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Purpose: The Global Initiative for Asthma (GINA) suggests a step-wise approach for pharmacological treatment of asthma. Valid
study of real-world treatment patterns using dispensing databases includes proper measurement of medication adherence. We aim to
explore such patterns by applying a time-varying proportion of days covered (tPDC)-based algorithm.

Patients and Methods: We designed a retrospective inception cohort study using the University of Groningen IADB.nl community
pharmacy dispensing database. Included were 19,184 young adults who initiated asthma medication anywhere between 1994 and
2021, in the Netherlands. Main treatment steps were defined as: 1 - SABA/ICS-formoterol as needed, 2 - low dose ICS, 3 - low dose
ICS + LABA or tiotropium, or intermediate dose ICS, 4 - intermediate to high dose ICS + LABA or tiotropium, triple therapy, or high
dose ICS, 5 - treatment prescribed by a specialist. Changes in treatment steps were determined using a time-varying proportion of days
covered (tPDC)-based algorithm. Individual drug treatment trajectories were visualized over time using a lasagna plot.

Results: At initiation, of the 19,184 included individuals, 52%, 7%, 15%, 16%, and 10% started treatment in steps 1 to 5, respectively.
The median (IQR) follow-up time was 3 (1-7) years. Median (IQR) number of switches was 1 (0-3). Comparing starting step to last
observed step, 37% never switched between treatment steps, 20% of individuals stepped down and 22% stepped up.

Conclusion: The low proportion of treatment switches between steps indicates that tailoring of treatment to patients’ needs might be
suboptimal. The tPDC-based algorithm functions well in translating dispensing data into continuous drug-utilization data, enabling
a more granular assessment of treatment patterns among asthma patients.
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Introduction

Asthma is a chronic respiratory disease, with an estimated prevalence of over 262 million worldwide.' Symptoms caused
by chronic inflammation of the lower airways present themselves in episodes and include shortness of breath, coughing,
wheezing, and tightness of the chest.? It has a high impact on quality of life and can even be lethal. Asthma often presents
itself intermittent and sometimes progressive. Fortunately, both symptoms and underlying inflammation can be reduced
by the use of inhalation medication.? Inhalation medication for asthma entails two components: controllers and relievers.
Where controllers are used on a daily basis to prevent exacerbations, relievers are only intended for quick relief of acute
symptoms. The Global Initiative for Asthma (GINA) recommends a stepwise approach for managing asthma with
options to step-up and step-down treatment, depending on severity. Step-up consists of an increase in dose or addition/
change in medication, and step-down the reverse. Step-up is recommended based on the presence of symptoms and step-

Clinical Epidemiology 2023:15 721-732 721
Received: 8 March 2023 © 2023 Mommers et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 8 May 2023
Published: 14 June 2023

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4185-4323
http://orcid.org/0000-0003-2368-2262
http://orcid.org/0000-0002-8527-2608
http://orcid.org/0000-0001-9209-7564
http://orcid.org/0000-0002-7900-3292
http://orcid.org/0000-0003-0849-7210
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Mommers et al Dove

down after complete absence of symptoms over at least 3 months respectively.* Although switches in steps of asthma
treatment have been recommended, knowledge about long-term treatment trajectories in clinical practice is scarce.
Trajectories of asthma treatment have often been studied using prescription, dispensing, or claims databases. Such
databases are representative for clinical practice, allow for studying large populations over extensive time-periods, and
are widely available.” '> However, the study of long-term treatment patterns is complicated by the fact that in general
medication adherence among individuals with asthma is moderate to poor.'*'* For example, when a patient is poorly
adherent, this often means that more time will pass before they refill their medication, as compared to when they would
have been fully adherent.'> As a consequence, it is challenging to determine whether individuals are poorly adherent to
their treatment when the time between refills increases or whether they stepped down their daily dosage at the
recommendation of a clinician.'> With the availability of flexible, advanced algorithms, it is possible to create continuous
drug utilization data using a dispensing database, which allows us to study individual treatment trajectories over time.
Here, we will apply a time-varying proportion of days covered-based algorithm to explore individual asthma treatment
trajectories among young adults using the widely used in research and representative dispensing database [ADB.nl.

Data and Methods
Study Design and Setting

This is an observational, longitudinal, inception cohort study on young Dutch adults initiating inhaled asthma medication.
The data for this study ranged from January 1 of 1994 till December 31 of 2020. For the analyses, continuous data were
created from the dispensing records, by determining the periods of use for different medication groups for each
individual. Therefore, we used a time-varying proportion of days covered (tPDC)-based algorithm. With these data,
individuals were assigned to treatment steps at each point in time during follow-up based on guidelines for adult asthma
from the Dutch College of General Practitioners (NHG), which follow the GINA recommendations.*'® The individual
treatment trajectories were visualized using a lasagna plot,'” and the overall treatment patterns of starters in step 1—5
were also quantified using descriptive statistics. In addition, sensitivity analyses were performed to determine the effect
of decisions made during analyses, as well as to explore the effect of changes in treatment guidelines over the years.

Study Population

We included individuals initiating short- and/or long-acting selective B2-adrenoreceptor agonists (SABA/LABA):
salbutamol, terbutaline, salmeterol, or formoterol; inhaled corticosteroids (ICS): beclomethasone, budesonide, flutica-
sone, or ciclesonide; or a fixed-dose combination of ICS and LABA (ICS-LABA): salmeterol-fluticasone, formoterol-
budesonide, formoterol-beclomethasone, vilanterol-fluticasone, formoterol-fluticasone, or salmeterol-budesonide
(Table 1). To be included, an individual had to be present in the database for 1 year prior to first-start of any of these
drugs according to a second dispensing within 1 year. To exclude paediatric asthma, patients <16 years at first-start, were
excluded. Additionally, to exclude possible chronic obstructive pulmonary disease (COPD) patients, individuals who
were >45 years old at initiation, or who initiated treatment with LABA or tiotropium only (without ICS), or who received
roflumilast, were excluded.

Data Source

We used data from the University of Groningen IADB.nl dispensing database. The IADB.nl database, including data
from January 1 1994 onwards, contains anonymized patient-level dispensing data of all individuals (approximately
1,120,000), regardless of their health-care insurance, from estimated 120 community pharmacies in the north of the
Netherlands. Personal information includes gender and date of birth. Dispensing records include the dispensing date,
Anatomical Therapeutic Chemical (ATC) code, quantity, prescribed dose, number of days covered, type of prescriber and
an anonymous identifier for the pharmacy and prescribing physician (general practitioner or specialist). Due to the high
patient-pharmacy commitment in the Netherlands, the dispensing records for each individual in the IADB.nl database are
virtually complete, except for medication dispensed during hospitalization and over-the-counter drugs. Of note, over-the-
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Table | Medication Groups with Corresponding ATC-Codes and Generic Drug Names

Medication-Group ATC-Codes Generic Drug Names

Medication required for inclusion (two dispenses of any)

SABA
RO3AC02 Salbutamol
RO3ACO03 Terbutaline

LABA
RO3ACI2 Salmeterol
RO3ACI3 Formoterol

ICS
RO3BAOI Beclomethasone
RO3BA02 Budesonide
RO3BAO5 Fluticasone
RO3BA08 Ciclesonide

ICS-LABA (FDC)
RO3AKO06 Salmeterol and fluticasone
RO3AKO07 Formoterol and budesonide
RO3AKO08 Formoterol and beclomethasone
RO3AKI10 Vilanterol and fluticasone furoate
RO3AKI | Formoterol and fluticasone
RO3AKI2 Salmeterol and budesonide

Other medication included in the analyses

LAMA
RO3BB04 Tiotropium bromide
Triple therapy
(ICS-LABA-LAMA, FDC) RO3AL09 Formoterol, glycopyrronium bromide and beclomethasone
RO3ALI | Formoterol, glycopyrronium bromide and budesonide
RO3ALI2 Indacaterol, glycopyrronium bromide and mometasone
Montelukast
RO3DCO03 Montelukast

Notes: To be included in the study, two dispenses of either SABA, LABA, ICS, or ICS-LABA were required.
Abbreviations: SABA, short-acting beta-agonists; LABA, long-acting beta-agonists; ICS, inhaled corticosteroids; FDC, fixed-dose combina-
tion; LAMA, long-acting muscarinic antagonist.

counter sale of inhalation medication for treatment of asthma has not been allowed in the Netherlands in the studied

period. The dispensing rates from this database have been found to be representative for the entire Dutch population.'®'?

Treatment Steps

We assigned individuals to treatment steps at initiation as well as at each moment during follow-up based on guidelines
for adult asthma from the Dutch College of General Practitioners (NHG) in December 2020, which roughly correspond
to the GINA recommendations.*'® These steps were as follows: 1 — reliever (SABA or low-dose budesonide/beclo-
methasone plus formoterol, as needed) only, 2 - low dose ICS, 3 - low dose ICS + LABA other than budesonide/
beclomethasone plus formoterol, or intermediate dose ICS, 4 - intermediate to high dose ICS + LABA, triple therapy, or
high dose ICS, 5 — medication prescribed by specialists (Figure 1). Tiotropium can be used as a substitute for LABA, in
case of side-effects. When using montelukast, individuals were placed in step three or higher, depending on what other
medication they received. ICS plus LABA could either consist of simultaneous use of an ICS inhaler and a LABA inhaler
or of a fixed dose combination inhaler, containing both ICS and LABA. Whether an ICS dose was classified as low,
medium, or high was drug and inhaler specific and was determined based on the total daily dose. The cut-off values for
each type of ICS, LABA, or combination thereof defining whether they were prescribed in low, intermediate, or high
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Step 5
Step 4
Step 3 High dose ICS,
Step 2 Medium dose medium to high
Step 1 ICS or low dose dose ICS plus  Prescriptions
Step 0 ICS plus LABA LABA or by specialist
Low dose ICS  or tiotropium tiotropium, or
None None triple therapy
None SABA or low-dose budesonide/beclomethasone plus formoterol

Figure | Treatment steps as defined in this study.

doses are added to the supplement (Supplementary Table 1). For SABA this was not relevant, as it should only be used as

reliever, regardless of its prescribed dose.

Periods of Use and Time-Dependent Proportion of Days Covered-Based Algorithm
Moments in time an individual used which specific asthma medication was determined using the time-varying proportion
of days covered-based algorithm. For each dispense, the time-varying proportion of days covered (tPDC) was calculated
based on Bijlsma et al,*° as follows:

Ndispensed inhalations / Dprescribed inhalations per da
tPDC := —2 /ny bt

tinterval in days until next dispensing

These “periods of use” were determined for each combination of group of medication (Table 1) and dose category (if
relevant; Supplementary Table 1), separately. No distinctions were made between specific drugs within a medication-

group, nor between specific dosages within a dose-category. Stockpiling was taken into account by transferring the
surplus of days from one interval between two dispenses to the next interval, when the number of days covered exceeded
the number of days in the interval (thus tPDC>1).

The potential stop date was defined as the dispensing date plus the number of days covered when assuming
intermediate adherence, plus 60 days. Intermediate adherence was defined as the average between full adherence and
discontinuation (eg non-adherence). For controller medication, full adherence was represented by a tPDC of 1, and
discontinuation was defined as a tPDC of 0.5 or lower. For reliever medication, full adherence and discontinuation were
represented by at tPDC of at least 0.5 and lower than 0.05, respectively. Consequently, intermediate adherence was
defined as 0.75 for controller medication, and for reliever medication as 0.275. Medication was considered to be
discontinued when the tPDC dropped below the relevant cut-off value for discontinuation and the date of next dispensing
exceeded the potential stop-date.

Analyses

With these “periods of use”, the treatment of each individual was mapped into the aforementioned treatment steps, on
a continuous timescale. Nonetheless, to reduce computational load, only the treatment step on the first day of every
person-week was used for analyses. The individual treatment trajectories were visualized using a lasagna plot."” In this
plot, each individuals’ trajectory over time is portrayed by a horizontal layer, of which the colors represent the treatment
step of the specific individual at each time point. The layers of all individuals are subsequently stacked on top of each
other, like lasagna. The layers were sorted on their first and second treatment steps to enhance the readability of the plot.
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The overall treatment patterns of starters in step 1-5 were quantified using descriptive statistics. During periods of
follow-up where no medication was dispensed (step 0), individuals were classified in their prior treatment step.

Four sets of sensitivity analyses were performed. Firstly, to determine the robustness of the analyses with respect to
the definition of discontinuation, we set the cut-off value for discontinuation of controller medication to 0.25 instead of
0.5, and reran the analyses. Secondly, a sensitivity analysis was performed to determine the effect of ignoring periods of
no treatment (step 0) in the quantification of the treatment patterns. This was done by performing the quantification
analyses twice; once classifying individuals into their prior treatment step when a step 0 interval occurred during follow-
up and once actually classifying these as step 0 intervals. Thirdly, a sensitivity analysis was performed to determine
whether individuals were not treated at all during step 0 intervals, or whether they used other drugs for obstructive airway
diseases that were not included in the aforementioned treatment steps. Therefore, we obtained and reported the number of
step 0 intervals in which there were other dispenses with ATC-code RO03 for the individual and time-interval, or 60 days
prior. Fourthly, to assess potential impact of asthma treatment guidelines changes over time, we investigated period
effects by stratifying the study population based on period in which they first-started and compared their results. These
periods ranged from 1995 to 2001, from 2002 to 2007, from 2008 to 2013 and from 2014 to 2020.

Results

Patient Selection and Baseline Characteristics
A total of 59,945 individuals were identified based on filled prescriptions for relevant medication (Table 1), of which
19,704 were aged <45 years at treatment-initiation. In addition, 520 individuals were excluded because of using LABA
and/or tiotropium as only start-medication, or ever-use of roflumilast, since this might indicate diagnosis with COPD
instead of asthma. This resulted in a final study-population of 19,184 individuals (Figure 2).

The mean follow-up time was 5.0 years, with a median of 3.0 (IQR: 1.1-7.4) years. In total, 65.3% was female, 25.8% was
aged 16 to 24 years, 31.1% aged 25 to 34 years and 43.1% aged 35 to 44 years, at initiation of treatment (Table 2).

Treatment Patterns
Over half of the individuals (52.3%) initiated treatment in step 1, 6.7% in step 2, followed by 15.4%, 15.5%, and 10.1%
in step 3, 4, and 5, respectively. Focussing on steps 1 to 5, 11,226 (58.5%) individuals ended their follow-up in the same

n =59 945

identified based on having two prescription of relevant medication (ATC-codes
RO3AC02, RO3ACO03, RO3AC12, RO3AC13, RO3BAO1, RO3BA02, RO3BAOS, RO3BAOS,
RO3AK06, RO3AK07, RO3AKO08, RO3AK10, R0O3AK11, or RO3AK12) within one year and
presence in dataset one year prior

n =40 241 excluded

\ 4

- age 245 years at initiation

n=19704
n = 520 excluded
”| - Start with LABA only or tiotropium only
- Ever use of roflumilast
\ 4

n=19 184
Figure 2 Flow chart of patient selection.
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Table 2 Patient and
cteristics

Treatment Chara

Variables n (%)
Gender

Female 12,533 (65.3)
Male 6651 (34.7)
Age at treatment

initiation

16-24 years 4941 (25.8)
25-34 years 5968 (31.1)
35-44 years 8275 (43.1)
Period of treatment

initiation

1995— 2001 3436 (17.9)
2002— 2007 4315 (22.5)
2008-2013 5830 (30.4)
2014— 2020 5603 (29.2)

Notes: Only one included individual started treatment
in 2020.

treatment step as they started in, 4128 (21.5%) in a higher step and 3830 (20.0%) in a lower one. The probability of
stepping-up seemed to decrease with increasing starting-step (29.5%, 27.6%, 20.4%, and 7.3% for step 1 to 4,
respectively). In contrast, probability of ending up in a lower step did not seem to increase for higher starting-steps
(all in range of 41-42%). (Table 3)

Table 3 Treatment Patterns Stratified by Initial Asthma Treatment Step

First Step I 2 3 4 5 Total
Variables - | m= 10,028 n = 1282 n = 2946 n = 2977 n= 1951 n=19,184
Follow-up time in years, median (IQR) 2.7 (1.0-6.9) | 3.3 (1.2-82) | 34 (l.1-8.1) | 3.5(1.2-79) | 3.2 (1.2-7.7) | 3.0 (I.1-7.4)
Number of switches, median (IQR) 2 (04) 2 (1-5) | (0-4) I (0-3) 0 (0-1) I (0-3)
Null switches, n (column %) 3829 (38.2) 301 (23.5) 790 (26.8) 1090 (36.6) 1055 (54.1) 7065 (36.8)
First step switched to, n (column %)
| - 558 (43.5) 1155 (39.2) 1140 (38.3) 222 (11.4) 3075 (16.0)
2 1208 (12.0) - 226 (7.7) 73 (2.5) 72 3.7) 1579 (8.2)
3 2204 (22.0) 226 (17.6) - 376 (12.6) 193 (9.9) 2999 (15.6)
4 1961 (19.6) 118 (9.2) 531 (18.0) - 409 (21.0) 3019 (15.7)
5 826 (8.2) 79 (6.2) 244 (8.2) 298 (10.0) - 1447 (7.5)
Last step, n (column %)
| 7071 (70.5) 526 (41.0) 1097 (37.2) 974 (32.7) 270 (13.8) 9938 (51.8)
2 416 (4.1) 402 (31.4) 146 (5.0) 53 (1.8) 61 (3.1) 1078 (5.6)
3 737 (7.3) 120 (9.4) 1103 (37.4) 225 (7.6) 147 (7.5) 2332 (12.2)
4 1157 (11.5) 155 (12.1) 403 (13.7) 1508 (50.7) 331 (17.0) 3554 (18.5)
5 647 (6.5) 79 (6.2) 197 (6.7) 217 (7.3) 1142 (58.5) 2282 (11.9)
Last step compared to first, n (column %)
Step-down - 526 (41) 1243 (42.2) 1252 (42.1) 809 (41.5) 3830 (20.0)
Same step 7071 (70.5) 402 (31.4) 1103 (37.4) 1508 (50.7) 1142 (58.5) 11,226 (58.5)
Step-up 2957 (29.5) 354 (27.6) 600 (20.4) 217 (7.3) - 4128 (21.5)
Step difference, mean (SD) 0.79 (1.33) 0.11 (1.24) —0.52 (1.29) | —1.02 (1.46) | —0.97 (1.42) | 0.08 (1.56)
Step size, mean (SD) 0.79 (1.33) 0.93 (0.82) 1.07 (0.90) 1.17 (1.34) 0.97 (1.43) 0.92 (1.27)

Abbreviations: n, number; IQR, inter quartile range; SD,

standard deviation.
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The visualisation of individual treatment trajectories showed fair stability in treatment step, but still several switches
could be noted. Although some pattern could be identified regarding starters in step 2 to 4 switching back to step 1, this
was less frequently spotted in those at step 5 treatment. In addition, where individuals starting in step 2 or 3 mainly
seemed to step-up to a treatment step nearby, a significant proportion (11.5%) of those in step 1 step-up to 4 directly.
Although most patterns observed in Figure 3 seem to be in congruence with the descriptives in Table 3, a vast amount of
step 0 appears in the plot as well. Remarkably, this applies not only to individuals starting in the lower treatment steps,
like 1 to 3, but also in high quantities in step 4 and 5 (Figure 3).

Sensitivity Analyses

The first sensitivity analysis tested the robustness of the results by decreasing the cut-off value for discontinuation from
0.5 to 0.25. This led to an increased number of individuals ending up in step 1 (difference of n=841, from 51.8% to
56.2%) at the end of follow-up. The majority of them (n=531) also started in step 1. However, the proportion of
individuals in this step who never switched during the entire follow-up period remained the same (38.2%). Among
individuals starting in step 5, the percentage of never-switchers increased from 54.1% to 60.8%. This also resulted in
a slightly higher proportion of individuals ending up in this step (from 11.9% to 12.7%). Overall, the change in cut-off
value had a low impact on the direction and strength of the results (Supplementary Figure 1 and Supplementary Table 2).

The second sensitivity analysis included step O in the quantification of the treatment trajectories. This meant that the
last known step for the majority of individuals (57.2%) became step 0 and the proportion ending up in step 1 decreased

19000

Treatment
steps:

LABA and/or
tiotropium
Step 0

Step 1
Step 2
Step 3
Step 4
: = = Step 5
10000+ = = — Censored

Individual patients

3_ 4 5 6 7
Time in person-years

Figure 3 Treatment trajectories of individuals over a period of 10 person-years.
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from 51.8% to 22.3%. Similarly, where previously 20% of individuals ended in a lower step compared to their first step,
this now occurred to the majority of individuals (66.6%). Additionally, the number of switches increased from a median
(IQR) of 1 (0-3) to 3 (1-6). (Supplementary Table 3) This shows that the decision on whether or not to include step 0
highly influences the results.

The third sensitivity analysis was performed to determine whether individuals were not treated at all during step 0
intervals or whether they used other drugs for obstructive airway diseases. In total, 26236 step 0 intervals were recorded
for 13650 different individuals. Other R03 prescriptions were filled during, or 60 days prior to, only 410 of these step 0
intervals, for 322 different individuals. Therefore, the use of other drugs for obstructive airway diseases during step 0
intervals is deemed neglectable. Lastly, the fourth sensitivity analysis, which was the investigation of period effects,
showed no noteworthy differences between periods (Supplementary Figures 2-5).

Discussion

This inception—cohort study explored individual treatment trajectories and overall treatment patterns among young adults
initiating inhalation medication, using a time-varying proportion of days covered-based algorithm. Half of the individuals
started in step 1, whereas between 6% and 16% in higher steps. Most individuals switched only once on average, but if
“no treatment” was considered a switch as well, individuals switched three times on average. As first switch, most
individuals (40%) stepped up, one in five stepped down and one in three never switched, except for incidental cessation
of treatment. For individuals initiating in step 2 to 4, the most common step-down was directly to step 1. Eventually, the
majority ended follow-up in the same step they started in, and overall step up occurred almost twice as frequently as
overall step down.

Our study focused on treatment trajectories, as guidelines recommend that inhalation medication should be tailored
based on control of asthma.* Not only is it advised by both the NHG and GINA to increase in step when asthma is
controlled poorly but also to decrease medication if that is possible. In this study, we found that among individuals
starting in step 1, one in three did not switch from step 1, and half of the individuals that started in step 5 did not switch
from step 5. These percentages were larger than the percentages of non-switchers in the other treatment steps. This could
be expected, since many individuals in step 1 with well-controlled asthma do not have a need to switch, while individuals
with poorly controlled asthma cannot go beyond step 5. Nevertheless, also in step 2, 3, and 4, considerable proportions of
individuals never changed treatment step (23.5%, 26.8%, and 36.6%, respectively; Table 3). The low number of switches
between steps could be a result of clinical inertia. However, the possibility also remains that treatment is well selected
upfront, and asthma is controlled sufficiently, but not enough to realistically step down. In order to draw conclusions on
this, further research taking into account outcomes related to asthma control is needed. Nevertheless, it raises questions
on how well physicians implement the dynamic nature of treatment that is advised by the guidelines on treatment of
patients treated for asthma.

The findings of our study largely corroborate those found in a study in the UK.*' Gayle et al studied real-life
prescribing of asthma treatment in general practices over time. They found that most adults stayed within the same
treatment step over a 6-month interval. They found that from step 5, the most common switch was to step 4, and from
step 2, 3, and 4, the most common switch was to step 1. This is supported by our study, by both the first switch of
treatment step made and by comparing the last known treatment step with step started in for each individual. However, in
contrast to our study, they found step 5 to be the least stable step. We believe that this difference can be explained by the
UK study defining step 5 as “long-term/frequent use of oral corticosteroids” as prescribed by the BTS/SIGN guidelines.
This clearly deviates from the step 5 classification used in our study, entailing “prescriptions from a specialist” that would
eg also include biologics or high-dose ICS/LABA. To the best of our knowledge, no other studies were directly
comparable to our study. Other papers did not employ a longitudinal design, deviated strongly in their categorization
of treatment steps, selected individuals based on asthma severity or even based on treatment step or did not follow
treatment from initiation onwards.**

Studying treatment trajectories using dispensing data can be challenging for diseases where a lack of adherence is
common. With dispensing data only, we cannot know whether these “gaps” between refills are due to cessation on advise
of a general practitioner/specialist or due to poor adherence. From the numerous measures available to quantify
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adherence, we chose to use the proportions of days covered to create an algorithm, which is time-varying and assesses
when treatment is discontinued.’® This is in line with the commentary of Steiner (2016), stating that “Adherence
measures should assess the time when adherence begins and ends, and the variability in adherence between those time
points.”*! The “period of use” was added to the algorithm to overcome (at least partially) the problems caused by
potential lack of adherence. Our analyses showed robustness to different “period of use” definitions. Therefore, we
believe that the overall classification of steps and their sequence is not strongly affected by the inability to observe when
exactly an individual switches and what “gaps” in treatment represent. Hence, we can conclude that the proportion of
days covered-based algorithm is a potentially useful method to overcome particular challenges that arise when using
prescription, dispensing, or claims databases to explore treatment trajectories. The algorithm can create a detailed picture
of the treatment trajectories in clinical practice. Nevertheless, a crucial part of the algorithms implementation is that
sensitivity analyses must be performed in order to test the influence of classification-parameters to the situation of
interest.

To visualize the individual treatment trajectories, a lasagna plot was used. Lasagna plots can be seen and interpreted
like a heatmap, tailored to longitudinal data, and form a good alternative when spaghetti plots do not suffice due to larger
numbers of individuals.'” For this study, it sufficed in portraying the treatment trajectories, as Figure 3 was visually in
line with the quantified treatment results (Table 3). It managed to portray the time-paths as well as the variability of
treatment trajectories both between and within individuals. Therefore, it proved to be superior for this goal in comparison
to, for example, a spaghetti plot or Sankey diagram.'”** For future research, it would be interesting to study the effects,
patterns, and switches in treatment on asthma control and exacerbations or to compare treatment patterns between
different patient-groups. For both these purposes, lasagna plots could also be used for easy visualization.

Another important aspect when studying treatment trajectories for asthma based on dispensing data, is how to take
into account follow-up “gaps” in treatment (defined as step 0: no treatment). The median number of switches, focusing
on step 1 to 5, was only one, but increased to three, if no treatment (ic step 0) was considered as a switch as well. This
choice also affected the proportions of overall step-up and step-down. We cannot determine whether these gaps are due
to cessation of treatment or caused by lack of adherence. In either case, the sensitivity analysis showed that this
decision can have a considerable impact on the results. Whether this variability is of importance depends on study
aims. Although this sensitivity analysis assessed the effect of gaps in between dispenses on treatment patterns, we do
not have insight into the extent of complete non-adherence, ie non-initiation or complete, long-term cessation, which is
a limitation of this study. Regardless, sensitivity analyses regarding classification and accounting for gaps are highly
recommended.

This study was conducted using IADB data from 1994 up till 2020. Readers must be aware that during this period

GINA strategy report has changed over time,**°

thus conclusions on compliance with guidelines must be drawn with
care. As the greatest change in the history of GINA occurred in 2019, it would be interesting to study what effect this
change has had on the dispensing patterns. Unfortunately, not enough follow-up data was yet available to study this effect
within the scope of this study. In addition, no diagnostic information was available. As there is much overlap in
medication prescribed for asthma and COPD or chronic cough, some misclassification might have occurred.**%*’
Reasons for censoring included a change of pharmacy to one that is not included in the IADB (eg in case of moving),
having filled no further prescriptions at all (ie not limited to inhalation medication), death, or moment of follow-up lying
in the future (ie has not taken place yet). As both asthma specific and all-cause mortality rates in the studied age category
are uncommon,**? selective mortality will unlikely lead to bias within this study. In addition, due to the high patient-
pharmacy commitment in the Netherlands, the dispensing records for each individual in the IADB are virtually complete,

except for over-the-counter drugs and medication dispensed during hospitalization.'®

Conclusion

In conclusion, using the time-varying proportion of days covered-based algorithm seems to function well in translating
dispensing data into continuous data, enabling a more granular assessment of treatment trajectories among individuals
diagnosed with asthma. The low proportion of treatment switches between steps indicates that tailoring of treatment to
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patient’s needs might be suboptimal. Further research taking into account treatment outcomes is needed to gain further
insight on this.
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