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M. avium complex, M. abscessus

Most important pathogens



Challenges in treating NTM-PD

• Antibiotic side effects and challenges with long-term injection use

• Absence of effective “oral" antibiotics

• Insufficient antibiotics with proven clinical correlation to MIC

• Difficulty in determining the right time to initiate treatment

• Repeated infections



Gap between ideal and reality

Trust me 
I'm a doctor

Who am I? 
Where am I?

What th..



CASE



Acute renal failure after rifampicin-nephritis

F/50, M. intracellulare, antibiotics - azithromycin ethambutol rifampicin 

7 days later, Hemodialysis for 10 days due to anuria & pulmonary edema



Treatment failure despite localized lesions

71/F, M. abscessus, Hemoptysis

Amikacin Prepenem Tigecycline Clofazimine Azithromycin

Antibiotics for more than 12 months

2021.06.28 2022.01.11

Persistent NTM culture positivity and intermittent hemoptysis



Venous stenosis caused by PICC

F/59, M. abscessus

Left basilic vein total occlusion after PICC



Result of patients and doctors delaying treatment
- severe destruction at the time of the decision to start antibiotics -

69/F, M. abscessus, Hemoptysis, Fever, Cough

Amikacin Prepenem Tigecycline Clofazimine Azithromycin Linezolid Rifabutin

2013.06.25 diagnosis 2020.08.03 starting antibiotics



Recurrence even after repetitive lung resection

2007 M. massiliense, LLLobectomy + antibiotics



Recurrence even after repetitive lung resection

2015 M. abscessus, completion pneumonectomy left + antibiotics



Recurrence even after repetitive lung resection

2023 M. avium, re-infection

She said..

“I did everything the hospital and the doctors told me, 

but why does it keep coming back? I won't get more treatment!!!”



Agenda 

M. avium complex (MAC)

- ALIS (amikacin liposome inhalation suspension)

- Three vs. Two regimen (macrolide/ethambutol ± rifampicin)

- Other agents (clofazimine, isoniazid etc.)

M. abscessus

- ALIS

- Intermittent multi-drug intravenous therapy (IMIT) 

Clinical trial

Survival benefit of antibiotics for NTM-PD



CONVERT STUDY
Amikacin liposome inhalation suspension, ALIS 

- Adding ALIS in refractory MAC-PD -

Am J Respir Crit Care Med 2018;198(12):1559-1569

Sputum culture conversion by study month



Real world data of ALIS for MAC-PD



Early-phase adverse effects and management of ALIS 
for refractory MAC-PD

2021, Japan, Keio University Hospital

11 patients with refractory MAC-PD, One month outcome after adding ALIS

Infect Drug Resist 2022;15:4001-4011

3 patients were culture negative after 1 month of using ALIS



Long-term outcome of ALIS for Refractory MAC-PD, 

Samsung Medical Center 

6 refractory MAC-PD patients, antibiotics > 2 years

Long-term outcomes after adding ALIS

Tuberc Respir Dis (Seoul) 2023: 10.4046/trd.2023.0120



Microbiological cure after adding ALIS

ALIS duration, 10.3 months

Companion drugs, AZM EMB® MFX®

M. intracellulare

ALIS duration, 2.8 months

Companion drugs, AZM EMB CFZ

M. avium

Underlined antibiotics = resistance 



Persistent positive culture after adding ALIS

ALIS duration, 13.3 months

Companion drugs, AZM EMB®  RFB® MFX

Macrolide resistance after adding ALIS

Underlined antibiotics = resistance 

M. avium

ALIS duration, 13.2 months

Companion drugs, AZM® EMB®  MFX CFZ

M. avium



Persistent positive culture after adding ALIS

ALIS duration, 7.1 months

Companion drugs, AZM® EMB® MFX® CFZ

Amikacin resistance after adding ALIS

Underlined antibiotics = resistance 

M. avium

ALIS duration, 9.8 months

Companion drugs, AZM® EMB® RFB®

MFX® CFZ

Amikacin resistance after adding ALIS

M. avium



ALIS for Refractory MAC-PD, Samsung Medical Center

6 refractory MAC-PD patients, antibiotics > 2 years

Long-term outcomes after adding ALIS

Tuberc Respir Dis (Seoul) 2023: 10.4046/trd.2023.0120

The addition of ALIS to standard treatment improved 

microbiological or radiological responses in some patients. However, 

for patients with macrolide-resistant isolates or large cavity, 

the added benefit “may” be limited. 



Two vs. Three regimen 

Macrolide/Ethambutol ± Rifampicin



The Reasons for hesitation in using Rifampicin

• Side effects 
- Gastrointestinal disorders

- Renal impairment

- Hepatotoxicity, etc.

• Reducing macrolide concentrations

• Insufficient MIC and clinical correlation data



Does rifabutin (Rfb) prevent macrolide resistance?

A randomized, placebo-controlled study

AIDS with MAC bacteremia

CLR EMB “Rfb” vs. CLR EMB “placebo”  at 16 week

Clin Infect Dis 1999;28(5):1080

CLR EMB 

Rfb

CLR EMB 

placebo 
p-value

Bacteriological response 44/70 (63%) 42/69 (61%) 0.810

Eradication 40/55 (73%) 37/51 (73%) 0.980

CLR resistance 1/44 (2%) 6/42 (14%) 0.055



Drug interactions, AZM and RIF

Antimicrob Agents Chemother 2016;60(10):6076-83

AZM EMB RIF 
daily therapy

= low AZM level

AZM without RIF
= higher AZM level

Higher AZM Cmax was associated with 

favorable microbiologic responses



CLR EMB vs. CLR EMB RIF
- Two vs. Three regimen -

Prospective study

119 MAC-PD patients, CLR EMB vs. CLR EMB “RIF”

12 months culture conversion (end-point)

CLR EMB

Daily (n = 60)

CLR EMB RIF

Daily (n = 59)
p-value

Culture conversion

intention-to-treat analysis 55% 41% >0.05

per-protocol analysis 83% 75% >0.05

Discontinuation 27% 37% >0.05

CLR resistance 0% 0% NA

Ann Am Thorac Soc 2014;11(1):23



Previous regimens in MAC-PD patients who 
acquired macrolide resistance

Griffith

(2006)

Morimoto

(2016)

Kadota

(2016)

Moon

(2016)

Patient no. 51 90 33 34

Previous treatment regimen

macrolide monotherapy

macrolide + 1-drug

macrolide + RIF

macrolide + FQ

macrolide + EMB

macrolide + 2-drugs

55%

22%

18%

32%

26%

7%

6%

30%

18%

12%

61%

0%

29%

3%

3%

65%

Treatment success 25% 11% 36% 15%

Am J Respir Crit Care Med. 2006 Oct 15;174(8):928
Ann Am Thorac Soc 2016;13:1904

BMC Infect Dis 2016;16:31
Antimicrob Agents Chemother 2016;60:6758



Conversion according to maintenance 
(≥6 mo) of EMB RIF in MAC-PD

BMC Pulm Med 2019;19(1):212



Outcomes after discontinuation of EMB
due to adverse effects in MAC-PD

Kwon et al. JKMS 2020;35(9):e59

After propensity matching, treatment failure rate 

18.3% in standard vs. 29.6% in EMB discontinuation

Macrolide RIF FQ
Macrolide RIF

Macrolide RIF + Cfz or INH..



Samsung Medical Center, South Korea, January 2011 and June 2017

Intermittent (thrice a week) AZIT EMB for 38 non-cavity MAC-PD

76% (29 of 38) achieved culture conversion

Antimicrob Agents Chemother 2019;64(1):e01787-19

sputum AFB smear (+), an independent factor for culture conversion failure





What are the clinical characteristics of 

patients who can achieve microbiological cure 

with only AZM EMB dual drug therapy?



Antimicrob Agents Chemother 2018 Sep 62:e00491

MIC Values of EMB RIF, outcome in MAC-PD
- Asan Medical Center, South Korea -



Antimicrob Agents Chemother 2022;66(4):e0202721

MIC Values of EMB RIF, outcome in MAC-PD
- Samsung Medical Center, South Korea -



Antimicrob Agents Chemother 2022;66(4):e0202721

MIC Values of EMB RIF, outcome in MAC-PD
- Samsung Medical Center, South Korea -



Reasons for Discrepancy Between AMC and SMC Data

• Unlike the AMC analysis, SMC data was reported to be 
(statistically) unrelated to the MIC level of EMB and RIF in terms 
of treatment outcomes.

• However, in SMC data, although not statistically significant, there 
was a tendency for lower treatment outcomes as the MIC level of 
EMB and RIF increased.

• These results suggest that in SMC patients, the overall regimen's 
effectiveness (especially high-dose macrolides) may played a role.

• Further studies with a larger number of patients are needed.



Infection 2022;50(4):879-887

Optimal dosage of ethambutol ?



Other agents 

Clofazimine Isoniazid



Clofazimine vs. RIF in MAC-PD

University of Calgary, Canada

107 MAC-PD patients

“Macrolide EMB Clofazimine” vs. “Macrolide EMB RIF”

Chest 2016 May;149(5):1285



Chest 2020;S0012-3692(20)32059-6



J Clin Med 2020;9(9):2968

Adding Clofazimine + Inhaled non-lipo Amikacin = 

29% (15 of 52) favorable outcome

in refractory MAC-PD



Isoniazid ? for refractory MAC-PD ?
- 2017 BTS guideline vs. Expert review -

Charles L. Daley 2023 Clin Chest Med

2017 British Thoracic Society guidelines



A study of isoniazid in MAC-PD treatment

Thorax 2001;56(3):167-72

Small number of patients without macrolide



ALIS for M. abscessus-PD



ALIS for M. abscessus pulmonary disease

ALIS + background multidrug regimen for 12 months

15 of 30 patients (50%) demonstrated culture conversion 

10 of 15 patients (67%) sustained conversion through month 12

6 of the 33 patients (18%) demonstrated mutational amikacin resistance

Chest 2023;S0012-3692(23)00807-3



ALIS for M. abscessus pulmonary disease

Chest 2022;162(1):76-81

41 CF or non-CF patients with : subspecies abscessus, massiliense, bolletii

Good outcome 25 (61%) 

= microbiological cure (8) + clinical cure (7) + cure (13)



ALIS for M. abscessus pulmonary disease

Open Forum Infect Dis 2022;9(10):ofac465

Retrospective observational cohort study, 26 patients, France

Culture conversion = 54% (14/26) 

Average treatment duration of 10 months



Intermittent Multi-drug Intravenous Therapy 
- Samsung Medical Center-

Open Forum Infect Dis 2022;9(10):ofac465



Clinical trial, Epetraborole



Clinical trial, Bedaquiline



Adequate antibiotic treatment generates 
survival benefits for NTM-PD patients 

- not just the beginning of antibiotic therapy -

Chest  2022;161(5):1192-120



Chest 2023;S0012-3692(23)00894-2

Adequate antibiotic treatment generates 
survival benefits for NTM-PD patients 

- not just the beginning of antibiotic therapy -



Clin Infect Dis 2023;77(1):120-126

Adequate antibiotic treatment generates 
survival benefits for NTM-PD patients 

- not just the beginning of antibiotic therapy -



Thank you
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