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Abstract
Semaglutide, a glucagon like peptide-1 (GLP-1) receptor agonist, is available as monotherapy in both subcutaneous as well 
as oral dosage form (first approved oral GLP-1 receptor agonist). It has been approved as a second line treatment option for 
better glycaemic control in type 2 diabetes and currently under scrutiny for anti-obesity purpose. Semaglutide has been proved 
to be safe in adults and elderly patients with renal or hepatic disorders demanding no dose modification. Cardiovascular (CV) 
outcome trials established that it can reduce various CV risk factors in patients with established CV disorders. Semaglutide 
is well tolerated with no risk of hypoglycaemia in monotherapy but suffers from gastrointestinal adverse effects. A large 
population affected with COVID-19 infection were diabetic; therefore use of semaglutide in diabetes as well as CV patients 
would be very much supportive in maintaining health care system during this pandemic situation. Hence, this peptidic drug 
can be truly considered as a quintessential of GLP-1 agonists for management of type 2 diabetes.
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Abbreviations
GLP-1	� Glucagon Like Peptide-1
CV	� Cardio Vascular
DPP-4	� DiPeptidylPeptidase-4
USFDA	� United States Food & Drug Administration
Aib	� 2-Aminoisobutyric acid
SNAC	� Sodium-N-[8-(2-hydroxybenzoyl)amino]

caprylate
SUSTAIN	� Semaglutide Unabated Sustainability in 

Treatment of Type 2 Diabetes
FPG	� Fasting Plasma Glucose
HOMA-B	� Homeostasis model assessment of β-cell 

function
ER	� Extended release
DXA	� Dual energy X-ray Absorptiometry
OAD	� Oral Antidiabetic Drugs
SGLT-2	� Sodium GLucose co-Transporter-2

SMBG	� Self-Monitoring of Blood Glucose
PIONEER	� Peptide Innovation for Early Diabetes 

Treatment
EMA	� European Medicines Agency

1  Introduction

Traditionally, glycaemic control has been the primary objec-
tive in managing type 2 diabetes mellitus, but multifactorial 
approaches like optimizing hyperglycaemia, obesity, hyper-
tension, dyslipidaemia and cardiovascular factors is equally 
important [1–4]. Insulin deficiency and various pathophysi-
ological changes often leads to other metabolic as well as 
cardiovascular complications in diabetes patients. Despite 
of various treatment options, a control on glycaemic level 
is still very challenging in clinical practice without having 
side effects like hypoglycaemic episodes [5]. Development 
of recombinant human proteins and glucagon like peptide-1 
(GLP-1) receptor agonists has been a beacon of hope for 
successful management of diabetes.

GLP-1, a major incretin hormone in humans, acts by 
numerous mechanisms like augmented insulin secretion 
(glucose-dependent), inhibition of glucagon release and sup-
pressed hepatic gluconeogenesis [6]. It also causes delayed 
gastric emptying, reduced appetite and energy intake [7, 8]. 
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Reduction of HbA1c level along with body weight without 
any risk of hypoglycaemia, provides it a special status for 
the treatment of obese type 2 diabetic patients. However, 
Dipeptidyl Peptidase-4 (DPP-4) and Neutral Endopeptidase 
mediated degradation makes it a candidate with short half-
life (1–2 min), which is a major obstacle in its therapeutic 
utility [8]. Therefore, various GLP-1 receptor agonists like 
dulaglutide, liraglutide, semaglutide were designed to act in 
the same way as GLP-1 and are less prone to proteolytic deg-
radation, but they suffer from certain gastrointestinal adverse 
effects like nausea, vomiting and diarrhoea. Various GLP-1 
receptor agonists like exendin based therapies (exenatide, 
lixisenatide) and GLP-1 analogues (liraglutide, semaglutide 
and dulaglutide) has been used clinically [3, 9–12]. Recent 
advancements focus on development of GLP-1 agonists 
which needs less frequent dosing (once weekly) to improve 
patient adherence and to reduce the treatment burden [13]. 
Only three GLP-1 agonists- exenatide extended release, 
semaglutide and dulaglutide (as albiglutide is withdrawn in 
2018) are currently approved for once-weekly dosing [14]. 
Both the subcutaneous as well as oral dosage form of sema-
glutide have been shown to achieve significant cardiovascu-
lar improvements in clinical studies. Semaglutide, developed 
by Novo Nordisk, has been launched clinically and mar-
keted as Ozempic® (subcutaneous injection, weekly-once 

dosing; available in 0.5, 1.0 mg dose) and Rybelsus® (oral 
tablets, once-daily dosing; available in 3, 7, 14 mg dose). 
Both Ozempic and Rybelsus has been approved by USFDA, 
Health Canada, European Medicines Agency, Japanese 
Health ministry and is under scrutiny by several other regu-
latory authorities [15–22].

1.1 � Development

At Novo Nordisk, concept of peptide modification and albu-
min binding for systemic protraction has been utilized in the 
development of weekly-once GLP-1 agonist- semaglutide.

Semaglutide (C187H291N45O59; 4113.58 g/mol) has 31 
amino-acid containing peptidic structure (Fig. 1) which is 
94% homologous to the native GLP-1 for avoiding immu-
nogenicity [23]. The alanine residue at 8th position is sub-
stituted with Aib (2-aminoisobutyric acid) which protects 
semaglutide from enzymatic degradation by DPP-4 [24]. 
Similar to liraglutide, the lysine residue at 34th position in 
native GLP-1 was replaced by arginine in semaglutide too. 
The arginine substitution at 34th position was helpful in 
production of GLP-1 analogue through semi-recombinant 
process [25]. Lysine residue at 26th position was acylated 
for attachment with a C18 fatty diacid through a hydro-
philic linker “γGlu-2xOEG”, which prolonged the systemic 

Fig. 1   Structure of Semaglutide
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half-life through enhanced albumin binding and reduced 
renal clearance [26].

Based on the pharmacokinetic studies on Göttingen mini 
pig model (for moderate insulin deficiency & diabetes) and 
in vivo efficacy in anti-hyperglycaemic and body weight low-
ering effect on obese, hyper-insulinemic db/db mice model 
(for type 2 diabetes), semaglutide was chosen to be a clinical 
trial candidate [27].

2 � Clinical pharmacology

2.1 � Mechanism

Semaglutide improves the efficiency of incretin function by 
activating GLP-1 receptors. It acts by numerous mechanisms 
like augmented insulin secretion (glucose-dependent), inhi-
bition of glucagon release and suppressed hepatic gluconeo-
genesis; thereby reducing both fasting as well as postprandial 
glucose [26]. Semaglutide has shown favorable proinsulin 
to insulin ratio which suggests improved efficiency of β-cell 
functioning and augmented production of insulin [28, 29]. 
It also exhibited improved insulin sensitivity which is likely 
to be mediated by overall reduction in body weight [30]. 
Semaglutide also exhibits weight loss which is attributed to 
reduced energy intake, delay in gastric motility [31].

2.2 � Mode of administration & posology

Subcutaneous route:   Unlike other weekly-once GLP-1 
agonists, dose titration is necessary for weekly-once s.c. 
semaglutide (Ozempic; 0.5, 1.0 mg). Therapy is initiated 
with 0.25 mg, then raised to 0.5 mg and 1.0 mg keeping 
4 weeks interval. Ozempic pen (red and blue) is available 
in the strength of 1.34 mg/ml. The red pen delivers 0.25 mg 

initiation dose and 0.5 mg for maintenance purpose; blue 
pen is meant for 1.0 mg (maximum maintenance dose) sema-
glutide [32–34].

Oral route:   In oral dosage form (Rybelsus; 3, 7, 14 mg), sema-
glutide has been co-formulated with a fatty acid derivative- 
SNAC (Sodium-N-[8-(2-hydroxybenzoyl)amino]caprylate; 
Eligen® Technology, Emisphere Technologies), which acts as 
permeation enhancer. It increases solubility of semaglutide by 
increasing pH of the local environment and use passive tran-
scellular route to cross cell membranes [29]. It also protects 
semaglutide against proteolytic degradation at acidic pH of 
stomach. The tablet has to be swallowed in empty stomach 
preferably 30 min prior to meal [35, 36].

Transition between Ozempic and Rybelsus: Depending 
on the patient convenience and requirement, they can be 
switched from Ozempic to Rybelsus and vice versa [33, 35].

Various pharmacokinetic parameters of both s.c. as well 
as oral semaglutide have been presented in Table 1.

2.3 � Clinical trials for glycaemic control

2.3.1 � Phase‑I studies

NCT02060266:  Absorption, distribution, metabolism of 
semaglutide was studied in the blood, plasma, urine, fae-
ces of 7 healthy males (after receiving tritium-labelled 
(450 μCi/16.7 MBq) 0.5 mg s.c. semaglutide) and compared 
with that of monkey, rats. Both were found to have similar 
profile of metabolites and excretory routes [23].

NCT02210871:  A study, conducted on 44 subjects (19 nor-
mal, 8 mildly impaired, 10 moderately impaired and 7 with 

Table 1   Pharmacokinetics of 
semaglutide [33–36]

Characteristics Semaglutide (s.c. injection) Semaglutide (oral)

Absorption
  Absolute bioavailability 89% 0.4–1%
  Steady state plasma conc 65 ng/ml (0.5 mg weekly once) 6.7 nmol/L (7 mg once daily)

123 ng/ml (1 mg weekly once) 14.6 nmol/L (14 mg once daily)
  Time to achieve steady state conc 4–5 weeks 4–5 weeks
  Time to achieve maximum conc 1–3 days 01 h

Distribution
  Volume of distribution 12.5 Litres 8 Litres
  Protein binding  > 99%  > 99%

Metabolic pathway Proteolytic degradation followed 
by fatty acid oxidation

Proteolytic degradation followed 
by fatty acid oxidation

Elimination profile
  Elimination t1/2 01 week 01 week
  Rate of clearance 0.05 Litres/Hr 0.04 L/Hr
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severe hepatic impairment) taking s.c. semaglutide (0.5 mg) 
proved that hepatic impairment has no apparent effect on its 
efficacy and needs no modification in dose [37].

NCT02147431:  A placebo-controlled trial (38 type 2 diabet-
ics of either gender received weekly-once s.c. semaglutide) 
established the safety profile of semaglutide and shown that 
it has no effect on glucagon action [38].

A placebo controlled, dose escalating trial established 
various pharmacokinetics and dynamics parameters of 
oral semaglutide (prepared with SNAC), carried out on 2 
groups (6 healthy males in each). Dose dependent increase 
in plasma concentration of semaglutide was observed along 
with augmented insulin release. Dose dependent inhibition 
of ghrelin (hunger hormone) secretion was also observed 
causing suppression of appetite [39].

NCT01037582:  The first-in-human, single dose, safety study 
of oral semaglutide was conducted on 135 healthy male per-
sons, who received 2–20 mg of oral semaglutide (2–20 mg) 
prepared with SNAC (150–600 mg). The optimal dose of 
SNAC was found to be 300 mg for maximum semaglutide 
absorption and no safety/tolerability concerns were observed 
[40].

NCT01686945:  A 10-week long, placebo-controlled trial 
investigated the safety, tolerability, pharmacokinetics and 
dynamic effects of oral semaglutide on 107 male subjects 
(84 healthy and 23 type 2 diabetics). Oral semaglutide was 
found to be safe and effective for weekly-once dosing with 
a half-life of 07 days [40].

NCT01572753:  A trial was conducted to assess the outcome 
of taking food after semaglutide as well as the effect of vol-
ume of water taken with oral semaglutide. Participants (158 
healthy males) received oral semaglutide with 50-, or 120-ml 
water and in combination with different after-dose fasting 
period (15, 30, 60, 120 min). Effective plasma concentration 
can be achieved by oral intake of semaglutide with 120 ml 
water in fasting state, followed by fasting for another half 
an hour [41].

NCT01619345:  A pharmaco-scintigraphic trial was carried 
out on 24 healthy male subjects to investigate the effect 
of volume of water taken with oral semaglutide in fasting 
state on the site of absorption (stomach or proximal small 
intestine). The site of tablet erosion as well as absorption of 
semaglutide was found to be stomach. Non-clinical studies 
carried out on pyloric ligated as well as non-ligated Beagle 
dogs also supported these results [42].

NCT02172313:  Effect of food on oral semaglutide’s phar-
macokinetics was investigated on 78 healthy subjects, who 

received either once-daily oral semaglutide after a meal, or 
same dosage in fasting state for 10 days. Results suggested 
that administration of semaglutide in fasting state is highly 
essential to achieve therapeutic concentration [43].

NCT02014259:  A multiple-dose trial was conducted on 71 
patients (24 healthy, 12 mild, 12 moderate, 12 severe, and 
11 with end-stage kidney damage), who received daily-once 
5 mg oral semaglutide for 5 days, followed by 10 mg for 
next 5 days. Dose modification was not necessary as kidney 
impairment didn’t affect pharmacokinetics of oral semaglu-
tide [44].

NCT02016911:  Another multiple dose trial was conducted 
on 56 patients (24 normal, 12 mild, 12 moderate, and 8 with 
severe hepatic damage), who received daily-once 5 mg oral 
semaglutide for 5 days, followed by 10 mg for next 5 days. 
The study demonstrated that dose modification is not war-
ranted in case of hepatic impairment [45].

2.3.2 � Phase‑II studies

NCT02461589:  A 26-week long, dose finding study on 705 
subjects compared the efficacy of semaglutide with liraglu-
tide and placebo. Patients were divided into 12 treatment 
arms (2:2:1) to receive daily-once s.c. semaglutide (0.05, 
0.1, 0.2, 0.3 mg), or liraglutide (0.3, 0.6, 1.2, 1.8 mg) or 
placebo (50, 100, 200, 300 μL). An additional 13th arm 
explored more flexible semaglutide dosing, where the effects 
were similar to 0.2 mg semaglutide. Significant reduction in 
HbA1c and body weight was observed in semaglutide and 
liraglutide as compared to placebo. Dose–response model-
ling study revealed that 0.06 mg of semaglutide was equiva-
lent to 1.8 mg of liraglutide [46].

NCT00696657:  A 12-week long trial was carried out on 415 
subjects to find the optimal dose of semaglutide. Patients 
received weekly-once s.c. semaglutide of variable doses 
ranging from 0.1 to 0.8 mg without dose escalation, or 
doses of 0.4, 0.8, 1.6 mg with dose escalation, or 1.2 mg 
and 1.8 mg doses of daily-once liraglutide, or placebo. Sig-
nificant reduction in HbA1c, fasting plasma glucagon levels 
and body weight was exhibited by semaglutide, thus 0.5 mg 
and 1.0 mg dose was selected to be optimal for phase-3 tri-
als [47].

NCT01923181:  A 26-week long, dose finding study was car-
ried out on 632 subjects with five different doses of daily-
once 2.5 mg, 5 mg, 10 mg, 20 mg, and 40 mg oral semaglu-
tide. Effect of oral semaglutide (40 mg) was also compared 
with 1.0 mg s.c. semaglutide and placebo with slow escala-
tion (8-weeks) or fast escalation (2-weeks). A significant fall 
in HbA1c was exhibited by oral as well as s.c. semaglutide 
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against placebo. Dose-dependent decrease in body weight 
was reported with oral semaglutide of 10 mg and higher 
doses. Significant fall in HbA1c, FPG along with weight 
loss was reported in s.c. as well as 40 mg oral semaglutide. 
Interestingly, weekly-once s.c. semaglutide (1 mg) was more 
effective than ≤ 10 mg daily-once oral semaglutide [48].

2.3.3 � Phase‑III studies

Semaglutide Unabated Sustainability in Treatment of Type 2 
Diabetes (SUSTAIN) trials were meant for studying weekly-
once s.c. semaglutide along with active or placebo compara-
tors (trial design presented in Table 2).

SUSTAIN‑1:  The study population received either weekly-
once s.c. semaglutide of 0.5 mg (128) or 1.0 mg (130), or 
placebo (129) for 30 weeks through a prefilled PDS290 pen-
injector. Both the doses of semaglutide significantly decreased 
the mean FPG, C-peptide, homeostasis model assessment 
of β-cell function (HOMA-B) along with HbA1c and body 
weight against placebo. Apart from gastro-intestinal adverse 
effects, the safety, efficacy was good [49].

SUSTAIN‑2:  A study conducted on 1225 type 2 diabetics 
(received weekly-once 0.5 mg  s.c. semaglutide + daily-
once oral placebo, or weekly-once 1.0 mg s.c. semaglu-
tide + daily-once oral placebo, or daily-once 100 mg oral 
sitagliptin + weekly-once 0.5 mg s.c. placebo, or daily-once 
100 mg oral sitagliptin + weekly-once 1.0 mg s.c. placebo 
for 56 weeks) proved that a significant reduction in HbA1c 
and body weight was exhibited by semaglutide 0.5 mg and 
1.0 mg over sitagliptin [50].

SUSTAIN‑3:  A study conducted on 813 subjects, who 
received 1.0 mg weekly-once s.c. semaglutide or 2.0 mg 
weekly-once s.c. exenatide ER (extended release) proved 
the superiority of semaglutide (associated with significant 
drop in HbA1c and body weight, improved lipid profile, 
reduced fasting insulin, proinsulin, plasma glucagon and 
insulin resistance) [28].

SUSTAIN‑4:  Effectiveness of semaglutide and insulin glar-
gine was compared on 1089 subjects, who received either 
weekly-once 0.5 mg s.c. (362), or 1.0 mg s.c. semaglutide 
(360) and daily-once s.c. insulin glargine, initially 10 IU/
day, followed by dose titration (360). A significant reduction 
of HbA1c and weight loss was achieved with both doses 
of semaglutide against insulin glargine. Gastrointestinal 
disorders and skin problems (rashes, pruritus, urticaria) 
were more frequent with semaglutide and insulin glargine 
respectively. Four deaths (3 cardiovascular, 1 pancreatic 
carcinoma) in 0.5 mg semaglutide and two cardiovascular 
deaths in insulin treated population were reported [51].

SUSTAIN‑5:  Another study on 397 type 2 diabetics, who 
received either weekly-once s.c. semaglutide 0.5 mg (132), 
or 1.0 mg (131), or placebo (133) proved the superiority of 
semaglutide in reduction of HbA1c and body weight. Four 
cases of neoplasm (0.5 mg semaglutide), a malignant neo-
plasm and a metastatic pancreatic cancer (1.0 mg semaglu-
tide) was also reported [52].

SUSTAIN‑6:  An event-driven trial, conducted on 3297 sub-
jects (83% have cardiovascular and/or renal impairment), 
reported 26% fall in cardiovascular incidents in semaglu-
tide as it checks the progress of atherosclerosis. Participants 
received either weekly-once 0.5 mg s.c. semaglutide (826), 
or 1.0 mg (822), or 0.5 mg placebo (824), or 1.0 mg pla-
cebo (825) for 104 weeks. Primary outcomes (cardiovascular 
death, non-fatal stroke/myocardial infarction incidents) were 
exhibited by 6.6% population of semaglutide. Significant 
reduction in HbA1c and body weight was observed in sema-
glutide along with side effects like retinopathy, nephropathy, 
and acute pancreatitis [53].

SUSTAIN‑7:  This study involved 1201 subjects receiving 
semaglutide 0.5 mg (301), or dulaglutide 0.75 mg (299), 
or semaglutide 1.0 mg (300), or dulaglutide 1.5 mg (299). 
Clinically superior reduction in HbA1c and weight was 
observed in both the semaglutide groups than dulaglutide. 
Total 11 malignant neoplasms, 9 diabetic retinopathy cases 
and 6 deaths (one from each dose of semaglutide, and two 
from each dose of dulaglutide) were reported [54].

SUSTAIN‑8:  Effectiveness of semaglutide in reducing HbA1c 
and body weight over canagliflozin (SGLT-2 inhibitor) was 
proved by this study on 788 participants receiving weekly-
once s.c. semaglutide 1.0 mg, or daily-once oral canagli-
flozin 300 mg (394 in each group). One death (unrelated to 
semaglutide treatment) and few cases of retinopathy were 
reported [55].

A sub-study on 178 patients (88 received weekly-once s.c. 
1.0 mg semaglutide and 90 received daily-once oral 300 mg 
canagliflozin) for 52 weeks involved dual energy X-ray 
absorptiometry (DXA) scanning. Although improvement in 
body fat composition was reported by both the groups, but 
no significantly different changes were observed between 
semaglutide and canagliflozin [56].

SUSTAIN‑9:  This trial compared the efficacy of semaglu-
tide when used along with SGLT-2 inhibitor by taking 302 
participants receiving weekly-once 1.0 mg s.c. semaglutide 
(151) or placebo (151) with a fixed dose escalation period. 
Semaglutide treatment in conjunction with SGLT-2 inhibi-
tor led to significant reduction in HbA1c and body weight. 
Mild retinopathy and neoplasms (unrelated to treatment) 
were reported [57].
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Table 2   Study design and results of SUSTAIN trials

SUSTAIN Clinical trial 
identification 
number

Population Duration
(weeks)

Background 
medication

Semaglutide 
trial dose & 
Comparator

% HbA1c 
reduction

Weight loss (kg)

1 NCT02054897 388 30 None 0.5 mg -1.45 -3.73
1.0 mg -1.55 -4.53
Placebo -0.02 -0.98

2 NCT01930188 1231 56 Metformin and/
or Pioglitazone/
Rosiglitazone

0.5 mg -1.3 -4.3
1.0 mg -1.6 -6.1
Sitagliptin 

(100 mg)
-0.5 -1.9

3 NCT01885208 813 56 Metformin and/
or Thiazolidin-
ediones and/or 
Sulfonylurea

1.0 mg -1.5 -5.6
Exenatide ER 

(2.0 mg)
-0.9 -1.9

4 NCT02128932 1089 30 Metformin 
alone or with 
Sulfonylurea

0.5 mg -1.21 -3.74
1.0 mg -1.64 -5.71
Insulin glargine -0.83 +1.15

5 NCT02305381 397 30 Basal insulin 
alone or with 
Metformin

0.5 mg -1.4 -3.7
1.0 mg -1.8 -6.4
Placebo -0.1 -1.4

6 NCT01720446 3297 (83% with 
CV and/or 
CKD)

104 None 0.5 mg -1.1 -3.6
1.0 mg -1.4 -4.9
Placebo (0.5 mg) -0.4 -0.7
Placebo (1.0 mg) -0.4 -0.5

7 NCT02648204 1201 40 Metformin 0.5 mg -1.5 -4.6
1.0 mg -1.8 -6.5
Dulaglutide 

(0.75 mg)
-1.1 -2.3

Dulaglutide 
(1.5 mg)

-1.4 -3.0

8 NCT03136484 788 52 Metformin 1.0 mg -1.5 -5.3
Canagliflozin 

(300 mg)
-1.0 -4.2

9 NCT03086330 302 30 SGLT-2 inhibitor 
alone or with 
Sulfonylurea/
Metformin

1.0 mg -1.5 -4.7
Placebo -0.1 -0.9

10 NCT03191396 577 30 Metformin and 
Sulfonylurea/
SGLT-2 
inhibitor

1.0 mg -1.7 -5.8
Liraglutide 

(1.2 mg)
-1.0 -1.9

11 NCT03689374 2275 52 Metformin 
alone or with 
Sulfonylurea/
Meglitinide/
DPP-4 
inhibitor/α-
glucosidase 
inhibitor

1.0 mg - -
Insulin aspart 

(4 IU)
- -

Japan-sitagliptin NCT02254291 308 30 None 0.5 mg -1.9 -2.2
1.0 mg -2.2 -3.9
Sitagliptin 

(100 mg)
-0.7 0.0

526 Reviews in Endocrine and Metabolic Disorders (2022) 23:521–539



1 3

SUSTAIN‑10:  Effectiveness between semaglutide and lira-
glutide was studied on 577 participants receiving weekly-
once s.c. 1.0 mg semaglutide (290), or daily-once s.c. 1.2 mg 
liraglutide (287) with dose escalation. Although, retinopathy 
and neoplasms were reported in both the groups, superiority 
of semaglutide over liraglutide was established [58].

SUSTAIN‑Japan‑sitagliptin:  Superior effectiveness (reduction 
in HbA1c, body weight, FPG, SMBG) of semaglutide over 
sitagliptin was established in this trial where 308 Japanese sub-
jects received weekly-once s.c. 0.5 mg semaglutide (103) or 
1.0 mg (102) or daily-once 100 mg oral sitagliptin (103). One 
malignant neoplasm and 6 cases of retinopathy reported [59].

SUSTAIN‑Japan:  This trial assessed the superior efficacy of 
semaglutide in reducing HbA1c and body weight over oral 
antidiabetic drug (OAD) monotherapy, where 601 Japa-
nese subjects received weekly-once s.c. 0.5 mg semaglu-
tide (239), or 1.0 mg semaglutide (241), or OAD (74 DPP-4 
inhibitor, 31 biguanide, 7 sulfonyl urea, 4 thiazolidinedi-
one, 3 α-glucosidase inhibitor, 1 glinide). Benign colorectal 
neoplasms, an event of heart failure, a coronary revascu-
larization, 6 cases of cholelithiasis including 1 death (non-
cardiovascular) were reported in semaglutide group [60].

SUSTAIN‑China‑MRCT:  Superior effectiveness (reduction in 
HbA1c, body weight, FPG, SMBG, β-cell glucose sensitiv-
ity and insulin resistance) of semaglutide over sitagliptin 
was established in this trial where 868 subjects received 
0.5 mg semaglutide + placebo (287), or 1.0 mg semaglu-
tide + placebo (290), or 100 mg oral sitagliptin + placebo 

(290). Two deaths (unrelated to the treatment) were reported 
in semaglutide group [61].

SUSTAIN‑11:  This on-going trial would explore the effec-
tiveness of semaglutide by comparing various parameters 
like change in HbA1c, body weight, FPG, SMBG, blood 
pressure, lipid profile etc. with that of insulin aspart and 
insulin glargine. Participant would be subjected to 12 weeks 
of run-in period (receive metformin and daily-once insulin 
glargine) followed by 52-week treatment period (weekly-
once s.c. 1.0 mg semaglutide or 4 units of s.c. insulin aspart 
by pre-filled pen three times daily before each meal) [62].

SUSTAIN‑SWITCH (NCT04287179):  This trial was expected to 
compare two doses of weekly-once semaglutide and explore 
the efficacy of a new pen injector, but was cancelled due to 
the COVID-19 pandemic situation [63].

SUSTAIN‑FORTE:  Effectiveness between two doses of s.c. 
semaglutide (1.0 mg and 2.0 mg) was studied by follow-
ing 12-week dose escalation period, after which the active 
comparator group (1.0 mg) received additional placebo s.c. 
1.0 mg for masking purpose, whereas 2.0 mg group received 
weekly two s.c. semaglutide injections of 1.0 mg each [64]. 
A significant as well as superior reduction in HbA1c and 
body weight was exhibited by 2.0 mg semaglutide against 
1.0 mg group in both trial product and treatment policy esti-
mand [65].

Reduction in HbA1c achieved in the SUSTAIN trials have 
been depicted in Fig. 2.

Table 2   (continued)

SUSTAIN Clinical trial 
identification 
number

Population Duration
(weeks)

Background 
medication

Semaglutide 
trial dose & 
Comparator

% HbA1c 
reduction

Weight loss (kg)

Japan NCT02207374 601 56 None 0.5 mg -1.7 -1.4

1.0 mg -2.0 -3.2

OAD 
monotherapy

-0.7 +0.4

China-MRCT​ NCT03061214 868 30 Metformin 0.5 mg -1.4 -2.9
1.0 mg -1.7 -4.2
Sitagliptin 

(100 mg)
-0.9 -0.4

FORTE NCT03989232 961 40 Metformin 
alone or with 
Sulfonylurea

Trial product 
estimand

Treatment policy 
estimand

1.0 mg -1.9%, 6.0 kg -1.9%, 5.6 kg
2.0 mg -2.2%, 6.9 kg -2.1%, 6.4 kg
Placebo - -
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2.3.4 � PIONEER (Peptide Innovation for Early Diabetes 
Treatment) trials for once‑daily oral semaglutide

These are phase-3, parallel-group, randomized, active- and/
or placebo-controlled trials carried out on type 2 diabetes 
patients (trial design presented in Table 3).

Pioneer 1:  This trial was conducted on 703 subjects, who 
received daily-once 3.0 mg oral semaglutide (175), or 7.0 mg 
(175), or 14.0 mg (175), or placebo (178). All the doses of 
semaglutide reduced HbA1c and body weight in both trial 
product estimand and treatment policy estimand, but clini-
cally significant reduction was reported by the 14 mg dose. 
Apart from gastrointestinal adverse effects, semaglutide 
exhibited good safety profile [66].

Pioneer 2:  Efficacy of semaglutide and empagliflozin was 
studied on 703 subjects receiving once-daily oral 14.0 mg 
semaglutide (412), 25.0 mg empagliflozin (410). A sig-
nificant decline in HbA1c and body weight was noted for 
semaglutide against empagliflozin for treatment policy and 
trial product estimand at 26 weeks. At week 52, semaglutide 
decreased HbA1c and body weight in trial product estimand 
than empagliflozin [67].

Pioneer 3:  This trial examined the safety, efficacy of sema-
glutide and sitagliptin by selecting 1864 subjects who 
received once-daily oral 3.0  mg semaglutide (466), or 

7.0 mg semaglutide (466), or 14.0 mg semaglutide (465), or 
100 mg sitagliptin (467) with dose escalation. As compared 
to sitagliptin, significant decline in HbA1c and body weight 
was demonstrated by semaglutide 7 and 14 mg but not in 
3 mg treatment group. Semaglutide (14 mg) at week 78 was 
reported to have statistically pronounced fall in HbA1c and 
body weight compared with sitagliptin [68].

Pioneer 4:   To assess the safety, efficacy of semaglutide and 
liraglutide, participants received once-daily oral 14.0 mg 
semaglutide (285), or once-daily s.c. 1.8 mg liraglutide 
(284) or placebo (142). Mean reduction in HbA1c and body 
weight was observed by semaglutide in both trial product 
and treatment policy estimand as compared to liraglutide at 
week 26 [69].

Pioneer 5:   This trial demonstrated the efficacy of sema-
glutide on 324 subjects with modest kidney issues, who 
received either once-daily oral 14.0 mg semaglutide (163), 
or placebo (161) along with previous antidiabetic therapy. 
In both trial product and treatment policy estimand, sema-
glutide demonstrated significant reduction in HbA1c and 
weight loss against placebo [70].

Pioneer 6:   A cardiovascular safety outcome trial was con-
ducted on 3183 participants (84% above 50 years of age) 
with cardiovascular disease or moderate renal impairment 
and received either once-daily oral 14.0 mg semaglutide 
(1591), or placebo (1592). About 2.3%, 0.8% semaglutide 
treatment subjects faced nonfatal myocardial infarction and 
nonfatal stroke respectively, while 0.9% died due to cardio-
vascular events. With a hazard proportion of 0.79, this car-
diovascular effect confirmed noninferiority of oral semaglu-
tide to placebo, along with 80% reduction of cardiovascular 
risks [71, 72].

Pioneer 7:   This trial compared the efficacy of semaglutide 
(flexible dosing) and sitagliptin (fixed dose) on 504 sub-
jects with modest kidney dysfunction receiving once-daily 
oral semaglutide (253) with individualized flexible dosing, 
or once-daily oral 100 mg sitagliptin (251). In both treat-
ment policy and trial product estimand, flexible dosing of 
semaglutide achieved reduction in HbA1c and body weight 
against sitagliptin. Retinopathy and malignant neoplasm 
cases were reported across all treatment groups [73].

Pioneer 8:   This trial was conducted on 731 participants, 
who received either once-daily oral 3.0 mg semaglutide 
(184), or 7.0 mg (182), or 14.0 mg (181), or placebo (184). 
Dose-dependent decline in HbA1c and body weight was 
associated with semaglutide than placebo at weeks 26 and 
52 for both the treatment policy as well as trial product esti-
mand [74].

Fig. 2   Reduction of HbA1c in SUSTAIN trials
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Pioneer 9:   Dose–response curve of three different doses of 
semaglutide, placebo and liraglutide was studied in this trial. 
Japanese subjects received once-daily oral 3.0 mg semaglu-
tide (49), or 7.0 mg (49), or 14.0 mg (48), or placebo (49), 
or once-daily s.c. 0.9 mg liraglutide (48). This trial demon-
strated dose-dependent superior activity of semaglutide over 
liraglutide and placebo [75].

Pioneer 10:   This trial evaluated the safety, efficacy of sema-
glutide with dulaglutide on Japanese subjects who received 
daily-once oral 3.0 mg semaglutide (131) or 7.0 mg (132) 
or 14.0 mg (130) or weekly-once s.c. 0.75 mg dulaglutide 
(65) for 30 weeks. Gastrointestinal adverse effects, infec-
tions, retinopathy, malignant neoplasms and 3 cardiovascu-
lar adverse events were reported. A significant reduction in 
HbA1c (with all three doses) and body weight (with 7 mg, 
14 mg dose) was noted in semaglutide against dulaglutide 
[76].

Pioneer 11:   Efficacy of 3 different doses of daily-once oral 
semaglutide is being examined on 664 subjects receiving 
oral semaglutide 3 mg, or 7 mg, or 14 mg, or placebo with 
dose escalation [77].

Pioneer 12:   This on-going trial will compare the safety, 
efficacy of daily-once semaglutide with sitagliptin. Sub-
jects receive oral semaglutide 3 mg + placebo, or semaglu-
tide 7 mg + placebo, or semaglutide 14 mg + placebo, or oral 
sitagliptin 100 mg + placebo [78].

Pioneer Teens:   This on-going trial would examine the effi-
cacy, safety of semaglutide in 132 type 2 diabetic children, 
teenagers (aged 10–17 years) receiving daily-once oral 
semaglutide (with dose escalation to an individual maximum 
tolerated dose) or placebo [79].

Reduction in HbA1c achieved in the PIONEER trials 
have been depicted in Fig. 3.

3 � Indications

3.1 � Treatment of type 2 diabetes

Individual patient-oriented treatment which needs re-
assessment in every 3–6 months, is being advocated by 
American Diabetes Association 2020 and the ‘Manage-
ment of Hyperglycaemia in type 2 diabetes” by European 
Association for the Study of Diabetes consensus report 
2019 [80, 81]. It recommends use of semaglutide when-
ever greater glycaemic control is needed, weight reduction 
is highly necessary, and also preferred to be used prior to 

insulin. Semaglutide is highly advisable in cardiovascular 
diseases (atherosclerotic nature) and in case of intolerance 
towards SGLT-2 inhibitors. It has also been approved for 
use in liver and kidney damage, with no requirement of 
dose adjustment [32, 82].

Semaglutide is an approved second line drug which 
can be used along with metformin or insulin analogues to 
achieve treatment intensification. But inadequate glycae-
mic control or intolerance to metformin may necessitate 
the use of GLP-1 agonist monotherapy like semaglutide. A 
reduction in the dose of co-administered insulin or sulfonyl 
urea is needed when used along with semaglutide to avoid 
the risk of hypoglycaemia. However, metformin, SGLT-2 
inhibitors and thiazolidinedione derivatives doesn’t need 
any dose adjustment when used along with semaglutide 
[83, 84]. When semaglutide is used along with DPP-4 
inhibitors, it doesn’t provide any synergistic effect and 
therefore this combination should be avoided [3]. Oral 
semaglutide presents a better alternative to injectable 
GLP-1 agonist therapy and increases the patient adher-
ence [85]. The recommended indications for semaglutide 
have been presented in Table 4 [80, 81, 83, 84].

Based on the encouraging results from SUSTAIN 
FORTE studies, Novo Nordisk has filed a label expan-
sion request with European Medicines Agency (EMA) on 
29th December 2020 to introduce 2.0 mg dose of already 
approved weekly-once Ozempic® for treatment of hyper-
glycaemia [86]. A similar submission has been filed with 
United States Food and Drug Administration (USFDA) on 
20th January 2021 for introducing 2.0 mg dose of weekly-
once Ozempic [87].

Fig. 3   Reduction of HbA1c in PIONEER trials
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4 � Safety & Tolerability

4.1 � Adverse effects

Although semaglutide is well tolerated, but it shows dose-
dependent, mild to moderately severe gastrointestinal 
adverse effects (vomiting, nausea, constipation, diarrhoea, 
and dyspepsia) which usually wears off within 2 weeks of 
treatment initiation [88]. Other infrequent side effects are 
nasopharyngitis, headache, infections in urinary tract, upper 
respiratory tract, and increased pancreatic enzyme (amylase 
and lipase) levels [49–51, 59]. Occasional cases of acute 
pancreatitis have been reported which calls for discontinu-
ation of treatment. Cases of hypoglycaemia are very low 
with semaglutide but concomitant administration of insulin 
analogues or other hypoglycaemic drugs need dose reduc-
tion [83, 84]. Apart from these, very rare cases of transient 
injection site reactions were also reported [28]. Many com-
mon but infrequent adverse effects of GLP-1 agonists like 
increased pulse rate, heart rate, cholelithiasis, cholecystitis 
has been observed with semaglutide also [31, 89].

Diabetic retinopathy:   SUSTAIN-6 has reported 76% higher 
risk for occurrence of event adjudication committee con-
firmed retinopathy related complications (blindness, vitre-
ous haemorrhage, necessity of photocoagulation, and use 
of intravitreal agents) in semaglutide treatment group as 
compared to placebo [53]. Rapid control of hyperglycae-
mia or decline in HbA1c was responsible for deteriorating 

retinopathy during initial few weeks of treatment, as pro-
posed by post hoc analysis of SUSTAIN 1–6 and Japanese 
trials. Moreover, the retinopathy complications were more 
prevailing in patients receiving insulin therapy but it needs 
further evidences to confirm [90].

FOCUS (NCT03811561):   A phase-3 trial is being carried 
out on 1500 subjects to investigate the long-term effects of 
semaglutide (as an add-on to previous antidiabetic medica-
tion) on retinopathy. Participants receive either weekly-once 
s.c. 1.0 mg semaglutide (with dose escalation) or placebo 
through a PDS290 pen-injector device [91].

4.2 � Cardiovascular safety

Inadequate glycaemic control is one of the important factors 
which boosts the risk of cardiovascular adverse effects in 
type 2 diabetic subjects. Insulin resistance may alter insulin 
signalling pathway within myocardial cells to cause heart 
failure, stroke and myocardial dysfunction [92]. Therefore, 
cardiovascular risk assessment has been made mandatory by 
various regulatory authorities for approval of newer antidia-
betic agents [93].

A beneficial cardiovascular risk reducing effect of 
semaglutide has been suggested by both SUSTAIN-6 as 
well as PIONEER-6 [94]. As compared to placebo, the 
hazard ratio for cardiovascular adverse effects favoured 
semaglutide, which clearly indicates cardiovascular 
benefits (presented in Table 5). A post-hoc analysis has 

Table 4   Indications for Semaglutide (As per American Diabetes Association 2020)

Semaglutide

Efficacy High
Cost High
Oral/Injectable Both available
Weight loss Yes
Risk of Hypoglycaemia No Semaglutide monotherapy

Yes Combination with insulin or other hypoglycaemic 
drugs; needs dose reduction

Cardiovascular risk Reduces cardiovascular risk
Need for dose adjustment in geriatrics, 

renal and hepatic impairment
Not necessary

Preferred conditions Requirement of greater glycaemic control
Need for injectable therapy to reduce HbA1c
Need to switch from injectable to oral therapy
If possible, preferred over insulin
In cardiovascular diseases of atherosclerotic origin and renal impairment
Intolerance to SGLT-2 inhibitors
Weight reduction is essential

Precautions Avoid in- Medullary carcinoma of thyroid, Pancreatitis,
Multiple Endocrine Neoplasia Syndrome type 2,
Progressive retinopathy,
Congestive Heart Failure (As per EMA)
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reported about 24% reduction in cardiovascular adverse 
events was achieved by semaglutide against placebo [94]. 
Semaglutide has been reported to reduce atherosclerosis 
by negatively regulating multiple inflammatory path-
ways in proatherogenic apolipoprotein E-deficient mice 
(ApoE−/−) and low-density lipoprotein receptor deficient 
mice (LDLr−/−) model [95]. Moreover, GLP-1 agonists 
have already been reported to show cardioprotective effect 
by reducing apoptosis in cardiac cells of rats [96].

SOUL (NCT03914326):  Long-term cardiovascular outcomes 
(occurrence of first major cardiovascular event, death, myo-
cardial infarction, non-fatal stroke, coronary revasculari-
zation, limb ischemia) are being studied on 9642 subjects 
with cardiovascular or chronic kidney disease. Participants 
receive either daily-once semaglutide (dose increased from 
3, 7, to 14 mg) or placebo for 3.5 to 5 years [97].

SELECT (Semaglutide Effects on Heart Disease and Stroke 
in Patients with Overweight or Obesity; NCT03574597):  A 
59-month long, phase-3 trial is being conducted on 17,500 
obese but healthy subjects with cardiovascular history 
(age ≥ 45 years), where subjects receive either weekly-once 
2.4 mg s.c. semaglutide (starting with 0.24 mg then 0.5, 1.0, 
1.7 and finally to 2.4 mg) or placebo. This event-driven trial 
would assess the efficacy of semaglutide in reducing the 
risk of cardiovascular problems by examining occurrence of 
death (cardiovascular reason), non-fatal stroke or myocardial 
infarction and time taken for cardiovascular death [98, 99].

STRIDE (NCT04560998):  Effect of semaglutide on functional 
capacity (change in maximum walking distance and pain 
free walking distance on tread mill, vascular quality) is being 
examined on 800 participants with peripheral arterial dis-
order. Participants receive either weekly-once s.c. 1.0 mg 
semaglutide (dose escalation from 0.25, to 0.5, and then to 
1.0 mg) or placebo for 52 weeks [100].

4.3 � Drug interactions

As semaglutide cause delayed gastric emptying, it can 
affect the pharmacokinetics of other co-administered drugs. 
Numerous cross-over trials confirmed non-interference of 
semaglutide with the bioavailability of oral contraceptives, 
lisinopril, metformin, warfarin, furosemide, digoxin, ator-
vastatin, rosuvastatin, and omeprazole [101–105]. Co-
administration of levothyroxine with oral semaglutide 
results in increased exposure of levothyroxine by 33%. 
Therefore, patients may be advised to take levothyroxine 
3 h after the last meal to avoid unnecessary interactions 
with semaglutide [106].
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4.4 � Antihyperglycemic potential of Semaglutide

Both weekly-once 2.4 mg s.c. semaglutide and daily-once 
oral semaglutide has been approved by USFDA, Health 
Canada, European Medicines Agency (EMA), and Japa-
nese Health ministry for use in the management of type 
2 diabetes. Semaglutide has also shown weight reduction 
property in clinical trials, due to which it can provide 
dual benefit to patients with type 2 diabetes and obesity 
(diabesity).

Subcutaneous dosage form of semaglutide (semaglu-
tide and inactive ingredients like disodium phosphate 
dihydrate, propylene glycol, phenol and water for injec-
tion) has been studied both as monotherapy and in com-
bination with metformin, metformin + sulfonylureas, 
metformin and/or thiazolidinedione, and basal insulin 
in type 2 diabetes patients. In SUSTAIN trials 0.5 and 
1.0 mg doses of s.c. semaglutide were studied against 
placebo, oral DPP-4 inhibitor, other s.c. GLP-1 agonists, 
insulin, oral SGLT-2 inhibitor. Similarly, the oral dosage 
form of semaglutide (semaglutide and inactive ingredi-
ents like magnesium stearate, microcrystalline cellulose, 
povidone and salcaprozate sodium) was studied both as 
monotherapy and in combination with metformin, sulfo-
nylureas, SGLT-2 inhibitor, insulin, and thiazolidinedi-
one derivative. In PIONEER trials 3, 7, and 14 mg doses 
of oral semaglutide were studied against placebo, oral 
SGLT-2 inhibitor, oral DPP-4 inhibitor, other s.c. GLP-1 
agonists. Efficacy of semaglutide remain unaltered by 
age, gender, race, ethnicity, body mass index (BMI) and 
body weight at baseline, diabetes duration and the extent 
of renal impairment.

Both the dosage forms of semaglutide achieve the 
steady-state concentration after 4–5 weeks of dose ini-
tiation. The s.c. dosage form is taken once in a week, so 
patients need not take their pills every day. But oral form 
is more convenient for a significant section of patients and 
has better patient adherence. Semaglutide appears to be 
most effective in reducing HbA1c and body weight among 
the GLP-1 agonists class and also has superior efficacy 
over other anti-hyperglycemic agents. Semaglutide therapy 
is initiated with gradual dose escalation to keep the gastro-
intestinal adverse effects at bay. It can be safely used in 
aged persons and in patients with mild to moderate liver 
or renal impairment. Semaglutide is prescribed as a first 
line therapy in addition to metformin and/or sulfonyl urea 
or basal insulin when faster decrease in HbA1c level is 
required. It is even suggested as monotherapy when met-
formin can’t be used and also as first line injectable treat-
ment choice over insulins in patient with type 2 diabetes. 
The benefit of reducing CV risk further makes it a fantastic 
option for type 2 diabetes patients with established CV 
disorders.

5 � Future perspectives

5.1 � High oral doses and different dosing schedule

A phase-1 trial (NCT04524832) is being conducted on 
175 healthy subjects to compare and investigate the steady 
state plasma concentration, Cmax, tmax of high doses of oral 
semaglutide (25 mg and 50 mg) tablets containing different 
amounts of SNAC [107].

A phase-1 trial (NCT04513704) is being conducted on 
156 healthy subjects to examine various pharmacokinetic 
parameters (steady state plasma concentration, Cmax, tmax) 
after daily-once oral semaglutide administration under dif-
ferent dosing schedules. Participants received semaglutide 
for 10 days (3 mg initially, then 7 mg) under different sched-
ules of A, B, C, D, E; for which the pre-dose and post-dose 
fasting duration are 2 h 30 min; 4 h, 30 min; 6 h, 30 min; 
2 h, overnight fast; overnight fast, 30 min respectively [108].

5.2 � Reducing myocardial injury in COVID‑19 patients

SEMPATICO (NCT04615871): This phase-2 trial aims at 
reducing the mortality and morbidity of COVID-19 patients. 
It will assess whether low dose of s.c. semaglutide (0.25 mg 
on day 0, then 0.5 mg on day 7, 14 and 21) can reduce myo-
cardial injury in COVID-19 patients or those with increased 
risk (older, obese, hypertensive patients, with established 
cardiovascular disease, or an elevated troponin level) [109].

6 � Concluding remarks

Semaglutide, a therapeutic peptidic drug, can be truly con-
sidered as a quintessential of GLP-1 receptor agonist target-
ing diabetes. This review has briefly discussed the discovery, 
development phases, clinical studies, place in pharmaco-
therapy, practical considerations, recent developments, and 
efficacy of semaglutide. The anti-hyperglycaemic activity of 
semaglutide have been firmly established in a series of clinical 
trials on adults, elderly and obese type 2 diabetic patients with 
or without renal/hepatic impairment or cardiovascular disor-
der. Although gastrointestinal side effects are very common 
with semaglutide, but it’s well tolerated. Semaglutide provides 
better glycaemic control with low risk of hypoglycaemia in 
monotherapy and good patient adherence. SUSTAIN-6 and 
PIONEER-6 studies have assured the cardiovascular safety of 
semaglutide for long term use in patients having cardiovascu-
lar risks. Persons with co-morbid diseases like diabetes have 
increased susceptibility for COVID-19 infection; so use of 
semaglutide in diabetic as well as CV patients would be very 
much supportive in maintaining health care system during this 
pandemic situation. Hence, semaglutide has been proved to be 
an indispensable treatment option in the arsenal of physicians 
for better management of diabetes.
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