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Diagnosis of  NTM PD

Urabe et al. J Infect Chemother 2018

Microbiologic criteriaClinical criteria

Radiological 

evidence

Pulmonary or 

systemic symptoms

Four typical lesions on HRCT in MAC-PD

Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline 2020



Radiologic types of  MAC-PD

Fibrocavitary Nodular bronchiectatic (NB) Unclassifiable



Jhun et al. Eur Respir J 2020Kwon et al. Respiratory Medicine 2019

Disease course of  non-cavitary nodular bronchiectatic MAC-PD

Indolent course & favorable outcomes
Koh et al. Eur Respir J 2017



Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline 2020

Treatment of  MAC-PD by the presence of  cavity



Default rate from macrolide-containing regimen in 
MAC-PD: meta-analysis

Kwak et al. CID 2017

Proportion of discontinuation of treatment before 6-12mo/lost to follow-up for any reason



• Daily vs. intermittent administration

• Shortening of  treatment duration

• Two drugs vs. three drugs

Strategies for Enhancing Tolerance to MAC-PD treatment

- noncavitary nodular bronchiectatic subtype -



An Official ATS/IDSA Statement: Diagnosis, Treatment, and Prevention of Nontuberculous Mycobacterial Diseases 2007



Two drugs (macrolide and ethambutol) are enough 

for non-cavitary nodular bronchiectatic MAC-PD

• Evidence for three-drug regimen recommended to treat MAC-PD

• Current evidence regarding two-drug versus three-drug regimens for MAC-PD

• Pharmacokinetic interaction between rifampin & macrolides

• Risk of  development of  macrolide-resistance in two-drug regimen



Why three-drug regimen for MAC-PD?

Treatment of Nontuberculous Mycobacterial Pulmonary Disease: An Official ATS/ERS/ESCMID/IDSA Clinical Practice Guideline 2020

효과의 추정치에 대한 확신이 거의 없다. 실제효과는 효과의 추정치
와 상당히 다를 것이다



ATS guideline

1994 1995 1996 1997

Early non-comparator studies for efficacy of macrolides in MAC-PD

Minimum three drugs (Clari- or 

Azithromycin/ER)

Clarithromycin combined other 

drugs efficacy for MAC (n=45)

The first study 

Clarithromycin  

efficacy for 

MAC (n=30)

Clarithromycin-

containing regimen  

efficacy for MAC 

(n=50)

Azithromycin 

efficacy for MAC 

(n=23)



Year/

Region

Population 

No.

Cavity Regimens Outcomes

2001/UK 75 ~ 60% REH vs RE Treatment failure/relapse

16% vs 41%

2007/Japan 146 ~ 55% REClariSm vs 

REClari

Culture conversion rate

72% vs 51%

2008/UK 170 ~ 70% REClari vs RECipro Treatment failure/relapse

13% vs 23%

2011/Japan 27 N/A REClari vs REGatiflo Culture conversion

64% vs. 85%

2014/Japan 119 ~50% REClari vs EClari Culture conversion

75% vs. 83%

Five RCTs in HIV-neg MAC-PD population



MAC-PD treatment

1997 2020



Two drugs (macrolide and ethambutol) are enough 

for non-cavitary nodular bronchiectatic MAC-PD

• Evidence for three-drug regimen recommended to treat MAC-PD

• Current evidence regarding two-drug versus three-drug regimens for MAC-PD

• Pharmacokinetic interaction between rifampin & macrolides

• Risk of  development of  macrolide-resistance in two-drug regimen



Two drugs vs. three drugs



• 47 sites (US, Canada, Mexico)

• HIV-positive, MAC bacteremia

• All patients: clarithromycin & ethambutol

• Rifabutin 300mg QD (n=102) & placebo (n=96)

• Primary endpoint: bacteriologic response at 16 wk
(negative culture or ≥2-log10 decrease in cfu/mL)

Bacteriologic results of  blood cultures

Rifabutin Placebo P value

Bacteriologic response 30 d 56 d 0.470

Eradication 55 d 64 d 0.320

Time to bacteriologic response

Rifabutin Placebo P value

Leukopenia (<1,000/mm3) 18% 8% <0.05

Adverse events



Microbiological responses

• Multicenter, open-label

• HIV (+) disseminated MAC

• Clarithromycin+ethambutol (n=53) vs. 
Clarithromycin+rifampicin (n=50) vs. 
Clarithromycin+ethambutol+rifampicin (n=57)

• Primary end point: complete microbiological (+clinical) 
response at 12wk (2 consecutive blood culture-
negativity/afebrile & alive) 



• Japan, 2014

• HIV(-) MAC PD

• All patients: clarithromycin (600mg) & 
ethambutol (750mg)

• Rifampicin (450mg) (n=59) & placebo (n=60)

• Cavitary lesion (49% [3-drug] vs. 47% [2-drug])

• Primary endpoint: sputum culture negative 
conversion *3 at 12 mo (ITT)Rifampicin Placebo Difference

ITT 41% 55% -14.4% [95% CI, -32.1~3.4%]

PP 75% 83% -7.5% [95% CI, -26.6~11.6%]

Sputum negative conversion rate

Sputum negative conversion rate in 

patients with cavitary disease (PP)

Rifampicin Placebo P value

11/15 (73%) 11/16 (68%) NS

Noninferiority margin



Adverse events

Rifampicin Placebo P value

3.2 m 4.1 m 0.297

Time to sputum negative conversion 

• Japan, 2014

• HIV(-) MAC PD

• All patients: clarithromycin (600mg) & 
ethambutol (750mg)

• Rifampicin (450mg) (n=59) & placebo (n=60)

• Cavitary lesion (49% [3-drug] vs. 47% [2-drug])

• Primary endpoint: sputum culture negative 
conversion *3 at 12 mo (ITT)



Seven RCTs (n=724)

Bacteriologic response

Six RCTs (n=671)

Macrolide resistance

Five RCTs (n=553)

Mortality

2-drug vs 3 drug regimens: 

no significance difference



Two drugs (macrolide and ethambutol) are enough 

for non-cavitary nodular bronchiectatic MAC-PD

• Evidence for three-drug regimen recommended to treat MAC-PD

• Current evidence regarding two-drug versus three-drug regimens for MAC-PD

• Pharmacokinetic interaction between rifampin & macrolides

• Risk of  development of  macrolide-resistance in two-drug regimen



Rifampin:  friend or foe?

CYP3A substrate: MacrolideCYP3A Inducer: Rifamycin

Grant Wilkinson. N Engl J Med 2005



Mean concentration of  clarithromycin & 14-hydroxyl-clarithromycin

Three-drug regimen

Three-drug regimen

Two-drug regimen
Two-drug regimen

Clari-400mg

Clari-600mg

Clari-600mg

Clari-400mg

• Japan, 2014

• HIV(-) MAC PD

• All patients: clarithromycin (600mg) & ethambutol 
(750mg)

• Rifampicin (450mg) (n=59) & placebo (n=60)

• Cavitary lesion (48%)

• Primary endpoint: sputum culture negative 
conversion *3 at 12 mo (ITT)



van Ingen et al. Am J Respir Crit Care Med 2012

Macrolides:

Pharmacokinetic interactions with rifampicin



Association between Cmax of  antibiotics and microbiological response

Jeong et al. Antimicrobial Agents and Chemotherapy 2016



Two drugs (macrolide and ethambutol) are enough 

for non-cavitary nodular bronchiectatic MAC-PD

• Evidence for three-drug regimen recommended to treat MAC-PD

• Current evidence regarding two-drug versus three-drug regimens for MAC-PD

• Pharmacokinetic interaction between rifampin & macrolides

• Risk of  development of  macrolide-resistance in two-drug regimen



Acquired macrolide resistance 

• Clarithromycin 500mg BID for 4Mo

• 16% => clarithromycin resistance

Treatment of Nontuberculous Mycobacterial Pulmonary 

Disease: An Official ATS/ERS/ESCMID/IDSA Clinical 

Practice Guideline 2020



Rifabutin Placebo P value

Total 7/70 (10%) 10/69 (14%) NS

16wk-bacteriologic response (-) 6/26 (23%) 4/27 (15%) NS

16wk-bacteriologic response (+) 1/44 (2%) 6/42 (14%) 0.055

Resistance to clarithromycin during Tx

Only one => relapse at week 40

• 47 sites (US, Canada, Mexico)

• HIV-positive, MAC bacteremia

• All patients: clarithromycin & ethambutol

• Rifabutin 300mg QD (n=102) & placebo (n=96)

• Primary endpoint: bacteriologic response at 16 wk
(negative culture or ≥2-log10 decrease in cfu/mL)



Time to relapse

• Multicenter, open-label

• HIV (+) disseminated MAC

• Clarithromycin+ethambutol (n=53) vs. 
Clarithromycin+rifampicin (n=50) vs. 
Clarithromycin+ethambutol+rifampicin (n=57)

• Primary end point: microbiological (+clinical) 
response at 12 wk

P=0.014

P=0.057

CER CE CR

1/3 1/3 7/9

Clarithromycin- resistant MAC in relapse cases



Yasuhiro Ito et al. Respiratory Medicine 2020

HIV(-) MAC-PD
Macrolides resistance: Two-drug vs. three drug regimen

With cavity



Risk of  macrolides resistance & bacterial load

Yasuhiro Ito et al. Respiratory Medicine 2020

Non-cavitary NB

FibrocavitaryCavitary NB

Koh et al. Eur Respir J 2017

Univariable analysis for macrolide-resistance risk

Initial sputum AFB smear at the start of  treatment 



Veronique Dartois Nat Rev Microbiol. 2014

The path of  anti-TB drugs: from blood to lesions



Project End Date: Sep 2026



Two drugs (macrolide and ethambutol) are enough 

for non-cavitary nodular bronchiectatic MAC-PD

A less severe phenotype

Evidence for three-drug regimen 

recommended to treat MAC-PD: 

A few

Evidence regarding efficacy 

between two-drug and three-

drug regimens for MAC-PD: not 

inferior

Pharmacokinetic interaction 

between rifampin & macrolides: 

disadvantageous

Risk of  development of  macrolide-

resistance in two-drug regimen: 

not elevated



Rebuttal to the counterargument



Two drugs (macrolide and ethambutol) for NC-NB MAC-PD

• No efficacy difference in studies regarding 2-drug 

vs 3-drug regimen in cases with more severe MAC 

infection => why not 2-drug in a less severe 

phenotype?

Point of  view: Cons

• No RCT regarding 2-drug vs 3-drug regimen in NC-

NB MAC-PD

Point of  view: Pros



NC-NB MAC PD:

Intermittent 3-drug regimen vs. daily 2-drug regimen

Intermittent 3-drug Daily 2-drug Dose difference exposed during a week

Clarithromycin 1000mg*3 1000mg*7 +4000mg

Azithromycin 500mg*3 250mg*7 +250mg

Ethambutol 25mg/kg*3 15mg/kg*7 +30mg/kg (eg BW=50kg, 1,500mg)

Rifampicin 600mg*3 - -1800mg

Standard regimen of  daily 3-drug regimen: limited efficacy & intolerance problem

Intermittent 2-drug regimen (azithromycin & EMB) in patients with non-cavitary MAC PD

: 76% of  sputum culture conversion (at 12Mo) [by Moon et al. Antimicrob Agents Chemother 2019]

Daily 2-drug regimen: higher exposure of  key drugs (macrolide & ethambutol) for MAC pathogen

better tolerability



Two drugs (macrolide and ethambutol) for NC-NB MAC-PD

Point of  view: Cons Point of  view: Pros

• Unexpected monotherapy in cases with drug 

intolerance or resistance

• This story pertains to the initial treatment for 

macrolide-susceptible NC-NB MAC PD

• Probability of  drug intolerance is not higher in 2-

drug regimen

• Elevated risk of  macrolide-resistance MAC 

development in NC-NB MAC PD cases receiving 

macrolide and ethambutol concurrently: doubtful



No additional macrolide-resistance

• In vitro hollow fiber model (NB-MAC PD)

• Azithromycin-ethambutol-rifampicin vs. azithromycin-
ethambutol

• THP-1 cells infected with M.avium ATCC700898 (21d)

• 38 patients with non-cavitary MAC-PD

• Intermittent azithromycin & ethambutol 
for ≥12mo



Two drugs (macrolide and ethambutol) for NC-NB MAC-PD

Point of  view: Cons Point of  view: Pros

• Insufficient data regarding correlation between 

serum macrolide exposure and clinical outcome

• Confounding variables  not considered

• Definite evidence about lower macrolide exposure 

associated with use of  rifamycin

• The higher antibiotic-exposure, the less antibiotic-

resistance
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