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REVIEW

Review of head-to-head comparisons of glucagon-like peptide-1

receptor agonists
Sten Madsbad

Department of Endocrinology, Hvidovre Hospital, University of Copenhagen, Hvidovre, Denmark

Currently, six glucagon-like peptide-1 receptor agonists (GLP-1RAs) are approved for treating type 2 diabetes. These fall into two classes based on
their receptor activation: short-acting exenatide twice daily and lixisenatide once daily; and longer-acting liraglutide once daily, exenatide once weekly,
albiglutide once weekly and dulaglutide once weekly. The phase Ill trial of a seventh GLP-1RA, taspoglutide once weekly, was stopped because of
unacceptable adverse events (AEs). Nine phase Ill head-to-head trials and one large phase Il study have compared the efficacy and safety of these
seven GLP-1RAs. All trials were associated with notable reductions in glycated haemoglobin (HbA1c) levels, although liraglutide led to greater decreases
than exenatide formulations and albiglutide, and HbA1c reductions did not differ between liraglutide and dulaglutide. As the short-acting GLP-1RAs delay
gastric emptying, they have greater effects on postprandial glucose levels than the longer-acting agents, whereas the longer-acting compounds reduced
plasma glucose throughout the 24-h period studied. Liraglutide was associated with weight reductions similar to those with exenatide twice daily but
greater than those with exenatide once weekly, albiglutide and dulaglutide. The most frequently observed AEs with GLP-1RAs were gastrointestinal
disorders, particularly nausea, vomiting and diarrhoea. Nauseaoccurred less frequently, however, with exenatide once weekly and albiglutide than
exenatide twice daily and liraglutide. Both exenatide formulations and albiglutide may be associated with higher incidences of injection-site reactions
than liraglutide and dulaglutide. GLP-1RA use in clinical practice should be customized for individual patients, based on clinical profile and patient
preference. Ongoing assessments of novel GLP-1RAs and delivery methods may further expand future treatment options.
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Introduction food ingestion [15,16]. Glucagon-like peptide-1 has multiple
effects that are desirable in the treatment of T2D, includ-
ing: glucose-dependent increased insulin secretion; glucose-
dependent decreased glucagon secretion; delayed gastric
emptying; increased satiety; and, as shown in some animal
studies, protection of #-cell mass [17,18].

Unfortunately, although intravenously infused GLP-1 can
normalize plasma glucose concentrations in people with T2D
[19,20], it has an extremely short half-life (1-2 min) [16] that
limits its therapeutic value [21]. Multiple GLP-1RAs have been
developed to recapitulate the physiological effects of GLP-1
but with an extended duration of action (achieved by vari-
ous changes to the molecular structure) compared with the
native peptide [22].The present review examines the avail-
able evidence from published head-to-head clinical trials with
GLP-1RAs, and contrasts the relative clinical benefits of the
short- and longer-acting agents.

The early and intensive treatment of people with type 2 dia-
betes (T2D) is of key importance for reducing the risk of late
diabetic complications, such as microvascular disease [1]. T2D
is linked to obesity [2], and the cornerstone of treatment is
lifestyle changes to promote weight loss and increase exercise
[3]; however, because of the progressive nature of T2D, phar-
macological therapy to address hyperglycaemia becomes nec-
essary in almost all patients. Pharmacological treatment is,
unfortunately, often associated with side effects such as weight
gain (e.g. sulphonylureas, insulin and thiazolidinediones) [4,5],
hypoglycaemia (e.g. sulphonylureas and insulin) [6,7], gas-
trointestinal (GI) discomfort [e.g. metformin and glucagon-like
peptide-1 receptor agonists (GLP-1RAs)] and genital infec-
tions [sodium-glucose co-transporter 2 (SGLT2) inhibitors]
[8-10]. Notwithstanding the GI discomfort with GLP-1RAs,
their introduction over the last decade has greatly improved
treatment of T2D [11-14].

Human GLP-1 is a member of the incretin family of
glucoregulatory hormones, and is secreted in response to Characteristics of GLP-1RAs

Seven GLP-1RAs are included in the present review, all of which
Correspondence to: Sten Madsbad, DeparFment of Endocrinology, Hvidovre Hospital, University have been studied in phase 1II clinical trials. The GLP-1RAs
Eiﬁ:ﬁe:t:?gfﬂ:dii:gg@aiz‘sol:‘rd5650 fivdovre, Denmari are: exenatide twice daily (Byetta®, AstraZeneca; approved in

Europe in November 2006 and 28 May 2005 in USA [23,24]);
This is an open acce§5 a.mc\e und‘er the Ferms of th.e (T‘rea.tive.Commons. Attribut}on— liraglutide (ViCtOZEl@, Novo NOI‘diSk; approved in Europe in
NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided ]une 2009 and 25 ]anuary 2010 in USA [25,26]); exenatide

the original work is properly cited, the use is non-commercial and no modifications or adaptations ®
are made. once weekly (Bydureon®, AstraZeneca; approved in Europe in
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June 2011 and 26 January 2012 in USA [27,28]); lixisenatide
(Lyxumia®, Sanofi; approved in Europe in February in 2013
[29] but not in the USA); albiglutide (Eperzan® and Tanzeum®,
GlaxoSmithKline; approved in March 2014 in Europe and April
2014 in USA [30,31]); dulaglutide (Trulicity™, Lilly; approved
in Europe in November 2014 and September 2014 in USA
[32,33]); and taspoglutide (Ipsen/Roche). These have all now
been approved for use in T2D, with the exception of taspoglu-
tide, the development of which was halted because of serious
hypersensitivity reactions and GI adverse events (AEs) during
clinical trials; however, the available data for this compound
are included in the present review to give a full picture of the
GLP-1RA family.

As a drug class, the GLP-1RAs have proven efficacy for low-
ering glycated haemoglobin (HbAlc) and decreasing weight
in T2D, with a reduced risk of hypoglycaemia compared with
insulin or sulphonylureas [34]. These characteristics under-
lie the inclusion of GLP-1RAs in various clinical practice
guidelines. Their use as dual therapy with metformin after
first-line metformin and as triple therapy (in combination with
metformin and a sulphonylurea/thiazolidinedione/insulin)
is part of the European Association for the Study of Dia-
betes/American Diabetes Association recommendations [34].
GLP-1RAs are recommended as monotherapy, dual therapy
and triple therapy by the American Association of Clini-
cal Endocrinologists/American College of Endocrinology
guidelines [35]. Nonetheless, they differ substantially in their
molecular structure and degree of homology to endogenous
GLP-1, both in their chemical and physiological properties
and in their durations of action (Table 1).

Several GLP-1RAs (exenatide twice daily, exenatide once
weekly and lixisenatide) are based on the exendin-4 molecule,
a peptide with 53% identity to native GLP-1 [36,42,43], while
others, such as liraglutide, albiglutide, dulaglutide and tas-
poglutide are classified as GLP-1RA analogues with 97, 95,
90 and 93% identity, respectively, to native GLP-1 [38-40].
The GLP-1RAs are, in addition, commonly considered to fall
into two different classes based on their duration of receptor
activation. The short-acting compounds, delivering short-lived
receptor activation, comprise exenatide twice daily and lixise-
natide once daily. The long-acting compounds, which activate
the GLP-1 receptor continuously at their recommended dose,
comprise liraglutide once daily, and the once-weekly formu-
lations of exenatide, albiglutide, dulaglutide and taspoglutide
(Table 1). These different durations of action largely explain
variations among GLP-1RAs in their impact on fasting plasma
glucose (FPG), 24-h glucose profile and postprandial plasma
glucose (PPG) levels [60,61]. Delayed gastric emptying, for
example, is more strongly associated with short-acting than
longer-acting GLP-1RAs (Figure 1), and this may underlie the
greater effects on PPG observed with short-acting GLP-1RAs.
Meanwhile, the greater half-lives of the longer-acting com-
pounds allow enhanced effects on the whole 24-h glucose
level, including FPG. Longer-acting GLP-1RAs do not sig-
nificantly affect gastric motility. Instead, they exert more of
their effect via the pancreas, increasing insulin secretion and
inhibiting glucagon secretion via paracrine release of somato-
statin (Figure 1) [22].
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Not only do GLP-1RAs differ from each other in terms of
their duration of action [39,46-51], they also show varying
levels of affinity for the GLP-1 receptor [62]. This difference
between GLP-1RAs is also evident in their varying efficacy with
regard to HbAlc reduction and weight loss, and differing tol-
erability profiles and potential for immunogenicity [22,63-65].
It is important to understand these specific characteristics to
appropriately tailor the choice of GLP-1RA to the individual
patient. Head-to-head clinical trials are the best way to eluci-
date variations in efficacy and tolerability, and a number of such
studies have been conducted with GLP-1RAs in T2D.

Head-to-head Comparison Trials

To date, the results from nine phase III randomized trials
that directly compare different pairs of GLP-1RAs have been
published [12-14,40,54-56,66,67]. An overview of the designs
of these studies is provided in Table 2. One large phase II study,
comparing liraglutide and lixisenatide pharmacodynamics, is
also included [61].

Of the GLP1-RAs in the head-to-head trials, exenatide twice
daily and liraglutide were the most common comparators
(Table 2). The majority of the phase III studies included in
the present review were of ~6 months’ duration, although sev-
eral also had extension phases to give trial durations up to
12 months (Table 2). All of the phase III trials examined changes
in HbA1c as the primary endpoint; the phase II study by Kapitza
etal. [61], however, used changes in PPG exposure as the pri-
mary endpoint.

In general, baseline characteristics were similar across trial
populations and between treatment groups within individual
trials (Table 3). The mean age of participants ranged from 55
to 61 years across the studies, with mean duration of diabetes
ranging from 6 to 9years. Mean baseline HbAlc levels were
in the range of 8.0 (64 mmol/mol) to 8.7% (72 mmol/mol)
across the studies, except for the phase II study (in which
HbA ¢ levels were lower) [61]. Glucose concentrations in the
range of 9.1-9.9 mmol/l were determined in plasma and serum
samples, and mean baseline weight was consistently in the range
91-102kg, except in an Asian study, in which mean weight
was lower [56] (Table 3). Differences in key study outcomes are
discussed in the following sections.

Glycaemic Measurements

In all of the head-to-head trials, the GLP-1RAs studied led to
notable reductions in HbAlc.

These reductions ranged between 0.3 (3 mmol/mol) and
1.9% (21 mmol/mol). Although data are not comparable across
studies because of differences in study design and patient
cohorts, there were some important differences between treat-
ment arms in the magnitude of HbAlc reductions (Figure 2).
In particular, in the DURATION-1, DURATION-5 studies and
the study by Ji etal. [54-56], exenatide once weekly produced
both more consistent and greater reductions in HbAlc levels
than did exenatide twice daily (p <0.0023). In the GetGoal-X
study [12], meanwhile, exenatide twice daily showed a numeri-
cally greater HbAlc reduction than lixisenatide. Liraglutide, in

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

DIABETES, OBESITY AND METABOLISM

"uorjeIu3du0d mEmm—Q wmuurxeuw 03 awry

oxew

"3PIIBUIXD 0} AJLIB[IWIS UO PISBq dN[BA ,
1, urngorSounwwr ‘4HJT 9stuoTe 10)dodar 1-d O “VII-d'TO ‘1-opndad axr-uofeon8 ‘1-g1o -osepndad [Apndadip §-ddq Gudas as1aape ‘qy

[o%] syuedonred
JO %6¥ Ul pa3293ad

synsax paysiqndup
[15] ApAnadsax
‘sasop Suwr o¢

pue g ‘Iieygpue 9y

[1s]ysot
[s¥] Surpuiq
10)dodar 123218 smofe
Os[e pue mummquh&
auwIds Aq pue y-ddd
£q a8eaeap 1opury oy
PauSIsap suonedyIPOIN

[o¥] %€6

Ap[oam aduo

apnnjSodsey,

[¢1] syuaned Jo

91 ur sarpoqnue Snipryue

Sursirenynau aprnidemnp

pue syuedonred

JO %1 ut sarpoquue
Snapnue apunideng

[62] Afanadsar /1010

PUB €/£0°0 Sem 3e3s
Apeays ye Swr g1 pue Jwg/ 0

l6€]uyzL-ve

[6¢€] skep g~

[6¢] Lanoe uruojord
pue 9dURILI[D [RUAX
Sunrury 9mosjouwr 531
Ue 0) Pasny ST J[NI[OW
a1y} Jo uontod 1-4T0 YT,

[6€] %06

Appoam aouo

apnniSemq

[¥1] opnniSiqre
ym parean syuedonaed jo
%€ Ut pado[aasp satpoquuy

[es] q/mur 29

[os] y96-TL

[0s] skep 8-9

[r¥] wnnqre

0} pasny oup 1-d15

[8€] %s6

Ap[oam aduo

apuniiqry

[65]

Arep 2013 8t oz Yyim
pajean) o1/ pue A[rep
25u0 3 01 YIIm pajeary
syuedonred jo 9¢y @
[8¢]

Afrep aouo 81 oz yim
parean syuedionred

JO %09-95 o

:ut padofaaap satpoquuy

[6¥] u/1s'82-T 12

l6v] uscz-sT1

[6vluev-LT
[e¥] euruia-n oy
Je SaNPISAI JUISA] XIS
.«O QOﬁM—uUm pue mﬂﬁ&mwh
OEJOHQ U0 .wO ﬁOﬁw?@
ay) £q payrpowr

SIINQ OpIeUSIXd UO paseq

%05~

Aqrep asuo

IpHeUdSIXI]

[£8] $72om 9T 13ye

“A[oandadsar Sur g1

pue 7T apungesy|

0} SATPOQTIUE JI)T}-MO]

pey sjuedonred

JO %€'8 pue /'8
‘satpnys ¢ aseyd X1s wory

[eslunc

[sv] yci-6~

[s¥lust-11

[8¢€]
uoneuLIo] EEE&&

pue Surpuiq urungqpe
sIoJu0d proe A)3e] 91-D)

[€] %L6

Aqrep asuo

spundeary

‘[95-%¢] sqV pariodax

JO SajeI IIM 9]JB[a1I0D JOU PIp SaIpoqnuy e

‘[9s-¥<]

Afrep ao1m) aprjeuaxa M pareduwrod Appam 2ouo
dpneuaxo YIM MMJW-Q AIaM SaI1) pue UOWUWIOd
210U A19M SIATPOQNUE ‘SAPNJS PEIY-0)-Peay U] @

synsax paystqndupn

[£¥] y8¥
351y o3 SULNp Y ['S-1°C
[£¥] sxPam £—9
Je suoneIjuaduod
a1e)s Apeals
uﬁ@ ﬁdmuu ﬁwﬂw:n_ﬁmﬁﬁ
ue ST JI[-J[eH

[2¥] sexoydsorotur
1owdlod spqeperdaporq
ur pajensdesuy

[o€] %es

Apoam aouo

apryeudaxy

[zslunre

[ovlure

[ov] u¥c

[1¥] aur24[8 £q g uonisod

Ul SUTUR[R JO UOTINJISQNS
a1y 03 anp A[aSre]

98eea H-dd 01 JueISISNY

[9€] %€s

A[rep a51M) apnjeusxy

uoneurIo) poqnuy

duered]n

Xeur

J-JIeH

Snap oy Jo sansadoig
1-d'TO 2AnpeU
0 Ayrreqruats a>uanbas
poe ourwre 3gejuadiog

'systuoSe 10ydasar 1-apndad axrp-uoSeon(S oy jo sonstyoeIeYd 2ARIRdWOD *| J|qEL

Find authenticated court documents without watermarks at docketalarm.com.

DOCKET
LARM

A



BEELB
Sticky Note
None set by BEELB

BEELB
Sticky Note
MigrationNone set by BEELB

BEELB
Sticky Note
Unmarked set by BEELB

https://www.docketalarm.com/

(A)

S

Short-acting
/ -

Intestinal

* glucose
absorption

Gastric
emptying

Insulin *
Glucagon *

DIABETES, OBESITY AND METABOLISM

f Nausea

Long-acting

f ;: @ £ 2
Insulin s
Glucagon I

Figure 1. Gastric-emptying effects of short-acting versus longer-acting glucagon-like peptide-1 receptor agonists (GLP-1RAs). (A) Short-acting GLP-1RAs
suppress gastric emptying, which prolongs the presence of food in the stomach and upper small intestine; the reduced transpyloric flow causes delayed
intestinal glucose absorption and diminished postprandial insulin secretion. Short-acting GLP-1RAs may also directly suppress glucagon secretion. (B)
Longer-acting GLP-1RAs do not significantly affect gastric motility, because of tachyphylaxis. Instead, longer-acting GLP-1RAs exert more of their effect
via the pancreas, increasing insulin secretion, and inhibiting glucagon secretion via paracrine release of somatostatin. By targeting the central nervous
system, both shorter- (A) and longer (B) -acting GLP-1RAs increase satiety and also may induce nausea. Adapted from Meier [22]. Adapted by permission
from Macmillan Publishers Ltd: Nature Reviews Endocrinology 2012;8(12):728-42, copyright 2012.

the DURATION-6 and LEAD-6 studies, led to greater HbAlc
reductions than both exenatide twice daily and once weekly
(p<0.02) [66,67]. Liraglutide also led to greater reductions
in HbAlc than lixisenatide (p <0.01) in the phase II study
(although it was not the primary endpoint and the study dura-
tion was short [61]). Likewise, in the HARMONY 7 study [14],
liraglutide led to greater reductions in HbA1c than albiglutide
(however, the predefined non-inferiority criteria for albiglutide
were not met). In the AWARD-6 study [13], the reduction in
HbA1c did not differ between liraglutide and dulaglutide after
26 weeks of treatment. In the T-emerge 2 study, taspoglutide at
10 and 20 mg led to greater reductions in HbA1lc than exenatide
10 pg twice daily (p < 0.0001) [40].

In addition, PPG and FPG were assessed in many of these
trials. As expected, based on the delayed gastric emptying seen
with the short-acting GLP-1RAs, exenatide twice daily and
lixisenatide had greater effects on PPG than the longer-acting
GLP-1RAs and this improvement was observed after the meal
that followed the injection. For example, in the phase II study,
lixisenatide administered before breakfast was associated with
significantly greater reductions in maximum PPG excursion
than liraglutide (—3.9 mmol/l vs —1.4 mmol/l, respectively;
p <0.0001), resulting in PPG of 7.3 and 10.1 mmol/l, respec-
tively, 2h after starting breakfast [61]. The differential
effect on PPG is evident in the 24-h plasma glucose pro-
files shown in Figure 3. These data are supported by results
from another phase II study, which showed that lixisenatide
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had a significantly greater effect than liraglutide in reducing
area under the PPG curve after a standardized solid breakfast.
This difference was thought to be attributable to significant
delays in gastric emptying with lixisenatide versus liraglutide,
which reduced post-breakfast blood glucose exposure [68].
Similarly, in a comparison of exenatide twice daily and exe-
natide once weekly, the mean change from baseline in 2-h
PPG was significantly greater with the twice-daily versus the
once-weekly formulation (—6.9 mmol/l vs —5.3 mmol/l, respec-
tively; p =0.0124), and the delay in gastric emptying was more
pronounced with exenatide twice daily than with exenatide
once weekly [54]. Furthermore, in a study conducted in Asian
participants by Ji etal. [56], exenatide twice daily produced
significantly greater reductions in postprandial blood glucose
than exenatide once weekly based on assessments 2h after
each of the morning and evening meals (p < 0.001); however,
in a sub-analysis of participants in the T-emerge 2 study, the
longer-acting GLP-1RA taspoglutide had similar effects to exe-
natide twice daily on postprandial metabolism, although the
mechanisms underlying this effect are not entirely clear [69].
Generally, the longer-acting GLP-1RAs improve glucose
control via a downward shift of the whole 24-h glucose curve,
which explains the greater overall efficacy compared with the
short-acting exenatide twice daily and lixisenatide once daily.
While the short-acting GLP-1RAs typically have an advantage
with respect to PPG, the situation is reversed with FPG. Here,
the longer-acting GLP-1RAs resulted in greater improvements.
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O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.
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