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ABSTRACT
Introduction The PIONEER 7 trial demonstrated superior 
glycemic control and weight loss with once- daily oral 
semaglutide with flexible dose adjustment versus 
sitagliptin 100 mg in type 2 diabetes. This 52- week 
extension evaluated long- term oral semaglutide treatment 
and switching from sitagliptin to oral semaglutide.
Research design and methods A 52- week, open- label 
extension commenced after the 52- week main phase. Patients 
on oral semaglutide in the main phase continued treatment 
(n=184; durability part); those on sitagliptin were rerandomized 
to continued sitagliptin (n=98) or oral semaglutide (n=100; 
initiated at 3 mg) (switch part). Oral semaglutide was dose- 
adjusted (3, 7, or 14 mg) every 8 weeks based on glycated 
hemoglobin (HbA1c) (target <7.0% (<53 mmol/mol)) and 
tolerability. Secondary endpoints (no primary) included changes 
in HbA1c and body weight.
Results In the durability part, mean (SD) changes in 
HbA1c and body weight from week 0 were –1.5% (0.8) 
and –1.3% (1.0) and –2.8 kg (3.8) and –3.7 kg (5.2) at 
weeks 52 and 104, respectively. In the switch part, mean 
changes in HbA1c from week 52 to week 104 were –0.2% 
for oral semaglutide and 0.1% for sitagliptin (difference 
–0.3% (95% CI –0.6 to 0.0); p=0.0791 (superiority not 
confirmed)). More patients achieved HbA1c <7.0% with oral 
semaglutide (52.6%) than sitagliptin (28.6%; p=0.0011) 
and fewer received rescue medication (9% vs 23.5%). 
Respective mean changes in body weight were –2.4 kg 
and –0.9 kg (difference –1.5 kg (95% CI –2.8 to –0.1); 
p=0.0321). Gastrointestinal adverse events were the most 
commonly reported with oral semaglutide.
Conclusions Long- term oral semaglutide with flexible 
dose adjustment maintained HbA1c reductions, with 
additional body weight reductions, and was well 
tolerated. Switching from sitagliptin to flexibly dosed oral 
semaglutide maintained HbA1c reductions, helped more 
patients achieve HbA1c targets with less use of additional 
glucose- lowering medication, and offers the potential for 
additional reductions in body weight.
Trial registration number NCT02849080.

INTRODUCTION
Oral semaglutide is the first glucagon- like 
peptide-1 receptor agonist (GLP- 1RA) formu-
lated for oral administration and approved for 
the treatment of type 2 diabetes (T2D). The 

Significance of this study

What is already known about this subject?
 ► Oral semaglutide is the first glucagon- like peptide-1 
receptor agonist approved for oral administration for 
type 2 diabetes.

 ► In the PIONEER 7 study, oral semaglutide with flex-
ible dose adjustment provided superior glycemic 
control and weight loss compared with once- daily 
sitagliptin 100 mg.

What are the new findings?
 ► This extension phase of the PIONEER 7 study rep-
resents the longest follow- up with oral semaglutide 
to date (2 years), and demonstrated that continued 
treatment with oral semaglutide with flexible dose 
adjustment maintained improvements in glycemic 
control with further weight loss and was generally 
well tolerated with no new safety signals.

 ► Switching from sitagliptin to oral semaglutide with 
flexible dose adjustment maintained glycated hemo-
globin (HbA1c) reductions with less need for additional 
glucose- lowering medications, improved the likeli-
hood of achieving an HbA1c target of <7.0%, and may 
provide additional reductions in body weight.

How might these results change the focus of 
research or clinical practice?

 ► These results support the long- term use of oral 
semaglutide in clinical practice in terms of dura-
bility of effect and safety, and provide evidence of 
additional benefits of switching from the dipeptidyl 
peptidase-4 inhibitor, sitagliptin, to oral semaglutide.

http://drc.bmj.com/
http://orcid.org/0000-0002-9723-3876
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efficacy and safety of oral semaglutide in patients with 
T2D were demonstrated in the global PIONEER phase 
3a program, in which oral semaglutide was reported to 
reduce glycated hemoglobin (HbA1c) and body weight 
compared with placebo and several commonly used 
glucose- lowering drugs.1–10

Most PIONEER trials assessed oral semaglutide at fixed 
once- daily doses of 3, 7, or 14 mg, with initial dose escala-
tion. However, in clinical practice, doses may be adjusted, 
and in the PIONEER 7 trial oral semaglutide was flexibly 
dosed (3, 7, or 14 mg once daily) on the basis of efficacy 
(HbA1c target <7.0% (<53 mmol/mol)) and tolerability 
criteria. During the 52- week main phase of the trial, 
once- daily oral semaglutide with flexible dose adjust-
ment provided superior glycemic control and weight loss 
compared with the dipeptidyl peptidase 4 (DPP-4) inhib-
itor, sitagliptin (100 mg once daily).7 GLP- 1RAs stimulate 
GLP-1 receptors and mimic the effects of GLP-1, while 
DPP-4 inhibitors potentiate the effects of endogenously 
secreted GLP-1 by preventing its degradation.11

The extension phase of PIONEER 7, reported here, 
had two aims: to evaluate the long- term efficacy and safety 
of oral semaglutide with flexible dose adjustment; and to 
evaluate the efficacy and safety when switching from sita-
gliptin to oral semaglutide with flexible dose adjustment 
compared with continued sitagliptin.

MATERIALS AND METHODS
Trial design
As reported previously, patients in the main phase of 
PIONEER 7 received either once- daily oral semaglutide 
with flexible dose adjustment or once- daily sitagliptin 
100 mg as add- on to their glucose- lowering background 
medication.7 The 52- week, open- label extension phase 
(with additional 5- week follow- up) commenced imme-
diately thereafter (online supplemental figure 1), from 
March 28, 2018 to March 27, 2019, at 71 sites in nine 
countries (Argentina, Austria, Belgium, Egypt, Norway, 
South Korea, Switzerland, Turkey, and USA).

The extension included two parallel parts, one of 
which assessed the durability of treatment effect and the 
other the effect of switching treatment. In the durability 
part, patients randomized to oral semaglutide during the 
main phase who were still on study drug at the start of 
the extension, and consented to continue, remained on 
oral semaglutide. The durability part covered the entire 
treatment period of the trial (0–104 weeks). In the switch 
part, patients randomized to sitagliptin during the main 
phase who were still on study drug, and consented to 
continue, were rerandomized to oral semaglutide or sita-
gliptin. The switch part covered the extension phase only 
(52–104 weeks).

In the main phase,7 the primary treatment policy esti-
mand assessed the treatment effect for all randomized 
patients regardless of treatment discontinuation or use of 
rescue medication. The secondary trial product estimand 
assessed the treatment effect for all randomized patients 

under the assumption that all patients remained on- treat-
ment for the entire duration of the trial and did not use 
rescue medication.12 These estimands were also used for 
the switch part of the extension but did not apply to the 
durability part (see online supplemental material).

Patients
In the main phase, eligible patients were aged ≥18 years 
(≥19 years in South Korea), had been diagnosed with T2D 
for ≥90 days before screening, had HbA1c of 7.5%–9.5% 
(58–80 mmol/mol), were receiving stable daily doses of 
one to two oral glucose- lowering drugs (metformin, sulfo-
nylureas, sodium- glucose co- transporter 2 inhibitors, or 
thiazolidinediones) for ≥90 days, and were judged by 
the investigator to be suitable for a recommended HbA1c 
target of <7.0% (<53 mmol/mol).7 For the extension, 
patients were required to still be on randomized treat-
ment (regardless of use of rescue medication and HbA1c 
level) and to have provided written informed consent to 
continue in the trial.

Procedures
Patients who remained on oral semaglutide in the 
durability part continued to have their dose adjusted 
every 8 weeks using the same clinical criteria as in the 
main phase. If HbA1c was <7.0% (<53 mmol/mol), dose 
was unchanged; if HbA1c was ≥7.0% (≥53 mmol/mol), 
dose was increased (to a maximum of 14 mg), unless 
moderate- to- severe nausea or vomiting for ≥3 days had 
been reported in the week before, in which case the dose 
could be maintained or decreased (to a minimum of 
3 mg) at the investigator’s discretion. Patients random-
ized to sitagliptin in the main phase who continued 
into the switch part were rerandomized (1:1) at week 
52 to once- daily oral semaglutide (with flexible dose 
adjustment to 3, 7, or 14 mg as per the criteria outlined 
above; initiated at 3 mg immediately without sitagliptin 
washout) or to continued once- daily sitagliptin 100 mg. 
Randomization was conducted using an interactive web 
response system and stratified based on achievement of 
HbA1c <7.0% (<53 mmol/mol) and use of rescue medica-
tion at week 52.

Patients were instructed to take oral semaglutide once 
daily with up to half a glass of water (~120 mL/4 fluid 
oz) in the morning in a fasting state and ≥30 min before 
the first meal of the day and any other oral medication. 
Sitagliptin 100 mg was taken once daily with or without 
food without any dose escalation or adjustment. Rescue 
medication (ie, intensification of existing glucose- 
lowering medication and/or initiation of new glucose- 
lowering medication) used at completion of the main 
phase was continued at week 52 and was considered 
background therapy in the extension. Patients continued 
background glucose- lowering medication as per the start 
of the extension phase, unless they required additional 
glucose- lowering medication. In the switch part, rescue 
medication was only permitted (as per the specified 
criteria7) after dose escalation in those switching from 

https://dx.doi.org/10.1136/bmjdrc-2020-001649
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sitagliptin to oral semaglutide. Patients who prematurely 
discontinued the study drug were switched to another 
glucose- lowering medication, including those not 
allowed as rescue medication, at the investigator’s discre-
tion. Patients were followed up throughout the trial, 
regardless of rescue medication use or premature discon-
tinuation of study drug, unless consent was withdrawn.

Outcomes
There was no primary endpoint for either part of the exten-
sion. Secondary endpoints assessed for the durability part 
included the following (none of which were confirma-
tory): changes from baseline (week 0) in HbA1c and body 
weight at week 104; and whether patients achieved HbA1c 
<7.0% (<53 mmol/mol), and the composite outcome of 
HbA1c <7.0% (<53 mmol/mol) or ≥1% HbA1c reduction 
at week 104. Secondary endpoints assessed for the switch 
part included the following: changes from week 52 to 
week 104 in HbA1c and body weight (both confirmatory 
endpoints), fasting plasma glucose (FPG), and Diabetes 
Treatment Satisfaction Questionnaire (DTSQ) score; 
and whether patients achieved HbA1c targets of <7.0% 
(<53 mmol/mol) and ≤6.5% (≤48 mmol/mol), weight 
loss ≥5% (since week 52), and two composite outcomes 
(HbA1c <7.0% (<53 mmol/mol) without hypoglycemia 
(severe or confirmed by blood glucose concentration 
<3.1 mmol/L (<56 mg/dL) symptomatic hypoglycemia) 
and without weight gain since week 52, and HbA1c <7.0% 
(<53 mmol/mol) and without the need for rescue medi-
cation since week 52) at week 104. A post- hoc descrip-
tive analysis of the switch part investigated change from 
week 52 to week 104 in HbA1c among patients with HbA1c 
≥7.5% (≥58 mmol/mol) and ≥8.0% (≥64 mmol/mol) at 
week 52.

Safety endpoints (assessed from week 0 to week 104 
for the durability part and from week 52 to week 104 for 
the switch part) included the following: adverse events 
(AEs) and symptomatic hypoglycemic episodes that were 
severe or confirmed by blood glucose concentration 
<3.1 mmol/L (<56 mg/dL); and changes in laboratory 
parameters, vital signs, ECG, and physical examinations 
at week 104. An independent external event adjudication 
committee (EAC) validated selected AEs.

Statistical analysis
There were four analysis sets: the durability full and 
safety analysis sets, and the switch full and safety analysis 
sets. The full analysis sets were used for efficacy evalu-
ations and comprised all randomized patients; patients 
contributed to the treatment group based on the study 
drug to which they were randomized. The safety analysis 
sets were used for safety evaluations and comprised all 
randomized patients who had received ≥1 dose of the 
study drug (during the main phase for the durability 
part and during the extension phase for the switch part); 
patients contributed to the treatment group based on the 
study drug they actually received for the majority of the 

on- treatment observation period (the duration receiving 
study drug).

Efficacy endpoints for the durability part were summa-
rized descriptively for the in- trial (duration within trial 
regardless of rescue medication use or study drug discon-
tinuation) and on- treatment without rescue observation 
periods (duration receiving the study drug before initi-
ation of rescue medication). For the switch part, a hier-
archical closed- testing strategy was used to control the 
overall type 1 error for the confirmation of efficacy of 
oral semaglutide when assessed by use of the treatment 
policy estimand, with superiority for HbA1c required to 
be demonstrated before testing for superiority for body 
weight. Under the assumption that 190 patients entered 
the extension phase, there would be a conditional power 
of 44% to confirm superiority of oral semaglutide versus 
sitagliptin for change in HbA1c from week 52 to week 104. 
The treatment policy estimand was estimated by a pattern 
mixture model using multiple imputation to handle 
missing week 104 data. Data collected at week 104, irre-
spective of premature discontinuation of the study drug 
or initiation of rescue medication, were included in the 
statistical analysis. Missing data were imputed within 
groups defined by study drug and treatment status at 
week 104, assuming that the likely values of the missing 
data were best described by observed responses from 
patients taking the same study drug and with the same 
treatment discontinuation status and/or rescue medica-
tion use. Both the imputation and analysis were based on 
analysis of covariance models, with region and stratifica-
tion factors as fixed effects and week 52 measurement 
as a covariate. Results were combined using Rubin’s 
rule.13 The trial product estimand was estimated by a 
mixed model for repeated measurements, with treat-
ment, region, and stratification factors as categorical 
fixed effects and week 52 measurement as a covariate, all 
nested within visit. All data collected at scheduled visits 
prior to premature study drug discontinuation or initia-
tion of rescue medication were included in the statistical 
analysis. An unstructured covariance matrix for endpoint 
measurements within the same patient was used.

Safety endpoints were primarily evaluated for the 
on- treatment period. Deaths and AEs with potentially 
long latency between onset and diagnosis (cardiovascular 
disorders, neoplasms, diabetic retinopathy, and rare 
events) were evaluated for the in- trial period. Further 
details of the statistical analyses are provided in the 
online supplemental material.

RESULTS
Durability
There were 253 patients randomized to oral semaglu-
tide at the start of the main phase (week 0) and included 
in the durability full analysis and safety analysis sets; of 
these, 185 entered the durability part of the extension 
phase (week 52) (online supplemental figure 2). In total, 
177 patients (70.0%) completed the treatment and 182 

https://dx.doi.org/10.1136/bmjdrc-2020-001649
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patients (71.9%) completed the trial. At baseline (week 
0), the mean (SD) HbA1c was 8.3% (0.6%), the mean 
body weight was 88.9 kg (19.6), and the mean diabetes 
duration was 8.6 years (6.3) (table 1). Most patients 
(57.7%) were receiving two types of concomitant glucose- 
lowering drugs.

Of the 184 patients exposed to the study drug during 
the extension, 8.7% were on 3 mg, 27.7% on 7 mg, and 
63.6% on 14 mg at week 52; respective proportions for 
the 177 patients still receiving oral semaglutide at week 
104 were 6.8%, 19.2%, and 74.0% (online supplemental 
figure 3). Between weeks 0 and 104, 9.9% of patients 
received rescue medication (online supplemental table 
1).

Efficacy
For the in- trial period, the reduction in HbA1c achieved 
with oral semaglutide in the main phase was maintained 
for the duration of the extension (figure 1A). Among 
the patients in the extension, the observed mean (SD) 
change from baseline (week 0) in HbA1cwas –1.5% (0.8) 
(–16 mmol/mol (8)) at week 52, and –1.3% (1.0) (–14 
mmol/mol (11)) at week 104. The observed changes 
from baseline (week 0) were similar for the on- treatment 
without rescue period (mean (SD) –1.5% (0.7) (–16 
mmol/mol (8)) at week 52; –1.4%(0.8) (–16 mmol/mol 
(9)) at week 104).

For the in- trial period, body weight was reduced 
from baseline with oral semaglutide in the main phase, 
followed by an additional reduction during the extension 
phase (figure 2A). Among the patients in the extension 
phase, the observed mean (SD) change from baseline 
in body weight was –2.8 kg (3.8) at week 52 and –3.7 kg 
(5.2) at week 104. The observed changes from baseline 
were similar for the on- treatment without rescue period 
(mean (SD) –2.8 kg (3.9) at week 52; –3.9 kg (5.2) at week 
104).

The proportion of patients achieving HbA1c <7.0% 
(<53 mmol/mol) was 62.8% and 56.1% at weeks 52 and 
104, respectively, and at week 104, 70.0% achieved the 
composite outcome of HbA1c <7.0% (<53 mmol/mol) or 
≥1% HbA1c reduction (in- trial period data; online supple-
mental table 2). As expected from the dose adjustment 
criteria, the majority of patients receiving oral semaglu-
tide 3 or 7 mg at the end of the durability part achieved 
HbA1c <7.0%; those requiring escalation to oral semaglu-
tide 14 mg appeared to have higher baseline HbA1c values 
and fewer achieved HbA1c <7.0% (figure 1B). Online 
supplemental table 2 reports additional supportive 
endpoints.

Safety
From week 0 to week 104, AEs were reported by 85.0% of 
patients while on oral semaglutide, most of which were 
non- serious and of mild or moderate severity (table 2, 
online supplemental table 3). Gastrointestinal disorders 
were reported most frequently, especially nausea and 
diarrhea. Most patients reported their first AE during 

the initial months of the trial, which correlated with 
the gradual individualized dose escalation every second 
month. After week 32, the increase in number of events 
per patient was generally constant over time.

Premature discontinuation of oral semaglutide 
occurred in 9.1% of patients during the trial; most AEs 
leading to premature discontinuation had onset early in 
the trial and only one occurred in the extension phase 
(online supplemental table 4). Blood glucose- confirmed 
symptomatic hypoglycemic episodes were reported in 
7.1% of patients, and the episodes occurred throughout 
the trial, with the majority occurring in patients receiving 
sulfonylureas (online supplemental table 5). No severe 
hypoglycemic episodes were reported.

There were no deaths in the durability part (main and 
extension phases). EAC- confirmed events are summa-
rized in online supplemental tables 6 and 7. Twelve EAC- 
confirmed malignant neoplasm events were reported 
in 11 patients (none thyroid- related and no clustering 
to specific organ systems). Eight events occurred in the 
main phase, one at the end of the main phase/start of 
the extension (week 52) and three during the exten-
sion, resulting in an overall event rate of 2.6 per 100 
patient- years.

A Medical Dictionary for Regulatory Activities search 
identified 16 events of diabetic retinopathy or related 
complications in 13 patients during the trial (online 
supplemental table 8). All were non- serious and of mild 
to moderate severity, and most were identified through 
routine examination. Three had onset during the main 
phase, four at the start of the extension, and nine during 
the extension. There were no clinically relevant changes 
in blood pressure, pulse rate, or renal function (online 
supplemental table 9).

Switch
Of the 251 patients randomized to sitagliptin in the 
main phase, 198 were rerandomized in the extension to 
oral semaglutide (n=100) or sitagliptin (n=98) (switch 
full analysis set); of these, 197 were exposed to study 
drug (switch safety analysis set) (online supplemental 
figure 2). In total, 183 patients (92.4%) completed the 
treatment and 197 patients (99.5%) completed the 
trial. Baseline (week 52) characteristics were generally 
similar between treatment groups, with a mean (SD) 
HbA1c of 7.4% (1.0%), mean body weight of 86.4 kg 
(18.0), and mean diabetes duration of 8.8 years (5.9) 
(table 1). Over half of the patients (62.1%) had HbA1c 
≤7.5% at baseline and only 9.6% had HbA1c >8.5% 
(table 1).

Of the 88 patients treated with oral semaglutide 
at week 104, 12.5% were on 3 mg, 20.5% on 7 mg, 
and 65.9% on 14 mg (online supplemental figure 3). 
Between weeks 52 and 104, 9.0% of patients on oral 
semaglutide and 23.5% of patients on sitagliptin 
received rescue medication (online supplemental table 
1).
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Table 1 Baseline demographics and disease characteristics

Durability
(baseline: week 0)*

Switch
(baseline: week 52)†

Oral semaglutide
(n=253)

Oral semaglutide
(n=100)

Sitagliptin
(n=98)

Age, years 57 (10) 58 (10)‡ 58 (10)‡

Female, n (%) 108 (42.7) 43 (43.0)‡ 43 (43.9)‡

Race, n (%)

White 195 (77.1) 77 (77.0)‡ 71 (72.4)‡

Black or African American 22 (8.7) 6 (6.0)‡ 10 (10.2)‡

Asian 34 (13.4) 17 (17.0)‡ 17 (17.3)‡

Other§ 2 (0.8) 0‡ 0‡

Ethnicity, n (%)

Hispanic or Latino 48 (19.0) 16 (16.0)‡ 19 (19.4)‡

Not Hispanic or Latino 205 (81.0) 84 (84.0)‡ 79 (80.6)‡

HbA1c

Mean, % 8.3 (0.6) 7.4 (1.0) 7.5 (0.9)

≤7.5, n (%) 19 (7.5) 64 (64.0) 59 (60.2)

>7.5–≤8.5, n (%) 157 (62.1) 31 (31.0) 25 (25.5)

>8.5, n (%) 77 (30.4) 5 (5.0) 14 (14.3)

HbA1c, mmol/mol 67.0 (6.3) 57.1 (10.9) 58.4 (10.0)

Duration of diabetes, years 8.6 (6.3) 8.1 (5.4)‡ 9.6 (6.4)‡

Fasting plasma glucose, mmol/L 9.8 (2.4) 8.1 (1.9) 8.3 (2.1)

Body weight, kg 88.9 (19.6) 85.8 (15.4) 86.9 (20.4)

Body mass index, kg/m2 31.5 (6.5) 31.0 (5.4) 30.6 (5.9)

eGFR,¶ geometric mean (CV), mL/min/1.73 m2 95.9 (15.8) 91.9 (17.4) 92.9 (19.1)

Background medication at baseline, n (%)**

Patients receiving one type of concomitant glucose- lowering medication 106 (41.9) 30 (30.0) 41 (41.8)

Metformin 102 (40.3) 29 (29.0) 36 (36.7)

Sulfonylurea 3 (1.2) 0 3 (3.1)

SGLT-2 inhibitor 1 (0.4) 1 (1.0) 2 (2.0)

Thiazolidinedione 0 0 0

Patients receiving two types of concomitant glucose- lowering medication 146 (57.7) 63 (63.0) 52 (53.1)

Metformin+sulfonylurea 119 (47.0) 45 (45.0) 40 (40.8)

Metformin+SGLT-2 inhibitor 16 (6.3) 15 (15.0) 9 (9.2)

Metformin+thiazolidinedione 9 (3.6) 1 (1.0) 1 (1.0)

Metformin+insulin 0 0 2 (2.0)

Metformin+other 1 (0.4) 0 0

Sulfonylurea+SGLT-2 inhibitor 1 (0.4) 0 0

Sulfonylurea+thiazolidinedione 0 1 (1.0) 0

Sulfonylurea+insulin 0 1 (1.0) 0

Patients receiving three types of concomitant glucose- lowering medication 1 (0.4) 7 (7.0) 5 (5.1)

Metformin+SGLT-2 inhibitor+sulfonylurea 1 (0.4) 5 (5.0) 4 (4.1)

Metformin+SGLT-2 inhibitor+insulin 0 0 1 (1.0)

Metformin+sulfonylurea+insulin 0 1 (1.0) 0

Metformin+sulfonylurea+thiazolidinedione 0 1 (1.0) 0

Data are mean (SD) unless otherwise indicated.
*Patients randomized to oral semaglutide at baseline (week 0). Baseline data were obtained at week 0.
†Patients previously randomized to sitagliptin at baseline (week 0) and rerandomized to either oral semaglutide or sitagliptin at the start of the extension phase (week 52). Baseline 
data were obtained at the latest assessment at, or prior to, week 52, unless otherwise indicated.
‡Measured at the start of the main phase (week 0).
§Includes American Indian or Alaska Native, Native Hawaiian or other Pacific Islander, and other.
¶Estimated using the Chronic Kidney Disease Epidemiology Collaboration formula.
**Prescribed rescue medication in the main phase was treated as background medication in the extension phase.
CV, coefficient of variation; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; SGLT-2, sodium glucose co- transporter 2.
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Figure 1 Glycemic control- related efficacy endpoints. (A) Observed mean change from baseline in HbA1c over the entire trial 
for the durability part; (B) observed HbA1c at weeks 0 and 104 by current dose at week 104 for the durability part; (C) observed 
mean change from baseline in HbA1c from week 52 by week for the switch part; (D) estimated change from week 52 in HbA1c at 
week 104 for the switch part; (E) observed HbA1c at weeks 52 and 104 by current dose at week 104 for the switch part.  
The durability part includes all patients randomized to oral semaglutide at baseline (week 0). The switch part includes all 
patients previously randomized to sitagliptin at baseline (week 0) and rerandomized to either oral semaglutide or sitagliptin at 
the start of the extension phase (week 52). n: number of patients contributing to the mean. Error bars (A and B) represent SEM. 
ETD, estimated treatment difference; flex, flexible dosing; HbA1c, glycated hemoglobin.
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Efficacy
For patients switching from sitagliptin to oral sema-
glutide, there was an initial slight increase in HbA1c 
between weeks 52 and 60; after week 60, HbA1c began to 
decrease until stabilizing at week 76 at a slightly lower 
level compared with week 52 (figure 1C). For patients 
continuing sitagliptin, HbA1c was stable throughout the 
extension, with no further reduction in HbA1c obtained 
following the main phase. The estimated mean change 
from week 52 in HbA1c at week 104 for the treatment 
policy estimand (treatment effect for all random-
ized patients regardless of treatment discontinuation 
or use of rescue medication) was –0.2% (–2 mmol/
mol) for oral semaglutide and 0.1% (1 mmol/mol) 

for sitagliptin, with an estimated treatment difference 
(ETD) (95% CI) of –0.3% (–0.6 to 0.0) (–3 mmol/mol 
(–7 to 0)) (p=0.0791). Superiority of oral semaglutide 
over sitagliptin was not confirmed. For the trial product 
estimand (treatment effect for all randomized patients 
on- treatment without use of rescue medication), reduc-
tions in HbA1c were statistically significantly greater 
with oral semaglutide versus sitagliptin (ETD (95% CI) 
–0.4% (–0.7 to –0.2) (–5 mmol/mol (–7 to –2)); 
p=0.0021) (figure 1D). Within the post- hoc description 
of the subgroup of patients with HbA1c ≥7.5% at week 
52, the observed mean (SD) change from week 52 to 
week 104 was –0.6% (1.5) with oral semaglutide (n=40) 
and –0.3% (1.1) with sitagliptin (n=43); respective 

Figure 2 Body weight- related efficacy endpoints. (A) Observed mean change from baseline in body weight over the entire 
trial for the durability part; (B) observed mean change from baseline in body weight from week 52 by week for the switch 
part; (C) estimated change from week 52 in body weight at week 104 for the switch part. The durability part includes all 
patients randomized to oral semaglutide at baseline (week 0). The switch part includes all patients previously randomized to 
sitagliptin at baseline (week 0) and rerandomized to either oral semaglutide or sitagliptin at the start of the extension phase 
(week 52). Error bars (A and B) represent SEM. ETD, estimated treatment difference; flex, flexible dosing; n, number of patients 
contributing to the mean. 
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values for the subgroup with HbA1c ≥8.0% at week 52 
were –1.0% (1.2; n=16) and –0.3% (0.8; n=25) at week 
104 (in- trial data).

During the extension phase, reductions in body 
weight that occurred during the main phase continued 
in both treatment groups, but to a greater extent with 
oral semaglutide (figure 2B). Estimated mean change 
in body weight from week 52 to week 104 for the treat-
ment policy estimand was –2.4 kg for oral semaglu-
tide and –0.9 kg for sitagliptin (ETD (95% CI) –1.5 kg 
(–2.8 to –0.1); p=0.0321). Superiority of oral semaglu-
tide over sitagliptin was not tested (as superiority was 
not confirmed for the change in HbA1c). For the trial 
product estimand, reductions in body weight were 
statistically significantly greater with oral semaglutide 
versus sitagliptin (ETD (95% CI) –1.8 kg (–3.3 to –0.3); 
p=0.0176) (figure 2C).

More patients achieved the HbA1c targets of 
<7.0% and ≤6.5%, body weight loss of ≥5%, and the 
composite outcome of HbA1c <7.0% (<53 mmol/mol) 
without severe or blood glucose- confirmed symptom-
atic hypoglycemia and without weight gain, with oral 
semaglutide than sitagliptin for the treatment policy 
estimand; the odds of achieving these outcomes were 
significantly greater with oral semaglutide versus sita-
gliptin (table 3). There were similar results for the trial 
product estimand (table 3). Similar to the durability 
part, most patients receiving oral semaglutide 3 or 7 mg 
at week 104 achieved HbA1c <7.0%; those requiring 
escalation to oral semaglutide 14 mg appeared to have 
higher baseline HbA1c and fewer achieved HbA1c <7.0% 
(figure 1E). Reductions in FPG were not significantly 
different with oral semaglutide versus sitagliptin for 
the treatment policy estimand, but were significantly 

Table 2 On- treatment adverse events

Patients with at least one event, n (%)

Durability*
(weeks 0–104)

Switch†
(weeks 52–104)

Oral semaglutide 
(n=253)

Oral semaglutide 
(n=100)

Sitagliptin 
(n=97)‡

All AEs 215 (85.0) 75 (75.0) 67 (69.1)

Severe 23 (9.1) 8 (8.0) 1 (1.0)

Moderate 132 (52.2) 37 (37.0) 35 (36.1)

Mild 187 (73.9) 64 (64.0) 60 (61.9)

SAEs 36 (14.2) 9 (9.0) 7 (7.2)

Deaths§ 0 0 0

Premature discontinuation of study drug due to AEs 23 (9.1) 6 (6.0) 0

Premature discontinuation of study drug due to 
gastrointestinal disorder AEs

15 (5.9) 4 (4.0) 0

Most frequent AEs occurring in ≥5% of patients by preferred term (MedDRA V.20.1)

Nausea 58 (22.9) 17 (17.0) 4 (4.1)

Nasopharyngitis 34 (13.4) 7 (7.0) 10 (10.3)

Diarrhea 29 (11.5) 10 (10.0) 3 (3.1)

Headache 29 (11.5) 4 (4.0) 3 (3.1)

Abdominal pain, upper 20 (7.9) 6 (6.0) 1 (1.0)

Dyspepsia 18 (7.1) 4 (4.0) 2 (2.1)

Vomiting 18 (7.1) 7 (7.0) 2 (2.1)

Upper respiratory tract infection 18 (7.1) 1 (1.0) 4 (4.1)

Arthralgia 17 (6.7) 3 (3.0) 4 (4.1)

Back pain 17 (6.7) 3 (3.0) 5 (5.2)

Influenza 15 (5.9) 6 (6.0) 4 (4.1)

Gastroenteritis 13 (5.1) 3 (3.0) 0

Constipation 11 (4.3) 5 (5.0) 1 (1.0)

*Patients randomized to oral semaglutide at baseline (week 0).
†Patients previously randomized to sitagliptin at baseline (week 0) and rerandomized to either oral semaglutide or sitagliptin at the start of 
the extension phase (week 52).
‡One patient was rerandomized to sitagliptin, but was not exposed to the study drug and was therefore included in the full analysis set for 
the sitagliptin group (n=98) and excluded from the safety analysis set (n=97).
§In- trial data.
AE, adverse event; MedDRA, Medical Dictionary for Regulatory Activities; SAE, serious adverse event.
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greater with oral semaglutide for the trial product esti-
mand (table 3).

For the treatment policy estimand, from week 52 to 
week 104 there was no significant difference in change 
in total DTSQ treatment satisfaction score (or any indi-
vidual DTSQ item) for oral semaglutide versus sita-
gliptin. For the trial product estimand, the ‘satisfaction 
with treatment’ item was significantly improved with 
oral semaglutide versus sitagliptin, and other items 
and total treatment score were similar between groups 

(online supplemental figure 4). Online supplemental 
table 10 reports additional supportive endpoints.

Safety
In the switch part of the extension (from week 52 to week 
104), safety findings were similar to the main phase, in 
that more patients reported AEs with oral semaglutide 
than sitagliptin (driven by the greater incidence of gastro-
intestinal AEs), and most AEs were non- serious and of 
mild or moderate severity (table 2, online supplemental 

Table 3 Supportive endpoints at week 104 for the switch part*

Treatment policy estimand Trial product estimand

Oral semaglutide 
(n=100)

Sitagliptin 
(n=98)

Oral semaglutide 
(n=100)

Sitagliptin 
(n=98)

HbA1c <7.0% (<53 mmol/mol)

n 92 96 76 70

Observed proportion achieving outcome, n (%) 44 (47.8) 26 (27.1) 40 (52.6) 20 (28.6)

  EOR (95% CI) 2.65 (1.35 to 5.22) 3.97 (1.73 to 9.07)

  P value 0.0048 0.0011

HbA1c ≤6.5% (≤48 mmol/mol)

n 92 96 76 70

Observed proportion achieving outcome, n (%) 28 (30.4) 11 (11.5) 28 (36.8) 10 (14.3)

  EOR (95% CI) 3.41 (1.47 to 7.92) 4.19 (1.73 to 10.15)

  P value 0.0044 0.0015

Fasting plasma glucose

n 100 98 100 98

Estimated mean change, mmol/L −0.28 0.08 −0.63 0.15

  ETD (95% CI) −0.36 (−0.97 to 0.25) −0.79 (−1.36 to −0.21)

  P value 0.2520 0.0077

Body weight loss ≥5%

n 93 97 79 72

Observed proportion achieving outcome, n (%) 31 (33.3) 12 (12.4) 30 (38.0) 7 (9.7)

  EOR (95% CI) 3.20 (1.51 to 6.78) 3.65 (1.60 to 8.33)

  P value 0.0024 0.0020

HbA1c <7.0% (<53 mmol/mol) without hypoglycemia† and without weight gain

n 92 96 76 70

Observed proportion achieving outcome, n (%) 36 (39.1) 18 (18.8) 33 (43.4) 13 (18.6)

  EOR (95% CI) 2.66 (1.32 to 5.39) 4.14 (1.84 to 9.29)

  P value 0.0065 0.0006

HbA1c <7.0% (<53 mmol/mol) and without need for rescue medication‡

n 92 96 N/A N/A

Observed proportion achieving outcome, n (%) 41 (44.6)‡ 23 (24.0)‡ N/A N/A

Proportions are observed proportions of patients with non- missing information.
*Patients previously randomized to sitagliptin at baseline (week 0) and rerandomized to either oral semaglutide or sitagliptin at the start of the 
extension phase (week 52). Covers the period between week 52 and week 104.
†Treatment- emergent severe or confirmed by blood glucose concentration <3.1 mmol/L (<56 mg/dL) symptomatic hypoglycemia.
‡Measured during the in- trial period (the period during which patients were considered in the trial). As it was not analyzed statistically, the 
use of an estimand did not apply.
EOR, estimated OR; ETD, estimated treatment difference; HbA1c, glycated hemoglobin; n, number of patients contributing to the analyses; 
N/A, not applicable.

https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
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table 3). As in the main phase, gastrointestinal disorders, 
such as nausea, diarrhea, and vomiting, were the most 
frequently reported events with oral semaglutide. Six 
patients prematurely discontinued the study drug due to 
AEs with oral semaglutide (none in the continued sita-
gliptin group), with most of these AEs (8 of 10) occurring 
within the first 8 weeks of switching (online supplemental 
table 4).

No patients experienced severe hypoglycemic episodes. 
The incidence of blood glucose- confirmed symptom-
atic hypoglycemic episodes was low and similar in both 
treatment groups (online supplemental table 5). Most 
episodes occurred in patients taking background sulfony-
lurea (1 of 2 for oral semaglutide; 10 of 12 for sitagliptin).

There were no deaths during the switch part. Two EAC- 
confirmed malignant neoplasm events (one kidney and 
one lung) occurred in two patients receiving oral sema-
glutide, with an event rate of 1.8 per 100 patient- years 
(online supplemental table 7). Diabetic retinopathy or 
related complications were reported in four patients 
receiving oral semaglutide and in two patients receiving 
sitagliptin during the switch part; all were non- serious 
and of mild- to- moderate severity, with most identified 
through routine examinations (conducted at weeks 52 
and 104) (online supplemental table 8). There were no 
clinically relevant changes in blood pressure, pulse rate, 
or renal function (online supplemental table 11).

DISCUSSION
Treatment guidelines for T2D highlight the need for 
an individualized approach,14 15 and in clinical prac-
tice doses of therapeutic agents are frequently adjusted 
to achieve optimum results. The main phase of the 
PIONEER 7 study demonstrated that oral semaglutide 
dosing can be individualized, and that it is able to provide 
greater benefits to patients than sitagliptin.7 This long- 
term, open- label extension builds on these results, with 
the durability part representing the longest follow- up 
reported to date for oral semaglutide. Continued flex-
ible dosing of oral semaglutide maintained reductions 
in HbA1c and rates of achievement of HbA1c goals, and 
resulted in further reductions in body weight over 104 
weeks, while remaining well tolerated with no new safety 
signals. As expected for a GLP- 1RA,16 17 and consistent 
with other trials from the PIONEER program,1–5 7–10 
gastrointestinal events were the most frequently reported 
AEs with oral semaglutide and the AEs that most often 
resulted in premature discontinuation. However, the 
majority of these AEs occurred in the early part of the 
main phase, and only one patient discontinued due to an 
AE in the second year of the durability part, indicating 
that discontinuations due to gastrointestinal AEs with 
oral semaglutide are likely to occur early on in treatment 
(during the initial dose- escalation phase) and not with 
long- term use.

The switch part of the extension investigated the effect 
of switching from sitagliptin to oral semaglutide with 

flexible dose adjustment in a population with relatively well- 
controlled T2D. In the extension, after switching, an initial 
slight increase in HbA1c was observed due to the withdrawal 
of sitagliptin and the gradual dose- escalation regimen for 
oral semaglutide, with patients initiating oral semaglutide 
at 3 mg (the lowest approved starting dose for the dose- 
escalation strategy). HbA1c decreased once patients could 
be escalated to oral semaglutide 7 and 14 mg (ie, at weeks 
60 and 68), stabilizing at week 76. By week 104, there were 
small reductions in HbA1c with oral semaglutide (–0.2%) 
compared with a small increase in the sitagliptin group 
(0.1%). Difference between treatments was not signifi-
cant by the treatment policy estimand, although reached 
significance by the trial product estimand (on- treatment 
without use of rescue medication), which may reflect the 
greater use of rescue medication in the sitagliptin group 
(24% vs 9% of patients in the oral semaglutide group). 
The difference in HbA1c, although not significant in terms 
of absolute changes for the treatment policy estimand, 
may still have had an impact on goal achievement due to 
the baseline HbA1c levels when switching (mean HbA1c of 
7.4%). Patients switched to oral semaglutide were more 
likely to achieve HbA1c targets of <7.0% (<53 mmol/mol) 
than patients who continued on sitagliptin.

Many patients had HbA1c approaching or below the 
treatment target at the start of the switch part (week 52), 
with HbA1c ≤7.5% in nearly two- thirds of patients. This 
may have limited the potential for further HbA1c reduc-
tions with oral semaglutide, given the trial was designed 
for the achievement of glycemic control (HbA1c <7.0%),7 
not to maximize HbA1c reduction, and as the flexible 
dose regimen for oral semaglutide required HbA1c to be 
≥7.0% for dose escalation. However, despite this, 30.4% 
of patients rerandomized to oral semaglutide achieved 
HbA1c ≤6.5% at week 104, compared with 11.5% of 
sitagliptin- treated patients. A third of patients who were 
on- treatment at week 104 were not receiving the highest 
(14 mg) dose of oral semaglutide. Those patients who 
required escalation to 14 mg appeared to have a smaller 
mean decrease in HbA1c; however, it is unknown whether 
this may have been related to baseline HbA1c status, 
reduced compliance with treatment, interindividual 
variability in response to oral semaglutide or some other 
factor. Among subgroups of patients with higher baseline 
HbA1c levels, greater HbA1c reductions were seen in both 
treatment groups; however, this post- hoc assessment was 
only conducted in a small number of patients and was 
not analyzed statistically.

Switching from sitagliptin to oral semaglutide appeared 
to result in body weight reductions by week 104, although 
superiority was not tested given the hierarchical testing 
strategy. As in the main phase,7 no significant differences 
were seen in the switch part between oral semaglutide 
and sitagliptin for DTSQ total treatment satisfaction score 
or for the items relating to convenience and flexibility of 
treatment. This suggests that the dosing conditions for 
oral semaglutide had no impact on treatment satisfaction 
when switching from sitagliptin.

https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649
https://dx.doi.org/10.1136/bmjdrc-2020-001649


11BMJ Open Diab Res Care 2020;8:e001649. doi:10.1136/bmjdrc-2020-001649

Emerging technologies, pharmacology and therapeutics

More gastrointestinal events (a well- known class effect 
with GLP- 1RAs16 17) occurred in patients switching from 
sitagliptin to oral semaglutide than in those continuing 
sitagliptin. A similar finding was observed when switching 
to another GLP- 1RA, liraglutide, from sitagliptin.18 
In patients randomized to oral semaglutide with flex-
ible dose adjustment in the switch part, the proportion 
discontinuing due to AEs (6%) was broadly similar to 
that observed in those randomized to flexibly dosed oral 
semaglutide in the main phase of PIONEER 7 (9%).7 
While the potential for improved tolerability was part 
of the rationale for exploring flexible dosing, several 
other studies of oral semaglutide without flexible dose 
adjustment report comparable discontinuation rates.1–4 
As such, it appears that the individualized and slower 
approach to dose escalation (every 8 weeks vs every 4 
weeks in other oral semaglutide studies) did not impact 
discontinuation rates; however, as in the main phase, the 
extension was conducted open- label, which could have 
influenced the actions of patients and investigators. In 
the switch part of the study, the majority of AEs leading 
to oral semaglutide discontinuation occurred within 8 
weeks of rerandomization, after patients initiated oral 
semaglutide 3 mg but before escalation to higher doses. 
Again, this is consistent with the results of the main phase 
of PIONEER 7, and suggests that if the initial treatment 
with the 3 mg dose is tolerated, subsequent dose escala-
tion is also likely to be tolerated.

Overall event rates of malignant neoplasms were similar 
to those in the much larger PIONEER 6 study, which 
reported rates of EAC- confirmed malignant neoplasms 
of 2.5 and 2.9 per 100 patient- years in the oral semaglu-
tide and placebo groups, respectively (median follow- up 
of 15.9 months).6 The frequency of EAC- confirmed 
malignant neoplasms over 78 weeks of treatment was also 
similar with oral semaglutide and sitagliptin in the long- 
term safety trial, PIONEER 3.3 A meta- analysis including 
3446 patients treated with subcutaneous semaglutide 
for up to 104 weeks and 419 patients treated with oral 
semaglutide for 26 weeks concluded that there was no 
increased risk of malignant neoplasms with semaglutide 
when compared with placebo or other glucose- lowering 
treatments (OR (95% CI) 0.89 (0.35 to 2.22); p=0.80).19 
Consistent with other studies of oral semaglutide,1–10 no 
clustering of malignancies to specific organ systems was 
observed.

The key strengths of this study include the flexible 
nature of the dosing regimen for oral semaglutide, 
which aids relevance for clinical practice, the long- term 
follow- up, the high treatment completion and trial 
completion rates for the extension phase, and the low 
amount of missing data. Our study also has some limita-
tions, in addition to its open- label nature. First, as high-
lighted earlier, the relatively low HbA1c at week 52 and 
dose- escalation criteria for oral semaglutide limited the 
ability to evaluate the relative HbA1c- lowering efficacy 
of switching from sitagliptin to oral semaglutide. When 
designing the extension, the main phase was ongoing 

and the mean HbA1c levels at the beginning of the exten-
sion were not known. Second, the number of patients 
who continued into the extension phase was relatively 
small, particularly in the switch part, limiting the ability 
to assess the incidence of infrequent side effects. This also 
resulted in a low power for the confirmatory endpoints in 
the switch part.

In conclusion, this study demonstrates that long- term 
use of oral semaglutide with flexible dose adjustment 
results in durable improvements in glycemic control and 
further reductions in body weight and is generally well 
tolerated. Switching from sitagliptin to flexible dose- 
adjusted oral semaglutide maintained HbA1c reductions, 
with less need for additional treatment intensification, 
and offers the potential for additional reductions in body 
weight, but is associated with an increase in gastrointes-
tinal events.
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