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Abstract: In recent years, newer drug classes for the treatment of type 2 diabetes mellitus

have been released with significant effects on glucose lowering and weight reduction. One of

the most promising classes in achieving these goals has been the glucagon-like peptide

(GLP)-1 agonists. However, a difficulty with the use of these agents is the need for

subcutaneous injections, which can be inconvenient to individuals living with type 2

diabetes. More recently, a GLP-1 agonist has been developed, semaglutide, that can be

administered orally which has at least similar effects to the subcutaneous preparation from

which this compound is derived. In this review article, we discuss the glycemic and

cardiovascular effects of the GLP-1 agonists with special emphasis on oral semaglutide

and the potential role of this therapy in individuals with type 2 diabetes.
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Introduction
The prevalence of type 2 diabetes (T2D) is on the increase worldwide, tightly

linked to enlarging waistlines and the expanding number of individuals who are

overweight and obese. The landmark UK prospective diabetes study (UKPDS)

provided the first high-quality evidence that improving glycemic control in those

with newly established T2D conclusively reduces rates of microvascular complica-

tions and long-term macrovascular disease.1,2 While outcome in intensively treated

individuals was superior to those undergoing standard therapy, of concern was the

weight gain and increased risk of hypoglycemia. It is worth reminding the readers

that at the time of UKPDS, hypoglycemic therapies were largely limited to met-

formin, sulfonylureas, and insulin. New agents were developed since with the aim

of reducing elevated glucose levels while limiting the risk of hypoglycemia. An

unexpected change in direction occurred after the publication by Nissen and Wolski

implicating rosiglitazone in adverse clinical outcome following meta-analysis.3

This precipitated a series of events culminating in the Food and Drug administra-

tion (FDA) requirement for cardiovascular safety studies for all new hypoglycemic

agents. This has led to a wealth of information on newer agents, which unfortu-

nately did not extend to older hypoglycemic drugs.

To date, a number of newer classes of medications used to treat T2D have been

developed and subsequently released to market that effectively lower glucose levels

while minimizing the risk of hypoglycemia and inducing weight loss. The two most

promising of these classes to date are the sodium-glucose transport protein 2

inhibitors (SGLT-2i) and glucagon-like peptide-1 (GLP-1) agonists. Although
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there are some inter-class differences, robust randomized

controlled trials have demonstrated that use of some of

these drugs can improve clinical outcome in individuals

with T2D.4,5 A drawback of GLP-1 receptor agonists

(GLP-1RAs) has been the need for injections, but

a newer agent in this class, semaglutide has shown to be

efficacious when administered orally. In this review arti-

cle, we will discuss the glycemic and cardiovascular

effects of the GLP-1 analogue class with special emphasis

on oral semaglutide and the potential role of this therapy in

individuals with type 2 diabetes. The key points for oral

semaglutide were summarized in the Box 1.

Physiology Of GLP-1
GLP-1 is a 30 amino acid peptide hormone (GLP-1 7–36)

(Figure 1) primarily secreted from the “L” and “K” cells of

the intestinal tract.6 Its existence has been known for

decades and its amino acid structure was discovered dur-

ing investigations into its precursor, proglucagon, in the

mid-1980s.7 Levels of this hormone rise dramatically fol-

lowing consumption of glucose, and to a lesser extent

other nutrients, particularly when food reaches the

duodenum.8 Secreted GLP-1 binds to its receptor (GLP-

R) on pancreatic beta cells and other organs, including the

kidney and brain. A member of the G-protein-coupled

receptor superfamily,9 the binding of GLP-1 to GLP-R

on pancreatic β-cells leads to an increase in insulin secre-

tion, mainly due to an increase in cAMP production.9

One of the major factors affecting circulating levels of

GLP-1 is the enzyme dipeptidyl peptidase-4 (DPP-4).

DPP-4 is known to cleave a broad range of substrates,

rendering them inactive including growth factors, neuro-

peptides, and vasoactive peptides.10 It also inactivates

GLP-1 (and the other human incretin GIP) rapidly and

thus activity of GLP-1 in non-augmented physiology is

relatively short lived (<2 mins in plasma).11 For this rea-

son, parenteral administration of GLP-1 in its native form

results in quick clearance necessitating changes to amino

acid structure for therapeutic use and prolonged half-life.

Outside the effects on the pancreas, GLP-1 modu-

lates the gastro-intestinal tract, where it acts as a potent

inhibitor of gastric emptying and causes a reduction in

calorie transit from the stomach to the small intestine to

a rate of approximately 1–4 kcal/min.12,13 This leads to

an increased feeling of satiety, helping to lose weight. In

the brain, GLP-1 is produced locally in a discrete area

of the lower brainstem14 and GLP-R is seen throughout

much of the central nervous system, barring the cere-

bellum and cerebral cortex.15 Although most studies

have been conducted on animals, GLP-1 amino acid

structure is maintained throughout all mammalian spe-

cies and thus generalizations of its effects on the human

brain are likely to be similar. Intra-cerebral injections of

GLP-1 in rats suppresses appetite, causes taste aversion

and brings about changes in behavior and memory.16–18

Importantly, injection of GLP-R antagonists into rat

brains significantly increases feeding and bodyweight

even in well-fed animals,19 thus highlighting the point

that GLP-R in the central nervous system is physiologi-

cally active.

In the cardiovascular system, GLP-1 has also been

found to be physiologically active. The use of liraglutide

has been shown to improve neointima proliferation follow-

ing wire induced coronary artery damaged in diabetic

mice.20 The same agent has also been shown to reduce

endoplasmic reticular stress and improve endothelial

function21 in individuals with T2D and GLP-1 is thought

to play a role in the vascular endothelial growth factor

A (VEGFA) signaling pathway.22

An Overview Of Existing
Subcutaneous GLP-1 Receptor
Agonists
Exenatide was the first GLP-1RA to market, receiving

approval by the FDA in 2005. A number of other GLP-1

RA followed either as daily (liraglutide, lixisenatide) or

weekly (extended-release exenatide, albiglutide, dulaglutide,

and semaglutide). Albiglutide was marketed from 2014 but

discontinued in 2018 for commercial reasons and will not be

discussed here.

The hypoglycemic effect of these agents is beyond

doubt with average HbA1c reduction ranging from 0.3%

to 1.2% compared with placebo. This glycemic efficacy is

preserved regardless whether it is used as monotherapy or

Box 1 What Are Summarized In This Review

● Oral semaglutide is the first GLP-1 receptor agonists administrated

orally with similar glycemic efficacy compared with injectable lira-

glutide and semaglutide

● In head-to-head studies, oral semaglutide appears to be superior to

empagliflozin and sitagliptin in relation to HbA1c and weight reduction

● Oral semaglutide does not increase risk of vascular events and may

reduce all-cause mortality

● Oral semaglutide is generallywell toleratedwith a favorable safety profile
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added to a single or a combination of hypoglycemic

agents.23 The improvement in HbA1c is associated with

significant weight loss making these agents attractive for

the treatment of individuals with T2D.
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Figure 1 Structure and half-lives of native human GLP-1, liraglutide and semaglutide. Native human GLP-1 is a 30 amino acid peptide hormone (GLP-1 7–36) with a short

half-life of 1–2 mins. Liraglutide is a once-daily, subcutaneously injectable GLP-1 analogue, derivatized with C16 mono-fatty acid by γ Glu linker at Lys26 and substituted Lys34

by Arg,34 resulting in the plasma half-life of 13 hrs. Semaglutide is a once-weekly, subcutaneously injectable GLP-1 analogue, derivatized with C18 di-fatty acid by γGlu-2x
“OEG” linker at Lys26 and substituted Ala8 by Aib,8 and Lys34 by Arg,34 resulting in the plasma half-life of 165 hrs. Salcaprozate sodium (SNAC) (sodium 8-(2-hydro-

xybenzamido) octanoate) is an intestinal permeation enhancer. Data modified from Refs. 28, 54, and 55.
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Given the FDA requirements of cardiovascular safety

data with new hypoglycemic therapies, all GLP-1RA

agents have undergone vascular outcome studies, which

provided important data that will be briefly summarized

here for each of the injectable agents in the class.

Exenatide
The cardiovascular effects of modified release exenatide

were assessed in a randomized controlled trial (RCT)

involving 14,752 individuals with T2D, of whom >70%

had existing cardiovascular disease (CVD) (EXSCEL).24

Over a median follow-up period of 3.2 years, exenatide

proved to be non-inferior to placebo (p<0.01) for the

primary composite endpoint of death from cardiovascular

causes, nonfatal myocardial infarction, or nonfatal stroke.

Superiority was, however, narrowly missed with HR of

0.91 (CI: 0.83 to 1.00; p = 0.06 for superiority).

Liraglutide
The LEADER trial randomized high-risk individuals with

T2D to liraglutide or placebo5 and enrolled 9340 patients.

All study participants had a baseline HbA1c of >7% and

81% had established CVD. Individuals were eligible if

they were naïve to any hypoglycemic therapy, were taking

oral agents, or were on combined therapy with oral agents

and insulin. At 36 months, HbA1c was reduced by 0.4%

(CI: −0.45 to −0.34) when comparing the Liraglutide

group to placebo. There was a 13% reduction in the

composite primary endpoint of cardiovascular death, non-

fatal stroke, or non-fatal myocardial infarction (MI) [HR

0.87 (95% CI, 0.78 to 0.97); p<0.001 for noninferiority;

p=0.01 for superiority].

Lixisenatide
The ELIXA trial was designed to assess the cardiovas-

cular safety of lixisenatide in high-risk T2D patients

who had suffered acute coronary syndrome in the past

180 days.25 This multicenter RCT recruited 6068 indi-

viduals and over a follow-up of 25 months, showed

non-inferiority of lixisenatide compared with placebo

in relation to the composite primary endpoint of death

from cardiovascular causes, nonfatal MI, nonfatal

stroke, and hospitalization for unstable angina [HR

1.02 (0.89 to 1.17)]. Of note, the difference in HbA1c

between study arms was −0.27% (95% CI −0.31 to

−0.22; p<0.001) across all visits.

Dulaglutide
The recently published REWIND trial assessed the

effects on cardiovascular outcome of dulaglutide in

patients more than 50 years old who had T2D and had

suffered either a previous cardiovascular event or had

established risk factors.26 Participants were randomized

to receive either 1.5 mg weekly dulaglutide or placebo.

A major difference between this trial and other GLP-1RA

studies is the low percentage of individuals with estab-

lished cardiovascular disease (CVD) at 31%. With 9901

participants and a lengthy follow-up period of 5.4 years,

there was a 12% reduction in the primary outcome (a

composite of cardiovascular death, non-fatal stroke, and

non-fatal MI) [HR 0·88, 95% CI 0·79-0·99; p=0·026].

Interestingly, all-cause and cardiovascular mortalities did

not differ between groups. Mean HbA1c was 7.2% in

both groups at enrollment with a fall of 0.6% (CI 0·58

to 0·65) seen in those taking dulaglutide compared to

placebo.

Semaglutide
The cardiovascular safety of subcutaneous semaglutide was

assessed in the SUSTAIN-6 trial.27 This trial recruited 3297

participants all of whom had T2D and a baseline HBA1C

>7%, who were randomized to two doses of semaglutide or

volume matched controls. As high as 58.8% of the partici-

pants had established CVD without chronic kidney disease

(CKD) with an additional 13.4% having both CVD and

CKD. Over a median observation time of 2.1 years,

a primary composite endpoint of death from cardiovascular

cause, non-fatal MI, or non-fatal stroke occurred less fre-

quently in semaglutide-treated individuals (HR 0.74, CI

0.58 to 0.95, p<0.001 for non-inferiority and p=0.02 for

superiority.) Regarding glycemic control, at 104 weeks,

mean HbA1c was reduced by 0.7% in the 0.5 mg dose

versus placebo and 1.0% in the 1.0 mg dose, both of

which were statistically significant (p<0.001.)

Key points regarding baseline characteristics and study

outcomes for the major cardiovascular outcome trials in

human GLP-1RA are summarized in Table 1.

The Discovery Of Oral Semaglutide
The short half-life of human GLP-1 resulting from degra-

dation by DPP-4 has raised a challenge for pharmaceutical

use in the clinical setting where a constantly high and

stable plasma level is required.56 Reversible binding to

albumin by using fatty acid derivatization is one approach
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to protect GLP-1RA from early degradation in plasma,

approaches used to develop liraglutide and semaglutide.

Long-chain fatty acid derivatization and specific positions

of amino acid substitution prevent the peptide from DPP-4

degradation and renal filtration resulting in a dramatically

prolonged half-life for both liraglutide (13 hrs) and sema-

glutide (165 hrs) after a single injection (Figure 1).28

The challenge to develop an oral preparation for sema-

glutide ascribes by a hydrophilic, macromolecular peptide

is naturally susceptible to low pH and gastric/intestinal

enzymes, as well as poor gastrointestinal absorption.29,30

Salcaprozate sodium (SNAC) is an intestinal permeation

enhancer developed by Emisphere technologies (Eligen®;

NJ, USA). Although the molecular mechanisms of SNAC

enhancement of intestinal permeability are not fully

understood,29 the use of SNAC to increase oral bioavail-

ability of several peptide hormones has been proven,

including salmon calcitonin, parathyroid hormone, GLP-

1RA, and peptide YY.31–34 Importantly, SNAC has been

granted a safe status by the FDA for the use with vitamin

B12.35 The pharmacokinetics study of single and multiple

ascending doses of once-daily oral semaglutide in healthy

and T2D subjects showed that, at steady state, the half-life

of oral semaglutide co-formulated with 300 mg SNAC was

approximately 160 hrs.36 Recently, a mechanistic study

using a pyloric-ligated dog model showed that the absorp-

tion of oral semaglutide primarily occurred via

a transcellular pathway in the stomach. The authors con-

cluded that SNAC prevented gastric degradation by neu-

tralizing a low pH microenvironment surrounding the

tablet, resulting in an increased concentration-dependent

flux of semaglutide across the gastric mucosa37 (Figure 2).

Comparisons Of Efficacy And Safety
Of Oral Semaglutide And Injectable
Liraglutide Or Semaglutide
To determine efficacy and safety of oral semaglutide as

monotherapy, the 26-week, phase 3, double-blinded,

placebo-controlled RCT (PIONEER-1) primarily aimed

to demonstrate glycemic superiority of once-daily oral

semaglutide against placebo in 703 T2D adults with

mean age of 55±11 years, BMI of 31.8±6.6 kg/m2,

baseline HbA1c of 8.0±0.7% (63±8 mmol/mol), and

diabetes duration of 3.5 years.38 At week 26, 3 mg,

7 mg, and 14 mg of oral semaglutide significantly

reduced HbA1c from baseline by −0.9%, −1.2%, and

−1.4%, respectively, compared to −0.3% in the placeboT
ab

le
1
(C

o
n
ti
n
u
e
d
).

E
X
S
C
E
L
2
4

L
E
A
D
E
R
5

E
L
IX

A
2
5

S
U
S
T
A
IN

-6
2
7

R
E
W

IN
D

2
6

P
IO

N
E
E
R
-6

5
7

3
-p
o
in
t
M
A
C
E
a
,
H
R

0
.9
1
*

0
.8
7
*

1
.0
2

0
.7
4
*

0
.8
8
*

0
.7
9

D
e
at
h
fr
o
m

an
y
ca
u
se
s,

H
R

0
.8
6

0
.8
5
*

0
.9
4

1
.0
5

0
.9
0

0
.5
1
*

C
ar
d
io
va
sc
u
la
r
d
e
at
h
,

H
R

0
.8
8

0
.7
8
**

0
.9
8

0
.9
8

0
.9
1

0
.4
9
*

N
o
n
-f
at
al
M
I,
H
R

0
.9
7

0
.8
8

1
.0
3
(f
at
al
o
r
n
o
n
-

fa
ta
l
co
m
b
in
e
d
)

0
.7
4

0
.9
6

1
.1
8

N
o
n
-f
at
al
st
ro
ke
,
H
R

0
.8
5

0
.8
9

1
.1
2
(f
at
al
o
r
n
o
n
-

fa
ta
l
co
m
b
in
e
d
)

0
.6
1
*

0
.7
6
*

0
.7
4

N
o
te
s:

a
3
-p
o
in
t
M
A
C
E
,
m
aj
o
r
ad
ve
rs
e
ca
rd
io
va
sc
u
la
r
e
ve
n
ts
;
th
e
p
ri
m
ar
y
co
m
p
o
si
te

o
u
tc
o
m
e
in
th
e
ti
m
e
-t
o
-e
ve
n
t
an
al
ys
is
w
as

th
e
fi
rs
t
o
cc
u
rr
e
n
ce

o
f
d
e
at
h
fr
o
m

ca
rd
io
va
sc
u
la
r
ca
u
se
s,
n
o
n
fa
ta
l
(i
n
cl
u
d
in
g
si
le
n
t)
m
yo
ca
rd
ia
l
in
fa
rc
ti
o
n
,
o
r

n
o
n
fa
ta
l
st
ro
k
e
.*
P
-v
al
u
e
fo
r
su
p
e
ri
o
ri
ty

<
0
.0
5
,
**
P
-v
al
u
e
fo
r
su
p
e
ri
o
ri
ty

<
0
.0
1

A
b
b
re
vi
at
io
n
s:

S
C
,
su
b
cu
ta
n
e
o
u
s;
D
M
,
d
ia
b
e
te
s
m
e
lli
tu
s;
M
I,
m
yo
ca
rd
ia
l
in
fa
rc
ti
o
n
;
C
V
D
,
ca
rd
io
va
sc
u
la
r
d
is
e
as
e
;
C
K
D
,
ch
ro
n
ic

k
id
n
e
y
d
is
e
as
e
;
H
R
,
h
az
ar
d
ra
ti
o
;
IQ

R
,
in
te
r
q
u
ar
ti
le

ra
n
ge
;
P
C
I,
p
e
rc
u
ta
n
e
o
u
s
co
ro
n
ar
y
in
te
rv
e
n
ti
o
n
;

C
A
B
G
,
co
ro
n
ar
y
ar
te
ry

b
yp
as
s
gr
af
ti
n
g;
e
G
F
R
,
e
st
im
at
e
d
gl
o
m
e
ru
la
r
fi
lt
ra
ti
o
n
ra
te
;
N
Y
H
A
,
N
e
w

Y
o
rk

H
e
ar
t
A
ss
o
ci
at
io
n
.

Pearson et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2019:122520

http://www.dovepress.com
http://www.dovepress.com


group. Additionally, the three doses of oral semaglutide

also provided superior reduction in body weight at

−1.5 kg, −2.3 kg, and −3.7 kg, respectively, compared

to −1.4 kg in the placebo group. The overall incidence

of adverse events and serious adverse events including

hypoglycemia was similar for both oral semaglutide and

placebo; however, the 7 mg and 14 mg of oral semaglu-

tide showed higher premature discontinuation rates pre-

dominantly due to gastrointestinal complaints.

A more important question is whether the oral prepara-

tion of semaglutide is as efficacious as the injectable pre-

parations of GLP-1RA. To answer this, head-to-head studies

comparing oral semaglutide and subcutaneous liraglutide or

semaglutide have been conducted. The 52-week, phase 3

double-blinded RCT (PIONEER-4) directly compared the

glycemic effects and body weight reduction of once-daily

oral semaglutide (dose-escalated to 14 mg) and once-daily

subcutaneous liraglutide (dose-escalated to 1.8 mg) among

Figure 2 The mechanism of absorption of semaglutide and SNAC coformulation tablet. After digestion, the tablet is rapidly eroded and releases high concentrated amount

of SNAC. SNAC neutralizes the acidic environment in the stomach by which semaglutide is protected from enzymatic degradation. In addition, SNAC also promotes

monomerization of semaglutide and increases lipid membrane fluidity of gastric epithelium cells, leading to transiently enhancing semaglutide absorption via transcellular

pathway without affecting tight functions. Data modified from Refs. 29 and 37.
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711 T2D participants. Mean age was 56±10 years, BMI 33.0

±6.3 kg/m2, HbA1c 8.0±0.7%, and diabetes duration 7.6±5.5

years, and individuals were on a stable dose of metformin

(≥1,500 mg or maximum tolerated) with or without SGLT-

2i.39 At 26 weeks, the study showed that oral semaglutide

and liraglutide decreased HBA1c by 1.2% and 1.1%, respec-

tively, indicating that oral semaglutide has similar glycemic

efficacy to the well-established liraglutide injections.

Moreover, oral semaglutide resulted in superior weight loss

(−4.4 kg) compared with liraglutide (−3.1 kg; p<0.01).

However, adverse events leading to early discontinuation

of study drug were modestly greater in oral semaglutide

(11%) than liraglutide (9%), a difference that failed to

reach statistical significance. Most discontinuations were

due to gastrointestinal complaints.

Although there has been no direct head-to-head study

comparing between the two preparations of semaglutide, the

SUSTAIN-1 trial assessed the efficacy and safety of once-

weekly subcutaneous semaglutide against placebo in 387

T2D patients using a similar study design and patient popu-

lation to PIONEER-1.40 Comparing these two independent

studies, oral semaglutide at 14 mg/day was similar to

0.5 mg of subcutaneous semaglutide in terms of glycemic

and weight effect, as well as adverse events leading to

premature treatment discontinuation.

Comparisons Of Efficacy And Safety
Between Oral Semaglutide And
Other Comparators (Empagliflozin,
Sitagliptin)
The glycemic effects of oral semaglutide are at least com-

parable to other oral antidiabetic drugs and may even be

superior. One specific class of the oral glucose-lowering

drugs, SGLT-2i, is particularly interesting given their effects

on glycemia, weight, and cardiovascular protection.4,41,42

The 52-week phase 3 open-labeled RCT (PIONEER-2)

studied 821 T2D patients needing a second agent after

metformin and demonstrated that 14 mg of once-daily oral

semaglutide was superior to 25 mg of once-daily empagli-

flozin, in respect of HbA1c reduction. At week 52, oral

semaglutide and empagliflozin decreased HbA1c by 1.3%

and 0.8% (p<0.001), and reduced weight by 4.7 kg and

−3.8 kg (p<0.05), respectively. Proportions of adverse

events were similar between oral semaglutide (70.5%) and

empagliflozin (69.2%), but premature trial product discon-

tinuations were significantly greater with oral semaglutide

(11%) than empagliflozin (4%).43

Generally, DPP-4 inhibitors are considered to be safe

with the advantage of being well tolerated with minimal

side effects.44 As an add-on therapy in 1864 T2D adults

uncontrolled with metformin alone or with sulfonylurea

(PIONEER-3), 7 mg and 14 mg of once-daily oral sema-

glutide were superior to 100 mg of once-daily sitagliptin at

26 weeks, in terms of both HbA1c and weight reductions

(HbA1c reduction of −1.0 and −1.3% vs −0.8%, respec-

tively; p<0.01 for both doses), with a drop in body weight

of −2.2 and −3.1 kg vs −0.6 kg, respectively (p<0.01),

whilst 3 mg of oral semaglutide was noninferior to

sitagliptin.45 Interestingly, overall proportion of patients

experiencing at least 1 adverse event was similar across

treatment groups. Only subjects taking 14 mg of oral

semaglutide had greater adverse events at 11.6%, primarily

gastrointestinal, leading to premature discontinuation

when compared to subjects who take sitagliptin (5.2%).

The fixed-dose approach, particularly the high dose of

oral semaglutide may not sound practical especially in

daily clinical practice. The flexible dose-adjustment

approach allowing patients to escalate or de-escalate

doses of the drug on the basis of their HbA1c and gastro-

intestinal tolerability (PIONEER-7) aimed to individually

optimize efficacy and safety of once-daily oral semaglu-

tide in T2D adults uncontrolled with one or two oral

glucose-lowering drugs, compared to 100 mg/day of

sitagliptin.46 In this study, 9%, 30%, and 59% of the

participants had been receiving 3 mg, 7 mg, and 14 mg

of once-daily oral semaglutide until week-52. HbA1c and

body weight reductions were significantly greater with

flexible dosing oral semaglutide group compared to sita-

gliptin (HbA1c change from baseline was −1.3% vs

−0.8%, respectively; p<0.0001, and weight change was

−2.6 kg vs −0.7 kg, respectively; p<0.0001.) However,

overall adverse events and premature discontinuation of

trial drugs due to adverse events were still higher in oral

semaglutide group despite its flexible dose adjustment.

Details of PIONEER studies relating to efficacy and

safety profiles of oral semaglutide in patients with type 2

diabetes are summarized in Table 2.

Comparisons Of Cardiovascular
Outcomes Among Oral
Semaglutide And Other Injectable
GLP-1RAs
Whilst most of injectable GLP-1RA showed superiority to

placebo for primary composite vascular outcome, as
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detailed earlier, oral semaglutide (PIONEER-6) confirmed

only non-inferiority to placebo.57

In brief, 3183 participants who had T2D, mean age 66

±7 years, mean diabetes duration 14.9±8.5 years, and

mean HbA1c 8.2±1.6% were randomly assigned to oral

semaglutide or placebo. The majority were older than 50

years of age with established CVD or CKD (85%). The

median follow-up of the trial was relatively short at 15.9

months. Overall, 99.7% of the participants completed the

trial where 84.7% complete the trial regimen with oral

semaglutide regimen and 90.1% with placebo. Most parti-

cipants (82.1%) assigned to oral semaglutide and com-

pleted the trial were receiving the 14-mg dose by the end

of the treatment period. At the end of the trial, HbA1c

reduced more in oral semaglutide than placebo group

(−1.0 vs −0.3%) as did body weight (−4.2 vs −0.8 kg).

Major cardiovascular events occurred in 3.8% of the par-

ticipants in oral semaglutide group and 4.8% in placebo

group (HR: 0.79, CI: 0.57 to 1.11; p<0.001 for non-

inferiority; p=0.17 for superiority). Interestingly, while

non-fatal events did not significantly differ, oral semaglu-

tide clearly reduced deaths from any cause (HR: 0.51, CI:

0.31 to 0.84) or cardiovascular causes (HR: 0.49, CI: 0.27

to 0.92).

It should be noted that the sample size calculated for

non-inferiority study design may not provide an ade-

quate power to detect superiority. More importantly

than the p-values, oral semaglutide showed a positive

trend toward primary composite outcome reduction,

similar to what was observed with the injectable form.

Intriguingly, for secondary outcome analyses, oral sema-

glutide was strongly associated with all-cause and car-

diovascular death reduction but not non-fatal events

while dulaglutide and subcutaneous semaglutide mainly

reduced non-fatal stroke but not mortality. Liraglutide

was another agent in the class showing a similar mor-

tality reduction but to a lesser degree compared to oral

semaglutide.

The effects of GLP-1RA on cardiovascular outcome

are not fully homogenous across studies, which may be

related to the population studied and length of follow-

up or simply due to subtle differences between the agents.

Generally, however, results from cardiovascular outcome

studies convey an important message that both oral and

injectable formulation of human GLP-1RA appears to

have beneficial effects on cardiovascular outcome in indi-

viduals with T2D.T
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Oral Semaglutide In Special
Populations
Semaglutide is metabolized in plasma via proteolytic clea-

vage of the peptide backbone and beta-oxidation of the

fatty acid side chain.47 Degradation products of semaglu-

tide, however, are excreted via urine and feces (accounted

for 53.1% and 18.6% of the SC dose, respectively) imply-

ing that the kidneys and liver are involved in drug elim-

ination. Two pharmacokinetics study of oral semaglutide

in subjects with renal or hepatic impairment provided

crucial information related to safety, tolerability, and dose-

adjustment in such populations. They drew a conclusion

that oral semaglutide was well tolerated across all renal or

hepatic impairment groups.48,58 No safety concerns were

identified, and dose adjustment was not warranted in sub-

jects with renal or hepatic impairment.

The phase 3 RCT of oral semaglutide add-on therapy

evaluating the efficacy and safety of oral semaglutide in T2D

subjects with moderate renal impairment (PIONEER-5)49

demonstrated significantly greater HbA1c improvement com-

pared with placebo of −0.8% and weight reduction of −2.5 kg.
However, subjects on oral semaglutide had significantly

higher adverse events (75% vs 68%) and premature disconti-

nuation rates (15% vs 5%), predominantly from gastrointest-

inal side effects.

Oral semaglutide potentially expands the treatment

options for T2D patients particularly with renal or hepatic

impairment, in whom options for oral glucose-lowering

agents are limited.

Side Effects And Adverse Events
Associated With GLP-1 RA
The most common side effect of the GLP-1RA is gastro-

intestinal upset. Indeed, in PIONEER 6, a total of 6.8% of

the participants discontinued oral semaglutide due to these

effects.57 A similar side-effect profile is seen across the

class. Rates of severe hypoglycemia have been studied in

all of the major cardiovascular outcome trials barring

ELIXA.25 Only the LEADER trial5 reported significantly

increased rates of severe hypoglycemia, although event

rate was relatively low and due to combination with insu-

lin treatment.

There has long been a concern in the scientific com-

munity regarding the risk of pancreatitis and pancreatic

cancer in those using GLP-1RA and the related DPP-4

inhibitors. This largely stems from early animal

studies,50 however, data from the large cardiovascular

outcome trials do not support a causal link in humans.

Indeed, a meta-analysis of 4 major trials including more

than 30,000 participants found no increased risk of

either acute pancreatitis or pancreatic cancer in those

taking GLP-1RA compared to placebo.59

Concerns were also raised about a possible link

between the rare medullary thyroid carcinoma (MTC)

and the use of the agents discussed in this article.

A large proportion of cases of this rare disease occur as

part of a genetically inherited syndrome, most commonly

multiple endocrine neoplasia type 2 (MEN-2). Of note,

incidence of MTC was extremely low in all of the large

cardiovascular outcome trials with no significant increase

seen in GLP-1RA-treated individuals, although it should

be highlighted that some of the trials did have a family

history of MEN-2 as an exclusion criterion. Concerns

regarding a link between GLP-1 and the more common

papillary thyroid carcinoma (PTC) have also been raised

as cells of this lineage do express GLP-R more than

normal thyroid tissue51 although evidence that the use of

these drugs in humans causes increased cellular prolifera-

tion is not conclusive. Similar to MTC, there was no

conclusive evidence that PTC was more common in

those using GLP-1RAs in the large cardiovascular out-

come trials discussed in this review.

The association between the use of GLP-1RA and the

development of and/or progression of diabetic retinopathy is

something which is currently under hot debate. There was an

increase in cases of retinopathy in those taking oral sema-

glutide in PIONEER-6; however, more than 75% of these

individuals required no additional treatment.57 A numerical

increase in retinopathy was documented with liraglutide5

dulaglutide,26 and a significant difference in retinopathy

was found with injectable semaglutide.27 In an attempt to

answer the question surrounding this topic, a 2018 network

meta-analysis looked at retinal complications reported in

studies investigating all of the major classes of non-insulin

treatments for T2D other than metformin.52 The authors

concluded that the association between GLP-1RA therapies

and retinopathy is uncertain and therefore this remains an

area for investigation.

A summary of the side effects and adverse events

reported in the major cardiovascular outcome trials in the

human GLP-1RA’s is shown in Table 3.

Clinical Recommendations
Oral semaglutide has already been proven to be efficacious

at lowering glucose levels and it is generally well
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tolerated. Moreover, cardiovascular safety has been

assured following the results of the PIONEER-6 study.

Thus, oral semaglutide can be reasonably considered as

another drug in the GLP-1RA class for treating T2D

patients. Oral semaglutide should be considered as second-

line therapy after metformin, particularly when weight is

an issue and possibly in those at higher cardiovascular

risk.53 Oral semaglutide may also provide an additional

benefit over other injectable GLP-1RA in terms of

improved adherence, particularly in those with fear of

injection or requiring assistance from a caregiver.

The counterargument is that SGLT-2i probably has

a stronger case in relation to cardiovascular protection, parti-

cularly reduction in heart failure hospitalization, but these

agents can be problematic in those with urinary tract pathol-

ogies or significant renal impairment. Also, the rare, but

serious, side effect of diabetic ketoacidosis can hinder their

use particularly in those with longer diabetes duration and

limited beta-cell reserves. The increase in hypoglycemic

therapies with a favorable cardiovascular profile has revolu-

tionized the treatment of T2D and the main drawback is the

high cost associated with newer therapies. The addition of

oral semaglutide is an important step forward by offering an

oral hypoglycemic therapy that reduces glucose levels effec-

tively while avoiding hypoglycemia and having positive

effects on weight and cardiovascular risk.

While the treatment of diabetes is becoming more

complicated, the long-term outcome of individuals with

this condition has improved significantly secondary to the

constant development of hypoglycemic agents and oral

semagliutide represents a welcome addition to the list of

glucose-lowering drugs.
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