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AbstrAct

Oral semaglutide is the newest discovery, the first in class peptide in a pill. Sodium N-(8-[2-hydroxybenzoyl]amino)caprylate 
(SNAC), a small fatty acid, has been co-formulated with semaglutide, which facilitates its absorption from the gastric mucosa. 
It has 94% homology with human glucagon-like peptide 1 (GLP-1). It comes in three dose forms – 3 mg, 7 mg and 14 mg. It is 
given as once daily dosing and is recommended in adult type 2 diabetes mellitus patients as monotherapy when metformin 
is contraindicated or not tolerated and in combination with other oral antidiabetic drugs (OADs). In a phase 3 trial, it has 
been shown to reduce glycated hemoglobin (HbA1c) up to 1.5%, with weight reduction up to 5 kg with a 14 mg dose. There 
was nonsignificant risk reduction of 21% in 3-point major adverse cardiovascular events (MACE) and 51% and 49% risk 
reduction in cardiovascular (CV) deaths and all-cause mortality, respectively. Oral semaglutide was found to be superior to 
empagliflozin, sitagliptin and liraglutide in both glycemic control and weight reduction. It also exhibits many pleiotropic 
effects – reduced energy intake, anti-inflammatory and anti-atherosclerotic effect, to name a few. Nausea was the most 
common side effect which was experienced by only 15% to 20% of patients. It was mild-to-moderate and transient. Overall, 
oral semaglutide has shown its efficacy both early and late in the management of diabetes, irrespective of renal and hepatic 
impairment.
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diabetes-related complications, and with direct medical 
cost of INR 50,000 crores.3 It is also a well-established 
fact that 7 out of 10 PwD fail to achieve the glycated 
hemoglobin (HbA1c) target of <7%.4 Uncontrolled, 
long-standing diabetes leads to grave complications, 
ultimately increasing mortality and morbidity and poor 
quality of life. The most common cause of death among 
PwD are cardiovascular diseases (CVDs), which results 
from macrovascular complications. There are more than 
6 lakh deaths due to diabetes in India.5

Most of the time, diabetes remains a chance diagnosis, 
when a patient suffers from one or the other complications 
and visits a healthcare center for the first time. Even 
though diabetes is a metabolic disease, the patients visit 
a cardiologist directly with the complication for the first 
time and it has been observed that a diabetes patient 
with a complication visits a cardiologist more often 
than a diabetologist.6-10

Traditionally, we only had few options to manage 
diabetes, for example biguanides, sulfonylureas and 
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India ranks second in the world with over 74 million 
people with diabetes (PwD). This number is expected to 
increase to 124.9 million by 2045.1 We account for 87% 
of total PwD in Sout-East Asia region.1 Patients with 
complications incur expenses three times more than 
those without complications.2 Two out of three PwD have 
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primitive insulins. But over a period, there have been 
many developments with numerous modern and newer 
therapy options – Incretin-based therapy like dipeptidyl 
peptidase-4 (DPP-4) inhibitors and glucagon-like 
peptide-1 receptor agonists (GLP-1RAs) and sodium-
glucose cotransporter-2 (SGLT2) inhibitors. Also, our 
understanding of natural history of diseases has also 
evolved. Now diabetes is not merely a disease where 
we only have imbalance of insulin and glucagon 
action, but rather a cardio-metabolic syndrome. It is 
imperative to include the therapies targeting most of 
the pathophysiological derangements in diabetes.11

The CAPTURE study states that 1 in 3 PwD have 
CVDs and of them, 85.8% are atherosclerotic in origin, 
and 85% of deaths among PwD with CVDs are due 
to atherosclerotic cardiovascular disease (ASCVD), 
again reiterating the importance of cardio-metabolic 
management approach in PwD.12 However, in spite of 
the alarming facts, only 2 out of 10 patients with diabetes 
and ASCVD are getting a glucose-lowering treatment 
with a proven cardiovascular (CV) benefit. There are 
many barriers to the management of diabetes of which 
nonadherence, self-medication, alternate medicine and 
fear of injection are few important determinants of poor 
outcome.13 Primary nonadherence may be particularly 
relevant among patients who refuse to initiate injectable 
hypoglycemic therapy, typically due to injection phobia, 
inconvenience, poor patient-physician communication 
and/or negative patient perceptions.14 It has been 
established that fear of injection is associated with poor 
glycemic control, increased incidence of complications 
and mortality among PwD.

An ideal class of modern noninsulin antidiabetic 
drugs (MNIADs) for PwD should have the following 

features: Efficient glycemic control, no to low risk 
of hypoglycemia, has meaningful weight reduction, 
established CV safety, tolerable adverse effects, acts on 
most of the pathophysiological pathways (DeFronzo 
ominous octet [Fig. 1a]15), and has a feasible mode of 
administration.

HOW tHE INNOVAtION OF OrAL sEMAGLUtIDE 
HAPPENED (strUctUrAL cHANGEs)

GLP-1 RA is the class of drugs which targets 6 out of 
8 components of DeFronzo’s octet. They have proven 
efficacy in reducing HbA1c, body weight reduction, 
have low risk of hypoglycemia and have proven CV 
benefits and safety. Among the GLP-1RA class, the 
most potent molecule is semaglutide (Fig. 1b).16

It has 94% homology with human GLP-1. It is a human 
GLP-based peptide with 30 amino acids (7 to 37) (Fig. 2). 
The following changes were made to achieve the high 
potency and longer half-life.

First, at 8th position, alanine was substituted with 
α-aminobutyric acid to prevent degradation with DPP-4 
enzyme. At 26th position, a C-18 long di-fatty acid was 
attached to lysine with a spacer to increase albumin 
binding and reduce renal clearance, and lastly at 34th 
position, lysine has been substituted by arginine to 
prevent C-18 fatty acid binding at wrong site. These 
changes have increased the half-life of semaglutide to 
160 hours from 1.5 to 2 minutes.17

The semaglutide is a multidimensional optimized 
molecule, it is DPP-4–stable, it has 160 hours half-
life, specific affinity towards albumin binding, small 
molecular weight, and is hydrophilic in nature. These 
features made it a suitable molecule for oral preparation. 

Figure 1a. DeFronzo ominous octet.
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Sodium N-(8-[2-hydroxybenzoyl]amino)caprylate (SNAC) 
(Fig. 3) is a small fatty acid which was first used in the 
USA to increase the absorption of vitamin B12. It is 
a food grade FDA-approved molecule developed by 
Emisphere Technologies, Inc. 

SNAC acts as an absorption enhancer which has been 
co-formulated with semaglutide for oral formulation. 
SNAC enhances semaglutide absorption in the gastric 

epithelium by increasing the local pH, and increasing 
cell membrane permeability. This facilitates local 
transcellular absorption of the drug in stomach. This 
has increased the bioavailability of semaglutide from 
0.01% to 1%.17-20 SNAC is metabolized in the liver by 
beta glucuronidation and eliminated in kidney. This 
co-formulation is the world’s first peptide in a pill 
(Fig. 4).

Figure 1b. Role of GLP-1RA in pathophysiology ofT2DM.
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Figure 2. Structure of semaglutide.

Figure 3. Structure of SNAC. Figure 4. Co-formulation of semaglutide with SNAC.
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PHArMAcOLOGY OF OrAL sEMAGLUtIDE21-26

Pharmacodynamics

 Â GLP-1RAs are incretin-based therapies. Oral 
semaglutide exerts its action via GLP-1 receptors. 
It induces glucose-dependant insulin release and 
glucagon suppression after food intake. It also 
prevents beta-cell apoptosis, and increases primary 
and secondary release of insulin. It also delays 
gastric emptying. Since the release of insulin is 
glucose-dependent, the risk of hypoglycemia is 
minimal. 

 Â It regulates blood sugar levels and reduces HbA1c. 
Oral semaglutide also exhibits many pleiotropic 
effects – weight reduction, reduced energy intake, 
reduce hunger and increasing satiety, lipid-
lowering action, anti-atherosclerotic action and 
anti-inflammatory action.

Pharmacokinetics

 Â Oral semaglutide is absorbed in stomach trans-
cellularly with the help of SNAC; it is degraded 
by DPP-4 enzyme and neutral endopeptidase; it is 
eliminated in feces and urine. SNAC is metabolized 
in liver by beta-glucuronidation and eliminated in 
kidney.

Drug interaction

 Â Co-administration of placebo with oral semaglutide 
reduced its area under the curve (AUC) by 34% and 
maximum concentration (Cmax) by 32%. There was 
an increase in AUC by 33% when levothyroxine 
was co-administered with oral semaglutide at 
steady state, however, the Cmax did not change.

Dosing

 Â Oral semaglutide is available in three dose forms – 
3 mg, 7 mg and 14 mg. It should be started with 
3 mg once daily dose after overnight fasting with 
up to 120 mL (half a glass) of water, followed by 
post administration fasting for 30 minutes.

 Â The escalation from 3 to 7 mg should be done after 
4 weeks and if further HbA1c control is required, 
the dose can be further escalated to 14 mg after 
4 weeks of initiating 7 mg dose.

WHAt trIALs rEFLEct26-35

The phase 3 trial for oral semaglutide is called 
PIONEER Program (Peptide InnOvatioN for Early 
diabEtes tReatment) (Fig. 5). There were 10 trials in this 

program wherein semaglutide has been compared with 
placebo as monotherapy (PIONEER 1), with other oral 
antidiabetic drugs (OADs) (PIONEER 2, 3, 4 and 7), 
in special population like CVOT trials (PIONEER 6), 
renal impairment patients (PIONEER 5), as an add-
on therapy to insulin (PIONEER 8) and two trials in 
Japanese population (PIONEER 9 and 10).

The population included were people aged ≥18 years, 
subjects diagnosed with type 2 diabetes at least 90 days 
prior to screening, HbA1c 7% to 10.5%. Stable treatment 
with background medication was allowed. Patients with 
proliferative retinopathy with acute treatment, multiple 
endocrine neoplastic syndrome, medullary thyroid 
carcinoma, history of acute and chronic pancreatitis, 
history of major stomach surgery, major CV event within 
180 days, history of malignant neoplasm in last 5 years, 
were excluded from the study. The primary endpoint 
was change in HbA1c from baseline (PIONEER 1-5 
and 8), time to first 3P major adverse cardiovascular 
event or MACE (PIONEER 6), and proportion of 
patients achieving HbA1c <7.0% (PIONEER 7). 
Secondary confirmatory endpoints were change in body 
weight from baseline (PIONEER 1-5, 7-8) and time of 
first expanded composite CV endpoint (PIONEER 6). 
Summary of PIONEER Program has been mentioned in 
Table 1.

In the CVOT trial (PIONEER 6), the population included 
was at least 50 years of age with one CV event in the past 
or at least 60 years with one established CV risk factor. 
There were two arms – one placebo and other 14 mg 
oral semaglutide. There were a total of 3,183 patients, 
randomized 1:1 into the two arms. Primary endpoint 

Figure 5. Overview of PIONEER Program.
SGLT2i = Sodium-glucose cotransporter-2 inhibitor; MET = Metformin; DPP-4i = 
Dipeptidyl peptidase 4 inhibitor; OAD = Oral antidiabetic drug; SU = Sulfonylurea; 
GLP-1RA = Glucagon-like peptide-1 receptor agonist; TZD = Thiazolidinedione; CVOT = 
Cardiovascular outcome trial.
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Table 1. The PIONEER Program

Trial 
(n randomized)

Background regimen/
trial duration/time of 
primary endpoint

Mean baseline 
characteristics

Treatment arms reduction in 
HbA1c (%)

Change 
in body 

weight (Kg)

HbA1c 
<7.0% (%)

Body 
weight loss 

≥5% (%)

nausea 

PIONEER 1 
(N = 703) 

Diet and exercise/26 
weeks/week 26

Age: 55 years
HbA1c: 8.0%
Diabetes duration: 3.5 years
Body weight: 88.1 kg
BMI: 31.8 kg/m2

eGFR: 98 mL/min/1.73 m2

Oral semaglutide 3 mg (n = 175)
Oral semaglutide 7 mg (n = 175)
Oral semaglutide 14 mg (n = 175)
Placebo (n = 178)

0.8
1.3
1.5
0.1

1.70
2.50
4.10
1.50

59
72
80
34

42
16

8
5
16
6

PIONEER 2 
(N = 822) 

MET/52 weeks/week 
26

Age: 58 years
HbA1c: 8.1%
Diabetes duration: 7.4 years
Body weight: 91.6 kg
BMI: 32.8 kg/m2

eGFR: 95 mL/min/1.73 m2

Oral semaglutide 14 mg (n = 411)
Empagliflozin 25 mg (n = 410)

1.3
0.8

4.70
3.80

72
47

47
42

20
3

PIONEER 3 
(N = 1,864) 

MET ± SU/78 weeks/
week 26

Age: 58 years
HbA1c: 8.3%
Diabetes duration: 8.6 years
Body weight: 91.2 kg
BMI: 32.5 kg/m2

eGFR: 95-96 mL/min/1.73 m2

Oral semaglutide 3 mg (n = 466)
Oral semaglutide 7 mg (n = 465)
Oral semaglutide 14 mg (n = 465)
Sitagliptin 100 mg (n = 467)

0.3
0.7
1.1
0.4

1.90
2.70
3.50
1.10

33
50
52
39

35
14

7
13
15
7

PIONEER 4 
(N = 711) 

Stable dose of 
metformin ± SGLT2i for 
≥90 days

Age: 56 years
HbA1c: 8.0%
Diabetes duration: 7.6 years
Body weight: 94 kg
BMI: 33 kg/m2

eGFR: 95-96 mL/min/1.73 m2

Oral semaglutide 14 mg (n = 285)
Liraglutide 1.8 mg s/c (n = 284)
Placebo (n = 142)

1.3
1.1
0.1

5.00
3.10
1.10

69
63
18

50
26
12

20
18
7

PIONEER 5 
(N = 324) 

MET ± SU, SU alone or 
insulin ± MET ≥90 days

Age: 70 years
HbA1c: 8.0%
Diabetes duration: 14 years
Body weight: 91 kg
BMI: 33 kg/m2

eGFR: 30-59 mL/min/1.73 m2

Oral semaglutide 14 mg (n = 163)
Placebo (n = 161)

1.1
0.1

3.70
1.10

64
21

40
10

19
7.5

PIONEER 7 
(N = 504)

1-2 of: MET, SU, TZD, 
SGLT2i/52 weeks/
week 52

Age: 57 years
HbA1c: 8.3%
Diabetes duration: 8.8 years
Body weight: 88.6 kg
BMI: 31.5 kg/m2

eGFR: 95-97 mL/min/1.73 m2

Oral semaglutide (flexible 3, 7, or 
14 mg) (n = 253)
Sitagliptin 100 mg (n = 251)

1.4

0.7

2.90

0.80

63

28

20.9

2.4

PIONEER 8 
(N = 731) 

Metformin or no 
metformin; basal, 
basal-bolus or 
premixed insulin/52 
weeks/26 weeks

Age: 61 years
HbA1c: 8.2%
Diabetes duration: 15 years
Body weight: 85.9 kg
BMI: 31 kg/m2

eGFR: 92 mL/min per 1.73 m2

Oral semaglutide 3 mg (n = 184)
Oral semaglutide 7 mg (n = 182)
Oral semaglutide 14 mg (n = 181)
Placebo (n = 184)

0.6
1

1.4
0

1.30
3.00
4.10

0.6 (gained)

36
47
64
10

12
31
41
2.5

11
17
23
7

HbA1c = Glycated hemoglobin; BMI = Body mass index; eGFR: Estimated glomerular filtration rate; MET = Metformin; SU = Sulfonylurea; TZD = Thiazolidinedione; SGLT2i =  
Sodium-glucose cotransporter-2 inhibitor.
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HbA1c = Glycated hemoglobin; BMI = Body mass index; eGFR: Estimated glomerular filtration rate; MET = Metformin; SU = Sulfonylurea; TZD = Thiazolidinedione; SGLT2i =  
Sodium-glucose cotransporter-2 inhibitor.

was time to first occurrence of 3P MACE. It was an event-based 
study to prove noninferiority of oral semaglutide. There was 
21% relative risk reduction (RRR) in 3P MACE, 51% RRR in CV 
mortality and 49% RRR in all-cause mortality.

safety

Across the trial, up to 80% to 85% of subjects tolerated the 
treatment with the highest dose of oral semaglutide, i.e., 14 mg. 
The most common system involved was the gastrointestinal 
tract, and the most common side effect was mild-to-moderate 
nausea, which was transient in nature.

To tackle nausea, an apt counseling from the healthcare 
professionals will help. Inform the patients that the nausea can 
be transient, advise them to have small frequent meals, avoid 
fried food, take large quantity fibrous food in a single meal, 
avoid alcohol and cigarettes and drink cold water and to stop 
eating at first sign of fullness. In case of severe symptoms, they 
must report to the treating physician.

Patient management strategy for nausea is pause-play-escalate. 
Stop the drug if a patient in having severe nausea; once it 
settles, restart the treatment. If the gap is more than 21 days, 
start with 3 mg dose. 

UsE OF PEPtIDE IN A PILL – INDIAN PErsPEctIVE

Where can We Place Oral semaglutide – First-line, 
second-line and third-line

According to the European Society of Cardiology guidelines 
for diabetes management, GLP-1RA should be started as 
monotherapy among those drug naïve patients who have 
established CV risk factor or CV event in the past.36

According to the American Diabetes Association (ADA) 
guideline, in drug naïve patients after lifestyle modification and 
diet management, GLP-RA should be added to metformin in 
the presence of CV risk factors or established ASCVD. 

GLP-1RAs are also recommended if metformin treatment fails 
as second-line drug; it can also be added as an add-on therapy 
to insulin.11

Oral semaglutide was found to be superior to empaglifozin, 
sitagliptin and liraglutide in reducing HbA1c and weight at the 
end of the trial. It is cardio-safe and well-tolerated. Its efficacy is 
established early and late in the treatment journey, irrespective 
of renal and hepatic impairment and no dose adjustment is 
needed in the elderly.

India is the sixth country to get approval for its commercial use. 
It is indicated for the management of type 2 diabetes mellitus 
as monotherapy when metformin is contraindicated or not 
tolerated, and as a combination therapy with other OADs, in 
special populations like renal and hepatic impairment patients.
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cONcLUsION

Oral semaglutide, the first peptide in a pill is the newest 
innovation in the managemet of diabetes. GLP-1RA as 
a class are now recommended to be used as first-line 
management in drug naïve patients with established 
CV risk factors, as second-line therapy when metformin 
fails or is not tolerated and also as third-line when 
second-line management fails. Oral semaglutide has 
shown promising data that can help occupy a prominent 
position in future guidelines.
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■ ■ ■ ■

Moderna seeks EUA for a second cOVID booster for All Above 18 Years

Recently, Moderna announced that it had requested the US FDA for emergency authorization for a second 
booster shot of its COVID-19 vaccine for all adults above 18 years of age, who had been given an initial booster 
shot of any of the approved COVID vaccines.

The request was based partly on recent data from the United States and Israel about how effective was the 
Moderna shot against the Omicron variant. 

Previously, Pfizer-BioNTech had also requested emergency approval for a second booster shot, for adults aged 
65 and older, which was also based on two Israeli studies which showed enhanced immunogenicity and lower 
rates of infections and severe illness with an additional booster.

The first study showed that people aged 60 and older who received an additional booster dose had 2 times lower 
rates of confirmed infections and 4 times lower rates of severe disease.

The second study, which included Israeli healthcare workers aged 18 and above, showed significantly high levels 
of antibodies among those who received the second booster dose compared to those who did not.

Recent studies showed that while the third dose of an mRNA vaccine increased the antibody levels higher than 
the initial doses, the second booster dose (or the fourth dose) would return the individuals’ levels to that same 
highly-elevated level. (ET Healthworld – AFP, March 18, 2022)


