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ABSTRACT

Introduction: The glucagon-like peptide-1
receptor agonist (GLP-1 RA) class is evolving
and expanding. This retrospective database
study evaluated recent real-world treatment and
dosing patterns of patients with type 2 diabetes
(T2D) initiating GLP-1 RAs in Belgium (BE),
France (FR), Germany (DE), Italy (IT), the
Netherlands (NL), and Canada (CA).
Methods: Adult T2D patients initiating GLP-1
RA therapy (dulaglutide [DULA], exenatide
twice daily [exBID], exenatide once weekly
[exQW], liraglutide [LIRA], or lixisenatide

[LIXI]) from 2015 to 2016 were identified using
the IQVIA (IQVIA, Durham, NC, and Danbury,
CT, USA) Real-World Data Adjudicated Phar-
macy Claims. The therapy initiation date was
termed the ‘index date.’ Eligible patients
had C 180 days pre-index and C 360 days post-
index. Persistence (until discontinuation or
switch) was evaluated over the variable follow-
up using Kaplan–Meier (KM) survival analysis.
Average daily dose (ADD) was calculated until
discontinuation or switch.
Results: A total of 34,649 DULA, 3616 exBID,
11,138 exQW, 48,317 LIRA, and 2,204 LIXI
patients were included in the analysis
(34.9–63.2% female; median age range
53–62 years; median follow-up 16–30 months).
Proportion persistent at 1-year post-index was
36.8–67.2% for DULA, 5.9–44.4% for exBID,
24.7–44.2% for exQW, 22.2–57.5% for LIRA,
and 15.5–40.0% for LIXI. Median time persis-
tent (days) was 245–381 for DULA, 62–243 for
exBID, 121–319 for exQW, 103–507 for LIRA,
and 99–203 for LIXI. Mean ADD was
13.21–20.43 lg for exBID, 1.44–1.68 mg for
LIRA, and 19.88–20.54 lg for LIXI. Mean aver-
age weekly dose (AWD) ranged from 2.03 to
2.14 mg for exQW. Mean AWD for DULA was
1.25 mg in Canada and ranged from 1.43 to
1.53 mg in the other countries.
Conclusion: Across six countries, persistence
was highest among DULA patients and gener-
ally lowest among exBID patients. ADD/AWD
for all GLP-1 RAs was in line with the
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recommended label. Longer-term data would be
useful to obtain a better understanding of GLP-1
RA treatment patterns over time.
Funding: Eli Lilly and Company, Indianapolis,
IN, USA.
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INTRODUCTION

Globally, an estimated 425 million adults (8.8%
of the global adult population) had diabetes in
2017 [1]. In high-income countries, 87–91% of
all people with diabetes have type 2 diabetes
(T2D). Diabetes is associated with a substantial
economic burden, with approximately US$727
billion (€671 billion)—or 12.5% of the total
global health expenditure—attributed to dia-
betes in 2017. In Europe and Canada, the
prevalence of diabetes among adults was 8.8%
and 9.6% in 2017, with total diabetes-related
health expenditures of US$207 and US$15 bil-
lion, respectively.

Most patients with T2D will require drug
therapy with an antihyperglycemic agent to
assist in regulating glucose control [2]. Met-
formin is the preferred option for initial
monotherapy in T2D [3]. However, due to the
progressive nature of the disease, combination
therapy is typically needed after several years,
and for many patients, injectable glucose-low-
ering therapies will become necessary within
5–10 years of diagnosis [3]. Advancements in
treatment options for T2D have led to the
development of a new class of drugs: glucagon-
like peptide-1 receptor agonists (GLP-1 RAs) [4].
GLP-1 RA therapies represent an important
development in the management of T2D,
offering practical treatment options because
they are associated with high glucose-lowering
efficacy and weight loss in addition to a low risk
of hypoglycemia [3, 5]. Some GLP-1 RAs may
also provide cardiovascular and renal benefits
[3].

The 2018 consensus report recently pub-
lished by the American Diabetes Association

(ADA) and the European Association for the
Study of Diabetes (EASD) places GLP-1 RAs as a
possible second-line therapy in a dual therapy
regimen with metformin [3]. The selection of
the medication to be added to metformin
should be individualized with careful consider-
ation of patient factors such as atherosclerotic
cardiovascular disease (ASCVD), heart failure,
chronic kidney disease, weight, and patient
preferences. For instance, among patients with
T2D who have established ASCVD, a GLP-1 RA
or sodium–glucose cotransporter-2 inhibitor
(SGLT2i) with proven cardiovascular benefit is
recommended as part of glycemic management
in the second-line treatment. Among patients
with a compelling need to minimize weight
gain or promote weight loss, a GLP-1 RA with
high efficacy for weight loss, or an SGLT2i if the
estimated glomerular filtration rate is adequate,
is recommended. GLP-1 RAs are generally the
preferred choice as the first injectable medica-
tion rather than insulin. Treatment guidelines
from Diabetes Canada similarly recommend the
addition of GLP-1 RAs in second-line treatment
after metformin monotherapy [6].

The GLP-1 RA class is rapidly evolving and
expanding. Six GLP-1 RAs have been approved
in Europe and Canada through December 2017
(the end of our study period). In Europe, exe-
natide twice daily (BID; Byetta�, AstraZeneca)
was first in class and approved by the European
Medicines Agency in 2006, followed by liraglu-
tide (Victoza�, Novo Nordisk) in 2009 and
exenatide once weekly (QW; Bydureon�, Astra-
Zeneca) in 2011 [7–9]. Subsequent approvals
include lixisenatide (Lyxumia�, Sanofi) in 2013
and dulaglutide (Trulicity�, Eli Lilly) in 2014
[10, 11]. These therapies have also been
approved by Health Canada in Canada [12–16].
More recently, dulaglutide was approved in
November 2015 while lixisenatide (AdlyxineTM)
was approved in May 2017 [15, 16]. Of note,
albiglutide (Eperzan�, GlaxoSmithKline) was
approved in Europe in 2014 and in Canada in
2015; however, its commercial sale was discon-
tinued worldwide in 2018 [17–19].

GLP-1 RAs vary in their effect on hemoglo-
bin A1c (HbA1c) and weight reductions, as well
as their adverse event profiles [20–22]. Addi-
tionally, frequency of injection varies.
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Exenatide BID is taken twice daily, while
liraglutide and lixisenatide are taken once daily.
Dulaglutide and exenatide QW are taken once
weekly. Dosing is also variable for dulaglutide,
exenatide BID, and liraglutide. In Europe, the
recommended dose of dulaglutide is 0.75 mil-
ligrams (mg) once weekly when used as
monotherapy and 1.5 mg when used as add-on
therapy [11]. However, for potentially vulnera-
ble populations (e.g., patients 75 years or older),
0.75 mg can be considered a starting dose. In
Canada, the recommended initiating dose of
dulaglutide is 0.75 mg, which may be increased
to 1.5 mg for additional glycemic control [23].
The initial dose of exenatide BID is 5 micro-
grams (lg) twice daily, within 60 min before the
two main meals of the day [7, 24]. The dose can
then be increased to 10 lg twice daily after 1
month to further improve glycemic control.
Liraglutide should be initiated with a dose of
0.6 mg once daily [8, 25]. After at least 1 week,
the dose should be increased to 1.2 mg. Based
on the clinical response, the dose can be
increased to 1.8 mg after at least 1 week to fur-
ther improve glycemic control. Dosing is fixed
for exenatide QW, which is administered once
weekly at 2 mg [9, 26]. Lixisenatide is adminis-
tered once daily within 60 min prior to a meal
with a starting dose of 10 lg in the first 2 weeks
following initiation. After the first 2 weeks,
lixisenatide has a fixed maintenance dose of
20 lg [10, 27]. In Canada, if the 20 lg dose is
not tolerated, the dose can be temporarily
reduced to 10 lg. Increasing the dose to 20 lg
should be considered within 4 weeks.

Persistence with antihyperglycemic therapy
plays a critical role in the improvement of gly-
cemic control and is also associated with
improved clinical and economic outcomes
[28, 31]. However, patient persistence with T2D
therapy is not optimal, and this issue is well
documented in the literature [32–34]. Given the
relatively recent approvals of lixisenatide and
dulaglutide, there is limited information avail-
able on current real-world treatment patterns
among GLP-1 RA therapy users. Only a few
published studies have examined persistence or
dosing among these newer therapies in Europe
and the US [35–39].

The primary objective of this real-world
analysis was to evaluate current persistence and
treatment patterns among patients with T2D
newly initiated on the GLP-1 RA therapy class
using longitudinal prescription data from Bel-
gium, France, Germany, Italy, the Netherlands,
and Canada. Secondary objectives included
evaluating the average daily dose (ADD) or
average weekly dose (AWD) of the GLP-1 RA
therapy. This study is an update of prior multi-
country European analyses from the authors,
incorporating more recent data and, specifi-
cally, the inclusion of patients treated with
dulaglutide [35, 40]. Recent analyses have also
been completed by the authors in Italy and
Germany, although with varied selection win-
dows and follow-up periods [37, 39].

METHODS

A retrospective cohort analysis was conducted
using IQVIA’s Real-World Data (RWD) Adjudi-
cated Pharmacy Claims in Belgium, France,
Germany, Italy, the Netherlands, and Canada.
Data from these European countries were uti-
lized in prior analyses by the authors, and these
countries were selected to provide a broad rep-
resentation of several countries in Europe
[35, 37, 39–41]. The current analysis follows
previously published methods [35, 40]. Further
details on the methods and definitions utilized
for this analysis may be found in these
publications.

IQVIA’s RWD Adjudicated Pharmacy Claims
provides longitudinal retail pharmacy data. The
database includes prescription data (EphMRA
Anatomical Classification code in Europe,
quantity dispensed, prescriber specialty
[unavailable in Italy], etc.) and limited demo-
graphic data (e.g., age [unavailable for analysis
in Belgium; only 5-year age bands available in
Italy] and gender [partially available in Ger-
many]). Payer type is also available in Canada.
This study involved a retrospective cohort
analysis using six databases, and the analysis
does not contain new studies with human or
animal subjects performed by any of the
authors. Ethics approval was not required for
the use of the de-identified prescription data.
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Patient consent was not required for a study of
this nature.

Retail prescription coverage based on popu-
lation and pharmacy coverage during the study
period is as follows: 30% Belgium (i.e., 30% of
all retail prescriptions in Belgium are captured
by the database), 35% France, 60% Germany,
90% reimbursed retail coverage and 73% direct
primary care retail channel coverage in Italy,
75% Netherlands, and 71% in Canada. Retail
pharmacy coverage is as follows: * 1400 phar-
macies in Belgium, * 7500 pharmacies in
France, * 12,300 pharmacies in Ger-
many, * 17,800 pharmacies in Italy, * 1390
pharmacies in the Netherlands, and * 6700
pharmacies in Italy. The data are representative
of both large and small cities, and most if not all
regions.

Patient Selection

Patients were first identified based on a pre-
scription for the GLP-1 RA therapy of interest
(dulaglutide, exenatide BID, exenatide QW,
liraglutide, or lixisenatide) within the selection
window of January 1, 2015 to December 31,
2016. Albiglutide (Eperzan�) was not included
given its global discontinuation.

This analysis focused on single GLP-1 RA
molecules that are indicated for the treatment
of T2D. Of note, liraglutide (Saxenda�, Novo
Nordisk), indicated for weight management for
adults who are obese or overweight, was not
included as a therapy of interest [42, 43]. Nei-
ther were the fixed-dose insulin/GLP-1 RA
combinations insulin degludec/liraglutide
(Xultophy�, Novo Nordisk) or insulin glargine/
lixisenatide (Suliqua�, Sanofi) [44, 47].

The first prescription for a therapy of interest
within the selection window was termed the
index therapy, and the date was termed the
index date. Patients were followed through the
end of continuous eligibility (CE, i.e., visibility
[composite of patient activity in the database
and stability of pharmacy reporting]) up to the
end of the study period (December 31, 2017).

Patients were identified as eligible if they met
the following inclusion/exclusion criteria:
(1) C 18 years on the index date (exceptions for

Belgium [age unavailable for analysis] and Italy
[only 5-year age bands available, thus
patients C 20 years were included]); (2) C 1 oral
antihyperglycemic medication class used in the
180-day pre-index period (as evidence of T2D,
given the lack of diagnosis codes);
(3) C 180 days CE pre-index (the 6-month pre-
index or baseline period); (4) C 360 days CE
post-index (a post-index or follow-up period of
at least 1 year); (5) naı̈ve to the GLP-1 RA ther-
apy class with no prescription for any GLP-1 RA
in the 180-day pre-index period (including
albiglutide, liraglutide [Saxenda�], and fixed-
dose insulin/GLP-1 RA combinations); (6) not
initiating any other injectable antihyper-
glycemic therapy on the index date other than
the index therapy; and (7) no invalid, poor, or
missing prescription data.

Measures and Analysis

Patient age and gender, follow-up time, and
prescriber specialty and payer type (Canada
only) associated with the index therapy were
reported. Non-index antihyperglycemic therapy
use in the pre-index period and concomitant
antihyperglycemic therapy use on the index
date were assessed. A non-index antihyper-
glycemic therapy class was considered con-
comitant if the time between prescriptions in
the pre- and post-index was less than 120 days,
or if the therapy class was dispensed on the
index date.

First treatment modifications of the index
GLP-1 RA therapy were assessed over the 1-year
post-index period. Discontinuation, switch,
augmentation, off-label dose increase, and off-
label dose decrease were evaluated. Discontin-
uation was defined as a gap following an index
therapy prescription C 2 9 the expected dura-
tion of that prescription . A switch was defined
as a new non-index antihyperglycemic pre-
scription within 30 days before or after discon-
tinuation of the patient’s index treatment. A
new non-index antihyperglycemic prescription
could be for a non-index GLP-1 RA or a new
antihyperglycemic therapy class, including
fixed-dose insulin/GLP-1 RA combinations. A
new non-index antihyperglycemic prescription
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started more than 30 days before the end of
follow-up or the index discontinuation date
defined augmentation.

The data lack reliable prescribed dose infor-
mation. Therefore, dose changes for exenatide
BID and liraglutide were identified based on
calculated ADD, given the per-label dose-in-
crease schedule. An off-label dose increase was
defined as a dose increase outside of label rec-
ommendations (daily dose[20 lg for exe-
natide BID; two consecutive prescriptions with
daily dose[1.8 mg for liraglutide). An off-label
dose decrease was defined as two consecutive
prescriptions with doses lower than the index
dose.

On-label dose increase was assessed as a
separate outcome and was not considered a
treatment modification. For exenatide BID and
liraglutide, this was defined as any dose increase
based on label recommendations (two consec-
utive prescriptions with ADD of 20 lg for exe-
natide BID; two consecutive prescriptions with
ADD C 1.2 mg up to 1.8 mg for liraglutide).
On-label dose increase was assessed among
dulaglutide patients with an index dose of
0.75 mg based on observed prescriptions (given
the availability of recorded dose/strength). On-
label dose increase was defined as a subsequent
prescription for dulaglutide with a 1.5 mg dose.
Off-label dose changes were not assessed for
dulaglutide patients; it was assumed that a
patient would only use one single-dose pen
(providing a 7-day supply) in a week.

Persistence (i.e., continuation of the index
therapy) was evaluated over the variable follow-
up using Kaplan–Meier (KM) survival analysis.
Patients were considered persistent until evi-
dence of discontinuation or switch (whichever
came first). Proportion persistent at 1 year and
median persistence over the variable follow-up
were reported, along with 95% confidence
intervals.

The ADD of the index therapy was assessed
for all patients while persistent (i.e., until index
therapy discontinuation or switch). ADD was
calculated because the data lack a reliable pre-
scribed dose field. Daily dose was calculated as
the total amount or units of drug prescribed
divided by the number of days between two
consecutive prescriptions. ADD was evaluated

by calendar month among patients with an
index therapy prescription during that month.
Average ADD by calendar month was summa-
rized to provide yearly ADD and overall ADD.
AWD was calculated as ADD 9 7 for exenatide
QW and dulaglutide. AWD was further reported
by index dose (0.75 or 1.5 mg at initiation) for
dulaglutide given the different label posologies
in Europe versus Canada [11, 23].

Data were described descriptively. Categori-
cal variables were reported using frequency and
percentage distributions. Continuous and count
variables were reported using the mean, stan-
dard deviation, and median. In Canada, data are
suppressed where the patient count is less than
5, as well as for associated cells, in line with
Canadian patient confidentiality.

No formal statistical tests were performed to
compare outcomes between index therapy
cohorts. Analyses were performed using SAS
version 9.2 or above (Cary, NC, USA).

RESULTS

Patient Sample

The final sample meeting the eligibility criteria
consisted of 34,649 dulaglutide patients (389
Belgium, 3464 France, 23,039 Germany, 5795
Italy, 180 Netherlands, 1782 Canada); 3616
exenatide BID patients (68 Belgium, 487 France,
2579 Germany, 393 Italy, 18 Netherlands, 71
Canada); 11,138 exenatide QW patients (1058
Belgium, 3111 France, 2181 Germany, 4346
Italy, 86 Netherlands, 356 Canada); 48,317
liraglutide patients (997 Belgium, 8012 France,
15,792 Germany, 9557 Italy, 1225 Netherlands,
12,734 Canada); and 2204 lixisenatide patients
(407 Belgium, 1772 Italy, 25 Netherlands).

All results reported using ranges represent
the range across countries and cohorts, unless
otherwise specified. See Table 1 for baseline
demographic characteristics and Tables S1A and
S1B in the Electronic supplementary material
(ESM) for antihyperglycemic therapy use of the
study sample. Median age at index ranged from
53 to 62 years, and 34.9–63.2% were female.
Median follow-up ranged from 16 to
30 months. Median follow-up was shorter for
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Table 1 Demographic characteristics

Country Cohort Median age (in years)
at indexa

Female genderb Mean/median follow-up
(months)

BE DULA N = 389 42.2% 16.2/16

exBID N = 68 63.2% 25.1/27

exQW N = 1058 40.5% 23.7/23

LIRA N = 997 43.9% 24.1/25

LIXI N = 407 49.9% 25.6/27

FR DULA N = 3464 62 44.0% 16.7/17

exBID N = 487 61 46.0% 26.8/28

exQW N = 3111 62 42.9% 22.1/23

LIRA N = 8012 61 45.1% 25.0/25

DE DULA N = 23,039 60 39.4% 22.0/21

exBID N = 2579 59 36.5% 27.2/29

exQW N = 2181 59 38.4% 26.0/27

LIRA N = 15,792 59 34.9% 24.9/26

IT DULA N = 5795 42.8% 16.7/17

exBID N = 393 51.1% 27.4/29

exQW N = 4346 44.0% 25.1/26

LIRA N = 9557 45.8% 24.5/25

LIXI N = 1772 45.7% 26.8/28

NL DULA N = 180 57 54.4% 21.1/21

exBID N = 18 62 50.0% 28.0/30

exQW N = 86 59 44.2% 24.8/27

LIRA N = 1225 57 56.0% 25.2/26

LIXI N = 25 53 60.0% 27.5/30

CA DULA N = 1782 60 48.1% 16.0/16

exBID N = 71 61 53.5% 28.2/30

exQW N = 356 60 44.4% 16.7/17

LIRA N = 12,734 60 49.3% 23.9/24

BE Belgium, CA Canada, DULA dulaglutide, exBID exenatide twice daily, exQW exenatide once weekly, FR France, DE
Germany, IT Italy, LIRA liraglutide, LIXI lixisenatide, NL Netherlands
a Age unavailable continuously in Belgium or Italy due to privacy regulations
b Missing gender possible
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dulaglutide (16–21 months) due to its more
recent approval. On average, patients used
1.4–3.0 antihyperglycemic therapy classes in
the 180 days pre-index (with a median of two
classes for most therapy cohorts except in
Canada, where the median was three). In gen-
eral, biguanides (i.e., metformin) were the most
common antihyperglycemic therapy class used
in the 180 days pre-index across cohorts
(52.9–89.5%). In general, sulphonylureas were
the second most common antihyperglycemic
therapy class used in the 180 days pre-index
(10.2–88.9%), although some variation was
observed in Germany (frequent insulin and
dipeptidyl peptidase-4/biguanide use) and
Canada (frequent insulin and SGLT2i use).
Mean number of concomitant antidiabetic
therapy classes used on the index date ranged
from 1.0 to 2.2 classes. Across countries, bigua-
nides were most frequently used in a concomi-
tant manner (43.5–80.4%).

Across countries and index therapies, a gen-
eral practitioner or internist was the most
common prescribing physician specialty asso-
ciated with the index prescription
(28.7–100.0%), with a few exceptions. In Bel-
gium, an endocrinologist was associated with
the index prescription for 62.7% of dulaglutide
patients, 42.3% of liraglutide patients, and
45.0% of lixisenatide patients. In France, the
index prescription was prescribed by a physi-
cian in a public hospital setting for 40.2% of
dulaglutide patients and 37.6% of liraglutide
patients. In Canada, an endocrinology/meta-
bolism specialist was associated with the index
prescription for 33.5% of dulaglutide patients
and 29.2% of exenatide QW patients.

Payer type associated with the index therapy
was available in Canada only. A private payer
(i.e., private health insurance) was most com-
monly associated with the index therapy,
ranging from 68.3% (liraglutide) to 85.4% (ex-
enatide QW). Patient out-of-pocket payment
ranged from 10.3% (dulaglutide) to 21.1% (ex-
enatide BID). Government payment was asso-
ciated with the index therapy for 11.5% of
dulaglutide patients and 14.4% of liraglutide
patients.

Treatment Patterns

Treatment modifications at 1 year post-index
can be found in Table 2 by index therapy
cohort. Apart from dulaglutide patients in the
Netherlands, more than half of patients expe-
rienced a treatment modification by 1 year post-
index: 38.3–67.1% of dulaglutide patients,
85.6–97.1% of exenatide BID patients, 58.1–
79.8% of exenatide QW patients, 60.7–86.2% of
liraglutide patients, and 64.0–87.5% of lixisen-
atide patients. Across cohorts, discontinuation
was the most common first treatment modifi-
cation type (22.8–67.6%).

On-label dose increase by 1 year post-index
occurred among 7.0–19.9% of exenatide BID
patients and 38.9–65.6% of liraglutide patients
(Table 3). In Canada, most dulaglutide patients
had an index dose of 0.75 mg (N = 1229,
69.0%). Of these patients, half (54.3%) had an
on-label dose increase. In the European coun-
tries, most dulaglutide patients had an index
dose of 1.5 mg (ranging from 74.7% in Ger-
many to 93.2% in Italy). Among patients with
an index dose of 0.75 mg (6.8% in Italy
to 25.3% in Germany), on-label dose increase
occurred among 36.7% in the Netherlands
to 65.2% in Germany.

Persistence

Across countries, the proportion persistent at 1
year post-index (Fig. 1) was highest among
dulaglutide patients and lowest among exe-
natide BID patients (except for lixisenatide
patients in the Netherlands [N = 25]). The pro-
portion persistent at 1 year was 36.8–67.2% for
dulaglutide patients, 5.9–44.4% for exenatide
BID patients, 24.7–44.2% for exenatide QW
patients, 22.2–57.5% for liraglutide patients,
and 15.5–40.0% for lixisenatide patients.

KM results for time persistent (until discon-
tinuation or switch) on the index therapy over
the variable follow-up can be found by country
in Fig. 2a–f. Across countries, for most time
points, the probability of persisting with ther-
apy was highest among dulaglutide patients.
The probability of persisting with therapy was
lowest among exenatide BID patients, again
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apart from lixisenatide patients in the
Netherlands.

For all countries, median persistence (in
days) over the variable follow-up (Fig. 3) was
highest among dulaglutide patients. Median
persistence was lowest among exenatide BID
patients, except for lixisenatide patients in the
Netherlands. It is important to note that in the
Netherlands, median persistence was not yet
reached for dulaglutide patients at the end of
the available follow-up (i.e., more than 50% of
the dulaglutide patients were still persisting
with therapy at the end of follow-up). At
946 days, the last point estimate for dulaglutide,
50.9% of patients were persistent. In compar-
ison, liraglutide patients were second most
persistent in the Netherlands and had a median
persistence of 507 days. Across countries,
median persistence over the variable follow-up
was 245–381 days for dulaglutide patients,
62–243 days for exenatide BID patients,
121–319 days for exenatide QW patients,
103–507 days for liraglutide patients, and
99–203 days for lixisenatide patients.

Average Daily and Weekly Dose

ADD overall, and by year, can be found in
Table 4 for exenatide BID, liraglutide, and
lixisenatide. Mean (standard deviation [SD])
overall ADD for exenatide BID was generally at
the higher end of the approved doses and ran-
ged from 13.21 (0.91) lg in France to 20.43
(5.43) lg in Italy. Mean overall ADD for
liraglutide was generally in the middle of the
indicated doses: from 1.44 (0.16) mg in Belgium
to 1.68 (0.30) mg in the Netherlands. An
increase by year was observed across countries.
Mean overall ADD for lixisenatide was close to
the maintenance dose of 20 lg and ranged from
19.88 (1.88) lg in Belgium to 20.54 (4.19) lg in
the Netherlands.

AWD overall, and by year, for dulaglutide
and exenatide QW, and further stratified by
index dose for dulaglutide, can be found in
Table 5. Mean overall AWD for dulaglutide was
at the higher end of the approved doses. The
mean overall AWD in Canada was 1.25 (0.13)
mg; in the other countries, it ranged from 1.43
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(0.08) mg in France to 1.53 (0.13) mg in Italy
and 1.53 (0.10) mg in the Netherlands. An
increase by year was observed in most coun-
tries. Among patients with an index dose of
0.75 mg, overall AWD ranged from 0.76 (0.04)
mg in France to 1.36 (0.27) mg in the
Netherlands. Among patients with an index
dose of 1.5 mg, overall AWD ranged from 1.53
(0.09) mg in France and 1.53 (0.13) mg in
Canada to 1.59 (0.21) mg in Germany. Mean
overall AWD for exenatide QW was close to
the expected 2.0 mg, and ranged from 2.03
(0.12) mg in France to 2.14 (0.14) mg in
Belgium.

DISCUSSION

In this real-world analysis of T2D patients ini-
tiating GLP-1 RAs in five European countries
and Canada, we consistently observed that
dulaglutide patients were most persistent with
therapy and least likely to modify therapy. For
the most part, liraglutide patients were the
second most persistent, while exenatide BID
patients were least persistent and most likely to
modify therapy. The overall ADD and AWD of
GLP-1 RAs were generally within the indicated
label ranges. Initiating dose, AWD, and on-label
dose increase for dulaglutide in Europe versus
Canada were consistent with the respective
label posologies. ADD for liraglutide was

Table 3 On-label dose increase at 1 year post-index

Country Cohort On-label dose increase (%)

BE DULA 0.75 mg N = 54 40.7

exBID N = 68 7.4

LIRA N = 997 38.9

FR DULA 0.75 mg N = 433 47.3

exBID N = 487 9.9

LIRA N = 8012 59.1

DE DULA 0.75 mg N = 5837 65.2

exBID N = 2579 19.9

LIRA N = 15,792 44.1

IT DULA 0.75 mg N = 394 38.3

exBID N = 393 11.2

LIRA N = 9557 55.1

NL DULA 0.75 mg N = 30 36.7

exBID N = 18 11.1

LIRA N = 1225 65.6

CA DULA 0.75 mg N = 1229 54.3

exBID N = 71 7.0

LIRA N = 12,734 58.5

BE Belgium, CA Canada, DULA dulaglutide, exBID exenatide twice daily, FR France, DE Germany, IT Italy, LIRA
liraglutide, mg milligrams, NL Netherlands
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Fig. 1 Persistence at 1 year post-index. As an example,
36.8% of dulaglutide patients in Belgium were persistent at
1 year. BE Belgium, CA Canada, DULA dulaglutide,

exBID exenatide twice daily, exQW exenatide once weekly,
FR France, DE Germany, IT Italy, LIRA liraglutide, LIXI
lixisenatide, NL Netherlands
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Fig. 3 Median persistence over the variable follow-up. As
an example, 50% of dulaglutide patients in Belgium were
persistent at 245 days post-index. BE Belgium, CA Canada,
CI confidence intervals, DULA dulaglutide, exBID exe-
natide twice daily, exQW exenatide once weekly, FR

France, DE Germany, IT Italy, LIRA liraglutide, LIXI
lixisenatide, NL Netherlands. *More than half of the
dulaglutide patients in the Netherlands were still persisting
with therapy at the end of the variable follow-up
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generally in the middle of the indicated main-
tenance doses (1.2 or 1.8 mg), and increased by
year from initiation, suggesting that many
patients are using the higher dose to maintain
or achieve glycemic control. Longer-term data is
needed to evaluate how treatment patterns
change over time, given the relatively recent
introduction of dulaglutide.

Only a few studies have examined treatment
patterns among the newer GLP-1 RA therapies
(lixisenatide and dulaglutide) [35–39]. These
have been conducted in the US and Europe,
with none identified in Canada. In the prior
analysis conducted by the authors of patients
initiating GLP-1 RAs in 2013 (before the launch
of dulaglutide) in several European countries,
liraglutide patients were most persistent across
countries [35]. Our findings suggest that GLP-1
RA treatment patterns are changing following
the introduction of dulaglutide. In our current
multi-country analysis, after dulaglutide had
become available, dulaglutide patients were
most persistent across countries while liraglu-
tide patients were generally second most per-
sistent. In both the current and prior analyses,
we observed that exenatide BID patients were,
in general, least persistent and most likely to
modify therapy. The few studies which have
included dulaglutide initiators have similarly
found persistence to be highest among those
treated with dulaglutide. Alatorre et al. evalu-
ated treatment patterns among US patients
initiating dulaglutide, exenatide QW, and
liraglutide over a 6-month follow-up period
[36]. In matched cohort comparisons, signifi-
cantly fewer dulaglutide patients discontinued
therapy compared to exenatide QW patients
(26% vs. 48%, p\0.0001) and liraglutide
patients (28% vs. 36%, p\0.0001) at 6 months.
Federici et al. evaluated treatment patterns
among Italian patients initiating GLP-1 RAs
between March and July 2016 with a minimum
6-month follow-up period using the same
database employed in this study [37]. At
6 months, persistence was highest among
dulaglutide patients (62%) followed by liraglu-
tide patients (50%), and was lowest among
exenatide BID patients (35%). We found com-
parable results from the current analysis in Italy:
at 6 months post-index (using KM analysis),

persistence was highest among dulaglutide
patients (67%) followed by liraglutide patients
(57%), and was lowest among exenatide BID
patients (27%). Otto et al. evaluated treatment
patterns among German patients initiating
GLP-1 RAs between February 2015 and January
2016 with a minimum 12-month follow-up
period, also using the same database [39]. At 1
year post-index, persistence was highest among
dulaglutide patients (51%) followed by liraglu-
tide patients (48%), and lowest for exenatide
BID patients (27%). These findings closely mir-
ror the results from the current analysis in
Germany: dulaglutide patients had the highest
persistence at 1 year (50%) followed by liraglu-
tide patients (46%), while exenatide BID
patients had the lowest persistence (27%). In
both studies, dulaglutide patients had the
highest probability of remaining persistent over
time. With these study comparisons, it is
important to note the differences in study
design, such as the patient selection windows
and follow-up periods.

Previous research suggests an association
between higher persistence with GLP-1 RAs and
greater reductions in HbA1c and lower medical
costs [28, 30]. Future research with longer-term
data and additional data sources is needed to
assess whether the greater persistence observed
with dulaglutide is associated with improved
clinical and economic outcomes. A recent real-
world study conducted in the US found that the
use of dulaglutide was associated with a signif-
icant decrease in HbA1c levels 6 months after
treatment initiation [38]. Patients who were
persistent with therapy experienced greater
decreases in HbA1c levels. The pharmacy claims
data utilized in the current study lack the clin-
ical detail to further investigate the reasons for
the greater persistence among dulaglutide
patients.

It is possible that the higher persistence
observed with dulaglutide may be related to
dulaglutide’s convenient dosing schedule and
ready-to-use single dose pen. Dosing frequency,
ease of preparation, and delivery system have
been identified as key drivers of patient prefer-
ence for GLP-1 RAs [48–50]. Patient preference
studies conducted in the UK and Japan have
suggested an overall preference for dulaglutide
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compared to liraglutide [50, 51]. The 2018 ADA/
EASD consensus report recognizes that patient
preference is a major factor driving the choice of
medication, and that patient preferences
regarding treatment attributes (such as route of
administration or injection devices) may pre-
vent their use by some individuals [3].

The overall ADDs and AWDs of GLP-1 RAs
were generally within the indicated label ran-
ges. The overall ADD for exenatide BID was
generally at the higher end of the indicated
maintenance doses (10 lg or 20 lg). The overall
ADD for liraglutide was generally in the middle
of the range of indicated maintenance doses
(1.2 mg or 1.8 mg) and increased by year from
initiation. The mean overall AWD for dulaglu-
tide was at the higher end of the approved
doses. The mean overall AWD for dulaglutide
was 1.25 mg in Canada, and ranged from
1.43 mg to 1.53 mg in the European countries.
This is consistent with the different label
posologies in Europe and Canada (Europe:
0.75 mg once weekly as monotherapy and
1.5 mg as add-on therapy; Canada: initiating
dose of 0.75 mg once weekly) [11, 23]. The
majority of dulaglutide patients in Canada ini-
tiated the 0.75 mg dose, while in Europe, the
majority of dulaglutide patients initiated the
1.5 mg dose. In Canada, 54% of the dulaglutide
patients who initiated the 0.75 mg dose expe-
rienced an on-label dose increase by 1 year post-
index.

In our prior analysis of GLP-1 RA initiators in
several European countries, ADD and AWD
were also within indicated label ranges, and
were generally similar to the ADD and AWD
observed in the current study [35]. A difference,
however, was the reporting of trimmed ADD
and AWD in the prior analysis, whereby calen-
dar months with fewer than 30 patients were
excluded from the calculations. In the prior
analysis, the mean overall ADD for exenatide
BID was 18.55 lg in Germany and 18.69 lg in
France, whereas it was 18.55 lg in Germany and
13.21 lg in France in the current analysis. The
difference in values observed for France could
be related to a shorter duration of persistence in
the current analysis (44% and 21% persisted for
at least 1 year in the prior versus the current
analysis; i.e., there was less opportunity for

patients to increase or remain on the higher
dose while they were persisting with treatment).
In the prior analysis, the mean overall AWD for
exenatide QW ranged from 2.03 mg in Ger-
many to 2.10 mg in the Netherlands, and in the
current analysis it ranged from 2.03 mg in
France to 2.14 mg in Belgium. In the prior
analysis, the mean overall ADD for liraglutide
ranged from 1.41 mg in Belgium to 1.68 mg in
the Netherlands, and it ranged from 1.44 mg in
Belgium to 1.68 mg in Netherlands in the cur-
rent analysis. In both analyses, liraglutide ADD
increased by year. An understanding of the
dosing associated with GLP-1 RA therapy may
be important from the payer perspective. Vari-
able dosing may result in a less pre-
dictable budget impact.

Limitations

There are a few limitations to note regarding
retrospective database studies in general and the
data utilized. Results from retrospective data-
base studies must be interpreted with caution,
and in context with results from other studies,
because they can only establish associations and
not cause-and-effect relationships. Patients
included in IQVIA’s RWD Adjudicated Phar-
macy Claims databases may not be fully repre-
sentative of all patients in the respective
country, as data are collected only from partic-
ipating pharmacies. The data do not provide
any insight into prescriptions purchased outside
of the participating pharmacies. Additionally,
while a prescription may be prescribed or filled,
real world consumption patterns may differ.
ADD and AWD were calculated based on dis-
pensed prescriptions, given the lack of a reliable
dose field. Thus, patient behaviors (e.g., medi-
cation stockpiling or picking up prescriptions
early) could lead to overestimation. The data
lack diagnosis codes or clinical detail. Therefore,
we were unable to confirm the presence of T2D
through medical diagnosis codes, to identify
mortality, or to investigate reasons for treat-
ment modifications or non-persistence (e.g.,
lack of effectiveness, adverse events, etc.). We
were also unable to adjust for any potential
treatment selection bias. We did not conduct
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any statistical analyses because we could not
adequately adjust for baseline confounders. Our
sample may be biased towards a healthier pop-
ulation due to our continuous eligibility
requirements, which were necessary to ensure
adequate visibility of the patients’ clinical his-
tory and prescribed therapies; this may be less of
an issue among patients with chronic diseases
such as diabetes. Further, small sample sizes
were observed for several therapy cohorts,
which can limit the interpretation of study
results. Follow-up was limited for dulaglutide,
which is related to its more recent approval.

CONCLUSION

The GLP-1 RA class is evolving and expanding,
with several new approvals in recent years. This
real-world study is the first to comprehensively
examine recent treatment and dosing patterns
of GLP-1 RA therapies, including dulaglutide,
across several European countries and Canada.
Across the countries considered, persistence was
highest among dulaglutide patients, and gen-
erally lowest among exenatide BID patients.
ADD was within indicated label ranges. Longer-
term data, particularly for dulaglutide, would be
useful to improve our understanding of treat-
ment patterns of GLP-1 RAs over time.
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