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Abstract
Glucagon-like peptide-1 receptor agonists (GLP-1RA) are effective agents for achieving glycemic control. Oral semaglutide 
is the first oral formulation of a GLP-1RA to be approved in the USA. This agent may lead to earlier initiation of GLP-1RA 
therapy in the type 2 diabetes continuum of care, and represents a valuable treatment option for patients with a preference 
for oral therapy. The efficacy and safety of oral semaglutide was assessed in the PIONEER clinical trial program, which 
included 9543 patients (1293 Japanese). The program included 10 trials, two of which were conducted specifically in Japan. 
Across the whole program, oral semaglutide was shown to be effective in helping patients achieve glycemic control and 
reducing body weight. The highest approved dose of oral semaglutide (14 mg) reduced glycated hemoglobin significantly 
more than placebo, empagliflozin, dulaglutide, and sitagliptin, and was non-inferior to liraglutide. Superior reductions in 
body weight were also observed with oral semaglutide 14 mg compared with placebo, sitagliptin, and liraglutide, and similar 
body weight reductions were seen vs. empagliflozin. In all the PIONEER trials, oral semaglutide was well tolerated; there 
were no unexpected safety concerns and the safety profile was consistent with other GLP-1RAs. Oral semaglutide also dem-
onstrated a favorable cardiovascular safety profile, and significant reductions in cardiovascular death and all-cause mortality 
vs. placebo in the PIONEER 6 trial. Oral semaglutide, therefore, represents an effective treatment option, that may lead to 
earlier initiation of GLP-1RA therapy in the diabetes treatment landscape.

Keywords Oral semaglutide · Glucagon-like peptide-1 receptor agonist · Empagliflozin · Sitagliptin · Dulaglutide · 
Liraglutide · Cardiovascular outcomes

Introduction

Timely and adequate glycemic control is needed to reduce 
the risk of diabetes-related complications in patients with 
type 2 diabetes [1–4]. However, many patients do not 
achieve adequate glucose lowering with the currently avail-
able treatment options [5–8]. As a result, in Japan as well 
as other countries, there is a need for additional effective 
treatment options to help more patients achieve good gly-
cemic control.

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) 
can provide effective glycemic control [9, 10]. Moreover, 
these agents appear to be more effective at reducing gly-
cated hemoglobin  (HbA1c) in studies investigating Japanese 

patients [11, 12] than in studies in global populations [13, 
14]. In addition to providing effective glycemic control, 
GLP-1RAs are associated with a low risk of hypoglycemia 
and can promote weight reduction [9, 10] and several GLP-
1RAs have also shown a beneficial effect on cardiovascu-
lar outcomes [15–18]. In fact, the cardiovascular benefit 
of some GLP-1RAs is now recognized in guidelines [10, 
19, 20], although cardiovascular outcomes trials have not 
yet been specifically conducted in Japanese patients. Con-
sequently, these agents represent a valuable therapeutic 
approach for patients with type 2 diabetes.

GLP-1RAs are currently available as once-daily, twice-
daily, or once-weekly subcutaneous injections. An oral for-
mulation of a GLP-1RA represents a useful option to help 
improve acceptance and adherence compared with inject-
able formulations in those patients with a preference for oral 
therapy, and it may lead to earlier initiation of these agents 
in the continuum of the disease. Here the development of a 
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novel oral formulation of a GLP-1RA, oral semaglutide, is 
reviewed.

Development of oral semaglutide

Semaglutide was designed as a potent, long-acting GLP-1 
analog that could be administered by subcutaneous injection 
once-weekly, rather than subcutaneous injection once-daily, 
to improve convenience. It has also demonstrated superior 
efficacy compared with other GLP-1RAs [21–23]. Semaglu-
tide has 94% sequence homology with native GLP-1 [24] 
and three key structural differences that confer improved 
albumin affinity and resistance to dipeptidyl peptidase-4 
degradation. These differences prolong the half-life of sema-
glutide to approximately 1 week, without compromising 
GLP-1 receptor binding [25]. Once-weekly subcutaneous 
semaglutide has been shown to be effective in improving 
glycemic control, reducing body weight [11, 13, 21, 26], and 
reducing the risk of cardiovascular events [15].

Oral delivery of protein-based drugs, like semaglutide, is 
limited by extensive degradation by proteolytic enzymes in 
the gastrointestinal tract and poor absorption across the gas-
trointestinal epithelium [27]. To achieve adequate bioavaila-
bility of semaglutide after oral administration, oral semaglu-
tide has been co-formulated with 300 mg of the absorption 
enhancer, sodium N-(8-[2-hydroxybenzoyl] amino) caprylate 
(SNAC), a small fatty acid derivative that protects semaglu-
tide against enzymatic degradation via a local pH buffering 
effect, and promotes absorption of semaglutide across the 
gastric epithelium in a concentration-dependent manner by 

effects on transcellular pathways, which are transient and 
fully reversible (Fig. 1). This absorption of semaglutide is 
highly localized and depends on the spatial proximity of 
semaglutide and SNAC [28]. The long half-life of sema-
glutide of approximately 1 week helps maintain exposure 
in the event of any variation in day-to-day absorption of the 
oral formulation.

Dosing conditions

The dosing conditions for oral semaglutide are based on 
results from clinical pharmacology trials in healthy sub-
jects. In these trials, food was shown to adversely impact 
the absorption of oral semaglutide and sufficient exposure 
was only achieved when oral semaglutide was administered 
in a fasting state [29]. In addition, the systemic exposure 
and time to maximum concentration for oral semaglutide 
increased with longer post-dose fasting periods; in subjects 
randomized to 15, 30, 60, or 120 min post-dose fasting, 
semaglutide exposure was significantly lower with a post-
dose fasting period of 15 min compared with 30 min, but 
there was no significant difference between 30- and 60-min 
post-dose fasting [30]. Systemic absorption of oral semaglu-
tide occurred early and semaglutide exposure was unaffected 
whether the volume of water used for administration of the 
tablet was 50 mL or 120 mL [30]. However, a scintigraphic 
study indicated that the oral semaglutide tablet erosion was 
slower and the exposure to semaglutide was greater when 
administering the tablet with 50 mL compared with 240 mL 
of water [31].

Fig. 1  Mode of action of oral semaglutide. SNAC, sodium N-(8-[2-hydroxybenzoyl] amino) caprylate
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Based on these findings, across phase 3a clinical tri-
als patients were instructed to take oral semaglutide in the 
morning in a fasting state, with up to half a glass of water 
(approximately 120 mL [~ 4 oz]), and to wait at least 30 min 
before eating, drinking, or taking any other oral medication. 
These dosing conditions result in clinically relevant sema-
glutide exposure, as validated in the confirmatory phase 3a 
trials reported here, and are expected to be acceptable to 
most patients in a real-world setting.

Clinical pharmacology

Oral semaglutide has been shown to be suitable for once-
daily dosing in healthy volunteers and patients with type 
2 diabetes [32]. In addition, several clinical pharmacology 
studies have been conducted to better understand how the 
exposure of semaglutide following oral administration is 
influenced by comorbidities or other medication, and how 
oral semaglutide might impact the exposure of concomitant 
medications.

Hepatic or renal impairment may influence the pharma-
cokinetics of medications and since these conditions may 
occur in patients with diabetes, their effect on the pharma-
cokinetics of oral semaglutide were assessed. In patients 
with renal or hepatic impairment no apparent effect was 
observed on the pharmacokinetics and tolerability of oral 
semaglutide, suggesting that dose adjustment is not neces-
sary in these special populations [33, 34].

For a product that is absorbed in the stomach, and which 
may be sensitive to the local gastric environment, it was also 
important to assess the potential impact of upper gastroin-
testinal disease on exposure to oral semaglutide. In a study 
in patients with type 2 diabetes and with or without upper 
gastrointestinal disease, no significant difference in semaglu-
tide exposure was observed following administration of oral 
semaglutide [35]. Similarly, it was important to assess the 
potential impact of medications that may alter gastric pH on 
the absorption of oral semaglutide. A drug–drug interaction 
study with the proton pump inhibitor, omeprazole, in healthy 
subjects noted that there was a slight non-statistically sig-
nificant increase in semaglutide exposure when oral sema-
glutide was administered with omeprazole at the time of 
maximum anti-secretory effect, but this was not considered 
clinically relevant [36].

The effect of oral semaglutide on exposure to various 
medications commonly used by patients with type 2 diabetes 
has also been studied. When co-administered, oral sema-
glutide had no clinically relevant effect on the exposure of 
lisinopril, warfarin, and digoxin in healthy subjects [37]. 
Co-administration with oral semaglutide resulted in small 
changes in exposure to metformin [37], furosemide, and 
rosuvastatin [38], but these are not expected to be clinically 

relevant [37, 38]. Similarly, co-administration of oral sema-
glutide with levothyroxine resulted in an increase in thyrox-
ine exposure [39]. Monitoring of thyroid parameters should 
be considered when treating patients with concomitant oral 
semaglutide and levothyroxine. Oral semaglutide did not 
affect the exposure of ethinylestradiol and levonorgestrel 
[40].

Phase 2 dose‑finding study

A multinational, phase 2, randomized trial assessed the 
dose–response relationship of five doses (ranging from 2.5 
to 40 mg) of once-daily oral semaglutide compared with 
placebo and once-weekly subcutaneous semaglutide in 632 
patients with type 2 diabetes uncontrolled using diet and 
exercise alone or a stable dose of metformin [41]. Mean 
 HbA1c levels decreased from baseline to week 26 in a dose-
dependent manner (from − 0.7 to − 1.9%) with oral sema-
glutide, and these reductions were significantly greater 
compared with placebo (− 0.3%). The decreases in  HbA1c 
achieved with the two highest doses of once-daily oral sema-
glutide (20 and 40 mg) were similar to those achieved with 
subcutaneous semaglutide 1 mg once-weekly. Reductions 
in body weight were also greater with oral semaglutide vs. 
placebo, and significant for oral semaglutide doses of 10 mg 
once-daily or more. As expected for a GLP-1RA, the most 
frequent adverse events were mild-to-moderate gastrointesti-
nal adverse events. Nausea events appeared to occur less fre-
quently when patients were initiated at a lower dose (2.5 mg) 
vs. a higher dose (5 mg) of oral semaglutide.

Based on the findings of the phase 2 trial, three dose 
levels were selected for the phase 3a program, which were 
expected to have the optimal benefit–risk profile: 3, 7, and 
14 mg once-daily. In each trial, oral semaglutide treatment 
was initiated with the lowest dose and a 4-week dose escala-
tion was used to reduce the risk of gastrointestinal adverse 
events.

Phase 3 PIONEER program

The PIONEER program consisted of 10 trials, includ-
ing a pre-approval cardiovascular outcomes trial, and was 
designed to evaluate the efficacy and safety of oral semaglu-
tide following treatment in a large and broad population of 
patients with type 2 diabetes (Fig. 2). The program included 
eight global trials, four of which included Japanese patients, 
and two trials conducted in Japan alone. All trials were ini-
tiated in 2016 with the main treatment periods completing 
in 2018.

A total of 9543 patients (including 1293 Japanese 
patients) were enrolled across the program, including those 
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with early and advanced disease, different background 
treatments (drug-naïve, add-on to metformin and other oral 
glucose-lowering drugs, add-on to insulin), and different 
comparators (placebo, empagliflozin, sitagliptin, liraglutide, 
and/or dulaglutide). Two trials specifically recruited patients 
with type 2 diabetes and complications (renal impairment in 
PIONEER 5 and high cardiovascular risk in PIONEER 6, 
the cardiovascular outcomes trial). For the majority of the 
PIONEER studies, the primary endpoint was the change in 
 HbA1c at 26 weeks. However, the primary endpoint differed 
for PIONEER 7 (patients achieving  HbA1c target of < 7.0% 
at week 52), PIONEER 6 (time to first major adverse car-
diovascular event [MACE]) and PIONEER 10 (number of 
treatment-emergent adverse events up to week 57). Change 
in body weight was the confirmatory secondary endpoint in 
PIONEER 1–5, 7, 8, and 9 trials.

The PIONEER studies employed estimands to understand 
the treatment effects of oral semaglutide. An estimand is a 
concept introduced in regulatory guidance from the Inter-
national Council for Harmonisation in 2014 and revised in 
2017, and reflects what is to be estimated to address the 
scientific question of interest posed by a clinical trial [42, 

43]. Estimands prespecify how intercurrent events will be 
handled, as well as describing the population and endpoint 
of interest, and population level summary, to align with the 
study objectives and allow better interpretation of treat-
ment effects and how they may vary under different con-
ditions. In the PIONEER program, two different scientific 
questions related to the efficacy objectives were addressed 
through the definition of two estimands: ‘treatment policy’ 
and ‘trial product’. The treatment policy estimand evaluates 
the treatment effect for all randomized patients regardless 
of trial product discontinuation and/or addition of or switch 
to another glucose-lowering drug and reflects the intention-
to-treat principle. The trial product estimand addresses the 
treatment effect for patients who continued on trial product 
without the use of rescue medication. The use of estimands 
in the PIONEER program is explained in more detail by 
Aroda et al. [44]. All data reported below refer to the treat-
ment policy estimand unless otherwise stated. The treatment 
policy estimand was the primary estimand in all PIONEER 
trials except for PIONEER 9, for which the trial product 
estimand was the primary estimand as per agreement with 
the Japanese Pharmaceuticals and Medical Devices Agency.

Fig. 2  PIONEER clinical trial program. Time to primary endpoint: 
26 weeks for PIONEER 1, 2, 3, 4, 5, and 8 trials. BG, background 
medication; CV, cardiovascular; CVOT, cardiovascular outcomes 
trial; DB, double-blind; DPP-4i, dipeptidyl peptidase-4 inhibitor; 
α-GI, α-glucosidase inhibitor; GLP-1RA, glucagon-like peptide-1 

receptor agonist; JP, Japan; MACE, major adverse cardiovascular 
event; OAD, oral anti-diabetes drug; OL, open-label; PIONEER, pep-
tide innovation for early diabetes treatment; SGLT2i, sodium− glu-
cose cotransporter-2 inhibitor; SOC, standard of care; SU, sulfonylu-
rea; TZD, thiazolidinedione
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PIONEER 1

PIONEER 1 was a 26-week, multinational trial in which 
703 patients (including 116 from Japan) with type 2 diabe-
tes uncontrolled with diet and exercise were randomized to 
double-blind monotherapy with oral semaglutide 3, 7, or 
14 mg, or placebo [45]. In PIONEER 1, all three doses of 
oral semaglutide resulted in clinically meaningful and supe-
rior reductions in  HbA1c compared with placebo (placebo-
adjusted estimated treatment differences ranging from 0.6 
to 1.2%) (Fig. 3). Oral semaglutide helped 55.1% to 76.9% 
of patients achieve  HbA1c < 7%. The highest dose of oral 
semaglutide (14 mg) provided superior reductions in body 
weight compared with placebo (placebo-adjusted estimated 
treatment difference of 2.3 kg) (Fig. 4) and significantly 
more patients achieved body weight loss ≥ 5% with oral 
semaglutide 7 and 14 mg (26.9% and 41.3%, respectively) 
vs. placebo (14.9%). The efficacy results for the trial product 
estimand were generally consistent with that observed for 
the treatment policy estimand.

Oral semaglutide was well tolerated with a safety profile 
consistent with subcutaneous semaglutide and the known 
adverse effects of GLP-1RAs. The most frequent adverse 
events were gastrointestinal disorders, which were mostly 
transient, mild-to-moderate in severity, and occurred mostly 
during the dose-escalation period. The proportion of patients 
with at least one severe or blood− glucose-confirmed 

(< 56 mg/dL [3.1 mmol/L]) symptomatic hypoglycemic 
episode event was low (2.9%, 1.1%, and 0.6% with oral 
semaglutide 3, 7, and 14 mg, respectively, and 0.6% with 
placebo).

PIONEER 2

The efficacy and safety of oral semaglutide 14 mg was 
compared with the sodium− glucose cotransporter protein 
2 inhibitor empagliflozin 25 mg in 822 patients with type 
2 diabetes who were uncontrolled on metformin in the 
52-week, multinational, randomized, open-label PIONEER 
2 trial [46]. Oral semaglutide provided superior reductions 
in  HbA1c vs. empagliflozin at week 26 (estimated treatment 
difference of 0.4%) and this effect was sustained at the end 
of treatment at week 52 (Fig. 3). Body weight loss with oral 
semaglutide was not superior to empagliflozin at week 26 
and not significant at week 52 (Fig. 4). However, for the 
trial product estimand, which reflects the treatment effect 
without the confounding influence of rescue medication 
and treatment discontinuations, body weight loss with oral 
semaglutide (− 4.7 kg) was significantly greater than with 
empagliflozin (− 3.8 kg) at week 52.

Oral semaglutide was well tolerated with the proportion 
of patients reporting adverse events similar to empagliflozin. 
There were fewer serious adverse events with oral semaglu-
tide than empagliflozin.

Fig. 3  Change in  HbA1c from baseline with oral semaglutide versus 
comparators in PIONEER trials. All data are for the treatment policy 
estimand at the end of treatment, except PIONEER 9, which are at 
week 26 (of a 52-week trial). The primary estimand for PIONEER 
9 was the trial product estimand. *Statistically significant estimated 
treatment difference (p < 0.05) in favor of oral semaglutide versus 
competitor or placebo; #Statistically significant estimated treatment 

difference (p < 0.05) in favor of oral semaglutide versus competitor 
and placebo; †Statistically significant estimated treatment difference 
(p < 0.05) in favor of competitor versus oral semaglutide. Dula, dula-
glutide; empa, empagliflozin;  HbA1c, glycated haemoglobin; lira, lira-
glutide; pbo, placebo; PIONEER, peptide innovation for early diabe-
tes treatment; sema, semaglutide; sita, sitagliptin



81The development of oral semaglutide, an oral GLP-1 analog, for the treatment of type 2 diabetes  

1 3

PIONEER 3

PIONEER 3 was a 78-week, multinational, randomized, 
double-blind trial that compared the long-term efficacy, 
safety, and tolerability of oral semaglutide 3, 7, or 14 mg 
with the dipeptidyl peptidase-4 inhibitor, sitagliptin, in 1864 
patients (including 207 patients from Japan) with type 2 dia-
betes uncontrolled on metformin with or without a sulfony-
lurea [47]. Oral semaglutide 7 and 14 mg resulted in superior 
 HbA1c reductions vs. sitagliptin at week 26 (estimated treat-
ment differences of − 0.3% and − 0.5%, respectively), with 
this effect maintained to week 78 for the 14 mg dose (Fig. 3). 
Proportions of patients achieving  HbA1c < 7.0% were signifi-
cantly greater with oral semaglutide 7 and 14 mg than with 
sitagliptin at weeks 26 (42% [7 mg] and 55% [14 mg] vs. 
32% [sitagliptin]) and 78 (37% [7 mg] and 44% [14 mg] vs. 
29% [sitagliptin]). Oral semaglutide reduced body weight 
vs. sitagliptin at week 26, with superiority confirmed for the 
7 and 14 mg doses (estimated treatment differences − 1.6 
and − 2.5 kg, respectively). Superiority was not tested for 
the 3 mg dose in accordance with the hierarchical testing 
strategy. The effect of all three doses of oral semaglutide on 
body weight over sitagliptin was conserved at end of treat-
ment (week 78) (Fig. 4). In general, efficacy results by the 
treatment policy estimand were mostly consistent with the 
trial product estimand.

The overall proportion of patients reporting adverse 
events was similar across treatment groups and the most fre-
quent adverse events were mild-to-moderate gastrointestinal 

events and infections and infestations. Thus, the long-term 
safety profile of oral semaglutide was consistent with what 
is expected for the GLP-1RA class.

PIONEER 4

PIONEER 4, was a 52-week, randomized (2:2:1), controlled, 
double-blind trial that assessed the efficacy and safety of 
oral semaglutide 14 mg compared with subcutaneous lira-
glutide 1.8 mg or placebo in 711 patients (75 patients from 
Japan) with type 2 diabetes on a stable dose of metformin 
with or without a sodium− glucose cotransporter protein 2 
inhibitor [48]. Oral semaglutide 14 mg was non-inferior to 
liraglutide 1.8 mg in reducing  HbA1c from baseline (esti-
mated treatment difference of − 0.1%) and superior to pla-
cebo (estimated treatment difference of − 1.1%) at week 26. 
At 52 weeks, oral semaglutide provided significantly greater 
reductions in  HbA1c than liraglutide 1.8 mg (estimated treat-
ment difference of − 0.3%) or placebo (estimated treatment 
difference of − 1.0%) (Fig. 3). Superior reductions in body 
weight were seen for oral semaglutide vs. liraglutide 1.8 mg 
(estimated treatment difference of − 1.2 kg) and placebo at 
week 26 (estimated treatment difference of − 3.8 kg), with 
this effect conserved at week 52 (Fig. 4). Efficacy results for 
the trial product estimand were broadly consistent with the 
treatment policy estimand.

Safety and tolerability of oral semaglutide were consist-
ent with subcutaneous liraglutide, with the most frequent 

Fig. 4  Change in body weight from baseline with oral semaglutide 
versus comparators in PIONEER trials. All data are for the treatment 
policy estimand at the end of treatment. Body weight changes have 
not previously been published for PIONEER 9 or PIONEER 10 and 
so are excluded. *Statistically significant estimated treatment dif-

ference (p < 0.05) in favor of oral semaglutide versus competitor or 
placebo; #Statistically significant difference (p < 0.05) in favor of oral 
semaglutide versus competitor and placebo. Empa, empagliflozin; 
lira, liraglutide; pbo, placebo; PIONEER, peptide innovation for early 
diabetes treatment; sema, semaglutide; sita, sitagliptin
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adverse events being gastrointestinal events that were gener-
ally of mild-to-moderate severity.

PIONEER 5

Type 2 diabetes is commonly associated with renal impair-
ment, which can restrict treatment options. The PIONEER 
5 trial, therefore, evaluated the efficacy and safety of oral 
semaglutide 14 mg vs. placebo once-daily in patients with 
type 2 diabetes and moderate renal impairment [49]. A total 
of 324 patients on stable doses of metformin and/or sul-
fonylurea and/or insulin were randomized to 52 weeks of 
treatment with oral semaglutide 14 mg or placebo. Supe-
rior reductions in  HbA1c (estimated treatment difference of 
− 0.8%) (Fig. 3) and body weight (estimated treatment dif-
ference of − 2.5 kg) (Fig. 4) were seen with oral semaglutide 
vs. placebo at 26 weeks. Oral semaglutide resulted in 58% of 
patients achieving  HbA1c < 7.0% and 36% achieving a body 
weight loss of ≥ 5%. The odds of achieving  HbA1c < 7.0% 
and body weight loss ≥ 5% were significantly greater with 
oral semaglutide than with placebo.

More patients in the oral semaglutide group than placebo 
group had adverse events, and discontinued treatment as a 
result. The most common adverse events with oral semaglu-
tide were gastrointestinal, and mainly mild-to-moderate nau-
sea events. The overall safety profile, including renal safety, 
was consistent with that seen for other GLP-1RAs, and few 
blood− glucose-confirmed symptomatic hypoglycemic epi-
sodes occurred (nine [6%] with oral semaglutide vs. three 
[2%] with placebo), none of which were severe.

PIONEER 7

PIONEER 7 was a randomized, open-label, 52-week trial 
that compared the efficacy and safety of flexible dose adjust-
ments with oral semaglutide 3, 7, or 14 mg once-daily vs. 
sitagliptin 100 mg once-daily in 504 patients with type 2 
diabetes inadequately controlled on 1–2 oral glucose-low-
ering agents [50]. Oral semaglutide dose adjustment was 
performed at week 8, and every 8 weeks thereafter, based 
on pre-specified  HbA1c and tolerability criteria. Among 
those who remained on-treatment with flexible dosing of 
oral semaglutide at week 52, 9%, 30%, and 59% were receiv-
ing oral semaglutide 3, 7, and 14 mg, respectively. More 
patients achieved  HbA1c < 7.0% with oral semaglutide flex-
ible dose adjustments (58%) compared with placebo (25%), 
and oral semaglutide was superior to sitagliptin for the odds 
of patients achieving  HbA1c < 7% at week 52. Significantly 
greater reductions in  HbA1c and body weight were seen with 
oral semaglutide flexible dosing vs. sitagliptin at week 52 
(estimated treatment difference in  HbA1c of − 0.5% and body 
weight of − 1.9 kg) (Figs. 3, 4). Efficacy results for the trial 

product estimand were broadly consistent with the treatment 
policy estimand.

The number of adverse events and proportion of patients 
who had adverse events were higher in the oral semaglutide 
group than in the sitagliptin group, with the most frequently 
reported being gastrointestinal events, most commonly nau-
sea and diarrhea that were predominantly mild-to-moderate 
in severity and of short duration.

PIONEER 8

PIONEER 8 evaluated the efficacy and safety of three doses 
of oral semaglutide once-daily vs. placebo added to insu-
lin treatment, with or without metformin, in 731 patients 
(194 patients from Japan) with type 2 diabetes [51]. A 20% 
reduction in total daily insulin dosage was recommended 
at randomization and maintained to week 8. The treatment 
period was then split into two insulin dosing stages: a capped 
insulin period during which total daily insulin dosage was 
not to exceed the dosage at randomization (weeks 8–26), 
followed by a period during which total daily insulin dos-
age was freely adjustable at the discretion of the investiga-
tor (weeks 26–52). Superior  HbA1c reductions were seen 
with all doses of oral semaglutide vs. placebo at week 26 
(placebo-adjusted estimated treatment differences ranging 
from − 0.6 to − 1.3%) and these were maintained at week 
52 (Fig. 3). This occurred in the context of total daily insu-
lin dose being significantly reduced from baseline with oral 
semaglutide vs. placebo at week 26 (except 3 mg) and week 
52. Body weight was also significantly reduced with oral 
semaglutide compared with placebo at week 26 (placebo-
adjusted estimated treatment differences ranging from − 0.9 
to − 3.3 kg), and also at week 52 (Fig. 4).

Comparable proportions of patients experienced at least 
one adverse event across treatment groups. Consistent with 
other GLP-1RAs, gastrointestinal disorders, specifically 
nausea, were the most frequent adverse events with oral 
semaglutide. The incidence of severe or blood− glucose-
confirmed symptomatic hypoglycemia with oral semaglutide 
was similar to that observed with placebo.

PIONEER 9 and PIONEER 10

Both the PIONEER 9 and 10 trials were conducted solely in 
Japan. PIONEER 9 was a 52-week, phase 2/3a, randomized, 
controlled trial to assess the efficacy, dose response, and 
safety of oral semaglutide monotherapy (3, 7, or 14 mg) 
compared with placebo and liraglutide 0.9 mg in 243 Japa-
nese patients with type 2 diabetes uncontrolled on diet and 
exercise or one oral glucose-lowering drug (washed out dur-
ing run-in) [52]. The estimated changes from baseline in 
 HbA1c were significantly greater with oral semaglutide 3, 
7, and 14 mg compared with placebo at week 26 (estimated 
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treatment differences ranging from − 1.1 to − 1.7%), and 
were significantly greater with oral semaglutide 14 mg com-
pared with liraglutide 0.9 mg (estimated treatment difference 
of − 0.3%), for the trial product estimand. Glycemic efficacy 
results for the treatment policy estimand were consistent 
with the trial product estimand (Fig. 3). The safety profile 
of oral semaglutide was consistent with the GLP-1RA class.

PIONEER 10 was a 52-week, randomized, open-label, 
safety trial that compared the safety and efficacy of oral 
semaglutide 3, 7, and 14 mg vs. dulaglutide 0.75 mg in 458 
patients on one background glucose-lowering drug [53]. 
The primary endpoint was the number of adverse events. 
Oral semaglutide 3, 7, and 14 mg doses were well tolerated 
over 52 weeks, with similar overall rates of adverse events 
as dulaglutide 0.75 mg, the most frequent being mild gas-
trointestinal events. Using the treatment policy estimand, 
reductions in  HbA1c with oral semaglutide 7 mg were similar 
to those observed with dulaglutide 0.75 mg (estimated treat-
ment difference of − 0.1%), and the 14 mg dose of oral sema-
glutide reduced  HbA1c more than dulaglutide (estimated 
treatment difference of − 0.4%) at week 26, with consistent 
results reported at week 52 (Fig. 3). For the trial product 
estimand, glycemic efficacy results were consistent with the 
treatment policy estimand.

PIONEER 6

Cardiovascular safety of once-daily oral semaglutide was 
assessed in PIONEER 6, an event-driven cardiovascular 
outcomes trial [54]. A total of 3183 patients with type 2 
diabetes at high cardiovascular risk (age of ≥ 50 years with 
established cardiovascular and/or chronic kidney disease, or 
aged ≥ 60 years with cardiovascular risk factors only) were 
randomized to double-blind treatment with oral semaglutide 
or placebo added on to standard of care. The trial completed 
after the accumulated occurrence of 137 primary MACEs 
(cardiovascular death, non-fatal myocardial infarction, and 
non-fatal stroke) and a median follow-up time of 16 months.

The primary endpoint was achieved, with oral semaglu-
tide demonstrating non-inferiority (p < 0.001) of MACE 
compared with placebo. Encouragingly, oral semaglu-
tide resulted in a 21% reduction in MACE, but this did 
not reach statistical significance due to the relatively few 
events. Significant reductions in cardiovascular death and 
all-cause mortality with oral semaglutide vs. placebo were 
also observed. Oral semaglutide reduced  HbA1c from base-
line to the end of the trial by 1.0%, compared with 0.3% 
with placebo. The mean change in body weight from base-
line to the end of study was − 4.2 kg with oral semaglutide 
and − 0.8 kg with placebo. No unexpected adverse events 
were identified with oral semaglutide and tolerability was 
as expected for a GLP-1RA. Recent European Society of 
Cardiology guidelines recommend semaglutide to reduce 

cardiovascular events in patients with cardiovascular disease 
or those at high risk and do not distinguish between the oral 
and subcutaneous formulations [20].

Conclusions

Oral semaglutide is the first GLP-1RA to be approved for 
oral administration; approval was granted in the USA in 
September 2019, with additional regulatory submissions in 
Japan, Europe, and elsewhere. In the PIONEER program, 
oral semaglutide was administered in the morning in a fasted 
state, with up to half a glass of water (120 mL [~ 4 oz]), and 
waiting 30 min or longer before consuming food, drink, or 
other oral medications. These dosing conditions were vali-
dated in the PIONEER clinical trials and are expected to be 
acceptable to most patients [50].

The PIONEER clinical trial program included several 
studies that enrolled Japanese patients. Across the whole 
program, oral semaglutide 14 mg was shown to reduce 
 HbA1c significantly more than placebo, empagliflozin, 
and sitagliptin, and was non-inferior to liraglutide. In the 
Japanese PIONEER trials, oral semaglutide 14 mg demon-
strated greater reductions in  HbA1c vs. liraglutide 0.9 mg 
or dulaglutide 0.75 mg, and the 7 mg dose reduced  HbA1c 
to a similar extent as dulaglutide 0.75 mg. Superior reduc-
tions in body weight were also observed when oral sema-
glutide 14 mg was compared with placebo, sitagliptin, and 
liraglutide; similar body weight reductions were seen vs. 
empagliflozin. The beneficial effect of oral semaglutide on 
achieving glycemic control and reducing body weight vs. 
sitagliptin was observed even when it was administered with 
flexible dose adjustments, reflecting a real-world dose set-
ting. Results were also generally consistent whether evalu-
ated according to the treatment policy estimand (regardless 
of trial product discontinuation or rescue medication use) or 
the trial product estimand (patient continuing on trial prod-
uct and without rescue medication).

In all the PIONEER trials, oral semaglutide was well tol-
erated, with an adverse event profile consistent with other 
GLP-1RAs delivered by subcutaneous administration. There 
were no unexpected safety concerns in the individual trials 
and the safety profile of oral semaglutide appeared to be 
acceptable for use in patients with moderate renal impair-
ment. In Japanese patients, oral semaglutide was also well 
tolerated, with comparable numbers of adverse events 
observed with oral semaglutide vs. dulaglutide and a safety 
profile consistent with injectable GLP-1RAs. Oral semaglu-
tide demonstrated a favorable cardiovascular safety profile 
and significant reduction in cardiovascular death and all-
cause mortality vs. placebo, both in addition to standard 
care, in the PIONEER 6 trial.
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Many patients with type 2 diabetes prefer oral treatment 
to injectable therapies. Oral semaglutide, therefore, repre-
sents an effective treatment option, which may lead to ear-
lier initiation of GLP-1RA therapy in the diabetes treatment 
continuum of care.
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