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Abstract
Purpose Real-world data on antibiotic management of nontuberculous mycobacterial lung disease (NTM-LD) is 
limited for many countries. This study aimed to evaluate real-world treatment practices of NTM-LD in the Netherlands 
using medication dispensing data.

Methods A retrospective longitudinal real-world study was conducted using IQVIA’s Dutch pharmaceutical 
dispensing database. The data are collected monthly and include approximately 70% of all outpatient prescriptions 
in the Netherlands. Patients initiated on specific NTM-LD treatment regimens between October 2015 and September 
2020 were included. The main areas of investigation were initial treatment regimens, persistence on treatment, 
treatment switching, treatment compliance in terms of medication possession rate (MPR) and restarts of treatment.

Results The database included 465 unique patients initiated on triple- or dual-drug regimens for the treatment of 
NTM-LD. Treatment switches were common and occurred approximately 1.6 per quarter throughout the treatment 
period. The average MPR of patients initiated on triple-drug therapy was 90%. The median time on therapy for these 
patients was 119 days; after six months and one year, 47% and 20% of the patients, respectively, were still on antibiotic 
therapy. Of 187 patients initiated on triple-drug therapy, 33 (18%) patients restarted antibiotic therapy after the initial 
treatment had been stopped.

Conclusion When on therapy, patients were compliant with the NTM-LD treatment; however, many patients 
stopped their therapy prematurely, treatment switches often occurred, and part of patients had to restart their 
therapy after a longer treatment gap. NTM-LD management should be improved through greater guideline 
adherence and appropriate involvement of expert centers.
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Introduction
Nontuberculous mycobacteria (NTM) are important 
causative agents of opportunistic infections [1]. In sus-
ceptible individuals, NTM can cause infections in the 
lungs (NTM-LD) (which is the most common presen-
tation of NTM disease), lymph nodes, skin, and/or soft 
tissues or multiple organ systems (disseminated disease) 
[2]. NTM-LD affects susceptible patients with underlying 
lung conditions and/or immunological defects includ-
ing disease and medical interventions [3]. NTM-LD may 
impact a patient’s life substantially and is associated with 
impaired quality of life, lung function decline, radiologi-
cal deterioration and increased risk of mortality [4].

Treatment of NTM-LD is challenging and encompasses 
administration of multidrug regimens for a long dura-
tion of time [5]. The guidelines on the practical manage-
ment of NTM-LD have been recently updated and focus 
on the most common NTM species causing NTM-LD 
[5]. Despite this guideline, its previous version and other 
guidelines and consensus documents in this setting, 
treatment outcomes are unsatisfactory [3, 6, 7].

Moreover, several studies have reported low adher-
ence to guidelines by healthcare professionals manag-
ing NTM-LD patients in the US, Japan and European 
countries [8, 9]. The results of these survey-based stud-
ies indicate suboptimal treatment of NTM-LD, including 
inappropriate drug regimens or drug combinations or 
therapy duration with a potential risk of acquired anti-
biotic resistance. This suboptimal treatment likely con-
tributes to unsatisfactory treatment success rates and, 
subsequently, poor patient outcomes [10–12]. Further-
more, treatment pattern studies using health care claims 
data in Germany and Japan have shown even lower rates 
of appropriate multidrug regimen use for the NTM dis-
ease management [13–15]. In Germany, less than 50% of 
patients received guideline based therapy [16]. In Japan, 
55% of the treated patients received non-standard NTM-
LD treatment [14].

Currently, specific information about NTM disease 
management in daily practice in the Netherlands is lack-
ing. Therefore, this study aims to evaluate recent treat-
ment practices by utilizing a Dutch pharmacy dispensing 
database, focusing primarily on treatment regimens used 
for NTM-LD.

Materials and methods
To meet the study objective, a retrospective longitudinal 
real-world study was conducted on patients receiving 
treatments for NTM-LD in the Netherlands.

Five main topics were investigated:
1. Treatment initiation: number of patients initiated on 

different drug combinations for NTM-LD.
2. Treatment switches: number of treatment switches 

following the initial drug regimen.

3. Treatment compliance in terms of medication 
possession rate (MPR) defined as the days’ supply 
of medications in a specific period (here defined 
by the date of first prescription and end of the last 
prescription) divided by the number of days in the 
period. MPR represents the degree to which a patient 
conforms to a prescribed course of medication (e.g. 
MPR of 90% means that a patient has conformed 
to the prescribed therapy 90% of the time). MPR 
considers a given time period and, based on the 
dispensed quantity of medication, evaluates whether 
the patient has in his/her possession sufficient 
medication to optimally adhere to the expected 
treatment regimen.

4. Treatment persistence: continuation of treatment 
over time and mean therapy duration.

5. Treatment restart rate: defined as the event of having 
stopped NTM-LD treatment for more than 2 months 
and subsequently restarted therapy.

Data
Data analysis was conducted on the data collected in 
IQVIA’s Dutch pharmaceutical dispensing database. The 
data are collected from retail pharmacies and hospitals’ 
outpatient pharmacies in the Netherlands. The data are 
collected monthly and include approximately 70% of all 
outpatient prescriptions in the Netherlands. Data were 
included from October 2014 to September 2020, with 
the first 12 months of data used as a look-back period 
to define treatment-naïve patients. Patients were fol-
lowed over time and across pharmacies through a unique 
patient ID. The following data fields were included in this 
study: year of birth, sex, prescription date, prescriber 
specialty, dispensed medication, medication dosage and 
strength, and duration of the prescription (e.g., 28 days).

Inclusion and exclusion criteria
The following inclusion criteria were applied:

  • Patients of 18 years and older initiated on NTM-LD 
treatment (as defined in this study as the triple- and 
dual-drug treatment combinations presented in 
Table 1) between October 2015 and September 2020.

The following exclusion criteria were applied:
  • Patients whose NTM-associated medication was 

prescribed by a dermatologist. It was assumed that 
these patients suffered from NTM skin infection, 
rather than NTM-LD.

  • Patients with a total NTM-LD therapy duration of 
fewer than 14 days.

  • Patients who were initiated on a regimen of a 
macrolide monotherapy for at least 1 month, where 
the following combinations were added: rifampicin 
(with or without isoniazid) for a duration of 3–4 
months; isoniazid for 6–9 months. These regimens 
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are associated with treatment for latent tuberculosis 
infection. Here, the latter was presumed to have 
developed in addition to an existing and separate 
health condition that had already been treated with 
azithromycin monotherapy.

  • Patients who were initiated on a regimen of a 
macrolide monotherapy for at least 1 month, 
where the following drug combinations are added: 
rifampicin, pyrazinamide and ethambutol; isoniazid, 
rifampicin, and ethambutol or isoniazid, rifampicin, 
pyrazinamide and ethambutol, and where all 
combinations were given for 6–9 months. These 
patients are presumed to much more likely have a 
specific indication requiring macrolide monotherapy, 

and a new, separate diagnosis of active tuberculosis 
infection.

Assumptions
Given that IQVIA’s database on which the analyses are 
conducted consists of real-world data not specifically 
collected for this study, several assumptions were made 
(Table 2).

Data analyses were conducted in SAS (version 9.3) and 
Microsoft Excel.

Although international guidelines for the manage-
ment of NTM-LD recommend using triple-drug combi-
nations [5], dual-drug combinations have been used in 
clinical practice to treat NTM-LD [14]. Considering that 
dual-drug combinations could also be used for extrapul-
monary NTM disease (e.g., skin infections with NTM) 
or that individual drugs considered here in dual-drug 
regimens are prescribed for non-NTM conditions (e.g., 
latent TB), results referring to dual-drug regimens were 
included as exploratory analyses, with primary analysis 
on triple-drug regimens that are NTM-LD-specific.

Ethical considerations
All the research activities were performed in accordance 
with the declaration of Helsinki.

The study did not include medical records or human 
tissue; data involved was extracted from a database fully 
anonymized. Therefore, this study does not require ethi-
cal approval and was therefore waived by the national 
regulations – Central Committee on Research involving 
human Subjects (CCMO).

Results
Treatment initiation
As shown in Fig. 1, between October 2015 and Septem-
ber 2020, the database included 465 unique patients ini-
tiated on triple- or dual-drug regimens. These patients 
were newly initiated on these therapy combinations 482 
times (this means that some patients restarted an NTM-
LD therapy after a treatment gap of 12 months or more, 
which was considered as a newly initiated treatment). In 
187 cases the treatment initiation involved a triple-drug 
regimen, and 295 cases involved initiation on a dual-drug 
regimen. Patient characteristics and distribution across 

Table 1 Treatment combinations considered to be NTM-LD 
treatments
Triple-drug combinations for treat-
ment of NTM-LD (primary analysis)

Dual-drug combinations 
possibly prescribed for 
the treatment of NTM-LD 
(exploratory analysis)

▪ Azithromycin + ethambutol + rifampicin
▪ Azithromycin + ethambutol + rifabutin
▪ 
Azithromycin + ethambutol + clofazimine
▪ 
Clarithromycin + ethambutol + rifampicin
▪ Clarithromycin + ethambutol + rifabutin
▪ Clarithromycin + ethambutol + clofazi-
mine

▪ Azithromycin + rifampicin
▪ Azithromycin + rifabutin
▪ Clarithromycin + rifampicin
▪ Clarithromycin + rifabutin
▪ 
Azithromycin + ethambutol
▪ 
Clarithromycin + ethambutol
▪ Azithromycin + clofazimine
▪ 
Clarithromycin + clofazimine

Table 2 Assumptions made for the analyses
Treatment initiation
▪ Patients meeting the inclusion criteria of using any of the triple-drug 
combinations listed in Table 1 were assumed to have received this 
combination to treat NTM infection, except in the cases described in 
the exclusion criteria.
▪ Patients meeting the inclusion criteria of using any of the dual-drug 
combinations listed in Table 1 were assumed to potentially have 
received this combination to treat NTM infection, except in the cases 
described in the exclusion criteria.
▪ Patients not using any of the treatment combinations of Table 1 
within one year prior to the initiation were considered to be newly 
diagnosed with NTM and newly initiated on NTM treatment.

Treatment switches
▪ If patients picked up a different drug combination from the list in 
Table 1 than the initial therapy, they were considered to have switched 
therapy.

Treatment persistence and restart of therapy
▪ Patients with a treatment gap exceeding 1 month were considered to 
have stopped treatment
▪ A restart of treatment was reported based on two intervals: restart 
within 12 months after a treatment gap of > 2-month period, and 
restart with a treatment gap exceeding 12 months. In the latter case, it 
was assumed that a new NTM infection has occurred and patients were 
counted as newly initiated patients.

Fig. 1 Identification of study patient population (flow diagram)
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initial therapy regimens are presented in Tables 3 and 4, 
respectively.

The most prescribed triple-drug therapy was azithro-
mycin + ethambutol + rifampicin and the most prescribed 

dual-drug therapy was azithromycin + rifampicin. Triple-
drug therapy was more often prescribed in patients > 60 
years old, and dual-drug therapy appeared more often in 
patients of the age ≤ 60 years (Table  3). For most of the 
patients, treatment was initiated by the pulmonologist 
(36.1%), the GP (18.5%) or the internal/infectious disease 
specialist (13.3%) (Table 5).

Treatment switches
Figures 2 and 3 show the number of switches per patient 
per consecutive quarter and the mean cumulative num-
ber of switches from the moment they were initiated 
on triple-drug NTM therapy, respectively. As can be 
seen, the number of patients declines over the quarters, 
but the number of mean switches remains relatively 
stable at approximately 1.6 switches per quarter. Some 
therapy switches were temporary. In such a case, one or 
more drugs were temporarily stopped and added again 
later. The most commonly observed switches amongst 
triple-therapy starters were from “Azithromycin + Eth-
ambutol + Rifampicin” to “Azithromycin + Rifampi-
cin” (47 unique switches within the study period); from 
“Azithromycin + Ethambutol + Rifampicin” to “Etham-
butol + Rifampicin” (39 unique switches); from “Azithro-
mycin + Ethambutol + Rifampicin” to “Ethambutol” and 
“Azithromycin + Ethambutol” (38 unique switches each).

The unique instances of patients switching from a 
regimen including Azithromycin to a regimen including 
Clarithromycin, and vice versa, are 25 in total.

The number of switches was comparable between 
patients up to 60 and above 60 years of age. Patients 
starting on dual-drug therapy showed similar therapy 
switch behavior.

Treatment compliance
The average MPR of patients initiated on triple-drug 
therapy was 90%. Compliance did not differ much 
between different triple-drug combinations (Table  6). 
The MPR of patients up to the age of 60 was similar to 
that of patients above 60 years of age.

Treatment persistence for patients on triple-drug therapy
Treatment persistence was analysed for patients initiated 
on triple-drug therapy between October 2015 and Sep-
tember 2016 (N = 43). The median time on therapy for 
these patients was 119 days. The median therapy dura-
tion of the patients who completely stopped was 105 
days, while that of patients who discontinued one or two 
antimycobacterial drugs was 153 days. After six months, 
47% of the patients were still on therapy, and after one 
year – approximately 20% (Fig.  4). Moreover, patients 
remaining on therapy often discontinued one or two 
drugs of their initial regimen (Table 7).

Table 4 Number of patients initiated on triple- and dual-drug 
therapy between October 2015 and September 2020

18–40 
years

41–60 
years

> 60 
years

Total

Triple-drug therapy 17 59 111 187
Azithromycin + Rifabutin + Ethambutol 2 4 2 8

Azithromycin + Rifabutin / 
Rifampicin + Ethambutola

1 1

Azithromycin + Ethambutol + Rifam-
picin

9 42 75 126

Clarithromycin + Rifabutin + Etham-
butol

4 3 7 14

Clarithromycin + Ethambutol + Rifam-
picin

2 10 26 38

Dual-drug Therapy 98 100 97 295
Azithromycin / 
Clarithromycin + Rifampicin

1 1 2

Azithromycin + Rifabutin 1 1 2 4

Azithromycin + Ethambutol 2 10 28 40

Azithromycin + Rifampicin 72 51 33 156

Azithromycin + Clofazimine 1 1

Clarithromycin + Rifabutin 3 1 1 5

Clarithromycin + Ethambutol 4 20 20 44

Clarithromycin + Rifampicin 14 16 12 42

Clarithromycin + Clofazimine 1 1

Total 115 159 208 482
aNote: In the context of this research, rifabutin and rifampicin, and azithromycin and 
clarithromycin, are considered interchangeable medications, even if there is some 
overlap observed in the database, as they are not expected to be administered together 
for the treatment of NTM-LD.

Table 3 Patient characteristics
Patients initiated on 
triple-drug therapy 
(assumed for NTM 
lung infections)

Patients initiated on 
dual-drug therapy 
(potentially for NTM 
lung infections)

Total

N 187 295 482

Age at 
ini-
tiation of 
therapy

 Mean 
(SD)

61.56 (13.93) 50.23 (18.31) 54.63 
(17.62)

 18–29 5 (3%) 56 (19%) 61 (13%)

 30–39 11 (6%) 36 (12%) 47 (10%)

 40–49 15 (8%) 43 (15%) 58 (12%)

 50–59 39 (21%) 53 (18%) 92 (19%)

 60–69 62 (33%) 60 (20%) 122 (25%)

 70–79 43 (23%) 31 (11%) 74 (15%)

 ≥ 80 12 (6%) 16 (5%) 28 (6%)

Female 87 (47%) 155 (53%) 242 (50%)

Male 100 (53%) 140 (47%) 240 (50%)
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Restart of therapy
Of all patients initiated on triple-drug therapy (N = 187), 
27 (14%) patients had a restart of therapy within 2–12 
months after the treatment had been stopped and 5 
patients (3%) had a restart after more than 12 months 

following initial treatment termination. Most of the 
patients who restarted, restarted with a triple-drug 
regimen (27), while the remainder (5) restarted with a 
dual-drug combination. The average time between stop-
ping and restarting for patients who restarted after > 12 
months was 952 days, while the average gap for patients 
who restarted within 2–12 months was 118 days.

A similar proportion of patients that were initiated on 
dual-drug therapy underwent a restart of NTM therapy 
after at least 2 months of a treatment gap (N = 44/295; 
14.9%). Only 8 of those patients restarted with a triple-
drug regimen, while the remainder restarted with a dual-
drug combination.

Discussion
In this study, real-world treatment patterns in patients 
with NTM-LD in the Netherlands were investigated 
using medication dispensing data, specifically looking at 
a selection of initial treatment regimens, persistence on 
treatment, treatment switching, compliance with treat-
ment, and finally restart of treatment.

The most striking observation in this study is the very 
low total therapy duration. Total therapy duration for 
NTM-LD is determined depending on sputum culture 
results. It is pivotal and recommended by international 
guidelines that treatment continues 12 months after spu-
tum culture conversion. Given the fact that most patients 
show conversion within 6 months, therapy duration for 
NTM-LD, in general, should last up to 18 months [16]. 
In our study, the median treatment duration was approx-
imately 4 months. After half a year, only 47% of the 
patients were still on triple-drug therapy and after one 
year this dropped to 19%. This is comparable to the find-
ing from a study performed in Germany by Diel et al. [15] 
where it was reported that the antibiotic therapy lasted 
for at least 6 months in 42%, for at least 12 months in 
24% of patients. This observation is dramatic since most 
patients are faced with serious morbidity and mortal-
ity especially for certain NTM-LD phenotypes (mainly 
fibrocavitary disease). The therapy duration observed in 
this study may reflect uncertainty about the necessity of 
the use of antibiotics in patients with the nodular-bron-
chiectatic NTM-LD phenotype that have a much more 

Table 6 Medication possession ratio while on triple-drug 
therapy combinations
Triple-drug therapy N Mean (SD)
Azithromycin + Rifabutin + Ethambutol 8 90% (19)

Azithromycin + Rifabutin / Rifampicin + Ethambutol 1 100%

Azithromycin + Ethambutol + Rifampicin 126 91% (17)

Clarithromycin + Rifabutin + Ethambutol 14 92% (17)

Clarithromycin + Ethambutol + Rifampicin 38 93% (15)

Total 187 91% (17)

Fig. 4 Treatment persistence of patients starting on NTM triple-drug 
therapy

 

Fig. 3 Mean cumulative number of switches after therapy initiation

 

Table 5 Initiating specialty of triple- and dual-drug therapy 
between October 2015 and September 2020
Dual- and triple-drug 
therapy

Triple-drug therapy Dual-drug therapy

Initiating 
specialty

Per-
cent-
age of 
total

Initiating 
specialty

Per-
cent-
age of 
total

Initiating 
specialty

Per-
cent-
age of 
total

Pneumologist 174 
(36.1%)

Pneumologist 125 
(66.8%)

General 
practitioner

77 
(26.1%)

General 
practitioner

89 
(18.5%)

Internist 28 
(15.0%)

Pulmon-
ologist

49 
(16.2%)

Internist 64 
(13.3%)

General 
practitioner

12 
(6.4%)

Internist 36 
(12.2%)

Other/
unknown

155 
(32.2%)

Other/
unknown

22 
(11.8%)

Other/
unknown

133 
(45.1%)

Fig. 2 Treatment switches per three months for patients initiated on 
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indolent course. Particularly these patients may poten-
tially struggle with toxicity and tolerance issues dominat-
ing over (mild) symptoms related to the NTM infection. 
This low treatment persistence can sometimes have a 
clinical reason, such as poor tolerability, or drug inter-
action due to polypharmacy. However, in many cases, 
it could also be the cause of poor patient compliance to 
long-term therapy or the lack of experience by physi-
cians with regards to managing these patients appropri-
ately. Therefore, it is crucial that much more attention is 
being paid to educating and engaging both patients and 
physicians.

In addition to the previous concerns, approximately 1 
in 6 patients restarted therapy after a treatment stop of 
at least 2 months, which can indicate disease recurrence 
due to a relapse or a new NTM infection. Reoccurrence 
could be likely as a result of the short treatment duration 
observed in this study [6, 17]. Disease recurrence is com-
mon in these patients – previous studies reported that 
10% to up to approx. 50% of patients with NTM-LD who 
are initially treated successfully have a disease recurrence 
[10, 17–20]. These rates of recurrence vary considerably 
as they depend on characteristics of the patient cohort 
studied, the environmental exposure and possible dif-
ference in virulence of the NTM species involved. Our 
study analysed treatment re-initiation and not a microbi-
ological outcome, thus direct comparison to other stud-
ies is somewhat hindered. And still, drug intolerances can 
also be an important explanation of an observed stop and 
restart case. Better adherence to treatment guidelines 
(especially regarding treatment duration) may decrease 
disease recurrence. A recent meta-analysis showed that 
treatment success is indeed better when all the American 
Thoracic Society criteria are in place [10].

It was observed that initial dual-drug treatment regi-
mens were more commonly prescribed than guidelines-
based triple-drug regimens. Note that it is possible that 
not all instances of dual-drug therapy found in this study 
are NTM-LD prescriptions. This may be the case, espe-
cially, where dual-drug therapy was prescribed by inter-
nal medicine specialists and GPs. Importantly, patients 
treated by Dermatologists with dual- or triple-drug reg-
imens were excluded from the study to screen out pos-
sible cases of NTM skin and soft tissue infections. These 

results (and the results regarding the length of treatment) 
indicate adherence to the guidelines may not be opti-
mal, a finding that was also observed in previously pub-
lished studies from the US, Europe and Japan [8, 9, 13, 
14, 21–24]. Another possible explanation is that physi-
cians decide about the regimen depending on the results 
of incorrectly performed antimicrobial susceptibility 
testing, although it should be noted that the practice of 
incorrect testing is disappearing in the Netherlands. 
Rifampicin and ethambutol show very poor in vitro activ-
ity against most Mycobacterium avium complex (MAC) 
species, the most prevalent NTM species causing NTM-
LD; if breakpoints for resistance of Mycobacterium tuber-
culosis are applied, this could be interpreted and reported 
as resistance [25]. Therefore, in certain cases, the physi-
cian may decide to omit one of these drugs and initiate 
dual-drug therapy. However, these drugs do not have a 
role in mycobacterial killing but are crucial in prevent-
ing the occurrence of macrolide resistance. Susceptibil-
ity testing and reporting for these drugs are not indicated 
and current guidelines state it should not be done [26, 
27]. The troublesome finding is that the most prevalent 
dual-drug therapy observed in our study (rifampicin plus 
macrolide) may increase the risk of developing macrolide 
resistance in the case of NTM-LD caused by MAC [8].

This is the first study to report on patient compliance 
with treatments for NTM-LD through prescription data 
in the Netherlands. We found high rates of medication 
possession ratio (> 90%) for patients on various treatment 
regimens. The approach used was based on prescription 
refills over certain time-interval which is one of the com-
mon methods to measure treatment compliance [28]. 
This allows assessing (non)compliance in a large popula-
tion over an extensive period. Note that the medication 
possession rate shows whether patients pick up their 
medication and their prescription refills, but it does not 
show whether the medication was taken. Consequently, 
compliance rates may be overestimated [28]. Consider-
ing that we observed on the one hand high drug compli-
ance rates, meaning that patients were likely to have been 
taking their medication regularly, and on the other hand 
early treatment discontinuation, it would be of interest to 
further explore the reasons why therapy is being prema-
turely terminated.

Table 7 Treatment discontinuation for patients initiated on triple-drug therapy
Quarterly periods Total number of patients still 

on therapy
From those, patients still on 
triple-drug therapy

From those, patients discontinuing one or 
two drugs of the triple-drug therapy regi-
men but remaining on at least one of the 
drugs from the triple-drug combination

0 – patient pool upon initiation 43 15 28

3 months 27 8 19

6 months 19 7 12

9 months 13 6 7

12 months 8 3 5
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Another notable fact is that treatment switches fre-
quently occur throughout the treatment period. In each 
consecutive quarter, one-third to half of the patients who 
were still on therapy switched treatment (e.g., from dual- 
to triple-drug therapy, the other way around, or switched 
to another triple- or dual-drug therapy), with approxi-
mately one treatment switch per half-year. Note that 
some therapy switches were temporary. In such a case, 
patients stopped one or more drugs of the drug combina-
tion temporary and started again later. Frequent therapy 
switches observed are not surprising, considering that 
chances of achieving treatment success are suboptimal 
[10, 11] and high rates of drug toxicity are observed in 
clinical practice [29]. Therefore, for patients escalating 
from dual- to triple-drug therapy, the switch may have 
been done due to their clinical deterioration or follow-
ing a second opinion. Replacing specific medication or 
switching from triple- to dual-drug regimen is however 
likely to be because of drug toxicity issues; in this com-
plicated setting, little guidance is available but switching 
drug classes is generally preferred over stopping one drug 
of the triple-drug regimen [26]. Results of antimicrobial 
susceptibility testing may also impact regimen composi-
tion, despite only being warranted for macrolide resis-
tance. Moreover, switching from triple-drug therapy to 
ethambutol monotherapy for a while before resuming 
with triple-drug or another regimen may be a strategy 
to assess the cause of drug-related adverse events by the 
treating physician. However, this hypothesis cannot be 
confirmed with the current data.

An asset of this study is that the percentage of national 
coverage of the pharmacy dispensing database is high 
(approx. 70%). The generalizability of the outcomes of 
this study for the Dutch setting is therefore relatively 
good. The most important limitation of this study is that 
the database does not include clinical diagnoses and 
treatment indication was not available. Consequently, 
the study assumed that specific drug prescriptions in the 
database were prescribed for NTM-LD. Although the 
triple-drug combination on which our primary analyses 
were based is very likely to be specific for NTM-LD, the 
dual-drug regimens were, for this lack of disease codes, 
used for exploratory analyses only. Regarding the MPR, 
the data in this study does not provide information about 
patients who were prescribed medication but did not 
pick it up. In this study, such instances are categorized 
as a therapy gap or treatment stop instead of a possible 
compliance problem of the patient.

Conclusion
This is the first study to provide insights into the real-
world treatment of NTM-LD in the Netherlands using 
medication dispensing data. The study found that when 
on therapy, patients were compliant with the treatment, 

however, many patients stopped their therapy prema-
turely, treatment switches often occurred, and part of 
patients had to restart their therapy after a longer treat-
ment gap. A restart of treatment was frequently observed 
and was likely associated with the short therapy dura-
tion that was also found in this study. NTM-LD treat-
ment and consequently treatment outcomes could thus 
be improved through improving guideline adherence and 
appropriate involvement of expert centers.

Acknowledgements
We thank Ximeng Liu (IQVIA Analytics Solutions, the Netherlands) for 
preparing the data extraction and conducting the respective data reports in 
SAS, which contributed to the Results section of the paper.

Authors’ contributions
X.L performed the data extraction from the IQVIA database.W.H, E.D, R.L and 
M.O wrote the main manuscript.M.K. and J.I. made significant contributions to 
the manuscript.All authors reviewed the manuscript.

Funding
Insmed B.V., provided funding to IQVIA Netherlands for conducting this 
study in cooperation with Radboud University Medical Center, Nijmegen, 
Netherlands.

Data availability
The datasets generated and/or analysed during the current study are not 
publicly available. The data are available upon request from the corresponding 
author upon reasonable request.

Code availability
Not applicable.

Declarations

Competing interest
At the time this research was finalized, Elena Dacheva was an employee of 
IQVIA Netherlands. Marieke Krol is a current employee of IQVIA Netherlands. 
Marko Obradovic and Roald van der Laan are current employees of Insmed 
B.V. The authors report no further conflicts of interest.

Ethical approval and consent to participate
All the research activities were performed in accordance with the declaration 
of Helsinki.
This non-interventional study analyzing anonymous data will not include 
people, medical records, or human tissue, therefore this study does not fall 
into the scope of the Dutch Medical Research Involving Human Subjects 
Act (Wet medisch-wetenschappelijk onderzoek met mensen: WMO). Ethical 
approval is, consequently, not required in the Netherlands. The anonymization 
and use of the data will be conducted compliant with Dutch data privacy law 
(Wet bescherming persoonsgegevens: Wbp). IQVIA and Radboud UMC will 
follow all relevant local privacy requirements. Furthermore, the database used 
for the study has in-built anonymization processes, managed by a trusted 
third party. This guarantees that the raw data and final deliverables cannot be 
traced to an identifiable patient.

Consent for publication
Not applicable.

Received: 24 November 2022 / Accepted: 28 April 2023

References
1. van Ingen J, Obradovic M, Hassan M, Lesher B, Hart E, Chatterjee A, et al. 

Nontuberculous mycobacterial lung disease caused by Mycobacterium 
avium complex - disease burden, unmet needs, and advances in treatment 



Page 8 of 8Hoefsloot et al. BMC Pulmonary Medicine          (2023) 23:218 

developments. Expert Rev Respir Med. 2021;15(11):1387–401. https://doi.org/
10.1080/17476348.2021.1987891.

2. Johnson MM, Odell JA. (2014) Nontuberculous mycobacterial pulmonary 
infections. Journal of Thoracic Disease; Vol 6, No 3 (March 2014): J of Thoracic 
Dis (Crosstalk between the thoracic physician and the surgeon: perspectives 
on pulmonary infections, malignancy and chest surgery)

3. Haworth CS, Banks J, Capstick T, Fisher AJ, Gorsuch T, Laurenson IF, et al. 
British thoracic society guidelines for the management of non-tuberculous 
mycobacterial pulmonary disease (NTM-PD). Thorax. 2017;72(Suppl 2):ii1–
ii64. https://doi.org/10.1136/thoraxjnl-2017-210927.

4. Chalmers JD, van Ingen J, van der Laan R, Herrmann J-L. Liposomal drug 
delivery to manage nontuberculous mycobacterial pulmonary disease and 
other chronic lung infections. Eur Resp Review. 2021;30(161):210010. https://
doi.org/10.1183/16000617.0010-2021.

5. Daley CL, Iaccarino JM, Lange C, Cambau E, Wallace RJ Jr, Andrejak C, et al. 
Treatment of nontuberculous mycobacterial pulmonary disease: an official 
ATS/ERS/ESCMID/IDSA clinical practice guideline. Eur Respir J. 2020;56(1Doi). 
https://doi.org/10.1183/13993003.00535-2020.

6. Griffith DE, Aksamit T, Brown-Elliott BA, Catanzaro A, Daley C, Gordin F, et 
al. An official ATS/IDSA statement: diagnosis, treatment, and prevention 
of nontuberculous mycobacterial diseases. Am J Respir Crit Care Med. 
2007;175(4):367–416. https://doi.org/10.1164/rccm.200604-571ST.

7. Schoenfeld N, Haas W, Richter E, Bauer T, Boes L, Castell S, et al. Recommen-
dations of the german Central Committee against Tuberculosis (DZK) and 
the german respiratory society (DGP) for the diagnosis and treatment of non-
tuberculous mycobacterioses. Pneumologie. 2016;70(04):250–76. https://doi.
org/10.1055/s-0041-111494.

8. Adjemian J, Prevots DR, Gallagher J, Heap K, Gupta R, Griffith D. Lack of adher-
ence to evidence-based treatment guidelines for nontuberculous mycobac-
terial lung disease. Annals of the American Thoracic Society. 2014;11(1):9–16. 
https://doi.org/10.1513/AnnalsATS.201304-085OC.

9. van Ingen J, Wagner D, Gallagher J, Morimoto K, Lange C, Haworth CS, et al. 
Poor adherence to management guidelines in nontuberculous myco-
bacterial pulmonary diseases. Eur Resp J. 2017;49(2):1601855. https://doi.
org/10.1183/13993003.01855-2016.

10. Diel R, Nienhaus A, Ringshausen FC, Richter E, Welte T, Rabe KF, et al. Micro-
biologic Outcome of Interventions against Mycobacterium avium Complex 
Pulmonary Disease: a systematic review. Chest. 2018;153(4):888–921. https://
doi.org/10.1016/j.chest.2018.01.024.

11. Diel R, Ringshausen F, Richter E, Welker L, Schmitz J, Nienhaus A. Microbiolog-
ical and clinical outcomes of treating Non-Mycobacterium Avium Complex 
Nontuberculous Mycobacterial Pulmonary Disease: a systematic review 
and Meta-analysis. Chest. 2017;152(1):120–42. https://doi.org/10.1016/j.
chest.2017.04.166.

12. Griffith DE, Brown-Elliott BA, Langsjoen B, Zhang Y, Pan X, Girard W, et al. 
Clinical and molecular analysis of macrolide resistance in Mycobacterium 
avium complex lung disease. Am J Respir Crit Care Med. 2006;174(8):928–34. 
https://doi.org/10.1164/rccm.200603-450OC.

13. Diel R, Jacob J, Lampenius N, Loebinger M, Nienhaus A, Rabe KF, et al. Burden 
of non-tuberculous mycobacterial pulmonary disease in Germany. Eur Respir 
J. 2017;49(4):1602109. https://doi.org/10.1183/13993003.02109-2016.

14. Izumi K, Morimoto K, Uchimura K, Ato M, Hasegawa N, Mitarai S. Popu-
lation-based survey of antimycobacterial drug use among patients with 
non-tuberculosis mycobacterial pulmonary disease. ERJ open research. 
2020;6(1):00097–2019. https://doi.org/10.1183/23120541.00097-2019.

15. Diel R, Obradovic M, Tyler S, Engelhard J, Kostev K. Real-world treatment pat-
terns in patients with nontuberculous mycobacterial lung disease in general 
and pneumologist practices in Germany. J Clin Tuberc Other Mycobact Dis. 
2020;20:100178. https://doi.org/10.1016/j.jctube.2020.100178.

16. Zweijpfenning SMH, Kops SEP, Boeree MJ, Kuipers S, van Ingen J, Hoefsloot W, 
et al. Treatment of severe Mycobacterium avium complex pulmonary disease 

with adjunctive amikacin and clofazimine versus standard regimen alone: a 
retrospective study. ERJ Open Research. 2021;7(4):00466–2021. https://doi.
org/10.1183/23120541.00466-2021.

17. Wallace RJ Jr, Brown-Elliott BA, McNulty S, Philley JV, Killingley J, Wilson RW, 
et al. Macrolide/Azalide therapy for nodular/bronchiectatic mycobacte-
rium avium complex lung disease. Chest. 2014;146(2):276–82. https://doi.
org/10.1378/chest.13-2538.

18. Aliberti S, Sotgiu G, Castellotti P, Ferrarese M, Pancini L, Pasat A, et al. Real-life 
evaluation of clinical outcomes in patients undergoing treatment for non-
tuberculous mycobacteria lung disease: a ten-year cohort study. Respir Med. 
2020;164:105899. https://doi.org/10.1016/j.rmed.2020.105899.

19. Boyle DP, Zembower TR, Qi C. Relapse versus Reinfection of Mycobacterium 
avium Complex Pulmonary Disease. Patient characteristics and Macro-
lide susceptibility. Ann Am Thorac Soc. 2016;13(11):1956–61. https://doi.
org/10.1513/AnnalsATS.201605-344BC.

20. Lee BY, Kim S, Hong Y, Lee SD, Kim WS, Kim DS, et al. Risk factors for recur-
rence after successful treatment of Mycobacterium avium complex lung 
disease. Antimicrob Agents Chemother. 2015;59(6):2972–7. https://doi.
org/10.1128/AAC.04577-14.

21. Morimoto K, Izumi K, Ato M, Hasegawa N, Mitarai S. Actual practice of 
standard treatment for pulmonary nontuberculous mycobacteriosis in Japan. 
Respir Med. 2019;158:67–9. https://doi.org/10.1016/j.rmed.2019.10.002.

22. Igari H, Yamagishi K, Yamazaki S, Murata S, Yahaba M, Takayanagi S, et al. A 
retrospective observational study of antimicrobial treatment for non-
tuberculous mycobacteria disease using a nationwide claims database in 
Japan. J Infect Chemother. 2020;26(4):349–52. https://doi.org/10.1016/j.
jiac.2019.10.009.

23. Iwao T, Kato G, Ito I, Aramaki E, Kuroda T. A survey of clarithromycin mono-
therapy and long-term administration of ethambutol for patients with MAC 
lung disease in Japan: a retrospective cohort study using the database of 
health insurance claims. Pharmacoepidemiol Drug Saf. 2020;29(4):427–32. 
https://doi.org/10.1002/pds.4951.

24. Cardinaels N, Vande Weygaerde Y, Bomans P, Chin T, Van Braeckel E, 
Lorent N. Adherence to NTM treatment guidelines in three reference 
centers in Belgium. Eur Respir J. 2019;54(suppl 63):PA2934. https://doi.
org/10.1183/13993003.congress-2019.PA2934.

25. Daley CL. Mycobacterium avium Complex Disease. Microbiol Spectr. 
2017;5(2). https://doi.org/10.1128/microbiolspec.TNMI7-0045-2017.

26. van Ingen J, Aliberti S, Andrejak C, Chalmers JD, Codecasa LR, Daley CL, et al. 
Management of drug toxicity in Mycobacterium avium Complex Pulmonary 
Disease: an Expert Panel Survey. Clin Infect Dis. 2021;73(1):e256–9. https://doi.
org/10.1093/cid/ciaa1361.

27. Woods GLB-EB, Conville PS, Desmond EP, Hall GS, Lin G, Pfyffer GE et al. (2011) 
Susceptibility Testing of Mycobacteria, Nocardiae, and Other Aerobic Actino-
mycetes 2nd ed Wayne (PA): Clinical and Laboratory Standards Institute; 2011 
Mar Report No: M24-A2

28. Anghel LA, Farcas AM, Oprean RN. An overview of the common methods 
used to measure treatment adherence. Med Pharm Rep. 2019;92(2):117–22. 
https://doi.org/10.15386/mpr-1201.

29. Zweijpfenning S, Kops S, Magis-Escurra C, Boeree MJ, van Ingen J, Hoefsloot 
W. Treatment and outcome of non-tuberculous mycobacterial pulmonary 
disease in a predominantly fibro-cavitary disease cohort. Respir Med. 
2017;131:220–4. https://doi.org/10.1016/j.rmed.2017.08.031.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

http://dx.doi.org/10.1080/17476348.2021.1987891
http://dx.doi.org/10.1080/17476348.2021.1987891
http://dx.doi.org/10.1136/thoraxjnl-2017-210927
http://dx.doi.org/10.1183/16000617.0010-2021
http://dx.doi.org/10.1183/16000617.0010-2021
http://dx.doi.org/10.1183/13993003.00535-2020
http://dx.doi.org/10.1164/rccm.200604-571ST
http://dx.doi.org/10.1055/s-0041-111494
http://dx.doi.org/10.1055/s-0041-111494
http://dx.doi.org/10.1513/AnnalsATS.201304-085OC
http://dx.doi.org/10.1183/13993003.01855-2016
http://dx.doi.org/10.1183/13993003.01855-2016
http://dx.doi.org/10.1016/j.chest.2018.01.024
http://dx.doi.org/10.1016/j.chest.2018.01.024
http://dx.doi.org/10.1016/j.chest.2017.04.166
http://dx.doi.org/10.1016/j.chest.2017.04.166
http://dx.doi.org/10.1164/rccm.200603-450OC
http://dx.doi.org/10.1183/13993003.02109-2016
http://dx.doi.org/10.1183/23120541.00097-2019
http://dx.doi.org/10.1016/j.jctube.2020.100178
http://dx.doi.org/10.1183/23120541.00466-2021
http://dx.doi.org/10.1183/23120541.00466-2021
http://dx.doi.org/10.1378/chest.13-2538
http://dx.doi.org/10.1378/chest.13-2538
http://dx.doi.org/10.1016/j.rmed.2020.105899
http://dx.doi.org/10.1513/AnnalsATS.201605-344BC
http://dx.doi.org/10.1513/AnnalsATS.201605-344BC
http://dx.doi.org/10.1128/AAC.04577-14
http://dx.doi.org/10.1128/AAC.04577-14
http://dx.doi.org/10.1016/j.rmed.2019.10.002
http://dx.doi.org/10.1016/j.jiac.2019.10.009
http://dx.doi.org/10.1016/j.jiac.2019.10.009
http://dx.doi.org/10.1002/pds.4951
http://dx.doi.org/10.1183/13993003.congress-2019.PA2934
http://dx.doi.org/10.1183/13993003.congress-2019.PA2934
http://dx.doi.org/10.1128/microbiolspec.TNMI7-0045-2017
http://dx.doi.org/10.1093/cid/ciaa1361
http://dx.doi.org/10.1093/cid/ciaa1361
http://dx.doi.org/10.15386/mpr-1201
http://dx.doi.org/10.1016/j.rmed.2017.08.031

	Real-world treatment patterns in patients with nontuberculous mycobacterial lung disease in the Netherlands based on medication dispensing data
	Abstract
	Introduction
	Materials and methods
	Data
	Inclusion and exclusion criteria
	Assumptions
	Ethical considerations

	Results
	Treatment initiation
	Treatment switches
	Treatment compliance
	Treatment persistence for patients on triple-drug therapy
	Restart of therapy

	Discussion
	Conclusion
	References


