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Limited data are available regarding optimal treatment for refractory Mycobacterium avium complex-pulmonary

disease (MAC-PD).We evaluated outcomes of inhaled amikacin (AMK) with clofazimine (CFZ) regimens as an add-

on salvage therapy for refractory MAC-PD. We retrospectively analyzed 52 patients with refractory MAC-PD,

characterized by persistently positive sputum cultures despite >6 months of treatment. Thirty-five (67%) patients

had M. intracellulare-PD, and 17 (33%) patients had M. avium-PD. Twenty-seven (52%) patients received the

salvage therapy for 12 months, whereas 25 (48%) patients were treated for <12 months due to adverse e ects or

other reasons. Seventeen (33%) patients had culture conversion: 10 (10/27) in the 12-month treatment group and

seven (7/25) in the <12-month treatment group (p = 0.488). Microbiological cure, defined as maintenance of culture

negativity, was achieved in 12 (23%) patients; six (6/12) with accompanying symptomatic improvement were

considered to have reached cure. Clinical cure, defined as symptomatic improvement with <3 consecutive negative

cultures, was achieved in three (6%) patients. Overall, 15 (29%) patients achieved favorable outcomes, including

microbiological cure, cure, and clinical cure. Inhaled AMK with CFZ may provide favorable outcomes in some

patients with refractory MAC-PD. However, given the adverse e ects, more e ective strategies are needed to

maintain these therapeutic regimens.
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1. Introduction

Nontuberculous mycobacteria (NTM) are ubiquitous organisms that cause chronic disease, and the burdens of

NTM-pulmonary disease (PD) are increasing worldwide . A guideline of the American Thoracic

Society/Infectious Disease Society of America recommended multidrug therapy for Mycobacterium avium complex

(MAC)-PD consisting of a macrolide (i.e., clarithromycin or azithromycin), ethambutol, and rifamycin (i.e., rifampin

or rifabutin) with or without addition of an injectable aminoglycoside . The recent guidelines of the British

Thoracic Society and Cystic Fibrosis Foundation/Society recommend regimens that include inhaled amikacin

(AMK) or other oral agents . In addition, data have recently been reported regarding inhaled AMK with

clofazimine (CFZ) for the treatment of refractory NTM-PD . Notably, the CONVERT trial showed the benefit of

adding liposomal AMK inhalation for refractory MAC-PD . In addition, synergistic effects of inhaled AMK and CFZ

against NTM species have been observed in vitro . Nevertheless, limited data are available regarding the

efficacy of regimens that include inhaled AMK and CFZ in refractory MAC-PD.
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2. Management

In this study, more than one-quarter (29%) of patients with refractory MAC-PD achieved a favorable outcome after

initiation of inhaled AMK- and CFZ-containing regimens. Approximately one-third (33%) of patients had culture

conversion, and microbiological cure occurred in 23% of patients. Our data suggest that regimens containing

inhaled AMK with CFZ may yield favorable outcomes in some patients with refractory MAC-PD.

One of the most notable findings in our study was the high proportion of patients with strains that had pretreatment

drug resistance. Approximately half (48%) of our patients had clarithromycin-resistant MAC strains at the initiation

of the inhaled AMK and CFZ therapy. In previous studies of refractory MAC-PD, which showed culture conversion

rates similar to our study, the proportions of patients with macrolide-resistant MAC strains were not high. In a study

that included 23 patients with refractory MAC-PD who were treated with inhaled AMK therapy, 39% of patients had

clarithromycin-resistant strains prior to treatment, and the conversion rate was 43% . In a recent CONVERT

study that evaluated the efficacy of AMK liposome inhalation suspension for patients with refractory MAC-PD,

culture conversion was achieved by 29% of patients; however, only 22.9% of patients had pretreatment

clarithromycin resistance . Macrolides are the cornerstone of MAC-PD therapy, and development of macrolide

resistance, mainly due to point mutations in the 23S rRNA gene, is associated with poor treatment outcomes

. Thus, given that 36% (9/25) of our patients with clarithromycin-resistant strains experienced culture

conversion, inhaled AMK- and CFZ-containing regimens may be worth consideration as treatment strategies,

especially for patients with refractory MAC-PD.

AMK is one of the most important antibiotics for treatment of MAC-PD. Only 6.8%–10.4% of clinical strains of MAC

are reportedly resistant to AMK , and a recent study indicated that use of aminoglycosides for ≥3 months was

associated with treatment success in cavitary MAC-PD . Inhaled AMK has been used to reduce adverse effects

associated with long-term use of injectable AMK and to increase the therapeutic effect through lung absorption .

However, studies regarding the efficacy of inhaled AMK for refractory NTM-PD have shown varying culture

conversion rates of 18%–67% . These discrepancies may have been related to various epidemiological

or clinical factors in the study cohorts. Notably, our patients had a long previous median treatment period of 28.5

months; 67% (35/52) of patients had cavitary lesions, which are known to be associated with poor response ,

and this high percentage of cavitary disease cases potentially contributed to the less-than-satisfactory treatment

outcomes of many of our patients. Unfortunately, limited data are available regarding whether the differences in

effectiveness of inhaled AMK depend on certain patient characteristics, such as the presence of cavitary lesions.

Therefore, further studies are needed regarding the efficacy of inhaled AMK for refractory MAC-PD.

CFZ has a number of advantages for treatment of NTM-PD, including its long half-life, slow metabolic elimination,

ability to achieve high concentrations in macrophages, and rapid localization within phagocytes. Laboratory studies

have demonstrated synergistic effects of CFZ and AMK against NTM [15], and CFZ has been reported to be

effective in treatment of MAC-PD . However, unlike the laboratory findings, these clinical studies yielded

inconsistent results. Moreover, appropriate criteria have not been established regarding an optimal MIC threshold

of CFZ for MAC-PD, and further research is warranted on this issue.
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In our study, approximately half (48%) of the patients discontinued regimens containing inhaled AMK and CFZ

within 12 months, mostly due to adverse effects. Eventually, 33% (17/52) of patients discontinued the inhaled AMK,

and 8% (4/52) of patients discontinued CFZ. The discontinuation rate of inhaled AMK tended to be higher in our

study than in previous reports . In a previous study, 27% (21/77) of patients with refractory NTM-PD

discontinued inhaled AMK , and only 8% (2/26) of patients with refractory MAC-PD discontinued inhaled AMK in a

Japanese study, despite the use of similar doses of AMK . These differences were presumably because our

patients had a high rate of previous usage of injectable aminoglycoside (58%) and long periods of previous

aminoglycoside use (median, 7.0 months). Generally, CFZ is considered tolerable with no severe adverse effects.

In our study, the rate of drug discontinuation due to CFZ side effects was not high, with only a few patients having

troublesome adverse effects.

Notably, in our study, treatment for more than 12 months was not significantly associated with favorable outcome in

multivariable analysis. This may have been due to the small numbers of patients included in the study. However,

our data showed that negative culture conversion was achieved in some patients with treatment for less than 12

months. Further studies are required to confirm this point.

This study has several limitations. First, our data may not be generalizable to other geographic areas and clinical

settings. Second, changes in symptoms were assessed using CAT scores, but there is little evidence that it is

reasonable to use CAT scores to assess symptom changes in patients with NTM-PD. Third, treatment outcomes

were reported based on combination therapy with a relatively short duration. Fourth, a recent study discussed the

importance of the CFZ MIC level, but we did not measure the MIC levels of CFZ in this study . Fifth, we included

“clinical cure” in the definition of “favorable outcome” because patients who achieved “clinical cure” showed clinical

and radiological improvement, and sputum samples could not be obtained in most cases with “clinical cure” due to

decreased volume of sputum. However, it is possible that our data overestimated the efficacy of the treatment

regimens. Finally, because 15 patients had NTM strains with intermediate resistance to AMK (MIC 32 μg/mL), the

efficacy of our regimen containing inhaled AMK and CFZ may seem weak.

In conclusion, this is the first report of patients with refractory MAC-PD who were treated with inhaled AMK- and

CFZ-containing regimens in a standard clinical setting. Our data showed that these regimens could provide

favorable outcomes for some patients. However, given the adverse effects, a more effective strategy is needed to

maintain these therapeutic regimens.

References

1. Prevots, D.R.; Marras, T.K. Epidemiology of human pulmonary infection with nontuberculous
mycobacteria: A review. Clin. Chest Med. 2015, 36, 13–34.

2. Lee, H.; Myung, W.; Koh, W.J.; Moon, S.M.; Jhun, B.W. Epidemiology of nontuberculous
mycobacterial infection, South Korea, 2007–2016. Emerg. Infect. Dis. 2019, 25, 569–572.

[8][12]

[8]

[12]

[25]



Nontuberculous Mycobacteria Pulmonary Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/2575 4/6

3. Prevots, D.R.; Shaw, P.A.; Strickland, D.; Jackson, L.A.; Raebel, M.A.; Blosky, M.A.; Montes de
Oca, R.; Shea, Y.R.; Seitz, A.E.; Holland, S.M.; et al. Nontuberculous mycobacterial lung disease
prevalence at four integrated health care delivery systems. Am. J. Respir. Crit. Care Med. 2010,
182, 970–976.

4. Griffith, D.E.; Aksamit, T.; Brown-Elliott, B.A.; Catanzaro, A.; Daley, C.; Gordin, F.; Holland, S.M.;
Horsburgh, R.; Huitt, G.; Iademarco, M.F.; et al. An official ATS/IDSA statement: Diagnosis,
treatment, and prevention of nontuberculous mycobacterial diseases. Am. J. Respir. Crit. Care
Med. 2007, 175, 367–416.

5. Daley, C.L.; Iaccarino, J.M.; Lange, C.; Cambau, E.; Wallace, R.J.J.; Andrejak, C.; Böttger, E.C.;
Brozek, J.; Griffith, D.E.; Guglielmetti, L.; et al. Treatment of nontuberculous mycobacterial
pulmonary disease: An official ATS/ERS/ESCMID/IDSA clinical practice guideline. Eur. Respir. J.
2020, 56, 2000535.

6. Haworth, C.S.; Banks, J.; Capstick, T.; Fisher, A.J.; Gorsuch, T.; Laurenson, I.F.; Leitch, A.;
Loebinger, M.R.; Milburn, H.J.; Nightingale, M.; et al. British thoracic society guidelines for the
management of non-tuberculous mycobacterial pulmonary disease (NTM-PD). Thorax 2017, 72
(Suppl 2), ii1–ii64.

7. Floto, R.A.; Olivier, K.N.; Saiman, L.; Daley, C.L.; Herrmann, J.L.; Nick, J.A.; Noone, P.G.; Bilton,
D.; Corris, P.; Gibson, R.L.; et al. US cystic fibrosis foundation and european cystic fibrosis
society consensus recommendations for the management of non-tuberculous mycobacteria in
individuals with cystic fibrosis. Thorax 2016, 71 (Suppl 1), i1–i22.

8. Jhun, B.W.; Yang, B.; Moon, S.M.; Lee, H.; Park, H.Y.; Jeon, K.; Kwon, O.J.; Ahn, J.; Moon, I.J.;
Shin, S.J.; et al. Amikacin inhalation as salvage therapy for refractory nontuberculous
mycobacterial lung disease. Antimicrob. Agents Chemother. 2018, 62, e00011-18.

9. Martiniano, S.L.; Wagner, B.D.; Levin, A.; Nick, J.A.; Sagel, S.D.; Daley, C.L. Safety and
effectiveness of clofazimine for primary and refractory nontuberculous mycobacterial Infection.
Chest 2017, 152, 800–809.

10. David E. Griffith; Gina Eagle; Rachel Thomson; Timothy Aksamit; Naoki Hasegawa; Kozo
Morimoto; Doreen J. Addrizzo-Harris; Anne E. O’Donnell; Theodore K Marras; Patrick A. Flume; et
al.Michael R. LoebingerLucy MorganLuigi R. CodecasaAdam T. HillStephen RuossJae-Joon
YimFelix C. RingshausenStephen K. FieldJulie V. PhilleyJr Richard J. WallaceJakko Van
IngenChris CoulterJames NezamisKevin L. Winthrop Amikacin Liposome Inhalation Suspension
for Treatment-Refractory Lung Disease Caused by Mycobacterium avium Complex (CONVERT).
A Prospective, Open-Label, Randomized Study. American Journal of Respiratory and Critical
Care Medicine 2018, 198, 1559-1569, 10.1164/rccm.201807-1318oc.

11. Jakko Van Ingen; Sarah E. Totten; Niels K. Helstrom; Leonid B. Heifets; Martin J. Boeree; Charles
L. Daley; In VitroSynergy between Clofazimine and Amikacin in Treatment of Nontuberculous



Nontuberculous Mycobacteria Pulmonary Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/2575 5/6

Mycobacterial Disease. Antimicrobial Agents and Chemotherapy 2012, 56, 6324-6327, 10.1128/a
ac.01505-12.

12. Kazuma Yagi; Makoto Ishii; Ho Namkoong; Takahiro Asami; Osamu Iketani; Takanori Asakura;
Shoji Suzuki; Hiroaki Sugiura; Yoshitake Yamada; Tomoyasu Nishimura; et al.Hiroshi
FujiwaraYohei FunatsuYoshifumi UwaminoTetsuro KamoSadatomo TasakaTomoko
BetsuyakuNaoki Hasegawa The efficacy, safety, and feasibility of inhaled amikacin for the
treatment of difficult-to-treat non-tuberculous mycobacterial lung diseases. BMC Infectious
Diseases 2017, 17, 1-9, 10.1186/s12879-017-2665-5.

13. Jhun, B.W.; Kim, S.Y.; Moon, S.M.; Jeon, K.; Kwon, O.J.; Huh, H.J.; Ki, C.S.; Lee, N.Y.; Shin, S.J.;
Daley, C.L.; et al. Development of macrolide resistance and reinfection in refractory
Mycobacterium avium complex lung disease. Am. J. Respir. Crit. Care Med. 2018, 198, 1322–
1330.

14. Griffith, D.E.; Brown-Elliott, B.A.; Langsjoen, B.; Zhang, Y.; Pan, X.; Girard, W.; Nelson, K.;
Caccitolo, J.; Alvarez, J.; Shepherd, S.; et al. Clinical and molecular analysis of macrolide
resistance in Mycobacterium avium complex lung disease. Am. J. Respir. Crit. Care Med. 2006,
174, 928–934.

15. Kadota, T.; Matsui, H.; Hirose, T.; Suzuki, J.; Saito, M.; Akaba, T.; Kobayashi, K.; Akashi, S.;
Kawashima, M.; Tamura, A.; et al. Analysis of drug treatment outcome in clarithromycin-resistant
Mycobacterium avium complex lung disease. BMC Infect. Dis. 2016, 16, 31.

16. Moon, S.M.; Park, H.Y.; Kim, S.Y.; Jhun, B.W.; Lee, H.; Jeon, K.; Kim, D.H.; Huh, H.J.; Ki, C.S.;
Lee, N.Y.; et al. Clinical characteristics, treatment outcomes, and resistance mutations associated
with macrolide-resistant Mycobacterium avium complex lung disease. Antimicrob. Agents
Chemother. 2016, 60, 6758–6765.

17. Morimoto, K.; Namkoong, H.; Hasegawa, N.; Nakagawa, T.; Morino, E.; Shiraishi, Y.; Ogawa, K.;
Izumi, K.; Takasaki, J.; Yoshiyama, T.; et al. Macrolide-resistant Mycobacterium avium complex
lung disease: Analysis of 102 consecutive cases. Ann. Am. Thorac. Soc. 2016, 13, 1904–1911.

18. Eun Hye Cho; Hee Jae Huh; Dong Joon Song; Seong Mi Moon; Seung Heon Lee; So Youn Shin;
Chang Ki Kim; Chang-Seok Ki; Won-Jung Koh; Nam Yong Lee; et al. Differences in drug
susceptibility pattern between Mycobacterium avium and Mycobacterium intracellulare isolated in
respiratory specimens.. Journal of Infection and Chemotherapy 2017, 24, 315-318.

19. Ock-Hwa Kim; Byoung Soo Kwon; Minkyu Han; Younsuck Koh; Woo-Sung Kim; Jin Woo Song;
Yeon-Mok Oh; Sang Do Lee; Sei Won Lee; Jae Seung Lee; et al.Chae-Man LimChang Min
ChoiJin Won HuhSang-Bum HongTae Sun ShimKyung-Wook Jo Association Between Duration of
Aminoglycoside Treatment and Outcome of Cavitary Mycobacterium avium Complex Lung
Disease. Clinical Infectious Diseases 2018, 68, 1870-1876, 10.1093/cid/ciy804.



Nontuberculous Mycobacteria Pulmonary Disease | Encyclopedia.pub

https://encyclopedia.pub/entry/2575 6/6

20. Kala K Davis; Peter N. Kao; Susan S. Jacobs; Stephen J. Ruoss; Aerosolized amikacin for
treatment of pulmonary Mycobacterium avium infections: an observational case series. BMC
Pulmonary Medicine 2007, 7, 2-2, 10.1186/1471-2466-7-2.

21. Kenneth N. Olivier; Pamela A. Shaw; Tanya S. Glaser; Darshana Bhattacharyya; Monika
Fleshner; Carmen C. Brewer; Christopher K. Zalewski; Les R. Folio; Jenifer Siegelman; Shamira
Shallom; et al.In Kwon ParkElizabeth P. SampaioAdrian M. ZelaznySteven M. HollandD. Rebecca
Prevots Inhaled Amikacin for Treatment of Refractory Pulmonary Nontuberculous Mycobacterial
Disease. Annals of the American Thoracic Society 2014, 11, 30-35, 10.1513/AnnalsATS.201307-2
31OC.

22. Won-Jung Koh; Seong Mi Moon; Su-Young Kim; Min-Ah Woo; Seonwoo Kim; Byung Woo Jhun;
Hyun Lee; Kyeongman Jeon; Hee Jae Huh; Chang-Seok Ki; et al.Nam Yong LeeMyung Jin
ChungKyung Soo LeeSung Jae ShinCharles L. DaleyHojoong KimO. Jung Kwon Outcomes of
Mycobacterium avium complex lung disease based on clinical phenotype. European Respiratory
Journal 2017, 50, 1602503, 10.1183/13993003.02503-2016.

23. Jarand, J.; Davis, J.P.; Cowie, R.L.; Field, S.K.; Fisher, D.A. Long-term follow-up of
Mycobacterium avium complex lung disease in patients treated with regimens including
clofazimine and/or rifampin. Chest 2016, 149, 1285–1293.

24. Field, S.K.; Cowie, R.L. Treatment of Mycobacterium avium-intracellulare complex lung disease
with a macrolide, ethambutol, and clofazimine. Chest 2003, 124, 1482–1486.

25. Nakwon Kwak; Jake Whang; Jeong Seong Yang; Taek Soo Kim; Sung A. Kim; Jae-Joon Yim;
Minimal Inhibitory Concentration of Clofazimine among Clinical Isolates of Nontuberculous
Mycobacteria and Its Impact on Treatment Outcome. Chest 2020, null, null, 10.1016/j.chest.2020.
07.040.

Retrieved from https://encyclopedia.pub/entry/history/show/6169


