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Abstract

Aim: To assess the effects of oral semaglutide on postprandial glucose and lipid

metabolism, and gastric emptying, in subjects with type 2 diabetes (T2D).

Materials and Methods: In this randomized, double-blind, single-centre, crossover

trial, subjects with T2D received once-daily oral semaglutide (escalated to 14 mg)

followed by placebo, or vice versa, over two consecutive 12-week periods. Glucose

and lipid metabolism, and gastric emptying (paracetamol absorption) were assessed

before and after two types of standardized meals (standard and/or fat-rich) at the

end of each treatment period. The primary endpoint was area under the glucose

0–5-h curve (AUC0–5h) after the standard breakfast.

Results: Fifteen subjects were enrolled (mean age 58.2 years, HbA1c 6.9%, body

weight 93.9 kg, diabetes duration 3.1 years; 13 [86.7%] males). Fasting concentra-

tions of glucose were significantly lower, and C-peptide significantly greater, with oral

semaglutide versus placebo. Postprandial glucose (AUC0–5h) was significantly lower

with oral semaglutide versus placebo (estimated treatment ratio, 0.71; 95% CI, 0.63,

0.81; p < .0001); glucose incremental AUC (iAUC0–5h/5h) and glucagon AUC0–5h were

also significantly reduced, with similar results after the fat-rich breakfast. Fasting con-

centrations of triglycerides, very low-density lipoprotein (VLDL) and apolipoprotein

B48 (ApoB48) were significantly lower with oral semaglutide versus placebo. AUC0–8-

h for triglycerides, VLDL and ApoB48, and triglycerides iAUC0–8h/8h, were signifi-

cantly reduced after oral semaglutide versus placebo. During the first postprandial

hour, gastric emptying was delayed (a 31% decrease in paracetamol AUC0–1h) with

oral semaglutide versus placebo. One serious adverse event (acute myocardial infarc-

tion) occurred during oral semaglutide treatment.

Conclusion: Oral semaglutide significantly improved fasting and postprandial glucose

and lipid metabolism, and delayed gastric emptying.
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1 | INTRODUCTION

Type 2 diabetes (T2D) is associated with a variety of metabolic

defects, including insulin resistance and β-cell failure, resulting in

impaired metabolism of macronutrients.1 Fasting hyperglycaemia, as

well as postprandial hyperglycaemic excursions, contribute to the risk

of complications associated with T2D, and reduction of both is likely

to be necessary to optimally address this risk.2 In addition, the

dyslipidaemia that often accompanies T2D is a risk factor for cardio-

vascular disease, which is a leading cause of morbidity and mortality

in people with T2D.3 Achieving glycaemic control and managing car-

diovascular risk factors are key aspects of the treatment of T2D.3,4

Semaglutide is a glucagon-like peptide-1 (GLP-1) analogue developed

as subcutaneous (s.c.) and oral formulations for the treatment of T2D.

Oral semaglutide has been co-formulated with the absorption enhancer

sodium N-(8-[2-hydroxybenzoyl] amino) caprylate (SNAC), and is the first

GLP-1 receptor agonist (GLP-1RA) to be approved for oral administration.

Both once-daily oral and once-weekly s.c. semaglutide improve glycaemic

control and reduce body weight in subjects with T2D, with the

s.c. formulation also shown to provide cardiovascular benefits.5–14

In a previous study in subjects with obesity, s.c. semaglutide was

reported to improve fasting and postprandial glucose, and lipid metab-

olism, and delay first-hour gastric emptying, compared with placebo.15

The aim of this trial was to determine the effect of oral semaglutide

on postprandial glucose and lipid metabolism, and gastric emptying,

compared with placebo, in subjects with T2D.

2 | MATERIALS AND METHODS

2.1 | Trial design

This was a phase 1, randomized, placebo-controlled, double-blind,

two-period crossover trial (NCT02773381) conducted at a single

site in the UK (Covance Clinical Research Unit Ltd, Leeds, UK) from

2 June 2016 to 19 October 2018. The crossover design included

two treatment periods, one with oral semaglutide and one with pla-

cebo tablets. Each treatment period lasted 12 weeks and 3 days,

the last 4 days of which consisted of an in-house meal test period

(Figure 1). The two treatment periods were separated by

5–9 weeks, allowing for the wash-out of semaglutide in plasma and

of its effects.

The trial was conducted in compliance with the International

Conference on Harmonisation Good Clinical Practice guidelines and

the Declaration of Helsinki.

2.2 | Trial population

Eligible subjects were male or female, aged 18–75 years, diagnosed

90 days or more before screening with T2D (that was treated with

diet and exercise and/or a stable dose of metformin for ≥30 days),

with HbA1c 6.0%–9.0%, body mass index 20–38 kg/m2 and a stable

body weight (<3 kg body weight change during 90 days before

screening). Written informed consent was obtained from all subjects

before any trial-related activities. Full eligibility criteria are available in

the supporting information.

2.3 | Interventions

Subjects were randomized (see the supporting information for details)

to a treatment sequence of either once-daily oral semaglutide 14 mg

followed by placebo, or vice versa. When subjects were receiving oral

semaglutide, treatment was initiated at 3 mg (weeks 0–4), before

escalating to 7 mg (weeks 4–8), and then 14 mg (weeks 8–12); sub-

jects continued on 14 mg during the meal tests, resulting in a total of

31 days on this dose.

Follow-up
(35–38 days

after last dose)

Wash-out
(5–9 weeks)

Dose escalation Dose escalation

3 mg 7 mg
14 mg oral
semaglutide 

Placebo

4-day in-house
meal test period

4-day in-house
meal test period

Randomization 

(1:1) Placebo

3 mg 7 mg
14 mg oral
semaglutide 

Screening
(1–28 days before

randomization) 

Treatment period 1
(12 weeks and 3 days)

Treatment period 2
(12 weeks and 3 days)

F IGURE 1 Trial design
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2.4 | Assessments and endpoints

The pharmacodynamics (PD) of oral semaglutide were assessed during the

4-day in-house meal test period that occurred at the end of each treat-

ment phase. During the meal tests, subjects continued to receive their

randomized trial product once daily. On each day of the meal test period,

subjects received a standardized breakfast (served 30 min after dosing of

trial product, at approximately 8:30 AM), lunch, evening meal and evening

snack box, and performed a 20-min afternoon walk on a treadmill.

On day 1 of the meal test period, subjects were familiarized with

the meals, physical activity and sleep schedule. The first meal test was

performed on day 2 and assessed glucose metabolism after a standard

breakfast. The standard breakfast had a total energy content of

approximately 2.2 MJ (527 kcal) and a macronutrient composition of

approximately 30 energy percentage (E%) fat, 15 E% protein and 55 E%

carbohydrate. Blood sampling was performed before the meal (fasting)

and over the 5 h postmeal (postprandial; Table S1) for measurement of

glucose, glucagon, insulin and C-peptide. The area under the concentra-

tion–time curve (AUC) from 0 to 5 h after the start of the meal

(AUC0–5h) and the incremental AUC (iAUC0–5h/5h) were derived for each

parameter from the concentration–time profiles. The AUC0–5h for glu-

cose was the primary endpoint.

Gastric emptying was assessed on day 3 using the paracetamol

absorption technique.16,17 Subjects were given 1500 mg paracetamol

dissolved in yoghurt at the start of the standard lunch. Blood samples

were taken before, and for 5 h after, the meal (Table S1) to assess

postprandial paracetamol absorption, and the paracetamol AUC 0–1

and 0–5 h after the start of the meal were calculated.

Glucose and lipid metabolism after a fat-rich breakfast were

assessed on day 4. The fat-rich breakfast had a total energy content of

approximately 3.5 MJ (844 kcal) and a macronutrient composition of

approximately 65 E% fat, 15 E% protein and 20 E% carbohydrate.

Blood sampling was performed before the meal, and over the 8 h post-

meal (Table S1), for measurement of fasting and postprandial glucose,

glucagon, insulin, C-peptide, triglycerides, very low-density lipoprotein

(VLDL), free fatty acids (FFA) and apolipoprotein B48 (ApoB48). For

each variable, the AUC0–8h and iAUC0–8h/8h were derived from the

concentration–time profiles. In addition, fasting concentrations of low-

density lipoprotein (LDL), high-density lipoprotein (HDL) and total cho-

lesterol were measured before the fat-rich breakfast. All of the lipid

parameters were also assessed separately in statin users and non-

users.

Blood samples were also taken on the fourth, eighth and 12th

week of each treatment period after administration of the last dose

of oral semaglutide 3, 7 and 14 mg, to determine oral semaglutide

pharmacokinetics (PK). Safety endpoints included the number of

treatment-emergent adverse events (AEs) and hypoglycaemic epi-

sodes (defined as either plasma glucose ≤3.9 mmol/L [70 mg/dL] or

>3.9 mmol/L [70 mg/dL] in conjunction with hypoglycaemic symp-

toms) between the time of first dosing and the end of follow-up, and

changes in vital signs, electrocardiograms, clinical laboratory parame-

ters and physical examinations, including eye examinations.

The effects of oral semaglutide on energy intake and appetite

were also assessed in this trial and are reported by Gibbons et al.18

Details of the analytical methods are provided in the supporting

information.

2.5 | Statistical methods

Analyses of PD and PK endpoints were based on the full analysis set

(all randomized subjects who were exposed to at least one dose of

trial product). The analyses of safety endpoints were based on the

safety analysis set (all subjects who were exposed to at least one dose

of trial product).

A sample size of 18 subjects was expected to give at least 90%

power to detect a difference in the primary endpoint (AUC0–5h for

glucose); further details are provided in the supporting information.

TABLE 1 Baseline disease characteristics and demographics

Parameter
Total

(N = 15)

Sex, n (%)

Male 13 (86.7)

Female 2 (13.3)

Race, n (%)

White 15 (100.0)

Ethnicity, n (%)

Not Hispanic or Latino 15 (100.0)

Mean age, years (SD) 58.2 (9.8)

Mean body weight, kg (SD) 93.9 (14.9)

Mean BMI, kg/m2 (SD) 30.8 (2.4)

Mean HbA1c, % (SD) 6.9 (1.1)

Mean duration of diabetes, years (SD) 3.1 (1.8)

Concomitant medications at screening, n (%)

Anticholinergics: tropicamide 12 (80.0)

Biguanides: metformin 12 (80.0)

Statins: 4 (26.7)

Atorvastatin 3 (20.0)

Simvastatin 1 (6.7)

Dihydropyridine derivatives: amlodipine 3 (20.0)

ACE inhibitors: ramipril 2 (13.3)

Angiotensin II antagonists: losartan 1 (6.7)

Combinations and complexes of aluminium, calcium

and magnesium compounds: calcium carbonate,

calcium phosphate, kaolin, magnesium carbonate,

magnesium hydroxide, magnesium oxide

1 (6.7)

Multivitamins: vitamins not otherwise specified 1 (6.7)

Unspecified herbal and traditional medicine: krill oil 1 (6.7)

Vitamin A and D combination: cod liver oil 1 (6.7)

Abbreviations: ACE, angiotensin-converting enzyme; BMI, body mass

index; SD, standard deviation.
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2.5.1 | Pharmacodynamic endpoints

The AUC of the concentration–time curve was calculated using the linear

trapezoidal method. Linear interpolation was used to estimate the con-

centration value at exactly 5 h after the standard breakfast (for glucose

metabolism parameters), 8 h after the fat-rich breakfast (for glucose and

lipid metabolism parameters), and 1 and 5 h after the standard lunch (for

paracetamol). The iAUC normalized by time span (5 h for the standard

breakfast, 8 h for the fat-rich breakfast) for glucose and lipid metabolism

parameters was calculated as the AUC minus the product of baseline

value measured immediately before the start of the meal multiplied by

the time span. The iAUC could be negative.

The primary endpoint and secondary PD endpoints (fasting concen-

tration, AUC and iAUC for each parameter) were analysed using an

analysis of variance model, with the endpoint as a dependent parame-

ter, and treatment (oral semaglutide or placebo), treatment period (two

levels) and subject as fixed factors. The PD endpoints, except iAUC,

were log-transformed. The estimated differences in logarithmic values

were back-transformed and presented as ratios (oral semaglutide

vs. placebo), with corresponding two-sided 95% confidence intervals

(CIs) and p-values. For the iAUC, differences between oral semaglutide

and placebo were estimated, together with corresponding two-sided

95% CI and p-values for the test of no difference. A ratio between

iAUC means (oral semaglutide vs. placebo) was also provided, together

with a 95% CI derived using Fieller's method. To explore the effects of

concomitant statins, the statistical analyses of the lipid parameter end-

points were repeated separately for statin users and non-users. As an

ad hoc analysis, the effects of oral semaglutide on β-cell function were

further explored by calculation of the ratio for total AUC C-peptide over

total AUC glucose for the standard breakfast (0–5 h) and the fat-rich

breakfast (0–8 h), respectively. The log-transformed ratio for the total

AUC C-peptide over total AUC glucose was analysed and presented in

the same way as the primary endpoint.

2.5.2 | Pharmacokinetic endpoints

The AUC0–24h and maximum concentration (Cmax) for oral semaglutide

were analysed using a linear mixed model with the logarithmic trans-

formed endpoint as a dependent parameter, treatment (3, 7 and

14 mg oral semaglutide) and treatment period as fixed factors, and

subject as a random effect. From this model, the differences in loga-

rithmic values between doses were back-transformed to original scale

and presented as ratios (14 vs. 7 mg, and 7 vs. 3 mg) with the

corresponding two-sided 95% CI.

3 | RESULTS

3.1 | Subject characteristics

In total, 53 subjects were screened, of whom 15 were enrolled and

exposed to the trial product. Two enrolled subjects, both male,

withdrew before the end of the trial; one because of an AE (acute

myocardial infarction) and one who withdrew consent. Thirteen of the

enrolled subjects were male, mean age was 58 years, mean HbA1c

was 6.9% and the mean duration of T2D was 3 years (Table 1). Met-

formin, which was allowed as background medication, was the most

common concomitant medication at screening, being used by 80% of

subjects (Table 1). One subject on the placebo/oral semaglutide treat-

ment sequence started concomitant atorvastatin while receiving oral

semaglutide during the second treatment period.

3.2 | Glucose metabolism

3.2.1 | Glucose

Before the standard and fat-rich breakfasts, fasting glucose was 22%

and 23% lower, respectively, when subjects received oral semaglutide

versus placebo (standard breakfast estimated treatment ratio [ETR],

0.78; 95% CI, 0.70, 0.87; p = .0004; fat-rich breakfast ETR, 0.77; 95%

CI, 0.73, 0.82; p < .0001; Figure 2 and Table S2). After the standard

breakfast, the primary endpoint result of glucose AUC0–5h was 29%

lower with oral semaglutide versus placebo, which was statistically sig-

nificant (ETR, 0.71; 95% CI, 0.63, 0.81; p < .0001), and the iAUC0–5h/5h

was also statistically significantly lower (estimated treatment difference

[ETD], −1.25 mmol/L; 95% CI, −2.04, −0.45; p = .0053). After the

fat-rich breakfast, glucose AUC0–8h was 23% lower with oral

semaglutide versus placebo (ETR, 0.77; 95% CI, 0.68, 0.87; p = .0007),

with no significant difference in iAUC0–8h/8h.

3.2.2 | Glucagon

There was no significant difference in fasting glucagon before the

standard or fat-rich breakfasts when subjects received oral

semaglutide versus placebo (Figure 2 and Table S2). After the stan-

dard breakfast, glucagon AUC0–5h was 29% lower with oral

semaglutide versus placebo (ETR, 0.71; 95% CI, 0.59, 0.85; p = .0017);

there was no significant difference in glucagon iAUC0–5h/5h. After the

fat-rich breakfast, glucagon AUC0–8h was 23% lower with oral

semaglutide versus placebo (ETR, 0.77; 95% CI, 0.67, 0.89; p = .0027),

with no significant difference in glucagon iAUC0–8h/8h.

3.2.3 | Insulin and C-peptide

Before the standard breakfast, there was no significant

difference in fasting insulin, but fasting C-peptide was 20% greater

when subjects received oral semaglutide versus placebo (ETR, 1.20;

95% CI, 1.01, 1.42; p = .0389; Figure 2 and Table S2). Before the

fat-rich breakfast, fasting insulin was 47% greater (ETR, 1.47; 95%

CI, 1.11, 1.96; p = .0132) and fasting C-peptide 25% greater (ETR,

1.25; 95% CI, 1.05, 1.48; p = .0191) with oral semaglutide versus

placebo.
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***p < .001. †Difference was not statistically significant. AUC, area under the concentration–time curve; ETD, estimated treatment difference;
ETR, estimated treatment ratio; iAUC, incremental area under the concentration–time curve

1598 DAHL ET AL.



After the standard breakfast, there were no significant differences

between oral semaglutide and placebo in AUC0–5h or iAUC0–5h/5h for

insulin or C-peptide (Figure 2 and Table S2). After the fat-rich break-

fast, the iAUC0–8h/8h for C-peptide was significantly lower with oral

semaglutide versus placebo (ETD, −0.18 nmol/L; 95% CI, −0.32,

−0.04; p = .0154); there were no significant differences in insulin

AUC0–8h, insulin iAUC0–8h/8h or C-peptide AUC0–8h.

The analysis of effects from oral semaglutide on β-cell sensitivity

to glucose showed significant increases from treatment with oral

semaglutide in the AUC C-peptide to AUC glucose ratios during the

standard breakfast and the fat-rich breakfast, respectively (ETR, 1.39;

95% CI, 1.07, 1.79; p = .0176; and ETR, 1.34; 95% CI, 1.07, 1.69;

p = .0183) (Table S3).

3.3 | Lipid metabolism

Before the fat-rich breakfast, fasting concentrations were significantly

lower for LDL (ETR, 0.88; 95% CI, 0.84, 0.94; p = .0005), total choles-

terol (ETR, 0.88; 95% CI, 0.84, 0.91; p < .0001), triglycerides (ETR,

0.81; 95% CI, 0.72, 0.92; p = .0036), VLDL (ETR, 0.80; 95% CI, 0.67,

0.95; p = .0161) and ApoB48 (ETR, 0.75; 95% CI, 0.58, 0.98;

p = .0350) when subjects received oral semaglutide versus placebo

(Figure 3 and Table S4). There were no significant differences in

fasting HDL or FFA.

After the fat-rich breakfast, AUC0–8h values were significantly

lower for triglycerides (ETR, 0.76; 95% CI, 0.64, 0.91; p = .0062),

VLDL (ETR, 0.79; 95% CI, 0.68, 0.93; p = .0102) and ApoB48 (ETR,

0.70; 95% CI, 0.57, 0.85; p = .0025) with oral semaglutide versus pla-

cebo, with no significant difference for FFA (Figure 3 and Table S4).

Oral semaglutide treatment resulted in a significantly lower iAUC0–8-

h/8h for triglycerides (ETD, −0.36 mmol/L; 95% CI, −0.68, −0.04;

p = .0317), with no significant differences in iAUC0–8h/8h for VLDL,

FFA or ApoB48.

Fasting and postprandial triglycerides, and postprandial ApoB48

were significantly lower with oral semaglutide than with placebo in

statin users but not in non-users, whereas fasting LDL was signifi-

cantly lower in non-users but not users (Table S5).

3.4 | Gastric emptying

After the standard lunch, absorption of paracetamol was 31% lower in

the first hour after the meal with oral semaglutide versus placebo

(ETR, 0.69; 95% CI, 0.54, 0.87; p = .0050), but was not significantly

different over 5 h (Figure 4 and Table S6).
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3.5 | Semaglutide pharmacokinetics

AUC0–24h and Cmax of semaglutide increased with increasing dose

(Tables S7 and S8). The geometric mean terminal half-life for oral

semaglutide 14 mg was 154 h, and the median time to maximum con-

centration was 1 h for each of the three oral semaglutide doses (3, 7

and 14 mg).

3.6 | Safety

Overall, 14 (93.3%) subjects reported a total of 144 AEs. There were

93 events reported in 14 (93.3%) subjects during oral semaglutide

treatment, and 51 events in 13 (92.9%) subjects during placebo treat-

ment (Table S9). The difference in the number of events was primarily

due to gastrointestinal AEs with oral semaglutide. One serious AE

(acute myocardial infarction) was reported during treatment with oral

semaglutide and led to withdrawal. Apart from the one serious AE,

which was severe, all the other events were mild or moderate in

severity, and there were no deaths.

4 | DISCUSSION

In this trial, we found that oral semaglutide 14 mg treatment resulted

in clinically relevant and statistically significant improvements in

fasting and postprandial glucose and lipid metabolism, and delayed

gastric emptying during the first postprandial hour. In addition, we

observed improvements in β-cell sensitivity to glucose.

Improvements in glycaemic control have previously been demon-

strated with oral semaglutide in people with T2D at different stages

of disease in the PIONEER phase 3 clinical trial programme.6,9–14 In

the present trial in subjects with a comparatively short duration of

disease who were well-controlled on metformin, fasting C-peptide

and insulin concentrations were greater after once-daily oral

semaglutide treatment than after placebo, although the difference

was not statistically significant for insulin before the standard break-

fast. In the PIONEER 1 and 2 trials, oral semaglutide 14 mg treatment

for up to 52 weeks generally resulted in improvements in these

parameters compared with placebo and empagliflozin;6,12 in PIONEER

2, these improvements occurred in patients with slightly more

advanced disease, with a longer mean disease duration and higher

mean baseline HbA1c than those in the present trial. The ad hoc anal-

ysis for β-cell sensitivity to glucose points towards significant

improvements in β-cell sensitivity to glucose from treatment with oral

semaglutide: the AUC C-peptide over AUC glucose ratios during meal

tests are on average 39% and 34% higher with oral semaglutide treat-

ment compared with placebo in the standard breakfast and the fat-

rich meal, respectively. These effects of oral semaglutide on glucose

metabolism are consistent with once-weekly s.c. semaglutide in sub-

jects with obesity,15 as well as other GLP-1RAs in T2D.19–21

In terms of the effects on glucagon, the present trial identified a

significantly lower glucagon AUC after oral semaglutide treatment

compared with placebo after both the standard and fat-rich break-

fasts. The fasting concentrations and iAUC of glucagon after both

meal tests were numerically lower with oral semaglutide than placebo,

but the difference did not reach statistical significance, which is likely

to be because of the small number of subjects in the trial. A trial of

s.c. semaglutide in 37 subjects with T2D, with a longer mean diabetes

duration and higher mean baseline HbA1c than in the present trial,

demonstrated that semaglutide significantly reduces glucagon levels

and improves β-cell function.22 It is likely that the same phenomena

also occurred in the present study with oral semaglutide, since expo-

sure–response analyses have shown that the route of administration

does not affect treatment response.23

The weight loss observed in this trial18 may also have contributed

to the observed reduction in postprandial glucose concentrations.

Similar findings have been demonstrated with once-weekly s.c.

semaglutide and once-daily liraglutide in subjects with obesity15,24 or

T2D.25 This may be due to the increased insulin sensitivity that occurs

following weight loss,26 and a positive association between weight

loss and reduced insulin resistance has been demonstrated for s.c.

semaglutide.27

This trial showed that fasting LDL and total cholesterol concen-

trations were lower with oral semaglutide versus placebo. However,

no effect on HDL was observed. In addition, oral semaglutide treat-

ment resulted in lower fasting and postprandial triglycerides than with

placebo. There were generally similar effects on fasting lipid concen-

trations with oral semaglutide 14 mg compared with placebo and non-

GLP-1RA active comparators reported in PIONEER trials.6,7,11–13 The

effect of oral semaglutide on triglycerides in this trial could be caused

by the concomitant reduction of ApoB48 also observed after oral

semaglutide treatment. The causal link could be the requirement of

ApoB48 for the construction of chylomicrons, which are necessary for

the absorption of triglycerides from the intestines.28 Similar effects on

triglycerides and ApoB48 were observed with s.c. semaglutide in
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subjects with obesity15 and with other GLP-1RAs in subjects with

T2D.25,29,30 Furthermore, liraglutide has been shown to reduce post-

prandial hyperlipidaemia by both increasing the catabolism of ApoB48

and reducing its production.31 However, care should be taken when

comparing findings from different trials because there may be differ-

ences in the fat meal tests used. To address this, an expert panel has

recently recommended the use of a standardized fat tolerance test

where postprandial triglycerides are measured 4 h after a high-fat,

sugary meal, such as 250 g of cream with 15 g of sugar (75 g of fat,

25 g of carbohydrates and 10 g of protein), for the evaluation of an

abnormal (>2.5 mmol/L) response to fat indicative of increased cardio-

vascular risk.32 By comparison, the fat-rich meal in this trial contained

approximately 60 g of fat.

Elevated total cholesterol, LDL and triglycerides, and reduced

HDL, are associated with cardiovascular disease in people with T2D.3

Improvements in these parameters were reported with oral

semaglutide in the PIONEER 6 cardiovascular outcomes trial,7 which

met its primary objective of showing the cardiovascular safety of oral

semaglutide. In addition, a cardiovascular outcomes trial with

s.c. semalutide has shown cardiovascular risk reduction.8 It has been

suggested that the reduction of ApoB48 and subsequent decrease in

postprandial dyslipidaemia could be one mechanism that may

contribute to the beneficial cardiovascular effects observed with some

GLP-1RAs.33 As lipid-lowering agents, statins are recommended on an

individual basis to people with T2D who are at risk of cardiovascular

disease,3 and so it was relevant to investigate whether the beneficial

effects of oral semaglutide on lipid parameters were also present with

concomitant statin use. The results from this analysis are presented in

Table S5, but the number of subjects using statins in this trial was too

low to allow reliable conclusions to be drawn.

GLP-1RAs delay gastric emptying to varying degrees, which results

in a prolonged absorption profile, as can be seen in Figure 4. This has

been linked to the reduction in postprandial hyperglycaemia, and so

may be one of the mechanisms by which these drugs improve

glycaemic control.34 We found that oral semaglutide delayed gastric

emptying during the first hour compared with placebo, but total para-

cetamol absorption over 5 h after ingestion was unchanged; similar

findings have been reported with s.c. semaglutide in subjects with obe-

sity.15 Delayed gastric emptying may contribute to the slight increases

in exposure to metformin, furosemide and rosuvastatin that occur

when administered with oral semaglutide.35,36 It is also possible that by

only causing a delay in initial gastric emptying, the overall clinical impact

of oral semaglutide on drug–drug interactions may be limited.

It is noteworthy that an effect on gastric emptying, although only

present in the first hour, could still be observed after continuous

exposure to oral semaglutide for 12 weeks. However, it is unclear

whether the effect on gastric emptying would persist with treatment

for longer than 12 weeks, as in this trial oral semaglutide concentra-

tions were only at steady-state for approximately 1.5 weeks. Extrapo-

lating from trials on gastric emptying with other GLP-1RAs is difficult

as there are few with treatment periods longer than the 12 weeks

used in our trial. A trial in subjects with obesity noted that liraglutide

significantly delayed gastric emptying compared with placebo after

16 weeks of treatment, but to a lesser extent compared with earlier in

the trial, indicating the effect may diminish over time.37

Semaglutide exposure following dosing of the two marketed doses

of oral semaglutide (7 and 14 mg) was, as expected,38,39 in line with

previously published data.40 Furthermore, there were no unexpected

safety findings with oral semaglutide in this trial, and the safety profile

was consistent with that observed in the PIONEER programme.6,7,9–14

There are several limitations to this trial. First, the complexity of the

trial design, which required multiple visits to the clinical trial facility as

well as two 4-day in-house stays, affected recruitment and resulted in a

small number of subjects being enrolled. As this was an exploratory trial,

no correction for multiplicity was performed and so there is a risk of false

positive results, particularly as many endpoints were tested. Second, gas-

tric emptying was only measured using the paracetamol absorption test.

While scintigraphy is the gold standard for measuring gastric emptying, it

can provide inconsistent results because of the lack of standardized pro-

cedures.41 By contrast, the paracetamol absorption method is able to

provide a similar degree of accuracy to scintigraphy, is widely used and

therefore comparable across trials, and is inexpensive.42,43 Finally, the

proportion of female subjects enrolled in the trial was low (13.3%), and

all of the participants were White, which could have affected the gener-

alizability of the results as the trial population may not have been repre-

sentative of a general T2D population.

In conclusion, this trial showed that oral semaglutide significantly

improves glucose and lipid metabolism and delays gastric emptying in

subjects with T2D. These effects are expected to be clinically rele-

vant, and are consistent with those shown with s.c. semaglutide and

other GLP-1RAs. The PK profile of oral semaglutide was as expected,

and the safety profile was in line with the results of the global phase

3 PIONEER trials.
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