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US Incidence Increasing
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CRISPR-MAC Diagnostic Performance (Discovery cohort)

q Sensitivity: 98.6% (95%CI: 92.4 

– 100%)

q Specificity: 100% (95%CI: 78.2 

– 100%)

q CRISPR-MAC signal did not significantly differ with M. avium and M. 

intracellulare infections and either cavitary disease or smear positivity 

Ning B et al.  AJRCCM 2023

Cell-free DNA Diagnostic



85.7% had significant MAC-cfDNA decreases at 3-

month follow-up that further decreased at month 6

RSS values improved 

by 3-month follow-up 

Comparison of MAC-cfDNA between 

responders and non-responders

Serum MAC-cfDNA changes following 

treatment initiation

Ning B et al.  AJRCCM 2023



Winthrop KL et al. AJRCCM 2016

Macaque Model of 

Pulmonary MAC

Th1 response suppressed



Bronchiectasis and NTM disease radiologically 

Aged > Young



Delayed Th1 response in Aged Animals



Current Antimicrobial 

Treatment



Currently Approved 

Therapies in NTM

• Azithromycin, clarithromycin

– Disseminated MAC

• Liposomal amikacin

– Refractory pulmonary MAC

https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/050662s044s050,50698s026s030,050775s015s019lbl.pdf



MAC Therapeutic Options

• Diagnosis ≠ decision to treat

– Observation vs. suppression vs. cure

• Treatment best defined for MAC

– Macrolide, rifampin, ethambutol

– Amikacin (parenteral or inhaled PRN)  

– 18-24 months (12 month culture negative)

– No macrolide monotherapy

– TIW okay if non-cavitary or not re-infection

Griffith DG, et al.  AJRCCM 2007



The Success of Guideline-Based Therapy

Ku J et al. CID 2022



Inhaled Liposomal Amikacin

Olivier K et al.  ATS 2014



M. Abscessus “Options”

• Oral agents

– Clofazimine 100mg, Omadacycline 300mg, 
15% macrolide

• Parenteral agents 

– Omadacycline 100mg daily

– Amikacin 12mg/kg TIW 

– Imipenam 1000mg BID

– Tigecycline 50mg daily

– Cefoxitin 2gm TID 

– Dual beta-lactam approach

Pick 2



Emerging Therapies and 

Strategies



RCTs for pNTM 2024

• MAC new treatment 
starts

– Liposomal amikacin 

– Clofazimine 

– 2 v 3 (AZI/EMB Vs. 
AZI/EMB/RIF)

– SPR-720

– Inhaled 7% saline

• M. abscessus

– Omadacycline

• Refractory MAC

– Epetraborole

– Inhaled clofazimine

– Delpazolid (Korea)

– Bedaquiline (Japan)

• M. xenopi

– Clari/Rif/EMB vs 
Moxi/Rif/EMB

https://www.clinicaltrials.gov/





Clofazimine
• MOA?

– Intracellular redox cycling

– Disrupts bacterial membrane phospholipids to 
generate antimicrobial lysophospholipids

– T cell modulation

• In-vitro and murine models

– Broad spectrum (except gram negatives)

– Enhanced mycobacterial killing when added to 
macrolide and amikacin

Cholo M et al.  J Antimicro Chemo 2017; 

lanoix JP et al  J Anti Micro Chemo Agent 2020



Clofazimine

Jarand J et al. Chest 2015



Clofazimine

• Phase 2 monotherapy trial (n=102)

– 200mg daily

– Main AE is skin tan

– QT monitoring

• Inhaled Clofazimine trial                   
(in refractory MAC)

– Phase 2/3 MNKD-101 

Hawkins J et al. ATS 2024 abstract



SPR-720 (Spero)

• Aminobenzimidazole

– Targets ATPase subunits of gyrase and 
topoisomerase

• In-vitro with activity against MAC, M. abscessus, 
other mycobacteria (they all have DNA gyrase)

• Phase 2 dose-finding, monotherapy trial 

– MAC (treatment naïve)

Brown-Elliott BA et al Antimicrob Agents Chemother 2018



SPR-720 Results

https://s3.amazonaws.com/b2icontent.irpass.cc/2748/rl139704.pdf

Dose-dependent hepatotoxicity



Epetraborole  (AN2)

• Inhibits bacterial leucyl-tRNA synthetase

– Active against variety of gram negatives

– Low MICs to M. avium, M. abscessus

– Pre-clinical (mouse) data suggests killing > 
macrolide

CFU = Colony-forming units; MAC = Mycobacterium avium complex; MIC = Minimum inhibitory concentration; SOC = Standard-of-care (clarithromycin, ethambutol, 

and rifabutin). 1 DeStefano, MS, et al. IDWeek 2022 Poster. 2  De K, et al. IDWeek 2022 Poster. 



EBO Refractory MAC Failure

https://investor.an2therapeutics.com/node/8116/pdf

Patients with long disease duration, big cavities, 

lots of macrolide and amikacin resistance

Phase 2/3 trail for refractory MAC with EBO added 

to background therapy
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CFU = Colony-forming units; Mab = Mycobacterium abscessus; MIC = Minimum inhibitory concentration. 

• 147 respiratory Mab isolates from 

U.S. & Europe
• MIC range 0.03–0.25 μg/ml; MIC90 = 0.12 μg/ml

• Macrolide resistance, amikacin resistance, and 

morphology did not impact EBO activity

Antimicrobial

MIC (µg/mL)

MIC range MIC50 MIC90

Epetraborole 0.03 - 0.25 0.06 0.125

Clarithromycin ≤0.25 - >32 >32 >32

Amikacin 4 - 64 16 64

Imipenem ≤1 - >32 8 32

Linezolid ≤0.5 - >16 16 >16

Moxifloxacin ≤0.5 - >4 4 >4

Cefoxitin 4 -128 32 64

Doxycycline 0.25 - >4 >4 >4

Tobramycin 4 - >8 >8 >8

Clofazimine ≤0.25 - 1 0.5 1

Minocycline ≤0.125 - >8 >8 >8

Tigecycline 0.25 -1 0.25 1

Rifabutin 0.5 - >4 >4 >4

Ethambutol 8 - >32 >32 >32

Epetraborole
In Vitro & In Vivo Activity vs. M. abscessus (Mab)

• Similar to imipenem in a chronic 

model of Mab lung disease

Unpublished data from Gyanu Lamichhane’s Lab at Johns Hopkins University.

PBS = Phosphate-buffered saline (negative control); IMI = Imipenem 100 mg/kg SC BID; 

EBO25 = Epetraborole 25 mg/kg PO QD; EBO50 = Epetraborole 50 mg/kg PO QD.



EBO M. abscessus Trial?



Bich Hanh BT et al. Front Pharm 2021; Nicklas DA et al Antimicro 

Chem 2022  

Omadacycline (Paratek)

Zebrafish with M. abscessus

Aminomethylcycline 

(tetracycline derivative)

Inhibits protein synthesis

(30S Ribosomal binding)

Low MICs for M. abscessus



Omadacycline

Mingora C et al.  ATS abstract 2022



Phase 2 Omada Trial

M. abscessus

N=25

Phase 2 Exploratory Study of Omadacycline 
Monotherapy in MABc
Clinical, QoL, and Microbiological Efficacy + Safety Endpoints Assessed

Omadacycline 
300 mg PO QD

N=41

Placebo QD
N=25

Adults with 
pulmonary disease 

caused by MABc per 

IDSA/ATS guidelines

1.5

1

30-day 
Safety

Follow-up

Day 84 / 
EOT Visit

Day 56
Visit

Day 28 
Visit

2-week

Tele-Visit

Baseline

Visit
Screening Period
Up to 8 weeks

Randomization

PRIMARY EFFICACY: Clinical response on NTM Symptom 
Assessment Scale at Day 84

SECONDARY EFFICACY:
• Quality of Life–Bronchiectasis (QoL-B) 

• Patient Global Impressions (PGI-C, -S)

• Clinical Global Impressions (CGI-I, -S)

• PROMIS Fatigue Short Form 7a

• St. George’s Respiratory Questionnaire (SGRQ)

• No new symptoms worse than mild 

• Negative sputum cultures 

• Decrease in semi-quantitative sputum culture score

• Growth in liquid medium

SAFETY: Adverse events

STUDY ENDPOINTS
First randomized controlled trial of an antibiotic for treatment of 

NTM pulmonary disease due to M. abscessus; evaluated omadacycline 
monotherapy vs placebo in adult patients

ClinicalTrials.gov NCT04922554 

Abbreviations: EOT, end of treatment; IDSA/ATS, Infectious Diseases Society of America/American Thoracic Society; MABc, Mycobacterium abscessus complex; NTM, nontuberculous mycobacteria; 

PO, orally; QD, once daily; QoL, quality of life

Winthrop KL et al.  ATS oral presentation 2025



Mean QOL-B Domain Changes from Baseline to Day 84 / 
End of Treatment
Consistent Improvement Observed Across Domains with Omadacycline Treatment
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Winthrop KL et al.  ATS oral presentation 2025



Negative MABc Sputum Cultures
Omadacycline Had a Greater Percentage of Participants with
Negative Cultures vs Placebo
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Winthrop KL et al.  ATS oral presentation 2025



Safety: Treatment-emergent Adverse Events
Omadacycline Was Safe and Generally Well Tolerated; Most Frequent TEAE was Nausea

Participants with, n (%)
Omadacycline 

(n=41)
Placebo
 (n=25)

Any TEAE 35 (85.4) 21 (84.0)

Nausea* 22 (53.7) 2 (8.0)

Headache 7 (17.1) 4 (16.0)

Fatigue 7 (17.1) 1 (4.0)

Abdominal pain 6 (14.6) 1 (4.0)

Vomiting 6 (14.6) 0

Diarrhea 5 (12.2) 1 (4.0)

Alanine aminotransferase increase 4 (9.8) 0

Night sweats 4 (9.8) 0

Early treatment discontinuation for AE† 4 (9.8) 0

Serious TEAEs 0 2 (8.0)

TEAEs leading to death 0 0

TEAEs in >8% 

omadacycline 

participants

*The severity of nausea associated with omadacycline was mostly mild and did not lead to treatment discontinuation
†Events leading to omadacycline discontinuation: heart failure, elevated liver enzymes, abdominal pain, parasomnia

Abbreviations: AE, adverse event; TEAE, treatment-emergent adverse event

Winthrop KL et al.  ATS oral presentation 2025



Philly J et al. Chest  2015 

Bedaquiline?



Treatment Strategy Trials

• Combination of drugs

• Length of therapy



Poor Success of Guideline-Based Therapy

Ku J et al. CID 2022



2 vs 3 Drugs in the Hollow Fiber Model

• RIF-EMB-AZI vs EMB-AZI

• RIF 600mg, EMB 900mg, AZI 
250mg

• Equal kill rate (intra- and
extracellular)

• Equal macrolide resistance
suppression

• 2 drugs not better

– Despite 30% higher
azithromycin exposure

• RNAseq: no impact of 
rifampicin

Jodie Schildkraut, Jelmer Raaijmakers & Jakko van Ingen – manuscript under review



MAC 2v3

• AZI/EMB  Vs  AZI/EMB/RIF

– Non-cavitary MAC

– Treatment naïve

– 12 month duration

• Outcomes

– Culture conversion

– Tolerability



Henkle E et al.  ATS abstract 2025



Study Design

• Treatment was administered once daily for 6 months, followed by 1 month off treatment.

• Two sputum samples were collected at each monthly visit and cultured in agar and broth (four cultures each visit). 

Culture conversion is defined as no MAC growth on agar and broth media in all sputum cultures at 2 consecutive visits

• Culture conversion by Month 6 (negative cultures at Months 5 and 6) and by Month 7 (negative cultures at 

Months 6 and 7) were calculated.b

Adults with 
non-cavitary lung disease 
and new or recurrent 

MACLD who have not 
received antibiotic 

therapy for their current 
infection

1:1 

Randomization
N=99

ALIS arm: ALIS + AZI + ETHa

Comparator arm: ELC + AZI + ETHa

EOS
Month 7

EOT
Month 6

Off 

treatment

Off 

treatment

Baseline

aALIS 590 mg QD or placebo (ELC) QD plus AZI 250 mg QD and ETH 15 mg/kg QD PO. bThe 
study was not powered to detect differences between treatment arms.

31

Daley C et al.  ATS 2024 abstract

Liposomal Amikacin for 

Treatment Starts



Culture Conversion at Month 6
Culture Conversion Rates by Months 6 and 7

aNominally statistically significant difference between groups was observed at Month 7 (1 month off-treatment). No adjustment for multiplicity was conducted in this study. 
bALIS [590 mg] + azithromycin [250 mg] + ethambutol [15 mg/kg]. cEmpty liposome control + azithromycin [250 mg] + ethambutol [15 mg/kg].

ALIS, amikacin liposome inhalation suspension; CI, confidence interval. Culture conversion by Month 6 was defined as negative cultures at Months 5 and 6. Culture conversion by Month 7 was defined as 

negative cultures at Months 6 and 7. 
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p=0.0010a

N=48 N=51
b c

p=0.0712

The difference between rate of 

culture conversion by Month 6 

was 16.7% (95% CI: -1.4, 34.9) in 

favor of the ALIS arm.

The difference between rate of 

culture conversion by Month 7  

was 31.7% (95% CI: 12.9, 50.5) in 

favor of the ALIS arm.

34

Daley C et al.  ATS 2024 abstract
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aALIS [590 mg] + azithromycin [250 mg] + ethambutol [15 mg/kg]. bEmpty liposome control + azithromycin [250 mg] + ethambutol [15 mg/kg].

Patient's status was regarded as culture converted at a specific month if both assessments at that month and the subsequent month were available and were negative after adjustment for non-productivity. 
ALIS, amikacin liposome inhalation suspension; Q, quartile.

Daley C et al.  ATS 2024 abstract

Among Converters: Cumulative Conversion my Month 



Non-antibiotic Approaches



Pulmonary Hygiene



7% Hypertonic Saline

• Promotes airway clearance and improved QOL in 
bronchiectasis

• Inhibits biofilm formation

• Antimicrobial?

• Phase 2 trial funded by NTMir

– Treatment naïve pulmonary MAC

– HS versus observation

– 3 month QOL and micro outcomes

Kellet F et al. Respiratory Medicine 2011



Inhaled Glutathione/ascorbic 

acid/bicarb (Renovion)

• Promotes airway clearance

• Inhibits biofilm formation

• Antimicrobial?

• Phase 2 trial in Be

CLIMB Study: ARINA-1 in NCFBE   |   3

Key Inclusion Criteria

• Primary diagnosis of NCFBE

• Mucus symptoms

Key Exclusion Criteria

• No active exacerbations

• No active treatment for NTM

ARINA-1 is broadly applicable as a first-line therapy

Broad Applicability

→ No requirements for previous 
exacerbations

→ No exclusions for NTM or other 
bacterial colonization

Early initiation – symptom improvement and 

delayed disease progression in broad population

ü ARINA-1 improves mucus symptoms after 28 days of use

ARINA-1 Placebo

Improvement in mucus symptoms 82.8% 27.3%

Decreases in sputum production 51.7% 18.2%

ARINA-1

(LS Mean)

Placebo

(LS Mean)

LS Mean 

Difference

FEV1 -41 mL -72 mL 31 mL

FVC -46 mL -93 mL 47 mL

FEF25-75% -26 mL -53 mL 27 mL

ü ARINA-1 stabilizes pulmonary function at day 28
LS Mean Difference favors ARINA-1

Soloman M et al. WBC abstract 2024



Brensocatinib in NTM?

Giam YH et al.  ERJ Rev 2021
Cathepsin C (aka dipeptidyl peptidase-1) 



Nitric Oxide

Howlin RP et al  Mol Therapy 2017



NO (ALX1) in Mouse MAC

Schoenfisch M et al.  WBC congress abstract 2022



Anti-Biofilm Strategies

Interim data showing reduction in PsA in sputum 

https://clarametyx.com/positive-interim-analysis-in-phase-2a-study/



29% culture conversion refractory MAC

Thomson R et al. Ann ATS 2024





Phage Therapy

• Few naturally occurring for NTM

– Strain specific (not species specific) 

• Greater numbers of pseudomonas phages

– Phase 1b/2 trial ongoing in CF

• Case reports

– M. abscessus

• Salvage therapy protocols



The Future

• Why is our treatment approach like that for TB?

– Should we treat NTM like PsA flare in 
bronchiectasis (but for longer)?

• Can we identify a subgroup of patients where       
3 month treatment is optimal?

• Strategy trials to compare treatment for those 
with bronchiectatic NTM

– 3 month versus 12 months

– 5-year outcomes

• New more potent drugs = shorter therapy 

– Eradication more likely?
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