezolid 1200mg 26wk

1. XDR- TB 
2. pre-XDR tuberculosis 
3. rifampin-resistant TB (not responsive 

a second-line regimen had been disc
ontinued because of side effects)



Linezolid toxicity at Nix-TB trial

NEJM 2020;382:893-902

Linezolid 1200mg 26wks



Study population

1. bedaquiline
2. Pretomanid
3. Linezolid 1200mg 26wk

1. bedaquiline
2. Pretomanid
3. Linezolid 1200mg 9wk

1. bedaquiline
2. Pretomanid
3. Linezolid 600mg 26wk

1. bedaquiline
2. Pretomanid
3. Linezolid 600mg 9wk

1. XDR- TB 
2. pre-XDR tuberculosis 
3. rifampin-resistant TB (not responsive 

a second-line regimen had been disc
ontinued because of side effects)

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



Study population

1. bedaquiline
2. Pretomanid
3. Linezolid 1200mg 26wk

1. bedaquiline
2. Pretomanid
3. Linezolid 1200mg 9wk

1. bedaquiline
2. Pretomanid
3. Linezolid 600mg 26wk

1. bedaquiline
2. Pretomanid
3. Linezolid 600mg 9wk

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



Objectives

1. The incidence of an unfavorable outcome, defined as treatment failure 

or disease relapse (clinical or bacteriologic) at 26 weeks after 

completion of treatment.

2.  Safety



1st objective-Unfavorable outcome

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



2nd objective-Safety

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



Summary

1. A total of 84 to 93% of the participants across all four bedaquiline–
pretomanid–linezolid treatment groups had a favorable outcome. 

2. The overall risk–benefit ratio favored the group that received the thr
ee-drug regimen with linezolid at a dose of 600 mg for 26 weeks, 
with a lower incidence of adverse events reported and fewer 

linezolid dose modifications.
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Stage I

- Identify regimens on safety and 

efficacy outcomes after 8 weeks of 

treatment.

Stage II

- The primary outcome

was an unfavorable status at 72 weeks

- The secondary

efficacy outcomes were culture 

conversion



Study population

* Standard treatment * BPaLM
1. bedaquiline
2. Pretomanid
3. Linezolid
4. Moxifloxacin

1. rifampin-resistant TB

* BPaLC
1. bedaquiline
2. Pretomanid
3. Linezolid
4. Clofazimine

* BPaL
1. bedaquiline
2. Pretomanid
3. Linezolid

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



Study population

* Standard treatment

* BPaLM
1. bedaquiline
2. Pretomanid
3. Linezolid
4. Moxifloxacin

* BPaLC
1. bedaquiline
2. Pretomanid
3. Linezolid
4. Clofazimine

* BPaL
1. bedaquiline
2. Pretomanid
3. Linezolid

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



Objectives-Primary efficacy and safety

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





Summary

1. All-oral regimens containing bedaquiline, pretomanid, and linezolid for 
the treatment of rifampin-resistant tuberculosis showed that treatment 
with BPaLM was more effective and had a better safety profile than 

standard care. BPaLC and BPaL were also highly efficacious.
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Objectives

1. The primary outcome was the treatment success rate

2.  Safety

Investigational group (9-month)
1. Delamanid
2. linezolid, 
3. Levofloxacin
4. pyrazinamide)

Control group (20-24 month)
: conventional treatment



Study population

Lancet 2022 Oct 29;400(10362):1522-1530.
.

1. Aged 19–85 years with MDR-TB confirmed 
by phenotypic or genotypic drug susceptibility tests 

2.   rifampicin-resistant tuberculosis by genotypic tests 

Investigational group (9-month)
1. Delamanid
2. linezolid, 
3. Levofloxacin
4. pyrazinamide)

Control group (20-24 month)
: conventional treatment



Study population
Investigational group (9-month)
1. Delamanid
2. linezolid, 
3. Levofloxacin
4. pyrazinamide)

Control group (20-24 month)
: conventional treatment

Lancet 2022 Oct 29;400(10362):1522-1530.
.



Baseline 
characteristics

Lancet 2022 Oct 29;400(10362):1522-1530.
.



1st objective - Treatment success rate

Lancet 2022 Oct 29;400(10362):1522-1530.
.

Control group (20-24 month)
: conventional treatment

70.6%

Investigational group 
(9-month)

75%



2nd objective - Safety

Lancet 2022 Oct 29;400(10362):1522-1530.
.



Summary

1. 60 (70·6%) of 85 participants in the control group had treatment s
uccess, as did 54 (75·0%) of 72 participants in the shorter-regimen 
group, satisfying the predefined non-inferiority margin. 

2. No difference in safety outcomes was identified between the 

control group and the shorter-regimen group.



Agenda

• Tuberculosis
✓ Diagnosis [1]

✓ Treatment [1]

✓ multidrug-resistant tuberculosis, MDR-TB [3]

• Nontuberculous mycobacteria, NTM [2]
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Gastroesophageal reflux and NTM

Am J Respir Crit Care Med 2020;202:466



Objectives

1. To evaluate the effects of GERD on NTM lung disease 
development

2. To assess risk factors for incident NTM lung disease 

among patients with GERD

GERD cohort Matched controls

GERD cohort NTM lung disease



Study population

Chest 2022;163:270

Non-GERD cohort
≈ 840,000

1) Initial dataset
≈ 880,000

2) Exclusion (GERD diagnosed in 2002)
≈ 20,000

3) Dataset after excluson
≈ 860,000

GERD cohort
≈ 18,000



4) Exclusion 
• NTM diagnosis

5) Matching GERD cohort (n≈17,000) Matched cohort (n≈69,000) 
• age
• sex
• type of insurance (income)
• comorbidities

Chest 2022;163:270



Baseline characteristics

Chest 2022;163:270



Chest 2022;163:270



1st objective

• Effects of GERD on NTM LD development

GERD cohort Matched controls



Incident NTM LD – GERD vs. Matched
Median follow-up duration: 5.1 years

Chest 2022;163:270

Subdistribution HR (95% CI)
= 3.36 (2.10–5.37)



2nd objective

• Risk factors for NTM LD among GERD cohort

GERD cohort NTM lung disease



Risk factors for NTM LD in GERD cohort

• Multivariate Cox regression analysis

Adjusted HR (95% CI)

Age group

<60 years Reference

≥60 years 3.37 (1.58–8.07)

Sex

Male Reference

Female 0.93 (0.45–1.88)

Pulmonary comorbidities

COPD 1.01 (0.33–3.11)

Asthma 0.90 (0.33–2.45)

Bronchiectasis 18.69 (6.68–52.28)

Adjusted for age, sex, type of insurance,
pulmonary and extrapulmonary comorbidities
and Charlson comorbidity index

Chest 2022;163:270



Summary

1. GERD – important predisposing factor for the deve
lopment of NTM lung disease

2. Risk factors for incident NTM lung disease

in patients with GERD
• Older age

• Bronchiectasis
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Optimal antibiotic maintenance period in MAC-PD

• To improve treatment outcomes and reduce the recurrence 

rate, current guidelines recommend maintenance of 

antibiotics for a minimum of 12 months after achievement of 

negative culture conversion

NTM-
PD

Cure Re-development

The optimal duration of 
antibiotic therapy



Objectives

1. To evaluate whether the maintenance period affects disease 

redevelopment in patients with MAC-PD who achieved microbiological 

cure, after adjustment for disease severity

Re-
development

Relapse Re-
infection



Study population



Baseline characteristics



1st objective



1st objective



Summary

1. Extending the antibiotic maintenance period more 

than 12 months was not associated with the reducing 

redevelopment rate despite adjustment for disease 

severity, suggesting the need to further optimize the 

duration of the antibiotic maintenance period.
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