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Efficacy and safety of oral semaglutide in patients with 
type 2 diabetes and moderate renal impairment (PIONEER 5): 
a placebo-controlled, randomised, phase 3a trial
Ofri Mosenzon, Thalia Marie Blicher, Signe Rosenlund, Jan W Eriksson, Simon Heller, Ole Holm Hels, Richard Pratley, Thozhukat Sathyapalan, 
Cyrus Desouza, for the PIONEER 5 Investigators

Summary
Background Oral semaglutide is the first oral glucagon-like peptide-1 (GLP-1) receptor agonist for glycaemic control in 
patients with type 2 diabetes. Type 2 diabetes is commonly associated with renal impairment, restricting treatment 
options. We aimed to investigate the efficacy and safety of oral semaglutide in patients with type 2 diabetes and 
moderate renal impairment.

Methods This randomised, double-blind, phase 3a trial was undertaken at 88 sites in eight countries. Patients aged 
18 years and older, with type 2 diabetes, an estimated glomerular filtration rate of 30–59 mL/min per 1·73 m², and 
who had been receiving a stable dose of metformin or sulfonylurea, or both, or basal insulin with or without 
metformin for the past 90 days were eligible. Participants were randomly assigned (1:1) by use of an interactive web-
response system, with stratification by glucose-lowering medication and renal function, to receive oral semaglutide 
(dose escalated to 14 mg once daily) or matching placebo for 26 weeks, in addition to background medication. 
Participants and site staff were masked to assignment. Two efficacy-related estimands were defined: treatment policy 
(regardless of treatment discontinuation or rescue medication) and trial product (on treatment without rescue 
medication) in all participants randomly assigned. Endpoints were change from baseline to week 26 in HbA1c (primary 
endpoint) and bodyweight (confirmatory secondary endpoint), assessed in all participants with sufficient data. Safety 
was assessed in all participants who received at least one dose of study drug. This trial is registered on ClinicalTrials.
gov, number NCT02827708, and the European Clinical Trials Registry, number EudraCT 2015-005326-19, and is now 
complete.

Findings Between Sept 20, 2016, and Sept 29, 2017, of 721 patients screened, 324 were eligible and randomly assigned 
to oral semaglutide (n=163) or placebo (n=161). Mean age at baseline was 70 years (SD 8), and 168 (52%) of participants 
were female. 133 (82%) participants in the oral semaglutide group and 141 (88%) in the placebo group completed 
26 weeks on treatment. At 26 weeks, oral semaglutide was superior to placebo in decreasing HbA1c (estimated mean 
change of –1·0 percentage point (SE 0·1; –11 mmol/mol [SE 0·8]) vs –0·2 percentage points (SE 0·1; –2 mmol/mol 
[SE 0·8]); estimated treatment difference [ETD]: –0·8 percentage points, 95% CI –1·0 to –0·6; p<0·0001) and 
bodyweight (estimated mean change of –3·4 kg [SE 0·3] vs –0·9 kg [SE 0·3]; ETD, –2·5, 95% CI –3·2 to –1·8; 
p<0·0001) by the treatment policy estimand. Significant differences were seen for the trial product estimand: mean 
change in HbA1c –1·1 percentage points (SE 0·1; –12 mmol/mol [SE 0·8] versus –0·1 percentage points (SE 0·1; 
–1 mmol/mol [SE 0·8]; ETD –1·0 percentage points, 95% CI –1·2 to –0·8; p<0·0001); mean change in bodyweight 
–3·7 kg (SE 0·3) versus –1·1 kg (SE 0·3; ETD –2·7 kg, 95% CI –3·5 to –1·9; p<0·0001). More patients taking oral 
semaglutide than placebo had adverse events (120 [74%] of 163 vs 105 [65%] of 161), and discontinued treatment as a 
result (24 [15%] vs eight [5%]). Gastrointestinal events, mainly mild-to-moderate nausea, were more common with 
oral semaglutide than with placebo. Three deaths occurred during the treatment period that were not considered to 
be treatment related, one in the semaglutide group and two in the placebo group.

Interpretation Oral semaglutide was effective in patients with type 2 diabetes and moderate renal impairment, 
potentially providing a new treatment option for this population. Safety, including renal safety, was consistent with 
the GLP-1 receptor agonist class.

Funding Novo Nordisk A/S.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Glucagon-like peptide-1 (GLP-1) receptor agonists act on 
multiple pathophysiological defects present in people 
with type 2 diabetes.1 Semaglutide is a GLP-1 analogue 

currently approved for once-weekly subcutaneous 
injection for treatment of type 2 diabetes,2 and has been 
shown to decrease HbA1c and bodyweight effectively in 
patients who have uncontrolled hyperglycaemia on one 
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or more oral glucose-lowering drugs.3 Elimination of 
semaglutide occurs via multiple pathways involving both 
the liver and kidneys.4

An oral semaglutide tablet has been developed, in which 
semaglutide is coformulated with the absorption enhancer, 
sodium N-(8-[2-hydroxybenzoyl]amino) caprylate, to 
facilitate semaglutide absorption across the gastric 
mucosa.5 Oral semaglutide monotherapy has shown 
significant decreases in HbA1c and bodyweight compared 
with placebo in patients with type 2 diabetes not controlled 
through diet and exercise,6 and compared with sitagliptin 
in addition to background metformin with or without 
sulfonylurea.7

Type 2 diabetes is commonly associated with renal 
impairment, which restricts the use of some glucose-
lowering medications and makes achieving treatment 
targets challenging. Insulin and sulfonylureas are 
associated with weight gain and increased risk of 
hypoglycaemia in all patients, and even more so in those 
with chronic kidney disease.8,9 Metformin can be used 
with caution in patients with an estimated glomerular 
filtration rate (eGFR) of at least 30 mL/min per 1·73 m² 
despite its association with lactic acidosis—a rare but 
serious complication.10 Most sodium-glucose co-
transporter-2 (SGLT2) inhibitors are not recommended 
in patients with creatinine clearance of less than 
45 mL/min.11 Dipeptidyl peptidase-4 (DPP-4) inhibitors 
can be used in patients with chronic kidney disease 

(all stages, except stage 5 for saxagliptin), although these 
drugs (with the exception of linagliptin) must be given at 
a decreased dose dependent on the stage of chronic 
kidney disease.11 By contrast, the GLP-1 receptor agonists 
semaglutide, liraglutide, albiglutide, and dulaglutide do 
not require dose adjustment in patients with chronic 
kidney disease at stage 4 and above, and could be 
useful alternatives to other glucose-lowering drugs.11 
Nevertheless, this class of medication is only available for 
subcutaneous injection, which might not be ideal for 
some patients.

In people without diabetes, the pharmacokinetics of 
oral semaglutide were not affected by renal impairment.12 
However, the efficacy and safety profile of oral semaglutide 
in patients with diabetes and renal impairment is 
unknown. In this phase 3a trial (PIONEER 5), we 
compared the efficacy and safety of once-daily oral 
semaglutide with placebo, in addition to existing 
background medication, in patients with type 2 diabetes 
and moderate renal impairment (eGFR of 30–59 mL/min 
per 1·73 m²).

Methods
Study design
This multicentre, double-blind, randomised, placebo-
controlled, phase 3a trial was carried out at 88 sites in 
Denmark, Finland, Israel, Poland, Russia, Sweden, the 
UK, and the USA. Two different scientific questions 

Research in context

Evidence before this study
Some glucagon-like peptide-1 (GLP-1) receptor agonists have 
shown effective glycaemic control in patients with type 2 
diabetes and impaired renal function (eg, liraglutide was superior 
to placebo, and dulaglutide was similarly effective to insulin, 
without a negative effect on renal function in either case). 
However, GLP-1 receptor agonists are all administered 
subcutaneously, which might not be ideal for some patients. 
We searched PubMed articles on Jan 17, 2019, published in the 
past 5 years, with no language restrictions, using the search terms  
“type 2 diabetes”, “renal impairment”, and “chronic kidney 
disease”.  We reviewed the prescribing information documents of 
approved glucose-lowering drugs for dose adjustments, 
contraindications, or both, associated with renal impairment. 
Type 2 diabetes is often associated with renal impairment, but 
common oral glucose-lowering drugs have restrictions for use 
(eg, sodium-glucose co-transporter-2 inhibitors), require 
increased monitoring (eg, metformin) or dose adjustment 
(eg, most dipeptidyl peptidase-4 inhibitors), or are associated 
with an increased risk of hypoglycaemia and weight gain 
(sulfonylureas) in patients with decreased kidney function. 
Chronic kidney disease is a risk factor for hypoglycaemia, 
but many patients with renal impairment might be using insulin, 
sulfonylureas, or glinides, or a combination of these for glycaemic 
control, which are also associated with an increased risk of 

hypoglycaemia and weight gain. Therefore, a need exists for 
improved glucose-lowering treatment options for these patients.

Added value of this study
Oral semaglutide escalated to 14 mg taken once daily was 
superior to placebo in decreasing HbA1c and bodyweight in 
patients with type 2 diabetes and moderate renal impairment 
who were uncontrolled on metformin, sulfonylureas, or both, 
or basal insulin with or without metformin. The proportion of 
patients who achieved a target of HbA1c of less than 7·0% 
(53 mmol/mol) was higher with oral semaglutide than with 
placebo. Considering the population, oral semaglutide showed 
a similar overall safety profile to that seen previously with the 
GLP-1 receptor agonist class and did not adversely affect renal 
function.

Implications of all the available evidence
Oral semaglutide is the first orally available GLP-1 receptor 
agonist and has the potential to expand the treatment options 
for patients with type 2 diabetes and moderate renal impairment, 
for whom current oral glucose-lowering treatment options are 
restricted. Further and larger studies are needed to better define 
the place of oral semaglutide, including any potential 
renoprotective effect, in the treatment of patients with type 2 
diabetes and moderate renal failure.
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associated with efficacy objectives were addressed 
through the definition of two estimands: treatment policy 
and trial product. Both estimands were defined on the 
basis of interactions with regulatory agencies. The 
treatment policy estimand was the protocol-defined 
primary estimand. Superiority testing was based on only 
the treatment policy estimand, and results were controlled 
for multiplicity. The trial product estimand was the 
protocol-defined secondary estimand and was used to 
assess the magnitude of an established treatment effect.

The treatment policy estimand assesses the treatment 
effect for all randomly assigned participants, regardless 
of trial product discontinuation or use of rescue 
medication. This estimand reflects the intention-to-treat 
principle as defined in International Conference on 
Harmonisation Guidelines for Good Clinical Practice 
(ICH) E9.13 The estimand reflects the effect of initiating 
treatment with oral semaglutide compared with initiating 
treatment with placebo, both potentially followed by 
either discontinuation of trial product or addition of or 
switch to another glucose-lowering drug.

The trial product estimand assesses the treatment effect 
for all randomly assigned participants, under the 
assumption that all participants remained on study drug 
(oral semaglutide or placebo) for the entire planned 
duration of the trial and did not use rescue medication. 
This estimand aims to reflect the effect of oral semaglutide 
compared with placebo without the confounding effect of 
rescue medication. The statistical analysis that was 
applied to this estimand is similar to that applied to many 
phase 3a diabetes trials. Results from such analyses are 
included in many product labels (eg, European summary 
of product characteristics [SmPC]) for glucose-lowering 
drugs (eg, the SmPC for Ozempic14).

Discontinuation of assigned study drug and initiation 
of rescue medication are accounted for by the treatment 
policy strategy for the treatment policy estimand, and by 
the hypothetical strategy for the trial product estimand as 
defined in draft ICH E9(R1).15 Further details on the 
estimands are in the appendix (pp 5–6).

Approval was secured from the relevant Institutional 
Review board or Independent Ethics Committee for each 
site before trial commencement, which was done 
according to applicable national requirements and in 
compliance with ICH E6 and the Declaration of Helsinki. 
A redacted version of the protocol is in the appendix (pp 
29–195).

Participants
Eligible patients were aged 18 years or older, with type 2 
diabetes (diagnosed ≥90 days before screening), had a 
HbA1c of 7·0–9·5% (53–80 mmol/mol) and moderate 
renal impairment (Chronic Kidney Disease-Epidemiology 
Collaboration [CKD-EPI] stage 3),16 defined as an eGFR of 
30–59 mL/min per 1·73 m², calculated by use of the 
CKD-EPI formula).17 Patients were required to be able to 
provide informed consent and be treated with stable 

doses of one of the following regimens for 90 days before 
screening: metformin (≥1500 mg or maximum tolerated 
dose), a sulfonylurea (at least half of the maximum 
approved dose or maximum tolerated dose), or both; or 
basal insulin with or without metformin. Key exclusion 
criteria included: rapidly progressing renal disease (as 
judged by the investigator) or known nephrotic 
albuminuria (>2200 mg per 24 h or >2200 mg/g); family 
or personal history of multiple endocrine neoplasia 
type 2 or medullary thyroid carcinoma; history of 
malignant neoplasms within the past 5 years; history 
of pancreatitis; myocardial infarction, stroke, or 
admission to hospital for unstable angina or transient 
ischaemic attack within the past 180 days, or New York 
Heart Association Class IV heart failure;18 or proliferative 
retinopathy or maculopathy (determined by fundus 
photography or dilated fundoscopy 90 days or fewer 
before randomisation and requiring acute treatment). 
Full eligibility criteria are detailed in the appendix 
(pp 2–3).

All participants provided written informed consent 
before conduct of any trial-related activity.

Randomisation and masking
Participants were randomly assigned (1:1) to receive either 
once-daily oral semaglutide (escalated to 14 mg) or 
placebo, in addition to their background medication 
(appendix p 16). Random isation was done by use of an 
interactive web-response system, which allocated 
dispensing unit numbers for each patient. Randomisation 
was stratified by background glucose-lowering medication 
(metformin alone, sulfonylurea with or without 
metformin, or basal insulin with or without metformin) 
and renal function (eGFR 45–59 mL/min per 1·73 m² 
[CKD-EPI stage 3A] or 30–44 mL/min per 1·73 m² 
[stage 3B]; at least 40% of patients had to be at stage 3B at 
screening). Patients and site staff were masked to 
assignment, which was maintained by use of visually 
identical oral semaglutide and placebo tablets.

Procedures
After a 2-week screening period, participants were 
randomly assigned to treatment with once-daily oral 
semaglutide or placebo for 26 weeks, with a follow-up 
period of 5 weeks (appendix p 16). Oral semaglutide was 
initiated at a 3 mg dose, then escalated to 7 mg at 4 weeks, 
and 14 mg at 8 weeks. No dose adjustment of study drug 
were permitted during the trial. The use of dose 
escalation intended to improve gastrointestinal 
tolerability, because previous studies have found gastro-
intestinal side-effects at high initial doses.19 Absorption of 
oral semaglutide is affected by food and fluid in the 
stomach, so participants in both groups were instructed 
to take the medication in the morning in a fasted state 
with up to half a glass of water (approximately 120 mL), 
30 min before any other food, beverage, or other oral 
medication.

See Online for appendix
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Participants were required to continue background 
glucose-lowering medication throughout the trial. Those 
receiving metformin and sulfonylureas were required to 
maintain the same dose level and frequency as at trial 
entry; those receiving basal insulin were recommended 
to have the dose decreased by 20% after random 
assignment to treatment group to minimise the risk of 
hypoglycaemic episodes. Up-titration of basal insulin 
(to a dose not exceeding that at randomisation) was 
permitted in weeks 10–16, after the maximum dose of 
oral semaglutide was reached.

Patients with persistent and unacceptable hyper-
glycaemia were offered treatment intensification with 
rescue medication, prescribed at the investigator’s 
discretion and as an add-on to assigned treatment, in 
accordance with international guidelines.20 Persistent or 
unacceptable hyperclycaemia was defined as  a fasting 
plasma glucose concentration exceeding  13·3 mmol/L 
(240 mg/dL) in weeks 12–16 or 11·1 mmol/L (200 mg/dL) 
from week 17 to end of treatment, assessed at a central 
laboratory (ICON Laboratory Services, Dublin, Ireland).
Rescue medication was selected in accordance with 
American Diabetes Association (ADA) or European 
Association for the Study of Diabetes guidelines, 
excluding GLP-1 receptor agonists, DPP-4 inhibitors, or 
amylin analogues.

Blood samples were taken at baseline and weeks 4, 8, 
14, 20, 26, and 31 for assessment of glucose metabolism, 
lipid profile, and other laboratory parameters. Bodyweight 
and BMI were also assessed at these visits. Renal function 
was assessed at baseline and weeks 14 and 26. Patient-
reported outcomes were recorded at baseline and weeks 8 
and 26. 

Patients who prematurely discontinued their allocated 
treatment (eg, due to adverse events) were switched to an 
appropriate locally approved treatment selected at the 
investigator’s discretion, excluding GLP-1 receptor 
agonists. All participants were asked to complete the 
protocol-specified visit schedule, regardless of premature 
discontinuation of allocated treatment or use of rescue 
medication, unless consent was withdrawn.

We recorded adverse events at every visit, including a 
5-week safety follow-up visit at week 31 or within 3 days of 
study drug discontinuation, and again 5 weeks after study 
drug discontinuation. All adverse events were coded using 
the Medical Dictionary for Regulatory Activities (version 
20.1). Adverse events were defined as any unfavourable 
and unintended sign (including an abnormal laboratory 
finding), symptom, or disease temporally associated with 
the use of a study drug, whether or not considered related 
to the drug. A serious adverse event was defined as any 
event that resulted in death, a life-threatening event, in-
patient treatment in hospital or extension of existing 
admission to hospital (full list of elegible events is in the 
appendix [p 4]). Details of other efficacy and safety 
assessments are provided in the appendix (p 4). An 
independent event adjudication committee (EAC) validated 

selected adverse events according to predefined diagnostic 
criteria, including cardiovascular events, in line with US 
Food and Drug Administration requirements. Masked 
adjudication was done for instances of acute coronary 
syndrome, acute kidney injury, acute pancreatitis, 
cerebrovascular events, death, heart failure requiring 
admission to hospital, lactic acidosis, malignant neoplasm, 
and malignant thyroid neoplasm or C-cell hyperplasia.

Outcomes
The primary endpoint was change from baseline to 
week 26 in HbA1c and the confirmatory secondary 
endpoint was change from baseline to week 26 in 
bodyweight. Supportive secondary endpoints were 
achievement at week 26 of the targets of HbA1c of less 
than 7·0% (53 mmol/mol)21 and 6·5% (48 mmol/mol) or 
under,22 and the following composite endpoints: HbA1c 
less than 7·0% without treatment-emergent symptomatic 
hypoglycaemia that was severe (American Diabetes 
Association [ADA] classification23) or confirmed by blood 
glucose concentration (<3·1 mmol/L [56 mg/dL]), 
without weight gain; and HbA1c decrease of 1·0 percentage 
points or more with weight loss of 3% or more from 
baseline. Further secondary endpoints included weight 
loss of 5% or more and 10% or more; change from 
baseline to week 26 in fasting plasma glucose, BMI, 
waist circumference, fasting lipid profile, and C-reactive 
protein; and patient-reported outcomes on health-related 
quality of life (SF-36 version 2 Health Survey [acute 
version], and the status version of the Diabetes Treatment 
Satisfaction Questionnaire [DTSQs]).

Safety endpoints included the number of treatment-
emergent adverse events, and the number of symptomatic 
hypoglycaemic episodes that were severe or confirmed by 
blood glucose concentration (<3·1 mmol/L [56 mg/dL]), 
or both. Severe hypoglycaemia was defined as the 
participant requiring third-party assistance to administer 
corrective treatment (ADA classification).23 Additional 
safety endpoints included changes from baseline to 
week 26 in a range of laboratory assessments (including 
eGFR and urinary albumin to creatinine ratio [UACR]), 
electrocardiograms (ECGs), physical examinations, vital 
signs, and eye examinations.

Statistical analysis
We used descriptive statistics to summarise baseline 
demographic information for all participants who were 
randomly assigned to a study drug.

We calculated the sample size to ensure a power of 90% 
or more for testing superiority of oral semaglutide versus 
placebo in change of HbA1c for the treatment policy 
estimand. Based on data from previous trials, we assumed 
a treatment effect of –0·5% (SD 1·1) for HbA1c for oral 
semaglutide versus placebo, requiring 324 patients to be 
randomly assigned (1:1) to treatment.

The endpoints were assessed through the treatment 
policy and trial product estimands. 
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We tested the superiority of oral semaglutide versus 
placebo in terms of change from baseline to week 26 in 
HbA1c and bodyweight. We based the confirmation of 
efficacy of oral semaglutide using these measures, both 
from baseline to week 26, on a hierarchical testing 
strategy to control the overall type 1 error for the 
hypotheses assessed by use of the treatment policy 
estimand. We estimated the treatment policy estimand 
(analysis of covariance using data irrespective of 
discontinuation of trial product or initiation of rescue 
medication) using a pattern mixture model with multiple 
imputation to handle missing data at week 26 for both 
confirmatory endpoints. We imputed data in the groups 
defined by study drug and treatment status at week 26. 
We based both the imputation and analysis on ANCOVA 
models, with region (Africa, Asia, Europe, North 
America, or South America), stratification factors, and 
the interaction between the two stratification factors as 
categorical fixed effects, and baseline HbA1c 
measurement as a covariate. We combined the results 
using Rubin’s rule. We estimated the trial product 
estimand using a mixed model for repeated measure-
ments (MMRM) that used data collected before 
premature discontinuation of study drug or initiation of 
rescue medication from all participants who were 
allocated to treatment.

We analysed binary endpoints using a logistic 
regression model. For the treatment policy estimand, we 
imputed missing data similarly as for the continuous 
endpoints, whereas we imputed missing data for the trial 
product estimand from patients randomly allocated to 
the same study drug using a sequential multiple 
imputation method. Odds ratio [OR] calculations were 
evaluated for the treatment policy estimand and the trial 
product estimand using the full analysis set, and 
proportions of participants who achieved binary out-
comes were calculated using the observed data (ie, those 
who attended the week 26 visit and contributed to the 
proportions). For the treatment policy estimand, we 
imputed missing data similarly as for the continuous 
endpoints, whereas we imputed missing data for the trial 
product estimand from participants randomly assigned 
to the same treatment group using a sequential multiple 
imputation method.

We assessed safety endpoints during the on-treatment 
and in-trial periods using data from all participants 
exposed to a study drug (the safety analysis set). The in-
trial period was the period during which participants were 
considered to be in the trial, including the follow-up 
period, regardless of whether they had discontinued the 
study drug or used rescue medication; this period was 
used when reporting cardiovascular events, neoplasms, 
rare events, diabetic retinopathy, and deaths. The 
on-treatment period was the period during which the 
participant was treated with study drug plus an 
ascertainment window of 5 weeks (for adverse events and 
hypoglycaemia) or 3 days (for laboratory assessments, 

physical examinations, and vital signs) after the last date 
on study drug. We assessed laboratory assessments of 
physical examinations and vital signs until 3 days after the 
last date on study drug.

We did sensitivity analyses on the primary and 
confirmatory secondary endpoints, primarily to assess the 
effect of missing data. The evaluation of the robustness of 
the primary endpoint was mainly on the basis of a pattern 
mixture-model approach using multiple imputation. We 
did post-hoc exploratory and descriptive investigations of 
the primary and secondary endpoints by eGFR strata 
(ie, chronic kidney disease stage 3A and stage 3B).

p values are unadjusted two-sided p values for the test 
of no difference. We did all analyses using SAS 
version 9.4M2. Further information on statistical methods 
are in the appendix (p 7). The trial is registered with the 
European Clinical Trials Database, EudraCT 2015-005326-
19, and ClinicalTrials.gov, number NCT02827708.

Role of the funding source
The funder of the trial was involved in trial design, 
monitoring, data collection, data analysis, data inter-
pretation, and writing of the report. The corresponding 
author had full access to all the data in the study and had 
final responsibility for the decision to submit for 
publication.

Figure 1: Trial profile

163 randomly assigned to  
oral semaglutide
163 received treatment

133 completed treatment 
127 completed treatment 

without rescue medication
158 completed trial

141 completed treatment 
127 completed treatment 

without rescue medication
156 completed trial

30 discontinued treatment
24 due to adverse events

1 due to violation of 
inclusion or exclusion 
criteria

5 other reasons
5 withdrew from trial

3 lost to follow-up
1 withdrew
1 died

161 randomly assigned to placebo
161 received treatment

20 discontinued treatment
10 due to adverse events

3 due to violation of 
inclusion or exclusion 
criteria

2 withdrew
5 other reasons

5 withdrew from trial
1 lost to follow-up
2 withdrew
2 died

721 patients assessed for eligibility

324 enrolled

397 excluded
377 did not meet eligibility criteria

1 did not provide informed consent
19 other reasons
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Results
Between Sept 20, 2016, and Sept 29, 2017, we screened 
721 patients, of whom 324 were randomly assigned to 
oral semaglutide (n=163) or placebo (n=161; figure 1). 
Baseline demographic and disease characteristics were 
similar between the two treatment groups (table 1; 
appendix p 8). Mean age was 70 years (SD 8) and 
168 (52%) of 324 participants were female. 128 (40%) of 
participants had stage 3B chronic kidney disease and 
242 (75%) used metformin, 131 (40%) used sulfonylureas, 
and 114 (35%) used basal insulin at baseline 
(appendix p 9). 158 (97%) of 163 participants in the oral 
semaglutide group and 156 (97%) of 161 in the placebo 
group completed the trial, and 133 (82%) in the oral 
semaglutide group and 141 (88%) in the placebo group 
completed 26 weeks on treatment (figure 1). Of all 
participants, seven (4%) in the oral semaglutide group 
and 16 (10%) in the placebo group required rescue 
medication over the treatment period (appendix p 10); of 
those who completed treatment, most did so without the 
use of rescue medication (figure 1).

Oral semaglutide was superior to placebo in decreasing 
HbA1c. Mean changes from baseline in HbA1c at week 26 
were –1·0% (SE 0·1; –11 mmol/mol [SE 0·8]) for oral 
semaglutide and –0·2% (SE 0·1; –2 mmol/mol [SE 0·8]) 
for placebo when assessed using the treatment policy 
estimand (estimated treatment difference [ETD] –0·8%, 
95% CI –1·0 to –0·6; p<0·0001; figure 2A). Similarly, 
when assessed using the trial product estimand, oral 
semaglutide provided a significantly greater decrease in 
HbA1c than placebo did: mean change from baseline 
–1·1% (SE 0·1; –12 mmol/mol [SE 0·8]) versus 
–0·1% (SE 0·1; –1 mmol/mol [SE 0·8]); ETD –1·0%, 
95% CI –1·2 to –0·8; p<0·0001; figure 2B).

Oral semaglutide was superior to placebo (ETD 
–2·5 kg, 95% CI –3·2 to –1·8; p<0·0001) in decreasing 
bodyweight. Mean change in bodyweight from baseline 
to week 26 was –3·4 kg (SE 0·3) for oral semaglutide and 
–0·9 kg (SE 0·3) for placebo when assessed using the 
treatment policy estimand (figure 3A). A significant 
difference was also seen when assessed using the trial 
product estimand, with mean changes from baseline to 
week 26 of –3·7 kg (SE 0·3) for the oral semaglutide 
group and –1·1 kg (SE 0·3) for the placebo group 
(ETD –2·7 kg, 95% CI –3·5 to –1·9; p<0·0001; figure 3B). 

At 26 weeks, a greater proportion of participants  
achieved at least a 1·0% decrease in HbA1c (treatment 
policy estimand: 93 [60%] of 154 participants in 
semaglutide group vs 31 [20%] of 155 in placebo group 
with non-missing data regardless of trial product 
discontinuation or rescue medication use; trial product 
estimand: 84 [67%] of 126 in semaglutide group vs 24 
[19%] of 127 in placebo group with non-missing data who 
completed treatment without rescue medication; 
appendix p 19) and more achieved the targets of HbA1c of 
less 7·0% (89 [58%] of 154 vs 35 [23%] of 155) and 6·5% 
or more (60 [39%] vs 12 [8%]) with oral semaglutide than 
with placebo (treatment policy estimand; appendix 
pp 20–21). The odds of achieving both targets for both 
estimands were significantly higher with oral 
semaglutide than with placebo (p<0·0001).

By use of the treatment policy estimand, a higher 
proportion of patients achieved weight losses of 5% or 
more (55 [36%] of 154 in semaglutide group vs 15 [10%] of 
155 in placebo group) and 10% or more (13 [8%] in 
semaglutide group vs none in placebo group) with oral 
semaglutide than with placebo; similar results were 
achieved with the trial product estimand (appendix p 11). 
Compared with placebo, the odds of achieving weight 
loss were significantly improved with oral semaglutide 
for thresholds of both 5% or more (p<0·0001 for both 
estimands) and 10% or more (p=0·0086 for treatment 
policy estimand; p=0·0040 for trial product estimand; 
appendix p 11).

Compared with placebo, more participants achieved the 
composite endpoint of HbA1c of less than 7·0% without 
symptomatic hypoglycaemia that was severe or confirmed 
by blood glucose concentration without weight gain at 

Oral semaglutide 
group (n=163)

Placebo group 
(n=161)

Total population 
(n=324)

Age, years 71 (8) 70 (8) 70 (8)

Sex

Female 80 (49%) 88 (55%) 168 (52%)

Male 83 (51%) 73 (45%) 156 (48%)

Race

White 158 (97%) 152 (94%) 310 (96%)

Black or African American 4 (2%) 9 (6%) 13 (4%)

Asian 1 (1%) 0 1 (<1%)

Ethnicity

Hispanic or Latino 7 (4%) 14 (9%) 21 (6%)

Other 156 (96%) 147 (91%) 303 (94%)

Duration of diabetes, years 14·1 (8·6) 13·9 (7·4) 14·0 (8·0)

Bodyweight, kg 91·3 (17·8) 90·4 (17·5) 90·8 (17·6)

BMI, kg/m² 32·2 (5·4) 32·6 (5·5) 32·4 (5·4)

Waist circumference, cm 106·8 (13·9) 107·9 (12·8) 107·3 (13·3)

HbA1c, % 8·0% (0·7) 7·9% (0·7) 8·0% (0·7)

HbA1c, mmol/mol 64 (8) 63 (8) 64 (8)

Fasting plasma glucose, mmol/L 9·1 (2·7) 9·1 (2·8) 9·1 (2·7)

eGFR, mL/min per 1·73 m² 47 (10) 48 (10) 48 (10)

Stage 3A (45–<60 mL/min 
per 1·73 m²)

99 (61%) 97 (60%) 196 (60%)

Stage 3B (30–<45 mL/min 
per 1·73 m²)

64 (39%) 64 (40%) 128 (40%)

Urinary albumin to creatinine ratio, 
mg/g

19·2 (7·4–114·9) 14·1 (5·5–90·8) 16·0 (6·3–99·8)

<30 mg/g 96 (59%) 105 (65%) 201 (62%)

30–≤300 mg/g 44 (27%) 25 (16%) 69 (21%)

>300 mg/g 22 (13%) 26 (16%) 48 (15%)

Unclassified 1 (1%) 5 (3%) 6 (2%)

Data are mean (SD), n (%), or median (IQR). eGFR=estimated glomerular filtration rate. HbA1c=glycated haemoglobin.

Table 1: Demographics and baseline characteristics
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week 26 (figure 4). Estimated ORs significantly favoured 
oral semaglutide compared with placebo when assessed by 
the treatment policy estimand (estimated OR 5·74, 95% CI 
3·25–10·16; p<0·0001) and the trial product estimand 
(9·04, 4·77–17·15; p<0·0001). The odds of achieving a 
decrease in HbA1c of 1·0 percentage point or more with 
weight loss of 3% or more from baseline to week 26 were 
also significantly better with oral semaglutide than with 
placebo (p<0·0001 for both estimands; appendix p 22).

Data for the supportive secondary outcomes of fasting 
plasma glucose, BMI, waist circumference, C-reactive 
protein, and fasting lipids are in the appendix (p 11). 
Outcomes for fasting plasma glucose, BMI, and waist 

circumference favoured oral semaglutide over placebo, 
whereas they were similar between treatments for 
C-reactive protein and fasting lipids.

Health-related quality of life, measured by use of SF-36 
version 2 (acute version), significantly favoured oral 
semaglutide for the physical component summary (ETD 
1·98, 95% CI 0·57–3·39; p=0·0058) and the domains of 
role-physical (2·29, 0·60–3·98; p=0·0079), bodily pain 
(2·28, 0·19–4·38; p=0·0326), and social functioning 
(1·83, 0·13–3·53; p=0·035) compared with placebo 
(treatment policy estimand; appendix p 23). Additionally, 
the frequency of patient-perceived hyperglycaemia was 
significantly lower in the oral semaglutide group than in 

Figure 2: Mean change in HbA1c up to week 26 for the treatment policy estimand (A) and trial product estimand (B)
Left-hand graphs are observed mean values, with error bars showing SEs. Right-hand graphs are estimated means and statistical analysis at week 26 from the primary 
analysis. Number of participants given is the number contributing to analysis. ETD=estimated treatment difference. HbA1c=glycated haemoglobin.
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the placebo group (p<0·0001 for both estimands), as 
measured by use of the DTSQs. Outcomes for the other 
domains of these patient-reported outcome measures 
were similar between treatments (appendix p 24).

Safety outcomes are summarised in table 2 and further 
information can be found in the appendix (pp 12–14). A 
higher proportion of participants reported an adverse 
event with oral semaglutide (120 [74%] of 163) than did 
with placebo (105 [65%] of 161), with a similar proportion 
in each group reporting serious adverse events (17 [10%] 
vs 17 [11%]). The most frequent adverse events were mild-
to-moderate gastrointestinal events, primarily nausea. 
Nausea was more common in patients who were given 

oral semaglutide who had stage 3A chronic kidney disease 
than in those with stage 3B disease (post-hoc analysis; 
appendix p 25). The proportion of participants who 
discontinued study drug early because of adverse events 
was higher in the oral semaglutide group than in the 
placebo group (24 [15%] vs eight [5%]), mainly due to 
gastrointestinal events (principally, nausea, vomiting, 
abdominal pain, and dyspepsia; table 2). Three deaths 
occurred during the in-trial period (ie, from randomisation 
until death of the participant). One patient in each group 
died of cardiovascular causes (acute myocardial infarction 
in a participant in the oral semaglutide group who had 
a history of previous myocardial infarction, and sudden 

Figure 3: Mean change in bodyweight up to week 26 by the treatment policy estimand (A) and trial product estimand (B)
Left-hand graphs are observed mean values with error bars showing SEs. Right-hand graphs are estimated means and statistical analysis at week 26 from the 
confirmatory secondary analysis. Numbers of participants are the number contributing to the analysis. ETD=estimated treatment difference. 
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cardiac death in a participant in the placebo group who 
had a history of cardiovascular disease). Neither death was 
considered to be treatment related. Another participant in 
the placebo group died without a confirmed cause of death.

Overall, renal function was unchanged throughout the 
trial period in both treatment groups (appendix p 26); 
median eGFR ratios (week 31 follow-up to baseline) were 
1·02 (range 0·27–1·96) for oral semaglutide and 1·00 
(0·68–2·17) for placebo. Geometric mean UACRs (ratio 
of week 26 to baseline) decreased in the oral semaglutide 
group (0·86 [range 0·04–56·71] but increased in the 
placebo group (1·19 [0·01–79·59]; appendix p 27). Two 
patients in the oral semaglutide group had three non-
serious EAC-confirmed events of acute kidney injury 
(stage 1, recovered or recovering while remaining on 
study drug). One patient in the placebo group had a non-
serious EAC-confirmed event of acute kidney injury 
(stage 2) and recovered.

The proportion of participants with a symptomatic 
hypoglycaemic episode confirmed by their blood glucose 
concentration while on study drug was low (nine [6%] in 
the oral semaglutide group vs three [2%] in the placebo 
group). No severe hypoglycaemic events occurred. EAC-
confirmed cardiovascular events (five [3%] in the oral 
semaglutide group vs three [2%] in the placebo group) 
and diabetic retinopathy-related adverse events (five [3%] 
vs two [1%]) during the in-trial period were infrequent 
with both oral semaglutide and placebo. All cases of 
retinopathy were non-serious and mild or moderate in 
severity, and none required treatment or led to 
discontinuation of study drug. Most of these events were 
discovered during routine end-of-treatment eye 
examination and were diagnosed as non-proliferative 
diabetic retinopathy. No clinically relevant changes in 
laboratory assessments, physical examinations, or ECGs 
were recorded. Mean systolic blood pressure decreased 
by 7 mm Hg from baseline to week 26 in the oral 
semaglutide group, compared with no change in the 
placebo group (ETD –7 mm Hg, 95% CI –9 to –4; 
p<0·0001; appendix p 15). Mean diastolic blood pressure 
decreased by 2 mm Hg from baseline to week 26 with 
oral semaglutide and increased by 1 mm Hg with 
placebo (ETD –3 mm Hg, 95% CI –5 to –1; p=0·0018; 
appendix p 15). Mean pulse rate was not significantly 
increased from baseline to week 26 with oral semaglutide 
(1 beat per min) compared with placebo (0 beats per min; 
ETD 1 beat per min; 95% CI –1 to 2; p=0·56).

Sensitivity analyses of the primary and confirmatory 
secondary endpoint supported the results of the 
confirmatory analysis (appendix p 17). Observed changes 
in HbA1c and bodyweight over time were similar for 
participants in both eGFR subgroups (post-hoc analysis; 
appendix p 18).

Discussion
In this randomised, phase 3a trial, oral semaglutide was 
superior to placebo in decreasing HbA1c and bodyweight 

at 26 weeks in patients with type 2 diabetes and moderate 
renal impairment who were receiving standard glucose-
lowering medication (treatment policy estimand). Using 
the trial product estimand, the ETD for HbA1c was –1·0 
percentage point and for bodyweight was –2·7 kg with 
oral semaglutide compared with placebo, and 
approximately 58% of participants in the oral semaglutide 
group met the target of HbA1c of less than 7·0% at 
26 weeks. Additionally, in the oral semaglutide group 
60% or more of participants by use of both estimands 
achieved a decrease in HbA1c of 1·0 percentage point or 
more.

Figure 4: Composite outcome of HbA1c of less than 7·0% without 
hypoglycaemic episodes or weight gain at week 26 by the treatment policy 
estimand (A) and trial product estimand (B)
Symptomatic hypoglycaemic events were defined as severe or confirmed by 
blood glucose concentration (3·1 mmol/L [<56 mg/dL]). Proportions of patients 
achieving the composite outcomes are based on observed data, with numbers 
below bars being the number of participants with non-missing information. 
HbA1c=glycated haemoglobin.
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Type 2 diabetes is a common cause of chronic kidney 
disease, and both conditions are associated with increased 
cardiovascular risk, especially in combination.10 In the 
SUSTAIN-6 trial,24 83% (2735 of 3297) of patients had 
cardiovascular disease, chronic kidney disease, or both, 
and subcutaneous semaglutide improved cardio vascular 
outcomes (significantly decreasing the composite 
incidence of cardiovascular death, non-fatal myocardial 
infarction, and non-fatal stroke) and led to decreased 
rates of nephropathy progression compared with 
placebo.24 Oral semaglutide is the first oral GLP-1 receptor 
agonist and, once available, might be preferred to 
injections by some patients. Like liraglutide and 
subcutaneous semaglutide, the pharmaco kinetics of oral 
semaglutide are not substantially affected by renal 
impairment,11,12,25 making it potentially suitable for 
patients with chronic kidney disease.

Renal impairment restricts the choice and efficacy of 
medication for glycaemic control in patients with chronic 
kidney disease. However, unlike SGLT2 inhibitors 

(contraindicated when eGFR is below 45 mL/min per 
1·73 m²) and metformin (dose adjusted when eGFR is 
below 60 mL/min per 1·73 m² and contraindicated when 
it is below 30 mL/min per 1·73 m²), some GLP-1 receptor 
agonists, including subcutaneous semaglutide, can be 
used without dose adjustment in patients with creatinine 
clearance as low as 15 mL/min per 1·73 m².10,11 In addition 
to their potential for improved renal safety and 
convenience in patients with chronic kidney disease, 
GLP-1 receptor agonists provided better glycaemic 
control and weight loss than regimens containing 
insulin.26,27

Unlike SGLT2 inhibitors, DPP-4 inhibitors such as 
sitagliptin, have a wider indication for use in the setting 
of renal impairment. However, a meta-analysis of trials 
in patients with type 2 diabetes with moderate-to-severe 
chronic kidney disease indicated that only modest 
decreases in HbA1c are achieved with DPP-4 inhibitor 
therapy.28 In a head-to-head comparison, albiglutide was 
significantly better for glycaemic control and weight loss 
than sitagliptin in patients with chronic kidney disease, 
with similar tolerability.29 In the PIONEER 3 trial,7 oral 
semaglutide was superior to sitagliptin for glycaemic 
control and decreasing body weight, albeit in a population 
with normal renal function.

The results presented here for PIONEER 5 were 
achieved with few hypoglycaemic episodes, an important 
advantage over insulin and sulfonylureas, and are 
consistent with the results of the randomised, placebo-
controlled, 26-week PIONEER 1 trial.6 In PIONEER 1, 
compared with placebo oral semaglutide 14 mg 
monotherapy resulted in decreases of 1·5% (SE 0·1) in 
HbA1c and 4·1 kg (SE 0·3) in bodyweight, and 
approximately 80% of patients achieved the target of 
HbA1c of less than 7·0% (according to the trial product 
estimand).6 The greater magnitude of response in 
PIONEER 1 compared with the present study is probably 
because of differences in patient populations and trial 
design—eg, patients in PIONEER 1 were on average 
younger and had a shorter duration of diabetes than 
those in PIONEER 5, and were not receiving background 
glucose-lowering medications. Moreover, patients with 
an eGFR of less than 60 mL/min per 1·73m² were 
excluded from PIONEER 1 and we had no such exclusion 
criterion herein.6

The optimal target for HbA1c in type 2 diabetes associated 
with kidney disease is uncertain. Meta-analyses30,31 of 
studies that used intensive control (target HbA1c 
6·1–7·1% [43–54 mmol/mol]) have found that micro-
albuminuria and macroalbuminuria were decreased in 
patients with type 2 diabetes, but without substantial 
effect on downstream clinical outcomes, such as 
progression to end-stage kidney disease or death due to 
renal disease. However, another meta-analysis32 of 
four large randomised trials indicated clinical benefits on 
renal outcomes with tight glycaemic control, although 
glycaemic targets varied between the studies. Notably, the 

Oral semaglutide 
group (n=163)

Placebo group 
(n=161)

Adverse events (in trial) 122 (75%) 109 (68%)

Adverse events (on assigned 
treatment)

120 (74%) 105 (65%)

Severe 10 (6%) 15 (9%)

Moderate 61 (37%) 42 (26%)

Mild 106 (65%) 89 (55%)

Serious adverse events

In trial 20 (12%) 18 (11%)

On treatment 17 (10%) 17 (11%)

Severe* or blood 
glucose-confirmed† symptomatic 
hypoglycaemic episode‡ 
(on treatment)

9 (6%) 3 (2%)

Most frequent on-treatment adverse events§

Nausea 31 (19%) 12 (7%)

Constipation 19 (12%) 6 (4%)

Vomiting 19 (12%) 2 (1%)

Diarrhoea 17 (10%) 6 (4%)

Dyspepsia 16 (10%) 2 (1%)

Decreased appetite 11 (7%) 0

Headache 10 (6%) 8 (5%)

Back pain 1 (1%) 9 (6%)

Discontinued study drug because 
of adverse events

24 (15%) 8 (5%)

On-treatment adverse events leading to premature discontinuation of 
study drug¶

Gastrointestinal disorders 19 (12%) 3 (2%)

Fatal adverse events (in trial) 1 (1%) 2 (1%)

Data are n (%). *American Diabetes Association classification. †Plasma glucose 
3·1 mmol/L (<56 mg/dL); ‡Hypoglycaemic episodes were reported on a separate 
form to adverse events. §Occurring in >5% of patients in either group (preferred 
term by MedDRA version 20.1. ¶Occurring in >3% of participants in either 
treatment group.

Table 2: Summary of adverse events.
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patients analysed in all these meta-analyses were given 
older classes of glucose-lowering medication, and different 
effects could be expected with GLP-1 receptor agonists.

In the present trial, oral semaglutide had acceptable 
safety and tolerability in most patients, and the adverse 
event profile was consistent with a type 2 diabetes 
population with moderate renal impairment and 
comorbidities. Therefore, the proportions of serious 
adverse events were higher (in both groups) than in 
PIONEER 1.6 The proportions of participants who 
discontinued study drug early due to adverse events with 
oral semaglutide and placebo (15% vs 5%) were 
approximately double those in PIONEER 1 (7% vs 2%),6 
but similar to those with liraglutide versus placebo in the 
LIRA-RENAL trial (14% vs 3%).26 Few symptomatic 
hypoglycaemic episodes occurred with confirmation by 
blood glucose concentration and none were severe. 
Unlike in LIRA-RENAL,26 pulse rate was not significantly 
increased with GLP-1 receptor agonist therapy, but 
significant increases in pulse rate have been reported 
with oral semaglutide in other trials.6,7

As in PIONEER 16 and other phase 3 trials of oral 
semaglutide,7 a 4-week dose-escalation schedule was 
used to minimise the anticipated gastrointestinal adverse 
events associated with GLP-1 receptor agonists. Similar 
to LIRA-RENAL,26 gastrointestinal events were the most 
common adverse events, and these mostly manifested as 
mild-to-moderate and transient nausea. In the present 
study, nausea appeared to be more common in 
participants with better (stage 3A vs stage 3B chronic 
kidney disease) renal function. Although this result 
might have been a chance finding due to low patient 
numbers, it is consistent with the observation that 
gastrointestinal events were more common in patients 
with stage 3A versus stage 3B chronic kidney disease in 
LIRA-RENAL.26 Few new or worsening episodes of 
diabetic retinopathy occurred during the trial, and no 
cases of proliferative retinopathy occurred.

All patients in this trial had moderate renal impairment. 
Exploratory observations suggested that decreases in 
HbA1c and bodyweight seemed to be broadly consistent 
regardless of whether participants had disease at CKD-EPI 
stage 3A or 3B. Overall, eGFR levels remained generally 
constant during the trial period and in both chronic 
kidney disease subgroups (stage 3A and 3B). In the 
LEADER cardiovascular outcomes trial,33 patients with an 
eGFR of 30–60 mL/min per 1·73m² at baseline who were 
given liraglutide had significantly slower deterioration in 
renal function than those who were given placebo. 
Similarly, in the AWARD-7 study,27 dulaglutide was 
associated with less of a decrease in eGFR compared with 
insulin glargine in patients with an eGFR of 15–60 mL/min 
per 1·73m². Although PIONEER 5 was a smaller and 
shorter trial than AWARD-7, and, unlike AWARD-7, did 
not enrol patients with stage 4 chronic kidney disease, 
these data collectively suggest a renoprotective effect that 
might apply to the GLP-1 receptor agonist class as a whole.

As observed in other trials of GLP-1 receptor agonists, 
including liraglutide26 and subcutaneous semaglutide,34 
oral semaglutide might have a positive effect on 
albuminuria. UACR, a risk marker for cardiovascular 
disease and kidney damage,35,36 decreased during the 
current trial in the oral semaglutide group (based on the 
numerical ratio at week 26 to baseline). However, we did 
not do a statistical analysis of this marker and more 
detailed study is needed to confirm the effect of oral 
semaglutide in association with albuminuria and clinical 
outcomes in patients with chronic kidney disease.

Mean diastolic and systolic blood pressure were 
decreased with oral semaglutide compared with placebo, 
which could be beneficial in populations with long-
standing diabetes and chronic kidney disease, often 
combined with hypertension.

A potential limitation of the current trial is that the 
efficacy and safety of oral semaglutide in patients with 
moderate renal impairment was assessed against placebo 
rather than an active comparator. However, all participants 
were receiving standard glucose-lowering drugs as 
background medication. Additionally, the trial size and 
duration were planned to allow analysis of glucose control 
and not renal safety and efficacy, which require further 
evaluation. Although the duration of PIONEER 5 was only 
26 weeks, further PIONEER trials have investigated the 
efficacy and safety of oral semaglutide for treatment 
durations of up to 78 weeks, albeit not in patients with 
renal impairment.7

In conclusion, once-daily oral semaglutide 14 mg was 
superior to placebo in decreasing HbA1c and bodyweight 
in patients with type 2 diabetes and moderate renal 
impairment. The overall safety profile, including renal 
safety, was consistent with that seen for other GLP-1 
receptor agonists, and few hypoglycaemic episodes 
occurred. Oral semaglutide appears to provide an 
important addition to the currently suboptimal treatment 
options for patients with type 2 diabetes and moderate 
renal impairment.
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