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ABSTRACT

Introduction: The superior efficacy and safety

of semaglutide once-weekly (QW), compared

with dulaglutide, liraglutide, or exenatide QW,

have been demonstrated in the SUSTAIN trials.

This study assessed treatment persistence and

adherence to semaglutide QW versus dulaglu-

tide, liraglutide, or exenatide QW in a real-

world setting.

Methods: This retrospective, database study

used Optum’s de-identified Clinformatics�

Data Mart Database to identify glucagon-like

peptide 1 receptor agonist (GLP-1 RA) treat-

ment-naı̈ve adult patients with type 2 diabetes

(T2D) initiating semaglutide QW, dulaglutide,

liraglutide, or exenatide QW between January 1,

2018 and April 30, 2019. Persistence (time

remaining on treatment) was assessed with

Kaplan–Meier survival estimates and Cox pro-

portional hazard models. Adherence was

assessed using proportion of days covered (PDC)

and proportion of patients with PDC[80%.

Results: Of 56,715 patients included, 3279

received semaglutide QW, 27,891 dulaglutide,

17,186 liraglutide, and 8359 exenatide QW.

Patients initiating semaglutide QW were

younger and with lower percentage of Medicare

coverage than patients initiating the compara-

tors. Persistence at 360 days was significantly

higher for semaglutide QW (67.0%) versus

dulaglutide (56.0%), liraglutide (40.4%), and

exenatide QW (35.5%); p\0.001 for all com-

parisons. Compared with semaglutide QW, the

discontinuation rate was significantly higher for

dulaglutide (hazard ratio [HR] 1.22; 95% confi-

dence interval [CI] 1.13, 1.32; p\0.001),

liraglutide (HR 1.80; 95% CI 1.66, 1.95;

p\0.001), and exenatide QW (HR 2.12; 95% CI

1.96, 2.30; p\ 0.001). Adherence to semaglu-

tide QW versus liraglutide at 360 days and to

exenatide QW was 39.1% versus 30.0%

[p = 0.07] and 27.7% [p = 0.02], respectively.

Adherence to dulaglutide at 360 days was

numerically higher than semaglutide QW

(43.2% versus 39.1%; p = 0.45) but did not

reach statistical significance.

Conclusion: Persistence with semaglutide QW

was significantly greater than comparators,

while adherence was comparable or greater.

Together with earlier results from double-blind

clinical studies, these data support semaglutide

QW use for treatment of patients with T2D.
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Key Summary Points

Why carry out this study?

In patients with T2D, good persistence

and adherence to treatment are associated

with better glycemic control, fewer

complications, and lower healthcare

utilization. Approximately 50% of

patients with T2D do not achieve

adequate glycemic control, an outcome

often related to poor adherence to

medication.

To address the need for real-world

evidence on adherence and persistence to

GLP-1 RAs, we conducted a retrospective

analysis of a patient claims database to

examine adherence and persistence to

semaglutide QW, dulaglutide, exenatide

QW, and liraglutide.

What was the hypothesis of the study?

We speculated whether there was a

difference in treatment persistence and

adherence among patients with T2D

initiating semaglutide QW, compared

with other long-acting GLP-1 RAs such as

dulaglutide, liraglutide, and exenatide

QW.

What were the study

outcomes/conclusions?

Our findings show that persistence with

semaglutide QW was significantly greater

than with dulaglutide, exenatide QW, and

liraglutide, while adherence was

comparable or greater.

What has been learned from the study?

The greater persistence and adherence

demonstrated in this study support the

use of semaglutide QW for treatment of

patients with T2D.

DIGITAL FEATURES

This article is published with digital features,

including a summary slide, to facilitate under-

standing of the article. To view digital features

for this article go to https://doi.org/10.6084/

m9.figshare.14248778.

INTRODUCTION

The joint American Diabetes Association and

European Association for the Study of Diabetes

guidelines recommend the use of glucagon-like

peptide 1 receptor agonists (GLP-1 RAs) or

sodium-glucose cotransporter protein 2 inhibi-

tors (SGLT2is) with demonstrated cardiovascu-

lar (CV) benefit as a second-line therapy in

patients with type 2 diabetes (T2D) who have or

are at high risk of established atherosclerotic CV

disease (ASCVD), established kidney disease, or

heart failure. This recommendation applies

independent of baseline glycated hemoglobin

(HbA1c) or individualized HbA1c target [1].

GLP-1 RAs have been shown to have a

number of beneficial physiological effects,

including the glucose-dependent stimulation of

insulin secretion from beta cells [2], inhibition

of glucagon secretion [2], slowed gastric emp-

tying [3], and increased satiety [4]. As a result of

their glucose-dependent mode of action, treat-

ment with GLP-1 RAs has a low risk of hypo-

glycemia, compared to other antihyperglycemic

agents [5]. Gastrointestinal (GI) disorders are

the most commonly reported adverse events

associated with GLP-1 RA use, although these

are often transient in nature and resolve over

time [6]. A number of long-acting GLP-1 RAs are

approved for the treatment of T2D in the US

[7, 8], including semaglutide once-weekly (QW)

[9], dulaglutide [10], liraglutide [11], and exe-

natide QW [12]. Of these injectable GLP-1 RAs,

semaglutide QW was the most recently

approved by the US Food and Drug Adminis-

tration (December 2017) and was marketed in

the US from February 2018.

The superior safety and efficacy of semaglu-

tide QW have previously been demonstrated in

the SUSTAIN phase 3 clinical trial program,
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with SUSTAIN 1–5 and SUSTAIN 7–10 clinical

trials comparing semaglutide QW with other

comparators in patients with T2D [13–21].

Similarly, real-world data from a liraglutide-to-

semaglutide QW observational switch study

and EXPERT (a study involving switching from

any other GLP-1 RA to semaglutide QW) have

demonstrated the effectiveness of semaglutide

QW in a real-world setting [22, 23].

As with any regular medication, non-adher-

ence is an issue, and in patients with T2D, good

persistence and adherence to treatment are

associated with better glycemic control, fewer

complications, and lower healthcare utilization

[24]. Low treatment persistence can lead to

inadequate glycemic control and higher risk of

morbidity and mortality [24]. It is therefore

important to obtain real-world evidence on

treatment persistence and adherence; however,

such real-world evidence on semaglutide QW,

either alone or in comparison to other GLP-1

RAs, is limited.

Given the evidence to date from the

SUSTAIN 7 clinical trial, which demonstrated

the superior efficacy on HbA1c and weight

reduction of semaglutide QW compared to

dulaglutide 1.5 mg [21], and from an early real-

world evidence study showing a similar level of

effectiveness [25], we speculated whether this

was attributable to greater persistence with and

adherence to semaglutide QW. Therefore, the

co-primary outcomes of this study were to

evaluate treatment persistence and adherence

among patients with T2D initiating semaglutide

QW compared with other long-lasting GLP-1

RAs (dulaglutide, liraglutide, and exenatide

QW) in a US real-world setting by analyzing a

large, retrospective claims database.

METHODS

This was a retrospective, database study to assess

treatment persistence and adherence of patients

with T2D receiving semaglutide QW in com-

parison with existing GLP-1 RAs (dulaglutide,

exenatide QW, and liraglutide). At the time of

this study, the available doses of semaglutide

QW were 0.5 and 1.0 mg, whilst dulaglutide was

available in 0.75 and 1.5 mg doses [9, 10]. All

analyses in this study were performed on de-

identified claims data from the Optum Clin-

formatics� database.

Data Source

Optum’s Clinformatics� Data Mart is derived

from a database of administrative health claims

for members of large commercial and Medicare

Advantage health plans in the US. The de-

identified data pertain to both medical and

pharmacy coverage and include information on

demographics, enrolment, inpatient and out-

patient encounters, and pharmacy prescription

fills. Data collected from January 1, 2017 until

June 30, 2019 were analyzed for this study; a

timeline of the study is presented in Supple-

mentary Fig. S1 (including definitions of the

baseline period, index date, and follow-up

periods). Costs stated within the results were

taken from the Optum Clinformatics� database

and include sums that were paid by the patient

and their health plan and others that were paid

by the health plan alone.

Eligibility Criteria

Patients were eligible for inclusion in the study

if they were aged at least 18 years during the

index period (January 1, 2018–April 30, 2019),

had a diagnosis of T2D, and were GLP-1 RA

treatment-naı̈ve in the 360 days prior to the

index period. In addition, patients were

required to have at least one pharmacy claim for

the index drug during the index period, with

the first claim being set as the index date, con-

tinuous enrolment for 360 days prior to the

index date (baseline period), and continuous

enrolment extending past the index date with

variable follow-up (Supplementary Fig. S1).

Ethics

As this was a non-interventional, retrospective

analysis of claims data from de-identified

patients, institutional review board approval

was not required. As the data were secondary

and based on a commercially available database

(https://www.optum.com/), no data were

Diabetes Ther (2021) 12:1475–1489 1477

https://www.optum.com/


T
ab
le
1

B
as
el
in
e
pa
ti
en
t
ch
ar
ac
te
ri
st
ic
s
fo
r
th
e
to
ta
l
pe
rs
is
te
n
ce

st
ud
y
po
pu
la
ti
on

an
d
to
ta
l
ad
h
er
en
ce

st
ud
y
po
pu
la
ti
on

at
18
0
da
ys

an
d
36
0
da
ys

P
er
si
st
en
ce

n
=
5
6
,7
1
5

A
d
h
er
en
ce

(1
8
0
d
ay
s)

n
=
3
5
,3
5
8

A
d
h
er
en
ce

(3
6
0
d
ay
s)

n
=
1
6
,1
8
7

S
em

a
Q
W

n
=
3
2
7
9

D
u
la

n
=
2
7
,8
9
1

L
ir
a

n
=
1
7
,1
8
6

E
xe

Q
W

n
=
8
3
5
9

S
em

a
Q
W

n
=
4
4
7

D
u
la

n
=
1
7
,0
7
3

L
ir
a

n
=
1
1
,9
9
6

E
xe

Q
W

n
=
5
8
4
2

S
em

a
Q
W

n
=
8
7

D
u
la

n
=
7
2
8
0

L
ir
a

n
=
6
1
3
7

E
xe

Q
W

n
=
2
6
8
3

A
ge
,
ye
ar
s
(m

ea
n
)

55
.8
0

62
.2
0

61
.1
2

60
.6
4

60
.8
9

62
.0
1

61
.2
0

60
.7
0

59
.5
3

63
.2

62
.0

61
.6
0

G
en
de
r,
%

F
49
.1

51
.2

55
.2

50
.0

52
.1

51
.3

55
.0

50
.2

40
.2

50
.8

54
.2

51
.1

M
50
.9

48
.8

44
.8

50
.0

47
.9

48
.7

45
.0

49
.8

59
.8

49
.2

45
.8

48
.9

R
eg
io
n
,
%

M
id
w
es
t

20
.9

19
.5

21
.9

19
.7

26
.4

19
.4

21
.2

19
.3

28
.7

19
.6

21
.1

18
.2

N
or
th
ea
st

8.
9

9.
3

7.
9

5.
8

13
.9

9.
0

7.
5

5.
8

20
.7

8.
9

7.
1

5.
5

So
ut
h

57
.5

54
.7

52
.6

57
.3

44
.7

55
.1

53
.4

57
.7

35
.6

54
.1

53
.4

58
.3

W
es
t

12
.6

16
.1

17
.2

16
.8

14
.8

16
.1

17
.4

17
.0

14
.9

16
.8

18
.0

17
.6

U
n
kn
ow

n
0.
2

0.
4

0.
5

0.
4

0.
2

0.
5

0.
5

0.
4

–
0.
6

0.
5

0.
5

M
ed
ic
al
co
st
,
U
S
$

13
,0
73
.9
5

16
,2
13
.4
2

18
,5
21
.2
3

14
,4
19
.9
8

14
,4
27
.7
5

15
,7
22
.9
6

18
,1
02
.7
3

14
,1
88
.9
0

14
,2
66
.2
4

15
,9
81
.3
6

17
,7
91
.7
6

15
,2
39
.8
1

C
O
M
/M

C
R
,
%

C
O
M

82
.3

43
.8

43
.7

49
.0

53
.0

44
.6

43
.4

48
.5

59
.8

39
.7

40
.1

42
.3

M
C
R

17
.7

56
.2

56
.3

51
.0

47
.0

55
.4

56
.6

51
.5

40
.2

60
.3

59
.9

57
.7

In
su
ra
n
ce
,
%

E
P
O

11
.2

6.
1

5.
9

7.
2

5.
2

6.
2

5.
6

7.
2

10
.3

5.
1

4.
6

6.
1

H
M
O

16
.5

21
.4

22
.0

21
.8

34
.9

21
.6

22
.1

22
.4

31
.0

22
.7

23
.4

24
.9

IN
D

0.
5

0.
4

0.
3

0.
4

0.
2

0.
5

0.
4

0.
5

–
0.
6

0.
4

0.
4

O
T
H

12
.4

36
.6

35
.9

30
.8

30
.7

35
.7

35
.8

30
.6

26
.4

38
.8

37
.9

33
.1

P
O
S

57
.6

31
.2

31
.6

36
.2

25
.3

31
.7

31
.7

35
.8

25
.3

28
.3

29
.3

31
.3

P
P
O

1.
8

4.
2

4.
4

3.
5

3.
8

4.
3

4.
4

3.
7

6.
9

4.
5

4.
8

4.
2

C
C
I
sc
or
e,
m
ea
n

2.
4

3.
0

3.
0

2.
8

3.
0

2.
9

3.
0

2.
8

2.
8

3.
0

3.
0

2.
9

C
C
I
sc
or
e,
%

B
1

41
.5

30
.3

29
.4

32
.3

26
.9

30
.9

29
.4

32
.1

29
.9

29
.0

28
.2

30
.5

2–
3

38
.9

37
.4

36
.5

38
.7

42
.5

37
.5

36
.6

38
.7

44
.8

38
.1

37
.1

37
.7

C
4

19
.7

32
.3

34
.1

29
.0

30
.6

21
.6

34
.0

29
.3

25
.3

32
.9

34
.7

31
.8

D
C
SI

sc
or
e,
m
ea
n

2.
5

3.
2

3.
2

3.
0

3.
1

3.
1

3.
2

3.
0

3.
0

3.
2

3.
2

3.
1

D
C
SI

sc
or
e,
%

B
1

30
.4

24
.1

26
.6

26
.3

22
.2

24
.6

27
.1

26
.0

21
.8

23
.7

26
.2

24
.8

2–
3

44
.3

37
.5

34
.5

38
.1

41
.8

37
.9

34
.3

38
.3

46
.0

37
.0

35
.1

37
.2

C
4

25
.3

38
.4

38
.9

35
.6

36
.0

37
.5

38
.6

35
.7

32
.2

39
.3

38
.8

38
.1

1478 Diabetes Ther (2021) 12:1475–1489



T
ab
le
1

co
n
ti
n
ue
d P
er
si
st
en
ce

n
=
5
6
,7
1
5

A
d
h
er
en
ce

(1
8
0
d
ay
s)

n
=
3
5
,3
5
8

A
d
h
er
en
ce

(3
6
0
d
ay
s)

n
=
1
6
,1
8
7

S
em

a
Q
W

n
=
3
2
7
9

D
u
la

n
=
2
7
,8
9
1

L
ir
a

n
=
1
7
,1
8
6

E
xe

Q
W

n
=
8
3
5
9

S
em

a
Q
W

n
=
4
4
7

D
u
la

n
=
1
7
,0
7
3

L
ir
a

n
=
1
1
,9
9
6

E
xe

Q
W

n
=
5
8
4
2

S
em

a
Q
W

n
=
8
7

D
u
la

n
=
7
2
8
0

L
ir
a

n
=
6
1
3
7

E
xe

Q
W

n
=
2
6
8
3

A
SC

V
D
*,
%

23
.0

34
.6

37
.1

32
.5

30
.9

33
.9

37
.2

33
.0

26
.4

34
.8

37
.6

35
.0

H
yp
er
lip
id
em

ia
,
%

80
.0

81
.5

79
.8

81
.5

85
.0

81
.7

79
.9

82
.3

87
.4

83
.0

80
.9

82
.8

H
yp
er
te
n
si
on
,
%

77
.8

83
.9

83
.7

83
.1

83
.0

83
.7

83
.9

83
.5

89
.7

84
.6

84
.7

84
.5

P
ri
or

an
ti
di
ab
et
ic
s,
%

M
et
fo
rm

in
73
.5

70
.8

66
.5

71
.7

69
.6

71
.1

66
.8

72
.8

67
.0

70
.7

67
.5

75
.5

In
su
lin

37
.9

39
.8

41
.0

35
.4

49
.4

40
.4

41
.0

36
.1

46
.0

40
.8

41
.1

36
.5

SU
26
.9

38
.8

32
.9

38
.1

29
.8

38
.6

33
.4

39
.4

34
.5

39
.7

34
.1

40
.9

SG
L
T
2i

27
.5

19
.7

14
.4

23
.6

27
.3

19
.7

14
.5

24
.5

27
.6

19
.8

15
.1

23
.9

D
P
P
4i

21
.7

26
.2

18
.8

25
.9

26
.4

26
.8

19
.4

27
.0

32
.2

27
.8

20
.1

28
.1

T
Z
D

8.
5

9.
1

7.
7

10
.7

8.
3

8.
8

8.
0

11
.0

8.
1

9.
0

8.
4

11
.8

M
eg
lit
in
id
e

0.
6

1.
3

0.
9

1.
1

1.
8

1.
2

1.
0

1.
2

1.
2

1.
3

1.
0

1.
3

A
G
I

0.
3

0.
5

0.
4

0.
4

0.
2

0.
5

0.
4

0.
4

–
0.
6

0.
3

0.
4

A
M
Y

0.
1

0.
0

0.
0

0.
0

0.
2

0.
0

0.
0

0.
1

–
0.
0

0.
0

0.
0

D
at
a
ar
e
pr
es
en
te
d
fo
r
th
e
fu
ll
an
al
ys
is
se
t.
T
h
e
da
ta

(i
n
cl
ud
in
g
co
st
s)
w
er
e
ta
ke
n
fr
om

th
e
O
pt
um

C
lin

fo
rm

at
ic
s�

da
ta
ba
se

A
G
I
al
ph
a-
gl
uc
os
id
as
e
in
hi
bi
to
rs
,
A
M
Y
am

yl
in
om

im
et
ic
s,
A
SC

V
D

at
h
er
os
cl
er
ot
ic
ca
rd
io
va
sc
ul
ar

di
se
as
e,
C
C
I
C
h
ar
ls
on

co
m
or
bi
di
ty

in
de
x,
C
O
M

co
m
m
er
ci
al
,
D
C
SI

di
ab
et
es

co
m
pl
ic
at
io
n
s
se
ve
ri
ty

in
de
x,

D
D
P
4i

di
pe
pt
id
yl
pe
pt
id
as
e
4
in
hi
bi
to
r,
D
ul
a
du
la
gl
ut
id
e,
E
P
O

ex
cl
us
iv
e
pr
ov
id
er

or
ga
n
iz
at
io
n
,
E
xe

ex
en
at
id
e,
H
M
O

h
ea
lt
h
m
ai
n
te
n
an
ce

or
ga
n
iz
at
io
n
,
IN

D
in
de
m
n
it
y,
L
ir
a
lir
ag
lu
ti
de
,
M
C
R
M
ed
ic
ar
e,

O
T
H

ot
h
er
,
P
O
S
po
in
t
of

se
rv
ic
e,
P
P
O

pr
ef
er
re
d
pr
ov
id
er

or
ga
n
iz
at
io
n
,
Q
W

on
ce
-w
ee
kl
y,
Se
m
a
se
m
ag
lu
ti
de
,
SG

L
T
2i

so
di
um

gl
uc
os
e
co
tr
an
sp
or
te
r
2
in
hi
bi
to
r,
SU

su
lf
on
yl
ur
ea

T
Z
D

th
ia
zo
lid
in
ed
io
n
e

*A
SC

V
D

co
m
pr
is
ed

th
e
fo
llo
w
in
g
di
ag
n
os
es
:a
cu
te
co
ro
n
ar
y
sy
n
dr
om

e
(d
ia
gn
os
is
co
de
—
I2
4,
I2
5
ex
.I
25
.3
,I
25
.4
),
an
gi
n
a
(I
20
),
m
yo
ca
rd
ia
li
n
fa
rc
ti
on

(I
21
,I
22
,I
23
),
pe
ri
ph
er
al
ar
te
ry
di
se
as
e
(I
70
,I
73
.9
,I
74
,

I7
5,
I9
9,
Z
86
.7
),
re
va
sc
ul
ar
iz
at
io
n
(Z
95
.1
,
Z
95
.5
,
Z
95
.8
,
Z
95
.9
,
Z
98
.6
,
Z
98
.6
),
is
ch
em

ic
st
ro
ke

(I
63
,
I6
5,
I6
6,
I6
7.
2,
I6
7.
81
,
I6
7.
82
,
I6
7.
83
,
I6
7.
84
),
h
em

or
rh
ag
ic
st
ro
ke

(I
60
,
I6
1,
I6
2)
,
st
ro
ke

ef
fe
ct
s
(I
69
,

R
29
.7

ex
.
R
29
.7
00
),
an
d
tr
an
si
en
t
is
ch
em

ic
at
ta
ck

(G
45
)

Diabetes Ther (2021) 12:1475–1489 1479



collected directly from human participants or

animals by any of the authors.

Persistence Analysis of Semaglutide QW

Versus Other GLP-1 RAs

The primary endpoint of treatment persistence

among patients initiating semaglutide QW

compared with dulaglutide, exenatide, and

liraglutide was assessed using a variable follow-

up by Kaplan–Meier survival estimate (KMSE).

Patients were considered persistent if they did

not discontinue GLP-1 RA treatment. Analysis

was performed from GLP-1 RA initiation to

discontinuation (defined as a more than 60-day

gap in supply), end of enrolment, or end of

available data (June 30, 2019). Hazard ratios

(HRs) were calculated from Cox proportional

hazard models for all drugs. We also estimated

treatment persistence at the endpoints of

180 days and 360 days.

Persistence Analysis: Stratification

According to Payer Type (Medicare Versus

Commercial Insurance)

Following review, major differences among

patient demographics with reference to payer

type (Medicare versus commercial) were

Fig. 1 Unadjusted Kaplan–Meier survival curve estimates for all study drugs. Data are presented for the unadjusted analysis
set. CI confidence interval, HR hazard ratio, QW once-weekly
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observed. Therefore, patients were stratified

according to payer type to reduce selection bias.

Persistence Analysis: Propensity Score

Adjusted (Semaglutide QW Versus

Dulaglutide) According to Payer Type

Following stratification according to payer type,

propensity score adjustment was performed for

only the semaglutide QW and dulaglutide

groups to account for remaining differences

between patient demographics. Propensity

scores were generated from a logistic regression

model considering all baseline covariates; here,

we reported the demographic covariates of age

(18–44, 45–64, and 65? years), gender, region

(North East, South, Midwest, West), and payer

type (commercial/Medicare and exclusive pro-

vider organization [EPO]/health maintenance

organization [HMO]/point of service [POS]/in-

demnity/other). The remaining covariates

measured during the baseline period are repor-

ted in Supplementary Table S1. Propensity

scores were used to generate inverse probability

of treatment weights to weight samples. The

balance of the sample was assessed by comput-

ing and comparing standardized differences

among all covariates before and after weighting.

Fig. 2 Unadjusted Kaplan–Meier survival curve estimates for all study drugs stratified for the commercial claim subgroup.
Data are presented for the unadjusted set. CI confidence interval, HR hazard ratio, QW once-weekly
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Adherence Analysis of Semaglutide QW

Versus Other GLP-1 RAs

The co-primary endpoint of adherence was

measured by the proportion of days covered

(PDC), with the assumption of zero stockpiling,

and was assessed in fixed timeframes of 180 and

360 days for patients having sufficient follow-

up. PDC was defined as the count of days cov-

ered by medication starting from the index date

to the end of the fixed follow-up timeframe,

divided by the length of the follow-up period.

Adherence Analysis: Propensity Score

Adjustment (Semaglutide QW Versus

Dulaglutide) Without Stratification

Propensity score adjustment was also exclu-

sively performed in the semaglutide QW versus

dulaglutide arms for adherence analysis to

account for remaining differences between

patient demographics; however, unlike the

persistence analysis, we did not stratify by payer

type as this was no longer a major discrepancy

as in the full sample.

Post Hoc Adherence Analysis

We hypothesized that the original adherence

results may have been impacted by the titration

schedule for semaglutide QW; therefore, we

conducted an additional sensitivity analysis.

This analysis was performed on patients who

had a second prescription fill, with the PDC

defined as the count of days covered from the

second fill to the end of the follow-up period,

divided by the variable time between the second

fill and end of the follow-up period. PDC was

Fig. 3 Adjusted Kaplan–Meier survival curve estimates for semaglutide QW and dulaglutide after propensity score
adjustment stratified for the commercial claim subgroup. CI confidence interval, HR hazard ratio, QW once-weekly
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compared using Student’s t test, and the pro-

portion meeting the common adherence

threshold of PDC[ 80% was compared with

the chi-square test via logistic regression.

RESULTS

Overall, a total of 56,715 patients fulfilled the

inclusion criteria and initiated GLP-1 RA treat-

ment. This comprised 5.8% (n = 3279) of

patients receiving semaglutide QW, 49.2%

(n = 27,891) receiving dulaglutide, 30.3%

(n = 17,186) receiving liraglutide, and 14.7%

(n = 8359) receiving exenatide QW. Baseline

patient characteristics for all study drugs asses-

sed are presented in Table 1. Differences were

observed between semaglutide QW and all the

comparators in age, comorbidities, and prior

antidiabetic medication. Patients initiating

semaglutide QW were, on average, younger and

a smaller percentage had Medicare coverage

(mean age ± standard deviation [SD]

55.8 years ± 11.14; Medicare 17.7%) compared

with dulaglutide (62.2 years ± 12.15; 56.2%),

liraglutide (61.1 years ± 12.11; 56.3%), and

exenatide QW (60.6 years ± 11.93; 51.0%)

(p\ 0.001 for all) (Table 1).

Persistence Analysis: Semaglutide QW

Versus Other GLP-1 RAs

Persistence associated with semaglutide QW use

was significantly greater than that observed for

all comparators (p\ 0.001 all comparisons;

Fig. 1). The KMSE of persistence at 180 days was

74.0% for semaglutide QW compared with

66.4% for dulaglutide. The KMSE of persistence

at 180 days was 54.1% for liraglutide and 48.6%

for exenatide QW. Similarly, at 360 days, 67.0%

of patients were estimated to be persistent with

semaglutide QW, versus 56.0% for dulaglutide,

40.4% for liraglutide, and 35.5% for exenatide

Table 2 Adherence in patients receiving semaglutide QW versus patients receiving dulaglutide after propensity score
adjustment for original analysis and post hoc analysis

Outcome variable Semaglutide QW Dulaglutide p value (semaglutide versus dulaglutide)

Original analysis

PDC at 180 days, n 447 17,073 –

Mean 0.65 0.72 \ 0.001

PDC[ 80%, % 41.9 53.6 0.59

PDC at 360 days, n 87 7280 –

Mean 0.64 0.62 \ 0.001

PDC[ 80%, % 44.7 43.3 0.86

Post hoc analysis

PDC at 180 days, n 370 14,480 –

Mean 0.79 0.80 0.54

PDC[ 80%, % 63.3 66.7 0.32

PDC at 360 days, n 71 6111 –

Mean 0.75 0.69 0.05

PDC[ 80%, % 63.4 52.3 0.20

PDC proportion of days covered, QW once-weekly
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QW (p\ 0.001 for all). Compared with

semaglutide QW, treatment discontinuation

rate was significantly higher for dulaglutide (HR

1.22; 95% confidence interval [CI] 1.13, 1.32;

p\0.001), liraglutide (HR 1.80; 95% CI 1.66,

1.95; p\ 0.001), and exenatide QW (HR 2.12;

95% CI 1.96, 2.30; p\0.001) (Fig. 1).

Persistence Analysis: Stratification

According to Payer Type (Medicare Versus

Commercial Insurance)

Commercial Claim Subgroup

The majority of baseline differences were well

balanced through stratification by payer type

(Supplementary Table S2). Differences were

observed in prior antidiabetic medication

between semaglutide QW and all the compara-

tors. Prior use of dipeptidyl peptidase 4 inhibi-

tors, insulin, metformin, SGLT2is, and

thiazolidinediones in patients receiving

semaglutide QW versus patients receiving

dulaglutide was 20.4%, 34.4%, 76.0%, 28.6%,

and 8.1% versus 24.4%, 30.6%, 75.9%, 25.8%,

and 8.3%, respectively.

Semaglutide QW was associated with a sig-

nificantly greater treatment persistence com-

pared with dulaglutide at both 180 days (76.1%

versus 72.5%, respectively) and 360 days (69.7%

versus 61.5%, respectively); logrank test

p = 0.025 (Fig. 2). Similarly, a statistically sig-

nificant difference was observed in the KMSE of

persistence at 180 days favoring semaglutide

QW (76.1% for semaglutide QW versus 58.7%

for liraglutide and 53.8% for exenatide QW) and

360 days (69.7% for semaglutide QW versus

43.4% for liraglutide and 39.9% for exenatide

QW); logrank p\0.001 for both (Fig. 2). Com-

pared with semaglutide QW, the treatment

discontinuation rate was higher for liraglutide

(HR 1.79; 95% CI 1.63, 1.97; p\0.001) and

exenatide QW (HR 2.07; 95% CI 1.88, 2.29;

p\0.001) and similar for dulaglutide QW (HR

1.10; 95% CI 1.00, 1.21; p = 0.05; Fig. 2).

Medicare Claim Subgroup

Baseline characteristics within the Medicare

claim subgroup for all study groups were well

balanced. Differences in patient comorbidities

were observed between semaglutide QW and all

the comparators groups. A higher number of

patients receiving semaglutide QW (51.8%) had

a Charlson comorbidity index (CCI) score C 4

compared with patients receiving dulaglutide

(46.9%).

There was a trend favoring semaglutide QW

but no significant difference in the treatment

persistence between semaglutide QW and

dulaglutide at 180 days (64.1% versus 61.6%,

respectively) and 360 days (57.1% versus 51.6%,

respectively); logrank test p = 0.746 (Supple-

mentary Fig. S2). Significant differences favor-

ing semaglutide QW were observed in

persistence versus liraglutide at 180 and

360 days (50.7% and 38.1%, respectively) and

exenatide QW at 180 and 360 days (43.8% and

31.4%, respectively); logrank p\0.001 for all

(Supplementary Fig. S2). Compared with

semaglutide QW, there was no statistically sig-

nificant difference in the treatment discontin-

uation rate for dulaglutide QW (HR 0.97; 95%

CI 0.84, 1.12; p = 0.654). However, the rate of

discontinuation was significantly higher with

liraglutide (HR 1.33; 95% CI 1.15, 1.55;

p\0.001) and exenatide QW (HR 1.64; 95% CI

1.41, 1.90; p\ 0.001), compared with semaglu-

tide QW (Supplementary Fig. S2).

Persistence Analysis: Propensity Score

Adjusted (Semaglutide QW Versus

Dulaglutide) According to Payer Type

Commercial Claim Subgroup

Baseline patient characteristics after propensity

score adjustment for the commercial claim

subgroup receiving semaglutide QW and

dulaglutide are presented in Supplementary

Table S3A, and the adjusted KMSE and HR for

persistence are presented in Fig. 3. Baseline

characteristics after propensity score adjust-

ment were well balanced between the two claim

subgroups and had minimal effect on the results

compared with stratification alone. A signifi-

cant difference (p = 0.016) in persistence was

observed between semaglutide QW and

dulaglutide at 180 days (75.9% versus 72.4%,

respectively) and 360 days (69.9% versus 61.4%,

respectively), and the rate of discontinuation
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was higher with dulaglutide (HR 1.13; 95% CI

1.02, 1.25; p = 0.017) (Fig. 3).

Medicare Claim Subgroup

Baseline patient characteristics after propensity

score adjustment for the Medicare claim sub-

group receiving semaglutide QW and dulaglu-

tide are presented in Supplementary Table S3B,

while the adjusted KMSE and HR for persistence

for semaglutide QW and dulaglutide are pre-

sented in Supplementary Fig. S3. Adjustment

showed minimal effect on the results compared

with stratification alone. The difference in per-

sistence between semaglutide QW and

dulaglutide at 180 days (62.4% versus 61.7%,

respectively) and 360 days (56.2% versus 51.7%,

respectively) was not significant (p[0.05),

though the trend was in favor of semaglutide

QW. Likewise, the rate of discontinuation for

semaglutide QW was similar to dulaglutide (HR

0.89; 95% CI 0.74, 1.08; p[ 0.05) (Supplemen-

tary Fig. S3).

Adherence Analysis: Semaglutide QW

Versus Other GLP-1 RAs

As a result of the relatively short period of time

from the launch of semaglutide QW to the

index date, fewer patients receiving semaglutide

QW were included in the adherence analysis at

both 180 and 360 days (n = 447 and n = 87,

respectively), compared with patients receiving

dulaglutide (n = 17,073 and n = 7280, respec-

tively) (Table 2), liraglutide (n = 11,996 and

n = 6137, respectively), and exenatide QW

(n = 5842 and n = 2683, respectively). Differ-

ences in baseline characteristics were observed

between semaglutide QW and all the compara-

tors regarding age, region, and prior antidia-

betic medication (Table 1).

The measurement of PDC[ 80% showed

that treatment adherence was significantly

higher for patients receiving semaglutide QW

compared with patients receiving liraglutide

and exenatide QW (44.7% versus 39.9%

[p = 0.04] and 38.8% [p = 0.01], respectively),

whereas it was significantly lower compared

with those receiving dulaglutide (44.7% versus

53.8%; p\0.001). Similarly, the treatment

adherence at 360 days was higher for patients

receiving semaglutide QW compared with exe-

natide QW (39.1% versus 27.7% [p = 0.02],

respectively), but there were no significant dif-

ferences found between semaglutide QW com-

pared with liraglutide or dulaglutide (39.1%

versus 30.0% [p = 0.07] and 43.2% [p = 0.45],

respectively; data not shown).

Adherence Analysis: Propensity Score

Adjusted (Semaglutide QW Versus

Dulaglutide) Without Stratification

Following propensity score adjustment, a sig-

nificantly higher treatment adherence was

observed for dulaglutide compared with

semaglutide QW at day 180 (53.4% versus

41.9%; p\ 0.001), a result which was similar to

that observed for the unadjusted data. However,

there were no significant differences in the

proportion of patients with PDC C 80% at day

360 for semaglutide QW (44.7%) compared

with dulaglutide (43.3%, p = 0.86) (Table 2).

Post Hoc Adherence Analysis

As a result of the opposing results observed

between semaglutide QW treatment adherence

and persistence, we performed a post hoc

treatment adherence analysis to test the

hypothesis that the titration for semaglutide

QW may have impacted the original adherence

results. To account for this hypothesis, we ana-

lyzed PDC starting from eligible patients’ sec-

ond fill among those with at least two fills.

Post hoc treatment adherence analysis was

performed on a smaller number of patients

receiving semaglutide QW at 180 days and

360 days (n = 370 and n = 71, respectively)

compared with patients receiving dulaglutide

(n = 14,480 and n = 6111, respectively)

(Table 2). In the unadjusted post hoc results,

there were no significant differences in the

proportion of patients with PDC C 80% at day

180 or day 360 for semaglutide QW (61.9% and

59.2%, respectively) compared with dulaglutide

(66.6% [p = 0.06] and 52.2% [p = 0.24], respec-

tively). Similarly, in the propensity score

adjusted post hoc results, there were no
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significant differences in the semaglutide QW

adherence at day 180 or day 360 (63.3% and

63.4%, respectively) compared with dulaglutide

adherence (66.7% [p = 0.32] and 52.3%

[p = 0.20], respectively) (Table 2).

DISCUSSION

This study provides real-world evidence that

persistence with medication in patients with

T2D who are GLP-1 RA-naı̈ve is greater in those

receiving semaglutide QW than those receiving

dulaglutide, liraglutide, or exenatide QW.

Additionally, adherence to semaglutide QWwas

greater than adherence to liraglutide and exe-

natide QW. Adherence to semaglutide QW was

similar to dulaglutide once the data from two

prescription fills were used to account for the

confounding titration.

Previous real-world evidence studies have

shown dulaglutide to be associated with greater

treatment persistence and adherence compared

with semaglutide QW, liraglutide, and exe-

natide QW [26–29]. In this study, the greater

treatment persistence and comparable adher-

ence of semaglutide QW versus these other GLP-

1 RAs may be a result of the associated clinical

benefits of semaglutide QW such as improved

glycemic control and greater weight loss

[21, 25]. Additionally, the favorable persistence

and adherence are likely to contribute to

improved clinical outcomes.

Interestingly, patients receiving semaglutide

QW were more likely to be part of the com-

mercial claim subgroup versus the Medicare

claim subgroup, which suggests that the major

differences in baseline characteristics observed

were primarily driven by the commercial/

Medicare ratio. One explanation for the differ-

ences in the commercial/Medicare ratio may be

due to the data collection period taking place

soon after launch of semaglutide QW.

When the commercial and Medicare claim

subgroups were analyzed separately, persistence

was greater in those patients with commercial

claims. The degree of persistence was heavily

dependent on the commercial/Medicare split,

indicating that the overall result was driven by

the commercial claim subgroup, and this in

turn carries over to the overall comparison due

to the relative sizes of the commercial/Medicare

population. The results of the adjusted data

reflected those following stratification, with

only minimal differences.

In the unadjusted analysis, adherence to

semaglutide QW at day 180 and day 360 was

superior to exenatide QW. In contrast, adher-

ence to dulaglutide was significantly higher

than adherence to semaglutide QW at day 180.

Interestingly, the observed PDC for semaglutide

QW at day 180 and 360 was similar; this finding

was not observed with dulaglutide, suggesting

that the adherence rates for semaglutide QW are

more consistent over time compared with the

adherence rates for dulaglutide. However, the

smaller patient population in the semaglutide

group compared with the other GLP-1 RAs

makes it difficult to draw conclusions.

As with any claims database analysis, there

are limitations to the current study. First, the

data were derived from medical claims, which

may have contained undetected coding errors

and, given that the primary use of claims data is

in the arbitration of any payment issued, data

confounding errors as a result of incomplete

patient medical histories cannot be ruled out.

During the study, uptake of semaglutide QW

increased over time from its launch in February

2018, and the majority of patients had an index

date in 2019. This resulted in differing numbers

of patients influencing either end of the

Kaplan–Meier survival curves and the possibility

that the behavior of the patients at the begin-

ning of the analysis may have differed from that

of the patients nearer the end of the analysis. It

is noteworthy that the study only included data

from the US and comprised a smaller number of

patients receiving semaglutide QW, likely as a

result of recent product launch, compared with

those receiving the comparators; as such, the

power of the statistical analyses may not have

been robust and the generalizability of the

results should be interpreted with caution.

Consequently, future analyses involving a larger

study population may be warranted. A further

possible limitation is that the distribution of

GLP-1 RAs and the resulting observed persis-

tence may have been influenced by the baseline

characteristics. Covariate and propensity score
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adjustments were performed to account for

these differences, although unmeasured base-

line characteristics that were not accounted for

may have affected the observed results (e.g.,

body mass index). Specific to the semaglutide

QW versus dulaglutide comparison, the differ-

ence in the pens used to administer the GLP-1

RAs may have affected adherence and persis-

tence; for example, semaglutide QW is admin-

istered via a multi-use pen, whereas dulaglutide

is administered via a single-use pen [9, 10]. This

may have affected differences in the number of

prescription fills meeting adherence and per-

sistence definitions and calculations between

semaglutide QW and dulaglutide for the current

study. Finally, it is important to note that the

original cost measures were not used during

database entry, which may have introduced

errors.

Strengths to our analysis include the use of

real-world evidence on the persistence with and

adherence to semaglutide QW as well as using

multiple comparators to semaglutide QW:

dulaglutide, liraglutide, and exenatide QW.

Furthermore, our analysis involved two differ-

ent time points at 180 and 360 days for both

treatment persistence and adherence, which is

important in informing medium- and longer-

term persistence and adherence. While clinical

trials are considered the gold standard for

internal validity of safety and efficacy, the per-

sistence and adherence rates are typically higher

than those observed in real-world clinical prac-

tice [30]. This in turn causes difficulty in

extrapolating results from randomized con-

trolled trials to the general public. Therefore,

real-world evidence provides greater under-

standing of the effects of these therapeutic

options on the population in a real-world

setting.

CONCLUSION

This study provided real-world persistence data

for semaglutide QW, and the results of this

retrospective, database analysis showed that

patients with T2D receiving semaglutide QW

had greater persistence than patients receiving

dulaglutide, liraglutide, or exenatide QW.

However, the degree of persistence was heavily

dependent on insurance type. The greater per-

sistence and adherence demonstrated in this

study support the use of semaglutide QW for

treatment of patients with T2D.
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