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Background/Aims. Although increased mortality has been reported among people with Mycobacterium avium complex 
pulmonary disease (MAC-PD), data are limited on survival associated with various antibiotic regimens used to treat MAC-PD. We 
conducted a comparative analysis of 3-year mortality in Medicare beneficiaries with bronchiectasis using various MAC-PD regimens.

Methods. We included Medicare beneficiaries aged ≥65 years with bronchiectasis (01/2006–12/2014). We limited our cohort to 
new MAC-PD therapy users. MAC-PD therapy was defined as ≥60-day prescriptions for a macrolide plus ≥1 other MAC-PD 
antibiotic. Guideline-based therapy (GBT) included a macrolide, ethambutol, and/or rifamycin. Using Cox proportional hazard 
models, we calculated adjusted hazard ratios (aHR) for death up to 3 years after therapy start between the following groups: 
(1) 2007 GBT versus non-GBT; (2) 2020 GBT versus non-GBT; and (3) macrolide-ethambutol-rifamycin (3-drug) versus macrolide- 
ethambutol (2-drug).

Results. We identified 4820 new MAC-PD therapy users, of whom 866 (17.9%) were deceased within 3 years of therapy initiation. 
Of 3040 (63.1%) beneficiaries prescribed 2007 GBT, 472 (15.5%) were deceased by 3 years, compared to 394 (22.1%) of 1780 (36.9%) 
prescribed non-GBT (aHR 0.82; 95% confidence interval [CI], .72–.94). We observed a similar trend for 2020 GBT versus non-GBT 
(aHR 0.81; 95% CI, .70–.94]). Three-year-mortality was similar between those starting 3-drug versus 2-drug regimens (aHR 0.89; 
95% CI, .74–1.08]).

Conclusions. Among Medicare new MAC-PD therapy users, 3-year-mortality was higher in those prescribed non-GBT regimens 
compared to GBT regimens. Whether this finding suggests improved efficacy of GBT and/or differential characteristic of those using 
non-GBT regimens deserves further study.

Keywords. bronchiectasis; evidence based medicine; infectious disease guidelines; mortality; Mycobacterium avium complex; 
Nontuberculous mycobacteria; pulmonary infections.

Received 27 September 2024; editorial decision 16 October 2024; accepted 21 October 2024; 
published online 6 November 2024

Correspondence: Cara Varley, MD, MPH, OHSU Division of Infectious Diseases, Oregon 
Health & Science University, Mail Code: L457, 3181 S.W. Sam Jackson Park Rd, Portland, 
OR 97239-3098 (varleyc@ohsu.edu); Jennifer Ku, PhD, MPH, Department of Research & 
Evaluation, Kaiser Permanente Southern California Medical Group, 100 S Los Robles, 2nd 
Floor, Pasadena, CA 91101 (jen.h.ku@kp.org).

Open Forum Infectious Diseases® 

© The Author(s) 2024. Published by Oxford University Press on behalf of Infectious Diseases 
Society of America. This is an Open Access article distributed under the terms of the 
Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons. 
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of 
the work, in any medium, provided the original work is not altered or transformed in any 
way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.
com for reprints and translation rights for reprints. All other permissions can be obtained 
through our RightsLink service via the Permissions link on the article page on our site—for fur
ther information please contact journals.permissions@oup.com. 
https://doi.org/10.1093/ofid/ofae639

BACKGROUND

Nontuberculous mycobacteria (NTM) are ubiquitous environ
mental organisms that can cause pulmonary disease in 

individuals with underlying lung conditions, including bron
chiectasis, emphysema, cystic fibrosis, or significant scarring 
from prior infections [1]. Pulmonary disease resulting from 
Mycobacterium avium complex (MAC), the most commonly iso
lated NTM, is a chronic inflammatory airway disease often asso
ciated with chronic cough, fatigue, night sweats, weight loss, and 
depression, with frequent relapses and recurrence [1–5]. 
Increasing prevalence and incidence of MAC pulmonary disease 
(MAC-PD) have been observed in various settings worldwide [1, 
6–11]. In addition, more recent epidemiologic data have demon
strated increased mortality among individuals with MAC-PD 
compared to those without; however, limited data are available re
garding a survival benefit with antibiotic regimens [12–16].

Treatment for MAC-PD typically requires 3–4 antibiotics 
for more than a year and is often complicated by frequent 
interruptions and early discontinuation because of drug inter
actions, side effects, adverse events, and development of resis
tance, which is thought to be more frequent in the setting of 
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non-guideline-based therapy (non-GBT). In particular, macrolide 
resistance is of serious concern because it is associated with poor 
outcomes [2, 4, 17–21]. Although American Thoracic Society/ 
Infectious Disease Society of America (ATS/IDSA) GBT is recog
nized as the most effective regimen with improved clinical and 
economic outcomes, adherence to guidelines has been poor 
[22–26]. Given variations in both underlying disease and 
MAC-PD severity, the long duration of treatment, frequent com
plications, and changes in therapy over a treatment course, 
assessing the effect of treatment regimen on mortality is chal
lenging [27]. We compared 3-year mortality following prescrip
tion for GBT and alternative antibiotic regimens in U.S. 
Medicare beneficiaries with bronchiectasis.

METHODS

We used a cohort of first-time MAC therapy users previously 
identified [21]. We used U.S. Medicare data from the Centers 
for Medicare and Medicaid Services (parts A and B plus D, 
but not part C) between 1 January 2006 and 31 December 
2014 to identify beneficiaries aged ≥65 years with bronchiecta
sis, identified by the International Classification of Diseases, 
Ninth Revision, Clinical Modification diagnosis codes 494.0 
or 494.1 (bronchiectasis with or without acute exacerbation). 
We identified beneficiaries who were prescribed a first-time 
multidrug regimen for MAC-PD. We excluded those with a 
diagnosis for cystic fibrosis, HIV, or previous organ trans
plantation any time before initiation of antibiotic therapy 
for MAC-PD.

First-time MAC-PD therapy was defined as a ≥60-day sup
ply of an antibiotic regimen containing a macrolide plus ≥1 
of the following: rifamycin, ethambutol, fluoroquinolone, 
or intravenous/inhaled amikacin, requiring a minimum of 
12 months of Medicare coverage without evidence of prior 
MAC-PD antibiotic regimen prescription. These regimens 
are not used for any other infections other than a few rare 
NTM species and are thus likely to be highly specific to 
MAC-PD [28, 29]. We did not use diagnosis codes for identifi
cation of cases of MAC-PD given poor sensitivity and specific
ity of code-based case finding for MAC-PD [28, 29]. We 
defined GBT as a macrolide and ethambutol with or without 
a rifamycin based on 2007 or 2020 ATS/IDSA guidelines [4]. 
Baseline period was defined as the time between data start 
(01 January 2006) or beneficiaries’ Medicare enrollment and 
their MAC-PD therapy start date.

Treatment start date was defined as the start date of the first 
regimen meeting the treatment definition (ie, the first overlap
ping prescription of the initial multidrug regimen). Treatment 
end date was estimated by adding the number of days of supply 
of the initial regimen to the treatment start date and was deter
mined by the date a macrolide-based multidrug antibiotic no 

longer met the MAC therapy definition or switched to another 
regimen, allowing for a 30-day gap between medication refills.

Using descriptive statistics, we examined beneficiaries’ charac
teristics by comparison groups. Baseline demographic (eg, age, 
sex) and clinical (eg, comorbidities, concomitant medications) 
characteristics were identified by International Classification of 
Diseases, Ninth Revision, Clinical Modification, codes-based 
Medicare claims made during the baseline period. We used 
Cox proportional hazard regression to evaluate time to all-cause 
mortality (death) up to 3 years after therapy start between the fol
lowing initial MAC-PD therapy regimens in an intention-to-treat 
analysis: (1) 2007 GBT (macrolide-ethambutol-rifamycin) versus 
non-GBT; (2) 2020 GBT (macrolide-ethambutol ± rifamycin) 
versus non-GBT; and (3) macrolide-ethambutol-rifamycin 
(3-drug) versus macrolide-ethambutol (2-drug) and we calculat
ed adjusted hazard ratios (aHR). Comparisons 2 and 3 were se
lected based on the discussion regarding the potential use for 
macrolide-ethambutol in the 2020 ATS/IDSA guidelines and 
comparisons in an ongoing randomized clinical trial [2, 21, 30]. 
In multivariable modeling, we controlled for covariates selected 
a priori based on a causal model and associated directed acyclic 
graphs; selected covariates comprised race, ethnicity, region of 
residence, age at therapy start, year at therapy start, sex, duration 
of MAC-PD therapy, Charlson comorbidity index, chronic ob
structive pulmonary disease (COPD)/emphysema, lung cancer, 
rheumatoid arthritis, asthma, and baseline use of digoxin, antico
agulants, antihypertensives/β-blockers, narcotics, and oral ste
roids [31]. Beneficiaries were censored at: (1) death (outcome 
of interest) or (2) end of study period (31/12/2014), whichever oc
curred earlier. Covariate-adjusted Kaplan-Meier curves were esti
mated to illustrate the time-to-death outcome in the comparison 
groups. All analyses were performed using SAS statistical software 
9.4 (SAS Institute; https://www.sas.com). This study was reviewed 
and approved by the institutional review board at Oregon Health 
& Science University (IRB00015347).

RESULTS

We identified 4820 beneficiaries who were first-time MAC ther
apy users, requiring a minimum of 60 days on the initial therapy; 
3040 (63.1%) were prescribed 2007 GBT and 1780 (36.9%) were 
prescribed non-GBT; 3713 (77.2%) were prescribed 2020 GBT 
and 1096 (22.8%) non-GBT. Most were female (3669, 76.1%) 
and White (4223, 87.6%) with a median age of 77.8 years (stan
dard deviation [SD] 6.1) and mean time enrolled in Medicare of 
7.0 years (SD 2.2) (Table 1). In addition to bronchiectasis, 3614 
(75.0%) also had a diagnosis of COPD, 2666 (55.3%) gastro
esophageal reflux disease, and an additional 1805 (58.2%) had 
oral corticosteroid exposure within 1 year before initiating ther
apy for MAC-PD. Median duration of initial MAC-PD therapy 
regimen was 176 days (interquartile range [IQR] 95, 333.0). 
Median time of follow-up was 950 days (IQR 440, 1659).
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Compared to beneficiaries prescribed GBT per 2007 or 2020 
ATS/IDSA guidelines, those prescribed non-GBT had higher 
health care utilization, including a higher number of office 
visits and hospitalizations (P < .01). In those receiving non- 
GBT, Charlson comorbidity index was higher and a greater 
proportion had primary immune deficiency, COPD/emphyse
ma, or had at least 1 oral corticosteroid prescribed in the 
12 months before MAC-PD therapy initiation (Table 1). 
Median duration of therapy was 198.0 (IQR 108.5, 354.0) 
days and 145.0 (IQR 88.0, 274.5) days for 2007 GBT and 
non-GBT, respectively. Fewer regimens included amikacin in 

the 2007 GBT group compared to the non-GBT group; 
8 (0.3%) GBT and 50 (2.9%) non-GBT, P <.01. Among the 
3040 beneficiaries prescribed 2007 GBT, 472 (15.5%) were de
ceased by 3 years since therapy start, compared to 394 (22.1%) 
of those prescribed non-GBT. The aHR for death in 2007 GBT 
versus non-GBT group was 0.82 (95% confidence interval [CI], 
.72–.94) (Figure 1, Table 2).

Median duration of therapy was 195.0 (IQR 109.0, 354.0) 
days and 118.0 (IQR 82.0, 220.0) days for 2020 GBT and 
non-GBT, respectively. Of 3713 (77.2%) beneficiaries pre
scribed 2020 GBT, 622 (16.8%) were deceased by 3 years, 

Table 1. Baseline Characteristics of U.S. Medicare Beneficiaries Prescribed MAC Antibiotic Regimen, 2006–2014

N (%) or Mean (SD) N (%) or Mean (SD) N (%) or Mean (SD) P Value P Value P Value

2007 non-GBT  
(N = 1780)

2007 GBT  
(N = 3040)

Macrolide +  
Ethambutol 

(2-drug) 
(N = 682)

2007 
GBT 

versus 
non-GBT

2020 
GBT 

versus 
non-GBT

3-drug 
versus 
2-drug

Demographic characteristics

Age at treatment start (y) 78.1 (SD 6.4) 77.6 (SD 6.0) 78.5 (SD 6.4) <.01 .74 <.01

Female 1318 (74.0%) 2351 (77.3%) 516 (75.7%) <.01 <.01 .34

Race, ethnicity .27 .94 .10

White 1537 (86.4%) 2686 (88.4%) 581 (85.2%)

Asian 109 (6.1%) 155 (5.1%) 45 (6.6%)

Hispanic 73 (4.1%) 102 (3.4%) 31 (4.6%)

Black 40 (2.3%) 58 (1.9%) 19 (2.8%)

Combined Groupa 21 (1.2%) 30 (1.3%) <10 (<0.1%)

Number of years in Medicare since age 65 6.9 (SD 2.3) 7.1 (SD 2.3) 7.1 (SD 2.2) .02 <.01 .87

Clinical characteristicsb

Chronic obstructive pulmonary disease/emphysema 1407 (79.0%) 2207 (72.6%) 505 (74.1%) <.01 <.01 .45

Oral corticosteroid usec 1119 (62.9%) 1686 (55.5%) 391 (57.3%) <.01 <.01 .40

Gastroesophageal reflux 994 (55.8%) 1672 (55.0%) 344 (50.4%) .57 <.01 .03

Asthma 564 (31.7%) 877 (28.9%) 199 (29.2%) .04 <.01 .88

Diabetes mellitus 541 (30.4%) 807 (26.6%) 206 (30.2%) <.01 .03 .05

Rheumatologic disease 97 (5.5%) 110 (3.6%) 39 (5.7%) <.01 .07 .01

Pseudomonas infection 191 (10.7%) 190 (6.3%) 53 (7.8%) <.01 <.01 .14

Lung cancer 172 (9.7%) 266 (8.8%) 51 (7.5%) .29 .01 .27

Primary immune deficiency 132 (7.4%) 144 (4.7%) 40 (5.9%) <.01 <.01 .23

Allergic bronchopulmonary aspergillosis 20 (1.1%) 26 (0.9%) 9 (1.3%) .36 .86 .26

Alpha-1 antitrypsin deficiency 7 (0.4%) 13 (0.4%) <10 (<0.1%) .86 .40 .58

Primary ciliary dyskinesia 0 <10 (<0.1%) 0 .13 .58 .34

Silicosis <10 (<0.1%) <10 (<0.1%) 0 .90 .54 .50

Chronic kidney disease 0 <10 (<0.1%) 0 .44 .78 .63

Charlson comorbidity index score 2.4 (SD 1.7) 2.0 (SD 1.5) 2.3 (SD 1.6) <.01 <.01 <.01

Healthcare utilization

Number of clinician office visits per year 5.9 (SD 5.0) 5.1 (SD 4.4) 5.6 (SD 4.9) <.01 <.01 <.01

Number of visits to pulmonologist per year 1.6 (SD 1.6) 1.4 (SD 1.9) 1.5 (SD 1.6) <.01 <.01 .13

Number of visits to infectious disease specialists per year 0.7 (SD 1.1) 0.5 (SD 0.8) 0.6 (SD 0.8) <.01 <.01 .15

Number of any hospitalizations per year 1.2 (SD 1.8) 0.9 (SD 1.4) 1.1 (SD 1.5) <.01 <.01 .07

Number of hospitalizations from respiratory illness per year 0.7 (SD 0.8) 0.6 (SD 0.7) 0.6 (SD 0.8) <.01 <.01 .20

Number of acute respiratory exacerbations per yeard 0.6 (SD 0.9) 0.8 (SD 0.6) 0.6 (SD 0.6) <.001 <.01 .62

Abbreviations: GBT, guideline-based therapy; MAC, Mycobacterium avium complex; SD, standard deviation.
aBeneficiaries who identify as American Indian, Alaska Native, more than 1 race and ethnicity, or who did identify with any of the provided categories were combined due to low numbers.
bIdentified by International Classification of Diseases, Ninth Revision, Clinical Modification, codes-based Medicare claims made during the baseline period.
cNational Drug Codes for oral corticosteroids were used to identify use of oral corticosteroid during the baseline period (eg, 1 or more oral corticosteroid dispensed within 12 mo before starting 
MAC-pulmonary disease therapy).
dPrescriptions of antibiotics typically used for acute respiratory exacerbation (erythromycin, azithromycin, clarithromycin, inhaled tobramycin, levofloxacin, moxifloxacin, ciprofloxacin, 
amoxicillin, amoxicillin/clavulanate, or doxycycline) for ≥7 d but ≤28 d.
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compared to 244 (22.2%) of 1096 (22.8%) prescribed non-GBT 
(aHR 0.81 [95% CI, .70–.94]) (Figure 2).

Median duration of therapy for the those prescribed 3-drug 
regimens was 198.0 (IQR 109.0, 198.0) days compared to 182 
(IQR 108.0, 350.0) days for those prescribed 2-drug regimens. 
Of 1780 (36.9%) beneficiaries prescribed 3-drug regimens, 
472 (15.6%) were deceased at 3 years compared to 150 (22.0%) 
of those prescribed 2-drug regimens, with an aHR of 0.89 
(95% CI, .74–1.08) (Figure 3).

DISCUSSION

Among Medicare beneficiaries with bronchiectasis prescribed 
an initial MAC-PD antibiotic regimen, 3-year mortality was 
higher in those prescribed non-GBT regimens compared to 
the 2007 or 2020 GBT antibiotic regimens. There were no stat
istically significant differences in mortality between 3-drug ver
sus 2-drug regimens. However, there is separation in the 
Kaplan-Meier curves with more deaths in the 2-drug versus 
3-drug regimen; this requires further investigation given the dis
cussion in the 2020 ATS/IDSA guidelines listing a macrolide and 
ethambutol as a potential regimen as drug interactions and side 

Figure 1. Covariate-adjusted Kaplan-Meier for 3-year-mortality in U.S. Medicare beneficiaries prescribed MAC 2007 GBT versus non-GBT*.  
*Adjusted for race, ethnicity, region of residence, age at therapy start, year at therapy start, sex, duration of MAC-PD therapy, Charlson comorbidity index, COPD/emphysema, 
lung cancer, rheumatoid arthritis, asthma, digoxin, anticoagulants, antihypertensives/β-blockers, narcotics, and oral steroids.

Table 2. Covariate-adjusted Hazard Ratios for 3-year Mortality in U.S. Medicare Beneficiaries Prescribed MAC Regimensa

All-cause Mortality

Reference Adjusted Hazard Ratio (95% CI)

Comparison 1b 2007 Non-GBT 
394 (22.1%)

2007 GBT 
472 (15.5%)

0.82 (.72–.94)

Comparison 2c 2020 Non-GBT 
244 (22.2%)

2020 GBT 
622 (16.8%)

0.81 (.70–.94)

Comparison 3d 2-drug 
150 (22.0%)

3-drug 
472 (15.6%)

0.89 (.74–1.08)

Abbreviations: CI, confidence interval; COPD, chronic obstructive pulmonary disease; GBT, guideline-based therapy; MAC, Mycobacterium avium complex; PD, pulmonary disease.
aAdjusted for race, ethnicity, region of residence, age at therapy start, sex, year at therapy start, duration of MAC-PD therapy, Charlson comorbidity index, COPD/emphysema, lung cancer, 
rheumatoid arthritis, asthma, digoxin, anticoagulants, antihypertensives/β-blockers, narcotics, and oral steroids.
b2007 GBT (macrolide-ethambutol-rifamycin) versus non-GBT.
c2020 GBT (macrolide-ethambutol ± rifamycin) versus non-GBT.
dMacrolide-ethambutol-rifamycin (3-drug) versus macrolide-ethambutol (2-drug).
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Figure 2. Covariate-adjusted Kaplan-Meier for 3-year mortality in U.S. Medicare beneficiaries prescribed MAC 2020 GBT versus non-GBT*.  
*Adjusted for race, ethnicity, region of residence, age at therapy start, year at therapy start, sex, duration of MAC-PD therapy, Charlson comorbidity index, COPD/emphysema, 
lung cancer, rheumatoid arthritis, asthma, digoxin, anticoagulants, antihypertensives/β-blockers, narcotics, and oral steroids.

Figure 3. Covariate-adjusted Kaplan-Meier for 3-year-mortality in U.S. Medicare beneficiaries prescribed macrolide-ethambutol-rifamycin (3-drug) versus macrolide-eth
ambutol (2-drug)*.  
*Adjusted for race, ethnicity, region of residence, age at therapy start, year at therapy start, sex, duration of MAC-PD therapy, Charlson comorbidity index, COPD/emphysema, 
lung cancer, rheumatoid arthritis, asthma, digoxin, anticoagulants, antihypertensives/β-blockers, narcotics, and oral steroids.
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effects frequently preclude rifamycin use [2, 4]. Ongoing clinical 
trials will provide additional information on differences in the 
2- versus 3-drug regimens [30]. More data are needed regard
ing differential mortality by antibiotic regimen in MAC-PD; 
however, this analysis provides ongoing support for use 
of GBT.

Our study results are comparable to previous studies report
ing on MAC-PD mortality and antibiotic regimens. Brode 
et al. performed a similar evaluation of 3148 individuals in 
Ontario with incident MAC-PD and found no statistically signif
icant difference in mortality between regimens; however, only 
16% of their population was prescribed at least 2 antibiotics, po
tentially limiting statistical power [27]. Similar to our study, haz
ard ratios favored GBT and crude death rates were 106.3/1000 
person-years for 2007 GBT and 112.4/1000 person-years for 
non-GBT [27]. In 170 people with MAC-PD treated in a ran
domized trial comparing ethambutol and rifamycin with either 
ciprofloxacin or clarithromycin, all-cause mortality was higher 
in the clarithromycin group (48% vs 29%); however, no differ
ence was observed in mortality attributable to MAC-PD [32].

Our work has several notable strengths. First, US population- 
based data on MAC-PD outcomes including mortality are 
severely limited. Results from this study add important, 
population-based data on mortality of individuals treated for 
MAC-PD with GBT or alternative regimens. Second, Medicare 
claims data are representative of the older US population. 
Given the age distribution of MAC-PD, which primarily affects 
older individuals, Medicare data provide a readily available and 
efficient source of data to conduct epidemiologic studies on 
MAC-PD. Third, Medicare data capture the entirety of benefi
ciaries’ health care encounters, including pharmacy prescrip
tions in those with Part D coverage. Therefore, our study data 
have minimal missingness.

Our study has some limitations. In addition to drug regimen, 
multiple clinical factors have been associated with mortality 
and poor outcomes in MAC-PD, including cavitary disease, 
presence of macrolide resistance, lack of or timing of culture 
conversion, and elevated erythrocyte sedimentation rate [2, 4, 
19, 20, 23, 33–35]. Because our study evaluated claims data 
only, we were not able to assess features of MAC-PD severity 
or presence of macrolide resistance. Limited population-level 
data are available evaluating macrolide resistance in MAC in 
the United States. Available data are from a specialty referral 
laboratory, which results in limited generalizability, preventing 
our ability to estimate the potential distribution or impact 
of macrolide resistance on mortality in our cohort [36]. 
Amikacin use was low overall but is frequently not initiated 
in all cavitary MAC-PD because of toxicity [37, 38]. Reasons 
for such a low proportion of amikacin may include provider 
hesitancy given toxicity or incomplete capture resulting from 
intravenous antibiotics being billed outside of Medicare Parts 
A, B, and D, as home infusion of antibiotics are not covered 

or incompletely covered, or are sometimes billed through 
Medicare part C Medadvantage plans [39]. Without additional 
clinical data, it is unknown if amikacin use in this setting 
was associated with more severe MAC-PD given it is part of 
GBT for those with cavitary or macrolide-resistant disease. 
However, we hypothesize people with more severe disease (ie, 
cavitary, increased area of lung impacted) may be more likely 
to be referred to providers with expertise in managing 
MAC-PD, thus they would be more likely to be initiated on a 
GBT regimen, which would bias our results towards the null 
hypothesis and lead to an underestimation of the effect [40]. 
Given lack of culture data, pulmonary infections caused by oth
er NTM species may be misclassified as MAC-PD, especially in 
the non-GBT group, because treatment regimens depend on 
species; however, we suspect this misclassification to be low 
[28, 29]. Given the slow progression of MAC-PD, along with 
slow response to therapy, the ideal timing to evaluate impact 
of the MAC-PD regimen on mortality is unknown, which 
may obscure potential associations. We also did not capture 
mortality in those treated for fewer than 60 days, which is un
likely to be significantly impacted by MAC-PD regimen given 
the indolent nature of this disease. In addition, the age of the 
population with MAC-PD indicates a higher burden of comor
bidities and an opportunity for new diagnoses, such as malig
nancy, which may influence mortality in our population. We 
evaluated and adjusted for potential confounding comorbidi
ties at baseline for our study; however, new diagnoses were 
not captured. Additionally, confounding by indication is an 
important consideration for this work because non-GBT users 
may be sicker and have more comorbidities than GBT users. 
We considered propensity scores, which led to similar results 
and characteristics of comparison groups were fairly well ba
lanced. Therefore, we used multivariable adjustment in our 
modeling approach for easier interpretation. Our model con
trolled for comorbidities and the use of drugs with interactions 
against rifamycins; however, we also cannot completely rule 
out the possibility of residual confounding because of the 
possibility that patients with more severe disease or worsened 
underlying comorbidities were more likely given non-GBT 
regimens.

We evaluated 3-year mortality in first-time MAC-PD thera
py users by initial MAC antibiotic regimens. The comparison 
groups were based on initial prescription for MAC-PD regi
mens, which does not include the impact of regimen changes 
or discontinuation, both of which occur frequently in the treat
ment of MAC-PD, and our results must be interpreted with 
that in mind [21]. The increased survival observed with GBT 
in our evaluation, may also be impacted by provider experience 
in treating MAC-PD, as Marras et al. found that mycobacterial 
experts were more likely to use GBT regimens for both initial 
and recurrent disease, and estimated more people with positive 
cultures had MAC-PD compared to those without expertise 
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mycobacterial management [40]. The ATS/IDSA guidelines 
also stress the need for ongoing monitoring of chest imaging, 
symptoms, and sputum cultures, which may be preferentially 
done by providers with more experience and expertise in man
aging MAC-PD and result in differential mortality [2]. More 
data are needed regarding the impact of individual regimens 
on mortality, which is challenging in the setting of prolonged 
treatment duration associated with frequent side effects, ad
verse events, regimen changes, and new diagnoses of additional 
comorbidities that may alter MAC-PD management and over
all survival.

Given the survival benefit of both 2007 and 2020 GBT ob
served in our analysis, it is also important to reflect on prior ob
servations of many people with MAC-PD being prescribed 
non-GBT, suggesting a potential negative impact on a substan
tial proportion of this population. Despite ATS/IDSA guide
lines being published in 2007, Adjemian et al. identified only 
13% of people received GBT in the United States, with 30% re
ceiving a regimen with increased risk for macrolide resistance 
[22]. An analysis of the Veterans Health Administration found 
only 41.9% of veterans with MAC-PD were prescribed GBT 
[41]. Similarly, an evaluation of Optum Clinformatics Data 
Mart identified only 49.7% of those treated were initiated on 
GBT [24]. In our cohort, nearly one quarter were prescribed 
a macrolide and a fluoroquinolone, a regimen associated with 
increased risk of macrolide resistance [17, 19, 21, 22]. The po
tential difference in mortality may be more impactful when you 
consider that those started on macrolide monotherapy are not 
represented in many of these non-GBT evaluations, including 
this one, that use a MAC antibiotic regimen prescription for in
clusion because 2 or more drugs are required [21, 27, 41]. 
However, transition to macrolide monotherapy is common, put
ting people with MAC-PD at risk for macrolide resistance [2, 4, 
17, 19–22, 41]. Given this, we suspect our aHRs for mortality 
with non-GBT regimens are likely underestimated. Based on 
these studies, we think in some settings, well over 50% of the 
population with MAC-PD are receiving non-GBT with potential 
for a higher risk of mortality 3 years after treatment initiation.

CONCLUSION

In a large population of Medicare beneficiaries with bronchiec
tasis and MAC-PD, we identified a lower aHR for 3-year 
mortality among those initiated on a GBT regimen compared 
to a non-GBT regimen for their initial MAC-PD treatment. 
Though impact of specific regimens on the long and winding 
road leading to mortality is challenging to evaluate in 
MAC-PD given the complexities and duration of therapy, var
iation in disease severity, frequent antibiotic changes, comor
bidities, and indolent nature of this infection, this work 
provides further support for use of GBT in this population. 
Further research is needed to identify factors associated with 

mortality following MAC-PD antibiotic regimen initiation, in
cluding optimal duration of follow-up, impact of disease se
verity, and impact of subsequent antibiotic regimen changes 
over time.
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