
R E V I EW AR T I C L E

Efficacy, safety and cardiovascular outcomes of once-daily oral
semaglutide in patients with type 2 diabetes: The PIONEER
programme

Tina K. Thethi MD, MPH1 | Richard Pratley MD1 | Juris J. Meier MD2

1AdventHealth Translational Research Institute, Orlando, Florida

2Diabetes Centre Bochum-Hattingen, St Josef-Hospital, Ruhr-University Bochum, Bochum, Germany

Correspondence

Tina K. Thethi MD, MPH, AdventHealth,

Translational Research Institute, Orlando,

Florida 32804.

Email: tina.thethi@adventhealth.com

Funding information

Novo Nordisk

Peer Review

The peer review history for this article is

available at https://publons.com/publon/10.

1111/dom.14054.

Abstract

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are recommended for

glycaemic management in patients with type 2 diabetes (T2D). Oral semaglutide, the

first oral GLP-1RA, has recently been approved for clinical use, based on the results

of the randomized, Phase 3a Peptide InnOvatioN for Early diabEtes tReatment

(PIONEER) clinical trials. The PIONEER programme tested oral semaglutide in

patients with T2D of duration ranging from 3.5 to 15 years, from monotherapy

through to insulin add-on, in global populations and two trials dedicated to Japanese

patients. Outcomes (glycated haemoglobin [HbA1c] and body weight reduction, plus

other relevant efficacy and safety endpoints) were tested against both placebo and

active standard-of-care medications. A separate trial evaluated the cardiovascular

safety of oral semaglutide in patients with T2D at high cardiovascular risk. Over

periods of treatment up to 78 weeks, oral semaglutide 7 and 14 mg once daily

reduced HbA1c and body weight across the spectrum of T2D, and improved other

diabetes-related endpoints, such as fasting plasma glucose. Oral semaglutide provided

significantly better efficacy than placebo and commonly used glucose-lowering medi-

cations from the dipeptidyl peptidase-4 inhibitor (sitagliptin) and sodium-glucose

co-transporter-2 inhibitor (empagliflozin) classes, as well as the subcutaneous GLP-

1RAs liraglutide and dulaglutide. Oral semaglutide was well tolerated in line with the

known safety profile of GLP-1RAs, with transient gastrointestinal events being the

most common side effects reported. Cardiovascular safety was demonstrated for oral

semaglutide in patients with cardiovascular disease or high cardiovascular risk. The

results of the PIONEER programme suggest that oral semaglutide is efficacious and

well tolerated for glycaemic control of T2D. The availability of oral semaglutide may

help to broaden treatment choice and facilitate adoption of earlier GLP-1RA treat-

ment in the paradigm of T2D management.

All PIONEER trials were registered with ClinicalTrials.gov (NCT02906930 [PIONEER 1], NCT02863328 [PIONEER 2], NCT02607865 [PIONEER 3], NCT02863419 [PIONEER 4], NCT02827708

[PIONEER 5], NCT02692716 [PIONEER 6], NCT02849080 [PIONEER 7], NCT03021187 [PIONEER 8], NCT03018028 [PIONEER 9] and NCT03015220 [PIONEER 10]).
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1 | INTRODUCTION

Incretin-based therapies such as glucagon-like peptide-1 receptor

agonists (GLP-1RAs) and dipeptidyl peptidase-4 (DPP4) inhibitors

act on multiple pathophysiological pathways to help normalize

insulin and glucagon secretion, and lower blood glucose levels.

GLP-1RAs also reduce appetite and facilitate weight loss.1–3 The

American Diabetes Association (ADA) and European Association

for the Study of Diabetes (EASD) guidelines recommend a GLP-

1RA or DPP4 inhibitor, or a sodium-glucose co-transporter-2

inhibitor (SGLT2i), sulfonylurea or thiazolidinedione, as second-line

treatment in people with type 2 diabetes (T2D) uncontrolled on metfor-

min.4,5 Regardless of glycated haemoglobin (HbA1c), patients with or at

risk of cardiovascular disease (CVD) should preferentially receive GLP-

1RA that has shown CV benefit, or an SGLT2i with CV benefit if a GLP-

1RA is not appropriate; SGLT2is are preferred over GLP-1RAs for those

with heart failure or chronic kidney disease (CKD).4,5

Semaglutide is a GLP-1 analogue approved as a once-weekly sub-

cutaneous injection for glycaemic control in patients with T2D inade-

quately controlled on at least one oral glucose-lowering

medication.6–8 In the Phase 3 SUSTAIN clinical trials, once-weekly

subcutaneous semaglutide provided consistently significantly better

reductions in HbA1c and body weight against placebo and a variety of

active comparator drugs in multiple patient groups with T2D.9 Addi-

tionally, semaglutide, like several other GLP-1RAs,10–12 showed a car-

dioprotective effect in patients with T2D and CVD or CV risk

factors.13

2 | ORAL SEMAGLUTIDE

Until recently, all available GLP-1RAs were given subcutaneously. An

oral GLP-1RA could help to encourage earlier and wider usage of this

class, particularly in patients hesitant to take an injectable formulation.

However, formulating a peptide for oral administration brings consid-

erable challenges in terms of protecting the active molecule during its

passage through the gastrointestinal (GI) tract and facilitating absorp-

tion across the GI epithelium.14 Indeed, these issues have prevented

the production of oral insulin for many years.15

Oral semaglutide, a co-formulation of semaglutide with the absorp-

tion enhancer sodium N-(8-[2-hydroxybenzoyl] amino) caprylate

(SNAC), is the first oral GLP-1RA that has been approved for clinical use

for improving glycaemic control in patients with T2D in the United

States,16 and has received a positive opinion from European regula-

tors.17 SNAC has previously been co-formulated with heparin and

ibandronate to increase drug absorption,18,19 and is currently available

in a vitamin B12 supplement.20 It helps to protect semaglutide from

proteolytic degradation in the stomach and facilitates its absorption

across the gastric mucosa (Figure 1).21 SNAC itself is mostly eliminated

after approximately 4-6 hours.21

The presence of food and/or substantial volumes of water in the

stomach reduces the gastric absorption of oral semaglutide.22–24

Therefore, in clinical trials, patients were required to take oral

semaglutide in the morning in a fasted state with no more than

120 mL of water and waiting at least 30 minutes before taking any

food, drink or other oral medication. Dosing under these conditions

led to clinically relevant semaglutide plasma concentrations.25 At

equivalent levels of exposure, similar glycaemic and weight responses

were seen with both oral and subcutaneous semaglutide.26

In Phase I studies, the pharmacokinetics of oral semaglutide were

not affected by any level of renal impairment (estimated glomerular

filtration rate [eGFR] 15-89 mL/min/1.73 m2), including end-stage

renal disease,27 any level of hepatic impairment (Child-Pugh A [mild]-C

[severe])28 or presence of upper GI disease (chronic gastritis, GI reflux

disease, or both).29 There are no studies of the use of oral semaglutide

after bariatric surgery. There were no clinically relevant interactions

between oral semaglutide and medications commonly prescribed to

patients with T2D, including lisinopril, metformin, warfarin and statins,

as well as the combined oral contraceptive pill; there was also no

interaction with omeprazole.30–32 Exposure to levothyroxine was

increased in the presence of oral semaglutide, suggesting that thyroid

parameters should be monitored when these two medications are co-

administered, in line with clinical practice.33

In a Phase II dose-finding trial, oral semaglutide at doses of

2.5-40 mg once daily demonstrated significant dose-dependent

reductions in glucose and body weight in patients with early T2D.34

Oral semaglutide was well tolerated, and the main adverse events

were GI-related, which (in common with other GLP-1RAs) mainly

consisted of dose-dependent, mild-to-moderate and transient nau-

sea when initiating or titrating therapy. Fewer GI events were

reported when patients started on a lower dose, suggesting that a

gradual escalation could be a helpful mitigation strategy.34 Based on

the results of the Phase II trial,34 oral semaglutide doses of 3, 7 and

14 mg were taken forward to the Phase 3 Peptide InnOvatioN for

the Early diabEtes tReatment (PIONEER) programme, a series of

10 multicentre, randomized clinical trials.

3 | OVERVIEW OF THE PIONEER TRIALS

3.1 | Design

The PIONEER programme was designed to test oral semaglutide

across the spectrum of disease and background therapies, from

patients with early T2D managed by diet and exercise through to

those requiring daily insulin, and in patients with comorbidities such
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as CVD and CKD (Table 1).35–44 Each Phase 3a study was a random-

ized, controlled trial with the aim of comparing oral semaglutide with

an active comparator and/or placebo.35–44

In the PIONEER programme, two scientific questions related to the

efficacy objectives were addressed through the definition of two

estimands.45 The treatment policy estimand evaluated the treatment

effect for all randomized patients regardless of trial product discontinua-

tion or use of rescue medication. This estimand reflects the population-

level effect of oral semaglutide compared with a comparator. The trial

product estimand evaluated the treatment effect, assuming that all

patients remained on the trial product for the entire planned trial dura-

tion and did not use rescue medication. This estimand aimed to show

the efficacy of oral semaglutide without the confounding effects of res-

cue medication and trial product discontinuation. Data were analysed for

both estimands by logistic regression for binary endpoints, including data

irrespective of discontinuation of trial product or initiation of rescue

medication in the case of the treatment policy estimand, and excluding

data obtained after these intercurrent events for the trial product

estimand. For continuous endpoints, the treatment policy estimand was

estimated by a pattern-mixture model with multiple imputation for miss-

ing data, whereas a mixed model for repeated measurements was

employed for the trial product estimand.45

Here, we will focus on efficacy outcomes with the treatment pol-

icy estimand, which was the primary estimand in most of the PIO-

NEER trials and the only estimand employed in the PIONEER 6 CV

outcomes trial.35–44

3.2 | Patients

In most PIONEER trials, patients were aged ≥18 years, had been diag-

nosed with T2D at least 3 months before screening, and had baseline

HbA1c in the range of 7.0%-9.5% (Table 1).35–39,41,42 In the

PIONEER 6 CV outcomes trial, patients were aged ≥50 years and had

clinical evidence of CVD or CKD, or were ≥60 years with CV risk

factors.40

3.3 | Comparators, doses and treatment duration

Doses of oral semaglutide at 3, 7 and 14 mg were tested in the PIO-

NEER programme (Table 1). To mitigate potential GI side effects, all

patients randomized to oral semaglutide started treatment at the

3 mg dose, after which the dose was escalated in 4-week increments

to 7 mg and then 14 mg, until the randomized dose was achieved.

In PIONEER 1, oral semaglutide 3, 7 and 14 mg once daily were

compared with placebo for 26 weeks in patients with early T2D man-

aged by diet and exercise.35 In PIONEER 2-4, once-daily oral

semaglutide was compared with the SGLT2i empagliflozin (25 mg

once daily), the DPP4 inhibitor sitagliptin (100 mg once daily) and the

subcutaneous GLP-1RA liraglutide (1.8 mg once daily) for either 52 or

78 weeks in patients with T2D who were already receiving one or

two oral glucose-lowering drugs.36–38 In PIONEER 7, flexible dose

adjustment of oral semaglutide (where each individual patient's daily

F IGURE 1 Mechanism of absorption of oral semaglutide.21 GI, gastrointestinal; SNAC, sodium N-(8-[2-hydroxybenzoyl] amino) caprylate
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dose could be increased or decreased between 3, 7 or 14 mg depen-

dent on glycaemic efficacy and GI tolerability) was compared with

100 mg sitagliptin for 52 weeks.41

Patients in PIONEER 5, 6 and 8 had T2D of 14-15 years’ duration

and received oral semaglutide or placebo added on to background

medication.39,40,42 In PIONEER 8, patients were all taking insulin, the

dose of which was recommended to be reduced by 20% at randomi-

zation, after which it could be raised between weeks 8 and 26, without

exceeding the pre-randomization dosage, and was freely adjustable

after week 26.42 Patients in PIONEER 5 had moderate renal impair-

ment (eGFR 30-59 mL/min/1.73 m2).39 PIONEER 6 was an event-

driven, placebo-controlled CV outcomes study designed to demon-

strate the CV safety of oral semaglutide 14 mg once daily in patients

with established T2D and CVD, CKD or CV risk factors.40

The two Japanese trials tested oral semaglutide monotherapy

compared with placebo or liraglutide (PIONEER 9),43 and oral

semaglutide compared with dulaglutide in patients receiving stable

doses of background oral antidiabetic drugs (OADs) (PIONEER 10).44

3.4 | Endpoints

The primary and confirmatory secondary endpoints in most of the tri-

als were change from baseline in HbA1c and body weight, respec-

tively, at week 26 (Table 1).35–39,41–43 The exceptions were the

flexible dose study (PIONEER 7),38 the CV outcomes trial

(PIONEER 6),40 and PIONEER 10, which was primarily a safety

study.44 Supportive endpoints included achievement of HbA1c tar-

gets, weight-loss thresholds and composite outcomes, and changes in

parameters such as fasting plasma glucose, blood pressure and body

mass index, as well as patient-reported outcomes.35–44

Safety endpoints (evaluated in all randomized patients) included

the number of treatment-emergent adverse events, hypoglycaemic

episodes, laboratory tests, physical examinations and outcomes of

special interest, such as diabetic retinopathy, acute pancreatitis and

CV events.35–44 Hypoglycaemia was classified as severe according to

the ADA definition,46 and confirmed if blood glucose was

<3.1 mmol/L (<56 mg/dL).

4 | CLINICAL EVIDENCE

In total, 9543 patients were randomized to receive oral semaglutide or

comparators during the PIONEER programme (including PIONEER 9 and

10). Over 80% of patients completed each trial, mostly while still receiv-

ing their randomized treatment, and the rate of rescue medication use in

the oral semaglutide groups was <10% after 26 weeks’ treatment.35–44

4.1 | Glycaemic control with oral semaglutide

Oral semaglutide was effective in reducing HbA1c across the contin-

uum of T2D, using both the treatment policy estimand (results

summarized below, and in Table 2 and Figure 2) and the trial product

estimand (Figure S1).35–44 Monotherapy with oral semaglutide 3, 7

and 14 mg once daily dose-dependently and significantly reduced

HbA1c (baseline 8.0%) compared with placebo after 26 weeks’ treat-

ment in patients with early T2D (mean duration 3.5 years) in

PIONEER 1 (estimated treatment difference [ETD] –0.6% [3 mg] to

−1.1% [14 mg] at week 26; P < .001 for all doses vs placebo).35

In patients with established T2D (mean duration of between 7.4

and 8.6 years) who were receiving background OADs (PIONEER 2-4),

oral semaglutide 14 mg was more effective than empagliflozin 25 mg

(ETD –0.4%; P < .0001), sitagliptin 100 mg (ETD –0.5%; P < .001) and

similar to liraglutide 1.8 mg (ETD –0.1%; P = .0645) for HbA1c reduc-

tion (baseline 8.0%-8.3%) at week 26 (treatment policy estimand);36–38

differences remained in favour of oral semaglutide at end of treatment.

Oral semaglutide 7 mg, but not 3 mg, was also more effective than

sitagliptin for reducing HbA1c in PIONEER 3 (ETD −0.3% at week 26;

P < .001).37 In PIONEER 7, flexible dose adjustment of oral semaglutide

was more effective than sitagliptin 100 mg for reducing HbA1c

(ETD –0.5%, P < .0001) at 52 weeks (at which time 30% of patients in

the oral semaglutide group were receiving the 7 mg dose and 59% the

14 mg dose).41 In patients with advanced T2D (mean duration 15 years)

receiving insulin, oral semaglutide 3, 7 and 14 mg reduced HbA1c (base-

line 8.2%) significantly more than placebo at week 26 (PIONEER 8: ETD

−0.5% [3 mg] to −1.2% [14 mg]; P < .0001 for all) and week 52.42

In patients with moderate renal impairment (eGFR 30-59 mL/

min/1.73 m2) and long-standing diabetes (mean duration 14 years)

who took part in PIONEER 5, oral semaglutide 14 mg was signifi-

cantly more effective than placebo in reducing HbA1c (baseline

8.0%) at week 26 (ETD –0.8%; P < .0001).39 In patients with T2D

(mean duration at baseline of 15 years) and at high CV risk in

PIONEER 6, oral semaglutide reduced HbA1c by a mean of −1.0%

versus −0.3% with placebo, both on top of standard of care, over a

median trial duration of 15.9 months (outcome not analysed

statistically).40

Similar to the global trials, glycaemic control was improved with

oral semaglutide 14 mg compared with both placebo and the GLP-

1RAs liraglutide 0.9 mg and dulaglutide 0.75 mg in the Japanese

PIONEER 9 and 10 studies (efficacy for the 7 mg dose was similar to

that of the active comparators). HbA1c reductions tended to be some-

what greater with oral semaglutide in the Japanese trials than in the

global trials (from similar baseline levels).43,44

The proportion of patients achieving the ADA-recommended

target of HbA1c <7.0% was consistently greater with oral

semaglutide 7 and 14 mg (42%-77%) than with placebo (7%-31%)

and active comparators (25%-62%) at the primary analysis time

point across the global trials (Table 2), and this advantage was gener-

ally maintained or improved upon at the end of the trial.35–39,41,42

Generally, more patients also achieved the HbA1c target of ≤6.5%

with oral semaglutide than with placebo or active

comparators.35–39,41,42 Other measures of glycaemic control, includ-

ing fasting plasma glucose (Table 2), were also generally reduced in

patients receiving oral semaglutide compared with those random-

ized to placebo or active comparators.35–39,41,42
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F IGURE 2 Reduction in HbA1c with oral semaglutide and comparators. A, Primary analysis time point (26 weeks except for PIONEER 6 and
7). B, End of treatment in the PIONEER trials, by the treatment policy estimand32–41 (part B adapted with permission from Rasmussen. Diabetol
Int. 2020;11(2):76-8655). Data are for the treatment policy estimand (including data from patients who discontinued treatment or required rescue
medication). aHbA1c reduction was not the primary endpoint in PIONEER 6 or 7; bevent-driven trial: efficacy outcomes were not analysed
statistically. *P < .05 for the estimated treatment difference with oral semaglutide vs placebo and/or active comparator; †P < .05 for the
estimated treatment difference with comparator vs oral semaglutide 3 mg. CKD, chronic kidney disease; CVD, cardiovascular disease; dula,
dulaglutide; empa, empagliflozin; HbA1c, glycated haemoglobin; imp, impairment; lira, liraglutide; met, metformin; OAD, oral antidiabetic drug;
pbo, placebo; sema, semaglutide; SGLT2i, sodium-glucose co-transporter-2 inhibitor; sita, sitagliptin; SU, sulfonylurea; T2D, type 2 diabetes
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4.2 | Body weight reductions with oral
semaglutide

Oral semaglutide was effective in reducing body weight across the

continuum of T2D using the treatment policy estimand (results sum-

marized below and in Table 2 and Figure 3); outcomes were similar

using the trial product estimand (Figure S2).35–44 Oral semaglutide

3, 7 and 14 mg given as monotherapy dose-dependently and signifi-

cantly reduced body weight (baseline 88.1 kg) compared with placebo

in patients with early T2D managed with diet and exercise

(PIONEER 1: ETD −0.1 kg [3 mg] to −2.3 kg [14 mg] at week 26;

P < .001 vs placebo).35

In patients with more established T2D receiving background

OADs (baseline weight 88.6-94.0 kg), oral semaglutide 14 mg had sim-

ilar efficacy to empagliflozin in reducing body weight at week 26

(PIONEER 2: ETD −0.11 kg; P = .7593) and week 52 (ETD −0.2 kg;

P = .6231) using the treatment policy estimand.36 Oral semaglutide

14 mg provided a significantly greater body weight reduction com-

pared with liraglutide at week 26 (PIONEER 4: ETD −1.2 kg;

P = .0003) and week 52 (ETD −1.3 kg; P = .0019).38 All three tested

doses of oral semaglutide were also associated with significantly

greater weight loss compared with sitagliptin at week 26 (PIONEER 3:

ETD −0.6 kg [3 mg] to −2.5 kg [14 mg]; P ≤ .02 for all doses) and up

to week 78,37 and when oral semaglutide was dosed flexibly for

52 weeks (PIONEER 7: ETD −1.9 kg; P < .0001).41

In patients with advanced T2D receiving background insulin, oral

semaglutide 3, 7 and 14 mg were significantly better than placebo in

reducing body weight (baseline 85.9 kg) at week 26 (PIONEER 8: ETD

−0.9 kg [3 mg] to −3.3 kg [14 mg]; P ≤ .04 for all) and week 52 (ETD

−1.3 kg to −4.3 kg; P ≤ .0101).42 In patients with moderate renal

impairment (PIONEER 5), oral semaglutide 14 mg significantly

reduced body weight (baseline 90.8 kg) at week 26 (ETD −2.5 kg;

P < .0001 vs placebo).39 In PIONEER 6, in patients with CVD, CKD or

CV risk factors, oral semaglutide reduced body weight (baseline

90.9 kg) by a mean of −4.2 kg over the course of the trial versus

−0.8 kg with placebo (outcome not analysed statistically).40

The proportion of patients achieving weight loss of ≥5% across

the global trials was consistently greater with oral semaglutide 7 and

14 mg (13%-44%) than with placebo (3%-15%) and active compara-

tors (10%-36%) at week 26, and the difference was maintained at the

end of treatment in each trial.35–39,41,42 Other measures of body size

(body mass index and waist circumference) were reduced with oral

semaglutide compared with placebo and active comparators.35–39,41,42

4.3 | Composite outcomes

With the exception of PIONEER 6,40 two composite outcomes were

studied in the PIONEER trials.35–39,41–44 At week 26, a greater propor-

tion of patients achieved HbA1c <7% with no weight gain or severe/

blood glucose-confirmed hypoglycaemia with oral semaglutide 7 and

14 mg than with placebo and active comparators (Table 2).35–39,41–44

This advantage was maintained over longer treatment durations.

Similarly, more patients achieved HbA1c reduction ≥1% with body

weight loss ≥3% at week 26 with oral semaglutide 7 and 14 mg than

with placebo and active comparators.35–39,41–44 The difference also

remained over longer treatment durations.

4.4 | Quality of life endpoints

Patient-reported outcomes were collected in the PIONEER programme.

In PIONEER 4, patients reported significantly better overall treatment

satisfaction when treated with oral semaglutide compared with pla-

cebo.38 Outcomes between oral semaglutide and active comparators

were generally similar across the trials. In PIONEER 2, scores using the

36-item short-form survey (version 2) were significantly better for oral

semaglutide than empagliflozin for the domains of general health and

social functioning at week 26, but favoured empagliflozin for physical

health scores at week 52; oral semaglutide was favoured for reported

improvements in craving control at weeks 26 and 52 using the control

of eating questionnaire.36 Patient-reported outcomes were similar

between oral semaglutide and sitagliptin in PIONEER 3,37 and patients

reported similar convenience for oral semaglutide and sitagliptin after

52 weeks when oral semaglutide was flexibly dosed (PIONEER 7).41

Oral semaglutide 7 and 14 mg were associated with improvements in

general health compared with placebo after 52 weeks’ treatment in

patients with long-standing T2D also receiving insulin (PIONEER 8); sig-

nificant improvements were also reported regarding the impact of

weight on patients’ quality of life (oral semaglutide 14 mg).42

4.5 | Cardiovascular outcomes

Among 3183 patients with T2D and high CV risk enrolled in PIONEER 6,

oral semaglutide was non-inferior to placebo for the incidence of first

major adverse cardiovascular events (MACE) (3.8% in the oral

semaglutide group and 4.8% in the placebo group; hazard ratio

[HR] = 0.79 [95% CI 0.57-1.11], P < .001 for non-inferiority).40 A lower

incidence of CV-related death (HR = 0.49 [95% CI 0.27-0.92]) and all-

cause death (1.4% vs 2.8%; HR = 0.51 [95% CI 0.31-0.84]) was

observed with oral semaglutide versus placebo.40

In the other PIONEER trials, among patients at lower CV risk, the

incidence of CV events between patients receiving oral semaglutide

and those receiving placebo or other glucose-lowering drugs was

low.35–39,41–44 Fasting lipid levels (very low, low and high-density lipo-

protein cholesterol, and triglycerides) remained similar or were

reduced with oral semaglutide (generally at the 14 mg dose) versus

comparators, and reductions were maintained over time.35–39,41–44

4.6 | Safety and tolerability

The proportion of patients with any adverse event was generally simi-

lar or higher with oral semaglutide than with placebo and active com-

parator (Table 3).35–44 Adverse events in patients receiving oral
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F IGURE 3 Reduction in body weight with oral semaglutide and comparators. A, Primary analysis time point (26 weeks except for PIONEER 6
and 7). B, End of treatment in the PIONEER trials, by the treatment policy estimand32–41 (part B adapted with permission from Rasmussen. Diabetol
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semaglutide were mainly mild or moderate in severity, and generally

did not result in permanent drug discontinuation (≤15% in any trial)

(Table 3).35–44

In line with the known tolerability profile of GLP-1RAs, the most

frequent class of adverse events across the PIONEER trials was GI dis-

orders, which mainly consisted of nausea, vomiting, diarrhoea, consti-

pation, dyspepsia and upper abdominal pain.35–44 GI events were

more common with oral semaglutide than placebo or active compara-

tors, but were generally mild to moderate in severity and transient,

occurring predominantly during the dose escalation period. Nausea

was usually the most common GI adverse event; respiratory tract

infections (typically nasopharyngitis and influenza) were usually the

most common non-GI adverse events and occurred with a similar inci-

dence to comparators.35–44

TABLE 3 Summary of on-treatment safety outcomes in the PIONEER trials35–44

Trial (number
of patients
enrolled) Treatment arm

Patients with any
AE (% of total
patients)

Severe AEs
(% of total
patients)

Serious AEs
(% of total
patients)

AEs leading to trial product
discontinuation

(% of total patients) Hypoglycaemic
episodes
(% of total patients)aOverall GI

Placebo-controlled trials

PIONEER 1

(N = 703)

Oral semaglutide 3 mg (n = 175) 101 (58) 8 (5) 5 (3) 4 (2) 3 (2) 5 (3)

Oral semaglutide 7 mg (n = 175) 93 (53) 1 (1) 3 (2) 7 (4) 4 (2) 2 (1)

Oral semaglutide 14 mg

(n = 175)

99 (57) 3 (2) 2 (1) 13 (7) 9 (5) 1 (1)

Placebo (n = 178) 99 (56) 5 (3) 8 (4) 4 (2) 1 (1) 1 (1)

PIONEER 5

(N = 324)

Oral semaglutide 14 mg

(n = 163)

120 (74) 10 (6) 17 (10) 24 (15) 19 (12) 9 (6)

Placebo (n = 161) 105 (65) 15 (9) 17 (11) 8 (5) 3 (2) 3 (2)

PIONEER 6

(N = 3183)

Oral semaglutide 14 mg

(n = 1591)

NR NR 301 (19) 184 (12) 108 (7) NRb

Placebo (n = 1592) NR NR 358 (22) 104 (7) 26 (2) NRb

PIONEER 8c

(N = 731)

Oral semaglutide 3 mg (n = 184) 137 (74) 17 (9) 25 (14) 13 (7) 9 (5) 52 (28)

Oral semaglutide 7 mg (n = 181) 142 (78) 17 (9) 19 (10) 16 (9) 12 (7) 47 (26)

Oral semaglutide 14 mg

(n = 181)

151 (83) 13 (7) 12 (7) 24 (13) 19 (10) 48 (27)

Placebo (n = 184) 139 (76) 9 (5) 17 (9) 5 (3) 1 (1) 54 (29)

Active-controlled trials

PIONEER 2

(N = 822)d
Oral semaglutide 14 mg

(n = 410)

289 (70) 24 (6) 27 (7) 44 (11) 33 (8) 7 (2)

Empagliflozin 25 mg (n = 409) 283 (69) 23 (6) 37 (9) 18 (4) 3 (1) 8 (2)

PIONEER 3

(N = 1864)

Oral semaglutide 3 mg (n = 466) 370 (79) 47 (10) 64 (14) 26 (6) 11 (2) 23 (5)

Oral semaglutide 7 mg (n = 464) 363 (78) 37 (8) 47 (10) 27 (6) 16 (3) 24 (5)

Oral semaglutide 14 mg

(n = 465)

370 (80) 40 (9) 44 (9) 54 (12) 32 (7) 36 (8)

Sitagliptin 100 mg (n = 466) 388 (83) 53 (11) 58 (12) 24 (5) 12 (3) 39 (8)

PIONEER 4

(N = 711)

Oral semaglutide 14 mg

(n = 285)

229 (80) 23 (8) 31 (11) 31 (11) 22 (8) 2 (1)

Liraglutide 1.8 mg (n = 284) 211 (74) 22 (8) 22 (8) 26 (9) 17 (6) 7 (2)

Placebo (n = 142) 95 (67) 7 (5) 15 (11) 5 (4) 3 (2) 3 (2)

PIONEER 7

(N = 504)

Oral semaglutide (flexible 3, 7 or

14 mg) (n = 253)

197 (78) 16 (6) 24 (9) 22 (9) 14 (6) 14 (6)

Sitagliptin 100 mg (n = 250) 172 (69) 18 (7) 24 (10) 8 (3) 2 (1) 14 (6)

PIONEER 9

(N = 243)

Oral semaglutide 3 mg (n = 49) 37 (76) 1 (2) 2 (4) 1 (2) 17 (35) 0

Oral semaglutide 7 mg (n = 49) 37 (76) 2 (4) 3 (6) 1 (2) 18 (37) 0

Oral semaglutide 14 mg (n = 48) 34 (71) 0 0 2 (4) 16 (33) 0

Liraglutide 0.9 mg (n = 48) 32 (67) 0 0 0 18 (38) 2 (4)

(Continues)
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Patients with proliferative retinopathy or maculopathy requir-

ing acute treatment were excluded from the PIONEER trials. The

incidence of diabetic retinopathy identified during the trials was

similar to that seen with placebo and active comparators.35–44

Most cases were diagnosed during routine eye examinations and

did not require active treatment. External independent adjudication

committees were used to confirm occurrences of adverse events of

special interest in each trial. There was a low incidence of adjudi-

cated events, including acute pancreatitis and acute kidney injury,

and rates were similar between oral semaglutide and

comparators.35–44 Malignant neoplasms, including malignant thy-

roid neoplasms, were few in number, and there was no clustering

of events in any particular system organ or class.35–44

The incidence of severe or blood glucose-confirmed symptomatic

hypoglycaemia was low in patients receiving oral semaglutide

(Table 3) and did not exceed 8% in any oral semaglutide treatment

group,35–39,41,43,44 with the exception of patients receiving back-

ground insulin in PIONEER 8 (among whom the greatest incidence

was associated with basal/bolus insulin).42 Across the studies, very

few cases of hypoglycaemia were classed as severe (according to the

ADA definition46). Blood pressure remained similar or was slightly

reduced over time in patients treated with oral semaglutide compared

with those receiving comparator treatments.35–44

As expected for a GLP-1RA,9 mean pulse rate was 1-4 beats/min

higher with oral semaglutide than with placebo at the end of treat-

ment.35,38,39,41 Changes were similar between oral semaglutide and

liraglutide in PIONEER 4.38

Amylase and lipase levels generally increased with oral

semaglutide compared with placebo, as seen with other GLP-1RAs,47

and changes were similar to those observed with liraglutide; no

increase in acute pancreatitis was reported.35–39,41–44 Renal function

was unaffected during oral semaglutide treatment, including in

patients with renal impairment at baseline.35–44 There were a low and

similar number of deaths in the trials among patients receiving oral

semaglutide and comparators.35–44

5 | DISCUSSION

In the PIONEER programme, oral semaglutide was shown to be effec-

tive for glycaemic control across the spectrum of disease durations,

background therapies and comorbidities (CVD/CKD) in patients with

T2D.35–44 Although most trials analysed the primary outcome after

26 weeks, treatment continued in most of the global trials for

52 weeks (78 weeks in PIONEER 337), and HbA1c remained signifi-

cantly better for oral semaglutide 7 and 14 mg versus comparators at

these later times.36–38,41–44 At least half of the patients treated with

oral semaglutide 14 mg in any given trial had HbA1c below the ADA

target of 7.0% at the end of treatment.35–39,41–44 When dose adjust-

ment of oral semaglutide was permitted to account for a need to

improve glycaemic control or to alleviate side effects (PIONEER 7),41

oral semaglutide was more effective than sitagliptin after 52 weeks,

suggesting that such an approach, in which the dose can be adjusted

per individual patient, may be beneficial in clinical practice. Only 9%

of patients were not escalated to the 7 or 14 mg dose by week 52.41

The results of an open-label extension phase of PIONEER 7, during

which patients continued with (or switched from sitagliptin to) flexible

oral semaglutide dosing for a further 52 weeks, are due to be reported

soon (NCT02849080).

Compared with patients in the global trials, Japanese patients

tended to have greater HbA1c reductions than global patients (from

similar baselines),43,44 supporting the hypothesis that T2D in East

Asian patients is mainly a disease of beta-cell dysfunction rather than

of obesity and insulin resistance.48

TABLE 3 (Continued)

Trial (number
of patients

enrolled) Treatment arm

Patients with any
AE (% of total

patients)

Severe AEs
(% of total

patients)

Serious AEs
(% of total

patients)

AEs leading to trial product

discontinuation
(% of total patients) Hypoglycaemic

episodes

(% of total patients)aOverall GI

Placebo (n = 49) 39 (80) 0 3 (6) 0 10 (20) 0

PIONEER 10

(N = 458)

Oral semaglutide 3 mg (n = 131) 101 (77) 3 (2) 9 (7) 4 (3) 40 (31) 3 (2)

Oral semaglutide 7 mg (n = 132) 106 (80) 1 (1) 4 (3) 8 (6) 51 (39) 3 (2)

Oral semaglutide 14 mg

(n = 130)

111 (85) 1 (1) 7 (5) 8 (6) 70 (54) 4 (3)

Dulaglutide 0.75 mg (n = 65) 53 (82) 0 1 (2) 2 (3) 26 (40) 0

Data are n (%) with proportions rounded to whole numbers.

Abbreviations: AE, adverse event; GI, gastrointestinal; NR, not reported.
aHypoglycaemic episodes were either severe (defined according to the American Diabetes Association classification) or confirmed by a whole-blood glu-

cose value <56 mg/dL (<3.1 mmol/L), with symptoms consistent with hypoglycaemia unless otherwise stated;
bCases of severe hypoglycaemia were identified through a search of terms in the Medical Dictionary for Regulatory Activities, version 20.1 (23 and

13 patients identified with oral semaglutide and placebo, respectively);
cAdditional data from Zinman et al, poster presented at 79th Scientific Sessions of the American Diabetes Association Congress, San Francisco, CA, USA,

7-11 June, 2019;
d822 patients were enrolled, of whom 821 were included in the safety analysis set.
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In the global trials, oral semaglutide was as effective as the oral

SGLT2i empagliflozin in helping patients to lose weight at 26 and

52 weeks,36 and was more effective than the DPP4 inhibitor

sitagliptin37,41 and the subcutaneous GLP-1RA liraglutide at both time

points.38 In these trials, up to 4.3 kg of weight loss was achieved at

52 weeks in patients receiving oral semaglutide 14 mg once daily

(treatment policy estimand),36–38,41 and in PIONEER 3 weight loss

was maintained up to 78 weeks.37 Patients with moderate renal

impairment (eGFR 15-29 mL/min/1.73 m2) and those at high CV risk

also lost weight over the course of oral semaglutide treatment.36,37

Up to 69% of patients treated with oral semaglutide in the global trials

achieved the composite outcome of HbA1c <7.0% with no weight

gain or severe/blood glucose-confirmed hypoglycaemia.35–39,41,42

Patient-reported outcomes were generally improved with oral

semaglutide compared with placebo.38,42 Such outcomes were generally

similar to those of active comparators, but there were some improve-

ments in patients’ food cravings, with oral semaglutide compared with

empagliflozin.36 Outcomes related to satisfaction and convenience of

treatment suggested that patients found the dosing requirements for

oral semaglutide similarly acceptable to those for sitagliptin, a com-

monly administered oral glucose-lowering medication.37,41

Here, we have primarily reported efficacy outcomes using the

treatment policy estimand, which includes data from patients who dis-

continued treatment and/or required rescue medication.45 This was the

primary estimand in most of the PIONEER trials and may be of most

interest to clinical decision-makers, regulators, public health officials and

payers because it gives a population-level estimate of efficacy. Results

were similar but somewhat more favourable for oral semaglutide against

comparators for the trial product estimand, in which it was assumed

that all patients remained on the trial product for the entire planned trial

duration and did not use rescue medication.35–39,41–44 This estimand

shows the efficacy that oral semaglutide can achieve without these con-

founding effects, and clinicians may wish to take results with both

estimands into account when evaluating probable efficacy across a

population and in an individual patient.45

Caution should be exercised when comparing the results of the oral

and subcutaneous formulations of semaglutide in the SUSTAIN and

PIONEER programmes because the trial designs and populations

(including baseline characteristics and background medications), com-

parators and analysis time points varied. However, clinically relevant

reductions in HbA1c and body weight were observed with semaglutide

regardless of the route of administration.9,35–44 Outcomes with oral

semaglutide should be considered in the context of expanding the treat-

ment choices for patients, the potential for improvements in treatment

adherence, and a new option for patients with a preference for oral ver-

sus injectable therapy.

CVD and CKD are some of the most important concomitant dis-

eases in patients with T2D.49 In the CV outcomes trial (PIONEER 6),

oral semaglutide did not increase the risk of MACE compared with

placebo in patients with CVD/CKD or CV risk factors.40 While

PIONEER 6 was not powered to show superiority for CV events with

oral semaglutide,50 subcutaneous semaglutide has been shown to

reduce the risk of MACE compared with placebo in similarly high-risk

patients in the larger and longer SUSTAIN 6 trial,13 with an HR esti-

mate similar to that observed in PIONEER 6.40 A cardioprotective

effect has also been demonstrated in other CV outcomes trials of

GLP-1RAs.10–12 This led to the ADA/EASD recommendation for the

use of a GLP-1RA with proven CV benefit in patients with T2D who

are at elevated CV risk.4,5 The ongoing SOUL trial (NCT03914326)

will recruit nearly 10 000 patients with T2D and CVD/CKD, and

monitor their CV outcomes for up to 5 years to determine whether

oral semaglutide is superior to placebo in preventing MACE.

The safety profile of oral semaglutide was generally consistent

with the known tolerability of the GLP-1RAs, with the most frequent

adverse events being mild-to-moderate and transient GI effects.35–44

The incidence of GI events was similar to that seen in SUSTAIN 1-7,9

indicating no effect of the oral route of semaglutide delivery on toler-

ability. There was no adverse effect on renal function in patients

treated with oral semaglutide, and no additional safety concerns in

patients with moderate renal impairment,39 meaning that no dose

adjustment is deemed necessary in patients with impaired renal func-

tion.16,23 GLP-1RAs have a positive effect on albuminuria,51,52 which

is a marker for kidney damage and CV risk,53,54 but the clinical impli-

cations are yet to be fully examined. Nevertheless, oral semaglutide

may be a useful option for patients with T2D and renal impairment,

for whom current treatment options are limited.39

Severe and/or blood glucose-confirmed symptomatic hyp-

oglycaemic episodes were uncommon in patients receiving oral

semaglutide (with the exception of those receiving concomitant insu-

lin and sulfonylurea, in whom the rate would be expected to be

higher42). This confirms that semaglutide-mediated HbA1c reduction

is not associated with uncontrolled lowering of blood glucose levels,

in line with the glucose-dependent mechanism of action.1

Patients in the SUSTAIN 6 trial who received semaglutide had a

higher incidence of diabetic retinopathy than those who did not,13

which may have been related to substantial and rapid reductions in

HbA1c during the first 16 weeks of treatment.9 Therefore, gradual

dose escalation is recommended with both oral and subcutaneous

semaglutide.6–8,16 Patients were thus excluded from the PIONEER tri-

als if they had proliferative retinopathy or maculopathy requiring

acute treatment, and there was a low incidence of diabetic retinopa-

thy and related events.35–44

The PIONEER programme was a robustly designed series of

10 clinical trials and established the premise of oral GLP-1RA

therapy.35–44 Given that injections represent a barrier for some

patients and health care providers, the availability of an oral GLP-1RA

should increase the number of eligible patients who receive this effec-

tive means of T2D management, and encourage use at an earlier

stage. Thus, oral semaglutide addresses an important unmet need in

the management of T2D.

In conclusion, the PIONEER programme demonstrated that the

novel formulation of oral semaglutide was efficacious across the spec-

trum of T2D and more effective than comparators for glycaemic con-

trol and weight loss.35–44 Tolerability was consistent with the known

profile of GLP-1RAs.35–44 Real-world data will be required to confirm

if the outcomes seen in the PIONEER trials are translated into clinical
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practice, and whether the availability of semaglutide in an innovative

oral formulation will promote earlier and more frequent utilization of

the GLP-1RA class.
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