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Abstract

What is known and objective: Glucagon-like peptide-1 receptor agonists (GLP-1 RAs)
are one of the preferred approved treatment options for people with type 2 diabetes
(T2D) and inadequate glycaemic control. The objective of this review is to provide a
general clinical overview of the similarities and differences in the mechanisms of action
(MoA) of the once-weekly GLP-1 RA class of medications, highlighting the role of phar-
macists in providing optimal medication management, education and care for people
with diabetes.

Methods: This is a narrative review of the published literature regarding the MoA of
the currently available once-weekly GLP-1 RAs in T2D.

Results and discussion: GLP-1 RAs have an established efficacy and safety profile. Their
benefits derive from their blood glucose-lowering effects, which include pancreatic
beta-cell-mediated glucose-dependent insulin secretion and suppressed glucagon re-
lease, and their ability to slow gastric emptying and promote satiety. GLP-1 RAs may also
exert beneficial effects on multiple organ systems in which GLP-1 receptors are present,
including the cardiovascular and renal systems. Differences between individual GLP-1
RAs with regard to their molecular size, structure and duration of action (short or longer
acting) have led to differing pharmacodynamics and clinical effects such as degree of
glycaemic control, weight loss abilities, cardiovascular effects and tolerability profiles.
What is new and conclusion: From the literature, this appears to be the first review
of the evidence base supporting the MoA of once-weekly GLP-1 RAs in T2D aimed
at pharmacists, with a particular emphasis on the expanding role of pharmacists in
team-based diabetes management. As a class, GLP-1 RAs are an effective treatment
option for people with T2D, shown to achieve multi-factorial clinical benefits. The
results suggest that when selecting or advising about treatments, pharmacists should
consider how the different once-weekly GLP-1 RAs and their MoA affect clinical

outcomes in order to ensure optimal treatment for individuals.
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1 | WHAT IS KNOWN AND OBJECTIVE

Diabetes mellitus is a chronic and progressive metabolic disease
characterized by raised levels of glucose in the blood, which, if left
untreated over time, can damage various body organs leading to dis-
abling and life-threatening complications such as cardiovascular (CV)
disease, neuropathy, nephropathy and retinopathy.l’2 Diabetes also
imposes a substantial clinical and economic burden on the global
healthcare system.!?

Even though it is largely preventable, type 2 diabetes (T2D) ac-
counts for around 90% of diabetes cases.m? Furthermore, the prev-
alence of T2D has risen dramatically over the past few decades.'?
T2D occurs when the body cannot produce enough of the hormone
insulin or effectively use the insulin it produces, defined as insulin
resistance.”? Prediabetes, a term used to describe elevated glucose
levels that are too high to be considered normal but that do not meet
the criteria for diabetes, has also increased in recent years.?* People
with prediabetes are at an increased risk of developing T2D and its
associated complications.4 In 2009, DeFronzo described the ‘omi-
nous octet’: the eight key defects that contribute to the pathophysi-
ology of T2D, as outlined in Table 1.5

Targeting the various defects of this octet can help in optimiz-
ing medication and lifestyle therapies. This is evident as T2D can
be effectively managed by combining lifestyle changes (including
diet, physical activity, smoking cessation, psychosocial/emotional
care and sleep quantity and quality) with medication when required,
using an individual, progressive approach.}?>*%” There are a num-
ber of pharmacotherapy options for adults with T2D, including oral
medications such as metformin (commonly the first medication
prescribed for T2D), sodium-glucose cotransporter-2 inhibitors
(SGLT2is), dipeptidyl peptidase-4 inhibitors (DPP4is), thiazolidinedi-
ones and sulphonylureas, and injectable medications such as insulins
and glucagon-like peptide-1 receptor agonists (GLP-1 RAs).*¢ Over
time, due to the progression of the disease and the decline in beta
(B)-cell function, intensification of lifestyle and/or pharmacotherapy
is often required for individuals who have not met their treatment
goals. 240

GLP-1 RAs (also known as incretin analogues or mimetics) act to
enhance the body's natural response to food and reduce glucose lev-
els after eating, to achieve glycaemic control.?8° They have multiple
specific desirable effects such as regulating insulin secretion in pro-
portion to environmental glucose levels, a low risk of hypoglycaemia,
facilitating weight loss via reduced appetite and energy intake, and
delayed gastric emptying.®** A wealth of data, including randomized
placebo-controlled trials and head-to-head trials, as well as several
meta-analyses, have shown that GLP-1 RAs are effective agents for
normalizing plasma glucose concentrations.®** As well as improving

glycaemic control, GLP-1 RAs are thought to mediate other effects

that assist in regulating glycaemia and provide long-term pancreatic
effects, such as enhancing insulin synthesis and p-cell proliferation
and survival.? Furthermore, some GLP-1 RAs may have beneficial
effects on the cardiorenal system including reducing CV risk and im-
proving renal outcomes.'t3% These effects and clinical results of
GLP-1 RAs form the basis of this review.

A comparison of GLP-1 RAs can be found in Table 2. Despite all
GLP-1 RAs impacting the incretin hormone system, differences in
their molecular size, structure and pharmacokinetics (PK) have led to
differing pharmacodynamics (PD) and clinical effects, which will be
detailed in this review. This review focuses on the once-weekly (QW)
GLP-1 RAs exenatide extended-release (ER), dulaglutide and sema-
glutide subcutaneous (s.c.), which have half-lives or PK that provide
ongoing receptor activation and support QW administration.!??

As a consequence of the increasing prevalence of T2D and
changes to treatment guidelines, pharmacists play an important role
in the education, management and care of people with T2D.%? For
example, pharmacists can work with prescribers and people with
T2D to identify the most suitable treatment options available and
provide the essential education for proper medication use and ad-
herence.?? Thus, it is important for pharmacists to fully understand
the disease process and the mechanisms of action (MoA) of the avail-
able treatment options.??

The objective of this review is to provide a general clinical
overview of the QW GLP-1 RAs regarding the mechanisms un-
derlying their effects and treatment outcomes, and with a focus
on the commonalities and differences among individual agents.
The implications for pharmacists and people with T2D will also

be discussed.

TABLE 1 GLP-1 RAs target six of the eight core defects evident
in type 2 diabetes

8 core defects in type 2 GLP-1 RAs target 6 of the 8

diabetes® core defects
1. Impaired insulin secretion 1. Enhanced appropriate
2. Increased glucagon secretion pancreatic p-cell (insulin and
3. Increased hepatic glucose amylin) secretion
4. Neurotransmitter 2. Pancreatic a-cell (glucagon)
dysfunction suppression
5. Gl tract/decreased incretin 3. Decreased liver glucose
effect production
6. Decreased glucose uptake 4. Increased satiety through
7. Increased glucose central nervous system
reabsorption 5. Slowed gastric emptying time
8. Increased lipolysis 6. Increased insulin uptake in
peripheral tissue via weight
loss

Abbreviations: Gl, gastrointestinal; GLP-1 RA, glucagon-like peptide-1
receptor agonist; «, alpha; p, beta.
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2 | METHODS

This is a narrative review of the published literature concerning
the use of GLP-1 RAs in people with T2D. Articles were identified
through searches of PubMed and bibliographies of key publica-
tions. The review focuses on the currently available QW GLP-1
RA injectable class of medications, that is exenatide ER, dulaglu-
tide and semaglutide s.c., while also considering once-daily (QD)
and twice-daily (BID) GLP-1 RAs for comparison purposes only.
Albiglutide is not considered in detail, as it was withdrawn from
the market in 2018.2%

3 | RESULTS AND DISCUSSION

3.1 | Similarities and differences in the
characteristics of GLP-1 RAs

GLP-1 is an incretin glucoregulatory hormone released from the
gut in response to food ingestion, which stimulates insulin release
and decreases glucagon secretion when plasma glucose levels are
elevated.®?* GLP-1 RAs are synthetic analogues or mimetics of the
native human GLP-1 with improved PK properties and more sta-
ble PD profiles, thereby providing pharmacological effects greater
than endogenous GLP-1 (Table 2).*® GLP-1 RAs bind to GLP-1 re-
ceptors that are widely expressed in a number of tissues through-
out the body, for example in pancreatic islet cells, as well as cells
in the kidney, lung, heart, brain and gastrointestinal tract.2>26
GLP-1 RAs are included in various clinical practice guidelines for
T2D*%7; however, they differ substantially in their duration of ac-
tion, molecular size and structure, homology to endogenous GLP-
1, chemical and physiological properties and affinity for the GLP-1
receptor (Table 2).

As a general rule, GLP-1 RAs can be divided according to their
duration of action.?”21?7-%0 Short-acting GLP-1 RAs (exenatide
[BID] and lixisenatide [QD]) deliver short-lived receptor activa-
tion (Table 2) and are more strongly associated with reductions
in post-prandial glucose levels by delaying gastric emptying and
facilitating slower delivery of glucose to the duodenum.!431:32
The longer-acting QD (liraglutide) and QW (exenatide ER, dulaglu-
tide, semaglutide s.c.) agents have longer half-lives/PK (>3 hours)
and deliver continuous receptor activation at their recommended
doses (Table 2), which produce greater reductions in fasting blood
glucose by stimulating insulin secretion and inhibition of glucagon
release from the pancreas.!'#3%32 The PK of the long-acting ex-
enatide ER, dulaglutide and semaglutide s.c. agents, in comparison
with the shorter-acting agents, makes them ideal for QW dosing
(Table 2).

Other differences in the characteristics of the GLP-1 RAs are
highlighted in Table 2. For example, GLP-1 RAs can be derivatives
of exendin-4 or modified from the active fragment of the human
GLP-1, which is reflected in their varying homology to native
GLP-1. Furthermore, GLP-1 RAs can be large (~63-73 kilodaltons:
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dulaglutide) or small (<5 kilodaltons: exenatide, liraglutide, lix-
isenatide, semaglutide) in molecular weight.1?2%:27:2%:30

The currently available QW GLP-1 RAs target six (Table 1) of
DeFronzo's ominous octet evident in T2D.> These MoA are dis-
cussed more fully in the following sections, under reported clinical

trial outcomes.

3.2 | Mechanism of action related to
glycaemic control

The core effect of GLP-1 RAs in T2D is good glycaemic control,
which is achieved through effects on GLP-1 receptors in the pan-
creas, essentially stimulating insulin release from pancreatic islet
B-cells in a glucose-dependent manner and suppressing gluca-
gon secretion from pancreatic islet alpha («)-cells, which con-
tributes to the reduction in blood glucose levels in people with
hyperglycaemia.8'9'14’24'33*34

This glycaemic control has been shown consistently across clini-
cal trials with the three QW and other GLP-1 RAs.3%! The differing
half-lives and MoA appear to influence the degree of the glycaemic
control. Greater and more consistent reductions in glycated haemo-
globin (HbA, ) levels were seen with longer-acting GLP-1 RAs com-
pared with short-acting agents.“*37'40

In 14 head-to-head comparisons, all GLP-1 RAs led to notable
reductions in HbA, _levels from baseline, but these were highly vari-
able, ranging from 0.3% to 1.9% in the different studies, although
they are not directly comparable due to differences in study de-
sign and participant cohorts, 33840-424449.50.52-57 Thare js 3 lack
of studies comparing the different QW GLP-1 RAs regarding their
HbA, -lowering effects, with just two recent studies suggesting
semaglutide s.c. has superior efficacy for improving glycaemic con-
trol compared with exenatide ER and dulaglutide.*”* In the other
head-to-head comparisons, participants given QW GLP-1 RAs gen-
erally had significantly greater reductions in HbA, _than those given
QD or BID agents, as shown in three studies with exenatide ER ver-
sus exenatide BID%”#%°° and in two studies with dulaglutide versus
exenatide BID and liraglutide, respectively.*?>2

In clinical trials, GLP-1 RAs have also shown beneficial effects
on other measures of glycaemic control, for example in their ability
to lower both post-prandial glucose (via enhanced gastric emptying
or post-prandial insulin secretion and inhibited glucagon secretion)
and fasting plasma glucose (via enhanced insulin secretion/reduced
glucagon secretion in the fasting state).37-40:46:49.50

Furthermore, because the action of GLP-1 RAs on insulin and
glucagon secretion is dependent upon glucose levels, they are also
associated with a low risk of hypoglycaemia compared with con-
ventional, secretagogue agents (eg, insulin, glinides or sulphony-
lureas; see sister article in this supplement for details).3>:37-40:49:58
In head-to-head clinical studies of GLP-1 RAs delivered QW,
QD or BID, the risk of hypoglycaemia was similarly low across
all QW GLP-1 RAs.37-42:44:49.50.52.55 \gre recently, compared with

placebo, semaglutide s.c. did not impair the counterregulatory
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TABLE 2 Comparative characteristics of currently marketed?, short- and longer-acting, injectable GLP-1 RAs

Molecular formula SC dosing
Molecular weight
GLP-1 RA agent Based on (kilodaltons) Timing Initial dose Regular dose
Exenatide BID?%’ Exendin-4%97 Cig4H2goN50040S BID within 1 h before morning and 5 mcg BID 5 or 10 mcg BID
4.2 evening meals (approx. 6 h or more
apart)
Lixisenatide®®° Exendin-4%97 Cy15H347N41 0455 QD within 1 h before the first meal of 10 mcg 20 mcg
4.9 the day
Liraglutide®?’ Modified human  C,,,H,..N,;O, QD at any time of day, with or without 0.6 mg 1.20r1.8mg
GLP-1 3.8 food
Exenatide ER®" Exendin-4 Ci84H2g5N50040S QW at any time of day, with or without 2.0 mg 2.0 mg
4.2 food
Dulaglutidef21 Modified human  Not explicitly stated in QW at any time of day, with or without 0.75 mg 0.750r 1.5mg
GLP-1 the PI food
63
Semaglutide®?® Modified human  C,g,H,5,N,;O;, QW at any time of day, with or without 0.25 mg 0.50r 1.0 mg
GLP-1 4.1 food

Note: Long-acting GLP-1 RAs indicated as bold text.

Abbreviations: BID, twice-daily; CL, clearance; eGFR, estimated glomerular filtration rate; ER, extended-release; GLP-1 RA, glucagon-like peptide-1
receptor agonist; GLP-1, glucagon-like peptide-1; mcg, micrograms; mg, milligrams; PI, prescribing information; QD, once-daily; QW, once-weekly;

SC, subcutaneous; t1 /o

elimination half-life;> T

max’

time to maximum plasma concentration.

#Albiglutide is not included in this table, as it was withdrawn from the market in summer 2018.

bByetta®; Amylin Pharmaceuticals; approved in 2005.

Adlyxin®; Sanofi-Aventis; approved in 2016. Lixisenatide is also available in combination with insulin glargine under the name Soliqua®/Suliqua®.

dVictoza®; Novo Nordisk; approved in 2010. Liraglutide is also available in combination with insulin degludec under the name Xultophy®.

¢Bydureon®; AstraZeneca; approved in 2012.
Trulicity®; Eli Lilly and Company; approved in 2014.
80zempic®; Novo Nordisk; approved in 2017.

glucagon response during induced hypoglycaemia, consistent
with an action providing glycaemic control with a low risk of
hypoglycaemia.*®

3.3 | Mechanism of action for effects beyond
glycaemic control

A large body of data is accumulating regarding the effects of GLP-1
RAs beyond glycaemic control, with effects due to the widespread
expression of GLP-1 receptors beyond the pancreas.?>?¢%? These
extra-pancreatic effects suggest GLP-1 RAs have the potential to
provide multiple benefits to people with T2D.”"

3.3.1 | Effects on body weight

GLP-1 RAs are recognized for their ability to reduce body weight
in people with T2D.* The weight loss effect is thought to be linked
to GLP-1 RA MoA on central and peripheral receptors in the brain
and stomach.?>%%¢2 Native GLP-1 is a physiological regulator of ap-
petite and energy intake in humans, as it enhances satiety and full-
ness, reduces hunger and suppresses energy intake compared with

placebo in both healthy people and those with T2D.°¢% Animal

studies suggest this may be due to direct actions on mesolimbic
brain receptor pathways affecting perceptions of food reward and
motivation.®? In humans, therefore, the continued use of GLP-1 RAs
could encourage weight loss via stimulation of GLP-1 receptors in
hypothalamic satiety centres in the brain that regulate appetite.®*
GLP-1 RAs also inhibit gastric emptying, thereby slowing gastro-
intestinal motility and leading to feelings of satiety and diminished
appetite.®?

This aspect of their MoA is evident through proven efficacy for
reducing body weight in people with T2D.?64%8 Clinical studies
showed changes in body weight that varied among the QW GLP-1
RAs, whereby average body weight reductions ranged from -1.4 to
-4.1 kg in studies with exenatide ER®"****" and -2.0 to -7.9 kg in
studies with semaglutide s.c.*¢*%°08 Dylaglutide has shown slightly
more modest effects (ranging from an mean increase of +0.20 kg to

reductions of -3.0 kg),*?4445:50

which could perhaps be due to its
larger molecular size compared with other GLP-1 RAs. Its large size
could hinder its ability to cross the blood-brain barrier and therefore
have less of an effect on stimulating satiety.“*l“'s0 Further research
is required to understand the causes of the differences in body
weight.>°

Due to the small number of head-to-head comparisons be-
tween the QW GLP-1 RAs, meta-analyses were also reviewed. They

showed the varying weight loss benefits of the different GLP-1 RAs
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TABLE 2 (continued)

Homology to

Presence of
antibodies to

Toax Gy native GLP-1 (%)  agent/GLP-1 (%)
21h 2.4h 53%8 38
1-3.5h 3h SORE 70
8-12h 13h 97 8.6
Peaksaround2 5 days 53%8 Not explicitly
and 6-7 weeks stated in the PI
24-72 h (median, 5 days 90 1.6
48 h)
1-3 days 7 days 94 1

Clinical Pharmacy and Therapeutics

B WiLEy-L2

Renal dosing Elimination CL(L/h)
Creatinine CL < 30 mL/min Renal/proteolysis 9.1
not recommended
eGFR < 15 mL/min/1.73 m? Renal/proteolysis 35
not recommended
No dose adjustment No specificorgan 1.2
eGFR < 30 mL/min/1.73 m? Renal/proteolysis 9.1
not recommended
No dose adjustment Endogenous 0.111 (0.75 mg)
metabolism and 0.107
(1.5 mg)
No dose adjustment Urine and faeces 0.05

compared with placebo and other anti-diabetic agents, with few dif-
ferences between the GLP-1 RAs.>16%66¢? Recently, semaglutide
s.c. has been shown to reduce body weight versus placebo and to a

greater extent than exenatide ER and dulaglutide.*>°

3.3.2 | Effects onthe CV system

Some QW GLP-1 RAs have been reported to reduce the incidence of
CV events and improve CV risk factors such as blood pressure and
serum lipid concentrations.'””°72 The MoA involved in the CV ef-
fects of GLP-1 RAs have not yet been fully established. Weight loss
and good glycaemic control may help to improve CV outcomes, but
GLP-1 RAs also exert a range of direct and indirect effects on other
organ systems in which GLP-1 receptors are present, which are dis-

cussed further in the following sections.

Improved CV outcomes

The MoA for GLP-1 RAs impacting CV outcomes are unclear, but
could be due to anti-atherogenic mechanisms (such as beneficial ef-
fects on common CV risk factors such as weight and lipid profiles),
anti-inflammatory pathways, and direct actions on the myocardium
and/or vascular endothelium (as GLP-1 receptors are present in the
heart and endothelial tissue).”®”374

Three CV outcomes trials (CVOTs) have shown either no in-
creased risk or significantly reduced risk (over 2-5 years) of major
adverse CV events (MACE; eg, CV death, non-fatal myocardial in-
farction, non-fatal stroke) for the QW GLP-1 RAs versus placebo in
people with T2D and with or without high CV risk.}””*72 Following a
median observation period of 2.1 years, the SUSTAIN 6 trial in 3297
people with T2D at high risk of or with established CV disease found
that those treated with semaglutide s.c. (at doses of 0.5 mg or 1.0 mg
QW) showed a significant 26% lower risk of the primary composite
MACE outcome compared with those receiving placebo (post hoc
analysis).Y” In the large EXSCEL trial, in 14 752 people with T2D with
or without previous CV disease and a median follow-up of 3.2 years,
the incidence of MACE did not differ significantly between those
who received injections of exenatide ER (2 mg) or a matching pla-
cebo.”? In the more recently published REWIND study, during a
median follow-up of 5.4 years, weekly injections with dulaglutide re-
duced MACE compared with placebo in people with T2D (N = 9901)
with or without previous CV disease and a wide range of glycaemic
control.”? Moreover, the effect size was similar to that observed in
other GLP-1 RA CVOTs.”

A meta-analysis of four CVOTs including lixisenatide (ELIXA), li-
raglutide (LEADER), semaglutide s.c. (SUSTAIN 6) and exenatide ER
(EXSCEL) (N = 33 457) concluded CV safety across all trials (with
a 10% relative risk reduction [RRR] in the MACE primary outcome,
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13% RRR in CV mortality and 12% RRR in all-cause mortality).70
There were also no detrimental effects on other safety variables
such as severe hypoglycaemia, pancreatitis, pancreatic cancer or
medullary thyroid cancer compared with placebo.”® A degree of
statistical heterogeneity was seen between the trials, thought to be
due to the larger number of MACE in the active (shorter-acting lix-
isenatide) versus placebo treatment group in one of the studies.”®
However, it is yet to be determined whether differences can be ex-
plained by differences in MoA among the agents or if they are due to

differences in study design or populations.

Reduced systolic blood pressure

The CVOT clinical results may be related to the effects on blood pres-
sure, which may in turn be due to weight loss effects. Animal studies
have suggested that the MoA related to blood pressure effects could
involve numerous body systems, including GLP-1-regulated vascu-
lar, myocardial, renal and central nervous system pathways.'¢7>7¢
However, such findings in animals have not yet been replicated in
humans, and further studies are needed.!¢%’

Studies have shown that the chronic use of exenatide ER and
semaglutide s.c. is associated with modest but statistically signif-
icant reductions in mean systolic blood pressure (~2 mmHg) com-
pared with baseline in people with T2D, with an effect usually
within 2-3 weeks 16:37404146495L77 pagylts for dulaglutide have
been more mixed, with some studies showing no meaningful blood
pressure changes.*?444>52 Of note, subgroup analyses from a me-
ta-analysis suggested semaglutide s.c. was more efficacious than
other GLP-1 RAs in reducing systolic blood pressure.®® In clinical
trials, the GLP-1 RA effect on diastolic blood pressure was generally
much smaller, with many studies showing no statistically significant
between-treatment changes.'6:3740-4244-46:49.527778 ¢ note, blood
pressure effects are usually described as part of the secondary
rather than primary outcomes in glycaemia-lowering studies (in-
cluding AWARD-1,*?> DURATION-1% and SUSTAIN 3%’) and should

therefore be interpreted with a degree of caution.

Increased heart rate
Although the MoA of GLP-1 RAs affecting heart rate have yet to
be fully clarified,'* the GLP-1 receptor is expressed on myocytes in

t.25

the sinoatrial node (SAN) of the human heart.“> Therefore, a leading

hypothesis is that GLP-1 RAs may directly stimulate the cells of the
SAN, leading to mean increases in heart rate.?>”?

Most GLP-1 RAs have been associated with increases in heart
rate, but to varying degrees. In studies with QW GLP-1 RAs, these
medications have consistently shown that reductions in blood pres-
sure are associated with clinically relevant increases in heart rate (in
the range of 1-5 beats per minute),16:40:42:44-46:49.51,52.80 The extent
of the increase varies among the different agents, which could be
related to their individual durations of action (Table 2), for exam-
ple due to their continuous receptor activation, longer-acting GLP-1
RAs are associated with more pronounced and sustained increases
compared with short-acting agents, which show more intermittent

receptor activation, 1440425281

An increased heart rate is theoretically a safety concern, which
could be associated with adverse events in certain people, such as
those with cardiac arrhythmias”’al; however, it is evident that other
common CV risks were not increased in trials 16:384042:44-46:49,52,80,81
These findings should be interpreted cautiously as results have
been inconsistent among studies and heart rate is usually included
as a secondary safety endpoint in clinical trials. Further research is
needed before any firm conclusions can be made; moreover, any
potentially detrimental effects on heart rate need to be weighed

against the other, potentially beneficial CV effects of GLP-1 RAs.

3.3.3 | Improved lipid profiles

In recent years, GLP-1 has been investigated for its ability to
regulate the dyslipidaemia associated with T2D.*® The observed
effects may be due to changes in intestinal and/or hepatic lipid
handling, due to reduced absorption of dietary lipids, inhibition
of intestinal chylomicron output (thereby reducing formation of
atherogenic remnants), regulation of hepatic very-low-density
lipoprotein (VLDL) production, and enhanced hepatic fatty acid
oxidation or autophagy.’>*’ Whether these effects occur via di-
rect receptor activation or through indirect pathways has yet to
be established.

Modest improvements in fasting and post-prandial lipid profiles
have been found following GLP-1 RA treatment with both short-
and longer-acting agents,7:38404145,5282:84 1, st|y regarding total
cholesterol (-0.40 to 0.02 mmol/L),37:3840:41.4552,82 low-density
lipoprotein (LDL) cholesterol (-0.44 to 0.07 mmol/L)33840:4182
and triglycerides (-0.41 to 0.01 mmol/L).38404552 Considering
head-to-head studies comparing QW GLP-1 RAs with placebo and
QD or BID GLP-1 RAs, there are a few between-treatment differ-
ences. Evidence from two studies has shown that exenatide ER
significantly reduced total and LDL cholesterol compared with ex-
enatide BID.%”*° Treatment with dulaglutide resulted in significant
reductions in serum total cholesterol and triglycerides from baseline
compared with placebo in two studies.*>*? However, two trials with
semaglutide s.c. had different results.*>>° In the first, treatment with
semaglutide had no clinically relevant impact on lipid levels,*® but in
a second, semaglutide improved free fatty acid, VLDL cholesterol
and triglyceride levels compared with exenatide ER.*’ These results
suggest the QW GLP-1 RAs may therefore impact the accelerated
lipolysis, one of DeFronzo's ominous octet thought to contribute to
the pathophysiology of T2D.’

3.3.4 | Renal effects

Recent animal and human data suggest that some GLP-1 RAs do not
have adverse effects on the kidney and could in fact be renoprotec-
tive, providing beneficial effects by reducing the renal complications
commonly associated with T2D.*!88587 The possible kidney-pro-

tecting mechanisms of GLP-1 RAs are uncertain, and it is unclear if
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TABLE 3 Existence of clinical evidence supporting the MoA of QW GLP-1 RAs

Exenatide ER

Ye537,39-41,49,55

Clinical effect (MoA)

Glycaemic control (pancreatic a- and B-cells?)

Body weight reductions (Gl tract, brain, fat NV ESEhaaeded

cells?)

CV benefits (MoA undetermined?)

Systolic blood pressure reductions (brain?) Yes3740:41:49.77

Heart rate increases (muscle?) Yes0:4?

Lipid lowering (fat cells?)

significant)®74041

Renal benefits (kidney?) Unclear’*

No (non-inferior to placebo for MACE;
superiority not demonstrated

Yes (but not always statistically

Dulaglutide Semaglutide
Yeg#2:44,45,50,52 Yes#6:49.50
Mixed?*2:44:45.50 Yes#6:49.50
Yes’? Yes'’

)71
Mixed?#2:4445.52 Yes#6:49.50

Yes 2444552 Yes (but not always statistically
significant)""s"w's0

Yes?245.52 Mixed?%50

YVes527285 Ves!?

Abbreviations: CV, cardiovascular; ER, extended-release; Gl, gastrointestinal; GLP-1 RA, glucagon-like peptide-1 receptor agonist; MACE, major
adverse CV events; MoA, mechanisms of action; QW, once-weekly; a, alpha; , beta.

2Cell types targeted by the MoA of GLP-1 RAs as described in DeFronzo's ominous octet.”

these findings relate to direct effects on kidney function. One the-
ory from animal studies is that GLP-1 receptor activation can protect
the vascular endothelium from injury, reducing oxidative stress and
the local inflammatory response, ameliorating the albuminuria and
glomerular sclerosis evident in kidney disease; this however needs
further research.>%8487

In two T2D CVOTs, semaglutide and dulaglutide were asso-
ciated with lower rates of renal microvascular events (1.86 and
3.47 events/100 patient years, respectively) versus placebo (3.06
and 4.07 events/100 patient years, respectively, in the two trials),
thought to be driven by a reduction in estimated glomerular filtra-
tion rate (eGFR) or persistent macroalbuminuria.'’”’? In a further
multicentre study, it was shown that dulaglutide attenuated a de-
cline in eGFR compared with insulin in people with T2D and mod-
erate-to-severe chronic kidney disease.?> These findings are of
particular importance because the presence of chronic kidney dis-

ease can affect the treatment options available (Table 2).

3.4 | Safety and tolerability

For balance with the positive MoA detailed so far, this review must
also mention the safety profile of QW GLP-1 RAs to ensure phar-
macists have a complete understanding of these treatments. The
most common adverse effects in GLP-1 RAs studies are generally
transient, mild-to-moderate gastrointestinal events, particularly
nausea, vomiting and diarrhoea,3>40:41:4344:47.49-51 Gactrointestinal
events are thought to be due to GLP-1 RA effects on the stomach
and duodenum, with gastrointestinal motility disturbances related
to delayed gastric emptying.88 Gastrointestinal events are reported
with both short- and long-acting GLP-1 RAs721:27.29.30, however,
long-acting formulations are associated with diminished effects over
time,* probably due to the development of tolerance and because
of reduced fluctuation in plasma drug levels and less of an effect on

gastric emptying compared with short-acting agents.**°

QW GLP-1 RAs have also been associated with other safety
concerns, including increased pancreatic enzymes and pancreatitis,
retinopathy and thyroid cancer (in rodent studies).”?* An in-depth
discussion of these effects is beyond the scope of this review; how-
ever, risks are considered low in humans and all QW GLP-1 RAs
carry warnings and precautions regarding these effects in their
prescribing information.’??* As well as CV safety, a meta-analysis
of CVOTs concluded there were no detrimental effects on other
significant safety variables such as severe hypoglycaemia, pancre-
atitis, pancreatic cancer or medullary thyroid cancer for GLP-1 RAs
versus placebo.”® Furthermore, a large meta-analysis and an official
assessment of incretin-based drugs were unable to find causal re-
lationships between GLP-1 RAs and retinopathy and pancreatitis/

pancreatic cancer, respectively.8%7°

4 | DISCUSSION

As a class, QW GLP-1 RAs appear to be an attractive treatment op-
tion for people with T2D, targeting a number of pathophysiological
defects and achieving multi-factorial clinical benefits, including sus-
tained reductions in HbA, , low hypoglycaemic risk, moderate reduc-
tions in body weight and blood pressure and improved CV outcomes,
with a generally acceptable safety and tolerability profile. These
benefits derive from their blood glucose-lowering effects, such as
pancreatic p-cell-mediated glucose-dependent insulin secretion
and suppressed glucagon release, as well as other effects including
slowing of gastric emptying time, promotion of satiety signals and
suppression of appetite. QW GLP-1 RAs may also exert beneficial
effects on multiple organ systems that express GLP-1 receptors, in-
cluding the CV and renal systems. Importantly, as shown throughout
this review, the actions of GLP-1 RAs are thought to impact six of the
eight core defects (ominous octet) evident in T2D (Table 1).°
Although there are several GLP-1 RAs available, each has its
own advantages and disadvantages. Although all GLP-1 RAs impact
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the incretin system, there are differences in their chemical and
physiological properties and MoA, which affect their biological
profiles and clinical outcomes (Table 2)1114,31,3291 |4 o thought that
duration of action may explain most of the variation in effects, that
is short- and longer-acting agents differ in levels of GLP-1 receptor
activation, duration of action and glucose effects. Consequently,
there is no one preferred GLP-1 RA for patients with T2D, and in-
dividual needs should be considered when selecting the most ap-
propriate agent.

In addition to their robust glycaemic effects, QW GLP-1 RAs are
an appealing treatment option versus QD and BID agents, owing to
their reduced dosing frequency (reduced injection burden), ease of
use and safety profile, which includes a low risk of hypoglycaemia.
All are factors that might help improve treatment adherence and
persistence.”??* As hypoglycaemia may be linked to poor adherence
and decreased treatment satisfaction,”>"® the development of blood
glucose-lowering drugs that mitigate hypoglycaemic risk has been an
important development in recent years.

Reducing the CV complications of T2D linked to premature mor-
bidity and mortality? is considered a priority in diabetes care.”* The
improvements seen in recent CVOTs should therefore be seen as a
major therapeutic advance,’® and indeed, the results have informed
the 2020 American Diabetes Association guidelines.* At this stage,
itis not clear if the CV benefits are a class effect or if they are limited
to individual agents.>’

The availability of various pharmacotherapeutic options for
T2D can help to improve individualized patient outcomes, not only
in terms of glycaemic control, but also for other coexisting con-
ditions. As such, pharmacists should consider a range of factors
when selecting the most appropriate therapy for individual pa-
tients, including the glycaemic effect of the agent, as well as safety
and tolerability risks, weight effects, hypoglycaemia risk, comorbid
conditions, dosing frequency/method, individual preference and
cost.*

Pharmacists can work with prescribers to identify in which sit-
uations GLP-1 RA therapy would be appropriate and educate peo-
ple on practical details such as how to store the medication, proper
preparation and injection technique, individual HbA, _ targets, and
how to manage or minimize any adverse events, all of which can help
to improve adherence.?? For example, specific advice on minimizing
gastrointestinal adverse events may include recommendations to
eat smaller, more frequent meals to minimize nausea. Consideration
of the different characteristics of each available GLP-1 RA can help
the pharmacist to tailor treatment management and education to in-
dividual needs.

Further research in the area is still needed. As QW GLP-1 RAs
are relatively new treatments, their long-term effects will not be
fully understood until they have been in use for decades. This is
particularly evident regarding CV outcomes. Although a number
of MoA have been suggested, further mechanistic studies on the
effects on blood pressure are required in humans.'® Head-to-head
CVOTs and studies of other CV risk factors, such as inflammation,

are needed.

5 | WHAT IS NEW AND CONCLUSION

From the literature, this appears to be the first narrative review
of the published evidence base supporting the MoA of QW GLP-1
RAs in T2D for pharmacists, with an emphasis on their expanding
role in the education, management and care of people with T2D.
Findings from the available clinical trial evidence suggest that each
of the three QW GLP-1 RAs may have different underlying MoAs
and therefore clinical effects, targeting a wide range of defects, as
outlined in DeFronzo's ominous octet (Table 3). Due to their multi-
factorial benefits, GLP-1 RAs are a potentially appealing option for a
variety of people with T2D (with or without additional health com-
plications) and offer options to healthcare providers in their clinical
decision-making.

Due to their specific MoA detailed in this review, pharmacists
and healthcare providers will understand that the QW GLP-1 RAs
exenatide ER, dulaglutide and semaglutide s.c. increase glycae-
mic control (with a low risk of hypoglyacemia) and reduce body
weight, blood pressure and cholesterol levels. The advantages
and limitations of each GLP-1 RA should be considered when se-
lecting treatment options on an individual-need basis, in order
to ensure optimal therapeutic outcomes for patients. Equipped
with the information on MoA of QW GLP-1 RAs, pharmacists
should be ready to advise and educate patients on these matters
as needed.
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