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Purpose: Real-world data on maintenance treatment and prescription patterns provide insights
into healthcare management among patients with chronic obstructive pulmonary disease
(COPD), which benefits our understanding of current COPD treatment patterns in New Zealand.
Methods: We retrospectively analyzed real-world data from the HealthStat general practice
database to evaluate treatment patterns among patients with COPD in New Zealand who initiated
multiple-inhaler triple therapy (MITT): inhaled corticosteroid (ICS) + long-acting muscarinic
antagonist + long-acting f,-agonist (LABA). Our main objective described treatment patterns
(class, duration, modification, persistence, and adherence) and characteristics of patients with
COPD initiating MITT between 1 May 2016 and 30 April 2017, with 12-months’ follow-up. We
also assessed the number of patients receiving MITT between 2015 and 2017, among a larger
patient population receiving long-acting bronchodilator and ICS-containing therapies.

Results: Of 6249 eligible patients, 421 (mean age 67.3 years; mean number exacerbations at
baseline 1.8) initiated MITT: 59.1% received combination ICS/LABA therapy prior to MITT
initiation, and median treatment duration prior to MITT initiation was 350 days. Overall, 33.5% of
patients remained on index treatment for 12 months. Of the remaining patients who modified
treatment (on average at 144.4 days), those who had a direct switch (24.9%) or retreatment (13.5%)
remained on MITT, 19.7% of patients stepped down to mono/dual therapy, and 8.3% discontinued
treatment. Mean (standard deviation) persistence to any MITT over 12 months was 47.3 (50.0), and
53.4% of patients were considered adherent to MITT. Total proportions of patients receiving long-
acting bronchodilator therapy and MITT increased between 2015 and 2017.

Conclusion: Most patients with COPD in New Zealand who initiated MITT had characteristics
appropriate for triple therapy prescription, suggesting prescription behavior among general practi-
tioners was largely consistent with treatment guidelines. Our findings may help optimize treatment
decisions, with a focus on improving long-term triple therapy persistence and adherence.
Keywords: chronic obstructive pulmonary disease, inhaled corticosteroid, long-acting
B-agonist, long-acting muscarinic antagonist, New Zealand, multiple-inhaler triple
therapy

Plain Language Summary

Multiple-inhaler triple therapy (MITT: inhaled corticosteroid [ICS] + long-acting muscarinic
antagonist + long-acting B,-agonist [LABA]) is key in the pharmacological management of
chronic obstructive pulmonary disease (COPD). However, information on triple therapy
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treatment patterns and the characteristics of patients initiated on
such regimens in New Zealand is unavailable.

Using data from the HealthStat general practice database, we
analyzed treatment patterns and characteristics of 421 patients with
COPD who initiated MITT between 1 May 2016 and 30 April 2017.
All patients had no history of MITT use in the 2 years prior to MITT
initiation. The overall numbers of patients receiving MITT from
2015 to 2017 were also evaluated.

Most patients who initiated MITT had characteristics appro-
priate for triple therapy prescription: approximately 60% had a
COPD exacerbation history, and the mean number of exacerba-
tions prior to MITT initiation was 1.8. Most patients stepped up to
MITT from ICS/LABA; frequent ICS/LABA use was likely a
result of widespread comorbid asthma and treatment availability
at the time of study. Most patients (71.9%) remained on some
form of MITT regimen (including approximately one third of
patients who remained on their index treatment for 12 months)
and overall adherence was approximately 50%, suggesting that
MITT was an appropriate treatment choice for these patients.
MITT use increased from 2015 to 2017, possibly due to an easing
of restrictions on drug reimbursement costs during this period.

Our findings may help inform treatment choices and aid
healthcare practitioners in optimizing care for patients with
COPD in New Zealand.

Introduction

Chronic obstructive pulmonary disease (COPD) is a lead-
ing cause of mortality and morbidity worldwide.! Some
previous studies on the prevalence and severity of COPD
in New Zealand have been conducted,24 and in 2006 it
was estimated that the respiratory disorders COPD and
asthma contributed to approximately 5.3% of New

Zealand’s total disease burden.’

However, up-to-date
information on the current prevalence and burden of
COPD in New Zealand is unavailable.

International recommendations such as the Global
Initiative for Chronic Obstructive Lung Disease (GOLD)
strategy,' and local recommendations such as the COPD-X
in Australia and New Zealand,® provide COPD treatment
guidance for physicians. Originally, GOLD treatment recom-
mendations based the assessment of COPD severity on spiro-
metric grading of airflow limitation (GOLD grade I-1V). This
assessment was later refined’ ® to include symptoms and
exacerbation history, while also considering spirometric grad-
ing of airflow limitation (GOLD groups A-D), which better
reflected disease complexity and helped facilitate more precise
treatment recommendations for patients.”’ The GOLD strat-
egy recommends prescription of long-acting [,-agonist
(LABA) and long-acting muscarinic antagonist (LAMA)

monotherapies, alone or in combination, for patients with
less severe disease, with the subsequent addition of an inhaled
corticosteroid (ICS) or an escalation to ICSYLAMA+LABA
triple therapy for patients with a history of exacerbations who
remain symptomatic despite ongoing treatment.'

As of March 2016, various maintenance therapies indi-
cated for COPD have been subsidized in New Zealand,
including three LABA inhalers and three LAMA inhalers,
plus three combination LAMA/LABA inhalers and three
combination ICS/LABA inhalers.'® ICS/LAMA/LABA sin-
gle-inhaler triple therapy (SITT) is currently not subsidized
for the treatment of COPD in New Zealand.'' Prescribing of
COPD medications in New Zealand is subject to reimburse-
ment approval and any specific Pharmaceutical Management
Agency (PHARMAC) and Special Authority criteria which,
along with COPD treatment guidelines, may also influence
prescription choice in routine practice.

In New Zealand, COPD diagnosis and management
occur mainly in the primary care setting, and it was esti-
mated that between 95-98% of New Zealanders were
registered with a general practice to receive primary care
in 2020.'*'* Real-world data on patients registered with
general practices in New Zealand can be found in the
HealthStat general practice database.'* Many other health-
care databases exist worldwide — for example, the Clinical
Practice Research Datalink'® in the United Kingdom,
Hospital Episode Statistics'> and American Hospital
Directory'® in the United States, and Medicinelnsight'’
in Australia. Although the level of information collected
by healthcare databases varies greatly between countries
and institutions, these data nevertheless remain important
in assessing disease epidemiology and overall healthcare
quality for specific diseases or within specific healthcare
delivery systems, and in helping to improve critical care
for patients.'® Analysis of real-world healthcare data can
provide useful insights for healthcare practitioners into, for
example, overall patient adherence to given treatment
guidelines,'® and how prescription patterns in a given
setting align with local/national treatment guidelines.?%*'
Awareness of such factors could subsequently be used to
advise targeted interventions and to optimize patient care
in COPD; however, there is no current information from
everyday clinical practice that describes treatment patterns
of triple therapy in COPD, or the characteristics of patients
initiated on such regimens, in New Zealand.

Our study used real-world data to provide an overview of
patients with COPD in New Zealand who were receiving
triple ICSTLAMA+LABA therapy (specifically multiple-
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inhaler triple therapy [MITT]). The main objective was to
describe patients with COPD who were initiated on MITT
between 1 May 2016 and 30 April 2017, and we also
assessed the number of patients who were receiving MITT
in the years 2015, 2016, and 2017 among a larger patient
population who were receiving any long-acting bronchodi-
lator (LABD)- or ICS-containing treatment. We investigated
how the prescribing of triple therapy compared with current
COPD treatment guidelines, and the subsequent implications
this had for healthcare practitioners in terms of informing
treatment choices and optimizing patient care in New
Zealand.

Methods
Study Design
Using real-world data from the HealthStat general practice
database collected between 1 January 2014 and 30 April
2018, our retrospective, descriptive analysis evaluated the
treatment patterns of patients with COPD in New Zealand
who initiated MITT between 1 May 2016 and 30 April
2017 (the index period). These patients had no MITT
prescription for 24 months prior to MITT initiation (base-
line period), and duration of previous treatment in the 12
months prior to MITT initiation was recorded. For MITT
initiators, the first MITT prescription within the index
period was described as the index date. Patients were
required to have 24 months of baseline data prior to the
index period and 12 months of follow-up data after their
index date. For patients with >24 months of data prior to
the index period, only data in the 24-month baseline period
were analyzed. Data were collected up until 30 April 2018
to facilitate a 12-month follow-up period for patients who
had an index date in April 2017 (Figure 1). Our study also
included an additional analysis to evaluate temporal MITT
use from 2015 to 2017 in a larger population of patients
who were receiving LABD- or ICS-containing treatments.
MITT was defined as the concurrent prescription of
ICS, LAMA, and LABA as follows: a fixed combination
ICS/LABA or LAMA/LABA that overlapped by >1 day
with a LAMA or ICS, respectively; or an open combina-
tion of three separate ICS, LAMA, and LABA inhalers, all
of which overlapped with each other by >1 day (Table 1).
This study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice guide-
lines, and ethical review requirements of participating
institutions, and received formal ethical approval from
the New Zealand Health and Disability Ethics

Committee (ref: 13/CEN/139/AMO06). No direct patient
contact or primary collection of individual human patient
data occurred.

Data Source

HealthStat is a general practice database in New Zealand.
It is a representative sample comprising data from approxi-
mately 10% of all New Zealand general clinical practices.
The database includes 15 years of data for over one mil-
lion patients from 102 randomly selected general practices,
each of which captures and uploads healthcare data
(related to consultations, prescriptions, laboratory results,
clinical measurements, and diagnostic coding for each
patient) on a weekly basis. All prescriptions captured by
our data analysis were limited to those issued by a general
practitioner; other prescriptions issued by, for example, a
specialist physician were not captured, and so the reason
for prescription (for example, general practitioner or spe-
cialist physician assessment) were not known. Data from
the National Minimum Dataset, including emergency
department and hospital outpatient visits, and hospital
admissions, may be linked to the primary care data in
HealthStat using unique patient identifiers (National
Health Index codes), which can thus be used to describe
utilization of emergency departments, outpatient hospital
visits, and inpatient hospital admissions.

Study Population

Patients with >1 prescription for MITT during the index
period who were >40 years of age at their first COPD
diagnosis and who had >1 COPD diagnostic read code at
any point in their medical history were included. All diag-
nostic read codes for COPD are detailed in Supplementary
Table 1. Patients who had a MITT prescription in the baseline
period, who were <40 years of age at the index date, and
those with a diagnostic code for a medical condition incom-
patible with COPD diagnosis at any time in their medical
history were excluded. Incompatible diagnostic read codes
are detailed in Supplementary Table 2.

Outcome Definitions

Baseline Demographics and Clinical Characteristics
Baseline characteristics included age at index date, sex,
ethnicity, body mass index (BMI), and smoking status.
Clinical characteristics of interest were number of pre-
vious exacerbations at baseline, severity of exacerbation
(moderate or severe), and the presence of comorbidities
ever recorded (specifically those included within the
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MITT initiation

Baseline period
(24 months before index date)

(Index date)

Follow-up period
(12 months from index date)

Previous treatment initiation

(12 months before index date)

Figure | Study design.
Abbreviation: MITT, multiple-inhaler triple therapy.

Charlson Index, and asthma). Moderate exacerbations
were defined as those requiring a prescription for an oral
corticosteroid and/or an antibiotic on the same date for >5
days, and severe exacerbations required an emergency
department attendance or a hospital admission. Both mod-
erate and severe exacerbations had a COPD exacerbation
code in the diagnosis (see Supplementary Table 1). The

exacerbation was counted as a new exacerbation if the
code was not included within 14 days of an oral corticos-
teroid/antibiotic prescription, hospitalization, or emer-
gency department visit. Comorbidities could occur at any
time during the study period, and were defined by diag-
nosis codes for common comorbidities as listed in the
Charlson Comorbidity Index.?

Treatment Prior to MITT Initiation
Non-triple therapy was identified in the 12 months preced-
ing the index date. This included ICS, LAMA, and LABA
monotherapies; plus combination ICS and LABA (together
or in open combination), and LAMA+LABA (Table 1).
The duration of treatment immediately preceding initiation
of triple therapy was from the index date back to initiation
of the first previous treatment: for patients who initiated
previous treatment before the 12-month period analyzed,
prior treatment duration was marked as 365 days.

Treatment Patterns, Modifications, and

Duration
The supply of each component of triple therapy started on the
date it was prescribed, and ended after a period comprising

Index period
(12 months)

an assumed 90 days’ supply of medication. When assumed
supplies of ICS, LAMA, and LABA all overlapped with each
other by >1 day, this denoted MITT use. The start and end
dates of overlap of individual supplies were identified as the
first and last day of continuous overlap between treatment
components. It was possible for patients to have multiple
overlaps in treatment supply during the follow-up period.
The start date of MITT was the start date of the first overlap
of all three treatment components, and the end date was the
theoretical end date of the last overlap.

The duration of break periods between treatment sup-
plies, and the treatment patterns within these break periods,
demonstrated whether a patient showed continuous use of
their index MITT treatment, or whether they underwent a
treatment modification. Patients who did not have a break of
>60 days between two supplies of index treatment, from the
index date until the end of the follow-up period, were con-
sidered to have exhibited continuous use. Patients who had a
break between two supplies of index treatment were categor-
ized into one of the following four index treatment modifica-
tions: (1) patients with a direct switch started a different
MITT regimen after a break of <60 days between treatments;
(2) patients who were retreated with MITT either restarted
their index treatment or started a different MITT regimen
after a break of >60 days between treatments; (3) patients
who stepped down from MITT instead started a monotherapy
or dual-combination therapy after a break of <60 days
between treatments; and (4) patients who discontinued treat-
ment stopped using their index treatment and were not issued
with a new prescription for any treatment, after a 60-day
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Table | Definitions of Treatments for COPD That Were Recorded Across the Study Period (I January 2014 to 30 April 2018)

Treatment | Category Treatment Description Definition of Prescription
Type
Monotherapy | LABA Monotherapy in one device LABA prescription that never overlaps with an ICS or LAMA
prescription
LAMA Monotherapy in one device LAMA prescription that never overlaps with an ICS, LABA, or ICS/
LABA prescription
ICS Monotherapy in one device ICS prescription that never overlaps with a LAMA, LABA, or LAMA/
LABA prescription
Dual therapy | LABA and Open combination therapy in two devices | LABA prescription that overlaps by 21 day with a LAMA
LAMA® prescription and which does not overlap with an ICS prescription
OR
LAMA prescription that overlaps by 2| day with a LABA
prescription and which does not overlap with an ICS prescription
LAMA?® and | Open combination therapy in two devices | LAMA prescription that overlaps by 2| day with an ICS prescription
ICS and which does not overlap with a LABA prescription
OR
ICS prescription that overlaps by 21 day with a LAMA prescription
and which does not overlap with a LABA prescription
LABA and Fixed combination therapy in one device | Fixed combination ICS/LABA prescription
ICS OR OR
Open combination therapy in two devices | LABA prescription that overlaps by 21 day with an ICS prescription
and which does not overlap with a LAMA prescription
Triple ICS, Fixed combination ICS/LABA therapy in Fixed combination ICS/LABA prescription that overlaps by 2| day
therapy LAMA, and | one device plus LAMA monotherapy with a LAMA prescription
LABA OR OR
Fixed combination LAMA/LABA therapy Fixed combination LAMA/LABA that overlaps by 21 day with an ICS
in one device plus ICS monotherapy prescription
OR OR
Open combination ICS+LAMA+LABA LAMA prescription that overlaps by 21 day with an ICS prescription
therapy in three devices and a LABA prescription
OR
LABA prescription that overlaps by 21 day with an ICS prescription
and a LAMA prescription
OR
ICS prescription that overlaps by 21 day with a LABA prescription
and a LAMA prescription

Note: *Currently only represented by tiotropium.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting B,agonist; LAMA, long-acting muscarinic antagonist.

break and until the end of the 12-month follow-up period
(Supplementary Figure 1).

MITT Persistence and Adherence
Persistence with MITT (index treatment or any treatment)
was defined by continuous medication use without a gap in
an assumed 90-day supply for any component of triple ther-
apy. The proportion of patients persistent to triple therapy
was calculated at 3, 6, and 12 months after the index date.

Patient adherence to MITT was determined by calcu-
lating the medication possession ratio (MPR) and propor-
tion of days covered (PDC).

MPR was calculated as the average number of days’
supply of each triple therapy component, divided by the
total duration of MITT. The average days’ supply was
calculated as the sum of the number of days’ supply for
all prescriptions of any ICS, LAMA, or LABA during
continuous use of index treatment, divided by the total
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number of inhalers used (two or three) (Figure 2). Patients
were required to have two prescriptions for each individual
component, in line with the International Society of
Pharmacoeconomics and Outcomes Research criteria.”®
Patients were considered adherent over the duration of
triple therapy if their MPR ratio was >80%.

PDC was calculated as the number of days with medica-
tion in possession during the follow-up period, divided by the
total number of days in the follow-up period (3, 6, or 12
months). The number of days in possession of medication
was calculated as the sum of days of supply of all prescriptions
of the medication. Two measures of PDC were used in this
study: PDC of triple therapy in which the number of days with
medication included only the days with overlap of the three
prescribed components (Figure 3A); and PDC for the indivi-
dual components of the triple therapy regimen (using the
average number of days covered for each inhaler of triple
therapy) (Figure 3B). Patients were considered adherent if
they had a PDC >80% for the days with overlap of all three
prescribed components, or for each triple therapy component.

Data Analysis

All patients within the HealthStat database satisfying the
eligibility criteria were included in the analyses: no sample
size was specified a priori. All data were analyzed using
descriptive statistics. Data on continuous variables were
summarized as mean and standard deviation (SD) and/or
median and interquartile range (IQR), with categorical
data
Analyses were conducted by HealthStat using SAS soft-
ware, Version 9.4 (SAS Institute, Cary, NC). Aggregated
results were shared with the study sponsor.

summarized as frequencies and percentages.

Days’ supply of component drug

[ INHALER 1

[ INHALER 2 |

INHALER 3 |
1

End of MITT

Total duration of MITT

!

(Sum of days’ supply of each component drug/Number of inhalers)
h Total duration of MITT

Start of MITT

MPR

Figure 2 Diagram showing the calculation of MPR.
Abbreviations: MITT, multiple-inhaler triple therapy; MPR, Medical Possession
Ratio.

Results
Baseline Demographics and Clinical

Characteristics

Between 1 January 2014 and 30 April 2018, a total of
481,207 individuals were registered in the HealthStat data-
base; 7829 (1.6%) had a recorded diagnosis of COPD, and of
these individuals, 6249 (79.8%) were >40 years of age at the
index date. Of these 6249 patients, 421 (6.7%) initiated
MITT between 1 May 2016 and 30 April 2017; the remaining
5828 patients did not meet all eligibility criteria and so were
excluded from further analysis (Figure 4).

The 421 patients who initiated MITT had a mean (SD)
age of 67.3 (11.0) years; 45.1% were male; and most fell
into either the “obese” (39.2%) or “overweight” (26.6%)
BMI categories. Most patients were of European (68.4%) or
Maori (26.1%) ethnicity. In total, 179 (42.5%) patients also
had a comorbid diagnosis of asthma; other comorbidities
included mental conditions (34.4%), diabetes (20.2%), and
ischemic heart disease (20%). The mean (SD) number of
exacerbations at baseline was 1.8 (2.0), with 42.3% of
patients having >2 exacerbations during the baseline period.
The mean numbers of moderate and severe exacerbations
per patient were 1.7 and 0.2, respectively (Table 2).

Treatment Prior to MITT Initiation

In the 12 months prior to MITT initiation, most patients
were receiving either ICS/LABA (59.1%) or no treatment
(23.3%), and the fewest patients were receiving LABA
monotherapy (0.7%). Overall, the median treatment dura-
tion prior to MITT initiation was 350 days. This was
longer for patients who were receiving ICS+LAMA or
no treatment (365 days), but was shorter in all other
treatment groups, ranging from 92 days (LABA mono-
therapy and LAMA+LABA) to 323 days (ICS/LABA)
(Table 3).

Treatment Patterns, Modifications, and

Duration

The vast majority of patients (N=394, 93.6%) initiated
MITT with ICS/LABA+LAMA, and the remaining patients
(N=27, 6.4%) initiated MITT on either ICS+LAMA/LABA
or ICS+LAMA+LABA. Overall, 33.5% of patients who
initiated MITT showed continuous use of their index treat-
ment during the 12-month follow-up period. The remaining
66.5% underwent a modification to their index treatment,
classed as either a direct switch to another MITT (24.9%);
retreatment with MITT (13.5%) after a minimum break of
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i Time interval, days
MITT initiation
Days on therapy for all inhalers
PDC, aga + LAMA + ICS = - ) - *x 100
Fixed-time interval
(eg, 180 days)
B 1
LABA i | | 1
] Days on
Y S I — | | | MITT
1 component
ics [ B —
1
1
——— : : : |
:1—30 31-60 61-90 91-120 121-150 151-180
E Time interval, days
MITT initiation
PDCyyr1= PDC aga, PDCapa, @nd PDC g all 280%
D LABA th I
PDCLugn = ( . ay.s on- erapy only ) % 100 PDC,cq = , Day.s on.ICS therapy only % 100
Fixed-time interval (eg, 180 days) Fixed-time interval (eg, 180 days)

Days on LAMA therapy only

PDCava = (

x 100

Fixed-time interval (eg, 180 days)

Figure 3 PDC definition when considering overlap of all three triple therapy components (A); and when considering each triple therapy component separately (B).
Abbreviations: ICS, inhaled corticosteroid; LABA, long-acting ,-agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple therapy; PDC, proportion

of days covered.

60 days; step down (19.7%); or discontinuation (8.3%).
Patients mostly stepped down from MITT to ICS and
LABA (7.8%) or LAMA monotherapy (6.4%). On average,
patients continued their index treatment for 144.4 days
before undergoing a treatment modification. Median

(IQR) time to first treatment modification was 150.0
(108.0) days (Table 4). Overall, 2.3% of patients had an
index treatment modification within 30 days, and 12.0% of
patients had an index treatment modification within 60

days.
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HealthStat population 30 Apr
2018, registered as current
provider and not deceased
(N=481,207)

.| No COPD diagnosis

Any COPD diagnosis at any time
recorded in data extract
(N=7829)

| (N=473,378)

,| (N=1580)

A 4
Patients with COPD =40 years of
age (N=6249)

Patients ineligible for inclusion

« <40years of age
« Other exclusion criteria

A4
MITT initiation between
1 May 2016-30 Apr 2017
(N=421)

Figure 4 Flow chart of patient disposition.

A 4

Patients ineligible for inclusion

(N=5828)

« <40 years of age at index date

« MITT prescription prior to
index period

+  Other exclusion criteria

Abbreviations: COPD, chronic obstructive pulmonary disease; MITT, multiple-inhaler triple therapy.

MITT Persistence and Adherence

Overall persistence with MITT decreased in the months
following initiation. Mean (SD) persistence was 91.4
(28.0) at 3-months follow-up, 63.2 (48.3) at 6-months
follow-up, and 47.3 (50.0) at 12-months follow-up.

Of patients persistent with MITT, mean (SD) MPR was
75.9 (22.7). Overall, 53.4% of patients were considered
adherent using the MPR calculation (MPR >80%).

Mean (SD) PDC for overlap of all three triple therapy
components was 97.0 (11.8), 89.6 (18.5), and 77.9 (28.3) at
3-, 6-, and 12-months follow-up, respectively. Per this PDC
definition, the proportion of patients considered adherent to
treatment (PDC >80%) decreased from 94.3% (3-months
follow-up) to 86.5% (6-months follow-up) to 62.9% (12-
months follow-up). All patients were considered adherent
to individual components of MITT at 3-months follow-up,
and this had declined to 76.2% at 12-months follow-up.
Although adherence to individual components of MITT
was lowest at 6-months follow-up (47.5%), this result was
not unexpected due to the nature of the analysis (Table 5).
PDC offered a more conservative measure of triple therapy
use among sampled patients than MPR because it did not

double-count the days of medication coverage, but only
counted days on which all component drugs were available.

Temporal LABD/ICS and MITT Use

In 2015, data from the HealthStat database identified a
total of 2271 patients with COPD who were prescribed
LABD- or ICS-containing treatment. This increased to
2492 patients in 2016 and again to 2582 patients in
2017. Amongst these patients, prescription of MITT also
increased from 33% (n=749) in 2015, 39.5% (n=984) in
2016, and 42.8% (n=1105) in 2017.

Discussion

Our retrospective analysis of patterns of MITT use in the
primary care setting in New Zealand found that, between
2015 and 2016, approximately two thirds of patients who
initiated MITT were stepped up from ICS/LABA dual com-
bination therapy. According to GOLD treatment guidelines
for COPD,' escalation to MITT from a dual therapy would be
expected in a patient population who demonstrated persistent
and/or severe exacerbations despite ongoing treatment with
an existing LABD. These recommendations are consistent
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Table 2 Baseline Demographics and Clinical Characteristics of Patients with COPD Who Initiated MITT Between | May 2016 and 30

April 2017
Total (N=421)

Age, years

Mean + SD 673 %110

Median (IQR) 67.4 (15.7)
Age groups, n (%)

4049 26 (6.2)

50-59 87 (20.7)

60-69 129 (30.6)

70-79 124 (29.5)

280 55 (13.1)
Male, n (%) 190 (45.1)
Inhalers prescribed for MITT, n (%)

2 416 (98.8)

3 5(1.2)
Ethnicity, n (%)

European 288 (68.4)

Maori 110 (26.1)

Pacific I (2.6)

Asian 9 (2.1)

Other 3(0.7)
Smoking status, n (%)>°

Smoker 228 (54.2)

Ex-smoker 149 (35.4)

Non-smoker 38 (9.0)
Prior COPD exacerbations, n (%)

None 129 (30.6)

| 114 (27.1)

22 178 (42.3)
Mean (SD) number of COPD exacerbations

All 1.8 (2.0)

Moderate 1.7 (2.0)

Severe 0.2 (0.6)
Median (IQR) number of COPD exacerbations

All 1 (3.0)

Moderate 1 (3.0

Severe 0 (0.0)
Comorbidities, n (%)

Asthma 179 (42.5)

Ischemic heart disease 84 (20.0)

Diabetes mellitus 85 (20.2)

Heart failure 63 (15.0)

Stroke 34 (8.1)

Mental conditions 145 (34.4)
BMI, kg/im?*

Mean + SD 295+79

Median (IQR) 28.0 (10.2)

(Continued)

International Journal of Chronic Obstructive Pulmonary Disease 2021:16

https:

Dove!

1843


https://www.dovepress.com
https://www.dovepress.com

Xu et al

Dove

Table 2 (Continued).

Total (N=421)
BMI category, n (%)*
Normal 103 (24.5)
Obese 165 (39.2)
Overweight 112 (26.6)
Underweight 19 (4.5)
Unknown 22 (5.2)

Notes: *Calculated using data from 30 April 2018; ®°N=415.

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; IQR, interquartile range; MITT, multiple-inhaler triple therapy; SD, standard

deviation.

Table 3 Treatment Class and Median Treatment Duration in |2 Months Prior to MITT Initiation

n (%) Median (IQR) Treatment Duration,
Days
All patients 421 (100.0) 350 (262.0)
Treatment prior to MITT initiation
ICS Il (2.6) 166 (309.0)
LABA 3(0.7) 92 (347.0)
LAMA 31 (74) 93 (184.0)
ICS/LABA 249 (59.1) 323 (239.0)
LAMA+LABA 12 (2.9) 92 (100.5)
ICS+LAMA 17 (4.0) 365 (275.0)
None 98 (23.3) 365 (148.0)

Abbreviations: ICS, inhaled corticosteroid; IQR, interquartile range; LABA, long-acting -agonist; LAMA, long-acting muscarinic antagonist; MITT, multiple-inhaler triple

therapy.

with our findings: around two fifths of patients had experi-
enced >2 exacerbations, had experienced an average of 1.8
exacerbations each at baseline, and the vast majority of
exacerbations were of moderate severity. Previous literature
surrounding patients with COPD (for example, literature

1** and Seemungal et al,** and

reviews by Hoogendoorn et a
a retrospective study by Hurst et al*®) have found wide
variation in annual exacerbation rate, ranging from 0.5 to
3.5 per year and affected by overall COPD severity. This
would perhaps suggest that the overall rate of exacerbations
in our study population was fairly low, particularly when
considering that around a quarter of the patients sampled
were Maori. Compared to other ethnicities in New Zealand,
Maori have been shown to have a greater burden of disease
and higher risks of hospitalization and death from COPD.?’
Nevertheless, our findings remain consistent with a patient
population who were suitable candidates for MITT
prescription.

Our analysis also showed that almost a quarter of patients
initiated MITT with no prior treatment for COPD. This is not

consistent with GOLD treatment guidelines for COPD, but
similar trends have been observed in other retrospective
studies of triple therapy treatment patterns in patients with
COPD. For example, a similar study in various European
countries and Australia by Quint et al*® found that most
patients were either receiving ICS+LABA (28.3%) or no
previous therapy (22.7%) prior to triple therapy initiation,
and another study in the United Kingdom by Quint et al*’
found that most patients were receiving either ICS+LABA
(27.9%), LAMA (13.1%), or no previous therapy (12.1%)
prior to triple therapy initiation. The study of patients initiat-
ing triple therapy in the United Kingdom also captured
possible factors influencing pathways to triple therapy:
female patients with severe COPD and comorbid asthma
were more likely to have received previous therapy than no
previous therapy prior to triple therapy initiation (compared
with male patients and those without comorbid asthma and
less severe COPD).>’ Although our analysis did not capture
the reasons for MITT initiation, there are several possible
explanations for why so many patients initiated MITT after
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Table 4 Treatment Patterns Among Patients with COPD Who Initiated MITT Between | May 2016 and 30 April 2017

Treatment Pattern Outcome All Patients Initiating Index MITT Treatment
MITT (N=421) N
ICS/LABA + Other
LAMA (N=394) (N=27)
No modification (N=141) Continuous use of index 141 (33.5) 137 (34.8) 4 (14.8)

treatment, n (%)

Modification of index MITT Direct switch to another 105 (24.9) 94 (23.9) 11 (40.7)
treatment (N=280) MITT, n (%)
Retreatment with MITT, 57 (13.5) 53 (13.5) 4 (14.8)
n (%)
Step down, n (%) 83 (19.7) 110 (27.9) 8 (29.6)
ICS 3 (0.7) 1 (0.3) 2(74)
LABA 2 (0.5) 0 (0.0 2(74)
ICS and LABA® 33 (7.8) 33 (84) 0 (0.0
LAMA and LABA® 17 (4.0) 14 (3.6) 3(1L1)
LAMA 27 (6.4) 27 (6.9) 0 (0.0
ICS and LAMA? 1 (0.2) 0 (0.0) 1 (37)
Discontinuation, n (%) 35 (8.3) 35 (8.9) 0 (0.0)

Time to first treatment
modification, days
Mean (SD) 144.4 (87.7) 146.7 (88.1) 119.4 (80.5)
Median (IQR) 150.0 (108.0) 150.0 (112.0) 101.0 (88.0)

Notes: “Includes patients who initiated MITT on ICS+LAMA/LABA (n=22) and ICS + LAMA+LABA (n=5), which were not analyzed further due to small sample size;
PIncludes both ICS/LABA and ICS+LABA; “Includes both LAMA/LABA and LAMA+LABA; “ICS+LAMA only.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; IQR, interquartile range; LABA, long-acting f,-agonist; LAMA, long-acting
muscarinic antagonist; MITT, multiple-inhaler triple therapy; SD, standard deviation.

Table 5 Persistence and Adherence for Patients with COPD Who Initiated MITT Between | May 2016 and 30 April 2017

N=421 Mean (SD) Median (IQR) Adherence®, n (%)

Persistence® to MITT

3-month period after initiation 91.4 (28.0) NE NE

6-month period after initiation 63.2 (48.3) NE NE

12-month period after initiation 47.3 (50.0) NE NE
MPR 75.9 (22.7) 80.3 (33.0) 225 (53.4)
PDC with overlap of all three MITT components

3-month period after initiation 97.0 (11.8) 100.0 (0.0) 397 (94.3)

6-month period after initiation 89.6 (18.5) 100.0 (17.6) 364 (86.5)

I2-month period after initiation 779 (28.3) 97.8 (51.2) 265 (62.9)

PDC with individual components of MITT

3-month period after initiation 99.7 (0.5) 100.0 (I.1) 421 (100.0)
6-month period after initiation 91.0 (15.7) 98.9 (8.8) 200 (47.5)
I12-month period after initiation 85.9 (19.5) 94.5 (17.8) 321 (76.2)

Notes: *MPR or PDC ratio 280%; “Persistence was defined as continuous medication use without a gap of 60 days in any of the three components of MITT (e, ICS, LAMA,
or LABA).

Abbreviations: COPD, chronic obstructive pulmonary disease; IQR, interquartile range; MITT, multiple-inhaler triple therapy; MPR, medication possession ratio; NE, not
evaluated; PDC, proportion of days covered; SD, standard deviation.
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receiving no previous therapy. Patients may have previously
been prescribed treatment for COPD but discontinued its use
as a result of no perceivable therapeutic benefits, or adverse
side effects.”® There may have been a poor understanding of
the early signs of COPD,>' or a lack of diagnostic access,*
which could have delayed diagnosis until a late stage, and
misdiagnosis may have occurred where patients with COPD
presented symptoms similar to another disease such as
asthma.> Additionally, if patients were being monitored or
receiving treatment outside of their general practice by, for
instance, an independent respiratory specialist, this informa-
tion would not be coded in the HealthStat database because,
per the study methodology, all prescriptions recorded in our
dataset were limited to those issued by a general practitioner.
Lack of initial treatment or lack of therapeutic benefits of any
treatment prior to MITT initiation could also have impacted
upon the number of exacerbations seen at baseline, although
the reasons for exacerbations were not specified/captured by
our analysis.

Overall, most patients (71.9%) continued some form of
triple therapy despite a change in components or breaks
between prescriptions: approximately one third of patients
(33.5%) continued their index treatment until the end of the
12-month follow-up period, and the remainder of patients
underwent a treatment modification after an average of 144.4
days on index treatment; treatment modifications to triple
therapy included a direct switch to another MITT regimen
(24.9%) or retreatment with index/another MITT regimen
(13.5%). Fewer patients overall (19.7%) stepped down to
either a monotherapy or a dual therapy when they modified
their treatment, and the fewest patients (8.3%) discontinued
treatment altogether. Given that this study is unique among
studies of COPD in New Zealand, and that there is variation
between similar studies of triple therapy treatment patterns in
other countries, it cannot be said whether our findings reflect
expected treatment patterns of patients initiating MITT. For
example, the study in Europe and Australia by Quint et al*®
found that, overall, patients had longer median times to treat-
ment modification than in our study (ranging from 2.7-18.2
months), but that the proportions of patients stepping down
from or discontinuing MITT were much higher (ranging from
59.1%-84.9%). Another study in the United States by Bogart

etal®*

found that, when allowing for 30 days after the last day
of treatment, patients had a median time to treatment disconti-
nuation of 1.8 months and 86% of MITT users discontinued
their treatment in 12 months’ follow-up. Although not directly
comparable to these studies, the low step-down and disconti-

nuation rates in our study nevertheless suggest that triple

therapy was an appropriate treatment choice for the majority
of patients who initiated MITT after previously being naive to
triple therapy. This has subsequent implications for healthcare
practitioners in New Zealand in terms of optimizing treatment
choices and care among patients with COPD. The high propor-
tion of patients remaining on MITT at 12 months may have
partly been due to improvements in clinical outcomes, but this
was not evaluated in our study. Although the reasons for
treatment modification or discontinuation were not captured
in this study, future studies of MITT use that consider such
factors over a longer follow-up period would be valuable for
understanding why currently available triple therapies may not
be optimal for all patients.

Most patients (93.6%) from our dataset were prescribed
triple therapy in two inhalers, but a small proportion (6.4%)
were receiving triple therapy via three inhalers. This is
potentially explained by the increased risk of handling errors
and suboptimal drug delivery to the lungs with the use of
multiple inhalers, and so use of as few inhalers as possible
may allow for a simplified medication regimen that ulti-
mately helps improve patient adherence.>**> Around half
(53.4%) of patients were considered adherent to MITT at
12 months. A systematic literature review conducted by
Usmani et al*® found that increasing age, education status,
previous inhaler instruction, comorbidities, and socioeco-
nomic status were associated with a greater frequency of
handling errors among patients with COPD. Our population
had a mean age of 67.3 years and around 13% of patients
were >80 years of age; this could have led to issues with
adherence and persistence that would have been less frequent
in, for instance, a younger population, particularly those with
fewer comorbid conditions, although as we did not stratify
our dataset by age this cannot be confirmed. Adherence may
also be influenced by patient perceptions of the effectiveness
of a given treatment;*” lack of adherence to treatment prior to
MITT initiation may also have impacted upon the number of
exacerbations seen at baseline, but this was not evaluated in
our study. Additionally, inhaler type was not specified in our
analysis, but this too has potential implications for adherence
among patients if one inhaler type was considered easier to
use than the other®® The LAMA and LABA treatments
subsidized without Special Authority/PHARMAC restric-
tions in New Zealand include dry-powder inhalers and
metered-dose inhalers,'® so it is likely that both dry-powder
inhalers inhalers
Comorbidities may affect patient response to/suitability for

and metered-dose were prescribed.

receipt of a particular drug,®® and could subsequently affect
ICS, LABA, and/or LAMA prescription patterns. Indeed, our
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study population contained over 40% of patients with a
diagnosis of asthma, the recommended treatment for which
is an ICS-containing regimen,*® which could have explained
why the majority of patients in our study population were
receiving ICS/LABA treatment prior to MITT initiation.
Further analysis of prescription patterns in patients with
COPD, asthma, and comorbid COPD/asthma would be of
interest in exploring this trend further. Additionally, in our
study population, around two fifths of patients experienced
>2 COPD exacerbations in the year prior to MITT initiation.
Patients with COPD who experience persistent exacerbations
may have elevated blood eosinophil levels compared to those
who have fewer exacerbations, and ICS-containing regimens
(including triple therapy) have demonstrably improved lung
function in such patients.>>*' Although biomarkers were not
analyzed, and their influence on prescription patterns was not
evaluated in our study, this could nevertheless be an area of
interest in future real-world data analyses for informing
optimal patient treatment and management.

There has been a limited number of prescription pattern
analyses among patients in New Zealand with respiratory
disorders. Dummer et al*? conducted a retrospective case
note review of healthcare utilization in 2015. Data were
obtained from 340 patients with severe COPD from the
Southern Region of New Zealand. The authors reported
that triple therapy was the most common regimen at hospital
admission, and they also reported deficits in care provision
among patients studied. This study restricted its focus to a
small number of patients with severe COPD in the Southern
region of New Zealand, and so the results are not directly
comparable to our findings; nevertheless, it perhaps indicates
that prescription restrictions could affect treatment patterns
in different regions, which may be of interest in future real-
world studies in New Zealand. A retrospective, New
Zealand-wide study of LABD use among 83,435 patients
with asthma by Parkin et al,** conducted between February
2006 and December 2013, showed complex patterns of ICS,
LAMA, and LABA use and a progressive increase in ICS use
over the study period, and indicated that ICS use was incon-
sistent with treatment guidelines. In this case, the use of ICS
may have been influenced by patients with asthma and
COPD overlap, which would differ from treatment guide-
lines for asthma or COPD when considered as individual
conditions and subsequently highlights the potential need for
an updated study of prescription patterns in patients with
asthma and/or COPD. Although our study did include
patients with comorbid asthma and COPD, we did not

stratify our results by disease diagnosis and this could be of
interest in future studies.

In our study, most patients were of European ethnicity
and approximately a quarter were Maori, which may have
been a result of practice location (ie, Maori are historically
more prevalent in northern New Zealand than in southern
regions**). Compared to other ethnic groups in New
Zealand, a greater burden of disease is apparent among
patients with COPD of Maori ethnicity;**"*>*" although
our study did not stratify triple therapy data by ethnicity,
this too could be a point of interest for future studies.

Drug availability in New Zealand is determined by
national policy settings and, generally, there is very good
access to primary care throughout the country. Some regional
guidelines and restrictions may affect prescription options for
patients with COPD or other respiratory conditions; for
instance, sparsely populated areas may have reduced general
practitioner coverage and more barriers to accessible treat-
ment compared to more densely populated areas.*® The
greater proportions of patients being prescribed MITT from
2015 to 2017 may have been influenced by changes to sub-
sidies for treatments indicated in COPD. For example, in
2016, one combination ICS/LABA treatment (fluticasone
furoate/vilanterol) became available without restriction
through PHARMAC/Special Authority; additionally, three
combination LAMA/LABA treatments (tiotropium/oloda-
terol, umeclidinium/vilanterol, and glycopyrronium/indaca-
terol) were fully subsidized on the condition that a patient
remained fully adherent to their therapy and received greater
therapeutic benefits than with LAMA monotherapy.'® We
have acknowledged that the prevalence of comorbid asthma
in our study population could have accounted for widespread
ICS/LABA prescription, but it is also possible that this was
influenced by the lack of PHARMAC/Special Authority
reimbursement restriction on the prescription of ICS/LABA
compared to LAMA/LABA. While PHARMAC/Special
Authority criteria apply specifically to New Zealand, a simi-
lar study of prescription patterns in Australia following 2018
changes in national reimbursement criteria found that more
new users of SITT had previously been prescribed MITT
(42%) rather than ICS/LABA (17%), LAMA/LABA (16%),
or LAMA monotherapy (9%), despite widespread comorbid
asthma in 46% of patients.* This is consistent with drug
availability influencing prescription patterns rather than
comorbidities.

Our study used a comprehensive real-world data set
representative of general practices in New Zealand, which
had both potential strengths and limitations. Although our
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dataset was slightly outdated (2015-2017), we did include
a time period that captured changes to PHARMAC/Special
Authority reimbursement restrictions, and given that our
results indicated an increased prescription of triple therapy
during this time, this does have important implications for
present day treatment and management of COPD. General
practices routinely monitor patients and all HealthStat data
is linked to hospital data, which reliably indicates whether
or not a patient has visited a hospital; however, some of
the codes used may not be reliable for the diagnosis. It is
possible that some prescriptions may be missed if a patient
is hospitalized or referred to a specialist for further treat-
ment, and this could also account for the gaps between
prescriptions that were observed when assessing treatment
patterns. Additionally, it is worth noting that although the
date of a prescription being issued is recorded, there is no
guarantee that a patient then took this prescription to a
pharmacist and proceeded to take all doses of medication
as prescribed. Thus, the exposure of a patient to a parti-
cular medication may have been under- or over-estimated
depending on individual circumstances. Patients who were
symptomatic for COPD but who had not yet received a
formal diagnosis could potentially have been excluded
from the analysis if an incorrect diagnosis code was
used. Spirometry data was not captured due to a lack of
consistency in recording methods across general practices,
which subsequently presented challenges with standardiz-
ing and analyzing available data. At the time of the study,
only 10% of practices captured in our analysis had
recorded spirometry data in a structured manner, while
other practices had recorded this in a “free notes” section
of the database (if applicable). Although additional fields
for recording spirometry data are now available within the
HealthStat database, these data cannot be included for
historical records such as those presented in our manu-
script. Additionally, no data on COPD severity or smoking
pack years was recorded, which could have impacted upon
a COPD diagnosis being correctly recorded and upon
optimal treatment decisions being made. The HealthStat
database represents patients of different ages, genders, and
ethnicities, but there may be some misrepresentation
between regions if areas containing particularly high or
low concentrations of different ethnic groups, such as
people of Maori ethnicity, are over- or under-sampled.

Conclusion
In this retrospective, descriptive analysis of triple therapy for
COPD in New Zealand, most patients who initiated MITT

had characteristics appropriate for triple therapy prescription.
This suggests that prescription behavior among New Zealand
general practitioners is mostly consistent with treatment
guidelines. Overall persistence and adherence after MITT
initiation were high. Although almost 72% of patients overall
remained on MITT at 12 months, around half of these
patients modified their index treatment within one year and
approximately 28% of patients overall stepped-down from or
discontinued MITT. This could be due to the baseline disease
status of the patients included. Our findings may serve as a
starting point to aid healthcare practitioners in developing
strategies to optimize treatment decisions and patient care for
patients with COPD in New Zealand, with a focus on strate-
gies to improve adherence and long-term persistence to triple
therapy.
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