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§ Very long treatment (12 months from negative cultures) with significant 
side effects and poor efficacy rates
§ ATS criteria for infection (vs. colonization)
§ Weight benefits and potential harms
§ Involve patients in the decision

§ Very few RCTs to guide treatment
§ Number and choice of drugs depend on the

§ NTM specie
§ Severity of the diseases
§ Concomitant disorders

§ Usually a combination of macrolides (azythromicine, clarithromicine) 
plus ethambutol plus rifabutin/rifampicin

Treatment of NTM



Who to treat? (ATS/IDSA 2020)
• In patients who meet the diagnostic criteria for NTM pulmonary disease, 

we suggest initiation of treatment rather than watchful waiting
• especially in the context of positive acid-fast bacilli sputum smears
• and/or cavitary lung disease

(conditional recommendation, very low certainty in estimates of effect). 

• The decision to initiate antimicrobial therapy for NTM pulmonary
disease should be individualized based on a combination of clinical
factors, the infecting species, and individual patient priorities



Susceptibility testing (ATS/IDSA)

• Few NTM (eg, M kansasii) have 
clinical response correlation with 
susceptibility tests:
• Presence of inducible macrolide 

resistance (erm41 gene) correlates 
with M abscessus treatment 
outcomes
• Macrolide and amikacin 

susceptibilities correlate with MAC 
treatment response 

2007

§ MAC susceptibility-based
treatment for macrolides and 
amikacin over empiric therapy

§ M. kansasii susceptibility-based
treatment for rifampicin over 
empiric therapy

§ M. xenopi insufficient evidence

§ M. abscessus susceptibility-based
treatment for macrolides and 
amikacin over empiric therapy

2020



3. Terapia

1. Concentrazioni sub-ottimali (ßTB)
• Pochi studi PK – Cmax di azitromicina!
• Rifamicine spesso sottodosate (TB: diabetici, HIV+, basso peso)

2. Interazioni farmacologiche (ß HIV&TB)
• Immunosoppressori

3. Infiammazione e concentrazioni intracellulari (ßHIV)

Peloquin C. Microbiol Spectr. 2017; Jeong B-H, et al. AAC 2016 



Recommended Treatments (ATS/IDSA 2020)
at least 12 months after sputum culture conversion

MAC M. kansasi M. xenopi

AZITRO + RIFAM + ETB 
3 times/week

+ AMIKA if cavitary lesions 
or severe disease and daily 

regimen

If Macro-R or failure after 6 
months
+ ALIS* 

RIFA + ETB +  INH (daily) or 
AZITRO (3 times/week if 

non severe and non 
cavitary)

If RIFA-R or intolerance + 
MOXI

RIFA + ETB + AZITRO or 
MOXI

+ AMIKA if cavitary lesions 
or severe disease and daily 

regimen

I LINE

II LINE

*amikacin liposome inhalation suspension (ALIS) 
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Table 5. Treatment Regimens for Mycobacterium abscessus by Macrolide Susceptibility (Mutational and Inducible Resistance)

Macrolide Susceptibility Pattern

Mutationala Inducibleb No. of Drugsc Preferred Drugs Frequency of Dosing

Susceptible Susceptible Initial phase ≥ 3 Parenteral (choose 1–2) Daily (3 times weekly may be used for aminoglycosides)
Amikacin
Imipenem (or Cefoxitin)
Tigecycline
Oral (choose 2)
Azithromycin (clarithromycin)d

Clofazimine
Linezolid 

Continuation phase ≥ 2 Oral/inhaled (choose 2–3)
Azithromycin (clarithromycin)d

Clofazimine
Linezolid
Inhaled amikacin

Susceptible Resistant Initial phase ≥ 4 Parenteral (choose 2–3) Daily (3 times weekly may be used for aminoglycosides)
Amikacin
Imipenem (or Cefoxitin)
Tigecycline
Oral (choose 2–3)
Azithromycin (clarithromycin)e

Clofazimine
Linezolid 

Continuation phase  ≥ 2 Oral/inhaled (choose 2–3)
Azithromycin (clarithromycin)e

Clofazimine
Linezolid
Inhaled amikacin

Resistant Susceptible or 
resistant

Initial phase ≥ 4 Parenteral (choose 2–3) Daily (3 times weekly may be used for aminoglycosides)
Amikacin
Imipenem (or Cefoxitin)
Tigecycline
Oral (choose 2–3)
Azithromycin (clarithromycin)e

Clofazimine
Linezolid 

Continuation Phase ≥ 2 Oral/inhaled (choose 2–3)
Azithromycin (clarithromycin)e

Clofazimine
Linezolid
Inhaled amikacin

aMutational resistance: None present—Isolate determined to be phenotypically susceptible at 3–5 days of incubation in culture. Present—Isolate determined to be phenotypically resistant 
at 3–5 days of incubation or sequencing identifies rrl mutation know to confer resistance.
bInducible resistance: Functional erm(41) gene—Isolate determined to be resistant after 14 days of incubation or sequencing identifies functional gene sequence. Nonfunctional erm(41) 
gene—Isolate determined to be susceptible after 14 days of incubation or sequencing identifies truncated sequence or C28 mutation (in subspecies abscessus).
cInitial phase refers to the time that the parenteral agents are being given. Continuation phase refers to the subsequent phase of therapy that typically includes oral antimicrobial agents 
sometimes paired with inhaled agents.
dAzithromycin (clarithromycin) is active in this setting and should be used whenever possible.
eAzithromycin (clarithromycin) activity is unlikely but can be added for its immunomodulatory effects but should not be counted as active against M. abscessus with a functional erm(41) 
gene. In this setting, frequent sputum cultures should be obtained to detect potentially new organisms like M. avium complex.

with regard to the duration of the disease. Therefore, surgery 
was estimated as acceptable to key stakeholders and feasible.
Justification and Implementation Considerations:  The studies 
differed by location, the age and gender of patients, and the my-
cobacterial species involved  (M.  avium [214 , 218, 220, 222], 
M. kansasii [30], M. abscessus [39 , 89 ], M. xenopi [221] or a mix 

of species [89 , 215–217 , 219 , 220, 223]). Moreover, the studies 
suffer from multiple potential biases including different reasons 
for performing surgery, patient selection, and subjective assess-
ment of postsurgical outcomes. Even so, surgical resection was 
associated with improved treatment outcomes and for most 
of the patients (85–100%), conversion of sputum cultures to 
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Predictors of anti-NTM treatment start
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infectious diseases were the majority (41, 71%), followed by pulmo-
nologist (14, 24%). Almost half (26, 46%) of the doctors were specialist 
from less than 5 years, 6 (11%) from 5 to 10 years and 23 (40%) from 
more than 10 years. Almost all physicians were working in public hos-
pitals (54, 93%), of whom more than half (27, 47%) in a university 
hospital. Regarding the know-how in NTM-LD, half of the doctors (29, 
50%) were prescribing treatment for this disease from less than 5 years, 
14 (24%) from 5 to 10 years and 15 (26%) from more than 10 years. The 
majority of the physicians (29, 50%) evaluated in average less than 5 
patients with NTM-LD per year, 18 (31%) 5 to 15 patients per year, 8 
(14%) 16 to 30 patients per year and only 3 (5%) more than 30 patients 
per year. 

In Fig. 1 are reported the variables investigated in our survey and the 
weight assigned to each one of them. 

Regarding demographic, clinical and imaging characteristics, ap-
pears interesting the low weight assigned to gender with 33 (57%) and 
29 (50%) physicians considering male and female gender as not relevant 
(rating 1) in their choice, respectively. Instead, classic symptoms of 
NTM-LD such as dyspnoea, chronic low-grade fever and chronic pro-
ductive cough were recognized as significant (rating 4–5) by more than 
70% of clinicians. Also, the presence of classic NTM-LD signs (cavities at 
chest X-ray or nodules/bronchiectasis at lung computed tomography) 
and/or the deterioration of the radiologic picture were considered 
relevant (rating 4–5) by more than 70% of the physicians. 

About microbiological results, the exclusion of alternative diagnosis 
by microbiologic testing was not considered significant in the choice of 
starting a specific treatment, with the majority of clinicians assigning a 
rating of 1 or 2. Instead, the isolation of NTM species in multiple sputum 
or BAL samples, especially in consecutive samples, was homogenously 
considered relevant (rating 4–5) by more than 80% of physicians. 

In terms of NTM species, M. avium complex, M. abscessus subspecies 
abscessus and M. kansasi were considered important (rating 4–5) ele-
ments in the choice of starting treatment by 75% of those who answered. 
Isolation of other NTM species received less relevance, with more than 
half of the physicians assigning a rating of 3 or 4 with M. gordonae which 
was the species which received the lowest significance. 

Finally, among comorbidities and treatments, infection by HIV, 

presence of bronchiectasis and concomitant cystic fibrosis were 
considered relevant (grading 4–5) by more than 80% of the clinicians. A 
lower but still significant importance was assigned to concomitant 
chronic obstructive pulmonary disease and cancer whereas diabetes 
mellitus and previous tuberculosis received a moderate relevance (rat-
ing 2–3) by 50% of the physicians. A homogenous significance was 
assigned to concomitant immunosuppressive and chemotherapeutic 
agents use. 

Overall, our survey confirms how, due to the rarity of the disease, 
even among physicians with peculiar interest in NTM-LD, only few are 
frequently involved in the management of patients with this disease 
whereas the majority sees only occasional patients. One possible 
explanation, and this can be a selection bias related to the voluntary 
participation to this web-survey, is that the prescribers are young and 
with a limited experience in NTM-LD. Nevertheless, despite this lack of 
experience, the predictors of treatment which received the highest rat-
ing in our survey are also those elements which international guidelines 
consider key factors for the diagnosis of the disease (typical radiologic 
findings, multiple isolations of NTM, compatible clinical picture) [3,4]. 
The relevance assigned to concomitant treatment with immunosup-
pressive drugs or chemotherapeutics agents is puzzling. As the number 
and use of these compounds is expanding, a systematic description of the 
associations reported between these drugs and NTM-LD will be surely 
welcomed by clinicians. 

However, considering the growing incidence of this disease and the 
further increase of susceptible individuals expected in the near future, 
continuous educational activities should be implemented to increase the 
recognition of NTM-LD, especially by clinicians not used to it, and to 
improve its management, which should be preferably directly or indi-
rectly supervised by experts. 

It will be interesting to administer the same survey to a broader 
sample of physicians expert in the management of NTM-LD outside the 
Italian scenario, to assess, if any, the variations in terms of therapeutic 
decisions related to different epidemiologic and cultural characteristics. 

Fig. 1. Percentage of agreement on the weight 
(from 1 to 5) assigned to treatment predictors sub-
divided among demographic, clinical and imaging 
characteristics, microbiological results, NTM spe-
cies and comorbidities and treatments. BMI: body 
mass index; FEV-1: forced expiratory volume in the 
first second; HRCT: high-resolution computed to-
mography; NTM: non-tuberculous mycobacteria; 
BAL: bronchoalveolar lavage; HIV: human immu-
nodeficiency virus; COPD: chronic obstructive pul-
monary disease; TNF: tumour necrosis factor; AI: 
autoimmune disease; SOT: solid organ transplant.   
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A R T I C L E  I N F O   
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A B S T R A C T   

The disease burden due to nontuberculous mycobacteria is growing worldwide, consequently to improved 
diagnostic abilities and an increase in the individuals at risk. Uncertainties exist about the right moment on 
which start treatment. We investigated the clinical features associated with starting an antimicrobial treatment in 
patients with nontuberculous mycobacterial lung disease among Italian physicians involved in the field. We 
found that in real life predictors of starting antimicrobial treatment are quite adherent to international guide-
lines, with some uncertainties regarding the implication of immunosuppressive drugs.   

To the Editor, 
Nontuberculous mycobacteria (NTM) are ubiquitous bacteria that 

can be responsible for severe infections in humans. In developed coun-
tries, infections due to NTM are currently more prevalent than those due 
to Mycobacterium tuberculosis [1]. The organ most commonly affected 
are the lungs, with the development of NTM lung disease (NTM-LD) [2]. 

The diagnosis of NTM-LD is hampered by the difficulty in differen-
tiating simple colonisation from disease. On the basis of the ATS/ERS/ 
ESCMID/IDSA guideline, diagnostic criteria require that a patient have 
characteristic symptoms, compatible radiology, and repeated isolation 
of NTM. Moreover, other potential causes of pulmonary disease must be 
excluded [3]. However, in clinical practice, fulfilling diagnostic criteria 
is almost always required before considering treatment, but fulfilling 
criteria per se is not an adequate rationale for initiating treatment and 
additional factors are considered. Therefore, relevant differences are 
encountered in the management of patients with NTM-LD and many 

choices are based on physicians’ personal experience. 
We designed a web-survey including demographic, clinical, radio-

logic, and microbiologic variables, aiming to identify those more 
frequently recognized as relevant and the weight given to each one of 
them in the decision of initiate the antimycobacterial therapy. For each 
variable, we required to provide its significance assigned in a scale from 
1 to 5 (1: not relevant, 5: extremely relevant). We administered this 
survey through the platform surveymonkey.com to members of two 
Italian networks, SITA (Società Italiana Terapia Antinfettiva) and IRENE 
(The Italian Registry of Pulmonary Non-tuberculous Mycobacteria), 
which collect pulmonary and infectious diseases specialists with expe-
rience in the management of both antibiotic treatment and NTM-LD 
disease. The members of SITA and IRENE are about 400 in total. 

Overall, 58 physicians (14.5% of those contacted) involved in the 
management of NTM-LD answered to our survey, the mean age was 41 
years (SD ± 11) and male were the majority (31, 53%). Specialists in 

* Corresponding author. Infectious Diseases Unit, Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Via Francesco Sforza 35, 20122, Milan, Italy. 
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Outcome – NTM-LD
2	vs	3	Drugs	for	Pulmonary	MAC

MAC (n=170) RE REH
No. 37 38

Deaths
(All causes)

32% 39%

Deaths
(Myco)

0% 8%

Failure/relapse 41% 16%

Alive and 
cured at 5 yrs

27% 34%

Jenkins PA, et al. Thorax 2008
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factors in MAC pulmonary disease. Different subspecies of
MAC have distinct clinical impacts. Mycobacterium intracellu-
lare lung disease causes a more severe presentation with
lower treatment response comparing to Mycobacterium
avium lung disease [65]. Also, HIV patients are more suscep-
tible to develop MAC infection caused by Mycobacterium
avium while non-HIV patient are prone to acquire
Mycobacterium intracellulare [66]. We could not evaluate
the impact of the different subspecies of MAC in this
study. Also, limited data were obtained from the included
studies regarding the disease type (fibrocavitary vs. nodular
bronchiectatic), therefore, we could not assess the impact of

the treatment regimens on different patterns of MAC pul-
monary disease.

As previously shown in other systematic reviews in the last
decade, the overall treatment success rate for MAC pulmonary
disease is still unsatisfactory [59,67,68,69]. The current treat-
ment regimens are expensive, have significant side effects,
and take a relatively long duration to be completed. All
these issues result in poor medication adherence among
patients. In addition, different definitions of cure and inade-
quate follow-up approaches in the studies included in the
analysis prevent a conclusive interpretation. An agreed-on
treatment success definition addressing culture conversion,

Figure 2. Treatment success for Mycobacterium avium complex (MAC) disease. Treatment effects and summaries were calculated using a random-effects model
weighted by the study population.

8 M. J. NASIRI ET AL.

Nasiri MJ, et al. Exp Rev Anti-inf Ther 2020

1. Macrolide-containing regimens
led to better treatment success 
rates comparing to non-
macrolide-containing regimens
(69% vs 58.5%)

2. Treatment duration of 12 
months or more showed better
results. 
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• MAC-PD 13-16% with 3-drug regimens
• Up to 48% in some case series, 75% reinfection
• Higher incidence if previouslty treated, macrolide resistant, non sputum

conversion at 6 months
• Better outcomes by adding «new» drugs (fluoroquinolones, clofazimine, 

linezolid)

• M. Abscessus-PD 42% with standard treatment (4 weeks i.v. 
plus maintenance)
• 75% in Myc abs abscessus vs. 22% in Myc abs massiliense
• 24-42% con 1/2 iv drugs à 58% in Myc abs abscessus vs. 5% in Myc abs

massiliense
• 52% in the US

BTS Thorax 2001; Jenkins PA, et al. Thorax 2008; Wallace RJ, et al. Chest 2014; Koh WJ, et al. Am J Respir Crit Care Med 2011; Lyu J, et al. Respir Med 2011 and 
2014; Jarand J, et al. Clin Inf Dis 2011
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Lung Function Decline in NTM-LD

treatment-success groups. In addition, adjustment for
possible confounders generally considered to be
important in the decline of lung function and disease
severity of NTM-LD made little impact on the overall
findings with respect to the association of treatment
outcomes with rates of decline in FEV1 and FVC.

Previous studies have investigated lung function changes
after treatment in NTM-LD with fewer than 50 patients.
Khan et al44 reported that antibiotic treatment improved
FEV1 in 8 of 10 patients with Mycobacterium avium
complex LD, whereas Mehta et al45 observed that
antibiotic treatment was not associated with substantial
changes in lung function in 44 patients with NTM-LD.
We found that FEV1 and FVC tended to decline by
–31.6 mL/y and –32.3 mL/y, respectively, in a large
number of patients with NTM-LD. However, the rate of
decline in FEV1 and FVC was highly variable over a
median 5.6-year follow-up period, irrespective of the

clinical course of NTM-LD. Even in the treatment-
failure group, 14.7% (FEV1) and 23.5% (FVC) of
patients experienced lung function improvement
during follow-up. This observation is in accord with
a previous study reported in patients with COPD42

and suggests that NTM-LD is also a progressive
disease with heterogeneity in the rate of lung function
decline, although treatment failure of NTM-LD is
the most important predictor of rapid lung function
decline.

In the treatment-failure group, 59% and 65% of patients,
respectively, experienced a rapid decline in FEV1 and
FVC of more than 40 mL/y. However, a substantial
proportion of patients in the observation group also
showed rapid lung function decline. The reason for this
is unknown but raises the possibility that even relatively
mild NTM disease may be a significant risk factor for
accelerated lung function decline. Given that patients

Crude
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Figure 3 – Association between lung function decline and clinical course of NTM-LD. Diamonds and whiskers show b coefficients and 95% CI values,
respectively. See Figure 1 legend for expansion of other abbreviation.
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Computed tomographic findings of macrolide-
resistant Mycobacterium massiliense pulmonary
disease and changes after antibiotic treatment
Hyun Jung Yoon, MDa,b, Myung Jin Chung, MDa,∗, Won-Jung Koh, MDc, Byung Woo Jhun, MDc,
Seong Mi Moon, MDd

Abstract
The purpose of this study was to present the computed tomographic (CT) findings of lung abnormalities in macrolide-resistant
Mycobacterium massiliense pulmonary disease and its changes in follow-up CT after antibiotic treatment.
Chest CT scans of patients with macrolide-resistant M massiliense pulmonary disease (n=19) were retrospectively reviewed.

Patients were treated with multidrug therapy, and sputum examinations were performed. Follow-up CT scans obtained during
antibiotic treatment after detection of macrolide resistance were also reviewed, if available (n=13). The CT scores at detection of
macrolide resistance and at the last follow-up periods were also compared.
Of all patients with macrolide-resistantMmassiliense pulmonary disease, 2 (11%) patients achieved sputum culture conversion during

the follow-up period. The most common CT findings of M massiliense pulmonary disease at detection of macrolide resistance were
bronchiectasis and bronchiolitis (n=19, 100%), followed by consolidation (n=16, 84%), cavities (n=11, 58%), and nodules (n=6, 32%).
On the last follow-up CT, overall CT scores were increased in 8 (62%) of 13 patients, and total mean CT score was significantly increased
(P= .021). For each CT pattern, the cavity showed the greatest increase in CT score (P= .027), followed by bronchiectasis (P= .038).
CommonCT findings ofmacrolide-resistantMmassiliense pulmonary diseasewere similar to those of pulmonary disease caused by

other speciesofnontuberculousmycobacteria atpresentation.However, inmacrolide-resistantMmassiliensepulmonarydisease, serial
CT scans showed deterioration with cavitary and bronchiectatic change in most patients despite multidrug antibiotic therapy.

Abbreviations: AFB = acid-fast bacillus, CT = computed tomographic, IQR = interquartile range, MAC =Mycobacterium avium
complex, NTM = nontuberculous mycobacteria.

Keywords: computed tomography, drug resistance, macrolides, Mycobacterium massiliense, nontuberculous mycobacteria

1. Introduction
Nontuberculous mycobacteria (NTM), a ubiquitous myco-
bacteria that causes chronic human pulmonary infection, has

been reported to be increasing worldwide.[1,2]Mycobacterium
avium complex (MAC), Mycobacterium abscessus, and
Mycobacterium kansasii are the most frequent causes of
NTM pulmonary disease.[3,4]M abscessus is a rapidly growing
mycobacterium and the most common cause of rapidly
growing mycobacterial pulmonary disease. Currently, M
abscessus can be divided into 3 subspecies: M abscessus
subspecies abscessus (hereafter referred to as M abscessus), M
abscessus subspecies massiliense (hereafter referred to as M
massiliense), and M abscessus subspecies bolletii (hereafter
referred to as M bolletii).[5,6] The most common subspecies is
M abscessus (45–65%), followed by M massiliense (20–55%)
and M bolletii (1–18%).[7]

The response rates for macrolide-based antibiotic therapy
are much higher among patients with M massiliense pulmo-
nary disease than for those with M abscessus pulmonary
disease.[8–15] However, acquired macrolide resistance can
develop during macrolide-containing antibiotic treatment ofM
massiliense pulmonary disease and is conferred by mutations
in the drug-binding receptor rrl gene for 23S rRNA, at
nucleotide positions 2058 and 2059.[16–19] Therefore, an
awareness of macrolide-resistant M massiliense pulmonary
disease is very important for the diagnosis and management of
this disease.[4]

Although a recent study reported clinical characteristics of
macrolide-resistant M massiliense pulmonary disease and the
treatment outcomes of affected patients,[20] there has been no
report regarding the computed tomographic (CT) imaging
findings of macrolide-resistant M massiliense pulmonary disease
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§ 2 (11%) patients achieved sputum culture 
conversion during the follow-up period.

§ On the last follow-up CT, overall CT scores were
increased in 8 (62%) of 13 patients, and total
mean CT score was significantly increased
(P=.021). For each CT pattern, the cavity
showed the greatest increase in CT score 
(P=.027), followed by bronchiectasis (P=.038). 

antibiotic therapy which included macrolide in patients with M
massiliense pulmonary disease.
M abscessus pulmonary disease has been shown to have

unsatisfactory clinical and radiographic treatment success rates
(25–42%; 8, 28). In contrast, M massiliense pulmonary disease
reported high negative sputum conversion rates and radiographic
improvement rates after antibiotic therapy[8,10,21,29]; this may be
because M abscessus has inducible macrolide resistance, but
inducible resistance is not found in M massiliense, which has a
partially deleted, nonfunctional erm(41) gene.[16] However, once
macrolide-resistant is detected, the expected course of disease
changes dramatically. Choi et al[20] reported that the treatment
outcomes of macrolide-resistant M massiliense pulmonary

disease were very poor after multidrug antibiotic treatment. In
the report, only one (7%) of 15 patients had a favorable outcome,
and the 5-year mortality rate after the development of macrolide
resistance was high (33%). Another previous report suggested
that susceptibility to macrolide was the only significant
independent predictor of a favorable microbiological response
in M abscessus and M massiliense pulmonary disease.[30,31] Our
study also showed low negative sputum conversion rate (11%).
In our study, the total mean CT score was significantly

increased at final follow-up CT scans (P= .021) despite long-term
antibiotic treatment, and cavities showed the greatest increase in
mean score (P= .027), followed by bronchiectasis (P= .038). This
implies that the phenotype of macrolide-resistanceMmassiliense

Figure 2. Serial CT scans of M massiliense pulmonary disease at time points A and B in a 46-year-old woman. (A) Scans obtained at time point A show
bronchiectasis and cavities (arrows) in the right upper lung zone. (B) Scans obtained at time point B (36 months after time point A) show interval progression of
cavities (arrows). Total scores (diameter, wall thickness, and extent) for cavitary lesions were 4 (score of 1, 2, and 1, respectively) for time point A and 7 (scores of 3,
3, and 1, respectively) for time point B. CT=computed tomographic.

Table 3
Mean CT scores in terms of disease patterns and comparison of scores.

Mean CT score Bronchiectasis (9 points) Bronchiolitis (6 points) Cavity (9 points) Nodules (3 points) Consolidation (3 points) Total

All 19 patients (time point A) 4.9 4.9 2.9 0.3 1.3 14.6
Comparison test (n=13)
Time point A 5.1 5.1 2.2 0.3 1.4 14.0
Time point B 5.7 5.2 3.5 0.3 1.5 16.2
P-value .038 .581 .027 1 .763 .021

Bold represents statistically significant, P< .05.

Yoon et al. Medicine (2019) 98:36 www.md-journal.com
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FEW PATIENTS RECEIVED 2 
IV DRUGS AND THEN 

MACROLIDE + 2-4 DRUGS

Yoon HJ, et al. Medicine 2019



Variability in the Management of Adults With 
Pulmonary Nontuberculous Mycobacterial Disease

Abate G, et al. CID 2021

1128 • CID 2021:72 (1 April) • Abate et al

determine treatment outcomes, and identify factors that affect 
treatment outcomes.

METHODS

Study Design and Setting

We performed a multicenter, 10-year, retrospective cohort study 
of patients with NTM evaluated at 7 Vaccine and Treatment 
Evaluation Units (VTEUs) in the United States. Participating 
institutions included Saint Louis University, Emory University, 
University of Iowa, Baylor College of Medicine, Duke University, 
Vanderbilt University Medical Center, and Kaiser Permanente 
Washington Health Research Institute. The VTEU network 
is funded under contract by the National Institute of Allergy 
and Infectious Diseases and has been a ready resource for con-
ducting clinical trials and research of vaccine and treatments for 
infectious diseases since 1962. The study was approved by the 
institution review boards of all participating VTEUs.

Inclusion and Exclusion Criteria

Medical records of patients who were 18 years of age or older 
with NTM isolated from a respiratory specimen and in whom 
the diagnosis of pulmonary NTM was made between 1 January 
2005 and 1 July 2015 were eligible for the study. Exclusion cri-
teria were history of HIV infection and concurrent diagnosis of 
TB as determined by culture or molecular tests, such as poly-
merase chain reaction at the time of NTM diagnosis or during 
follow-up visits.

Data Collection

Patient data were abstracted through medical record review 
by licensed nurses, clinical research coordinators, subspecialty 
training fellows, or physicians who were trained in protocol-
specific data collection procedures. Patients with NTM were iden-
tified for review of eligibility using International Classification 
of Diseases (ICD), 9th and 10th revision, codes. All patients 
had NTM culture-positive respiratory specimens. Clinical, lab-
oratory, radiology, and treatment data were evaluated through 
30  months post-NTM diagnosis using electronic data collec-
tion forms standardized across sites by the Statistical and Data 
Coordinating Center (SDCC; The Emmes Corporation, LLC). 
Abstracted data were reviewed and queried by the SDCC for data 
quality and adherence to protocol data collection procedures 
across sites. All participating sites used laboratories that adhere 
to Clinical and Laboratory Standards Institute guidelines for drug 
susceptibility testing. More than 3986 medical records of patients 
with possible pulmonary NTM were reviewed, and data were col-
lected from 322 patients who were diagnosed with pulmonary 
NTM. Two sites that had fewer than 100 total eligible patients 
included all patients; 4 sites randomly selected patients’ records 
from each of the study years; and 1 site randomly selected re-
cords from 3 time periods (2005–2008, 2009–2012, 2013–2015). 
Upon further review of abstracted data, 18 patients were unlikely 
to have pulmonary NTM, and 2 did not have positive NTM cul-
ture results recorded. Therefore, the data from the remaining 302 
patients were analyzed (Figure 1).

Total records 
reviewed (N > 3896)

Diagnosed with PNTM, 
HIV-negative (n= 304)

Watchful waiting
(n= 46)

PNTM treatment 
started (n= 249)

Data for microbiologic and/or 
clinical cure available (N= 140)

Not cured
(N = 62)

Cured
(N = 78)

Diagnosed with PNTM, 
HIV-negative (n= 322)

Unlikely to have pulmonary 
NTM based on further 

review (n= 18)

Unknown
(n= 7)

No NTM-positive culture 
result in the record (n= 2)

Data for microbiologic and/or clinical 
cure not available (N= 109)

Diagnosed with PNTM, 
and had NTM isolated 

(n= 302)

Clinical cure
(N = 56)

Microbiologic 
cure (N = 33)

Figure 1. Schematic of total medical records reviewed and the number of patients with pulmonary NTM who were negative for HIV analyzed for different outcome meas-
ures. Abbreviations: HIV, human immunodeficiency virus; NTM, nontuberculous mycobacteria; PNTM, pulmonary nontuberculous mycobacteria.
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known, survivors were more likely to be female (OR, .34; 95% 
CI, .16–.72; P = .005) and have tree-in-bud opacities (OR, .21; 
95% CI, .07–.64; P = .002) on chest imaging. In addition, sur-
vivors were less likely to have weight loss (OR, 3.43; 95% CI, 
1.59–7.42; P = .003), chronic kidney disease (OR, 5.96; 95% 
CI, 1.61–22.04; P = .012), and infiltrates/opacities (OR, 2.26; 
95% CI, 1.05–4.86; P = .04) or cavitation (OR, 3.43; 95% CI, 
1.58–7.44; P = .002) on chest imaging. Multivariate logistic re-
gression analysis (Table 7) showed that female sex (adjusted OR 
[aOR], .37; 95% CI, .16–.85) and tree-in-bud opacities (aOR, 
.28; 95% CI, .09–.87) on imaging studies were associated with 
increased odds of survival, and pulmonary cavitation (aOR, 
3.18; 95% CI, 1.37–7.37) was associated with decreased odds 
of survival in patients with pulmonary NTM. Kaplan-Meier 
analysis estimated that overall survival was higher for females 

and patients without cavitation with a log-rank test P of .02 and 
.002, respectively (Figure 2).

Supplementary Table 6 compares the initial and follow-up 
clinical courses of treated (n = 245) and untreated (n = 45) 
patients with pulmonary NTM. There were no significant dif-
ferences between the 2 groups in the number of patients who 
required hospitalization and mortality. The frequency of symp-
tomatic improvement was similar in treated (29.4%) and un-
treated (25.9%) groups during the 30-month follow-up.

DISCUSSION

The increasing prevalence of pulmonary NTM in the United 
States has prompted the scientific community to identify crit-
ical gaps in diagnosis and treatment [23]. Our findings in 

Table 4. Treatment and Clinical Course of Patients With Pulmonary Nontuberculous Mycobacteria Negative for Human Immunodeficiency Virus

All (N = 297) MAC (n = 247) M. kansasii (n = 23) M. abscessus (n = 12) Other (n = 7) Multiple (n = 8)

Treated 245 (83.1) 203 (82.9) 21 (91.3) 9 (75) 6 (85.7) 6 (75)
No. of antibiotics administered as initial therapy       
 1 10a (4.1) 8 (3.9) … 2 (22.2) … …
 2 26 (10.6) 22 (10.8) 1 (4.8) 2 (22.2) 1 (16.7) …
 ≥3 210 (85.4) 174 (85.3) 20 (95.2) 5 (55.6) 5 (83.3) 6 (100)
Mode of initial antibiotics administration       
 Oral only 229 (93.1) 192 (94.1) 21 (100) 4 (44.4) 6 (100) 6 (100)
 Oral and parenteral 17 (6.9) 12 (5.9) … 5 (55.6) … …
Duration of treatment, mean ± SD, m 13.7 ± 9.7 13.7 ± 10.0 13.6 ± 8.0 13.4 ± 12.2 17.2 ± 3.3 10.9 ± 7.3
Adherence to ATS/IDSA treatment guidelines 99 (33) 88 (35.6) 4 (17.4) 2 (16.7) 1 (14.3) 3 (37.5)
Change in treatment 97 (32.7) 80 (32.4) 5 (21.7) 7 (58.3) 2 (28.6) 3 (37.5)
Reason for discontinued treatment       
 Persistent positive culture 12 (7.5) 12 (9.3) … … … …
 Culture-confirmed drug resistance 9 (5.7) 9 (7) … … … …
 Adverse drug effects 90 (56.6) 75 (58.1) 3 (23.1) 6 (85.7) 1 (25) 5 (83.3)
 Drug interaction 3 (1.9) 2 (1.6) … … … 1 (16.7)
NTM culture result available at follow-up       
 12–24 m 141 (47.5) 114 (46.2) 11 (47.8) 9 (75) 3 (42.9) 4 (50)
 24–30 m 66 (22.2) 56 (22.7) 1 (4.3) 5 (41.7) 2 (28.6) 2 (25)
 >30 m 41 (13.8) 35 (14.2) 3 (13) 2 (16.7) … 1 (12.5)
NTM culture negative at follow-up       
 12–24 m 88 (62.4) 70 (61.4) 11 (100) 3 (33.3) 2 (66.7) 2 (50)
 24–30 m 36 (54.5) 30 (53.6) 1 (100) 3 (60) 1 (50) 1 (50)
 >30 m 22 (53.7) 18 (51.4) 2 (66.7) 2 (100) … …
Symptoms improvement       
 3 m 104 (44.6) 85 (43.4) 11 (68.8) 4 (50) 2 (33.3) 2 (28.6)
 6 m 76 (41.3) 66 (41.3) 5 (50) 3 (42.9) 2 (66.7) …
 9 m 69 (41.1) 65 (44.8) 2 (20) 1 (14.3) 1 (25) …
 12 m 55 (34.6) 49 (34.5) 4 (50) 1 (25) … 1 (25)
 18 m 75 (36.2) 66 (38.2) 6 (37.5) … 2 (40) 1 (20)
 30 m 50 (29.6) 42 (28.8) 3 (37.5) 3 (42.9) … 2 (40)
Hospitalization 83 (29.2) 62 (26.3) 9 (40.9) 6 (50) 3 (50) 3 (37.5)
Died 44 (15.7) 34 (14.7) 4 (18.2) 4 (33.3) … 2 (25)
Total person-years follow-up 506 428 32 21 12 13
Months of follow-up, median (IQR) 24.2(14.5, 29.7) 24.8(15.0, 29.7) 17.5(13.8, 24.0) 26.1(14.4, 29.8) 24.4(20.7, 29.9) 23.4(9.0, 29.5)

Data are presented as n (%) unless otherwise indicated.

Abbreviations: ATS/IDSA, American Thoracic Society/Infectious Diseases Society of America; IQR, interquartile range; MAC, Mycobacterium avium-intracellulare complex; NTM, 
nontuberculous mycobacteria.
aSix received macrolide alone and four received doxycycline, levofloxacin, tobramycin or vancomycin.
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Factors Associated With Clinical and/or Microbiologic Cure 

Cure (n=78) No Cure 
(n=60) p Odds ratio 95%CI

Adherence toATS/ IDSA 
GLs 85.3% 55.9% .000 4.583 2.017-10.411

Number of ATBs for 
initial therapy

1
2
3

-
6.4%

93.6%

6.8%
16.9%
76.3%

.006 - -

Characteristics of HIV- Patients With Pulmonary MAC Who Died Compared With Those Who Survived

Died (n=34) Survived (n=187) p Odds ratio 95%CI

Female sex 47.1% 72.2% .005 .342 .162-.722

Bronchiectasis 19.4% 38.8% .042 .379 .147-.977

History of treated TB 12.9% 0.6% .003 - -

CKD 16.1% 3.1% .012 5.963 1.613 - 22.040

Weight loss 51.5% 23.6% .003 3.433 1.587 - 7.424

Rx findings
Infiltrates/opacities 

Cavitation 
Tree-in-bud opacities 

45.5%
48.5%
12.5%

26.9%
21.6%
40%

.040

.002

.002

2.259
3.425
.214

1.051 - 4.859
1.576 - 7.441 

.072 - .639 

Duration of treatment 9.2 14.2 .005 .917 .864 - .973 



NTM-LD Cohort in

• 477 patients
• Respiratory comorbidities were found in 68% of cases, 

tuberculosis sequelae in 31.4% of patients, and 
immunosuppression in 16.8% of cases. 

• The three most common NTM spe- cies were Mycobacterium
avium complex (60%), M. xenopi (20%) and M. kansasii (5.7%). 

• Smear-positive was found in one third of NTM-PD.
• Nodulobronchiectatic forms were observed in 54.3% of cases, 

and cavitary forms in 19.1% of patients. 
• Sixty-three percent of patients were treated, 72.4% of patients

with smear-positive samples, and 57.5% of patients with 
smear-negative samples. 

• Treatment was in adequacy with ATS guidelines in 73.5%. 
• The 2-year mortality was 14.4%. In the Cox regression, 

treatment (HR = 0.51), age (HR = 1.02), and M. abscessus
(3.19) appeared as the 3 significant independent prognostic
factors. 

Bemer P, et al. BMC Pulm Med 2021

Page 5 of 9Bemer et al. BMC Pulm Med          (2021) 21:333  

Discussion
Previous studies on NTM-PD are often general reviews 
mainly on the MAC complex [3, 10], or epidemiologi-
cal studies based on laboratory data without clinical or 

radiological criteria [11, 12]. Few cohort studies met ATS 
criteria [13, 14].

Our cohort included 477 patients who met the 2007 
ATS/IDSA criteria for NTM-PD from 18 centers between 

Table 3 Survival analysis, according to Cox regression

Non adjusted HR [CI 95%] p Adjusted HR
[CI 95%]

p

Age 1.02 [1.01–1.04] 0.02 1.02 [1.01–1.04] 0.04

Female 0.73 [0.42–1.27] 0.27

Respiratory diseases 0.99 [0.54–1.83] 0.99

Past mycobacterial diseases 1.56 [0.89–2.71] 0.11

Cavitary disease 0.84 [0.42–1.66] 0.61

Positive smear 1.33 [0.78–2.26] 0.30

NTM specie

 MAC Reference Reference

 M. xenopi 1.33 [0.68–2.60] 0.40 1.21 [0.59–2.49] 0.61

 M. abscessus 2.64 [1.03–6.78] 0.04 3.19 [1.22–8.32] 0.02

 M. kansasii 0.69 [0.16–2.88] 0.61 1.12 [0.20–3.45] 0.83

 Others 1.16 [0.41–3.29] 0.78 1.02 [1.01–1.04] 0.83

Treatment 0.47 [0.27–0 .83] 0.009 C [0.28–0.92] 0.03

Fig. 1 Cumulative survival according to smear results
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Review

NTM-PD diagnosis according to ATS, ERS, ESCMID, and IDSA criteria
• Patient-related factors: patient preference, symptoms, immunocompromised host,
   comorbidities, disease progression, and underweight
• Radiological factors: cavitary disease and extensive disease
• Microbiological factors: detectable acid-fast bacilli on microscopy, repeated isolation of the
    causative species, pathogenicity of the causative species, and expected treatment success

Favours treatment Withholding treatment

NTM-PD treatment decision

M chelonae

NTM species

Number of
drugs

Drugs in the regimen

Drug susceptibilty testing

Initially ≥2 for
mild to
moderate;
≥3 for 
extensive
disease;
continue ≥2

≥ 3

Azithromycin
(200-500mg)
once a day
(alternative–
clarithromycin)

Tobramycin
(4·5–7 mg/kg) 
once a day or 
(5–7 mg/kg)
three times
a week 
intravenously

Do not use
azithromycin
or
clarithromycin
if inducible
resistance
present

Cefoxitin
(3–4 g)
twice a day
intravenously

Azithromycin
(200-500 mg)
once a day;
with a higher
dose in
patients with
>60-70 kg,
or when
rifampicin is
added
(alternative is
clarithromycin)

Rifampicin
(600 mg) once
a day
(alternative is
rifabutin)

Ethambutol
(15 mg/kg)
once a day

Imipenem-
cilastatin
(1 g each)
two to three
times a day
intravenously

Ethambutol
(15 mg/kg)
once a day

Amikacin
(15–20 mg/kg)
once a day or
(15–25 mg/kg) 
three times
a week
intravenously

Moxifloxacin
(400 mg) 
once a day;
alternative is 
levofloxacin or
ciprofloxacin

Moxifloxacin
(400 mg) 
once a day;
alternative is 
levofloxacin or
ciprofloxacin

Moxifloxacin
(400 mg) once
a day

Clofazimine
(100–200 mg)
once a day

Linezolid
(600 mg) 
once a day)

Co-trimoxazole
(trimethoprim
800 mg and
sulfame-
thoxazole
160 mg) twice
a day

Doxycycline
(100–
200 mg)
once a day

M fortuitum

M genavense

M malmoensae

M simiae

Co-trimoxazole
(trimethoprim
800 mg and
sulfame-
thoxazole
160 mg)
twice a day

M szulgai

M gordonae

*Treatment should not be offered without overwhelming evidence that this organism is
causing invasive pulmonary disease—eg, multiple positive cultures plus histopathology.

No treatment*   

ATS, ERS, ESCMID, and ISDA criteria not fulfilled
• Patient-related factors: patient preference, no symptoms, no disease progression,
    comorbidities, and advanced age
• Radiological factors: localised nodular bronchiectatic disease
• Microbiological factors: low pathogenicity of the causative species
   (ie, M gordonae), single isolation of the causative species, and expected  treatment failure

Rifampicin
(600 mg) once
a day 
(alternative is
rifabutin)
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(400 mg) 
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(400 mg) once
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(100–200 mg)
once a day

Linezolid
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once a day)
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800 mg and
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once a day
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Co-trimoxazole
(trimethoprim
800 mg and
sulfame-
thoxazole
160 mg)
twice a day

M szulgai

M gordonae

*Treatment should not be offered without overwhelming evidence that this organism is
causing invasive pulmonary disease—eg, multiple positive cultures plus histopathology.

No treatment*   

ATS, ERS, ESCMID, and ISDA criteria not fulfilled
• Patient-related factors: patient preference, no symptoms, no disease progression,
    comorbidities, and advanced age
• Radiological factors: localised nodular bronchiectatic disease
• Microbiological factors: low pathogenicity of the causative species
   (ie, M gordonae), single isolation of the causative species, and expected  treatment failure
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(600 mg) once
a day 
(alternative is
rifabutin)



SINERGY
MAC

MABS

Amikacin + clofazimine

Avibactam + ceftazidime

Clarithromycin + linezolid +/- FQ

Clarithromycin + vancomycin

Clarithromycin + Rifabutin + FQ

Tigecycline + linezolid

Avibactam + 
amoxicilline/ceftaroline/imipenem/ertapenem

Wu ML, et al. Drug Disc Today 2018; Ruth MM, et al. JAC 2019

Bedaquiline + Clofazimine



M. marinum case series

• Retrospective, culture-confirmed M. marinum, 
Netherlands, 2011–2018
• 40 cases

• Fish tank 83%, swimming 7%
• Antibiotic treatment cured 36/40 patients (90%) 

after a mean treatment duration of 25 weeks. 
• Failure/relapse occurred in 3 patients, and 1 patient

was lost to follow-up. 
• Monotherapy in 35% and 2-drug therapy in 63%. 

• Ethambutol–macrolide combinations (35%). 
• Eleven patients (28%) received additional surgery. 
• High rates of in vitro resistance to tetracyclines (36% of 

isolates).

M. marinum Treatment Outcome • OFID • 3

Twenty-four patients (60%) were treated with 2-drug regi-
mens for the majority of the treatment duration. Treatment 
duration was not significantly different for monotherapy or 
multidrug therapy (20.6 ± 8.2 vs 27.7 ± 15.7 weeks; P = .13). The 
mean duration of treatment after lesion healing (range) was 6 
(2–12) weeks. Eleven patients (28%) received adjunctive surgery.

Thirteen patients (33%) required a total of 17 changes to 
treatment regimens; 7 patients switched from tetracycline 
monotherapy to 2-drug regimens because of lack of response 
(n = 5, 2 with proven doxycycline resistance, 1 doxycycline-
susceptible, 2 without susceptibility test) or results of suscep-
tibility testing without record of poor response (n = 2). Three 
patients switched drug classes because of adverse events; the 
nature of these adverse events was not recorded.

Outcome

Cure was attained in 36 of 40 cases reviewed (90%); 3 patients 
experienced failure (n = 1) or a relapse (n = 2) and required 
retreatment. One patient initially responded but was lost to 
follow-up. One relapse was attributable to poor treatment 
compliance.

Susceptibility and its Relation to Outcome

Broth microdilution susceptibility test results were available for 
28 patients. The highest rates of resistance in M. marinum were 
observed for ciprofloxacin (18/28; 64%), doxycycline (10/28; 

36%), moxifloxacin and rifampicin (both 4/28; 14%), and eth-
ambutol and cotrimoxazole (both 1/28; 4%); no resistance to 
macrolides was found. The minimum inhibitory concentration 
(MIC) distribution of doxycycline is presented in Figure 1.

In 22/28 (79%) patients, treatment included only drugs with 
proven in vitro susceptibility, or treatment was only started 
when these results were available; 2 of these 22 patients (9%), 
both with stage III disease, required a change in regimen be-
cause of poor response (1 minocycline monotherapy escalated 
to ethambutol–rifampicin; 1 ethambutol–clarithromycin escal-
ated to rifampicin–ethambutol–clarithromycin).

In 6 patients (6/28; 21%), the initial treatment included a 
drug to which resistance was observed in vitro. In 5 of these 
cases, treatment was altered, either because of the results of sus-
ceptibility testing (n = 2, doxycycline monotherapy switched to 
ethambutol–clarithromycin) or lack of clinical improvement 
(n = 3; 1 switched from rifampicin–ethambutol–clarithromycin 
to doxycycline–clarithromycin because of rifampicin and eth-
ambutol resistance, 2 switched from doxycycline monotherapy 
to rifampicin–ethambutol and ethambutol–clarithromycin be-
cause of doxycycline resistance). One patient was successfully 
treated with doxycycline despite in vitro resistance.

The Dutch National Institute for Public Health and the 
Environment received an additional 134 positive cultures from 
2011 to 2018. Incidence rates were stable at 0.11–0.22 (mean, 
0.15) per 100 000 persons per year during the study period.

DISCUSSION

In this study, we evaluated treatments and outcomes of 40 cases 
of culture-confirmed M. marinum disease. All patients received 
antibiotics, mostly ethambutol combined with clarithromycin. 
Treatment outcomes were good but required prolonged admin-
istration of mostly multiple antibiotics. Susceptibility to etham-
butol and macrolides was good, but resistance to tetracyclines 
(34%) was common; 2 out of 3 patients treated with doxycycline 
monotherapy showed a poor treatment response.

The 2007 American Thoracic Society/Infectious Diseases 
Society of America (ATS/IDSA) statement recommends treat-
ment with 2 active drugs until 1–2 months after symptom reso-
lution, with ethambutol–macrolide combinations representing 
the best balance between efficacy and tolerability [7]. The state-
ment also mentions the option of monotherapy in minimal dis-
ease [7]. Accepting stage I and stage II as minimal disease, 33/40 
(83%) patients were treated in accordance with the ATS/IDSA 
statement in terms of regimen and duration. The use of mono-
therapy in more advanced disease (stage III) was observed in 7 
patients but did not lead to treatment failure. In part, the suc-
cess of monotherapy may result from the use of susceptibility 
testing to guide treatment.

Treatment outcomes overall were very good, with a 
cure rate of 90%. Associations between actual regimens or 

Table 2. Treatment Regimens in 40 Patients Treated for M. marinum Disease

Initial Treatment No. (%) 

Doxycycline 10 (25)
Minocycline 4 (10)
Clarithromycin 6 (15)
Cotrimoxazole 1 (2.5)
EMB + CLA 8 (20)
EMB + AZI 3 (7.5)
RIF + EMB 3 (7.5)
RIF + CLA 3 (7.5)
RIF + EMB + CLA 1 (2.5)
RIF + EMB + AZI 1 (2.5)
Final Treatment Regimen No. (%)
Doxycycline 4 (10)
Minocycline 3 (7.5)
Clarithromycin 5 (12.5)
Cotrimoxazole 2 (5)
EMB + CLA 11 (27.5)
EMB + AZI 3 (7.5)
RIF + EMB 6 (15)
RIF + CLA 3 (7.5)
CLA + DOX 2 (5)
RIF + EMB + AZI 1 (2.5)
Treatment duration
Mean total treatment duration: 25 ± 14 wk
Mean duration of treatment after clinical cure: 6 ± 3 wk
Surgery 11 (28)

Abbreviations: AZI, azithromycin; CLA, clarithromycin; EMB, ethambutol; RIF, rifampicin.
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Fig. 2. Geographical distribution of the patients included into the meta-analysis ( n = 223). (A) The majority of cases were described in Europe ( n = 177), while 46 patients 
were treated in hospitals in non-European countries. Panel (B) shows the distribution of cases in Europe, (C) published cases per year showing the HIV positive and negative 
individuals. The dashed line marks the beginning of the cART era (1996). 

Table 1  
General characteristics of included patients with M. genavense infection. 

all M. genavense cases ( n = 223) 
n data available [%] 

Disposition 
HIV/AIDS 171 223 76.7 

pre cART 94 171 55.0 
cART 77 171 45.0 

Non-HIV 52 223 23.3 
Immunosuppressive therapy 36 52 69.2 
Immune defect 7 52 13.5 
Malignoma 4 52 7.7 
Rheumatological disease without immunosuppression 1 52 1.9 
None / not determined 4 52 7.7 

Gender 
Male 178 223 79.8 
Female 45 223 20.2 

cART – combined antiretroviral therapy. 
age of 37 years (min 1 year; max 80 years). Non-HIV patients were 
significantly older than HIV patients (median of 52 years vs. 36 
years, p < 0.0 0 01). 

Overall, 168 patients had at least one sample with a positive 
direct smear (75.3% of all included patients) and 54 patients had 
histological examinations that pointed towards a mycobacterial in- 
fection (24.2%). In 128 patients at least one positive mycobacterial 
culture was documented (57.4%), while liquid cultures were doc- 
umented positive in 110 patients. The median cultivation time in 
liquid medium (mainly Bactec) was 42 days (min. 7 days, max. 112 

days, data available in 71 out of 223 patients). On the other hand, 
35 patients were documented with negative cultures. 

Blood specimens showed positive microbiological results in 79 
patients, bone marrow aspirates in 76 patients and lymph node 
material in 77 patients. In addition, gastrointestinal biopsies and 
feces were a site of detection in 54 and 53 patients, respectively. 
Isolates in all patients with available data ( n = 202) were identified 
by molecular techniques (mainly by 16 s rRNA sequencing). A de- 
tailed overview of reported positive results in microscopy, culture, 
molecular techniques and histology is given in Table 2 . 
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• We included 223 patients (1992 to 2021).
• While the majority was HIV-positive (n = 171, 

76.7%)
• 52 patients were non-HIV-patients (23.3%), 36 of 

whom received immunosuppressive therapy (69%). 

• We could confirm the bacterium’s tropism for the 
gastrointestinal tract with abdominal pain, 
hepato-/splenomegaly and abdominal
lymphadenopathy being major clinical
manifestations. 

• The regimens consisted mainly of macrolides, 
rifamycins and ethambutol. 

• Overall mortality was high, but in logistic
regression and time-to-event analysis a macrolide 
containing regimen was associated with better
outcomes.

Wetzstein N, et al. J of Infection 2022 
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Table 2 
Reported microbiological and histological results of included patients. Percentages refer to the number of patients with specimens 
with at least one positive result in one of the four diagnostic modalities: microscopy, culture, PCR, and histology. 

Overall positive Smear positive Culture positive Direct PCR positive Histology positive 
n n [%] n [%] n [%] n [%] 

Blood 79 8 10.1 78 98.7 3 3.8 NA NA 
Bone marrow 76 43 56.6 31 40.8 18 23.7 22 28.9 
Lymph node 77 61 79.2 21 27.3 29 37.7 39 50.6 

Abdominal 40 35 87.5 12 30.0 9 22.5 24 60.0 
Thoracic 2 1 50.0 0 0.0 0 0.0 2 100.0 
Cervical 19 17 89.5 6 31.6 7 36.8 12 63.2 
Other localization 6 6 100.0 0 0.0 4 66.7 4 66.7 
not known 17 8 47.1 5 29.4 12 70.6 2 11.8 

Respiratory material 35 19 54.3 8 22.9 7 20.0 NA NA 
Sputum 15 13 86.7 4 26.7 2 13.3 NA NA 
Bronchial secretion 2 2 100.0 0 0.0 1 50.0 NA NA 
BAL 6 5 83.3 2 33.3 3 50.0 NA NA 
not known 16 6 37.5 4 25.0 5 31.3 NA NA 

Liver biopsy 20 17 85.0 4 20.0 8 40.0 17 85.0 
Gastrointestinal biopsy 54 51 94.4 10 18.5 14 25.9 29 53.7 
Feces 53 46 86.8 13 24.5 8 15.1 NA NA 
Others 35 24 68.6 9 25.7 16 45.7 10 28.6 

Clinical manifestations and administered antimycobacterial therapy 
The median duration between onset of symptoms and the hos- 

pitalization leading to diagnosis was 8 weeks (min. 1 week; max. 
96 weeks, data available in 41 out of 223 patients). Fever, weight 
loss, and abdominal pain were the most frequent clinical signs in 
all patients (74.8%; 59.9%; and 51.4%) ( Table 3 ). Lymphadenopathy 
was observed in 48.6% of cases ( n = 108), mainly in the abdomen 
(81.5%; n = 88). Diarrhea, hepato- and splenomegaly, and ane- 
mia were frequently described clinical signs, as well (36.9%, 33.3%, 
36.5% and 42.3%). On the other hand, pulmonary symptoms such 
as cough or shortness of breath, radiological changes of the lung 
or pleural effusion were relatively rare with 12.6%, 9.5% and 2.3%, 
respectively. Fig. 3 shows a PET-CT-scan of one of our patients in- 
fected with M. genavense . 

The majority of patients received antimycobacterial therapy 
(90.7%; 186/205). Macrolides were administered in 85.2%, ri- 
famycins in 82.6%, and ethambutol in 88.6% of cases ( Table 3 ). 
61.1% of patients received a regimen consisting of all three 
substance groups according to recommendations for the treat- 
ment of SGM in current NTM guidelines. 7 , 13 Less frequently pre- 
scribed were fluoroquinolones (47.7%), amikacin (22.8%), clofaz- 
imine (18.8%, mainly in the pre cART era), isoniazid (21.5%), pyraz- 
inamide (8.7%), and linezolid (2%). 

Overall, 48.7% ( n = 95) of the patients deceased during the re- 
spective observation periods ( Table 4 ). 
Immunological state, dispositions, and overall survival 

HIV patients showed severe immunodeficiency by diminished 
CD4 cell counts (median 16/µl in pre cART individuals, 14/µl in 
cART patients, p = 0.65). Overall, they were significantly lower 
than in non-HIV patients (median 150/µl, p < 0.0 0 01). In HIV pa- 
tients ( n = 171), the most frequently observed additional oppor- 
tunistic infections were pneumocystis pneumonia (33.3%) as well 
as oropharyngeal and esophageal candidiasis (41.7 and 32.4%) (Ta- 
ble s1 ) . In total, 77 HIV patients with M. genavense infection were 
treated after the introduction of cART (cART era). Of those, 95.4% 
received antiretroviral therapy before or after the diagnosis of M. 
genavense infection, the most common combination being a back- 
bone consisting of two nucleos(t)ide inhibitors (NRTI) with a pro- 
tease inhibitor (46.2%). However, data on exact antiretroviral regi- 
mens was scarce (data only available in 26 patients, Table s2). 

Of 52 non-HIV patients, 36 received immunosuppressive treat- 
ment for different indications: 15 for solid organ transplantation, 4 

Table 3 
Clinical manifestations, antimycobacterial treatments and overall 
outcome of included cases with M. genavense infection. 

all M. genavense cases ( n = 223) 
n data available [%] 

Clinical Manifestations 
Fever 166 222 74.8 
Weight Loss 133 222 59.9 
Diarrhea 82 222 36.9 
Abdominal pain 114 222 51.4 
Chest pain 5 222 2.3 
Hepatomegaly 74 222 33.3 
Splenomegaly 81 222 36.5 
Anemia 94 222 42.3 
Lymphadenopathy 108 222 48.6 

Abdominal 88 108 81.5 
Thoracic 18 108 16.7 
Cervical 15 108 13.9 

Enteropathy 14 222 6.3 
Sclerosing mesenteritis 6 222 2.7 
Pulmonary symptoms 28 222 12.6 
Pulmonary radiology 21 222 9.5 
Pleural effusion 5 222 2.3 
Ascites 10 222 4.5 
Chyloascites 3 222 1.4 
Chylothorax 2 222 0.9 
Psoas abscessus 1 222 0.5 
other clinical signs 36 222 16.2 

NTM therapy 186 205 90.7 
Macrolide 127 149 85.2 

Clarithromycin 109 127 85.8 
Azithromycin 23 127 18.1 

Rifamycin 123 149 82.6 
Rifampicin 63 123 51.2 
Rifabutin 68 123 55.3 

Ethambutol 132 149 88.6 
Guideline triple 91 149 61.1 
Fluoroquinolone 71 149 47.7 

Ciprofloxacin 39 71 54.9 
Levofloxacin 11 71 15.5 
Moxifloxacin 20 71 28.2 
Ofloxacin/Sparfloxacin 3 71 4.2 

Amikacin 34 149 22.8 
Clofazimine 28 149 18.8 
Isoniazid 32 149 21.5 
Pyrazinamide 13 149 8.7 
Linezolid 3 149 2.0 
Others 9 149 6.0 

Deceased 95 195 48.7 
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Fig. 3. FDG-PET/CT images of one of our patients suffering from disseminated M. genavense infection and HIV (not included in the analysis). The coronal view (A) and 
maximum intensity projection (B) show remarkable hepatosplenomegaly, abdominal enlarged lymph nodes as well as bone marrow involvement/activation with significantly 
increased glucose metabolism mirroring the predominant sites of infection of M. genavense . 
Table 4  
Immunosuppressive therapies in non-HIV patients with medical immunosuppres- 
sion. 

Patients with immunosuppressive treatment 
n = 36  
n data available [%] 

Indication 
Solid organ transplantation 15 36 41.7 
Sarcoidosis 4 36 11.1 
Systemic lupus erythematosus 4 36 11.1 
Bone marrow transplantation 3 36 8.3 
Rheumatoid arthritis 2 36 5.6 
Others (one each) 8 36 22.2 

Immunosuppressive therapies 
Corticosteroids 28 33 84.8 
MMF 12 33 36.4 
Tacrolimus 9 33 27.3 
Azathioprine 9 33 27.3 
CsA 4 33 12.1 
MTX 4 33 12.1 
TNF-Alpha-Blocker 2 33 6.1 
Other immunosuppressive 7 33 21.2 

MMF – mycophenolate mofetil; CsA – cyclosporin A; MTX – methotrexate; TNF –

tumor necrosis factor. 
for sarcoidosis, 4 for systemic lupus erythematosus, 3 after having 
received bone marrow or stem cell transplantation, 2 for rheuma- 
toid arthritis and 8 for other reasons ( Table 4 ). Corticosteroids 
were most frequently prescribed (84.8%), followed by mycophe- 
nolate mofetil (MMF) (36.4%), tacrolimus (27.3%), and azathioprine 
(27.3%). 

Time-to-event analysis could be conducted in 179 patients. Sur- 
vival differed significantly between patients with HIV in the pre 

cART era, cART era and non-HIV patients ( p < 0.0 0 01) ( Fig. 4 A). 
Patients with HIV in the pre cART era had highest mortality rates 
(89.9% mortality after 24 months). We could not observe a signif- 
icant difference between survival in HIV patients in the cART era 
and non-HIV patients (39.3% five-year mortality vs. 58.8% five-year 
mortality, p = 0.38). 
Association of administered antimycobacterial therapies and outcome 

Logistic regression showed that the administration of 
macrolides was significantly associated with fewer lethal events 
(OR 0.162, CI 0.039–0.539, p < 0.01) ( Fig. 4 B). All other antibiotic 
groups or substances (rifamycins, pyrazinamide, linezolid, isoni- 
azid, fluoroquinolones, ethambutol, amikacin, or clofazimine) had 
no significant influence on mortality. Therefore, we conducted 
time-to-event analysis for macrolide vs. non-macrolide treatment 
in a first step. Within all 127 patients with sufficient data, survival 
was significantly worse in patients without a macrolide containing 
regimen ( p < 0 0 01). Assuming that this effect was triggered by a 
higher proportion of pre cART patients in this group, we excluded 
all patients from the pre cART era. Still, the same effect could be 
observed in the residual 95 patients ( Fig. 4 C, p = 0.04). However, 
only 6 patients did not receive a macrolide containing regimen 
within that group. Of those, three were HIV-positive patients and 
three others were non-HIV patients. 

In 110 patients, data on the duration of antimycobacterial 
therapy was available. Of those, 31 patients had continuing an- 
timycobacterial treatment at the respective time of publication. 
Only 23 patients with a successfully completed treatment course 
had sufficient data on their treatment durations. Here, the me- 
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Fig. 4. (A) Survival of patients with available observation data ( n = 179) divided by predisposition and the availability of antiretroviral therapy, respectively. (B) Odds ratios 
of antimycobacterial treatment for the occurrence of lethal events. (C) Survival analysis for patients from the cART era and non-HIV patients with available NTM therapy 
data divided by macrolide therapy ( n = 95). 
dian duration of treatment was 18 months (min 8 months, 
max.78). 
Discussion 

To the best of our knowledge, this is the first individual patient 
data meta-analysis including all hitherto published infections due 
to M. genavense. 

We show that a majority of the patients had gastrointesti- 
nal symptoms such as abdominal pain and diarrhea, as well as 
hepato-/splenomegaly and enlarged abdominal lymph nodes. In- 
vasive specimens such as blood cultures and bone marrow as- 
pirates were main sites of isolation, followed by gastrointestinal 
biopsies, feces and lymph node biopsies. M. genavense was only 
rarely isolated from respiratory materials and pulmonary symp- 
toms were seldom described. The results of this meta-analysis con- 
firm the conclusions of prior case series and reports: M. genavense 
has an affinity for the gastrointestinal tract. For example, mesen- 
teritis, duodenitis, thickening of the bowel and other gastrointesti- 
nal pathologies have been described. 20–22 Interestingly, 5 patients 
suffered from chyloascites or chylothorax, a clinical observation we 

have made at our center as well (unpublished data). Other localiza- 
tions such as meningoencephalitis have been described, but seem 
to be rare clinical manifestations of this disease 23  Therefore, pre- 
dominant abdominal symptoms could be a clinical hint towards 
M. genavense infection in immunocompromised patients in whom 
NTM-disease is suspected. However, a timely diagnosis was ham- 
pered by a long duration between the onset of symptoms and hos- 
pitalization as well as a long median cultivation time of 42 days in 
liquid cultures. This problem could be partially overcome by higher 
rates of identification of M. genavense in direct PCR examinations 
in recent reports (Fig. S1). 

The majority of patients were HIV positive ( n = 171) and 
had low CD4 cell counts (median 16/µl). Nevertheless, 52 pa- 
tients did not suffer from HIV/AIDS. Of those, a majority were 
under immunosuppressive treatment. Therefore, like other NTM, 
M. genavense can be a cause of disseminated infection in med- 
ically immunosuppressed patients, especially those with sup- 
pression of T-cell function. 24 This is of special interest as the 
necessity to continue the administration of immunosuppressive 
treatment for different indications poses an additional chal- 
lenge in treating mycobacterial infection in these patients. This 
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be determined. A better understanding of the macrolones in
various animal models and how the macrolones in Mab impact
potency is also needed.

β-Lactams and β-Lactamase Inhibitor
β-lactams are a widely-used antibiotic class, and their safety and
efficacy profiles have been well-documented. β-lactams inhibit the
synthesis of an essential component of the bacterial cell wall, the
peptidoglycan (Hartmann et al., 1972). Peptidoglycan of the Mab
contains predominantly 3→3 cross-links (64–74%) generated by
L,D-transpeptidases that are considered attractive targets for anti-
Mab drugs. (Lavollay et al., 2011). Penicillin-binding proteins
(PBPs) bind to β-lactams and this binding, in turn, interrupts
the terminal transpeptidation process; consequently, it induces loss
of viability and lysis of bacterial cells (Eckburg et al., 2019) (Figure
1). These have been studied extensively to treat drug-resistantMtb
infections, and certain β-lactam subclasses also exhibit activity
against Mab. However, most of the other β-lactam antibiotics are
not considered owing to their rapid hydrolysis by broad-spectrum
β-lactamase (MAB_2875; BlaMab), which was reported as the
major determinant of β-lactam resistance in Mab (Dubée et al.,
2014; Soroka et al., 2014; Pandey et al., 2019). Only two β-lactams,
such as cefoxitin and imipenem, which are relatively stable in the
presence of BlaMab, showed moderate in vitro activities, and both
compounds also exhibited a favourable in vivo activity in theMab-
infected zebrafish and mouse model (Table 2) (Bernut et al., 2014;
Lerat et al., 2014; Moigne et al., 2020). Both drugs are currently
recommended in treatment guidelines (Kozikowski et al., 2017;
Pandey et al., 2019).

Interestingly, recent research on avibactam, a non-β-lactam
β-lactamase inhibitor combined with β-lactam antibiotics in

Mab, has brought significant attention back to the re-use of
β-lactams for Mab treatment. Treatment with avibactam clearly
showed reduced MICs of several β-lactams againstMab (Kaushik
et al., 2017; Eckburg et al., 2019; Story-Roller et al., 2019).
Furthermore, Dubée et al., demonstrated that knockout of the
β-lactam-modifying gene (MAB_2875) restored the activity of
β-lactams. Furthermore, BlaMab is inactivated by the β-lactamase
inhibitor avibactam, resulting in significantly improved
intramacrophagic and in vivo activity in a zebrafish model of
Mab infection (Dubée et al., 2014; Lefebvre et al., 2017). Recently,
the use of avibactam has gained more interest (Figure 1). The
triple combination of rifabutin, imipenem and avibactam
achieved five-fold killing in the numbers of intracellular
survival of Mab (Le Run et al., 2018). Therefore, inhibition of
functional β-lactamase activity would be crucial for the β-lactam-
repurposing strategy following Mab treatment. In addition, an
interesting result was also reported by Pandey et al. They
discovered that dual β-lactam combinations, such as that of
ceftazidime with ceftaroline or ceftazidime with imipenem,
showed a persistent bactericidal effect in vitro , and these
combinations also showed dramatically reduced bacterial
burden to near baseline levels of infection against Mab-
infected THP-1 human macrophages. Again, these unexpected
synergistic activities provide the possibility of re-use of a large
family of β-lactam drugs as a treatment strategy against Mab
infections through proper combinations (Pandey et al., 2019).

Tetracycline Antibiotics
Tetracyclines were discovered in 1945; they were known to inhibit
bacterial growth by blocking the attachment of charged
aminoacyl-tRNA to the A site on ribosomes, inducing failure

FIGURE 1 | Mechanisms of action (MOA) of anti-Mab drugs and drug candidates.
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TABLE 1MIC ranges and MIC50 and MIC90 values of four rifamycin derivatives for 311 clinical NTM isolates

NTM species (no.) Antibiotic

No. (%) of isolates with MIC (mg/ml) of:
MIC range
(mg/ml)

MIC50

(mg/ml)
MIC90

(mg/ml)£0.062 0.125 0.25 0.5 1 2 4 8 16 32 64 >64
M. avium (63) Rifampin 2 (3.2) 2 (3.2) 6 (9.5) 16 (25.4) 8 (12.7) 7 (11.1) 2 (3.2) 3 (4.8) 11 (17.4) 6 (9.5) 0.25–.64 4 64

Rifapentine 3 (4.8) 4 (6.3) 22 (34.9) 9 (14.3) 6 (9.5) 6 (9.5) 5 (7.9) 4 (6.3) 1 (1.6) 3 (4.8) 0.125–.64 1 16
Rifaximin 1 (1.6) 2 (3.2) 2 (3.2) 15 (24) 19 (30.2) 10 (15.9) 4 (6.3) 6 (9.5) 1 (1.6) 3 (4.8) 0.125–.64 2 16
Rifabutin 33 (52.4) 7 (11.1) 4 (6.3) 5 (7.9) 9 (14.3) 1 (1.6) 1 (1.6) 3 (3.2) #0.062–64 #0.062 0.25

M. intracellulare (58) Rifampin 1 (1.7) 1 (1.7) 1 (1.7) 11 (19) 41 (70.7) 3 (5.2) 0.25–.64 64 64
Rifapentine 1 (1.7) 5 (8.6) 19 (32.8) 19 (32.8) 9 (15.5) 2 (3.4) 1 (1.7) 2 (3.4) #0.062–.64 8 16
Rifaximin 1 (1.7) 2 (3.4) 12 (20.7) 41 (70.7) 2 (3.4) 8–.64 64 64
Rifabutin 1 (1.7) 2 (3.4) 8 (12.7) 26 (44.8) 16 (28.4) 2 (3.4) 1 (1.7) 2 (3.4) #0.062–16 0.5 1

M. kansasii (58) Rifampin 6 (10.3) 32 (55.2) 9 (15.5) 3 (5.2) 3 (5.2) 1 (1.7) 2 (3.4) 2 (3.4) 0.5–.64 1 8
Rifapentine 14 (24.1) 30 (51.7) 5 (8.6) 4 (6.9) 2 (3.4) 1 (1.7) 2 (3.4) 0.125–.64 0.25 1
Rifaximin 13 (22.4) 26 (44.8) 10 (17.2) 3 (5.2) 1 (1.7) 1 (1.7) 2 (3.4) 2 (3.4) 0.25–.64 0.5 4
Rifabutin 51 (87.9) 1 (1.7) 3 (5.2) 1 (1.7) 1 (1.7) 1 (1.7) #0.062–64 #0.062 #0.062

M. abscessus (65) Rifampin 1 (1.5) 64 (98.5) 64–.64 .64 .64
Rifapentine 1 (1.5) 3 (4.6) 61 (93.8) 32–.64 .64 .64
Rifaximin 1 (1.5) 2 (3.1) 18 (27.7) 44 (67.7) 4–.64 .64 .64
Rifabutin 1 (1.5) 3 (4.6) 8 (12.3) 25 (38.5) 26 (40) 2 (3.1) 0.25–32 8 16

M. massiliense (67) Rifampin 1 (1.5) 1 (1.5) 1 (1.5) 17 (25.4) 47 (70.1) 0.125–.64 .64 .64
Rifapentine 1 (1.5) 3 (4.5) 4 (6) 5 (7.5) 33 (49.3) 21 (31.3) 1–.64 64 .64
Rifaximin 4 (6) 5 (7.5) 6 (9) 19 (28.4) 31 (46.3) 2 (3) 2–.64 32 64
Rifabutin 1 (1.5) 3 (4.5) 2 (3) 16 (23.9) 24 (35.8) 12 (17.9) 9 (13.4) #0.062–16 4 16
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TABLE 2MIC ranges and MIC50 and MIC90 values of four rifamycin antibiotics for 57 macrolide-resistant and 44 aminoglycoside-resistant clinical NTM isolates

NTM species (no.) Antibiotic

No. (%) of isolates with MIC (mg/ml) of:
MIC range
(mg/ml)

MIC50

(mg/ml)
MIC90

(mg/ml)£0.062 0.125 0.25 0.5 1 2 4 8 16 32 64 >64
Macrolide resistant
M. avium (10) Rifampin 1 (10) 1 (10) 1 (10) 1 (10) 2 (20) 4 (40) #0.062–.64 64 .64

Rifapentine 1 (10) 1 (10) 1 (10) 1 (10) 3 (30) 1 (10) 2 (20) #0.062–.64 8 .64
Rifaximin 1 (10) 1 (10) 3 (30) 1 (10) 2 (20) 2 (20) #0.062–.64 4 .64
Rifabutin 1 (10) 3 (30) 2 (20) 3 (30) 1 (10) #0.062–2 0.5 2

M. intracellulare (17) Rifampin 2 (11.8) 1 (5.9) 1 (5.9) 3 (17.6) 10 (58.8) #0.062–64 64 64
Rifapentine 1 (5.9) 1 (5.9) 1 (5.9) 2 (11.8) 8 (47.1) 3 (17.6) 1 (5.9) #0.062–64 8 16
Rifaximin 1 (5.9) 2 (11.8) 1 (5.9) 4 (23.5) 9 (52.9) #0.062–64 64 64
Rifabutin 3 (17.6) 2 (11.8) 2 (11.8) 9 (52.9) 1 (5.9) #0.062–16 2 2

M. abscessus (13) Rifampin 1 (7.7) 1 (7.7) 11 (84.6) 32–.64 .64 .64
Rifapentine 2 (15.4) 2 (15.4) 9 (69.2) 32–.64 .64 .64
Rifaximin 3 (23) 3 (23) 3 (23) 4 (30.8) 16–.64 64 .64
Rifabutin 5 (38.5) 3 (23) 4 (30.8) 1 (9) 2–16 4 8

M. massiliense (17) Rifampin 3 2 (11.8) 12 (70.6) 32–.64 .64 .64
Rifapentine 2 (11.8) 4 (23.5) 11 (64.7) 16–.64 .64 .64
Rifaximin 2 (11.8) 3 (17.6) 1 (5.9) 4 (23.5) 2 (11.8) 5 (29.4) 4–.64 32 .64
Rifabutin 1 (5.9) 1 (5.9) 7 (41.8) 2 (11.8) 4 (23.5) 2 (11.8) 0.5–16 2 16

Aminoglycoside resistant
M. avium (12) Rifampin 1 (8.3) 5 (41.7) 1 (8.3) 1 (8.3) 1 (8.3) 3 (25) 1–64 2 64

Rifapentine 7 (58.3) 1 (8.3) 1 (8.3) 1 (8.3) 2 (16.7) 0.5–8 0.5 8
Rifaximin 2 (16.7) 3 (25) 2 (16.7) 2 (16.7) 1 (8.3) 2 (16.7) 0.25–16 1 16
Rifabutin 7 (58.3) 1 (8.3) 1 (8.3) 3 (25) #0.062–0.5 #0.062 0.5

M. intracellulare (17) Rifampin 1 (5.9) 2 (11.8) 5 (29.4) 8 (47.1) 1 (5.9) 0.5–.64 32 64
Rifapentine 1 (5.9) 1 (5.9) 3 (17.6) 5 (29.4) 3 (17.6) 3 (17.6) 1 (5.9) #0.062–32 4 16
Rifaximin 1 (5.9) 1 (5.9) 1 (5.9) 4 (23.5) 3 (17.6) 5 (29.4) 2 (11.8) 0.25–.64 32 .64
Rifabutin 2 (11.8) 3 (17.6) 6 (35.3) 2 (11.8) 1 (5.9) 2 (11.8) 1 (5.9) #0.062–8 0.5 4

M. abscessus (9) Rifampin 9 (100) .64 .64 .64
Rifapentine 1 (11.1) 8 (88.9) 64–.64 .64 .64
Rifaximin 2 (22.2) 7 32–64 64 64
Rifabutin 6 (66.7) 2 (22.2) 1 (11.1) 4–16 4 16

M. massiliense (6) Rifampin 6 (100) .64 .64 .64
Rifapentine 3 (50) 3 (50) 64–.64 .64 .64
Rifaximin 5 (83.3) 1 (16.6) 64–.64 .64 .64
Rifabutin 1 (16.7) 1 (16.7) 2 (33.3) 2 (33.3) 2–16 8 16
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Rifabutin for Mabs?
• Rifampin shows poor growth inhibition of 

M. abscessus isolates (MIC, 128 mg/liter) 
due to the drug-modifying activity of its
ADP-ribosyltransfer- ase ArrMAB
• Deletion of arrMab in M. abscessus isolates

has been shown to decrease not only the MIC 
for RMP but also for two other rifamycins

• Rifabutin was identified in an in vitro M. 
abscessus drug screen and verified to be 
active against various M. abscessus strains
(MIC, %3 mg/ liter).
• Subsequently, RBT proved to be 

efficacious in in vitro and in vivo models of 
M. abscessus infection, whereas RMP 
lacked activity

exhibited increased susceptibility to RMP, RFX, and particularly to RBT (Table 1). The
log2-transformed relative resistance ratios (RRR) MICwt/MICDarr for RBT, RFX, and RMP
were 18, 4, and 8, respectively. The MICs of other drug classes (amikacin [AMK], tetracy-
cline [TET]) were not affected by the arr genotype (RRR = 0 to 1). The wt MICs toward
the rifamycins were restored in the complemented deletion mutant. The low RBT MIC
of the M. abscessus Darr deletion mutant indicates that RBT is a substrate for Arr.
Furthermore, the lower RRR for RMP compared with the RRR for RBT (8 versus 18) sug-
gests that resistance determinants other than Arr might selectively inactivate RMP but
not RBT.

RMP monooxygenases (Rox) are present in a wide variety of environmental bacteria
and are associated with decomposition of RMP (17). A corresponding rifamycin resist-
ance mechanism has also been proposed for M. abscessus (18). Using Rox genes of
Streptomyces venezuelae (Sven_0481) and Nocardia farcinica (Nfa_35080) as a query in
a BLASTP search, putative M. abscessus orthologues MAB_0857, MAB_3484, and
MAB_1496c were identified (see Table S2 in the supplemental material). Of these,
MAB_1496c was recently demonstrated to be a member of the M. abscessus resistome
due to its involvement in TET oxygenation (19). Single and multiple unmarked deletion
mutants in M. abscessus ATCC 19977T and M. abscessus Darr were constructed by allelic
replacement with suicide vectors containing PCR-amplified flanking regions of the tar-
get genes and apramycin-positive and katG (INHS)-negative selection markers (20, 21)
(Fig. 1; see Tables S1 and S3 in the supplemental material). Mutants were confirmed by
PCR and Southern blot analysis (Fig. S1) and tested for rifamycin, TET, and AMK suscep-
tibility (Table 1). Exploratory investigations indicated that neither individual deletion of
MAB_0857, MAB_3483 and MAB_1496c nor combined deletion of MAB_0857 and
MAB_3483 in M. abscessus ATCC 19977T isolates affected the RBT, RFX, RMP, and AMK
MICs, respectively. Likewise, deletion of these genes in M. abscessus DarrMAB did not al-

TABLE 1MIC and relative resistance ratios of strains

Strain

RBT RFX RMP TET AMK

MICa RRRb MICa RRRb MICa RRRb MICa RRRb MICa RRRb

M. abscessus 4 32 128 32 1
DarrMAB 1.1! 1025 18 1.5 4 0.38 8 24 0 1 0
DarrMAB pMV361-arrMab 4 0 16 1 64 1 16 1 1 0
DarrMAB DMAB_0857 DMAB_3483 4.6! 1025 16 1.5 4 0.25 9 24 0 1 0
DarrMAB DMAB_1496c 4.6! 1025 16 1.5 4 0.19 9 1 5 1 0
aMedian of 6 replicates in mg/liter.
bLog2 MICwt/MICcomparator.

FIG 1 Genealogy of strains.

Schäfle et al. Antimicrobial Agents and Chemotherapy

March 2021 Volume 65 Issue 3 e02215-20 aac.asm.org 2
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DDI with rifampicin and rifabutin

• Rifampicin powerful inducer of
• Intestinal and liver CYP450 

isoenzymes (PXR activation)
• P-glycoprotein

• Rifabutin less powerful inducer 
but sensitive to CYP3A4 inhibition 
(boosted-PI/rifabutin DDI)
• Enzyme induction takes 2-4 

weeks to reach its top and it may 
persist for 2-4 weeks after drug 
discontinuation

Bosentan
In an open-labeled, randomized, two-way crossover study
in nine healthy volunteers van Giersbergen and col-
leagues14 studied the effects of placebo or rifampin
600 mg orally daily for 6 days on bosentan 125 mg orally
twice daily for 6.5 days. Following the initial concomitant
administration there was a 5-fold increase in bosentan
trough concentrations while at steady state there was a
mean decrease in AUC (58%) and Cmax (53%).
Concomitant bosentan with rifampin reduced the AUC
and Cmax in all three bosentan metabolites. The coadmi-
nistration of rifampin and bosentan resulted in a time-
dependent drug interaction which was thought to be due
to an initial inhibitory effect of rifampin on hepatic
organic anion transporters OAT1B1 and 1B3 followed
by induction with cytochrome isoenzyme CYP3A4.

Ambrisentan
In an open-label, non-randomized, single sequence study
the effects of rifampin on the pharmacokinetics and safety
of ambrisentan in 24 healthy subjects was evaluated for 14
days15. Subjects were administered ambrisentan 10 mg
orally on days 1 to 5 and then coadministered ambrisentan
10 mg and rifampin 600 mg orally daily on days 6 to 13.
Results showed rifampin had a transient increase in ambri-
sentan’s AUC (87%) but no effect on ambrisentan’s steady
state pharmacokinetics (AUC and Cmax). The metabolite,
4-hydroxymethyl ambrisentan was unaffected by rifampin
either acutely or at steady state. Ambrisentan’s safety pro-
file was similar in the presence or absence of rifampin.

The results are likely due to rifampin’s inhibitory effect
on OATPs and a minor effect on the CYP3A4 mediated
oxidative pathway. Clinically, ambrisentan dosing adjust-
ments would not be needed with concomitant rifampin
administration.

Atrasentan
Rifampin’s effects on the pharmacokinetics of atrasentan
in 12 healthy males was investigated by Xiong et al.16 in an
open-label study. Single 10 mg oral atrasentan doses were
administered on days 1 and 12. Rifampin 600 mg orally was
given daily on days 4–14 with simultaneous administration
of both drugs on day 12. Rifampin increased atrasentan’s
Cmax by 150% and reduced its terminal half-life by 77%
(P50.05) without affecting the AUC or tmax. This inter-
action manifests rifampin effects as both an OATP1B1 and
OATP1B3 medicated hepatic inhibitor and an inducer of
CPY3A4 oxidative metabolism. Possibly rifampin’s effect
on atrasentan pharmacokinetics may depend on the dosing
time of the two medications. If rifampin is dosed 6 hours
before or after atrasentan there may be minimal effects on
hepatic uptake and major effects on P450 enzyme
induction.

Lipid lowering drugs: 3-hydroxy-3-methyl-glu-
taryl coenzyme A (HMG-CoA) reductase
inhibitors

Hypercholesterolemia lowering agents were discussed in
previous reviews5,6.

Table 1. Well documented rifampin drug interactions*.

Drug/Drug Class Comments

HMG-CoA Reductase Inhibitors
(Simvastatin, Atorvastatin, Pravastatin)

Monitor lipid panel; increased dose will likely be needed for select HMG-CoA reductase
inhibitors

Anticoagulants (Oral Coumarins) Monitor international normalized ratio; increased anticoagulant dose will likely be needed
Contraceptives (Oral) Use alternative form(s) of birth control; counsel patient and document in chart
Cyclosporine Monitor serum cyclosporine concentrations; increased dosage will likely be needed
Digitoxin/Digoxin Monitor arrhythmia control, signs and symptoms of heart failure, and serum digitoxin/digoxin

concentrations
Glucocorticoids Increase dose of glucocorticoid 2 - to 3-fold
Itraconazole Prefer to avoid use with rifampin; if must use, increase dose and monitor response
Ketconazole Avoid concomitant use if possible; if must use, increase dose and monitor response; space

ketoconazole and rifampin doses by 12 h
Methadone Increase methadone dose with concomitant rifampin; monitor and control withdrawal

symptoms
Midazolam/Triazolam Prefer to avoid use with rifampin; use another agent if possible
Phenytoin Monitor serum phenytoin concentrations and seizure activity; increase dosage if needed
Propafenone Monitor clinical response; increased dose may be needed, or use another agent if possible
Quinidine Monitor serum quinidine concentrations and arrhythmia control; increase dosage if needed
Tacrolimus Monitor serum tacrolimus concentrations and clinical response; increased dose may be

needed, or use another agent if possible
Theophylline Monitor serum theophylline concentratrions; increase dosage if needed
Calcium Channel Blockers (Verapamil, Diltiazem,

Nifedipine)
Alternative class of agents should be considered; dosage increase may be needed; monitor

clinical response

*Adapted from Baciewicz et al.1,2,6, Borcherding et al.3, Strayhorn et al.4 and Finch et al.5. Carefully adjust doses when rifampin use is discontinued. Enzyme
induction effect is gradually reduced during a 1 to 2 week period or longer. Antiretroviral interactions table may found in Baciewicz et al.6.

Current Medical Research & Opinion Volume 29, Number 1 January 2013

! 2013 Informa UK Ltd www.cmrojournal.com Rifampin drug interactions Baciewicz et al. 3
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DDI with rifampicin and rifabutin (2)
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1  |  INTRODUCTION

Drugs in the rifamycin class, including rifampin, rifabutin and ri-
fapentine, are an important component in the treatment of many 
infections, including active and latent Mycobacterium tuberculosis 
(TB) infection, nontuberculous mycobacterium infections, as ad-
junctive treatments for prosthetic joint infections and prosthetic 
valve endocarditis with Staphylococcus species, and as treatments 
for infections caused by Brucella, Bartonella, and Coxiella spp.1,2 In 
particular, rifamycin drugs in combination with isoniazid and other 
anti- tuberculous agents are considered core drugs for first- line 
treatment of drug- sensitive active TB disease.3 Rifamycins have 
recently gained a more prominent role in treatment of latent tu-
berculosis infection (LTBI), with 4 months of rifampin, 3 months 
of rifapentine plus isoniazid, or 3 months of isoniazid plus ri-
fampin recognized as preferred treatments for LTBI in the latest 
guidelines.4

Because of the typically extended courses of treatment seen with 
rifamycins, a major challenge with their use is management of drug– 
drug interactions in patients on other chronic medications. Rifamycins 
induce a variety of metabolic and transport pathways through interac-
tion with the nuclear pregnane xenobiotic receptor (PXR); key among 
these are various isozymes of the cytochrome P450 (CYP) system and 
the P- glycoprotein (P- gp) transporter system.5– 8 Combinations of rifa-
mycins with drugs that are substrates of these enzymes can result in 
decreases in the serum concentrations of many drugs, sometimes to 
subtherapeutic levels.9 Strong enzyme inducers are those that reduce 
the area under the curve (AUC) of coadministered substrates by more 
than 80%, while moderate inducers reduce AUC by 50– 80% and 
weak inducers by 20%– 49%.10 Of the rifamycins, rifampin is generally 
considered the most potent enzyme inducer and rifabutin the least, 
while rifapentine potency depends on its frequency of administration; 
however, effects may vary by the specific enzymes involved as well as 

the dose and dosing schedule.11– 14 Table 1 provides example data for 
comparative changes in AUC values based on several human pharma-
cokinetic studies, though direct quantitative cross- comparisons are 
limited by differing study conditions.

The safe use of rifamycin drugs and management of drug– 
drug interactions becomes even more critical in the setting of 
anticoagulant therapy or prophylaxis for thromboembolic events, 
where the potential for subtherapeutic concentrations from con-
current rifamycin use can lead to risk of life- threatening clot-
ting or thrombosis.15– 17 The interaction between the vitamin K 
antagonist warfarin, a substrate of multiple CYP enzymes, and 
rifampin is known from prior pharmacokinetic studies and case 
reports.18 Newly developed direct oral anticoagulant thera-
pies (DOACs), have increasingly replaced traditional therapies 
such as warfarin to become the standard of care for antico-
agulation.19 Many of these agents are also known substrates 
of the enzymes induced by rifamycins (Table 2), and there are 
fewer studies and less clinical experience with DOAC- rifamycin 
combinations relative to use of combined warfarin and rifamy-
cins.18 Moreover, because DOACs may be administered as prod-
rugs or have active metabolites, enzyme induction could lead to 
either increased or decreased pharmacologic effects. Similarly, 
antiplatelet agents, including adenosine phosphate inhibitors 
like clopidogrel undergo biotransformation by enzyme systems 
affected by rifamycins, with potential for both increased or at-
tenuated effects with combination therapy.20– 22 Drug databases 
widely used by clinicians (e.g., Lexi- Comp, Micromedex) to review 
drug interactions flag potential interactions with rifampin, but 
either do not comment on the interaction potential or provide 
minimal information on rifabutin and rifapentine combinations 
with DOACs or antiplatelet agents, despite the potential effects 
of these agents on metabolic and/or transport pathways.23,24 We 
conducted a systematic review of the current data on the use of 

TA B L E  1  Representative effects on metabolism and drug transporters of systemically absorbed rifamycins

Rifamycin
Rifamycin pharmacokinetic 
characteristics

Rifamycin observed or predicted effects on transporters and P450 enzymes expressed as AUC 
ratio (AUC in presence/absence of rifamycin)

Other transporters/enzymes affected14

Transporters (probe drug used) Key P450 Enzymes (probe drug used)

P- gp (total dabigatran) BCRP (rosuvastatin) 1A2 (caffeine) 2C9 (S- warfarin) 2C19 (lansoprazole) 3A4 (midazolam)

Rifampin MEtabolized by esterases
Autoinduction of metabolism

0.3311 Minimal11 0.6113 0.4513 0.1613 0.1213 Glucuronosyl- transferases
Sulfotransferases
CYP 2A6, 2B6, 2C8
OATP1B1, OATP1B3

Rifabutin Metabolized by esterases and 
CYP3A4

Autoinduction of metabolism

0.8112 Minimal12 0.9813 0.6013 0.2213 0.3413 OATP1B3

Rifapentine Metabolized by esterases Human data not available Human data not available Human data not available Human data not available Human data not available 0.0763

Note: Free n shading = no to weak induction effect (AUC ratio 1.0– 0.51); yellow shading = moderate induction effect (AUC ratio 0.5– 0.2); red 
shading = strong induction effect (AUC ratio <0.2).
Abbreviations: AUC, area under the concentration- time curve; BRCP, breast cancer resistance protein; CYP, cytochrome P450; OATP, organic anion 
transporting polypeptide; P- gp, p- glycoprotein.
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rifamycin drugs in combination with several classes of anticoag-
ulant and antiplatelet (AC/AP) therapies, including vitamin K an-
tagonists, adenosine phosphate inhibitors, and DOACs, to better 
understand the effects and potential complications of using both 
therapies concurrently.

2  |  METHODS

We performed a systematic review of studies examining pharma-
cokinetic, laboratory, and clinical outcomes among humans receiving 
combinations of the studied AC/AP agents and rifamycin antimicro-
bials. We used the Preferred Reporting Items for Systematic Reviews 
and Meta- analyses (PRISMA) as guidance for study screening and 
data extraction.25

2.1  |  Literature search strategy

We performed literature searches in PubMed, Embase, and Web of 
Science to identify relevant publications. The time period encom-
passed the start of each database up to August 2021. Relevant ci-
tations appearing in the references of screened articles were also 
included and documents in support of regulatory submission to the 
United States Food and Drug Administration (FDA) were reviewed. 
The complete search strategy is listed in Appendix S1; the searches 
included general and specific terms for both rifamycin antimicrobi-
als (excluding rifaximin) and any of: warfarin, apixaban, betrixaban, 
dabigatran, edoxaban, rivaroxaban, aspirin, clopidogrel, dipyrida-
mole, prasugrel, and ticagrelor. We did not include nonwarfarin vi-
tamin K antagonists such as phenprocoumon, acenocoumarol, and 
dicumarol. A total of 2448 potential studies were identified based 
on the search strategy (Figure 1).

2.2  |  Inclusion/exclusion criteria

Studies eligible for inclusion were those published in English or with an 
English translation available that reported on pharmacokinetic, labora-
tory, or clinical outcomes resulting from coadministration of a rifamycin 
and one of the study AC/AP agents in humans. For inclusion, studies 
had to specify the doses of both the AC/AP agents and the rifamycin 
used as well as their relative sequence of initiation. In vitro studies, ani-
mal studies, review articles, editorials, and guidelines were excluded. 
Published abstracts, letters to the editor, and studies described in FDA 
submissions could be included if adequate data could be extracted from 
the information provided; if the data from these sources was subse-
quently published as an article, only data from the article was included.

2.3  |  Data screening and extraction workflow

Citations resulting from the original search underwent title and ab-
stract screening by one author (CM) and eligible studies were im-
ported into the Covidence platform (Veritas Health Information, 
www.covid ence.org) (Figure 1). After removal of duplicates, full- text 
screening was performed independently by two authors (TC and 
CM). Conflicts were resolved through adjudication by a third author 
(JKL). The final set of eligible studies then underwent data extrac-
tion by two authors (TC and CM). The extracted data was then cross- 
checked by a separate member of the study team (CK, TC, JKL, BP). 
In light of the varied study designs, qualitative synthesis of study 
findings and assessment of study quality was performed, with typi-
cal study limitations described and individual study limitations ad-
dressed in evidence tables and the text. For reporting, we grouped 
studies of drug pharmacokinetics and/or effects on laboratory mark-
ers in healthy volunteers (PK/LM studies) together in contrast to 
case reports or case series performed in patients.

TA B L E  1  Representative effects on metabolism and drug transporters of systemically absorbed rifamycins

Rifamycin
Rifamycin pharmacokinetic 
characteristics

Rifamycin observed or predicted effects on transporters and P450 enzymes expressed as AUC 
ratio (AUC in presence/absence of rifamycin)

Other transporters/enzymes affected14

Transporters (probe drug used) Key P450 Enzymes (probe drug used)

P- gp (total dabigatran) BCRP (rosuvastatin) 1A2 (caffeine) 2C9 (S- warfarin) 2C19 (lansoprazole) 3A4 (midazolam)

Rifampin MEtabolized by esterases
Autoinduction of metabolism

0.3311 Minimal11 0.6113 0.4513 0.1613 0.1213 Glucuronosyl- transferases
Sulfotransferases
CYP 2A6, 2B6, 2C8
OATP1B1, OATP1B3

Rifabutin Metabolized by esterases and 
CYP3A4

Autoinduction of metabolism

0.8112 Minimal12 0.9813 0.6013 0.2213 0.3413 OATP1B3

Rifapentine Metabolized by esterases Human data not available Human data not available Human data not available Human data not available Human data not available 0.0763

Note: Free n shading = no to weak induction effect (AUC ratio 1.0– 0.51); yellow shading = moderate induction effect (AUC ratio 0.5– 0.2); red 
shading = strong induction effect (AUC ratio <0.2).
Abbreviations: AUC, area under the concentration- time curve; BRCP, breast cancer resistance protein; CYP, cytochrome P450; OATP, organic anion 
transporting polypeptide; P- gp, p- glycoprotein.



What would you do in a patient with bronchiectasis, 
symptoms, lung nodules, MAC and Aspergillus on BAL 

culture that needs antineoplastic chemotherapy? 

1. Treat Aspergillosis first and MAC afterwards
2. Treat Aspergillosis with voriconazole and MAC with 

rifampicin/ethambutol/azithromicine
3. Treat Aspergillosis with voriconazole and MAC with 

rifabutin/ethambutol/azithromicine
4. Treat Aspergillosis with voriconazole and MAC with 

moxifloxacin/ethambutol/azithromicine
5. Treat Aspergillosis with L-Amb and MAC with 

rifampicin/ethambutol/azithromicine



Voriconazole and rifamycins
M.J. Dolton, A.J. McLachlan / International Journal of Antimicrobial Agents 44 (2014) 183–193 185

Fig. 3. Effect of co-administered medicines on voriconazole trough concentration on
Day 7 of treatment predicted from a population pharmacokinetic model of voricona-
zole [59]. In total, 1000 simulated patients without loss-of-function (LoF) alleles for
CYP2C19 (a) or with one or more LoF alleles for CYP2C19 (b) are presented as an
adjusted box plot. Standard oral dosing (400 mg  twice daily for two  doses followed
by  200 mg twice daily) was  used in both groups. The central box line represents
the median trough concentration, and the lower and upper box ends represent the
25th and 75th percentiles, with the bars extending to the 10th and 90th percentiles.
The shaded area shows a proposed therapeutic range (2–5 mg/L). Reprinted with
permission from the Journal of Antimicrobial Chemotherapy [59]. DDI, drug–drug
interaction.

observed at higher doses [50,51]. Higher VCZ concentrations have
been reported in patients aged ≥65 years [45].

Owing to extensive hepatic metabolism, VCZ is susceptible
to a number of important drug interactions that significantly
affect its systemic exposure. Co-administration of strong hepatic
enzyme inducers, such as efavirenz, St John’s wort, phenytoin and
rifampicin, have been found to reduce VCZ exposure by 55%, 59%,
72% and 96%, respectively [52–55]. Conversely, co-administration
of known inhibitors such as fluconazole, erythromycin and oral
contraceptives increases the VCZ AUC by 150%, 67% and 46%,
respectively [56–58]. The authors have recently quantified the clin-
ical impact of several drug interactions on VCZ concentrations using
a population pharmacokinetic analysis (Fig. 3) [59].

VCZ is also known to perpetrate a number of clinically important
drug interactions due to inhibition of CYP3A, CYP2C19, CYP2C9 and
CYP2B6 [60]. The effect of VCZ co-administration on the pharma-
cokinetics of concomitant medicines that have been evaluated in
human interaction studies is summarised in Table 1. The drug is also
contraindicated in combination with a number of other medicines
that have not been studied but are substrates of drug-metabolising
enzymes inhibited by VCZ [5].

3.2. Pharmacokinetic/pharmacodynamic relationships

PK/PD metrics, such as the time above the minimum inhibitory
concentration (MIC) of the fungal pathogen, maximum drug
concentration to MIC  ratio (Cmax/MIC) and AUC/MIC ratio, are

recognised indices used to characterise the relationship between
drug exposure and antifungal efficacy [71]. In vitro studies and
murine models of fungal infection have identified the free (or
unbound to plasma proteins) AUC/MIC as the PK/PD index most
closely associated with VCZ efficacy both for Candida spp. and
Aspergillus spp. infections [72–75], demonstrating the significant E-
R relationship for VCZ efficacy in the context of pre-clinical models
of fungal infection.

The post-antifungal effect (PAFE) represents another important
aspect of antifungal pharmacodynamics. The PAFE refers to the
duration of fungal growth suppression following short-term expo-
sure to and subsequent removal of the antifungal agent [76]. Whilst
amphotericin B is associated with a relatively long PAFE both for
yeast and mould infections (5.3–7.5 h) [77], VCZ is associated with
a short or no PAFE for these pathogens, in keeping with other azole
antifungals [23,76–79].

4. Plasma exposure–response relationship

4.1. Treatment of invasive fungal infections

A growing number of studies have investigated an E-R relation-
ship for VCZ efficacy in the treatment of fungal infections (Table 2).
Whilst earlier studies of this relationship usually involved a limited
sample size from a single institution [13,40,43], more recently a
larger analysis has been published, supporting a significant E-R
relationship for efficacy [80].

Troke et al. investigated the relationship between VCZ concen-
tration and treatment efficacy using data from nine clinical trials
[80]. These authors identified a non-linear relationship between
average VCZ concentrations (Cavg) and treatment response, with
the maximum response rate observed in patients with concen-
trations between 3 mg/L and 4 mg/L [80]. In a subset of patients
where fungal pathogen MIC  data were available, a significant rela-
tionship between VCZ concentration and treatment outcome was
also observed, with increasing Cavg/MIC ratios associated with
increasing clinical response [80]. Based on model simulations,
these authors recommended a trough concentration to MIC ratio
(trough/MIC) of 2–5 as a target for VCZ TDM [80]; however, fungal
VCZ MIC  data are commonly unavailable in clinical practice, which
may  limit the utility of this metric.

Prior to this analysis by Troke et al., a single-centre study by Pas-
cual et al. [13] was  highly cited and provided the basis for clinical
recommendations regarding VCZ TDM [18]. In this study, a treat-
ment success rate of 54% was found among patients with trough
VCZ concentrations of ≤1 mg/L, with a significantly higher suc-
cess rate (88%) observed in patients with concentrations >1 mg/L
[13]. In addition, VCZ trough concentration was found to be a
significant predictor of treatment outcome via logistic regression
[13]. A more recent report from the same authors confirmed a
significant relationship between VCZ exposure and treatment out-
come, recommending an increased lower concentration cut-off of
1.5 mg/L, associated with an 87% probability of treatment response
[20]. In addition, a multicentre study described by Dolton et al.
reported a 35% incidence of treatment failure among patients with
a proven or probable IFI and median VCZ trough values of <1.7 mg/L
compared with 6% among patients with concentrations >1.7 mg/L
[81], consistent with a significant E-R relationship.

A range of other, predominately smaller, studies have also
investigated this E-R relationship, with the majority observing a
significant E-R relationship [10,12,40,43,44,50,82–84], some find-
ing no significant relationship between concentration and outcome
[38,41,42,87], or an unclear relationship [88]. Owing to the large
number of factors that may  confound the assessment of an E-R
relationship with antifungal medicines, including differences in

No 
CYP2C19 

loss of 
function 

genes

1+ 
CYP2C19 

loss of 
function 

genes

Dolton MJ, et al. International Journal of Antimicrobial Agents (2014); Schwiesow JN, et al. Pharmacotherapy, 2008 ; Debraine C. Fundam Clin Pharmacol, 2014; Elliott DRF, et al. Chest 2021. 

A 30-Year-Old Immune Deficient Woman
With Persistent Cough and Shortness of
Breath
Daffolyn Rachael Fels Elliott, MD, PhD; Michael P. Combs, MD; Anil K. Attili, MD; and Carol F. Farver, MD

CASE PRESENTATION: A 30-year-old woman was referred with increasing shortness of breath
and cough in the setting of GATA2 deficiency. She initially presented 9 years previously with
recurrent episodes of pneumonia and sinusitis. Genetic testing revealed a heterozygous
GATA2 mutation (c.988C>T). She has since had multiple infections that have included
necrotizing fasciitis of the right thumb, recurrent pilonidal infections (which required 23
procedures), esophageal candidiasis, and human papillomavirus-positive high-grade squa-
mous intraepithelial lesion of the cervix. Serial bone marrow biopsy specimens showed
persistent hypocellularity (20% to 60%) with intermittent erythroid atypia and variable
detection of trisomy 8, which were concerning for evolving myelodysplastic syndrome. One
year before the current admission, she was diagnosed with disseminated Mycobacterium
avium complex and was treated with rifabutin, ethambutol, and azithromycin. She was taking
voriconazole, acyclovir, and trimethoprim-sulfamethoxazole prophylaxis.

CHEST 2021; 160(4):e343-e346

Physical Examination Findings
The patient was afebrile, and all vital signs were within
normal limits. Her chest was clear to auscultation,
without wheezes or crackles. She had an intermittent
cough throughout the examination. Nasal septum was
deviated. No other abnormalities were noted.

Diagnostic Studies
A complete blood count revealed a mild elevation in
WBCs (10.9 x109/ L) with monocytopenia (1.2%,
absolute count 0) and lymphocytopenia (17.3%, absolute
count 2.1) with low B cells (1.2%, 25 cells/cmm) and NK
cells (0.3%, 6 cells/cmm). Pulmonary function tests
demonstrated a diffusion limitation with diffusing
capacity for carbon monoxide 47% predicted. A high-

resolution CT scan of the chest showed a “crazy paving”
pattern that consisted of septal line thickening
superimposed on areas of ground glass opacity (Fig 1).
The distribution was bilateral, symmetric, and diffuse
with relative sparing of the lung apices and costophrenic
angles.

BAL samples were cloudy and foamy, which is
consistent with proteinaceous fluid, but periodic acid-
Schiff stains were repeatedly negative (performed three
times). As expected in the setting of the patient’s
GATA2 deficiency, the BAL differential showed a
relatively dramatic decrease in the macrophage
percentage (range, 8% to 30%; usual proportion, >85%);
interestingly, there was a relative increase in the

AFFILIATIONS: From the Department of Pathology (D.R. Fels Elliott
and C.F. Farver); Department of Internal Medicine (M.P. Combs),
Division of Pulmonary and Critical Care Medicine; Department of
Radiology (A.K. Attili), University of Michigan, Ann Arbor, MI.
CORRESPONDENCE TO: Carol F. Farver, MD; email: farverc@med.
umich.edu

Published by Elsevier Inc. under license from the American College of
Chest Physicians.
DOI: https://doi.org/10.1016/j.chest.2021.05.055
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3 case reports of VORICO + RIFABUTIN
Vorico dosed 3 times/day after TDM



Clofazimina

§ Farmaco molto lipofilo (volume di 
distribuzione 1470 litri) e con lunga
emivita (fino a 70 giorni)

§ Meccanismo incerto:

§ Si accumula nella parete cellulare dei
batteri (o satura la componente lipidica)

§ Nessun effetto nei primi 7-14 giorni (TB)

§ Potenziale meccanismo immunomediato
§ Inibizione canali Kv 1.3 (aumento attività Linfociti T)

Plasma and tissue PK model

The structural model describing the plasma PKs and distribution of RIF, INH, PZA, MFX,
KAN, LZD, and CFZ in the 9 lung tissue compartments is summarized in Fig 3. A 1-compart-
ment model with first-order absorption best described the plasma data of PZA, MFX, KAN,
LZD, and CFZ. RIF model–building required a transit absorption compartment to capture the
observed absorption data, and INH PKs best fit a 2-compartment model with first-order
absorption and lag time. INH undergoes N-acetyltransferase 2 (NAT2) mediated conversion
to acetyl-INH in the liver. Due to widespread genetic polymorphisms in NAT2 and a demon-
strated correlation between polymorphism and INH concentration–time profile [21], INH
profiles were characterized for slow, intermediate, and fast acetylators with 11 out of the 15
subjects phenotyped as fast acetylators, i.e., high metabolizers. Further discussion, therefore,
focuses on fast acetylators and their increased risk of treatment failure. Established models
were evaluated by a visual predictive check of the final model, stratified by drug and lesion,
shown in simplified Fig 4 indicating appropriate model fit with overlapping of first dose and
steady state. A more complete plasma concentration visual predictive check is provided in S3
Fig. The final estimates of the parameter values from the plasma PK models are shown in

Fig 2. Two-dimensional imaging of LZD and CFZ by MALDI-MS. MALDI-MS ion maps of LZD and CFZ that provide a semiquantitative measure using the relative
ion abundance of specific analytes in regions of interest. The highest signal intensity is fixed to 100% for each drug (red) and 0% indicating no detectable drug present
(blue) on the rainbow color scale bar to the right. The caseum area is demarcated by the white line in the MALDI-MS image and corresponds to the black line of the
histologically stained lesion images of the same sample in the bottom panel. A. The top panel of a nodule caseum and cavity lesion resected 20 h after LZD
administration. LZD partitions favorably into cavity and nodule caseum in vivo, as indicated by the green color present in caseum and surrounding tissue showing
similar concentrations in both. B. Clofazimine at steady state and 5 h post dose shows low penetration into the large necrotic granuloma in the top panel, as indicated
by the blue area. CFZ, clofazimine; LZD, linezolid; MALDI-MS, matrix-assisted laser desorption-ionization mass spectrometry.

https://doi.org/10.1371/journal.pmed.1002773.g002

Tuberculosis drugs’ distribution, PK, and resistance in patient lung lesions

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002773 April 2, 2019 9 / 26

Ammermann NC, et al. JAC 2017; Strydom M, et al. PlosMedicine 2019; Faouzi M, et al. BJP 2015
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Clinical Outcomes of Clofazimine Use for Rapidly 
Growing Mycobacterial Infections
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Background. Rapidly growing mycobacteria (RGM) have high rates of intrinsic antibiotic resistance and require prolonged an-
tibiotic therapies associated with considerable toxicity. Less toxic and more effective therapies are needed. One promising agent is 
clofazimine (CFZ), an antibiotic with favorable in vitro data but limited clinical data in RGM.

Methods. We performed a retrospective cohort study of all patients treated for RGM infection with a CFZ-containing reg-
imen in the University of Pennsylvania Health System between January 1, 2010, and December 31, 2016. The primary outcome 
was clinical cure, defined as no evidence of clinical or microbiologic infection recurrence 1 year after the completion of treatment. 
Secondary outcomes included clinical, radiologic, and microbiologic response; all-cause mortality; infection-specific mortality; and 
treatment-related adverse events. Descriptive and unadjusted analyses were performed to elucidate associations between pertinent 
demographic and comorbidity data, clinical presentation, treatment history, and treatment outcomes.

Results. We treated 55 patients with CFZ for RGM infection during the study period, in combination with a median of 5 other 
antibiotic agents during each treatment course. Clinical cure with initial treatment regimen was achieved in 43% of patients with 
pulmonary infection and 71% of patients with nonpulmonary infection. CFZ was well tolerated in our cohort and was discontinued 
prematurely in 20% of patients, but only in the context of discontinuing all antibiotic agents.

Conclusions. As part of multidrug therapy, CFZ is well tolerated and may be effective in patients with RGM infection, especially 
nonpulmonary and non–Mycobacterium abscessus complex infections.

Keywords. clofazimine; Mycobacterium abscessus; Mycobacterium chelonae; Mycobacterium fortuitum; rapidly growing 
mycobacteria.

Rapidly growing mycobacteria (RGM) are a subset of 
nontuberculous bacteria (NTM) that can grow within 7  days 
on solid media [1]. They are present in the environment in 
soil and water [2, 3]. Clinically, the most important species 
are Mycobacterium chelonae, Mycobacterium fortuitum, and 
Mycobacterium abscessus complex (MAbsC), which includes 
M.  abscessus subspecies abscessus (hereafter M.  abscessus), 
M.  abscessus subspecies bolletii (hereafter M.  bolletii), and 
M.  abscessus subspecies massiliense (hereafter M.  massiliense) 
[4]. Molecular testing is useful for both distinguishing species 
and subspecies and identifying antibiotic resistance. MAbsC 

can be characterized by erm(41) sequences, which has clinical 
relevance because this gene confers resistance to macrolides, 
leading to less favorable clinical outcomes [4, 5]. M. massiliense 
has a large deletion in erm(41), resulting in macrolide suscep-
tibility, whereas M.  abscessus and M.  bolletii are resistant to 
macrolides, except for a subset with nonfunctional erm(41) 
genes due to a point mutation [6, 7].

RGM have been associated with pulmonary infections, notably 
in patients with preexisting lung disease, as well as nonpulmonary 
infections, including soft tissue infections, postsurgical wound in-
fections, and disseminated infections in immunocompromised 
hosts [8–10]. Although M. fortuitum has a more favorable suscep-
tibility profile, other RGM have more limited treatment options. 
Because patients with RGM infection often have underlying pul-
monary disease or immunosuppression, clinical cure is difficult, 
and patients are predisposed to reinfection. RGM infections re-
quire prolonged courses of oral and intravenous broad-spectrum 
antibiotics with considerable associated toxicity [11–13]. More ef-
fective and better-tolerated therapies are needed.

One drug that may be useful as part of multidrug therapy 
for treatment of RGM infections is clofazimine (CFZ), a 
riminophenazine antibiotic originally used for Mycobacterium 
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Figure 1. A–D, Antibiotic susceptibility testing for M. fortuitum (A), M. chelonae (B), M. abscessus/bolletii (C), and M. massiliense (D) isolates. The total number of isolates 
tested is shown in the figure title; however, not all isolates were tested for each antibiotic agent in the figures below, with the exception of M. fortuitum, for which all isolates 
were tested for all antibiotics listed. The number of isolates tested for each agent is indicated in the legend along the horizontal axis.

Table 2. Clinical Outcomes for Patients Eligible for Evaluation of Clinical Cure by Pulmonary and Nonpulmonary Infections

Measure Pulmonary (n = 30), No. (%) Nonpulmonary (n = 21), No. (%) P Value

Treatment characteristics for all patients
Median number of antibiotics used during inductiona phase other than clofazimine 3 3 .95
Median number of antibiotics used during consolidationb phase other than clofazimine 2 1 <.01
Median duration of induction antibiotic treatment, mo 2.1 2.2 .86
Median duration of CFZ treatment, mo 9.5 5.8 .52
Median duration of total antibiotic treatment, mo 11.6 8.4 .32
Surgical resection/debridement or incision and drainage 3 (10) 13 (57) <.01
Treatment outcomes for all patients
Clinical cure 13 (43) 15 (71) .04
Clinical response 20 (67) 21 (100) <.01
Radiographic response 16/29c (55) NA NA
Microbiologic response 18 (60) NA NA
Treatment outcomes for patients receiving surgical resection/debridement
Clinical cure 1/3 (33) 9/13 (69) 1.00
Clinical response 3/3 (100) 13/13 (100) 1.00
Radiographic response 3/3 (100) NA NA
Microbiologic response 3/3 (100) NA NA

Abbreviation: CFZ, clofazimine.
aAntibiotics other than clofazimine used during the induction phase of antibiotic therapy in patients eligible for evaluation of clinical cure included amikacin intravenous, azithromycin, cefoxitin, 
clarithromycin, doxycycline, ethambutol, imipenem, levofloxacin, linezolid, moxifloxacin, rifampin, tigeycline, trimethoprim-sulfamethoxazole, and tobramycin intravenous. Amikacin inhaled 
and rifabutin were also used in patients not eligible for evaluation of clinical cure.
bAntibiotics other than clofazimine used during the consolidation phase of therapy in patients eligible for evaluation of clinical cure included amikacin intravenous and inhaled, azithromycin, 
bedaquiline, cefoxitin, ciprofloxacin, clarithromycin, doxycycline, ethambutol, imipenem, levofloxacin, linezolid, minocycline, moxifloxacin, rifabutin, rifampin, tigeycline, trimethoprim-
sulfamethoxazole, and tobramycin inhaled. Imipenem and rifabutin were also used in patients not eligible for evaluation of clinical cure.
cOne patient did not have follow-up radiology after completing therapy.
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Cura “clinica” nel 43% dei casi

absence of clinical, microbiologic, or 
radiographic evidence of recurrent 

infection for ≥1 year after cessation of 
CFZ-containing therapy 

Carey GB, et al. Open Forum Inf Dis 2019



Clofazimine – new data

• Kim DH, et al. J Clin Med 2021
• 238/303 isolates low MICs (≤ 0.25 μg/mL) including R-strains (47/57 and 

32/35)
• In 38 NTM-PD patients without resistance 47% achieved culture conversion

(higher in the MIC ≤ 0.25 μg/mL group) vs. 20% in patients with CLA or AMK-R



Inhaled liposomial amikacin

loaded dose), and 12.0% (!2.7%) impacted in the mouth and
was subsequently swallowed. The majority of the emitted
aerosol was trapped on the exhalation filter (55.6 ! 2.6%), as
a consequence of the continuous output from this jet nebu-
lizer.

The mean sC/P ratio (central to peripheral ratio) an index
of regional distribution of liposomal amikacin within the
lungs was 1.63 (!0.48). Of the loaded dose, 57.7% (!5.5%)
was retained in the nebulizer, equivalent to approximately

70 mg of the total loaded dose of 120 mg of Amikacin. Thus,
the dose of Amikacin delivered to the lung was estimated to
be 16.5 mg, which was 13.7% of the loaded nominal dose

Clearance of liposomal Amikacin

Typical post-administration time sequenced scintigraphic
images of radiolabeled liposomal Amikacin are shown in
Figure 2 (subject S101). Qualitative analysis of the images

LUNG DISTRIBUTION OF INHALED AMIKACIN-LOADED LIPOSOMES 135

FIG. 2. Anterior chest scintigrams of a healthy volunteer at 0, 1, 3, 6, 12, and 24 h following inhalation of a 99mTc-labeled
liposomal amikacin aerosol. Intensity follows the order blue " pink " white.
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Weers J, et al. J Aeros Med and Pulm Drug Del 2009; Zhang J, et al. Frontiers in Microbiol 2018
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Zhang et al. ALIS Enhances Macrophage Amikacin Uptake

FIGURE 4 | Visualization of liposomal and free amikacin uptake in human macrophages by fluorescence microscopy. ALIS demonstrated higher uptake into
differentiated THP-1 macrophages than free amikacin at each concentration. Macrophages were exposed to increasing concentrations of either liposomal or free
amikacin (0.44% labeled with TAMRA) for 24 h and then TAMRA fluorescence was visualized by a Zeiss Axio fluorescence microscope (400⇥ magnification) using
constant settings for all experimental conditions. Yellow: TAMRA amikacin; Blue: DAPI-stained DNA.

macrophages among cells collected by BAL from naïve rats.
Side and forward scatter di�erentiated single cells from
other debris and cell aggregates in the sample, and high
DAPI fluorescence identified dead cells for removal from
the analysis (Figure 5). CD45+ staining identified leukocytes
and CD11chigh/CD11blow staining di�erentiated alveolar
macrophages within the leukocyte population (Figure 5).
High CD68+ staining confirmed the identity of macrophages.
Overall, 82.0 ± 3.3% of live cells isolated by BAL were alveolar
macrophages.

Because the percentage of macrophages collected by BAL
was high, we used total BAL cells for subsequent studies
evaluating in vivo amikacin uptake into macrophages from
rats given either ALIS or free amikacin by nebulization.
From each nebulization group, we euthanized two rats
immediately post-dose and measured the amikacin dose
deposited in the lungs. The amikacin doses delivered to
the nose or deposited in the lungs were not significantly
di�erent between the ALIS and low-dose amikacin groups
(Table 2), but high-dose amikacin achieved significantly
higher delivered and deposited doses than the other groups
(Table 2).

We collected cells in the BAL fluid after inhalation
administration of ALIS or free amikacin and measured amikacin
concentrations in the cell pellets. The amount of protein in
the cell pellets was not di�erent between dosing groups at any
timepoint (Table 3), indicating consistent collection of cells
across the di�erent dose groups. Cells harvested from the BAL
fluid from rats dosed with ALIS exhibited 5- to 8-fold higher
amikacin concentrations than BAL cells collected from rats dosed
with low-dose free amikacin (Figure 6A). Additionally, the ALIS
group contained 4- to 6-fold higher amikacin concentrations in
the BAL cell pellet compared to the high-dose free amikacin

group (Figure 6A), despite a twofold lower deposited dose in the
ALIS group.

We also quantified amikacin levels in BAL fluid (representing
amikacin collected from airways) and found that samples from
rats in the ALIS group had significantly higher amikacin
concentrations at 2 h post-dose than BAL fluid samples
from rats in the low-dose amikacin group (Figure 6B).
Despite a higher dose deposited in the lungs, high-dose
amikacin did not achieve significantly higher BAL fluid
concentrations than ALIS (Figure 6B). At 24 h post-dose, the
ALIS group exhibited significantly higher BAL fluid amikacin
concentrations than both groups administered free amikacin
(Figure 6B).

Following each BAL procedure, we excised and froze the
lungs for measurement of tissue amikacin concentrations. Lung
concentrations at 2 and 6 h post-dose in the ALIS group were
significantly higher than those in the low-dose amikacin group
(although the two groups achieved similar deposited doses)
and equivalent to amikacin concentrations in the high-dose
amikacin group (despite a ⇠2-fold lower deposited dose with
ALIS; Figure 6C). At 24 h post-dose, lung concentrations in
the ALIS group were significantly higher than both low- and
high-dose amikacin (Figure 6C).

Plasma amikacin concentrations were not significantly
di�erent between the ALIS and low dose amikacin groups at
2 and 6 h post-dose (Figure 6D). Plasma concentrations were
significantly higher in the ALIS group relative to the low-dose
amikacin group, but not the high-dose group, at 24 h post-dose
(Figure 6D).

Because intravenous amikacin is a common treatment for
refractory NTM infections, we also evaluated the distribution
of amikacin into pulmonary macrophages, airways, and lung
tissue after an intravenous bolus dose. The 100 mg/kg dose

Frontiers in Microbiology | www.frontiersin.org 8 May 2018 | Volume 9 | Article 915



Amikacin liposome inhalation suspension (ALIS) 

• Double-blind e poi open label, fase II
• 590 mg ALIS vs. placebo, 84 giorni in 

aggiunta a una multiterapia
• 89 pazienti con NTM-PD refrattaria
• 64% MAC, 36% MYC ABS
• Obiettivo primario non raggiunto ma 

obiettivi secondari microbiologici e 
funzionali a favore di ALIS (6MWT)

• Lieve aumento di tosse e disfonia nel
braccio ALIS double-blind phase). One patient converted

while receiving placebo in the double-blind
phase. Of the four patients with M. abscessus
who achieved culture conversion, three
converted after receiving LAI (one during the
double-blind phase and two during the open-
label phase) and one while receiving placebo
in the double-blind phase.

Durability of sputum culture conversion
at 12-month safety follow-up. The durability
of sputum culture conversion was not a
prespecified endpoint; however, the
majority of patients who achieved culture
conversion during the double-blind phase
(12 on LAI, 4 on placebo) continued to have
negative cultures through the end of the

open-label phase (n = 14) and at the 28-day
follow-up visit (n = 13). In addition, seven
of these patients continued to have negative
cultures at the 12-month follow-up visit.

At the 12-month safety follow-up visit,
9 (64%) of 14 patients with M. avium
complex infection who converted after
starting LAI had sustained negative cultures
after LAI discontinuation (7 had negative
sputum cultures; 2 were unable to produce
sputum and were off all NTM treatments);
2 patients had positive sputum cultures;
and 3 did not consent to participate in the
12-month follow-up phase. Of the four
patients with M. abscessus infection who
converted, two had negative cultures 12
months after LAI discontinuation, one
reverted to positive cultures, and one did
not consent to participate in the 12-month
follow-up phase.

Microbiologic recurrence. Four patients
who achieved culture conversion had a
subsequent liquid media–only positive
culture; three were different species from
the baseline isolate or “new infections,” and
one represented a true relapse with the
same M. avium complex species and VNTR
type on both baseline and late positive
cultures. The latter patient had only two
negative cultures while on LAI, with the
third negative culture occurring 28 days
after LAI treatment (Figure 3).

Amikacin resistance. The protocol
included a plan to bank all mycobacterial
isolates for future selective susceptibility
testing for correlation with microbiologic
and clinical response. Macrolide and
amikacin resistance MICs (and amikacin
resistance mutational status) were processed
as soon as the capacity for testing was in
place. These data were kept blinded until
after data collection was completed and the
database was locked. No patient isolate with
a molecularly determined amikacin
resistance mutation or an MIC greater than
64 mg/ml achieved culture conversion, and
no converter developed mutational
resistance on treatment. Amikacin
mutational resistance was detected in 9
patients before LAI exposure (9 [10.1%] of 89
patients enrolled in the study). Amikacin
mutational resistance was detected in five
patients after LAI exposure at Day 84 (LAI
group) or Day 168 (placebo and LAI group)
(nonconverters; four with M. avium complex
infection, one with M. abscessus infection: 5
[5.7%] of 87 patients exposed to LAI during
this study; 2 of 89 patients received placebo
during the double-blind phase and did not
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Figure 1. Mean change from baseline on the semiquantitative scale (SQS) for mycobacterial
culture growth through the end of the open-label phase (missing value equals failure; modified intent-
to-treat population). The SQS is a mycobacterial culture reporting method expressed on a seven-step
scale that uses outcomes ranging from no growth at 6 weeks (step 1), growth in liquid media only
(step 2), agar positive (1–49 colonies) (step 3), 11 (step 4), 21 (step 5), 31 (step 6), and 41 (step 7).
Change from baseline ranges from 16 (worsening) to 26 (improvement) steps. Death, regardless of
cause, was considered a failure and is represented by a17-step worsening. *All patients in the open-
label phase received liposomal amikacin for inhalation (LAI). PBO = placebo.
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Figure 2. Proportion of patients with negative sputum cultures for nontuberculous mycobacteria in
the double-blind phase (last observation carried forward; modified intention-to-treat population). A
greater proportion of patients achieved negative sputum cultures at Day 84 on liposomal amikacin for
inhalation (LAI) (14 [32%] of 44) versus placebo (4 [9%] of 45) (P = 0.006). Mabs =Mycobacterium
abscessus; MAC=Mycobacterium avium complex; PBO= placebo.
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double-blind phase). One patient converted
while receiving placebo in the double-blind
phase. Of the four patients with M. abscessus
who achieved culture conversion, three
converted after receiving LAI (one during the
double-blind phase and two during the open-
label phase) and one while receiving placebo
in the double-blind phase.

Durability of sputum culture conversion
at 12-month safety follow-up. The durability
of sputum culture conversion was not a
prespecified endpoint; however, the
majority of patients who achieved culture
conversion during the double-blind phase
(12 on LAI, 4 on placebo) continued to have
negative cultures through the end of the

open-label phase (n = 14) and at the 28-day
follow-up visit (n = 13). In addition, seven
of these patients continued to have negative
cultures at the 12-month follow-up visit.

At the 12-month safety follow-up visit,
9 (64%) of 14 patients with M. avium
complex infection who converted after
starting LAI had sustained negative cultures
after LAI discontinuation (7 had negative
sputum cultures; 2 were unable to produce
sputum and were off all NTM treatments);
2 patients had positive sputum cultures;
and 3 did not consent to participate in the
12-month follow-up phase. Of the four
patients with M. abscessus infection who
converted, two had negative cultures 12
months after LAI discontinuation, one
reverted to positive cultures, and one did
not consent to participate in the 12-month
follow-up phase.

Microbiologic recurrence. Four patients
who achieved culture conversion had a
subsequent liquid media–only positive
culture; three were different species from
the baseline isolate or “new infections,” and
one represented a true relapse with the
same M. avium complex species and VNTR
type on both baseline and late positive
cultures. The latter patient had only two
negative cultures while on LAI, with the
third negative culture occurring 28 days
after LAI treatment (Figure 3).

Amikacin resistance. The protocol
included a plan to bank all mycobacterial
isolates for future selective susceptibility
testing for correlation with microbiologic
and clinical response. Macrolide and
amikacin resistance MICs (and amikacin
resistance mutational status) were processed
as soon as the capacity for testing was in
place. These data were kept blinded until
after data collection was completed and the
database was locked. No patient isolate with
a molecularly determined amikacin
resistance mutation or an MIC greater than
64 mg/ml achieved culture conversion, and
no converter developed mutational
resistance on treatment. Amikacin
mutational resistance was detected in 9
patients before LAI exposure (9 [10.1%] of 89
patients enrolled in the study). Amikacin
mutational resistance was detected in five
patients after LAI exposure at Day 84 (LAI
group) or Day 168 (placebo and LAI group)
(nonconverters; four with M. avium complex
infection, one with M. abscessus infection: 5
[5.7%] of 87 patients exposed to LAI during
this study; 2 of 89 patients received placebo
during the double-blind phase and did not
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scale that uses outcomes ranging from no growth at 6 weeks (step 1), growth in liquid media only
(step 2), agar positive (1–49 colonies) (step 3), 11 (step 4), 21 (step 5), 31 (step 6), and 41 (step 7).
Change from baseline ranges from 16 (worsening) to 26 (improvement) steps. Death, regardless of
cause, was considered a failure and is represented by a17-step worsening. *All patients in the open-
label phase received liposomal amikacin for inhalation (LAI). PBO = placebo.
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Figure 2. Proportion of patients with negative sputum cultures for nontuberculous mycobacteria in
the double-blind phase (last observation carried forward; modified intention-to-treat population). A
greater proportion of patients achieved negative sputum cultures at Day 84 on liposomal amikacin for
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Amikacin liposome inhalation suspension (ALIS) 

• Open label, randomizzato, fase III
• ALIS + Gudelines-based treatment vs. 

GBT (2:1) (MAC-PD, dopo almeno 6 mesi
di GBT)

• 224 ALIS + GBT vs. 112 GBT
• Conversione coltura in 29% (ALIS) vs. 

8.9% (GBT) (OR 4.22, p<0.001)
• 21.8% Claritro-R: conversione 13.7% vs. 

4.5%
• Aumento di tosse, dispnea e disfonia nel

braccio ALIS (soprattutto primo mese)
• Discontinuaizone <3%, SAEs non differenti
• Tinnitus 7.6 vs. 0.9% (metà autorisoltisi)

Griffith DE, et al. Am J Resp Crit Care Med 2018; Shirley M, Drugs 2019

well balanced; however, the ALIS1GBT
arm had a higher proportion of females
(73.7%) than the GBT-alone arm (60.7%).
Concomitant respiratory diseases, based on
medical history, were balanced across
treatment arms and most commonly
included bronchiectasis, chronic obstructive
pulmonary disease, or both. A history of ear
and labyrinth disorders was reported in
42.6% of patients, most commonly as
tinnitus (11.0%), deafness (9.8%),
hypoacusis (8.9%), and deafness
neurosensory (7.4%) (see Table E2).
Patients in the ALIS1GBT arm had a
slightly longer median duration of MAC
lung disease (4.56 5.5 yr) compared with
those in the GBT-alone arm (3.36 3.9 yr).
At screening, most patients were receiving
GBT; only 10% of patients were off
treatment for 3–12 months. Overall, 25.3%
of patients had a history of aminoglycoside
use. At baseline, 69.3% of patients were on a
three-drug regimen, with 54.9% receiving
regimens that included a macrolide,
ethambutol, and a rifamycin (see Table E3).
Antibiotic combinations in the GBT
regimens were similar across treatment
arms.

Efficacy Outcomes
The primary endpoint of sputum culture
conversion by Month 6 was achieved by
significantly more patients in the ALIS1
GBT arm than in the GBT-alone arm (65 of
224 patients [29.0%] vs. 10 of 112 patients

[8.9%], respectively; adjusted odds ratio,
4.22; 95% CI, 2.08–8.57; P, 0.001)
(Figure 3). Patients treated with ALIS1
GBT were nearly four times as likely to
achieve culture conversion compared with
GBT alone (hazard ratio, 3.90; 95% CI,
2.00–7.60) (Figure 4).

Amikacin MIC distributions at baseline
(Day 1) were similar in both treatment arms

(see Figure E1). Conversion rates in the
ALIS1GBT arm ranged from 28.6% to
34.5% for patients with MAC isolates
having amikacin MICs of 8–64 mg/ml (see
Figure E2). During the study, 26 of 336
patients (7.7%) had MAC isolates with
postbaseline amikacin MIC greater than
64 mg/ml (ALIS1GBT, 10.3% [23/224];
GBT-alone, 2.7% [3/112]). Of these, 26.9%

Table 1. Baseline Demographic and Disease Characteristics: ITT Population

Parameter ALIS1GBT (n = 224) GBT Alone (n = 112) Overall (n = 336)

Age, yr, mean (SD) 64.6 (9.6) 64.9 (10.2) 64.7 (9.8)
Female, n (%) 165 (73.7) 68 (60.7) 233 (69.3)
Body mass index, kg/m2, mean (SD) 21.3 (3.9) 20.9 (3.8) 21.2 (3.9)
Race, n (%)
White 158 (70.5) 77 (68.8) 235 (69.9)
Black/African American 3 (1.3) 3 (2.7) 6 (1.8)
Asian: Japanese 35 (15.6) 15 (13.4) 50 (14.9)
Asian: other 23 (10.3) 10 (8.9) 33 (9.8)
Other/not reported 5 (2.2) 7 (6.3) 12 (3.6)

Underlying lung disease, n (%)
Bronchiectasis only 146 (65.2) 64 (57.1) 210 (62.5)
COPD* only 29 (12.9) 19 (17.0) 48 (14.3)
COPD* and bronchiectasis 22 (9.8) 18 (16.1) 40 (11.9)

Clarithromycin-resistant MAC (MIC >32 mg/ml), n (%) 51 (22.9) 22 (19.6) 73 (21.8)
Current smoker, n (%) 26 (11.6) 10 (8.9) 36 (10.7)
Receiving GBT at enrollment, n (%) 201 (89.7) 101 (90.2) 302 (89.9)

Definition of abbreviations: ALIS = amikacin liposome inhalation suspension; COPD = chronic obstructive pulmonary disease; GBT = guideline-based
therapy; ITT = intention-to-treat; MAC=Mycobacterium avium complex; MIC =minimum inhibitory concentration.
*COPD diagnosis was derived from medical history.
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Figure 3. Proportion of patients achieving culture conversion, shown by the first month of
conversion: intention-to-treat population. The cumulative proportion of patients achieving culture
conversion is displayed by the first month at which sputum cultures were Mycobacterium avium
complex negative. Month 4 was the latest time point at which a patient could achieve the first
of three consecutive negative sputum cultures and be considered a converter in the primary
endpoint analysis at Month 6. Patients with positive cultures during screening and negative
cultures at baseline and Months 1 and 2 were considered converters at baseline. ALIS = amikacin
liposome inhalation suspension; CI = confidence interval; GBT = guideline-based therapy; OR =
odds ratio.
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respectively; TEAEs leading to death occurred
in six patients (2.7%) and five patients (4.5%)
(Table 3). Serious TEAEs and TEAEs
leading to death were primarily respiratory
events, including respiratory infections.
Six additional deaths were not treatment-
emergent, including three during screening
and three after ALIS discontinuation. Adverse
events associated with systemic exposure to
amikacin were uncommon (see Table E5).
Events related to nephrotoxicity were
infrequent in both arms.

Audiologic TEAEs were generally
similar in both arms (Table 3). Audiogram
results at Months 3 and 6 were similar
in both study arms, and the two-sided
P value of least squares mean difference
was not significant for either ear at any

tested frequency (see Table E6). Tinnitus
TEAEs were reported in 17 patients (7.6%;
20 events) in the ALIS1GBT arm. Among
these, 17 events were of mild severity and
three were moderate; six events led to ALIS
interruption and one led to discontinuation.
One tinnitus event (0.9%) was reported in
the GBT-alone arm. Half of the reported
events had resolved with continued ALIS
treatment by the data cutoff for this report.

Pharmacokinetics
A population pharmacokinetic analysis was
conducted as a substudy at five sites in the
United States and seven sites in Japan.
Amikacin concentration data from 39
patients in the ALIS1GBT arm (see Table
E7) were used to estimate pharmacokinetic

parameters in each patient in this substudy,
applying a population pharmacokinetic
model for ALIS administration (26). This
analysis yielded a mean estimated amikacin
steady-state Cmax (1–4 h after dosing)
of 2.32 mg/ml (coefficient of variation,
59.7%) and a mean estimated area
under the curve from 0 to 24 hours of
20.0 mg $ h/ml (coefficient of variation,
55.2%) (Table 4). Values of both parameters
were approximately 5% lower at Day 1
than at steady state.

Discussion

In this study, treatment with ALIS1GBT,
compared with GBT alone, resulted in a
significantly higher rate of sputum culture
conversion by Month 6 in patients with
treatment-refractory lung disease caused
by amikacin-susceptible MAC. Culture
conversion in patients who are continuing
treatment beyond Month 6 will be assessed
in the open-label extension study (25).
ALIS was associated with adverse events of
generally mild to moderate severity.

These results are consistent with the
initial phase 2 randomized study that
compared ALIS1GBT with placebo
(empty liposomes)1GBT in patients with
treatment-refractory NTM (primarily
MAC) lung disease (19). In that study,
although the primary endpoint was not
met, negative sputum cultures at Day 84
were achieved more frequently in the
ALIS1GBT arm versus placebo1GBT
(31.8% vs. 8.9%; P = 0.006). This phase 2
study suggested, and the CONVERT
study confirmed, the first evidence from
randomized controlled clinical trials of the
therapeutic effect of any agent against
treatment-refractory MAC lung disease.

Sputum culture conversion, the
primary study endpoint, is a microbiologic
goal of antibiotic therapy for MAC lung
disease. The rigorous study design required
duplicate or triplicate negative sputum
samples for three consecutive months to
confirm culture conversion, a stringent
definition that aligns with the 2018
NTM-NET consensus statement (27).
Furthermore, an in vitro study confirmed
that the growth of MAC isolates in sputum
samples is not influenced by residual
amikacin (28). Culture conversion by
6 months was assessed for the primary
endpoint; additional analyses will evaluate
culture conversion sustainability at the end
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Figure 5. Onset of the most frequent adverse events over time: safety population. Time courses of
the onset of the most frequent treatment-emergent adverse events (occurring in >10% of patients in
either arm) are shown by treatment arm and study month. Data indicate the month at which the
events were first reported after initiation of therapy. ALIS = amikacin liposome inhalation suspension;
GBT = guideline-based therapy.

Table 4. Amikacin Serum Pharmacokinetic Parameters

Parameter Day 1 Steady State

Estimated Cmax, mg/ml
Mean (CV%) 2.21 (60.4%) 2.32 (59.7%)
Median (min–max) 1.75 (0.465–6.61) 1.85 (0.482–6.87)

Estimated AUC24, mg $ h/ml
Mean (CV%) 19.0 (55.7%) 20.0 (55.2%)
Median (min–max) 15.8 (4.16–53.5) 16.7 (4.31–55.6)

Definition of abbreviations: ALIS = amikacin liposome inhalation suspension; AUC24 = area under the
curve from 0 to 24 hours; Cmax =maximum serum concentration; CV = coefficient of variation;
GBT = guideline-based therapy; max =maximum; min =minimum.
Thirty-nine patients (31 female, 8 male) from the ALIS1GBT arm had blood samples obtained at
Months 1, 3, and 6 for determination of amikacin serum concentrations. At each visit, one sample
was taken from 0 to 1 hours before and one was taken from 1 to 4 hours after study drug
administration. Individual estimates of amikacin exposure (AUC24 and Cmax) on Day 1 and at steady
state were generated for each patient using their individual pharmacokinetic parameter estimates
from the fit of an unpublished population pharmacokinetic model for amikacin (26).
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Positive Effect of Liposomal Amikacin 
for Inhalation on Mycobacterium 
abcessus in Cystic Fibrosis Patients
Davide Caimmi,1,2 Nicolas Martocq,1 Delphine Trioleyre,1  
Catherine Guinet,1 Sylvain Godreuil,3 Thomas Daniel,1 and Raphael Chiron1

1Cystic Fibrosis Center, Hôpital Arnaud de Villeneuve, Centre Hospitalier Universitaire de 
Montpellier, Univ Montpellier, France; 2Epidemiology of Allergic and Respiratory Diseases 
Department (EPAR), Sorbonne Université, French Institute of Health and Medical Research 
(INSERM), Institut Pierre Louis d’Epidémiologie et de Santé Publique, Paris, France; and 
3Department of Microbiology, University Hospital of Montpellier, France

Mycobacterium abscessus is difficult to eradicate. At the 
Montpellier CF Center, we prescribed liposomal amikacin 
for inhalation to 5 patients with M abscessus infection. The 3 
patients who completed the treatment did not have any respira-
tory exacerbation, showed negative cultures for M abscessus in 
their sputum, and stabilized their spirometric functions.

Keywords: cystic fibrosis; liposomal amikacin; Mycobacterium 
abscessus; nontuberculous mycobacteria; treatment. 

Cystic fibrosis (CF) is the most common, potentially lethal, 
autosomal recessive disease in whites [1]. It is mainly character-
ized by recurrent cycles of airway infections and chronic inflam-
mation, eventually leading to permanent lung damage [1, 2].  
Lung infections with nontuberculous mycobacteria (NTM) are 
emerging as a global threat to individuals with chronic lung 
diseases [3, 4]. The increase of NTM infection diagnosis in CF 
subjects is probably due to greater surveillance, better detection 
techniques, and/or shifts in the lung microbiome due to wide-
spread antibiotic use [2].

Nontuberculous mycobacteria may infect CF patients at 
all ages, but mycobacterial lung disease most often occurs in 
patients older than 15  years, with an estimated incidence of 
13%–20% [5, 6]. Infection is mostly indolent and generally 
progresses slowly [5]. However, a serious, life-threatening lung 
disease may develop in some patients, and fatal disseminated 
infections have been reported after lung transplantation [5]. 
The source of these infections is still unclear, but NTM, which 

are ubiquitous in water and soil, may frequently be isolated 
from residential sources, including showerheads and other 
home water sources [6–8]. In addition, a few studies suggested 
transmission from tap water and from person-to-person [6–8].

The genus Mycobacterium was introduced in 1896, and a total 
of 169 species and 13 subspecies have been assigned to it [9]. 
Although in the United States, Mycobacterium avium complex 
(MAC), Mycobacterium kansasii, and Mycobacterium abscessus 
are the most frequent pathogens, in Europe, M abscessus seems 
to be the main NTM in CF patients [2, 6, 10]. Infections due 
to M abscessus are associated with poor clinical outcomes and 
accelerated loss of lung function [2, 6].

Unfortunately, M abscessus is notoriously difficult to treat 
because it shows a high level of intrinsic drug resistance to 
many antibiotics, due to the presence of an impermeable cell 
wall, antibiotic-modifying/inactivating enzymes, biofilms, 
efflux pumps, and genetic polymorphisms in target genes [2, 3, 
7]. Recent guidelines for the management of M abscessus infec-
tion in CF patients recommend a combined treatment with a 
macrolide, an aminoglycoside, and at least 1 other antibiotic 
[7]. Many guidelines recommend to prescribe inhaled amika-
cin, an aminoglycoside active against Pseudomonas aeruginosa 
as well [11]. Amikacin is available for intravenous (i.v.) admin-
istration only, and therefore clinicians prescribe the i.v. form as 
inhaled treatment, which is often not well tolerated by patients. 
Liposomal amikacin for inhalation (LAI) is delivered using an 
optimized nebulizer, once a day, which allows a rapid delivery of 
the drug throughout the respiratory tree [11]. Pharmacological 
studies on humans focused on the use of such a drug against 
P aeruginosa infection, but mouse models showed that LAI is 
also effective against NTM, as much as higher concentrations 
of free amikacin [2, 12]. In addition, LAI may reach high levels 
in alveolar macrophages, and it is associated with macrophage 
defects in cytokine signaling or pathogen-killing functions [11].

METHODS

Two hundred fifteen patients (median age 19.6 years) attend our 
pediatric and adult CF center in Montpellier (France). Patients 
are regularly investigated for microbiological analysis during 
their follow-up according to recommendations [8]. Currently, 
11 patients are chronically colonized with M abscessus. We 
decided to treat 5 of them with LAI because they recently 
underwent a severe rapid deterioration of their clinical status 
and respiratory functions. In addition, all 5 of these patients 
showed radiological findings compatible with M abscessus dis-
ease, and other diseases (such as tuberculosis) had already been 
ruled out. All M abscessus strains were genetically determined 
without rrs or erm 41 mutation, demonstrating no resistance 
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against am
inoglycosides, with a m

inim
um

 inhibitory concen-
tration (M

IC) <64 μg/m
L. All 5 patients were also chronically 

colonized by P aeruginosa and S aureus. Antibiotic prescription, 
based on bacteria susceptibility, seem

ed no longer effective for 
these patients. In addition, they did not tolerate inhaled am

ik-
acin (i.v. form

). To prescribe LAI for M
 abscessus treatm

ent, we 
obtained a Tem

porary Use Authorization, which is an excep-
tional perm

ission to prescribe an innovative therapy before 
m

arketing authorization in France. Patients (or their parents, 
if m

inors) signed an inform
ed consent before starting the pre-

scribed therapy.
All evaluated patients presented with M

ycobacterium
 absces-

sus in their sputum
 with at least 5 positive cultures, before LAI 

treatm
ent (Table 1). At inclusion, they all underwent either a 

2-week or 3-week treatm
ent of i.v. m

eropenem
 at high doses.

W
e adm

inistered 590 m
g of LAI (70 m

g/m
L), at 1 daily dose 

(according to a previous pharm
acokinetic/pharm

acodynam
ic 

study [12]), every day for 3 m
onths and then every other m

onth. 
Each patient received clarithrom

ycin as well, as a continuous 
treatm

ent, during the entire evaluation period. Patients 1, 2, and 
4 showed an inducible clarithrom

ycin resistance (M
ICs ≥16 µg/

m
L) associated with T28C substitution. Patients 3 and 5 were not 

resistant to clarithrom
ycin. Patients received no other inhaled 

therapy during the m
onth when they were not treated with LAI.

R
E
S
U
LT

S

N
one of the 5 patients showed any side effect related to the 

treatm
ent. The prescribed inhaled drug was taken regularly by 

only 3 of them
 (ie, patients 1, 3, and 5), whereas the other 2 

were not com
pliant and the prescription was interrupted after 

the first 3 m
onths of treatm

ent (use of LAI inferior to 4 days 
per week). The 3 com

pliant patients did not receive any i.v. 
antibiotic therapy, during the observational period, besides the 
m

eropenem
 treatm

ent, at inclusion. The clinical evolution and 
sputum

 cultures are shown in Table 1. Two to six m
onths after 

they started the treatm
ent, all 3 com

pliant patients no longer 
showed presence of M

 abscessus in their sputum
. N

o signifi-
cant m

odification was detected on high-resolution com
puted 

tom
ography. Finally, the 3 treated patients showed stabilization 

or im
provem

ent of their pulm
onary function test values, and 

their clinical sym
ptom

s im
proved after treatm

ent.

D
IS

C
U
S
S
IO

N

M
ycobacterium

 abscessus is a rapidly growing, m
ultidrug-re-

sistant organism
 that accounts for m

ore than half of all N
TM

 
infection in CF patients [7]. The diagnosis of N

TM
 lung disease 

is based on the Am
erican Thoracic Society’s guidelines, which 

include a com
bination of clinical, radiographic, and m

icrobio-
logic elem

ents, associated with a longitudinal follow-up of the 
patient and detection of m

ultiple positive sputum
 cultures [6, 13].  

O
nce the disease is diagnosed, a specific treatm

ent should be 
prescribed. In a random

ized placebo controlled trial, proposed 

Table 1. Characteristics of the 5 Patients Treated With Liposomal Amikacin for Inhalation

Patient ID
Year of 
Birth Genetic Mutations

First MAB 
Infection

Number of 
Positive MAB 

Cultures Before 
Treatment

First LAI 
Prescription

Treatment 
Compliance

Before LAI After LAI (Most Recent Visit)

Body Mass 
Index  

(kg/m2)

VEMS  
(% of Predicted 

Value)

FVC (% of 
Predicted 

Value)

Most Recent 
Visit at CF 

Center

Body Mass 
Index  

(kg/m2)

VEMS  
(% of Predicted 

Value)

FVC  
(% of Predicted 

Value)
Positive MAB 

Cultures
Negative MAB 

Cultures

1* 2000 DF508/W846 12/2013 7 03/2016 Good 15.9 52% 71% 07/2017 17.4 (+1.5) 71% (+19%) 79% (+8%) 1 since 
03/2016 
0 after 

09/2016

4 since 09/2016 
(6 months 
treatment)

2 1983 DF508/R347P 05/2008 26 03/2016 Drop out after 
2 months

17.4 27% 56% 06/2017 17.5 (+0.1) 25% (−2%) 51% (−5%) 9 since 
03/2016

0

3* 1959 G542X/3849 + 10kb C > T 02/2011 11 04/2016 Good 18.6 33% 64% 05/2017 20.6 (+2.0) 34% (+1%) 66% (+2%) 1 since 
04/2016 
0 after 

08/2016

3 since 08/2016 
(4 months 
treatment)

4 1995 S364P/S364P 05/2016 14 12/2016 Drop out after 
1 month

17.1 61% 83% 07/2017 16.8 (−0.3) 56% (−5%) 69% (−14%) 2 since 
12/2016

0

5* 2005 DF508/DF508 05/2016 5 12/2016 Good 14.0 60% 65% 06/2017 16.0 (+2.0) 75% (+15%) 83% (+18%) 1 since 
12/2016

 0 after 
01/2017

3 since 01/2017 
(2 months 
treatment)

Abreviations: CF, cystic fibrosis; FVC, forced expiratory volume in 1 second; ID, indentification; LAI, liposomal amikacin for inhalation; MAB, Mycobacterium abscessus; VEMS, maximum expiratory volume per second. 

*Patients still under LAI treatment.

Downloaded from https://academic.oup.com/ofid/article-abstract/5/3/ofy034/4868549 by University of Torino user on 17 January 2020
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plus GBT arm met the definition of relapse in the off-
treatment follow-up period: one patient with three
consecutive off-treatment culture tests showing positive
results and one patient with a single culture test showing
positive results for clarithromycin-resistant MAC at the
12-month follow-up visit. No association was found
between the likelihood of microbiologic recurrence based
on either the causative MAC species or baseline amikacin
susceptibility, and no patient showed a MAC isolate with
an amikacin minimum inhibitory concentration of > 64
mg/mL at the time of recurrence.

Safety

Respiratory-related TEAEs were reported primarily in
the ALIS plus GBT arm in the first half of the study (up
to month 8) (Table 3). By the EOT, most patients,
regardless of treatment arm, had experienced TEAEs of
special interest that primarily were respiratory in nature
and occurred before month 8 (Table 4, e-Table 1).
Nephrotoxicity-related TEAEs were balanced between
treatment arms (at EOT: ALIS plus GBT, n ¼ 2; GBT
alone, n ¼ 2). On-treatment ototoxicity-related events in
the ALIS plus GBT arm primarily were tinnitus (n ¼ 7
[10.8%]) and dizziness (n ¼ 5 [7.7%]). In the ALIS plus

GBT converter cohort, two patients experienced a TEAE
that led to study withdrawal (laryngitis and worsening of
tinnitus), and four patients experienced a TEAE that led
to discontinuation of treatment (hypoacusis, laryngitis,
dyspnea, and pruritus). Three of those who achieved
conversion died, all in the GBT alone arm (interstitial
lung disease, cachexia, and hypercapnic respiratory
failure).

We observed no clinically meaningful trends or
changes in hematologic findings, chemistry, vital signs,
physical examination findings, BMI, and audiology
results beyond those reported as TEAEs per protocol.
The mean " SD change from baseline to month 12 in
serum creatinine levels was 3.29 " 9.70 mM in the ALIS
plus GBT arm (n ¼ 51) and #0.57 " 6.19 mM in the
GBT alone arm (n ¼ 5). Mean " SD change from
baseline to month 12 in glomerular filtration rate
was #4.0 " 9.82 mL/min in the ALIS plus GBT arm
(n ¼ 57) and #3.8 " 9.58 mL/min in the GBT
alone arm (n ¼ 5). In the ALIS plus GBT arm,
mean " SD changes in pulmonary function tests
from baseline to 6 months after treatment were:
FEV1, #1.97 " 7.61% predicted (n ¼ 40);

0%
ALIS + GBT

(n = 65)

End of treatment
(up to 16 mo) 3 mo off treatment

Culture negative (12 mo treatment)
Culture negative (< 12 mo treatment)
Reinfection
Relapse
Other (no data)

12 mo off treatment

ALIS + GBT
(n = 65)

ALIS + GBT
(n = 65)

GBT alone
(n = 10)

GBT alone
(n = 10)

GBT alone
(n = 10)

10%

20%

30%

40% 80.0%
63.1%
(n = 41)

30.0%
(n = 3)

55.4%
(n = 36) 46.2%

(n = 30)
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n = 3
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n = 6
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Figure 3 – Bar graph showing culture status among those who achieved conversion over time. The percentage of patients who met culture conversion
criteria by month 6, completed 12 months of postconversion treatment, and showed sustained and durable conversion is shown in red. Eleven patients
in the ALIS plus GBT arm completed < 12 months of postconversion treatment and showed negative culture results at the last visit (dark blue).
Recurrent samples showing positive results for MAC were genotyped and shown as reinfection (gray) or relapse (orange). Patients in the “other” (light
blue) category did not have available sputum culture results (eg, missed visits, missing sputum data, or study discontinuation). All on-treatment
relapses occurred in the first 8 months of treatment, and all on-treatment reinfections occurred in the second 8 months of treatment. ALIS ¼ amikacin
liposome inhalation suspension; GBT ¼ guideline-based therapy; MAC ¼ Mycobacterium avium complex.
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Amikacin Liposome Inhalation Suspension
A 12-Month Open-Label Extension Clinical Trial 

• Adults with refractory MAC 
lung disease not achieving
culture conversion by 
CONVERT Month 6 could
enroll in this open- label
extension (INS-312) to 
receive 590 mg once-daily
ALIS1GBT for 12 months. 
• ALIS-naïve and prior-ALIS 

(max 8 months)

Results

Between February 5, 2016, and October 17,
2018, 163 patients from77 sites in 16 countries
were enrolled and treated with once-daily
ALIS 590 mg plus patients’ ongoing GBT.
Because ALIS exposure at INS-312 baseline
differed between the two cohorts, safety and
efficacy results are presented according to the
treatment assigned in the CONVERT study.

ALIS-Naive Cohort

Patients. A total of 90 patients in the ALIS-
naive cohort enrolled, including 2whomet the
definition of culture conversion in CONVERT
but had relapsed by CONVERT Month 6
(primary analysis). The mean (standard
deviation [SD]) age of patients in the ALIS-
naive cohort was 64.8 (10.3) years; most were
female (60.0%) and white (66.7%), with a
median NTM lung disease duration of 3.7
(range, 0.8–19.6) years (Table 1). At INS-312
baseline, 98.9% of ALIS-naive patients had
respiratory disorders, including bronchiectasis

(72.2%) and COPD (30.0%) (Table 1). In this
cohort, 27.8% had a history of prior
bronchodilator use (before ALIS initiation),
and 53.3% used bronchodilators during the
study (on ALIS1GBT treatment). GBT
regimens of most patients (83.3%) comprised
at least three antibiotics; 51.1% received a
combination consisting of a macrolide, a
rifamycin, and ethambutol (Table E2); 18.9%
had clarithromycin-resistant (minimum
inhibitory concentration [MIC] >32 mg/ml)
MAC isolates (Table 1) (28).

All patients received at least one dose of
ALIS. The median duration of treatment
was 11.6 (range, 0–13) months; 62.2%
(n= 56) completed the protocol-defined 12-
month treatment phase and 64.4% (n= 58)
completed the end-of-study visit (Figure 2).
Reasons for study discontinuation included
AEs (22.2% [n= 20]) and withdrawal by
patient (8.9% [n= 8]).

Safety outcomes. All patients in the
ALIS-naive cohort experienced at least one
TEAE; those reported in >10% of patients
were respiratory TEAEs of special interest

(dysphonia, cough, dyspnea, hemoptysis),
fatigue, infective exacerbation of
bronchiectasis, nausea, and diarrhea (Table 2;
see Table E3 for characteristics of cough and
Table E4 for other respiratory preferred
terms). TEAEs of special interest typically
associated with parenteral amikacin
(ototoxicity, nephrotoxicity, and
neuromuscular disorders) were infrequent;
the MedDRA preferred terms reported in
>5% of patients were tinnitus (6.7% [n= 6]),
dizziness (5.6% [n= 5]), hearing loss related
(hypoacusis, deafness neurosensory, deafness
unilateral, or deafness [7.8% (n= 7)]), and
hematuria (5.6% [n= 5]) (Table 2). Overall,
auditory function did not worsen from
baseline (Table E5) with continued ALIS use.
Two patients with abnormal audiograms at
INS-312 baseline had a moderate (grade 2)
worsening at Month 12.

TEAEs leading to temporary
ALIS interruption—reported in 46.7% of
ALIS-naive patients (n= 42)—included
dysphonia (22.2% [n= 20]), cough
(11.1% [n= 10]), and COPD exacerbation

Table 1. Demographic and clinical characteristics at INS-312 baseline: safety population

Characteristic Total (N=163) ALIS-Naive* Cohort (n=90) Prior-ALIS† Cohort (n= 73)

Age, mean (SD), years 64.8 (9.8) 64.8 (10.3) 64.9 (9.1)
Female, n (%) 105 (64.4) 54 (60.0) 51 (69.9)
Body mass index, mean (SD), kg/m2 20.8 (3.8) 21.0 (3.6) 20.5 (4.0)
Race, n (%)
White 101 (62.0) 60 (66.7) 41 (56.2)
Asian: Japanese 31 (19.0) 14 (15.6) 17 (23.3)
Asian: other 19 (11.7) 8 (8.9) 11 (15.1)
Black/African American 5 (3.1) 3 (3.3) 2 (2.7)
Multiracial 1 (0.6) 0 (0) 1 (1.4)
Not reported 6 (3.7) 5 (5.6) 1 (1.4)

Respiratory, thoracic, and mediastinal disorders, n (%)‡
Bronchiectasis 116 (71.2) 65 (72.2) 51 (69.9)
COPD 42 (25.8) 27 (30.0) 15 (20.5)
Cough 42 (25.8) 16 (17.8) 26 (35.6)
Pulmonary cavitation 33 (20.2) 16 (17.8) 17 (23.3)
Dyspnea 22 (13.5) 13 (14.4) 9 (12.3)
Asthma 15 (9.2) 10 (11.1) 5 (6.8)
Hemoptysis 15 (9.2) 6 (6.7) 9 (12.3)
Pulmonary mass 14 (8.6) 9 (10.0) 5 (6.8)
Dysphonia 13 (8.0) 0 (0) 13 (17.8)
Emphysema 13 (8.0) 9 (10.0) 4 (5.5)

Clarithromycin-resistant MAC, n (%)x 42 (25.8) 17 (18.9) 25 (34.2)
Current smoker, n (%)jj 17 (10.4) 8 (8.9) 9 (12.3)
Duration of NTM disease, median (range), years 4.6 (0.8–33.2) 3.7 (0.8–19.6)¶ 5.4 (0.8–33.2)

Definition of abbreviations: ALIS= amikacin liposome inhalation suspension; COPD=chronic obstructive pulmonary disease; MAC=Mycobacterium avium
complex; MIC=minimum inhibitory concentration; NTM=nontuberculous mycobacteria; SD= standard deviation.
*Added ALIS at baseline.
† Up to 8 months of ALIS exposure at baseline.
‡Derived from medical history.
xMIC>32 mg/ml.
jjIncluding E-cigarettes.
¶n=88.
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ml/min (n= 57). No clinically meaningful
trends or changes in hematology and
chemistry values, vital signs, physical
examination findings, body mass index, and
auditory function were observed beyond
those reported as TEAEs per protocol.

Efficacy outcomes. Initiation of
ALIS1GBT resulted in cumulative sputum
culture conversion in 26.7% of patients
(n= 24) by Month 6, increasing to 33.3%
(n= 30) by Month 12 (Figure 3A; time-to-
culture conversion is shown in Figure 3B).
Both patients who met culture conversion
criteria in CONVERT but met the definition
of relapse by Month 6 achieved culture
conversion in this study. Patients with
clarithromycin-resistant isolates had a lower
rate of culture conversion (17.3% [n= 3/17])
than those with clarithromycin-susceptible
(MIC< 8 mg/ml; 37.1% [n= 26/70]) or
clarithromycin-intermediate (MIC=16 mg/ml;
33.3% [n= 1/3]) isolates. Of 56 patients who
completed 12 months of treatment, 32.1%
(n= 18) and 39.3% (n= 22) achieved
conversion by Months 6 and 12,
respectively. Following culture conversion,
five patients had MAC-positive sputum that
met the definition of relapse and four
had MAC-positive sputum that met the
definition of reinfection. Four patients
had a single liquid-positive culture after
conversion and did not meet the definition
of recurrent MAC. 6MWT distance did not
improve from study baseline at Months
6 and 12 (Figure E1), nor was there a
relationship suggesting benefit in converters
compared with nonconverters.

Prior-ALIS Cohort

Patients. A total of 73 patients in the prior-
ALIS cohort enrolled, including one who
met the definition of culture conversion in
CONVERT and had a relapse before
CONVERT Month 6. The mean (SD) age of
patients in the prior-ALIS cohort was 64.9
(9.12) years; most were female (69.9%) and
white (56.2%), with a median NTM lung
disease duration of 5.4 (range, 0.8–33.2)
years (Table 1). At baseline, 100.0%
of patients in the prior-ALIS cohort
had a respiratory disorder, including
bronchiectasis (69.9%) and COPD (20.5%).
In this cohort, 42.5% had a history of
prior bronchodilator use (including the
on ALIS1GBT treatment period
in CONVERT), and 43.8% used
bronchodilators during the study. GBT
regimens of most patients (80.8%)

Table 2. ALIS-naive cohort: safety profile among patients who added ALIS at baseline
(safety population)

Parameter ALIS-Naive Cohort
(N= 90)

Any TEAE 90 (100)
Grade 1: mild 21 (23.3)
Grade 2: moderate 33 (36.7)
Grade 3: severe 29 (32.2)
Grade 4: life threatening 3 (3.3)
Grade 5: death 4 (4.4)

TEAE in >10% of patients
Dysphonia 39 (43.3)
Cough 32 (35.6)
Dyspnea 16 (17.8)
Fatigue 13 (14.4)
Hemoptysis 11 (12.2)
Infective exacerbation of bronchiectasis 11 (12.2)
Nausea 9 (10.0)
Diarrhea 9 (10.0)

TEAE: pulmonary exacerbation* 29 (32.2)
TEAE leading to discontinuation of ALIS 22 (24.4)
TEAE leading to discontinuation of GBT 8 (8.9)
TEAE leading to discontinuation of ALIS and GBT 5 (5.6)
TEAE leading to death 4 (4.4)
COPD exacerbation 1 (1.1)
Acute respiratory failure† 1 (1.1)
Pneumothorax 1 (1.1)
Pulmonary fibrosis progression‡ 1 (1.1)

Any serious TEAEx 32 (35.6)
Serious TEAE occurring in >3% of patients
MAC infection worsening or progression 5 (5.6)
Pneumonia 4 (4.4)
COPD exacerbation 4 (4.4)
Infective exacerbation of bronchiectasis 3 (3.3)

Serious TEAE: pulmonary exacerbation 17 (18.9)
Serious TEAE leading to discontinuation of ALIS 9 (10.0)
Respiratory TEAEs of special interest
Bronchospasm
Dyspnea 16 (17.8)
Wheezing 5 (5.6)
Bronchospasm 2 (2.2)
Dyspnea exertional 2 (2.2)

Infective exacerbation of underlying disease
Infective exacerbation of bronchiectasis 11 (12.2)
COPD exacerbation 6 (6.7)

Hemoptysis
Hemoptysis 11 (12.2)

Allergic alveolitis
Interstitial lung disease 1 (1.1)

TEAEs of special interest typically associated with parenteral amikacin
Ototoxicity
Hearing lossjj 7 (7.8)
Tinnitus 6 (6.7)
Dizziness 5 (5.6)
Vertigo 2 (2.2)
Balance disorder 1 (1.1)

Nephrotoxicity
Hematuria 5 (5.6)
Renal impairment 3 (3.3)
Blood creatinine increased 2 (2.2)
Leukocyturia 1 (1.1)
Proteinuria 1 (1.1)

Neuromuscular disorders
Peripheral neuropathy 1 (1.1)
Balance disorder 1 (1.1)

Definition of abbreviations: AE=adverse event; ALIS=amikacin liposome inhalation suspension; COPD=chronic
obstructive pulmonary disease; GBT=guideline-based therapy; TEAE=treatment-emergent adverse event.
Data are shown as n (%). The category of “other respiratory” is included in Table E4. Categories of
special interest are not mutually exclusive. AEs are reported and classified based onMedical Dictionary
of Regulatory Activities preferred terms. Adverse events that occurred on or after INS-312 baseline and
within 28 days after the last dose were considered TEAEs.
*Pulmonary exacerbation was defined based on the investigators’ best clinical judgment.
†Acute mixed respiratory failure secondary to progressive lung infiltration, pulmonary mycobacterial
infection, and cardiac arrest.
‡Onset before enrollment in CONVERT; death attributed to progressive deterioration
of pleuroparenchymal fibroelastosis.
xA serious AE is any untoward medical occurrence that at any dose resulted in death, was life threatening,
required inpatient hospitalization or prolongation of existing hospitalization, resulted in persistent or significant
disability or incapacity, or was a congenital anomaly or birth defect.
jjHearing loss includes preferred terms hypoacusis, deafness neurosensory, deafness unilateral, and deafness.
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total ALIS exposure, no new safety signals
indicative of cumulative ototoxicity
or nephrotoxicity were observed.
Bronchodilator use was common
(approximately 40%) and similar between
prior and concomitant use (both on an
ALIS1GBT treatment regimen). Similar to
the CONVERT study (14), two patients in the
prior-ALIS cohort developed allergic alveolitis
considered to be ALIS related; however, no
predictors were identified. Some patients
achieved culture conversion after Month 6,
indicating that culture conversion can occur
with extended ALIS1GBT treatment in some
patients who previously failed lengthy GBT.

Study Limitations
Limitations include the nonrandomized,
open-label extension design with no
comparator arm. Patients had different
durations of postconversion treatment,
limiting assessments of response
sustainability. The relatively small size
of the cohorts limited potential subanalyses
and extrapolation to different subgroups of
patients with refractory MAC lung disease.
The inherent high variability in 6MWT
distance among patients with refractory
MAC lung disease found in CONVERT (31)
and INS-312 makes it difficult to draw
conclusions regarding potential functional
improvement with treatment.

Conclusions
The safety and tolerability of ALIS1GBT
in the INS-312 extension study was
consistent with the CONVERT study (14); no
new safety signals were detected with up to 20
months of total ALIS exposure. Respiratory
AEs following ALIS initiation were common.
Nephrotoxicity-related AEs and measured
hearing decline were infrequent over the 12-
month treatment phase in this extension
study.

By indirect comparison, similar
proportions of patients with treatment-
refractory disease initiating ALIS achieved
culture conversion by Month 6 in both INS-
312 (27%) and CONVERT (29%). Culture
conversion was observed at time points
beyond 6 months of treatment, supporting
the potential benefit of extended ALIS use in
patients considered refractory to initial
treatment. n

Table 3. Prior-ALIS cohort: safety profile among patients with up to 8 months of ALIS
exposure at baseline (safety population)

Parameter Prior-ALIS Cohort (N= 73)

Any TEAE 68 (93.2)
Grade 1: mild 22 (30.1)
Grade 2: moderate 30 (41.1)
Grade 3: severe 13 (17.8)
Grade 4: life threatening 1 (1.4)
Grade 5: death 2 (2.7)

TEAE in >10% of patients
Hemoptysis 11 (15.1)
Nasopharyngitis 10 (13.7)
Cough 9 (12.3)
Dyspnea 9 (12.3)

TEAE: pulmonary exacerbation* 22 (30.1)
TEAE leading to discontinuation of ALIS 6 (8.2)
TEAE leading to discontinuation of GBT 4 (5.5)
TEAE leading to discontinuation of ALIS and GBT 1 (1.4)
TEAE leading to death 2 (2.7)
COPD exacerbation 1 (1.4)
Lower respiratory tract infection 1 (1.4)

Any serious TEAE† 20 (27.4)
Serious TEAE occurring in >3% of patients
Pneumonia 3 (4.1)

Serious TEAE: pulmonary exacerbation 7 (9.6)
Serious TEAE leading to discontinuation of ALIS 3 (4.1)
Respiratory TEAEs of special interest
Bronchospasm

Dyspnea 9 (12.3)
Wheezing 1 (1.4)

Infective exacerbation of underlying disease
Infective exacerbation of bronchiectasis 7 (9.6)
COPD exacerbation 4 (5.5)

Hemoptysis
Hemoptysis 11 (15.1)

Allergic alveolitis
Alveolitis allergic 2 (2.7)

TEAEs of special interest typically associated with
parenteral amikacin

Ototoxicity
Hearing loss‡ 7 (9.6)
Dizziness 2 (2.7)
Tinnitus 1 (1.4)

Nephrotoxicity
Hematuria 4 (5.5)
GFR decreased 2 (2.7)
Leukocyturia 1 (1.4)
Proteinuria 1 (1.4)
Azotemia 1 (1.4)
Renal failure 1 (1.4)

Neuromuscular disorders
Peripheral neuropathy 1 (1.4)

Definition of abbreviations: ALIS= amikacin liposome inhalation suspension; COPD=chronic
obstructive pulmonary disease; GBT=guideline-based therapy; GFR=glomerular filtration rate;
TEAE= treatment-emergent adverse event.
Data are shown as n (%).
Adverse events are reported and classified based on Medical Dictionary of Regulatory Activities
preferred terms.
*Pulmonary exacerbation was defined based on the investigators’ best clinical judgment.
† A serious adverse event is any untoward medical occurrence that at any dose resulted in death, was
life threatening, required inpatient hospitalization or prolongation of existing hospitalization, resulted
in persistent or significant disability or incapacity, or was a congenital anomaly or birth defect.
‡ Hearing loss includes preferred terms hypoacusis, deafness neurosensory, deafness unilateral, and
deafness.

ORIGINAL RESEARCH

Winthrop, Flume, Thomson, et al.: Safety Extension Study of ALIS in MAC Lung Disease 1155
 



Amikacin Liposome Inhalation Suspension
A 12-Month Open-Label Extension Clinical Trial 

Winthrop KL, et al. Annals ATS 2021

lower rate than those with macrolide-
susceptible isolates. This finding is
encouraging considering the uniformly low
conversion rates for macrolide-resistant
MAC reported in other studies (29, 30), as
well as the increased conversion rates that
occurred with the addition of a single

inhalational drug to a standard oral
regimen.

Prior-ALIS Cohort

The prior-ALIS cohort comprised patients
who received up to 8 months of ALIS1GBT

in CONVERT and thus provided long-term
safety and efficacy data for up to 20 months
of total ALIS exposure. Consistent with
the design of the study and potential for
enrollment bias, patients who tolerated ALIS
in CONVERT may have been more likely to
enroll in INS-312. With up to 20 months of
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Figure 3. (A) Cumulative proportion of patients in the ALIS-naive cohort with culture conversion, shown by the first month of conversion: safety population.
The cumulative proportion of patients achieving culture conversion is displayed by the first month at which sputum cultures were negative for MAC.Month 10
was the latest time point at which a patient could achieve the first of three consecutive sputum cultures negative for MAC and be considered a converter by
Month 12. Patients with cultures negative for MAC at INS-312 baseline, Months 1 and 2, were considered converters at baseline. A patient with missing
monthly culture data was considered positive for MAC unless they were unable to produce sputum even after induction. (B) Proportion of patients with
culture conversion over time (safety population). The study month at which patients first experienced a MAC-negative sputum culture is shown by Kaplan-
Meier analysis. Open� circles indicatepatients who were censored. ALIS= amikacin liposome inhalationsuspension;MAC=Mycobacterium avium complex.
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Inhaled Amikacin for Mabs

• 82 TT naïve patients with 
Mabs, 2015-2018

• During the initial phase, all
patients received IV amikacin, 
imipenem (or cefoxitin), and 
oral azithromycin. 

• Oral clofazimine was added in 
cases of M abscessus
subspecies abscessus or M 
abscessus subspecies
massiliense with cavitary
lesions. 

• During the continuation phase, 
amikacin was changed from an 
injectional to inhalational form. 

achieved in 53 study patients (65%), which was also
significantly higher in M massiliense-PD than in
M abscessus-PD (91% vs 31%; P < .001). Six patients
with M abscessus-PD (7%) achieved clinical cure with
one or two negative culture results within 12 months of
initiating treatment.

Patients who received linezolid had worse outcomes
than those treated without linezolid (e-Table 3), in terms
of culture conversion (18% vs 82%; P < .001) and
microbiologic cure (18% vs 80%; P < .001), but there
was no differences in baseline characteristics. The two
patients with M massiliense-PD who received linezolid
did not achieve culture conversion. There was no
significant difference in treatment outcomes according
to linezolid use in patients with M abscessus-PD. After
adjusting for various clinical, laboratory, and
demographic factors, M massiliense (reference,
M abscessus) was the only factor significantly associated
with cure (adjusted OR, 23.864; P < .001) (Table 4 and
e-Table 4). After excluding six patients who were not
treated with IV therapy, results were consistent with
previous findings (e-Table 5).

Total median follow-up duration was 34.7 months
(IQR, 25.0-51.4 months). At the last follow-up date,
among the 53 patients who achieved cure at 12 months
of treatment, five (one with M massiliense-PD and four

with M abscessus-PD) experienced reemergence of the
pathogen within a median of 15.5 months after that
time point, despite maintaining therapy. Two patients
with M massiliense-PD were reinfected with
Mycobacterium avium and Mycobacterium
intracellulare. Four patients (one with M massiliense-
PD and three with M abscessus-PD) who did not
achieve cure at 12 months had achieved cure, a median
of 13.0 months after treatment initiation. All patients
who achieved clinical cure at 12 months experienced
reemergence of the causative pathogen, M abscessus, by
the end of the study period.

Drug Susceptibility Testing for Isolates After
Antibiotic Therapy

Among the patients who did not achieve cure at the last
follow-up date, we evaluated the available follow-up
DST data for the final isolates obtained from 28 patients
(e-Table 6). The last DST was performed a median of
22.1 months (IQR, 15.2-36.9 months) after treatment
initiation. Two patients who initially had
clarithromycin-susceptible M massiliense demonstrated
acquired resistance after treatment. Among 25 patients
with M abscessus-PD who had follow-up DST data, 20
patients showed inducible resistance and the remaining
five patients showed acquired resistance to
clarithromycin on follow-up DST. Of the seven patients

TABLE 3 ] Treatment Outcome 12 Months After Initiation of Treatment

Outcome Total (N ¼ 82) M massiliense (n ¼ 46) M abscessus (n ¼ 36) P Value

Symptomatic response .047

Improved 72 (88) 44 (96) 28 (78)

Unchanged 4 (5) 1 (2) 3 (8)

Worsened 6 (7) 1 (2) 5 (14)

Radiographic response on CT scan .002

Improved 64 (78) 42 (93) 22 (61)

Unchanged 7 (9) 3 (7) 4 (11)

Worsened 11 (13) 1 (2) 10 (28)

Culture conversiona 56 (68) 44 (96) 12 (33) < .001

Time to conversion, mo 1.0 (0.9-1.2) 1.0 (0.9-1.2) 1.0 (0.9-8.1) .527

Microbiologic cureb 55 (67) 44 (96) 11 (31) < .001

Curec 53 (65) 42 (91) 11 (31) < .001

Clinical cured 6 (7) 0 (0) 6 (17) < .001

Data are presented as No. (percentage) or median (interquartile range). M ¼ Mycobacterium.
aAt least three consecutive negative culture results after treatment, collected at least 4 wk apart.
bMaintaining negative culture results after culture conversion until the time of outcome measurement.
cFulfillment of both clinical and microbiologic cure. Patients who fulfilled the criteria for cure before 12 mo, but had another positive culture result at 12 mo,
were not considered cured because negative culture results were not maintained.
dImprovement of symptoms during treatment without available cultures to prove culture conversion or microbiologic cure. The six patients with
M abscessus pulmonary disease achieved clinical cure with one or two negative culture results within 12 mo of initiating treatment, but all of them
experienced reemergence of the causative pathogen, M abscessus, by the end of the study period.

chestjournal.org 441



Tedizolid

• Linezolid associato a scarsa
tollerabilitàà 45% eventi avversi (NTM)
• 24% neuropatia periferica, 9% intolleranza

GI, 8% anemia, 6% PLTpenia

• Tedizolid
• 200 mg QD
• Migliore tollerabilità e minore incidenza

sindrome serotoninergica
• Migliore penetrazione nell’ELF
• Maggiore attività in vitro
• Buone MIC per NTM (lievemente peggiori

per abscessus)

Winthrop KL, Eur Resp J 2015; Ruth MM, et al. JAC 2019
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Figure 2. Time–kill kinetics of tedizolid against M. abscessus CIP 104536. (a) Dose–response of tedizolid (MIC = 4 mg/L). (b) Combination time–kill kin-
etics of tedizolid and amikacin (MIC = 32 mg/L). (c) Percentage of the 5% MIC amikacin-resistant subpopulation of (b). (d) Percentage of the 5% MIC
linezolid-resistant subpopulation of (b). AMK, amikacin; LZD, linezolid; TZD, tedizolid.
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Prolonged tedizolid use in cutaneous non-tuberculous 
mycobacterial infection 
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A B S T R A C T   

Cutaneous non-tuberculous mycobacterial (NTM) infections are an emerging infectious disease and require a 
protracted course of combination antibiotics. Antimicrobial choice is limited by resistance and toxicity. Tedizolid 
is a new oxazolidinone antibiotic with in vitro activity against some NTM, but its use in the management of 
extrapulmonary NTM has not been described. We report on the utility of prolonged tedizolid use (8 months), 
after linezolid intolerance, in combination therapy in a case of difficult Mycobacterium chelonae cutaneous 
infection. Although tedizolid contributed to clinical remission, it may have also contributed to a multifocal 
peripheral neuropathy. Its efficacy may also have been limited by continued immunosuppression, with evidence 
to suggest disease relapse or treatment failure after completion of combination therapy. Tedizolid can be 
considered, with caution, in combination therapy for difficult cases of cutaneous NTM infection.   

1. Introduction 

Extrapulmonary non-tuberculous mycobacterial (NTM) infections 
affect a variety of sites, though cutaneous infections are most frequently 
reported [1]. Cutaneous NTM infections typically require a protracted 
course of antimicrobials and clinicians have a limited choice of agents 
[2]. Oxazolidinones achieve excellent penetration into skin/soft tissue 
and have in vitro activity against some non-tuberculous mycobacteria 
(NTM) [3]. However, prolonged use of linezolid is poorly tolerated due 
to haematological disorders and peripheral neuropathy. 

Tedizolid is a newer oxazolidinone which has shown similar efficacy 
to linezolid in acute bacterial skin and soft tissue infections (ABSSIs), 
with reduced adverse side effects [4]. Its use in mycobacterial infections 
is limited by its absence in standard antimicrobial susceptibility testing 
(AST). Nevertheless, extended use of tedizolid has been described in 
small mycobacterial case series, compromising mostly pulmonary NTM 
infection [5,6] and pulmonary tuberculosis [7]. Its use in extrapulmo-
nary NTM infection is remains poorly characterized. We describe the 
extended use (8 months) of tedizolid, after linezolid toxicity, which 
contributed in combination therapy to remission for a patient with 
cutaneous Mycobacterium chelonae infection. 

2. Case presentation 

A male patient in his seventies was diagnosed with type 2 refractory 
coeliac disease with ulcerative jejunoileitis. He was commenced on 
mycophenolate after treatment failure with steroids and azithromycin. 
Four weeks later, he developed numerous erythematous skin lesions 
across all four limbs. Microscopy on skin biopsies revealed a few acid- 
fast bacilli (AFB) per field. Nucleic acid amplification testing was 
negative for Mycobacterium tuberculosis complex (Cepheid Xpert MTB/ 
RIF). The isolate was detected in liquid media after 10 days (BD Bactec 
MGIT system) and grew on solid pyruvate Löwenstein–Jensen media. 
16S rRNA analysis indicated a 99% sequence homology to Mycobacte-
rium chelonae and Mycobacterium abscessus. Line probe assay confirmed 
mycobacterial identification as M. chelonae. AST was performed by a 
microdilution method according to Clinical Laboratory Standards 
Institute (CLSI) guidelines [8] and revealed the isolate had susceptibility 
to clarithromycin (0.5 mg/L) and tobramycin (2 mg/L); intermediate 
susceptibility to linezolid (16 mg/L) and amikacin (32 mg/L); and 
resistance to co-trimoxazole (>8/152 mg/L), ciprofloxacin (>4mg/L), 
moxifloxacin (8 mg/L), doxycycline (>16 mg/L) and cefoxitin (128 mg/ 
L) (Table 1). 

* Corresponding author at: Wellcome-Wolfson Institute for Experimental Medicine, School of Medicine, Dentistry and Biological Sciences, Queen’s University 
Belfast, 97 Lisburn Road, Belfast BT9 7BL, UK. 
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The patient was diagnosed with cutaneous M. chelonae infection in 
the setting of immunosuppression. His steroid dose was reduced and 
mycophenolate therapy discontinued. The patient was commenced 
empirically on oral clarithromycin, IV tobramycin and IV imipenem/ 
cilastatin. This was rationalised after 5 weeks with AST results to oral 
clarithromycin, IV tobramycin and empirical IV tigecycline. 

Baseline platelets levels were 200–250 × 109/L and fell after adding 
tigecycline, though they remained in an acceptable and tolerable range 
(100–150 × 109/L) (Fig. 1). After 10 weeks, linezolid was added as there 
was no improvement in the cutaneous lesions. Regression of skin lesions 
was observed but severe thrombocytopenia developed (platelet count 
16 × 109/L) and linezolid was stopped after 30 days. The patient 
regained baseline platelet levels within two weeks but the skin lesions 
re-appeared five weeks after stopping linezolid. Eight weeks after 

cessation of linezolid, tedizolid (200 mg IV OD) was commenced and 
tigecycline was stopped. 

The skin lesions regressed following the addition of tedizolid and 
remained in remission until the end of his course. After an initial, 
transient fall (to 46 × 109/L), platelet counts stabilized to a baseline of 
130–300 × 109/L (Fig. 1). The patient completed an 8-month course of 
tedizolid in combination with clarithromycin and tobramycin and was 
discharged off antibiotics. Tobramycin therapeutic drug monitoring 
continued at least weekly throughout the course, with most post-dose 
peaks reported in the range 5–10 mg/L and trough levels below 2 mg/ 
L. After discharge, his immunosuppression was maintained on low-dose 
prednisolone only (7.5 mg once daily). 

Although the combination of tedizolid, clarithromycin and tobra-
mycin was efficacious, the patient developed some adverse neurological 
side effects. During inpatient treatment, he acquired irreversible bilat-
eral sensorineural hearing loss (most likely caused by protracted ami-
noglycoside therapy). He also developed a right foot drop and nerve 
conduction studies revealed a length-dependent mixed axonal loss pe-
ripheral neuropathy. Over the three months following discharge and 
cessation of all antibiotics, he developed neuropathic pain in both feet. 

The patient reported occasional, milder recurrence of similar skin 
lesions over the following year. Histological examination revealed 
necrotising granulomas with no evidence for AFB on staining, and 
mycobacterial culture was negative. The aetiology and nature of these 
lesions was unclear, but they were self-limiting and no further anti- 
mycobacterial therapy was given. The patient died over two years 
later from small bowel lymphoma as a complication of ulcerative 
jejunoileitis. 

Table 1 
Antimicrobial susceptibility testing results of Mycobacterium chelonae isolated 
from the patient’s skin biopsy.  

Antimicrobial MIC (mg/L) Susceptibility 

Amikacin  32 I 
Cefoxitin  128 R 
Ciprofloxacin  >4 R 
Clarithromycin  0.5 S 
Co-trimoxazole  >8/152 R 
Doxycycline  >16 R 
Linezolid  16 I 
Moxifloxacin  8 R 
Tobramycin  2 S 

S: susceptible; I: intermediate susceptibility; R: resistant. 

Fig. 1. The patient’s platelet count during antimicrobial therapy. Linezolid commenced on day 70, after no improvement in cutaneous appearances. Platelets 
dropped to 16 × 109/L within 30 days and linezolid was stopped. Tedizolid was commenced on day 160. After a mild, transient fall, platelet counts stabilised to a 
baseline of 130–300 × 109/L and tezidolid was continued for 8 further months. 

T.D. Shaw et al.                                                                                                                                                                                                                                 

• Skin lesions from M. chelonae in a patient 
treated with mycofenolate (after steroids)

• MOX R, TMP/SFX R, DOX R, AMK I, LZD I
• severe thrombocytopenia with LZD
• irreversible bilateral sensorineural

hearing loss and peripheral neuropathy
(with neuropathic pain in both feet)

Shaw TD, et al. Journal of Clinical Tuberculosis and Other Mycobacterial Diseases 2021



Tedizolid vs. Linezolid in SOT recipients

• Single-center, retrospective, US, 2010-2019
• 24 patients: 15 TDZ vs.  LZD
• Mabs (1 M. chelonae)
• No differences were identified comparing the effects of tedizolid vs 

linezolid on platelet counts, ab- solute neutrophil counts (ANCs), and 
hemoglobin over 7 weeks using mixed-effects analysis of variance models. 
• ANC was significantly decreased in both groups after 7 weeks of therapy (P = .04). 

• Approximately 20% of patients in each arm discontinued therapy due to an 
ADE (no peripheral neuropathy)
• Seven of 12 (58%) and 2 of 3 (67%) patients were cured or clinically cured 

with TDZ- and LZD-containing regimens, respectively.

Poon YK, et al. OFID 2021
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In Vitro Activity of Bedaquiline and Delamanid against
Nontuberculous Mycobacteria, Including Macrolide-Resistant
Clinical Isolates
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ABSTRACT We evaluated the in vitro activities of the antimicrobial drugs bedaqui-
line and delamanid against the major pathogenic nontuberculous mycobacteria
(NTM). Delamanid showed high MIC values for all NTM except Mycobacterium kansa-
sii. However, bedaquiline showed low MIC values for the major pathogenic NTM, in-
cluding Mycobacterium avium complex, Mycobacterium abscessus subsp. abscessus, M.
abscessus subsp. massiliense, and M. kansasii. Bedaquiline also had low MIC values
with macrolide-resistant NTM strains and warrants further investigation as a poten-
tial antibiotic for NTM treatment.

KEYWORDS Mycobacterium abscessus, Mycobacterium avium complex, Mycobacterium
kansasii, bedaquiline, delamanid, nontuberculous mycobacteria

The incidence and prevalence of pulmonary disease (PD) associated with nontuber-
culous mycobacteria (NTM) are increasing worldwide (1, 2). Mycobacterium avium

complex (MAC), Mycobacterium abscessus, and Mycobacterium kansasii are the most
common pathogens for NTM PD worldwide (3–5). Macrolide antibiotics, such as clari-
thromycin and azithromycin, are key drugs for treating NTM PD, especially MAC PD (1,
2). Treatment outcomes are still not satisfactory (6–9), however, and the development
of acquired resistance to macrolides can further worsen treatment outcomes (10, 11).
Moreover, M. abscessus isolates can have intrinsic inducible macrolide resistance or
acquired macrolide resistance, and M. abscessus PD is the most difficult-to-treat type of
NTM PD (12–14). Therefore, discovery of new and repurposed drugs is urgently needed
(15).

Bedaquiline and delamanid are new drugs for the treatment of multidrug-resistant
tuberculosis (16–20). Bedaquiline is a diarylquinoline that inhibits the proton pump of
mycobacterial ATP synthase, and delamanid is a compound derived from nitrodihy-
droimidazooxazole that inhibits mycolic acid synthesis (21–23). Previous studies re-
ported that the MICs of bedaquiline and delamanid for Mycobacterium tuberculosis,
including multidrug-resistant isolates, were very low (24, 25).

Recently, the MICs of bedaquiline against MAC, including M. avium and Mycobac-
terium intracellulare, have been reported (26–28). In those studies, most macrolide-
sensitive MAC isolates showed low MICs for bedaquiline (26–28). In addition, M.
abscessus subsp. abscessus and M. abscessus subsp. massiliense have low MIC values for
bedaquiline (28–30).
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In Vitro Activity of Bedaquiline against
Nontuberculous Mycobacteria in China

Yu Pang,a Huiwen Zheng,b Yaoju Tan,c Yuanyuan Song,b Yanlin Zhaob
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Chinaa; National Center for Tuberculosis Control and Prevention, Chinese Center for Disease Control and
Prevention, Beijing, Chinab; Department of Clinical Laboratory, Guangzhou Chest Hospital, Guangdong
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ABSTRACT The main goal of our study was to evaluate the in vitro bedaquiline sus-
ceptibility of six prevalent species of pathogenic nontuberculous mycobacteria
(NTM) in China. In addition, we investigated the potential molecular mechanisms
contributing to bedaquiline resistance in the different NTM species. Among slowly
growing mycobacteria (SGM), bedaquiline exhibited the highest activity against My-
cobacterium avium; the MIC50 and MIC90 values were 0.03 and 16 mg/liter, respec-
tively. Among rapidly growing mycobacteria (RGM), Mycobacterium abscessus subsp.
abscessus (M. abscessus) and Mycobacterium abscessus subsp. massiliense (M. massil-
iense) seemed more susceptible to bedaquiline than Mycobacterium fortuitum,
with MIC50 and MIC90 values of 0.13 and !16 mg/liter, respectively, for both
species. On the basis of bimodal distributions of bedaquiline MICs, we proposed
the following epidemiological cutoff (ECOFF) values: 1.0 mg/liter for SGM and 2.0
mg/liter for RGM. Among M. avium, Mycobacterium intracellulare, Mycobacterium
kansasii, M. abscessus, M. massiliense, and M. fortuitum isolates, 14 (29.8%), 41
(27.2%), 33 (39.3%), 44 (20.2%), 42 (25.8%), and 7 (31.8%), respectively, were re-
sistant to bedaquiline. No significant differences in the proportions of bedaqui-
line resistance among these species were observed (P ! 0.05). Genetic mutations
were observed in 74 isolates (10.8%), with all nucleotide substitutions being syn-
onymous. In conclusion, our data demonstrate that bedaquiline shows moderate
in vitro activity against NTM species. Using the proposed ECOFF values, we could
distinguish between bedaquiline-resistant and -susceptible strains with the broth
dilution method. In addition, no nonsynonymous mutations in the atpE gene
that conferred bedaquiline resistance in all six NTM species were identified.

KEYWORDS nontuberculous mycobacteria, bedaquiline, ECOFF

Nontuberculous mycobacteria (NTM) are a group of all Mycobacterium species with
the exception of the obligate Mycobacterium tuberculosis complex and Mycobac-

terium leprae (1). Although NTM are considered typically environmental organisms,
NTM infections have attracted more attention due to their increased prevalence
worldwide in the past 2 decades (2, 3). In many high-income countries, NTM disease is
a significant contributor to morbidity and death among immunocompromised individ-
uals (4). The major obstacle to addressing NTM disease is associated with its natural
resistance to antibacterial drugs, resulting in disappointing clinical outcomes with the
currently available treatment regimens (5). Therefore, there is an urgent need to
develop and to employ novel and more effective antibiotics for the treatment of NTM
infections (6, 7).

Bedaquiline is a novel diarylquinoline antibiotic, which exhibits potent activity
against mycobacteria by inhibiting ATP synthase (8). On the basis of favorable
results in a number of preclinical and clinical trials, this drug was approved in 2012
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bacteriostatic activity (Figure 1a). The bedaquiline/clofazimine com-
bination showed lower cfu counts than either drug alone, but none
showed a prolonged bactericidal effect (Figure 1b). Only 1%MIC and
2%MIC bedaquiline/clofazimine combinations lowered cfu counts
by!1 log but showed sustained growth by day 5.

The percentage of the colonies resistant to 3%MIC of bedaqui-
line is shown in Figure 1(c). Populations treated with bedaquiline
alone did not reach a higher resistance proportion than 0.01% irre-
spective of antibiotic concentration (Figure 1c). The proportion of
bedaquiline-resistant colonies was highest for combination condi-
tions, with 0.5%MIC bedaquiline/clofazimine and 1%MIC bedaqui-
line/clofazimine conditions reaching .100% resistant colonies by
day 14. The 2%MIC bedaquiline/clofazimine combination showed
a slightly decreasing resistance trend by day 14, starting at 100%
on day 7 and ending at 1% on day 14. Colony counts of the resist-
ant population are shown in Figure S1(A).

TK assays of M. avium in single-drug exposure and in
combination
Growth and killing curves of M. avium ATCC 700898 exposed to
bedaquiline are shown in Figure 2(a). At concentrations of 1%MIC,

bedaquiline showed prolonged bacteriostatic activity, and at con-
centrations of "4%MIC a slight bactericidal activity (Figure 2a).
Bedaquiline/clarithromycin combination kill curves are given in
Figure 2(b). Bedaquiline/clarithromycin combinations were more
cidal than bedaquiline alone, but less than clarithromycin alone.
An exception to this is the 2%MIC bedaquiline/clarithromycin
condition, which continued a downward trend until day 21 with al-
most 2 log kill, with subsequent sustained growth by day 28
(Figure 2b). No apparent grouping of 3%MIC clarithromycin-
resistant populations was observed—all conditions seem to have
clarithromycin resistance rates of !50%. Only 1%MIC clarithromy-
cin and 2%MIC clarithromycin curves clearly broke the 100% mark
by day 28.

The percentages of the population resistant to 3%MIC clarithro-
mycin or bedaquiline are given in Figure 2(c and d). The 2%MIC
bedaquiline condition showed the highest rate of bedaquiline
resistance, reaching almost 100% by day 21. The 0.5%MIC beda-
quiline/clarithromycin and 1%MIC bedaquiline/clarithromycin
combination conditions both show 1% bedaquiline resistance by
day 28, which is a higher percentage of bedaquiline resistance
than conditions treated with clarithromycin only (Figure 2d).
Resistant population cfu counts can be found in Figure S1(B and C).
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Figure 1. Time–kill curves of M. abscessus CIP 104536. (a) Dose–response of M. abscessus CIP 104536 against a concentration range of bedaquiline
(BDQ) in CAMHB; the MIC was 0.25 mg/L. (a) Combination time–kill curves of M. abscessus with bedaquiline and clofazimine (CZM) and in combination
in M7H9; MICs were 1 mg/L for bedaquiline and 1 mg/L for clofazimine. (c) Percentage of the 3%MIC bedaquiline-resistant population of (b).
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for the treatment of RGM, including the M. abscessus complex (especially oral agents),
are desperately needed.

RESULTS
Bedaquiline MICs were determined for 104 nonduplicate isolates of the M. abscessus

complex from 94 respiratory cultures (approximately 90%) and 10 isolates from wounds
and disseminated disease. Bedaquiline MICs ranged from 0.008 to 0.5 !g/ml, with an
MIC50 of 0.06 and MIC90 value of 0.12 !g/ml for 76 isolates of M. abscessus subsp.
abscessus. The MIC range for bedaquiline with 10 isolates of M. abscessus subsp.
massiliense was 0.015 to 0.12 !g/ml, with MIC50 and MIC90 values of 0.12 !g/ml. Sixteen
isolates of an M. abscessus subsp. abscessus-M. abscessus subsp. massiliense hybrid had
a bedaquiline MIC range of 0.03 to 0.25 !g/ml, with an MIC50 of 0.06 !g/ml and MIC90

of 0.12 !g/ml. For two isolates of M. abscessus subsp. bolletii, the MICs were 0.06 !g/ml
(Fig. 1 and Table 1).

To our knowledge, none of the patients were treated with bedaquiline or clofazi-
mine prior to our testing. MICs of the comparator antimicrobials were within expected
range for each of the subspecies. Two clinical isolates of M. abscessus subsp. abscessus
had mutational resistance to amikacin and one isolate of the M. abscessus subsp.
abscessus-M. abscessus subsp. massiliense had clarithromycin mutational resistance. One
isolate of M. abscessus subsp. abscessus had unusual susceptibility to trimethoprim-
sulfamethoxazole (TMP-SMX).

There are currently no CLSI or manufacturer guidelines for testing bedaquiline
against NTM, and because our laboratory is not a biosafety level 3 facility, this
prohibited testing Mycobacterium tuberculosis (the only species for which the manu-
facturer provided guidelines for MICs) against the agent. Quality control for M. pereg-

FIG 1 In vitro bedaquiline MICs (!g/ml) of 104 isolates of Mycobacterium abscessus complex. The
epidemiological cutoff value (ECV) for nontuberculous mycobacteria has not yet been addressed by the
Clinical and Laboratory Standards Institute (CLSI). However, using the software designed for fungal and
some bacterial isolates, the 95% subset ECV for these isolates of the M. abscessus complex was 0.25 !g/ml
and 0.5 !g/ml for the M. abscessus subsp. abscessus and M. abscessus subsp. massiliense (including the
hybrid isolates), respectively.
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Bedaquiline

Bedaquiline for Disseminated NTM Infection

this drug was withheld until his renal function recov-
ered. On its reinitiation at the same dose, tinnitus de-
veloped, prompting permanent withdrawal of ami-
kacin. Because of excellent progress, tigecycline was 
replaced with linezolid at that time.

18Fluorodeoxyglucose-positron emission to-
mography/computed tomography imaging was 
used to monitor disease response (Figure 2). Al-
though pulmonary and hepatic lesions emerged 
intermittently, they were consistently culture nega-
tive and are believed to represent immune-medi-
ated lesions. His most recent scan 36 months after 
treatment began showed ongoing, but greatly re-
duced, 18fluorodeoxyglucose avidity in all areas. 
Therefore, he continues maintenance therapy with 
clofazimine and azithromycin, despite evidence of 

clarithromycin resistance in vitro. This combina-
tion (clofazimine and azithromycin) has been well 
tolerated, and the condition of the patient contin-
ues to be favorable.

Case-patient 2 was a 30-year-old man who had 
pyrexia, pancytopenia, and lymphadenopathy. Ad-
vanced HIV infection had been diagnosed 1 month 
earlier (CD4 count 10 cells/µL, viral load >1 mil-
lion copies/mL). He started antiretroviral therapy 
10 days before he came to the hospital. Culture 
of lymph node, peripheral blood, and sputum all 
yielded M. avium. Treatment with azithromycin, ri-
fabutin, and ciprofloxacin was initiated. Ethambu-
tol was excluded because of color blindness.

The patient initially transferred his care to an-
other hospital but returned 6 months later because 

 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 27, No. 3, March 2021 945

Figure 1. Summary of treatment and monitoring of 2 HIV-positive persons who had disseminated Mycobacterium abscessus 
infections, London, UK. A) Case-patient 1. B) Case-patient 2. The infection in case-patient 1 was secondary to fecal abdominal cavity 
contamination after rectal perforation. Bars in top section show timing of treatments; red indicates bedaquiline. Drug regimens and 
treatment responses were measured by using Hb (g/L), Neut (× 109 cells/L), and CRP (mg/L). Values (+ and –) on the bottom of panel B 
are results for mycobacterial blood cultures. CRP, C-reactive protein; Hb, hemoglobin; Neut, neutrophils.

 
Table 1. MICs and CLSI interpretation as reported by Public Health England reference laboratory for all drugs tested against 
Mycobacterium abscessus isolate from case-patient 1 (5)* 
Drug MIC, mg/L CLSI interpretation 
Amikacin Month 0: 16 Sensitive 

Month 3: 32 Intermediate 
Cefoxitin 128 Resistant 
Ciprofloxacin >4 Resistant 
Clarithromycin >16 Resistant (phenotype suggestive of inducible resistance) 
Cotrimoxazole >8/152 Resistant 
Doxycycline >16 Resistant 
Imipenem 16 Intermediate 
Linezolid Month 0: 32 Resistant 

Month 3: 16 Intermediate 
Moxifloxacin >8 Resistant 
Tigecycline 2 No defined breakpoints 
Tobramycin 8 Resistant 
*MICs were obtained for the initial isolate of the patient at month 0, and again at month 3. Where duplicated, values were consistent, except for amikacin 
and linezolid, where both MICs are included. CLSI, Clinical and Laboratory Standards Institute. 
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Well controlled HIV
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Efficacy and safety of tigecycline for Mycobacterium abscessus disease 
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A B S T R A C T   

Purpose: Mycobacterium abscessus disease is one of the most difficult mycobacterial infections to cure, as the 
bacterium is highly resistant to conventional antibiotics. The purpose of this study was to evaluate the efficacy 
and safety of tigecycline treatment of M. abscessus disease. 
Procedure: We performed retrospective chart reviews of patients with M. abscessus disease receiving tigecycline- 
containing regimens at National Jewish Health from January 2009 to December 2017. 
Main findings: Among the 35 patients, pulmonary disease was the most common presentation of M. abscessus 
disease (n ¼ 29, 82.9%). Of those receiving tigecycline treatment, 17.4% (4/23) showed microbiological 
improvement ("2 consecutive negative sputum cultures), while 86.2% (25/29) and 59.3% (16/27) showed 
symptomatic and radiological improvements, respectively. The rate of dose reduction or discontinuation of 
tigecycline owing to adverse drug reactions was 57.1% (20/35) at a median of 56.5 days (IQR 10.8–122.3). The 
most common adverse drug reactions were gastrointestinal side effects, including nausea, vomiting, and 
diarrhea. 
Conclusions: Tigecycline-containing regimens for M. abscessus disease have a high rate of symptomatic and 
radiological improvement. However, considering the poor microbiological response and the common adverse 
effects, selection of patients for tigecycline treatment and monitoring for adverse drug reactions should be 
performed carefully.   

1. Introduction 

Mycobacterium abscessus is resistant to many antibiotics [1–3]. 
Therefore, new, effective agents for M. abscessus disease are needed to 
improve the treatment success rate. 

Tigecycline is a parenteral glycylcycline, a semisynthetic tetracy-
cline, that was developed to overcome bacterial resistance to tetracy-
cline [4]. Interestingly, it also exhibits potent antibacterial activity 
against rapidly growing mycobacteria, with a minimum inhibitory 
concentration (MIC) as low as 0.06–0.25 μg/ml in clinical isolates, 
which are 4- to 11-fold more susceptible to this drug than to tetracycline 
[5]. Current guidelines recommend its use to treat M. abscessus disease in 
patients both with and without cystic fibrosis (CF) [6,7]. However, few 
studies have reported on the efficacy and safety of tigecycline in the 
treatment of M. abscessus and M. chelonae diseases [8–10]. 

2. Methods 

We retrospectively reviewed all patients with M. abscessus disease 
who were treated with a tigecycline-containing regimen at National 
Jewish Health (NJH) from January 2009 to December 2017, examining 
data obtained from the NJH research database and a review of medical 
charts. The Institutional review board (IRB) at NJH approved the study 
protocols (IRB number: HS 3126). All patients, except for six with 
extrapulmonary M. abscessus disease, met the diagnostic criteria for 
NTM pulmonary disease [1]. 

The efficacy of tigecycline was evaluated in patients who received 
tigecycline treatment for more than one month. The symptomatic 
response to tigecycline treatment was measured by changes in the res-
piratory symptoms of patients with pulmonary disease and symptoms 
related to infection sites including infection site pain, swelling, and 

* Corresponding author. Department of Internal Medicine, Chonnam National University Hospital, 42 Jebongro, Donggu, Gwangju, 61469, South Korea. 
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Potency of Omadacycline against Mycobacteroides abscessus
Clinical Isolates In Vitro and in a Mouse Model of Pulmonary
Infection

Danielle A. Nicklas,a Emily C. Maggioncalda,a Elizabeth Story-Roller,a Benjamin Eichelman,a Chavis Tabor,a Alisa W. Serio,b
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ABSTRACT The incidence of nontuberculous mycobacterial diseases in the United
States is rising and has surpassed that of tuberculosis. Most notable among the nontuber-
culous mycobacteria is Mycobacteroides abscessus, an emerging environmental opportunis-
tic pathogen capable of causing chronic infections. M. abscessus disease is difficult to
treat, and the current treatment recommendations include repurposed antibiotics, several
of which are associated with undesirable side effects. In this study, we have evaluated
the activity of omadacycline, a new tetracycline derivative, against M. abscessus using in
vitro and in vivo approaches. Omadacycline exhibited an MIC90 of 0.5 mg/mL against a
panel of 32 contemporary M. abscessus clinical isolates, several of which were resistant to
antibiotics that are commonly used for treatment of M. abscessus disease. Omadacycline
combined with clarithromycin, azithromycin, cefdinir, rifabutin, or linezolid also exhibited
synergism against several M. abscessus strains and did not exhibit antagonism when com-
bined with an additional nine antibiotics also commonly considered to treat M. abscessus
disease. Concentration-dependent activity of omadacycline was observed in time-kill
assessments. Efficacy of omadacycline was evaluated in a mouse model of lung infection
against four M. abscessus strains. A dose equivalent to the 300-mg standard oral human
dose was used. Compared to the untreated control group, within 4 weeks of treatment,
1 to 3 log10 fewer M. abscessus CFU were observed in the lungs of mice treated with
omadacycline. Treatment outcome was biphasic, with bactericidal activity observed after
the first 2 weeks of treatment against all four M. abscessus strains.

KEYWORDS omadacycline,Mycobacterium abscessus, pulmonary infection

M ycobacteroides abscessus (formerly Mycobacterium abscessus) (1) is an environmental
nontuberculous mycobacterium (NTM) and a causative pathogen of pulmonary and

soft tissue infections, among others. This organism has been described as a “clinical and anti-
biotic nightmare” (2, 3), as it demonstrates intrinsic resistance to a wide range of antibiotic
classes (4, 5). As only a few oral antibiotics show activity against M. abscessus, the current
treatment regimen, which requires regular and frequent administration of intravenous drugs
is a logistical challenge for patients. Acquired resistance to important antibiotic classes, par-
ticularly macrolides and aminoglycosides, has further limited therapeutic options. Therefore,
M. abscessus disease treatment is challenging, and there are currently no FDA approved
treatment agents or regimens for this indication. Current treatment options include repur-
posed antibiotics and regimens developed on the basis of empirical evidence and consensus
from experts (6–10). Cure rates using antibiotics alone are as low as 25 to 40% (11, 12).

M. abscessus is one of the most frequently recovered NTM from patients, causing
;10% of all NTM pulmonary infections (13). It was the second most common NTM
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M9529, and M9530 by an average of 2.02 log10, 1.02 log10, and 2.84 log10, respectively,
at the conclusion of 4 weeks of treatment. During the first 2 weeks of treatment, the
relative growth rate of each M. abscessus isolate was lower than the growth rate in
untreated mice. After 2 weeks, omadacycline reduced M. abscessus lung burden and
thereby exhibited bactericidal activity. This trend was observed against all isolates
except M9529. In M9529-infected mice, omadacycline produced a low-grade reduction
in lung burden that was maintained throughout the 4-week treatment.

MICs of omadacycline against M. abscessus remained unchanged after 4 weeks
of exposure in mice. To assess if prolonged exposure to omadacycline as a monother-
apy in this model alters its MIC against M. abscessus, the MICs against ATCC 19977 and
M9501 recovered from lung homogenates of mice after 4 weeks of omadacycline treat-
ment were determined along with those against the parent strains. Two colonies from
each mouse, five mice per infection group, were randomly selected from 7H11 agar
plates inoculated with lung homogenates. Overall, the MICs of omadacycline against
the recovered isolates were identical or similar to the MIC value obtained against the
parent strains (Table S5). Among the 10 colonies derived from ATCC 19977-infected
mice, the MIC of omadacycline remained unchanged for eight isolates (MIC # 0.5 mg/
mL). For two isolates, the MIC was 0.75 mg/mL, which is within one dilution. The MICs
of omadacycline against all 10 colonies derived from M9501-infected mice were identi-
cal to the MIC of omadacycline against the parent M9501 strain.

FIG 5 M. abscessus burden in the lungs of mice. C3HeB/FeJ mice were used. All mice were
immunosuppressed with dexamethasone. Lung M. abscessus burden assessments at weeks 21, 0, 11, 12,
and 14 (n = 5 per group per time point; represented as mean 6 SD) are shown. Week 21 represents the
day after mice were infected with M. abscessus, and week 0 represents the day of antibiotic treatment
initiation (denoted with vertical dotted line). Data correspond to mice infected with reference strain ATCC
19977 (A), and clinical isolates M9501 (B), M9529 (C), and M9530 (D). PBS, phosphate-buffered saline
control; IMI, imipenem; OMC, omadacycline. PBS and OMC (15 mg/kg) were administered once daily, and
IMI (200 mg/kg) was administered twice daily. All agents were administered by subcutaneous injection
into the dorsal flank.
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Epetraborole Is Active against Mycobacterium abscessus

Uday S. Ganapathy,a Martin Gengenbacher,a,b Thomas Dicka,b,c

aCenter for Discovery and Innovation, Hackensack Meridian Health, Nutley, New Jersey, USA
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cDepartment of Microbiology and Immunology, Georgetown University, Washington, DC, USA

ABSTRACT Benzoxaboroles are a new class of leucyl-tRNA synthetase inhibitors. We
recently reported that the antitubercular 4-halogenated benzoxaboroles are active against
Mycobacterium abscessus. Here, we find that the nonhalogenated benzoxaborole epetra-
borole, a clinical candidate developed for Gram-negative infections, is also active against
M. abscessus in vitro and in a mouse model of infection. This expands the repertoire of
advanced lead compounds for the discovery of a benzoxaborole-based candidate to treat
M. abscessus lung disease.

KEYWORDS epetraborole,Mycobacterium abscessus, NTM, nontuberculous
mycobacteria, benzoxaborole

M ycobacterium abscessus lung disease is notoriously difficult to treat due to the bac-
terium’s high intrinsic drug resistance (1, 2). In addition to resistance to all first-line

tuberculosis (TB) drugs, M. abscessus displays resistance to macrolides (3, 4), threatening
the current macrolide-based treatment regimens (2, 5). Therefore, new antibiotics with
novel targets and mechanisms of action are needed to treat this disease (6).

Benzoxaboroles are a class of boron-heterocyclic antimicrobials that target leucyl-tRNA
synthetase (LeuRS) (7). Acting through the oxaborole tRNA-trapping (OBORT) mechanism
(8), these compounds form adducts with uncharged tRNALeu molecules that subsequently
bind to the LeuRS editing domain, blocking protein synthesis. Following the discovery of
tavaborole (7, 8), a benzoxaborole with antifungal activity, this compound class was opti-
mized for antibacterial activity. Addition of a 3-aminomethyl group to the benzoxaborole
core improved interactions with the editing domain of Escherichia coli LeuRS, while a 7-O-
propanol substituent added a novel interaction with the phosphate backbone of tRNALeu

(9). Combining these modifications yielded epetraborole (Fig. 1), a clinical candidate with
potent activity against a broad range of Gram-negative bacteria (9, 10). The subsequent
addition of a 4-halogen group (particularly Cl or Br) improved antituberculosis activity
(11–13).

Recently, we reported that the antituberculosis 4-halogen benzoxaborole EC/11770
(Fig. 1) is active against M. abscessus in vitro and in vivo in a mouse infection model (14).
Here, we asked whether the anti-Gram-negative, nonhalogenated benzoxaborole epetra-
borole (Fig. 1) is active againstM. abscessus. We first measured the MIC of this compound
against our screening strain M. abscessus subsp. abscessus Bamboo (15) in Middlebrook
7H9 medium using 96-well plates, as previously described (14). Surprisingly, epetrabor-
ole showed activity similar to that of the antitubercular EC/11770 (Table 1). Epetraborole
retained activity against culture collection reference strains for each of the three subspe-
cies of the M. abscessus complex and a panel of M. abscessus clinical isolates (16, 17)
(Table 1). Taken together, the anti-Gram-negative, nonhalogenated benzoxaborole epe-
traborole was active against the M. abscessus complex in vitro.

To confirm that epetraborole indeed exerts its antimycobacterial activity by targeting M.
abscessus LeuRS, we selected for epetraborole-resistant M. abscessus mutants (Table 2).
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Adapting our previously described method (14), M. abscessus ATCC 19977 culture was
plated on Middlebrook 7H10 agar containing 16.5mM epetraborole, the lowest concentra-
tion suppressing the emergence of wild-type colonies. After 5 days of incubation, apparent
resistant colonies were confirmed by restreaking on epetraborole-containing agar. Based on
two independent selections, we calculated the frequency of resistance to epetraborole to
be 5.4! 1028/CFU. This frequency of resistance was on the lower end of a range deter-
mined for epetraborole in several Gram-negative bacterial species (3.8! 1028/CFU to 8.1!
1027/CFU) (9) and was comparable to what we reported for EC/11770 in M. abscessus
(3.9! 1028/CFU) (14). MIC profiling of nine epetraborole-resistant mutants (RM1 to 29)
showed high-level resistance to epetraborole (Table 2). Sequencing of leuS (MAB_4923c)
showed that RM1 to 29 all had missense mutations in the LeuRS editing domain (residues
V292 to K502) (Table 2). These results suggest that epetraborole retains LeuRS as its target
to exert its anti-M. abscessus activity (8, 9).

Development of epetraborole for the treatment of complicated urinary tract infec-
tions caused by Gram-negative bacteria was discontinued after rapid emergence of
drug resistance in a phase II clinical trial (18). Determination of spontaneous resistance
frequencies for epetraborole in the current study, and for EC/11770 previously (14),
suggest low propensity for the development of resistance against benzoxaboroles in
M. abscessus. However, it is to note that we needed to carry out selection of resistant
mutants on agar containing high concentrations of the drugs (50 to 100! broth MIC),
as lower concentrations did not suppress outgrowth of wild-type bacteria. Thus, it can-
not be excluded that the spontaneous resistance frequency of M. abscessus against the
benzoxaboroles would be higher than the observed 4! 1028 to 5! 1028/CFU when
lower drug concentrations could be used. Such resistant strains, presumably displaying

FIG 1 Structures of epetraborole and EC/11770.

TABLE 1 Activity of epetraborole against members of theM. abscessus complex

Strain Strain type

MIC (mM)a

CLR EC/11770b EPB
M. abscessus Bamboo Clinical isolate, screening strain 0.30 1.2 0.28
M. abscessus subsp. abscessus ATCC 19977 Culture collection reference strain 0.90 0.70 0.33
M. abscessus subsp.massiliense CCUG 48898T Culture collection reference strain 0.22 0.71 0.32
M. abscessus subsp. bolletii CCUG 50184T Culture collection reference strain 1.3 1.3 0.49
M. abscessus subsp. abscessusM9 Clinical isolate 1.4 0.49 0.42
M. abscessus subsp. abscessusM199 Clinical isolate 3.3 0.93 0.56
M. abscessus subsp. abscessusM337 Clinical isolate 1.6 0.50 0.44
M. abscessus subsp. abscessusM404 Clinical isolate 0.2 0.52 0.3
M. abscessus subsp. abscessusM422 Clinical isolate 0.68 0.33 0.34
M. abscessus subsp. bolletiiM232 Clinical isolate 1.6 0.67 0.37
M. abscessus subsp. bolletiiM506 Clinical isolate 0.28 0.48 0.28
M. abscessus subsp.massilienseM111 Clinical isolate 0.25 0.95 0.44
M. abscessus subsp. abscessus K21 Clinical isolate, infection model 0.78 0.60 0.40
aMIC values are the means from two independent experiments. CLR, clarithromycin; EPB, epetraborole.
bEC/11770 MIC values are from published literature (14) and are included for comparison.
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low level resistance, would have been missed in our selection experiments. In any case,
given the use of multidrug chemotherapy in M. abscessus treatment (2, 5), the risk of
benzoxaborole resistance emerging in this bacterium would be reduced significantly.

To determine whether epetraborole is active againstM. abscessus in vivo, we evaluated
the efficacy of this compound in a previously established murine model of M. abscessus
infection (17). All experiments involving live animals were approved by the Institutional
Animal Care and Use Committee of the Center for Discovery and Innovation, Hackensack
Meridian Health. NOD SCID mice were infected intranasally with M. abscessus K21. At day
1 postinfection, the lung bacterial burden of the mice reached ;106 CFU (Fig. 2A).
Beginning on day 1, clarithromycin (formulated in 0.5% carboxymethyl cellulose-0.5%
Tween 80-sterile water), epetraborole (formulated in sterile phosphate-buffered saline
[PBS]), or vehicle (sterile PBS) was administered by oral gavage once per day for 10days.
Based on a previous efficacy study using a Pseudomonas aeruginosa mouse infection
model (9), epetraborole was administered at 150 and 300mg/kg body weight. The lung
bacterial burden remained unchanged in mice that received the drug-free vehicle control
(Fig. 2A, day 11). Mice that received epetraborole at 300mg/kg showed a statistically sig-
nificant 1-log reduction in lung CFU that was comparable to that after treatment with
clarithromycin at 250mg/kg (Fig. 2A). A similar pattern of CFU reduction was observed in
the spleen (Fig. 2B). Thus, epetraborole was active against M. abscessus in vivo. It is inter-
esting to note that epetraborole, despite having similar in vitro activity as the previously
characterized benzoxaborole EC/11770 (Table 1) (14), required with 300mg/kg a 30-fold
higher dosing to achieve a similar (;10-fold) reduction in bacterial lung burden. The basis
for this difference remains to be determined but may be due to differences in the phar-
macokinetic properties of the two compounds, including oral bioavailability (9, 14).

FIG 2 Epetraborole is active against M. abscessus in vivo. Lung CFU (A) and spleen CFU (B) from NOD SCID
mice 1 day after intranasal infection with Mab (drug-free day 1) and following daily oral administration of
drug-free vehicle, clarithromycin (CLR), or epetraborole (EPB) for 10 days (day 11). Data represent the means
plus standard deviations from six mice per treatment group. Statistical significance of the results was
analyzed by one-way analysis of variance (ANOVA) multiple-comparison and Tukey’s posttests. *, P , 0.05;
**, P , 0.01.

TABLE 2 Characterization ofM. abscessus epetraborole-resistant mutants

Strain Batch

MIC (mM)a

LeuS mutation Other bacteria with LeuS mutation (reference)bCLR EPB
M. abscessus ATCC 19977 1.3 0.48 None
RM1 1 1.5 .100 LeuS G393V None
RM2 1 2.7 .100 LeuS T322I E. coli, Proteus mirabilis (18)
RM3 1 1.3 .100 LeuS T323P None
RM4 2 1.5 .100 LeuS S303L M. tuberculosis (11)
RM5 2 1.8 .100 LeuS S303L M. tuberculosis (11)
RM6 2 1.6 .100 LeuS S303L M. tuberculosis (11)
RM7 2 1.4 .100 LeuS Y421D M. tuberculosis (Y421C) (11)
RM8 2 0.9 .100 LeuS T322I E. coli, P. mirabilis (18)
RM9 2 2.2 .100 LeuS F321V None
aMIC values are the means from two independent experiments. CLR, clarithromycin; EPB, epetraborole.
bCorresponding benzoxaborole resistance-conferring LeuS mutations reported for other bacteria.
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Disseminated NTM infections in patients with 
anti-IFN gamma autoantibodies – treatment?
• Recent evidence has supported the use of rituximab in the management of 

patients with anti-IFNγ autoantibodies and disseminated opportunistic
infections. 
• Rituximab decreases autoantibody titers, which improves IFNγ signaling, leading to 

better clinical outcomes. 
• Serum anti-IFNγ autoantibody titers often correlate with disease activity.

• Progressive infection despite improvement in titers has also been
described:
• Long-lived autoantibody producing plasma cells which are not targeted by CD20+ B-

cell depletion?
• Case report of bortezomib (proteosome inhibitor, used in multiple myeloma and 

mantle cell lymphoma)

Browne SK, et al. Blood 2012; Rocco JM, et al. Journal of Translational Autoimmunity 2021



Journal of Translational Autoimmunity 4 (2021) 100102

2

rifampin and linezolid, she had clinical, laboratory and radiographic 
progression. The patient was signed onto 13-I-0082 (ClinicalTrials.gov 
Identifier: NCT01842386), and rituximab was started at 1g on D0, 
D14, D42, and monthly for a total of 8 doses over 7 months. During 
rituximab therapy she had clinical and radiographic improvement. The 
patient was maintained on all oral antibiotics for 1 additional year and 
gradually tapered to secondary prophylaxis with azithromycin alone. 

There was no clinical or radiologic evidence of active infection until 
two years later when she presented with new left hip pain and an MRI 
demonstrated left iliac osteomyelitis with sacroiliac joint involvement 
and enhancement of the surrounding musculature. Repeat biopsy of the 
left posterior iliac grew MAC, and rituximab was restarted along with 
rifampin, tedizolid, clofazimine, moxifloxacin and azithromycin was 
continued. She remained on monthly rituximab; bedaquiline was added 
after four months due lack of clinical improvement. Despite no detect-
able CD20+ B-cells, her infection continued to progress radiographically 

with increased left pelvic osteomyelitis with involvement of the sur-
rounding musculature and new right femur and ischium osteomyelitis. 
Her CRP increased to 256 mg/L with WBC count 14.4 K/microL. She also 
developed a draining sinus tract at the left posterior hip biopsy site. 

Cultures from the sinus tract continued to grow MAC. Anti-IFNγ 
autoantibody titers had slightly declined from initial presentation, but 
functional testing still showed marked inhibition of STAT-1 phosphor-
ylation indicating persistent IFNγ neutralization, which was felt to cause 
her progressive disease. No CD20+ B-cells were detected in the periph-
eral blood, suggesting that persistent autoantibody production was most 
likely from long-lived plasma cells. Therefore, bortezomib, a proteosome 
inhibitor, was added to her treatment regimen in order to target this 
long-lived population. She was dosed at 1.3mg/m2 subcutaneously on 
days 1, 4, 8, and 11 per cycle repeated every 23-days, a regimen derived 
from multiple myeloma treatment [4]. Valacyclovir prophylaxis was 
added due to the known increased risk of herpes virus reactivations with 

Fig. 1. – Summary of laboratory studies and radiography: Trends in CRP, CD20+ B-cells, anti-IFNγ antibody levels, and changes in magnetic resonance imaging 
(MRI) of the pelvis pre- and post-bortezomib. C-reactive protein (solid red line) and CD20+ B-cells (solid blue line) changes over time and their relationship to 
rituximab (blue bars) and bortezomib (red bar) initiation. The vertical, red-dotted line represents time of clinical disease relapse (top-left). Anti-IFNγ autoantibody 
titers were highest on initial diagnosis as depicted by an increased fluorescence intensity throughout multiple Log10 dilutions (squares – top right). These titers 
decreased with rituximab but overall remained elevated pre-bortezomib (triangles). They decreased further after bortezomib was added to the rituximab regimen 
(circles). See supplementary materials for detailed methodology. Representative image of MRI pelvis post-contrast demonstrates significant soft tissue inflammation 
throughout the left obturator internus and pelvic sidewall (arrowheads) and the left biceps femoris (arrows) prior to bortezomib despite multiple antimycobacterial 
antibiotics and rituximab (bottom-left). Repeat MRI pelvis with contrast after one year of bortezomib shows resolution of soft tissue inflammation in these areas 
(bottom-right). 

Figure-2. STAT-1 phosphorylation assay: Func-
tional STAT-1 phosphorylation (pSTAT-1) flow assay 
using stimulation with different concentrations of 
IFNγ. Healthy control cells in the presence of 10% 
healthy control plasma shows maximal STAT-1 
phosphorylation at 100 U/mL (not shown). Patient 
plasma (7/21/14) prior to rituximab blocks STAT-1 
phosphorylation in healthy control cells at the high-
est dose of 50,000 U/mL IFNγ. In 8/22/18 after 
treatment with rituximab, partial STAT-1 phosphor-
ylation is present at 40,000 U/mL IFNγ and is fully 
restored at 50,000 U/mL IFNγ. Repeat assay on 8/11/ 
20 after completing one-year of bortezomib combined 

with rituximab, STAT-1 phosphorylation is restored, but only at IFNγ concentrations of 30,000 U/mL and above, indicating significant and continued pSTAT1 
blockade compared to healthy control plasma.   

J.M. Rocco et al.                                                                                                                                                                                                                                

Rocco JM, et al. Journal of Translational Autoimmunity 2021
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Low PK targets in antiNTM treatment

van Ingen 2012, Am J Crit Resp Med 2012

in females (58% vs. 64%), although not statistically significant
(P ¼ 0.268). For ethambutol, 240 of the 421 measurements
(57%) yielded free Cmax/MIC ratios greater than 1.23, associ-
ated with killing capacity in the hollow fiber model (7).

Calculation of T . MIC for clarithromycin (Table 2) was
limited by two factors: our data are limited to 7 hours after
intake (i.e., 29% of the most frequent dosing interval of 24 h),
and exact MICs were not determined because most strains were
susceptible (MIC <4 mg/ml). Previous studies have measured
MIC90 of 0.5 mg/ml using identical methods (24). Forty-three
patients received once-daily dosing of 1,000 mg clarithromycin.
Of these, 18 patients (42%) had serum concentrations greater
than 0.5 mg/ml (the MIC90) at 7 hours after administration
(29% of dosing interval). Of 19 patients on twice-daily dosed
clarithromycin (18 3 500 mg twice a day, 1 3 750 mg twice
a day), 16 (84%) had a serum clarithromycin concentration
greater than 0.5 mg/ml, the MIC90 (24), at 7 hours after dosing
(58% of dosing interval).

Of 96 patients for whom information was available, eleven
(11%) attained moxifloxacin Cmax/MIC ratios greater than 10, if
MICs less than or equal to 0.5 mg/ml were interpreted as 0.5 mg/ml.
If the 22 strains with MIC less than or equal to 0.5 were considered
to have MICs of 0.25 or 0.125 mg/ml, as recorded in a previous
study (25), the number rose to 25 (26%). Simultaneous adminis-
tration of rifampicin did not affect the number of patients attaining
Cmax/MIC greater than 10 (data not shown). AUC0–6 and MIC
data were available for 90 patients. None of the patients attained
AUC0–6/MIC ratios greater than 100, if MICs less than or equal to
0.5 were interpreted as 0.5. If the 22 strains with MIC less than or
equal to 0.5 are considered to haveMICs of 0.25 or 0.125 (25), only
6% (5 of 90) and 22% (20 of 90) of measurements yielded an
AUC0–6/MIC ratio greater than 100. None of the 17 patients that
received ciprofloxacin attained Cmax /MIC ratios greater than 10.

Twenty-one out of 109 patients (19%) had a Cmax of amikacin
sufficient to attain Cmax/MIC ratios greater than 12, associated
with maximum killing capacity against gram-negative bacteria
(21); applying the minimal Cmax/MIC ratio associated with bac-
tericidal activity, of 8 (21), 47 patients attained sufficiently high
concentrations (43%).

DISCUSSION

This is the first study that systematically evaluated pharmacoki-
netics, pharmacodynamics, and drug susceptibility in a large co-
hort of patients with MAC lung disease. This study evaluated all
drugs of the currently recommended treatment regimens, and
the most relevant second-line agents. The recommended treat-
ment regimens for MAC disease present a complex mixture
of in vitro synergies and pharmacologic interactions. The inter-
actions between rifamycins and macrolides are likely most

important, because these drugs are cornerstones of recom-
mended treatment regimens for MAC lung disease (1). Concurrent
use of rifampicin strongly lowered macrolide serum concentra-
tions, especially clarithromycin, whereas rifabutin increased the
serum concentration of macrolides, especially azithromycin.
The effect of rifampicin on clarithromycin serum concentrations
has been previously observed by Wallace Jr. and colleagues (26)
and by Peloquin and Berning (27). Induction of clarithromycin
metabolism by rifampicin was recently shown in treatment of
Mycobacterium ulcerans disease. The latter study, however,
could only demonstrate induction of clarithromycin metabo-
lism, not lowered clarithromycin levels, because there was no
control group that did not receive rifampicin (28). Induction leads
to lower levels of clarithromycin with relatively higher levels of its
main metabolite, 14-OH-clarithromycin, which is 10–30 times less
active against MAC in vitro (24, 27, 29). For azithromycin, this
induction by rifampicin has not been previously demonstrated.

In the study by Wallace Jr. and colleagues (26), rifabutin
exerted a significant negative effect on clarithromycin concen-
trations. The fact that this observation was not confirmed in the
current study, which included a similar number of patients, may
be related to the fact that patients in the current study received
a mean dose of 5 mg/kg of rifabutin versus 10 mg/kg in the study
by Wallace and colleagues (26).The interactions of rifabutin
and macrolides are complex and bidirectional; rifabutin is meta-
bolized by, but also induces, the CYP3A enzyme system. This
induction can lead to reduced macrolide levels, whereas mac-
rolides (mainly clarithromycin) inhibit CYP3A, leading to
increased rifabutin concentrations and toxicity (30). In our
study, simultaneous use of rifabutin was associated with in-
creased serum concentrations of azithromycin and clarithro-
mycin, although the latter did not reach statistical significance.
The increased macrolide levels, although based on a small
number of patients receiving rifabutin, are unexpected; the
exact interactions between rifabutin and macrolides should
be the subject of larger future studies.

One of the important unresolved issues in MAC lung disease
treatment is the comparative efficacy of clarithromycin and azi-
thromycin (1). The currently held view is that they can be used
interchangeably (1). From the pharmacokinetic point of view,
azithromycin may be the macrolide of choice in rifamycin-based
regimens for MAC disease. At their regular dose, concurrent
use of rifampicin has less effect on azithromycin peak concen-
trations than on clarithromycin peak concentrations (Table 5).
As a result, 56% of patients had a low Cmax of clarithromycin,
versus 34% for azithromycin. However, azithromycin blocks
autophagy and inhibits killing of mycobacteria by macrophages
(31), which may influence treatment outcome.

Relating the macrolide serum concentrations to MICs or clin-
ical outcome of treatment is complicated. Macrolides show

TABLE 4. RESULTS OF PHARMACOKINETIC ANALYSES OF KEY ANTIMYCOBACTERIAL DRUGS

Drug N Mean Daily Dose (mg/kg) Cmax 6 SD Clast 6 SD % Low @ Cmax (n) Mean AUC0-6/7 6 SD

Rifampicin 326 9.62 6 1.63 18.76 6 6.61 6.20 6 3.13 5% (17) 68.42 6 24.26
Ethambutol 431 17.65 6 3.52 2.27 6 1.01 1.16 6 0.51 48% (207) 10.18 6 4.35
Clarithromycin 59 14.33 6 5.09 2.31 6 1.89 1.32 6 1.51 56% (33) 10.67 6 9.53
Azithromycin 367 6.71 6 2.48 0.33 6 0.23 0.18 6 0.13 35% (129) 1.47 6 1.00
Moxifloxacin 96 6.73 6 1.60 4.42 6 1.46 2.86 6 1.05 13% (12) 18.81 6 6.46
Ciprofloxacin 17 12.04 6 4.08 3.60 6 2.04 1.41 6 0.78 76% (13) 13.61 6 7.58
Amikacin 113 15.05 6 3.62 55.30 6 16.88* 12.34 6 6.42 n.a. 152.82 6 50.83*
Clofazimine 17 1.62 6 0.28 0.43 6 0.19 0.44 6 0.19 53% (9) 2.25 6 0.96
Rifabutin 51 4.80 6 1.46 0.52 6 0.29 0.28 6 0.19 27% (14) 2.28 6 1.31

Definition of abbreviations: AUC ¼ area under the concentration time curve; Clast ¼ final concentrations; Cmax ¼ maximum observed concen-
tration; n.a. ¼ not applicable.
* After backcalculation for Cmax (see METHODS).
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AZT Cmax and Treatment outcome

therapy. All patients had CLR-susceptible MAC isolates at
treatment initiation.

Cmax of AZM according to treatment regimen. As shown in
Fig. 2, the Cmax values of AZM were significantly lower in patients
with MAC-LD receiving daily therapy that included both AZM
and RIF (median Cmax, 0.22 !g/ml; IQR, 0.13 to 0.47 !g/ml) than
in patients with MABC-LD receiving AZM without RIF (median
Cmax, 0.53 !g/ml; IQR, 0.29 to 0.77 !g/ml; P " 0.001). In patients
with MAC-LD who received intermittent therapy, which included
both AZM and RIF, the AZM Cmax (median, 0.66 !g/ml; IQR,
0.18 to 1.32 !g/ml) was higher than that in patients with MAC-LD
receiving daily therapy (P " 0.001). In addition, 46.8% (36/77) of
MAC-LD patients receiving daily therapy had an AZM Cmax below
the target of 0.2 !g/ml, which was a higher proportion than that
found with patients receiving intermittent therapy for MAC-LD
(25.8% [23/89], P # 0.005) or daily therapy without RIF for
MABC-LD (16.4% [9/55], P " 0.001). The Cmax of RIF did not
differ between patients receiving daily therapy (median, 12.5 !g/
ml; IQR, 7.6 to 17.6 !g/ml) or intermittent therapy (median, 11.3
!g/ml; IQR, 4.5 to 21.2 !g/ml; P # 0.788). However, the Cmax of
EMB was lower in patients receiving daily therapy (median, 2.8
!g/ml; IQR, 1.8 to 4.2 !g/ml) than in those receiving intermittent
therapy (median, 3.8 !g/ml; IQR, 2.2 to 5.8 !g/ml; P # 0.009).
The median AZM Cmax values and the proportion of patients
whose AZM Cmax was below the target of 0.2 !g/ml did not differ
significantly between patients with MAC-LD receiving intermit-
tent therapy and patients with MABC-LD.

Cmax of AZM and microbiological responses. Patients receiv-
ing the intermittent therapy for noncavitary treatment-naive
MAC-LD had a higher favorable microbiological response (73/89
[82.0%]) than those receiving the daily therapy for cavitary or
previously treated MAC-LD (52/77 [67.5%], P # 0.031), but given

that cavitary disease is a more severe form of MAC-LD, it is un-
clear from these findings how the therapy regimen, versus disease
status, factored into the differing microbiological responses
between the two groups. Within each group, however, there were
no significant differences in the demographic data, disease status,
and treatment details between patients with favorable and unfa-
vorable microbiological responses, except for a higher AFB-posi-
tive smear rate in patients with unfavorable microbiological re-
sponses than in those with favorable microbiological response
(50.0% versus 20.5%, P # 0.025) in the intermittent therapy
group (Table 2).

Table 3 shows the associations between the Cmax of AZM, RIF,
and EMB and microbiological response according to treatment
regimen. In the daily therapy group, a higher Cmax of AZM was
associated with a favorable microbiological response (adjusted
odds ratio [OR], 1.58; 95% confidence interval [CI], 1.01 to 2.48;
P # 0.044). Although the association between microbiological
response and a cutoff value of 0.2 !g/ml was not statistically sig-
nificant, a Cmax for AZM of !0.4 !g/ml, which was the best cut
point with the highest Youden index, was significantly associated
with favorable outcomes (adjusted OR, 3.98; 95% CI, 1.06 to
14.85; P # 0.040) (see Table S1 in the supplemental material). In
the intermittent therapy group, the higher Cmax of AZM was not
associated with favorable microbiological response (adjusted OR,
0.85; 95% CI, 0.58 to 1.23; P # 0.379). In addition, a referenced
cut point of 0.2 !g/ml was not associated with microbiological
response (adjusted OR, 1.01; 95% CI, 0.27 to 3.72; P # 0.991) in
the intermittent therapy group. The Cmax levels of RIF and EMB
were not associated with the microbiologic response in either the
daily or intermittent therapy group (Table 3).

DISCUSSION
This study evaluated the associations between the Cmax of AZM
and the microbiologic response in patients with MAC-LD, as well
as the effects of RIF on the Cmax of AZM. A high Cmax of AZM was
associated with a favorable microbiological response in patients
with MAC-LD treated with a daily AZM-based regimen, although
this association was not found in patients treated with an inter-
mittent regimen. In addition, we found that RIF significantly re-
duced the Cmax of AZM when used in a daily regimen.

Although the use of TDM in the treatment of patients with
tuberculosis has become more widely accepted (23–26), there are
few reports of the clinical usefulness of TDM in patients with
NTM lung disease (13–15). We previously reported that low
plasma CLR concentrations were common in patients treated for
MAC-LD, although we found no association between low plasma
CLR concentrations and treatment outcomes (14). However,
there have been no reports on the associations between the Cmax of
AZM and treatment outcomes in patients with MAC-LD.

Several reports have been published on the pharmacokinetics
and pharmacodynamics of AZM in patients with MAC-LD (13,
15, 27). To the best of our knowledge, however, there has only
been one report on the interaction between Cmax of AZM and the
use of RIF in patients with MAC-LD (13). That study demon-
strated that the Cmax of AZM decreased by 23% from 0.35 !g/ml
to 0.27 !g/ml in conjunction with the administration of RIF (13).
Our study showed that the Cmax of AZM was 58% lower in patients
with MAC-LD who received daily AZM with rifampin (median,
0.22 !g/ml) than that in patients with MABC-LD who received
daily AZM without RIF (median, 0.53 !g/ml). Although a signif-

FIG 2 A box-and-whisker plot of peak plasma azithromycin concentrations.
The bottom and top of each box indicate the 25th and 75th percentiles, respec-
tively, and the line within each box indicates the median. The whiskers indicate
the 10th and 90th percentiles. AZM Cmax, peak plasma azithromycin concen-
trations; MABC, M. abscessus complex; MAC, M. avium complex.

AZM Cmax and Treatment Response in MAC-LD
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nants of outcome. In patients who received a daily regimen that
included 250 mg of daily AZM, favorable microbiological re-
sponses and an AZM Cmax of !0.2 "g/ml were achieved in only
67.5% (52/77) and 53.2% (41/77) of patients, respectively. In con-
trast to the intermittent-therapy group, a higher Cmax of AZM was
associated with a favorable microbiological response in patients
receiving daily therapy. However, the overall poorer responses of
patients on daily therapy may be largely due to the greater severity
of cavitary disease than noncavitary disease.

The currently recommended treatment regimens for MAC-LD
resulted in significant drug interactions and low Cmax levels of
AZM, which is the most important drug within the regimen,
especially in patients who receive daily therapy. Several modifica-
tions, such as increased AZM doses or replacement of RIF with
another drug, may increase the Cmax of AZM and improve treat-
ment outcomes in severe MAC-LD. A daily AZM-based regimen
with a higher dose of AZM has not been fully evaluated for its
efficacy and safety in the treatment of MAC-LD. A previous study
reported that a daily 600-mg AZM-based regimen resulted in
higher AZM Cmax than did a daily 300-mg AZM-based regimen
(27). However, a higher dose of AZM was associated with more
frequent complications, such as gastrointestinal symptoms and
hearing impairment (27). Interestingly, a recent study using the
hollow-fiber system model of MAC suggested that 500 mg of AZM
might be also suboptimal and that higher doses of AZM may be
necessary to treat MAC-LD (38). Another possible means to in-
crease the AZM Cmax is to use a two-drug regimen (AZM and
EMB) without RIF or with the substitution of other drugs, such as
clofazimine, for RIF. A preliminary randomized study showed
that the clinical efficacy of a daily two-drug regimen (CLR and
EMB) was similar to that of a daily three-drug regimen (CLR,
EMB, and RIF) for MAC-LD (39). In addition, the replacement of
RIF with clofazimine and daily treatment with CLR or AZM,
EMB, and clofazimine achieved similar treatment outcomes in
patients with MAC-LD in two retrospective studies (40, 41). Fur-
ther clinical studies are warranted to evaluate these treatment op-
tions for MAC-LD.

This study has several limitations. First, this retrospective study
was performed at a single referral center. Second, only one sample
was collected after 2 h of drug administration in the outpatient
clinical setting. Third, drug susceptibility tests for AZM were not
performed during the study period. Therefore, we could not eval-
uate the associations between Cmax and MIC (Cmax/MIC) or the
area under the curve (AUC)/MIC of AZM. Fourth, we did not
measure AZM concentrations in the epithelial lining fluid or in
alveolar macrophages at the site of MAC infection. Finally, there
was no validation group for confirming the associations between
the new cut point of Cmax AZM (!0.4 "g/ml) and favorable treat-
ment responses in patients with MAC-LD who received daily ther-
apy. Therefore, the generalizability of our findings may be limited,
and further large-scale studies are needed to evaluate the associa-
tions between the pharmacokinetics and pharmacodynamics of
the investigated drugs and microbiological response.

In summary, a low AZM Cmax was common in patients receiv-
ing a daily AZM-based multidrug regimen for MAC-LD, and a
higher AZM Cmax was associated with favorable microbiologic
outcomes. When a daily AZM-based multidrug regimen is used
for treating severe MAC-LD, such as cavitary disease, the currently
recommended AZM dose may be suboptimal. Further analyses,
including investigating the effects of increased AZM doses or sub-
stituting RIF with another drug, are needed to confirm the asso-
ciations between AZM Cmax and microbiologic outcomes.
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TABLE 3 Associations between estimated Cmax of the antibiotics and microbiological response according to treatment regimena

Therapy type Cmax ("g/ml) by drugb Favorable responses Unfavorable responses

Univariate analysis Multiple logistic regressionc

OR (95% CI) P aOR (95% CI) P

Daily AZM 0.24 (0.14–0.51) 0.18 (0.08–0.35) 1.53 (1.01–2.31) 0.045 1.58 (1.01–2.48) 0.044
AZM !0.2 29/52 (55.8) 12/25 (48.0) 1.37 (0.53–3.56) 0.523 1.45 (0.52–4.04) 0.476
AZM !0.4 21/52 (40.4) 4/25 (16.0) 3.56 (1.07–11.86) 0.039 3.98 (1.06–14.85) 0.040
RIFd 11.2 (7.4–15.1) 13.7 (8.3–20.4) 0.92 (0.64–1.34) 0.678 1.00 (0.66–1.52) 0.989
RIF !8.0 36/52 (69.2) 20/25 (80.0) 0.56 (0.18–1.76) 0.324 0.68 (0.19–2.38) 0.545
EMBd 3.4 (1.8–4.6) 2.4 (1.7–3.5) 1.34 (0.79–2.25) 0.279 1.30 (0.73–2.31) 0.367
EMB !2.0 37/52 (71.2) 17/25 (68.0) 1.16 (0.41–3.26) 0.777 1.14 (0.38–3.46) 0.810

Intermittent AZMd 0.65 (0.18–1.31) 1.00 (0.18–1.44) 0.84 (0.59–1.19) 0.322 0.85 (0.58–1.23) 0.379
AZM !0.2 54/73 (74.0) 12/16 (75.0) 0.95 (0.27–3.30) 0.932 1.01 (0.27–3.72) 0.991
RIFd 11.2 (3.0–21.6) 12.0 (6.5–19.5) 0.87 (0.64–1.18) 0.382 0.93 (0.67–1.27) 0.636
RIF !8.0 47/73 (64.4) 11/16 (68.8) 0.82 (0.26–2.62) 0.740 1.12 (0.33–3.84) 0.861
EMBd,e 3.5 (2.0–5.6) 4.8 (3.0–6.6) 0.65 (0.35–1.21) 0.177 0.63 (0.33–1.23) 0.176
EMB !2.0 55/72 (76.4) 14/16 (87.5) 0.46 (0.10–2.24) 0.338 0.41 (0.08–2.13) 0.291

a Data are presented as median (interquartile range) or number/total number (%). CI, confidence interval; OR and aOR, odds ratio and adjusted odds ratio, respectively.
b AZM, azithromycin; Cmax, peak plasma concentration; EMB, ethambutol; RIF, rifampin.
c In univariate and multiple logistic regression analyses, the Cmax of each drug was analyzed after log2 transformation.
d Adjusted for etiologic pathogen, fibrocavitary disease, positive sputum smear, and use of injectable drugs in patients with daily therapy and adjusted for etiologic pathogen and
positive sputum smear in patients with intermittent therapy.
e One patient with favorable response had a missing Cmax value for EMB.
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as observed in plasma (Supplementary Fig. 2). The three drugs 
distributed rapidly into lesions, as demonstrated by plotting aver-
age lesion/plasma concentration ratios over the course of one dosing 
interval (Supplementary Fig. 5a–e). In contrast to the cumulative 
dose-independent distribution of INH, PZA and MXF, RIF (and 
desacetyl-RIF) accumulated in caseum after multiple doses (Fig. 3a,b,  
Supplementary Figs. 7 and 8e) and remained readily detectable  
in necrotic lesions after falling below the limit of detection in  
uninvolved lung and plasma (Fig. 3b,c). Thus, whereas the caseum-
to-cellular concentration ratio of MXF is <1 and independent of  
the number of doses received, RIF accumulates in necrotic foci to 
reach caseum/cellular concentration ratios >10, more than 20-fold 
higher at steady state than after a single dose (the former being more 
clinically relevant). This sustained accumulation in the necrotic  
core of nodules and cavities, combined with the unique potency of  
RIF against nonreplicating bacilli4,6, may explain RIF’s excellent  
sterilizing activity in patients.

We next applied our lesion penetration approach to clofazimine 
(CFZ), a leprosy drug currently in clinical trials for use in TB. CFZ 
is very efficacious in BALB/c mice, where granulomas are exclu-
sively cellular, but has minimal activity in C3HeB/FeJ mice, which 
develop large necrotic lesions with high bacillary burden23,24. We 
quantified and imaged the distribution of CFZ in three subjects (two 
were part of the cohort of 15; the other was not) who had received 
the drug for several months as part of their prescribed regimen. 
CFZ showed a contrasting partitioning between the cellular rim and 
necrotic core of lesions, with strong accumulation in cellular layers 
relative to caseum (Supplementary Fig. 10a). CFZ quantification in 
plasma, cavity wall and cavity caseum confirmed the imaging results 
(Supplementary Fig. 10b). Thus, the lack of CFZ diffusion into 
necrotic foci may contribute to its limited activity in C3HeB/FeJ mice, 
a finding that should be considered when selecting drug regimens  
for future clinical trials.

What mechanisms drive the distribution of drugs into avascular 
caseum? We reasoned that drug molecules present in the interstitial 
fluid at the interface between the cellular rim and the necrotic core 
can be subject to (i) active transport into macrophages and other 
immune cells25, (ii) binding to extracellular macromolecules or pro-
teins and (iii) free diffusion through nonvascularized caseum. To 
understand drug partitioning at the cellular-necrotic interface, we 
measured the intramacrophage uptake and ex vivo caseum binding 
of RIF, acetyl-INH, PZA, MXF and CFZ. We observed a wide range 
of intracellular uptake in macrophages, in agreement with published 
data for CFZ and MXF20,26. As octanol-water partitioning and thus 
hydrophobicity increases, nonspecific protein binding increases, with 
two important implications: the free fraction available to passively 
diffuse through caseum decreases, and intracellular accumulation in 
macrophages increases owing to uptake of protein-drug complexes 
by endocytosis and lysosomal trapping (among other mechanisms). 
Less lipophilic drugs may also dissolve in interstitial fluid and from 
there gradually accumulate inside the caseum. Under this model, 
favorable diffusion through caseum is the result of a delicate balance  

between active transport, protein binding and physicochemical  
properties driving solubility and diffusion ability. RIF may lie in the 
‘sweet spot’ by combining relatively low uptake into macrophages and 
ideal caseum binding to lead to sustained accumulation into necrotic 
cores (Fig. 4 and Supplementary Fig. 11).

We have demonstrated that different drugs exhibit different  
spatial and temporal patterns of distribution across TB lesion types 
and compartments. The results provide a spatial pharmacokinetic  
and pharmacodynamic explanation for the treatment-shortening 
properties (or lack thereof) of current TB drugs. Neither favorable 
penetration nor activity alone is sufficient, as exemplified by INH 
and MXF, respectively. The key sterilizing drugs RIF and PZA achieve  
adequate concentrations in critical lesion compartments. PZA is  
distributed equally well in caseous and cellular compartments, thus 
reaching two critical persister populations: extracellular anaerobic 
bacilli in caseum and intracellular bacteria in acidic phagolyso-
somes27. RIF showed sustained accumulation over time in necrotic 
caseum where extracellular anaerobic bacteria reside. MXF did not 
reach concentrations required to kill nonreplicating bacteria in  
the caseum of cavities and nodules, a potential explanation for its 
performance in recent trials. Such differences in drug distribution  
and kinetics of accumulation in lesions may create temporal and 
spatial windows of monotherapy in specific niches, allowing  
the multiplication of single-drug-resistant mutants and the gradual 
development of multidrug-resistant TB. The stepwise development of 
drug resistance has been demonstrated in individual patients through 
conventional typing methods28 and whole-genome sequencing29. 
Deep lesion sequencing has revealed complex intrapatient micro-
evolution of M. tuberculosis, leading to diverging clonal popula-
tions with distinct resistance patterns30,31. The selection of new 
drug combinations should be supported by lesion-penetration data 
in animal models of caseous lesions to ensure multidrug coverage 
in a given lesion compartment and limit the occurrence of de facto 
monotherapy. Our results suggest that persistent pathology may be as 
important as persistent organisms for determining sterilizing activity 
and pave the way for a more rational approach in which agents are 
combined to reach all target bacterial populations at therapeutic con-
centrations. This approach would be a significant departure from the  
current—and mostly empirical—paradigm. Such a strategy is 
expected to reduce costly attrition in late-phase clinical development, 
an important consideration for a disease that largely affects resource-
limited populations.

METHODS
Methods and any associated references are available in the online 
version of the paper.
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(4-fluoro-7-nitrobenzofurazan; Dojindo Laboratories, Kumamoto, 
Japan) were added to the aqueous fraction, which was incubated at 
60 ◦C for 10 min. Phosphate buffer (1 M) was added, and the aqueous 
fraction was placed on ice for 10 min. Ethyl acetate was added and the 
mixture was vortexed and centrifuged for 3 min (1200×g, 4 ◦C). The 
aqueous layer was collected, to which 5 M NaOH and ethyl acetate/-
methanol (9/1, v/v) were added. The mixture was vortexed and 
centrifuged for 3 min (1200×g, 4 ◦C). The supernatant was evaporated 
using a centrifugal concentrator at 40 ◦C. The residue was dissolved in 
the mobile phase and injected into the HPLC system. The analysis con-
ditions were as follows: flow rate, 1.0 mL/min; excitation/emission, 
490/540 nm. 

2.3.3. RFP concentration 
The serum RFP concentration was measured using a previously 

described HPLC method [15,16], with minor modification. The HPLC 
system consisted of a system controller (CBM-20A; Shimadzu Corp.), 
pump (LC-10ATvp; Shimadzu Corp.), UV detector (SPD-10Avp; Shi-
madzu Corp.), and column oven (LTO-10ATvp; Shimadzu Corp.). A Luna 

C18 column (250 mm × 4.6 mm, 5 μm, Phenomenex) was used as the 
stationary phase, with a Security Guard Cartridge Holder Kit (2.0–8.0 
mmID, P/N: KJ0-4282; Phenomenex) as the guard column. The mobile 
phase consisted of 40 mM sodium phosphate buffer (pH 6.70)–aceto-
nitrile–methanol (46:44:10, v/v/v). The RFP standard was purchased 
from Nacalai Tesque (Kyoto, Japan). A standard solution of RFP was 
mixed with blank serum and then an equivalent volume of acetonitrile 
was added. The mixture was vortexed and centrifuged for 10 min (15, 
000×g, 4 ◦C). The supernatant was injected into the HPLC system. 

2.4. Pharmacokinetic analysis 

Pharmacokinetic parameters were calculated based on a non- 
compartment analysis using WinNonlin version 5.0 (Pharsight Corp., 
Mountain View, CA). The following parameters were measured: 
maximum serum concentration (Cmax), time to Cmax (Tmax), elimination 
half-life (T1/2), and total body clearance of the drug from plasma (CL). 
The area under the curve from 0 to 12 h (AUC0-12; CAM, 14-OH CAM, 
and EB 250 mg) or from 0 to 24 h (AUC0-24; EB 500 mg, EB 750 mg, and 
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Fig. 1. Serum clarithromycin (CAM) and 14- 
hydroxy clarithromycin (14-OH CAM) con-
centrations in patients with pulmonary 
Mycobacterium avium complex (MAC) infec-
tion. Concentration–time profiles of (A) CAM 
and (B) 14-OH CAM in serum after a single 
oral administration of CAM (asterisk), 
CAM+ethambutol (EB; closed circle), and 
CAM+EB+rifampicin (RFP; open circle). 
Data are presented as mean ± standard de-
viation. C. Metabolic ratio of 14-OH CAM/ 
CAM in serum after CAM (asterisk), 
CAM+EB (closed circle), and CAM+EB+RFP 
(open circle) p.o. administration. Data are 
presented as means ± standard deviation.   
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RFP) was calculated using the linear trapezoidal method. 

2.5. Statistical analysis 

Data are expressed as the median and standard interquartile range 
(IQR). The values of the pharmacokinetic parameters were compared 
between the patient groups using the Wilcoxon rank-sum test (Man-
n–Whitney U test) and the Kruskal–Wallis test for unpaired data. All 
statistical evaluations were performed using SPSS v.21 (IBM Inc., Chi-
cago, IL). Results with P-values < 0.05 were considered significant in all 
analyses. 

3. Results 

3.1. Patient characteristics 

Ten patients with a diagnosis of pulmonary MAC infection were 
enrolled in this study. Patient characteristics and dosing schedules are 
presented in Table 1. Eight of the 10 patients were women. The doses 
(mg/kg) of CAM, EB, and RFP were 9.0 (7.4–9.9), 11.8 (11.2–12.6), and 
10.8 (8.1–12.2), respectively. CAM was administered twice daily, and 
EB and RFP were administered once daily. Infection was caused by 
M. avium in eight patients and by M. intracellulare in two patients. Only 
one patient discontinued RFP because of adverse effects. One patient 
received RFP twice daily. None of the patients changed concomitant 
medications before or after blood samples were taken. 

3.2. Pharmacokinetic parameters of CAM, 14-OH CAM, EB, and RFP 

The serum concentration profiles of CAM, 14-OH CAM, EB, and RFP 
as well as their pharmacokinetic parameters are shown in Figs. 1–3 and 
Table 2. In CAM monotherapy, CAM+EB therapy, and CAM+EB+RFP 
therapy, the AUC0-12 values of CAM were 21.5 (17.7–32.3), 19.9 
(14.3–31.3), and 1.7 (1.4–1.8) μg⋅h/mL, and the Cmax values of CAM 
were 3.1 (2.7–3.8), 2.9 (1.9–4.1), and 0.4 (0.2–0.4) μg/mL, respectively 
(Fig. 1A). The use of RFP resulted in a significantly decreased AUC0-12 
value and a lower Cmax value (p < 0.001). The T1/2 values of CAM were 
5.9 (5.3–9.8), 7.1 (4.0–11.5), and 2.8 (2.0–3.2) h, respectively; thus, 
RFP administration resulted in a significantly shorter T1/2 (p < 0.01). 
CAM clearance was approximately 13-fold higher in CAM+EB+RFP 
combination therapy compared with CAM monotherapy (median: 18.6 
vs. 235.3 L/h, p < 0.001; Table 2). The metabolic ratios of 14-OH CAM/ 
CAM in serum after CAM, CAM+EB, and CAM+EB+RFP p.o. adminis-
tration are shown in Fig. 1C. 

No significant differences were observed in the changes in 14-OH 
CAM serum concentrations between CAM monotherapy and CAM+EB 
therapy; however, the addition of RFP increased the Cmax of 14-OH CAM 
(Fig. 1B). The AUC0-12 values of 14-OH CAM were not significantly 
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Mycobacterium avium complex (MAC) infection. Concentration–time profiles of 
EB in serum after a single oral administration of clarithromycin (CAM)+EB 
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mean ± standard deviation. 
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Table 2 
Pharmacokinetic parameters of CAM and 14-OH CAM in CAM monotherapy and in CAM+EB and CAM+EB+RFP combination therapy in patients with Mycobacterium 
avium complex lung disease.   

CAM  14-OH CAM   

CAM (n = 10) CAM+EB (n =
10) 

CAM+EB+RFP (n =
9) 

P- 
value 

CAM (n = 10) CAM+EB (n =
10) 

CAM+EB+RFP (n =
9) 

P- 
value 

AUC0-tlast (μg∙h/mL) 21.5 
(17.7–32.3) 

19.9 
(14.3–31.3) 

1.7 (1.4–1.8) 0.000 8.2 (6.3–9.3) 8.2 (7.3–9.3) 9.1 (7.3–10.9) 0.633 

AUC ratio (vs. CAM 
monotherapy) 

– 0.93 0.08  – 1.00 1.11  

Cmax (μg/mL) 3.1 (2.7–3.8) 2.9 (1.9–4.1) 0.4 (0.2–0.4) 0.000 0.8 (0.7–0.9) 0.9 (0.7–1) 1.5 (1.2–1.5) 0.008 
Tmax (h) 2 (2–2) 2 (2–2) 2 (2–4) 0.796 2 (2–2) 4 (2–4) 2 (2–4) 0.247 
T1/2 (h) 5.9 (5.3–9.8) 7.1 (4–11.9) 2.8 (2–3.2) 0.005 16.2 

(9.6–34.6) 
17 (12–56.5) 3.1 (2.5–4.7) 0.000 

CL (L/h) 18.6 
(12.4–22.9) 

20.1 (13–28) 235.3 (219.8–289.9) 0.000 49.3 
(42.9–63.2) 

48.7 (42.8–55) 43.9 (36.7–55.1) 0.633 

a AUC=area under the curve. b The value are medians (IQRs). 
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RIF/AZT/ETB for MAC – hollow fiber model

• PK simulation of AZT, ETB and RIF in plasma and 
epithelial lining fluid (ELF) in a HFS, exposing THP-
1 cells infected with M. avium to the triple-drug
regimen for 3 weeks. 
• We accounted for drug-drug interactions and 

protein-binding. 
• We differentiated the effects on the intracellular

and extracellular mycobacterial population. 

• We find that plasma drug concentrations fail to 
hold the MAC bacterial load static (DLog10 
CFU/mLControl:Regimen 1⁄4 0.66 ± 0.76 and 
0.45 ± 0.28 at 3 and 21 days); ELF concentrations
do hold the bacterial load static for 3 days and 
inhibit bacterial growth for the duration of the 
experiment (DLog10 CFU/mLControl:Regimen
1⁄4 1.1 ± 0.1 and 1.64 ± 0.59 at 3 and 21 days). 

for hMDMs and THP-1 cells, though mycobacteria might escape
THP-1 cells at an increased rate (Fig. S2). Drug accumulation and
effect is thus comparable between the two cell lines.

An important distinction is the difference between intracellular
and extracellular MAC in the HFS in our study. Because of natural
cell death, and a general homeostasis between extracellular and
intracellular bacteria, some bacteria will escape the THP-1 cells and
will be exposed to extracellular drug concentrations [21]. Especially
in the ELF-HFS, the intracellular population is markedly lower than
the extracellular population, whereas in the plasma-HFS, the two
populations are more alike, which might be an indication of
concentration-dependent drug, specifically azithromycin, accu-
mulation in the cells, as previously reported in vivo (Fig. S2) [30].

However, when isolating intracellular from extracellular CFU
counts, bacteria stuck to the cell surface of the THP-1 cells might be
isolated together with them, and enumerated as intracellular bac-
teria. How large their contribution is, is not known.

We evaluated the standard MAC-PD treatment regimen in the
HFS, studied drug concentrations in ELF alongside plasma, consid-
ered protein binding of drugs, and evaluated an intracellular HFS,
all to best mimic the clinical conditions. There are, however, sig-
nificant limitations to our study. Although protein binding in RPMI
1640 itself is negligible, the extra-capillary space where THP-1 cells
and mycobacteria reside has a significant protein concentration
owing to cell lysis. It is reasonable to assume that a proportion of
drug binds to dead cells, or other proteins present in that space.

Fig. 2. Pharmacokinetic and pharmacodynamic measurements in the ELF free-drug mimicking hollow fibre system. (a) Intracellular and extracellular CFU counts. (b) Total CFU
counts. (c) Pharmacokinetic curve of day 0. (d) Steady-state pharmacokinetics at day 16. (e) THP-1 counts in the extracapillary compartment. (f) Multiplicity of infection (Bac-
teria:Cells) over time.

M.M. Ruth et al. / Clinical Microbiology and Infection 28 (2022) 448.e1e448.e7448.e5

Ruth MM, et al CMI 2021



RIF PK and M. kansasi – hollow fiber model

• We retrospectively collected clinical data from 33 patients with 
M. kansasii pulmonary disease to determine the time-to-sputum 
culture conversion (SCC) upon treatment with a standard 
combination regimen consist of isoniazid-rifampin-ethambutol. 

• Next, MIC experiments with 20 clinical isolates were performed, 
followed by a dose-response study with the standard laboratory 
strain using the hollow-fiber system model of M. kansasii
infection (HFS-Mkn). 

• Finally, in silico clinical trial simulations were performed to 
determine the clinical dose to achieve the optimal rifampin
exposure in patients. 

• The SCC rate in patients treated with combination regimen 
containing rifampin at 10 mg/kg of body weight/day was 73%, 
the mean time to SSC was 108 days, and the mean duration of 
therapy was 382 days. 

• The target attainment probability of the standard 10-mg/kg/day 
dose fell below 90% even at the MIC of 0.0625 mg/L. 

• Despite the initial kill, there was M. kansasii regrowth with the 
standard rifampin dose in the HFS-Mkn model. Doses higher 
than 10 mg/kg/day, in combination with other drugs, need to 
be evaluated for better treatment outcome. 

DISCUSSION
Combination therapy is the standard of care for the treatment of M. kansasii pulmo-

nary disease, where rifampin is one of the key drugs. While prior studies show high fail-
ure rates of the combination regimen (14, 15), these studies could not establish the
correlation between the in vitro rifampin resistance and clinical outcome. Moreover,
the doses for M. kansasii were never optimized and rather were carried forward from
those used to treat M. tuberculosis infections. This reemphasizes our hypothesis that
the dose of each drug in the combination regimen should be optimized for each spe-
cific pathogen—in this case M. kansasii—while considering the MIC of the clinical
strains as well as synergy/antagonism between the drug pairs.

In the present study, we first show the clinical response (albeit in a limited number

FIG 2 Rifampin pharmacokinetics and bacteria kill curves in the HFS-Mkn model. (A) Concentration-
time profile of different rifampin doses, where the solid line represents the model predicted
concentrations and symbols represent the measured drug concentrations in the HFS-Mkn samples. (B)
Model fit with an r2 value of 0.996 showing minimal bias between the pharmacokinetics model
predicted versus measured drug concentration. (C) The extent of bacterial kill in the HFS-Mkn model
varied in a dose-dependent manner. All eight rifampin doses were able to keep the bacterial burden
below stasis during the 28 days of study.
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RIF PK and M. kansasi – hollow fiber model

DISCUSSION
Combination therapy is the standard of care for the treatment of M. kansasii pulmo-

nary disease, where rifampin is one of the key drugs. While prior studies show high fail-
ure rates of the combination regimen (14, 15), these studies could not establish the
correlation between the in vitro rifampin resistance and clinical outcome. Moreover,
the doses for M. kansasii were never optimized and rather were carried forward from
those used to treat M. tuberculosis infections. This reemphasizes our hypothesis that
the dose of each drug in the combination regimen should be optimized for each spe-
cific pathogen—in this case M. kansasii—while considering the MIC of the clinical
strains as well as synergy/antagonism between the drug pairs.

In the present study, we first show the clinical response (albeit in a limited number

FIG 2 Rifampin pharmacokinetics and bacteria kill curves in the HFS-Mkn model. (A) Concentration-
time profile of different rifampin doses, where the solid line represents the model predicted
concentrations and symbols represent the measured drug concentrations in the HFS-Mkn samples. (B)
Model fit with an r2 value of 0.996 showing minimal bias between the pharmacokinetics model
predicted versus measured drug concentration. (C) The extent of bacterial kill in the HFS-Mkn model
varied in a dose-dependent manner. All eight rifampin doses were able to keep the bacterial burden
below stasis during the 28 days of study.
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Our study has limitations. None of the 33 patients we included in the retrospective

study were living with HIV. In immunocompromised patients, such as those living with
HIV, or patients with other advanced pulmonary diseases are more prone to M. kansasii
disease, and the response to the therapy may be different. Furthermore, drug interac-
tions of some antiretroviral therapy or other immunomodulatory therapies with rifam-
pin may preclude its use (20). Next, while we noticed the rifampin monotherapy failure
in the HFS-Mkn model on study day 28, we failed to capture any drug-resistant subpo-
pulation. The possible reasons could be use of an M. kansasii laboratory strain with a
low MIC or the high drug concentration in the agar, or perhaps the drug-resistant sub-
population was simply below the limits of detection (0.69 log10 CFU/mL) of the agar-
based culture methods. It could also be that we used a single phenotypic method for
resistance determination and did not assay the rpoB resistance-determining region,
where mutations may have been observed in the absence of phenotypic resistance
(21). Finally, while we showed the optimal exposure target could not be achieved with
the standard rifampin dose, the treatment of M. kansasii pulmonary disease is always a
combination therapy, where other drugs may have synergy with rifampin. Therefore,
combination regimens with rifampin at a lower-than-optimal dose could still kill M.
kansasii. Such drug interaction studies are in progress to determine the optimal dose
of each drug in the regimen alone and in combination.

To summarize, in the HFS-Mkn model, the rifampin optimal exposure target for M.
kansasii kill was an fCmax/MIC ratio of 34.22, which cannot be achieved with the cur-
rently recommended 10 mg/kg/day clinical dose. We propose to test the 30-mg/kg/
day dose in the combination regimen for a better therapy outcome and the possibility
to shorten the duration of therapy for M. kansasii pulmonary disease.

MATERIALS ANDMETHODS
Clinical data collection. To benchmark the efficacy of currently recommended treatment regimen,

we performed a retrospective study to collect clinical data from a subset from a previously published
study (22) with Taiwanese patients undergoing treatment for M. kansasii pulmonary disease between
2008 and 2014. The patients who fulfilled the composite diagnostic criteria for M. kansasii pulmonary
disease were identified and treated with standard combination regimen consist of isoniazid plus rifam-
pin plus ethambutol, as recommended by the American Thoracic Society (4, 23). Serial sputum samples
from each patient were collected to determine the bacterial growth using the mycobacterial growth in-
dicator tube (MGIT) automated liquid culture system. Information on patient demographics and HIV
infection status was collected from the case report forms (10, 22). Hospital charts were also scanned to
record the signs, symptoms, medical history, and other laboratory data to exclude patients with diagno-
ses of diseases other than M. kansasii pulmonary disease. The study protocol was approved by the insti-
tutional ethic committees of National Taiwan University Hospital and Kaohsieng Medical University
Hospital (NTUH-REC-201508017RIND and KMUHIRB-SV[I]-2015200266).

Bacteria, cell lines, drugs, and other supplies. The M. kansasii standard laboratory strain (ATCC
12478) and 20 clinical strains (separate from the 33 patients in the retrospective study) were used in the
experiments. Middlebrook 7H9 broth and Middlebrook 7H10 agar, both supplemented with 10% oleic

FIG 4 In silico simulations of different rifampin doses for PK/PD target attainment. The target attainment
probability of different rifampin doses for the probability to achieve an fCmax/MIC ratio of 34.22 was
calculated. All simulated doses failed to achieve the target attainment in 90% of the patients beyond a
MIC of 0.125 mg/L.
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Therapeutic drug monitoring in NTM therapy
717TDM in Non-Tuberculosis Mycobacteria Infections

5  Drugs

A non-systematic literature search was performed in Pub-
Med using the keywords pharmacokinetics, pharmaco-
dynamics, NTM, nontuberculous mycobacteria, and the 
various drugs as included in the treatment guidelines [4, 
6]. Table 1 summarizes the optimal PK/PD exposure tar-
gets for drugs, as monotherapy. In the hollow fiber infection 
model, the optimal exposure is defined as the drug concen-
tration required to achieve 80% of the maximal kill, it can be 
expressed as the PK/PD target for that particular drug, e.g., 
as an AUC/MIC ratio. Based on the AUC/MIC target ratio, 
drug exposure at difference dosages and the susceptibility 
breakpoint, it can be estimated which percentage of patients 
can be successfully treated with that drug. This strategy has 
been used earlier to translate in vitro PK/PD results to clini-
cal practice [49]. The next section includes an overview of 
in vitro and in vivo studies that have shown efficacy or inef-
ficacy when used for NTM. In addition, potential PK/PD 
indices and targets are discussed to guide therapy. In cases 
where no or limited data are available, we identified this as 
a knowledge gap.

5.1  Rifamycins

Rifampicin, rifabutin, and rifapentine are bactericidal drugs 
that inhibit bacterial DNA-dependent RNA-polymerase to 
inhibit RNA synthesis [50]. Rifampicin and rifabutin have 
a wide range of activity against NTM including MAC, M. 
malmoense, M. xenopi, and rifamycin-sensitive M. kansasii 
[51]. Although M. abscessus has been known to be resistant 
to rifamycins, rifabutin has recently shown activity against 
M. abscessus [52], demonstrating the future potential of rifa-
mycins as repurposed drugs [53].

Because of a poor correlation between in vitro MIC 
data for rifampicin and rifabutin and MAC, a DST is not 
performed for rifamycins, except for M. kansasii in which 
resistance data may help determine the choice of antibiotic 
regimen [54]. Rifamycins alter the concentration of mac-
rolide antibiotics [38, 55, 56] but are themselves not sig-
nificantly affected by concurrent treatment with macrolides 
[38]. Although there are no data on PK/PD targets specifi-
cally for nontuberculous mycobacteria, at current recom-
mended doses only 18% of patients taking rifampicin (n = 
299) for pulmonary MAC infection met the PK/PD target 
associated with a bactericidal effect against M. tuberculo-
sis in the hollow fiber model, and only 6% had total AUC 
0–6/MIC bactericidal ratios against M. tuberculosis in the 
mouse model; however, the AUC 0–6 were compared to AUC 
0–24 index values from the published literature [38]. There-
fore, much higher doses of rifampicin may be required to 
achieve PK/PD targets [57]. If higher doses are considered, 
TDM may be beneficial in minimizing the risk of rifampicin-
induced toxicity [58].

5.2  Macrolides

The macrolide antibiotics indicated for NTM include 
azithromycin and clarithromycin. These antibiotics have an 
effect through inhibiting protein synthesis with binding to 
the bacterial 50S ribosomal subunit [59]. Both have a similar 
spectrum of activity that includes MAC, M. kansasii, M. 
malmoense, and M. abscessus [38, 60–62].

Regarding M. abscessus complex, the kill below stasis 
with the combination regimen of amikacin, cefoxitin, and 
clarithromycin was 1.22  log10 CFU/mL and in the hollow 
fiber infection model the therapy failed after 14 days of 
the treatment [36]. Azithromycin and clarithromycin are 
extensively distributed into tissues and macrophages. Tis-
sue concentrations may be up to 30- and 100-fold higher 

Text box 2  Recommendations for TDM in NTM disease

CF cystic fibrosis, HIV human immunodeficiency virus, NTM nontuberculous mycobacteria, PD pharmacodynamic, PK pharmacokinetic, TDM 
therapeutic drug monitoring

Efficacy Information on PK/PD targets on drugs used for NTM is scarce. TDM for efficacy is preferably guided by 
PK/PD targets but if these are lacking it would help to target normal exposure in patients with low expo-
sure not responding to therapy

Toxicity In the case of presumed drug-related toxicity, dose adjustment is suggested when high drug concentrations 
are observed at a standard dose

Drug–drug interactions Drug–drug interactions can be managed as usual and TDM can be used to verify if exposure is within the 
normal range for that particular drug

Renal or hepatic function problems For renally excreted or hepatically metabolized drugs, dosages can be adjusted as recommended by guide-
lines and TDM can be used to verify if exposure is within the normal range for that particular drug

Comorbidities (e.g., diabetes mel-
litus, HIV, CF)

As treatment in patients with comorbidities is often accompanied with complications, it is recommended to 
evaluate drug exposure in situations where these may arise

Sampling At least 2 samples should be collected during the dose interval to assess drug exposure. A single sample 
often does not provide sufficient information as delayed absorption on reduced clearance is imperceptible

Alffenaar JW, et al. Clin Pharmacok 2021 
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Drug NTM PK/PD PK/PD target AUC Cmax
(mg/L)

TDM for 
efficacy

TDM for 
toxicity

RIF - AUC/MIC - 38.73 ±
4.33 5.79 ± 2.14 Yes Yes

INH - AUC/MIC - - 3-5 Yes Yes

EMB MAC AUC/MIC
Cmax/MIC - 1.23 2-6 Yes Yes

STR MAC - - - 44 (33-58) Yes Yes

AMK
MAC Cmax/MIC >8/12 153 ± 51 55.3 ± 16.9 Yes Yes

Mabs Cmax/MIC >3.2 - 79 (54–98) Yes Yes

KAN MAC - - - 44 (32–65) Yes Yes

TGC Mabs AUC/MIC 36-44 - No data Yes Yes

TZD MAC AUC/MIC 24-37 - No data Yes ?

CZA/AVI MAC fT>MIC >52% - No data Yes ?
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Abstract
Non-tuberculous mycobacteria (NTM) are an emerging group of pulmonary infectious pathogens of increasing importance 
to the management of patients with cystic fibrosis (CF). NTM include slow-growing mycobacteria such as Mycobacterium 
avium complex (MAC) and rapidly growing mycobacteria such as Mycobacterium abscessus. The incidence of NTM in the 
CF population is increasing and infection contributes to significant morbidity to the patient and costs to the health system. 
Treating M. abscessus requires the combination of multiple costly antibiotics for months, with potentially significant toxicity 
associated with treatment. Although international guidelines for the treatment of NTM infection in CF are available, there 
are a lack of robust pharmacokinetic studies in CF patients to inform dosing and drug choice. This paper aims to outline the 
pharmacokinetic and pharmacodynamic factors informing the optimal treatment of NTM infections in CF.

Key Points 

The treatment of non-tuberculous mycobacteria (NTM) 
in cystic fibrosis (CF) is complicated by differing phar-
macokinetics to the non-CF population.
NTM treatment requires the prolonged use of repurposed 
antibiotics and is characterized by relatively low success 
rates and high toxicity.
The increasing use of CF transmembrane regulator 
(CFTR) modulator drugs poses challenges, with poten-
tial drug–drug interactions that may limit therapeutic 
options.

1 Introduction

Cystic fibrosis (CF) is an autosomal recessive condition 
characterized by mutations in the CF transmembrane regu-
lator (CFTR) gene. Although CF predominantly affects the 
respiratory system, it is a multisystem disease with altera-
tions in gut, renal and hepatic function. Survival from CF 
is rapidly increasing and is associated with newly emerged 
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Long-term macrolide in bronchiectasic patients 
(and the risk of NTM)

• US bronchiectasic registry, non previous NTM
• 410 subjects (out of 3472): 91 macrolide and 319 non-macrolide
• Similar patients’ characteristics

• At least one positive culture in 3/91 (3.3%) vs.  44/319 (13.8%)
• OR=0.21; 95% CI, 0.06-0.70; P=.005 
• No macro-R observed (in 2/3 available) in the macro group

Metersky M, et al. Chest 2021
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Temporal changes ofMIC profiles in patients with antimycobacterial treatment. The
chronological MIC changes of isolates from nine MABS patients (seven patients with Mab
and two patients with Mma infection) are shown in Fig. 2. The median interval between
the collections of each isolate was 284 days (range, 244–315). All nine patients were treated
for a median duration of 284 days (rang, 244–315), but culture conversion (culture conver-
sion: more than three consecutive negative cultures collected at least 4 weeks apart) was
not achieved (13). The most frequently administered drugs were STX (eight patients,
88.9%), followed by macrolides (CLR and/or AZM) (seven patients, 77.8%), AMK (seven
patients, 77.8%), IPM (seven patients, 77.8%), and CLO (five patients, 55.6%). The MIC
results generally showed minor changes within the same susceptibility profile, susceptible–
intermediate, and intermediate–resistant ranges. However, isolates from two patients
showed obvious changes in MIC values, as indicated by arrows, from susceptible to resist-
ant to CLR and from resistant to susceptible to AMK and IPM.

DISCUSSION
In the present study, we aimed to clarify the MIC profiles in patients with RGM pul-

monary disease, especially MABS, in a clinical setting. Regarding MABS, the two sub-
species were observed in almost equal proportions (Mab versus Mma 53.5 versus

FIG 1 Distribution of MIC values for each drug tested in this study and cumulative percentages of inhibited isolates in 86 clinical isolates of Mab and Mma.
MIC values for clarithromycin and azithromycin (days 3–5) were not recorded in one Mab isolate (Clarithromycin MIC for day 14 was 0.25). Mab,
Mycobacterium abscessus subsp. abscessus; Mma, Mycobacterium abscessus subsp. massiliense.

Fujiwara et al.
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MIC for Mabs Fujiwara K, Microb Spectrum 2021

46.5%), with significant differences in susceptibility to macrolides. Most isolates were
susceptible to AMK; however, less than 30% and 60% showed susceptibility to IPM and
LZD, respectively, in both subspecies. More than 70% of isolates had CLO MIC values
less than 0.5 mg/mL. Furthermore, only 5.8% of isolates were susceptible to MXF with
MIC values less than 1 mg/mL, while approximately 60% of isolates had STX MIC values
less than 1 mg/mL. Interestingly, regardless of persistent culture positivity under long-
term multidrug treatment, most MIC data showed minor changes in susceptibility pat-
terns. One patient changed from susceptible to resistant to CLR, and one patient
changed from resistant to susceptible to IPM and AMK.

Consistent with current knowledge, Mma was more susceptible to CLR (80.0 versus
15.2%, P , 0.001) and AZM (62.5 versus 8.7%, P , 0.001) than Mab (14). Although the
proportion of AZM-susceptible isolates tended to be lower than that of CLR-suscepti-
ble isolates, it is unknown whether there are any actual clinical differences or whether
this result is due to the accuracy of the data because the CLSI has not indicated an
AZM breakpoint (10). New guidelines recommend the use of AZM rather than CLR;
thus, macrolide selection may need to be further investigated to strengthen the evi-
dence (7). Among the aminoglycosides, AMK was associated with the highest suscepti-
bility (93.0%). A systematic review showed that AMK was associated with the Mab
treatment success rate (3); thus, AMK must play a central role in treating MABS pulmo-
nary disease, especially disease caused by macrolide-resistant Mab.

Although only a quarter of isolates (22 isolates, 25.6%) were susceptible to IPM,
synergistic effects of IPM with CLR and LZD were reported (15, 16), and a system-
atic review showed that IPM was associated with a higher success rate (3).
Therefore, IPM might be justifiable for MABS pulmonary disease treatment despite
the relatively low susceptibility rate. Although LZD is recommended by the guide-
lines (7, 17) and more than 50% of isolates were susceptible in the present study,
few clinical efficacy data have been published (18), and adverse events such as
myelosuppression and peripheral neuropathy are reportedly common (19, 20).
Thus, we consider that analyzing pharmacokinetic data of LZD in clinical practice
is warranted.

FIG 2 Changes in MICs of antibiotics among isolates were obtained from nine identical patients. Obvious MIC changes were observed in isolates from two
cases (indicated by arrows): from susceptible to resistance to clarithromycin and from resistant to susceptible to amikacin and imipenem. Mab,
Mycobacterium abscessus subsp. abscessus; Mma, Mycobacterium abscessus subsp. massiliense.

MIC Distributions of MABS and Treatment Effect
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Prognosis



St. George Respiratory 
Questionnaire (SGRQ)





SGRQ in NTM-LD patients

• Prospective observational study (2012-2018)

• 269 pts with MAC-PD

• Age- and sex-matched SGRQ scores indicated significantly 
greater impairment in patients with MAC-PD than in the general 
population (P < 0.001)

• Patients with a greater decline from baseline FEV1 (% predicted) 
exhibited significantly worse impairment in the SGRQ total score 
(mean ± SE, 4.69 ± 10.9 points, P = 0.001).  

• On multivariable Cox proportional hazards regression analysis, 
the SGRQ total score ≥25 was an independent risk factor for 
mortality (adjusted hazard ratio, 5.90; 95% confidence interval, 
1.65–37.7) as well as age, body mass index, and forced vital 
capacity (FVC). 

• Mixed-effect model results showed a significant association 
between SGRQ symptom/total scores and forced expiratory 
volume in 1 s (FEV1), FVC, and diffusing carbon monoxide 
capacity. Older age, a positive smear, non-nodular/bronchiectatic
form, and cavity regions were associated with SGRQ total score 
deterioration.

Respiratory Medicine 185 (2021) 106515

4

Table S1). The anchor values mentioned above and the SGRQ scores at 
four time points are displayed in Table S2 (Supplementary Information). 
After controlling for age and sex, the SGRQ symptom (P < 0.001) and 
total scores (P = 0.018) at baseline were significantly higher (worse) 
than those in the previously reported general population (Fig. 2). In-
ternal consistency for the SGRQ total score was excellent (Cronbach’s α 
= 0.931). 

3.2. Association between the SGRQ total score and all-cause mortality 

During the 4.1-year median follow-up period, 22 patients died, of 
whom 19 patients were associated with respiratory diseases. The ROC 
curve analysis showed that an SGRQ total score ≥25 was the most ac-
curate and optimal cutoff value to predict all-cause mortality (area 
under the curve, 71.1%; 95% confidence interval [CI] 62.8%–79.4%; P 
< 0.001; Fig. 3A). A higher SGRQ total score (cutoff value: 25) was 
significantly associated with all-cause mortality (Fig. 3B, P < 0.001). 
Multivariable Cox proportional hazards regression analysis revealed a 
total SGRQ score ≥25 as a significant risk factor for mortality (adjusted 
hazard ratio [aHR], 5.90; 95% CI, 1.65–37.7; P = 0.004) in addition to 
age (aHR for every 1-year increase, 1.08; 95% CI, 1.02–1.15; P = 0.009), 
BMI (aHR for every 1 kg/m2 increase, 0.84; 95% CI 0.69–0.99; P =
0.038), and %FVC (aHR for every 1% increase, 0.96; 95% CI 0.93–0.98; 
P < 0.001; Table 2). 

3.3. Longitudinal analysis between anchors and the SGRQ score 

Table S3 (Supplementary Information) shows the cross-sectional and 
longitudinal association between the anchor values and the SGRQ 
scores. At baseline, all domains of the SGRQ score were positively 
significantly associated with CRP, and were inversely associated with 
FVC (% predicted), FEV1 (% predicted), and DLCO. In the longitudinal 
analysis, ΔFVC (% predicted) was inversely correlated with ΔSGRQ 
except for the impact domain (‘symptom’ Rho = −0.21, P = 0.006; 
‘activity’ Rho = −0.22, P = 0.005; ‘total’ Rho = −0.21, P = 0.006). 
ΔFEV1 (% predicted) was inversely correlated with all the domains of 
ΔSGRQ (‘symptom’ Rho =−0.15, P = 0.047; ‘activity’ Rho =−0.22, P =
0.004; ‘impact’ Rho =−0.21, P = 0.007; ‘total’ Rho =−0.27, P < 0.001). 

Table S4 and Table 3 show the results from the mixed-effects models 
Fig. 2. SGRQ scores in the general population and in the study patients with 
Mycobacterium avium complex pulmonary disease. MAC-PD, Mycobacterium 
avium complex pulmonary disease; SGRQ, St George’s Respiratory Question-
naire. P-values were calculated using Welch’s t-test. Data show mean ± SEM. 
*P < 0.05. ***P < 0.001. 

Fig. 3. (A) Receiver operating characteristic (ROC) curve for the SGRQ total score for the prediction of 5-year mortality. (B) Kaplan-Meier survival curves concerning 
patients with Mycobacterium avium complex pulmonary disease according to the St George’s Respiratory Questionnaire (SGRQ) total score. P-values were calculated 
using a log-rank test. 

Table 2 
Multivariable analysis of factors related with mortality in 269 patients with 
MAC-PD.  

Variables aHR (95% CI) P-value 

Age, years 1.08 (1.02–1.15) 0.009 
BMI 0.84 (0.69–0.99) 0.038 
FVC, %predicted 0.95 (0.93–0.98) <0.001 
SGRQ total score ≥25 5.90 (1.65–37.7) 0.004 

aHR, adjusted hazard ratio; CI, confidence interval; FVC, forced vital capacity; 
MAC-PD, Mycobacterium avium complex pulmonary disease; SGRQ, St. George’s 
Respiratory Questionnaire. 
Data show median [interquartile range] or number (%) of patients. 
%FEV1 was excluded due to a strong association with %FVC (Rho = 0.82). 

T. Ogawa et al.                                                                                                                                                                                                                                  
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Table S1). The anchor values mentioned above and the SGRQ scores at 
four time points are displayed in Table S2 (Supplementary Information). 
After controlling for age and sex, the SGRQ symptom (P < 0.001) and 
total scores (P = 0.018) at baseline were significantly higher (worse) 
than those in the previously reported general population (Fig. 2). In-
ternal consistency for the SGRQ total score was excellent (Cronbach’s α 
= 0.931). 

3.2. Association between the SGRQ total score and all-cause mortality 

During the 4.1-year median follow-up period, 22 patients died, of 
whom 19 patients were associated with respiratory diseases. The ROC 
curve analysis showed that an SGRQ total score ≥25 was the most ac-
curate and optimal cutoff value to predict all-cause mortality (area 
under the curve, 71.1%; 95% confidence interval [CI] 62.8%–79.4%; P 
< 0.001; Fig. 3A). A higher SGRQ total score (cutoff value: 25) was 
significantly associated with all-cause mortality (Fig. 3B, P < 0.001). 
Multivariable Cox proportional hazards regression analysis revealed a 
total SGRQ score ≥25 as a significant risk factor for mortality (adjusted 
hazard ratio [aHR], 5.90; 95% CI, 1.65–37.7; P = 0.004) in addition to 
age (aHR for every 1-year increase, 1.08; 95% CI, 1.02–1.15; P = 0.009), 
BMI (aHR for every 1 kg/m2 increase, 0.84; 95% CI 0.69–0.99; P =
0.038), and %FVC (aHR for every 1% increase, 0.96; 95% CI 0.93–0.98; 
P < 0.001; Table 2). 

3.3. Longitudinal analysis between anchors and the SGRQ score 

Table S3 (Supplementary Information) shows the cross-sectional and 
longitudinal association between the anchor values and the SGRQ 
scores. At baseline, all domains of the SGRQ score were positively 
significantly associated with CRP, and were inversely associated with 
FVC (% predicted), FEV1 (% predicted), and DLCO. In the longitudinal 
analysis, ΔFVC (% predicted) was inversely correlated with ΔSGRQ 
except for the impact domain (‘symptom’ Rho = −0.21, P = 0.006; 
‘activity’ Rho = −0.22, P = 0.005; ‘total’ Rho = −0.21, P = 0.006). 
ΔFEV1 (% predicted) was inversely correlated with all the domains of 
ΔSGRQ (‘symptom’ Rho =−0.15, P = 0.047; ‘activity’ Rho =−0.22, P =
0.004; ‘impact’ Rho =−0.21, P = 0.007; ‘total’ Rho =−0.27, P < 0.001). 

Table S4 and Table 3 show the results from the mixed-effects models 
Fig. 2. SGRQ scores in the general population and in the study patients with 
Mycobacterium avium complex pulmonary disease. MAC-PD, Mycobacterium 
avium complex pulmonary disease; SGRQ, St George’s Respiratory Question-
naire. P-values were calculated using Welch’s t-test. Data show mean ± SEM. 
*P < 0.05. ***P < 0.001. 

Fig. 3. (A) Receiver operating characteristic (ROC) curve for the SGRQ total score for the prediction of 5-year mortality. (B) Kaplan-Meier survival curves concerning 
patients with Mycobacterium avium complex pulmonary disease according to the St George’s Respiratory Questionnaire (SGRQ) total score. P-values were calculated 
using a log-rank test. 

Table 2 
Multivariable analysis of factors related with mortality in 269 patients with 
MAC-PD.  

Variables aHR (95% CI) P-value 

Age, years 1.08 (1.02–1.15) 0.009 
BMI 0.84 (0.69–0.99) 0.038 
FVC, %predicted 0.95 (0.93–0.98) <0.001 
SGRQ total score ≥25 5.90 (1.65–37.7) 0.004 

aHR, adjusted hazard ratio; CI, confidence interval; FVC, forced vital capacity; 
MAC-PD, Mycobacterium avium complex pulmonary disease; SGRQ, St. George’s 
Respiratory Questionnaire. 
Data show median [interquartile range] or number (%) of patients. 
%FEV1 was excluded due to a strong association with %FVC (Rho = 0.82). 

T. Ogawa et al.                                                                                                                                                                                                                                  
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The 6-minute walk test predicts 
mortality in a pulmonary nontuberculous 
mycobacteria-predominant bronchiectasis 
cohort
Rebekah A. Blakney1, Emily E. Ricotta1, Dean Follmann2, Jessica Drew1, Kelly A. Carey1, Lisa N. Glass3,4, 
Chevalia Robinson4, Sandra MacDonald4, Pamela J. McShane5, Kenneth N. Olivier4, Kevin Fennelly4 and 
D. Rebecca Prevots1,6* 

Abstract 
Background: Bronchiectasis is a chronic lung condition frequently associated with nontuberculous mycobacteria 
pulmonary (NTM) disease. Persons with these conditions are at increased risk of mortality. Patient reported outcome 
(PRO) instruments and the 6-minute walk test (6MWT) have been shown to predict mortality for several lung condi-
tions, but these measures have not been fully evaluated for bronchiectasis and NTM.

Methods: We conducted a retrospective cohort study among adult patients enrolled in a natural history study of 
bronchiectasis at the National Heart, Lung, and Blood Institute. Electronic medical records were queried for demo-
graphic, clinical, microbiologic, radiographic, and PRO instrument data: St. George’s Respiratory Questionnaire (SGRQ), 
Medical Research Council Dyspnea Scale, and the Pulmonary Symptom Severity Score (PSSS). The study baseline 
date was defined as the patient’s first visit after January 1st, 2015 with a SGRQ or 6MWT completed. Follow-up was 
defined as the interval between the study baseline visit and date of death or December 31st, 2019. Sex-stratified Cox 
proportional-hazards regression was conducted to identify predictors of mortality. Separate models were run for each 
PRO and 6MWT measure, controlling for age, body mass index (BMI), fibrocavitary disease status, and M. abscessus 
infection.

Results: In multivariable Cox proportional-hazards regression models, the PSSS-severity (aHR 1.29, 95% CI 1.04–1.59), 
the 6MWT total distance walked (aHR 0.938, 95% CI 0.896–0.981) and distance saturation product (aHR 0.930, 95% CI 
0.887–0.974) independently predicted mortality. In addition, BMI was significantly predictive of mortality in all models.

Conclusions: The 6MWT and a PRO instrument capturing symptom severity are independently predictive of mortal-
ity in our cohort of bronchiectasis patients.

Keywords: Bronchiectasis, Nontuberculous mycobacteria, Mortality, Patient reported outcomes, Health-related 
quality of life, 6-Minute walk test
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Background
Bronchiectasis is a chronic pulmonary condition char-
acterized by chronic inflammation and dilation of the 
bronchi, which results in significant morbidity due 
to recurrent respiratory infections and impaired lung 
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Serum IgA against Glycopeptidolipid Core in MAC-LD (2)

Kitada S, et al. JCM 2016; Fukushima H, et al. Resp Med 2021 
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3.5. Significance of anti-GPL core IgA antibody reduction levels 

Next, we investigated the prognostic value of early phase reductions 
in anti-GPL core IgA antibody levels. Logistic regression analysis of all 
133 patients revealed that reductions in anti-GPL core IgA levels were 
significantly associated with treatment outcome (P = 0.0045) (Fig. 4). 
We also investigated the cut-off values for early reduction in anti-GPL 
core IgA levels associated with sputum conversion and treatment 

outcomes via univariate logistic regression analysis (Table S1). Overall, 
reduction in anti-GPL core IgA levels correlated strongly with treatment 
outcomes and predictive power was highest when cut-off values were 
≧25%. 

Accordingly, we defined patients with a ≧25% reduction in early 
phase anti-GPL core IgA levels as the early reduction group. Early re-
ductions in serum anti-GPL core IgA levels of ≧25% were positively 
associated with sputum conversion (P = 0.0048) and treatment success 

Fig. 3. Levels of GPL core IgA antibodies before and after initiation of antibiotic therapy in the overall study population and in three subgroups based on treatment 
outcomes (treatment success, treatment failure, and recurrence). Data are expressed as means ± 95% confidence intervals. P values were calculated using the 
Friedman matched-pair test with Benjamini, Krieger and Yekutieli two-stage correction. 
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Impact of Time Between Diagnosis and Treatment 
on Culture Conversion and All-Cause Mortality

• 712 patients who received antibiotics for 6 or 
more months after diagnosis of NTM-PD (1997 
– 2013). 

• Thirty-eight percent of study patients had mild
disease, 48% had moderate disease, and 14% 
had severe disease. 

• The median waiting period without
antibiotics among all patients was 4.8 
(interquartile range, 1.3-20.8) months.

• After treatment initiation, 479 (67%) patients
achieved culture conversion within 6 months, 
and 135 (19%) patients died. 

• In univariable and multivariable models
adjusted for BACES (BMI, Age, Cavities, ESR, 
sex) severity, no association between the 
waiting period and 6-month culture 
conversion or death was identified. 

Im Y, et al. Chest Infections 2022

also adjusted for culture conversion within 6 months.
Notably, in all three models, culture conversion within
6 months had a statistically significant negative
correlation with all-cause mortality (adjusted HR, 0.51;
95% CI, 0.35-0.74 in model 1; adjusted HR, 0.52; 95% CI,
0.35-0.76 in model 2; and adjusted HR, 0.52; 95% CI,
0.36-0.77). In addition, in subgroup analysis for patients
treated 12 or more months, culture conversion within
12 months had a significant negative correlation with all-
cause mortality. However, the watchful waiting period
had no significant association with mortality in all
multivariable models (e-Table 5). Characteristics of
patients who lived or died during the study period are
shown in e-Table 6.

Discussion
To our knowledge, this is the first study to assess the
impact of the watchful waiting period after diagnosis and
the achievement of culture conversion on the prognosis of
NTM-PD, regarding disease severity based on BACES
score. Adopting a waiting period without antibiotic
treatment was not associated with culture conversion or
death among patients with NTM-PD. However, after
starting antibiotic treatment, achieving 6- or 12-month
culture conversion was associated with reduced mortality.
These data suggest that it is reasonable to start antibiotic
treatment according to the watchful waiting strategy for
NTM-PD4 but that achieving culture conversion is
important for patients needing treatment, considering the

TABLE 2 ] Effect of Watchful Waiting Period on 6-Months or 12-Months Culture Conversion in Patients With NTM-PD

Patient Group Treatment for $ 6 mo (n ¼ 712)a Treatment for $ 12 mo (n ¼ 676)a

Culture conversion Within 6 mo (n ¼ 479) Within 12 mo (n ¼ 516)

HR of watchful waiting period for 6- or 12-mo conversion

Crude HR (95% CI, P) 1.00 (1.00-1.00, .412)b 1.00 (1.00–1.00, .746)c

Model 1, adjusted HR (95% CI, P) 1.00 (0.99–1.00, .242)b 0.99 (0.99–1.00, .512)c

Model 2, adjusted HR (95% CI, P) 1.00 (0.99–1.01, .075)b 0.99 (0.99–1.00, .213)c

Model 3, adjusted HR (95% CI, P) 0.99 (0.99–1.00, .074)b 0.99 (0.99–1.00, .211)c

AFB ¼ acid-fast bacilli; BACES ¼ BMI, age, cavity, erythrocyte sedimentation rate, and sex; HR ¼ hazard ratio; NTM-PD ¼ nontuberculous mycobacterial
pulmonary disease.
Model 1: adjusted for smoking, underlying disease, positive sputum AFB smear, BACES severity, etiology, and watchful waiting period.
Model 2: adjusted for BMI (< 18.5), age ($ 65 years), cavity, erythrocyte sedimentation rate (> 15 mm/h in male and > 20 mm/h in female), and sex
(male) instead of BACES in Model 1.
Model 3: adjusted for radiological form (noncavitary nodular bronchiectatic vs cavitary nodular bronchiectatic vs fibrocavitary) instead of cavity in Model 2.
Underlying disease included previous pulmonary TB, obstructive pulmonary disease/asthma, chronic pulmonary aspergillosis, pulmonary malignancy,
idiopathic pulmonary fibrosis, extrapulmonary malignancy, diabetes mellitus, chronic heart disease, and chronic liver disease.
aThese data analyzed patients treated for more than 6 months and 12 months, respectively. An event was defined as a culture conversion within 6b months
or 12c months after starting treatment, respectively. Multivariable analysis results other than “watchful waiting period” in each model are described in
e-Tables 2-1, 2-2, and 2-3. Characteristics of patients according to culture conversion are shown in e-Table 3.

TABLE 3 ] Effect of 6-Months or 12-Months Culture Conversion on Death in Patients With NTM-PD

Patient Group Treatment for $ 6 mo (n ¼ 712)a Treatment $ 12 mo (n ¼ 676)a

Death n ¼ 135 n ¼ 116

HR of conversion within 6 or 12 mo for death

Crude HR (95% CI, P) 0.46 (0.33–0.65, < .001)b 0.42 (0.29–0.61, < .001)c

Model 1, adjusted HR (95% CI, P) 0.51 (0.35–0.74, < .001)b 0.51 (0.33–0.78, .002)c

Model 2, adjusted HR (95% CI, P) 0.52 (0.35–0.76, < .001)b 0.52 (0.34–0.80, .003)c

Model 3, adjusted HR (95% CI, P) 0.52 (0.36–0.77, < .001)b 0.52 (0.34–0.81, .003)c

AFB ¼ acid-fast bacilli; BACES ¼ BMI, age, cavity, erythrocyte sedimentation rate, and sex; HR ¼ hazard ratio; NTM-PD ¼ nontuberculous mycobacterial
pulmonary disease.
Model 1: adjusted for smoking, underlying disease, positive sputum AFB smear, BACES severity, etiology, watchful waiting period, and culture conversion.
Model 2: adjusted for BMI (< 18.5), age ($ 65 years), cavity, erythrocyte sedimentation rate (> 15 mm/h in male and > 20 mm/h in female), and sex
(male) instead of BACES in Model 1.
Model 3: adjusted for radiological form (noncavitary nodular bronchiectatic vs cavitary nodular bronchiectatic vs fibrocavitary) instead of cavity in Model 2.
Underlying disease included previous pulmonary TB, obstructive pulmonary disease/asthma, chronic pulmonary aspergillosis, pulmonary malignancy,
idiopathic pulmonary fibrosis, extrapulmonary malignancy, diabetes mellitus, chronic heart disease, and chronic liver disease.
aThese data analyzed patients treated for more than 6 months and 12 months, respectively. A culture conversion was defined as a negative culture
conversion within 6b months or 12c months, respectively. Multivariable analysis results other than “culture conversion” in each model are described in
e-Tables 5-1, 5-2, and 5-3. Characteristics of patients who lived or died during the study period are shown in e-Table 6.
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Early sputum conversion and outcome in Mabs

• M. abscessus PD treated with i.v. amikacin for ≥8 weeks and i.v. β-lactams
for ≥2 weeks (2005–2019).
• Sputum sample with at least a 1-month interval after treatment initiation
• Culture conversion and microbiological cure at 1 year was determined
• 57 patients

• Mean age was 58.6 years and 68.4% were female
• Mean BMI was 20.3 kg/m2. 
• Positive sputum in 71.9% of patients
• 45.6% of patients showed cavitary lesions. 
• Inducible resistance to clarithromycin in 73.7% (42/57)
• Median duration of i.v. amikacin and β-lactam: 26.9 weeks and 8.3 weeks

• Overall, the microbiological cure rate was 31.6% (18/57) 

Park YE, et al. J Glob Antimc Res 2021



TTP and sputum conversion
Mycobacterium Growth
Indicator Tube Time-To-
Positivity Can Serve As an
Early Biomarker of
Treatment Response in
Mycobacterium avium
Complex Pulmonary Disease
To the Editor:

The recommended treatment regimen forMycobacterium
avium complex pulmonary disease (MAC-PD) consists of
three drugs: rifampicin, ethambutol, and azithromycin.
IV amikacin can be added in the initial 2 to 3 months for
patients with severe or recurrent disease.1 With the
recommended treatment regimens, 65% of treated
patients attain culture conversion2; the median time-to-
culture-conversion amounted to 4 (range, 1 to 12)
months in a previous study.3 Because culture conversion
requires multiple negative cultures that need to be

incubated for 8 weeks, it takes up to 8 months to
demonstrate culture conversion.4 Hence, there is a clear
need for a biomarker to predict earlier on whether
conversion will be reached or whether a change in
treatment regimen is necessary to achieve it.

The use of (semi)quantitative culture analysis has been
suggested as a relative rapid biomarker of treatment
response.3,5 Yet the methods applied in the two existing
studies, colony-forming unit counts and a
semiquantitative scale, are labor-intensive and not
available in routine laboratories. Clinical trials of TB
treatment have shown clear correlations between M TB
colony-forming unit counts and the time-to-positivity
(TTP) of the widely used Mycobacterium Growth
Indicator Tube (MGIT) automated broth culture
system6; this correlation was also observed in a smaller
study in MAC-PD.7

Here, we study the use of TTP in the MGIT automated
broth culture system as a biomarker for treatment
response in MAC-PD.

Methods
Using current criteria, we performed a retrospective chart and
laboratory database review of adult patients who received a diagnosis
of macrolide-susceptible MAC-PD1 who received treatment for at
least 6 months at Radboud University Medical Center Dekkerswald
reference clinic from 2013 to 2019. Patients were excluded if no
sputum culture result was available at baseline (treatment start date
!1 week), after 6 months (! 3 weeks) of antibiotic treatment, if less
than three sputum cultures were performed or if no TTP data were
available during the first 6 months of treatment. When multiple
cultures with TTP data were available from the same timepoint
during treatment, the average was used.

Demographic data, disease manifestation (fibrocavitary vs nodular-
bronchiectatic), treatment regimen and culture status after 6 months
of treatment and (if available) at the end of treatment were recorded
from the electronic medical file and laboratory information system.
We applied the NonTuberculous Mycobacteria - Network European
Trials group (NTM-NET) outcome definitions for nontuberculous

mycobacterial pulmonary disease (NTM-PD)8; for culture
conversion, a more lenient definition was used: two consecutive
negative cultures, collected at least 4 weeks apart. Conversion date
was defined as the date of the first negative culture.8

Sputum samples were decontaminated with the N-acetyl-l-cysteine–
sodium hydroxide method and concentrated by centrifugation
before inoculation in MGIT automated liquid culture and on
Lowenstein-Jensen solid medium. MGIT liquid cultures were
incubated for 42 days.4 Isolated mycobacteria were identified as
MAC with the use of the InnoLiPA Mycobacteria v2 (Innogenetics)
line probe assay, which includes species-specific probes for M
avium, M intracellulare, and M chimaera.4 Machine-generated TTP
data of MGIT liquid culture were recovered from the laboratory
information system and rounded to days to reflect differences in
time between sputum expectoration and laboratory processing. For
negative MGIT cultures, a TTP of 43 days was recorded. Statistical
comparisons between groups were made using c2 and t-tests,
unless stated otherwise, with the use of SPSS software (version 25;
IBM).

Results
We included 49 patients; their baseline characteristics are
presented in Table 1. After 6 months of therapy, 34 of 49
patients (69%) attained sputum culture conversion. Mean
baseline TTP (with SD) was significantly different between

converters and nonconverters (7.68 ! 4.64 vs 4.87 !
2.20 days; P¼ .031) overall and in the 40 patients who were
treated with three-drug regimens (ie, excluding those with
most severe manifestations; 7.96! 5.07 vs 4.92! 2.36 days;
P ¼ .047). A baseline TTP of >7 days was associated with

[ Chest Infections Research Letters ]
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culture conversion (likelihood ratio, 6.947; P ¼ .014) and a
receiver operating characteristic curve identified a sensitivity
of 41% and specificity of 93% to predict conversion with the
use of the TTP >7 day cutoff.

Mean baseline TTP was significantly different between
patients with nodular-bronchiectatic disease and those
with fibrocavitary disease (8.86 " 5.62 vs 5.29 "
1.65 days; P ¼ .010) but did not differ between causative
MAC species. Disease manifestation, patient age, and
number of samples available for analysis were not
associated significantly with culture conversion (P ¼ .371;
P ¼ .095, and P ¼ .256, respectively) (Table 1). Within
the patients with fibrocavitary disease and nodular-
bronchiectatic disease, mean baseline TTP differed
between converters and nonconverters, but this difference
was not statistically significant (5.72 " 1.67 vs 4.50 "
1.35 days [P ¼ .059] in patients with fibrocavitary disease
and 9.88" 5.86 vs 5.60" 3.44 days [P¼ .142] in patients
with nodular-bronchiectatic disease).

Differences in TTP became larger after 3 months of
treatment (36.38 " 12.30 days in converters vs 9.75 "
5.19 in nonconverters; P< .001) (Fig 1). A TTP>15 days
after 3 months of treatment was associated with culture
conversion (likelihood ratio, 5.365; P ¼ .021) and the
receiver operating characteristic curve identified a
sensitivity of 83% and specificity of 75% to predict
conversion with the use of a TTP cutoff of >15 days. The
mean absolute difference (TTP at 3 months – TTP
baseline) was 28.50 " 11.96 days in converters and 4.50
" 6.56 days in nonconverters (P ¼ .001).

Baseline TTP was not significantly different among
patients who experienced good outcome (cure; n ¼ 24;
7.88 " 5.29 days) vs those with bad outcome (failure,
recurrence, halted, died; n ¼ 25; 5.80 " 2.61 days; P ¼
.086) at the end of treatment; this correlation was also
absent for TTP after 3 months of treatment (36.57 "
12.85 days in those cured; 28.57 " 16.16 days in those
with bad outcomes; P ¼ .160).

Discussion
In our cohort, a baseline TTP of >7 days and TTP of
>15 days after 3 months of treatment predicted that
culture conversionwould occurwithin thefirst 6months of
treatment (Fig 1). Our cohort characteristics and outcomes
are in line with recent case series and reviews.2,3,9

Current guidelines recommend adding amikacin to
treatment regimens in patients with severe disease or prior
treatment1; clinical trials should establish whether the
addition of amikacin should be based on bacterial load (as
measuredbyTTP) rather thanclinical and radiologic features.
If our findings can be confirmed in prospective studies, TTP
data after 3 months and the TTP changes from baseline until
3 months might allow shortening of treatment trials of new
antibiotics for treatment of naïve patients to 3 months. This
would substantially speed up the development of new, more
effective treatment regimens in MAC-PD.

This study has important limitations, in line with the
small-scale, retrospective, and uncontrolled nature; not
all patients had cultures performed monthly, and those
who did mostly submitted just one sputum sample.

TABLE 1 ] Characteristics and Results of the 49 Patients With Mycobacterium avium Complex Pulmonary Disease
by Culture Conversion Status

Culture conversion Yes (n ¼ 34) No (n ¼ 15) Total (N ¼ 49)

Female patients, No. (%) 19 (56) 8 (53) 27 (55)

Age, mean " SD, y 65.59 " 9.32 60.53 " 10.45 64.0 " 9.9

Fibrocavitary disease, No. (%) 18 (53) 10 (67) 28

Nodular-bronchiectatic disease, No. (%) 16 (47) 5 (33) 21

M avium, No. 16 6 22

M intracellulare, No. 8 4 12

M chimaera, No. 10 5 15

Baseline time to positivity, mean " SD, d 7.68 " 4.64 4.87 " 2.20 6.82 " 4.23

Time to positivity after 3 mo, mean " SD, d 36.38 " 12.30 9.75 " 5.19 32.57 " 14.89

Samples per patient, mean " SD, No. 5.32 " 1.20 4.87 " 1.46 5.18 " 1.29

3-Drug regimen, No. (%) 27 (79) 13 (87) 40a

4/5-Drug regimen, No. (%) 7 (21) 2 (13) 9b

Cure at end of treatment, No. (%) 22 (65) 2 (13) 24 (49)

aRifampicin-ethambutol-azithromycin (n ¼ 25), clofazimine-ethambutol-azithromycin (n ¼ 14), or rifampicin-ethambutol-clarithromycin (n ¼ 1).
bAmikacin-clofazimine-rifampicin-ethambutol-azithromycin (n ¼ 8), clofazimine-rifampicin-ethambutol-azithromycin (n ¼ 1), or or amikacin-rifampicin-
ethambutol-azithromycin (n ¼ 1).
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Patients also received different treatment regimens both
in terms of choice and number of antibiotics.
Furthermore, TTP data are censored if >42 days, which
limits their analysis. Future studies ideally would derive
their TTP data from controlled clinical trials.

MGIT TTP at baseline and in the first 3 months of MAC-
PD treatment can be used to predict sputum culture
conversion at 6 months. This early and easily available

biomarker can be a useful tool in clinical practice and in
trials that are evaluating new therapies. Its predictive
value must be confirmed in larger scale controlled studies.
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Figure 1 – Liquid culture time-to-positivity over time in converters and
nonconverters. Red indicates cohort of patients that did not attain
culture conversion. Blue indicates cohort of patients that did attain
culture conversion. TTP ¼ time-to-positivity of liquid culture (in days).
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TTP and sputum conversion (2)

Mingora CM, et al. BMC Infect Dis 2022

• 71 participants

• Median TTP at screening was longer in those
participants who subsequently achieved vs. did
not achieve culture conversion (10.5 [IQR 9.4] 
days vs. 4.2 [IQR 2.8] days, p = 0.0002).

• Individuals with culture conversion by study
treatment month 6 were more likely to have a 
screening TTP > 5 days compared to those who
did not achieve culture conversion (OR 15.4, 
95% CI 1.9, 716.7, p = 0.0037) and had
increasing TTPs over time. 
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large subset of NTM-PD patients in which a predictive 
biomarker is particularly needed. Our promising findings 
in a clinically complex patient population highlight the 
importance of further investigation of TTP in MAC-PD, 
including in treatment naïve populations.

While our findings are not conclusive, they are sup-
portive that TTP may serve as a useful biomarker of 
treatment response in patients with MAC-PD. Our find-
ings provide rationale for incorporation of TTP measure-
ments into clinical trials of novel therapies for MAC-PD 
and into clinical practice.
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Early sputum conversion in Mabs (2)
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Letter to the Editor 
Prediction of 1-year treatment outcome using early 
sputum culture conversion status in Mycobacterium 
abscessus pulmonary disease 
S. Stefani 
Sir, 

According to the NTM-NET consensus statement, a treatment 
period of ≥12 months is a prerequisite condition to evaluate the 
treatment outcome of nontuberculous mycobacterial pulmonary 
disease (PD), whether the outcome is treatment failure or not [1] . 
However, 12 months appears to be too long, especially for pa- 
tients with Mycobacterium abscessus subsp. abscessus ( M. abscessus ) 
PD. This is because (i) M. abscessus PD requires prolonged therapy 
including intravenous (i.v.) antibiotics, (ii) adverse events to the 
parenteral agent frequently develop during treatment and (iii) the 
treatment success rate is only 30–40% even with treatment for ≥12 
months [2 , 3] . Unnecessary long-term treatment in these patients 
could be avoided by the presence of a clinical marker that can 
predict the treatment outcome early during the treatment course. 
Therefore, this study aimed to investigate whether serial sputum 
conversion status after treatment initiation could be used as an 
early microbiological predictor to determine 1-year treatment out- 
come in M. abscessus PD. 

Medical records of patients with M. abscessus PD treated with 
i.v. amikacin for ≥8 weeks and i.v. β-lactams for ≥2 weeks at three 
tertiary referral centres in Seoul, South Korea, were retrospectively 
collected from 2005–2019. Treatment modality was not predefined 
but was determined by attending physicians at each centre. Pa- 
tients were requested to submit the expectorated sputum sample 
with at least a 1-month interval after treatment initiation. Culture 
conversion and microbiological cure at 1 year after treatment initi- 
ation was determined according to the NTM-NET consensus state- 
ment [1] . The study protocol was approved by the Institutional Re- 
view Board of each centre, including the Asan Medical Center. 

A total of 57 patients were included in the analysis after ex- 
cluding those whose M. abscessus isolate was resistant to clar- 
ithromycin [minimum inhibitory concentration (MIC) ≥8 µg/mL at 
Day 3 of incubation]. The mean patient age was 58.6 years and 
68.4% were female. The mean body mass index (BMI) was 20.3 
kg/m 2 . Sputum acid-fast bacillus smear positivity was observed in 
71.9% of patients, and 45.6% of patients showed cavitary lesions. 
The presence of inducible resistance (IR) to clarithromycin was de- 
tected in 73.7% (42/57) of M. abscessus isolates. The median dura- 
tion of i.v. amikacin and β-lactam administration was 26.9 weeks 
and 8.3 weeks, respectively. Among the oral antibiotics adminis- 
tered, azithromycin was prescribed in 86.0% and clarithromycin in 
14.0%. Overall, the microbiological cure rate was 31.6% (18/57). 

Table 1 
Sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and concordance ( κ) of sputum culture conversion status in predicting the microbi- 
ological cure of Mycobacterium abscessus pulmonary disease at 1 year on a monthly basis according to the presence of inducible resistance (IR) to clarithromycin 

Months since treatment initiation Sensitivity Specificity PPV NPV κ

M. abscessus isolates with IR ( n = 42) 
1 0.18 0.94 0.50 0.76 0.15 
2 0.45 0.84 0.50 0.81 0.30 
3 0.64 0.84 0.58 0.87 0.46 
4 0.73 0.87 0.67 0.90 0.58 
5 0.73 0.87 0.67 0.90 0.58 
6 0.73 0.90 0.73 0.90 0.63 
7 0.91 0.90 0.77 0.97 0.77 
8 0.91 0.90 0.77 0.97 0.77 
9 0.91 0.94 0.83 0.97 0.82 
10 0.91 0.94 0.83 0.97 0.82 
11 0.82 0.97 0.90 0.94 0.81 
M. abscessus isolates without IR ( n = 15) 
1 0.57 1.00 1.00 0.73 0.59 
2 0.71 1.00 1.00 0.80 0.73 
3 0.86 1.00 1.00 0.89 0.87 
4 1.00 0.88 0.88 1.00 0.87 
5 1.00 0.88 0.88 1.00 0.87 
6 1.00 1.00 1.00 1.00 1.00 
7 1.00 1.00 1.00 1.00 1.00 
8 1.00 1.00 1.00 1.00 1.00 
9 1.00 1.00 1.00 1.00 1.00 
10 1.00 1.00 1.00 1.00 1.00 
11 1.00 1.00 1.00 1.00 1.00 

https://doi.org/10.1016/j.jgar.2021.03.006 
2213-7165/© 2021 Published by Elsevier Ltd on behalf of International Society for Antimicrobial Chemotherapy. This is an open access article under the CC BY-NC-ND 
license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 



NTM in Lung Transplant Recipients

• Israel, monocentric, LT recipients, 1997-2019
• 58/690 (8.4%)

• Mycobacterium simiae (n = 24), avium complex (n = 12), 
abscessus (n = 9), fortuitum (n = 6) and others

• Early (<6 months) more common M simiae and M 
fortuitum vs. M abscessus and MAC in the late 
period 
• No difference in FEV1 (NTM+ vs. NTM-)
• NTM acquisition was significantly associated with 

decreased survival (relative risk of 2.41, 95% CI, 
1.70-3.43; P < .001). 

Izhakian S, et al. Exp and Clin Transplantation

criteria for NTM pulmonary disease. Causes of  
NTM disease were by M. abscessus in 5 patients and  
M. avium complex in 2 patients. 
 
Pulmonary lung function 
During the follow-up period, mean FEV1 did not 
differ significantly between patients with and 
without NTM isolates (P = .29; Figure 3). 
 

Survival  
During the study period, 393 of the lung transplant 
patients died (56.9%). The mortality rates were 
higher among those with NTM pulmonary infection, 

that is, in 34/51 (67%) with NTM versus in 357/632 
(57%) without NTM. Of the 7 patients with NTM 
pulmonary disease, 5 survived and 2 died. On 
multivariate analysis, NTM acquisition (infection or 
disease) after lung transplant, as a time-dependent 
variable, was significantly associated with increased 
mortality (relative risk of 2.41, 95% CI, 1.70-3.43;  
P < .001).  
 
Discussion 
 
This study reported the isolation of culture-positive 
NTM in 8.4% of lung transplant recipients. This is 
within the range of incidence of NTM isolates after 
lung transplant reported in other studies of 3.3% to 
22.4%.8-12 Discrepancies between studies in the 
prevalence of NTM isolates may be explained by 
differences in the median follow-up periods, which 
ranged from 97 to 1205 days.8-12 The variance in 
incidence of NTM isolates among lung transplant 
recipients may also be attributed to the varied 
prevalence of pulmonary NTM infection across 
geographic locations.3,13 Even within Israel, a broad 
spectrum of prevalence of NTM infections has been 
reported, with higher rates in humid coastal cities 
and lower rates in the dry mountainous area.17 

Among our study patients, half the NTM 
pulmonary infections were identified during the first 
6 months posttransplant. This is within the range of 3 
to 9 months as the median time for the development of 
NTM pulmonary infection posttransplant reported by 
previous studies.8-10 Several reasons may explain  
the early occurrence of NTM pulmonary infection 
posttransplant. First, chronic pulmonary NTM 
colonization before lung transplant could be 
underrecognized. Second, NTM pulmonary infection 
might be vertically transferred from the lung donor. 
Third, a nosocomial source of NTM infection is 
possible.6,18 Finally, lung transplant recipients are 
more heavily immunosuppressed in the first than in 
the subsequent months following transplant, and 
thus patients can be presumably more vulnerable to 
NTM pulmonary infections.6,7 Of note, Huang and 
colleagues8 reported that single lung transplants 
were associated with increased incidence of 
posttransplant NTM infection. They proposed that 
the native abnormal lung may harbor NTM at the 
time of transplant and facilitate NTM infection 
posttransplant.8 However, in our cohort, we did not 
find a significant difference between patients with 
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Figure 2. Spectrum of Nontuberculous Mycobacteria Species in the Early and 
Late Posttransplant Periods According to 6-Month Median Cut-off

Figure 3. Mean Values of Forced Expiratory Volume in 1 Second in Lung 
Transplant Recipients With and Without Nontuberculous Mycobacteria 
Pulmonary Infections (P = .29) 
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Abbreviations: FEV1, forced expiratory volume in 1 second; NTM, 
nontuberculous mycobacteria 



FDG-PET in pazienti con NTM
Autori N pazienti SUV medio N medio 

lesioni
Specie

Kawate E. 2 9 1 M. avium
Matsuyama W 1 5.1 1 M. intracellulare

Nagai A 1 10.8 1 M.avium
Kwon YS 1 11.5 1 M. abscessus

Nakagawa N 1 4.8 1 M.avium
Tanaka S 1 - 1 Mycolicibacterium phlei

Namkoong H 1 Riferito solo ai linfonodi - MAC
Del Giudice 6 3.6 2 M. kansasii, M. xenopi, MAC
Zhuang H 1 8.1 - M. intracellulare

Kato A 1 26.9 - M.avium
Bandoh S 2 2.86 - MAC, M. intracellulare
Demura Y 6 6.2 1 MAC
Talwar A 1 4.2 1 M.chelonae
Abe M 1 HIGH 1 M. kansasii

Nishino K 6 8.9 1 M. intracellulare, M.avium
Gaviraghi A 20 4.20 2 14 MAC



FDG-PET in NTM-LD: SCENARI CLINICI

1. INIZIARE O NON INIZIARE TERAPIA (DD!)

2. INTERROMPERE TERAPIA SENZA CRITERIO MICROBIOLOGICO

3. ATTEGGIAMENTI IN CASO DI RECIDIVA



Pipeline

clinical trial is underway in Bangkok to study the efficacy and

tolerability of linezolid in the treatment of NTM diseases (Clin-

icalTrials.gov identifier: NCT03220074). Recently, two other oxa-

zolidinones were considered based on their potency against NTM.

Tedizolid, which has an improved safety profile [37], exhibits an

MIC 4- to 16-fold lower than linezolid [38,39]. LCB01-0371, a

novel oxazolidinone currently in Phase II clinical development for

pulmonary TB, was found to be potent against M. abscessus, with

linezolid-like activity in vitro and in vivo [40].

Nitric oxide and aerosolized amikacin
There are two inhaled drugs in clinical development: nitric oxide

(NO) and liposomal amikacin for inhalation (LAI). NO is thought

to be promising in eliminating NTM infections because of its roles

in immune defense and its antimicrobial functions. Two formula-

tions of NO from two companies (AIT Therapeutics and Novoteris)

are currently in clinical trials with the objective of evaluating their

safety in patients. LAI, a novel formulation of amikacin, seems to

be associated with reduced toxicity and improved efficacy in

patients with refractory NTM lung disease especially those infected

with MAC, as suggested by its Phase II clinical trial results [41]. Its

efficacy and safety profiles are being further evaluated in a Phase II

trial against M. abscessus and a Phase III trial for recalcitrant MAC

lung disease.

Bedaquiline
Bedaquiline, being the only TB drug approved by the FDA during the

past 40 years, has low MIC values against a collection of M. avium and

M. abscessus clinical isolates [42–45]. However, despite being an

excellent growth inhibitor at low doses, it lacks bactericidal activity

against NTM in vitro [44,46]. The in vivo efficacy of bedaquiline seems

to be limited as well. Although it reduced colony-forming units

(CFU)inthe lungsby1 log inanacuteM.abscessusmousemodel [47],

it failed to prevent death of the infected mice in another chronic

study [48]. Similarly, bedaquiline was shown to exhibit bacteriostat-

icactivity ina M.avium late-infectionmousemodel [46]. Preliminary

results of bedaquiline as salvage therapy for NTM-PD (infected with

either MAC or M. abscessus) treatment suggested that it might have

some clinical activity because six out of ten patients had a microbi-

ological response, but its efficacy appears to be relatively moderate as

suggested by a low sputum culture conversion rate at 6 months [49].

Furthermore, relapse caused by the emergence of strains resistant to

bedaquiline has been reported [50]. Therefore, the clinical utility of

bedaquiline remains to be further investigated. Of note, similar to

clofazimine which targets type II NADH-quinone oxidoreductase

(NDH-2) [51], a key component in the electron transport chain,

bedaquiline also targets oxidative phosphorylation via inhibiting

ATP synthase [52]. Compared with other TB drugs, such as isoniazid

and rifampicin, which lose their potency against most NTM strains,
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Rifabutin*

- Target RNA polymerase
- For M. abs

Bedaquiline*

- Target ATP synthase
- For NTM

Clofazimine

- Target NDH-2
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Drug Discovery Today 

FIG. 1

Non-tuberculous mycobacteria (NTM) drug pipeline. Agents currently in discovery or development for the treatment of NTM pulmonary disease are shown.
Compounds in the ‘Discovery’ column are from literature. The asterisks (*) indicate repurposed drugs in the discovery stage. A ‘Pre-clinical’ column is not
included because no NTM candidates are currently in preclinical development. Drugs under ‘Phase I–IV’ are from ClinicalTrials.gov (https://clinicaltrials.gov) and
more details are shown in Table S1 (see Supplementary material online). Phase I and II are combined in one column: the first three trials are in Phase II and the last
one is a Phase I/II trial. aGaseous nitric oxide is composed of 0.5% NO and 99.5% nitrogen. Abbreviations: M. abs, Mycobacterium abscessus; MAC, Mycobacterium
avium complex; PD, pulmonary disease; CF, cystic fibrosis; FAS-II, type II fatty acid synthase; NDH-2, type II NADH-quinone oxidoreductase.
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RESEARCH ARTICLE Open Access

Hemoptysis requiring bronchial artery
embolization in patients with
nontuberculous mycobacterial lung disease
Su Hwan Lee1 , Jin Hwa Lee2 , Jung Hyun Chang2 , Soo Jung Kim2 , Hee-Young Yoon2 ,
Sung Shine Shim3 , Min Uk Kim4 , Sun Young Choi3 and Yon Ju Ryu2*

Abstract

Background: Although infections caused by nontuberculous mycobacteria (NTM) are increasing in prevalence,
there are few data about hemoptysis in patients with NTM lung disease. This study investigated the characteristics
and prognosis of hemoptysis secondary to NTM infection.

Methods: Following a retrospective review of cases managed between 2006 and 2016, 183 patients with NTM lung
disease were enrolled and analyzed.

Results: Among 183 patients with NTM lung disease, Mycobacterium intracellulare (n= 64, 35%) was the major cause of
NTM infection, followed by M. avium (n = 59, 32.2%) and M. abscessus complex (n= 40, 21.9%). Hemoptysis developed in
78 patients (42.6%), among whom 33 (42.3%) required bronchial artery embolization (BAE). Between patients with and
without hemoptysis, there were no significant differences with respect to sex, radiographic manifestations, distribution
over 3 lobes on chest computed tomography, history of pulmonary tuberculosis, antiplatelet or anticoagulation therapy,
and species of NTM. However, mean age at diagnosis was significantly lower in the hemoptysis group in univariate and
multivariate analyses (65.7 ± 12.8 vs. 59.7 ± 11.8, P = 0.002, odds ratio: 0.969, 95% confidence interval: 0.944–0.996). Among
patients with hemoptysis, those requiring medical therapy and those requiring BAE were not significantly different in
terms of demographic characteristics, radiographic manifestations, and distribution over 3 lobes. All patients who received
BAE showed immediate clinical improvement, no procedure-related complications, and none of them died during the
period under review.

Conclusions: NTM lung disease patients commonly experienced hemoptysis without specific risk factors except for
relatively young age. Although some patients with hemoptysis needed BAE, the success rate of BAE was high, and there
were no serious complications associated with BAE.

Keywords: Mycobacterium infections, nontuberculous, Tuberculosis, Hemoptysis, Embolization, therapeutic

Background
The prevalence of human infection with nontuberculous
mycobacteria (NTM), an emerging cause of chronic pul-
monary disease, is gradually increasing worldwide [1, 2].
Most NTM have low pathogenicity, and they are widely
distributed in natural environments, such as soil and
water sources [3 ]. It is difficult to distinguish among

NTM colonization, contamination, and infection. The
American Thoracic Society (ATS) and the Infectious
Disease Society of America (IDSA) reported diagnosis
criteria for NTM infection with composite and complex
contents in 2007 [4 ].
There are more than 150 known NTM species, and new

species have recently been discovered [3 ]. Although there
are regional differences, Mycobacterium avium complex,
Mycobacterium kansasii, and Mycobacterium abscessus
complex (MABSC) are known major pathogens associated
with pulmonary diseases [5, 6 ]. The initiation of treatment
for NTM disease depends on various factors, such as

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
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Role of Surgical Intervention (ATS/IDSA 2020)
In selected patients with NTM pulmonary disease, we suggest surgical resection as

an adjuvant to medical therapy after expert consultation

• 15 observational studies (approximately 700 patients)
• Almost all of the patients who underwent surgery had received

antimicrobial treatment before and after surgery. 
• Cure rate of the NTM disease, death, and recurrences were not

significantly different between medical and surgical therapy (3 studies)
• Although there was more culture conversion observed in the patients

who underwent surgery, the quality of evidence was very low, 
• Surgical complications (such as bronchopleural fistula, prolonged air 

leak, pneumonia) were observed in 7–35% of participants.



Multidisciplinary Management

• Respiratory Medicine, 
• Infectious Diseases, 
• Microbiology, 
• Immunology, 
• Radiology, 

• Respiratory Physiotherapy, 
• Psicology/Psychiatry, 
• Food and Nutrition



Conclusioni

• La terapia delle micobatteriosi non tubercolari è al momento
insoddifsfacente con efficacia variabile ma nel range 50-75%
• Efficacia microbiologica/clinica/radiologica
• M abscessus più difficile da trattare

• Necessità di team multidisciplinare e di coinvolgiemento del paziente
• Sensibilità genotipica vs. fenotipica
• Prognosi importante per decider inizio prima terapia e eventuali

recidive/reinfezioni

• Abbiamo bisogno di RCTs (e di nuovi farmaci)


