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SUPPLEMENT: INTRODUCING ORAL SEMAGLUTIDE AND THE PIONEER PROGRAM 
TO PRIMARY CARE

Oral semaglutide in patients with type 2 diabetes and cardiovascular disease, renal 
impairment, or other comorbidities, and in older patients
Ofri Mosenzona,b, Eden M. Millerc and Mark L. Warrend

aFaculty of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel; bDepartment of Endocrinology and Metabolism, Hadassah Medical Centre, 
Jerusalem, Israel; cDiabetes Nation, Bend, OR, USA; dPhysicians East, Greenville, NC, USA

ABSTRACT
Patients with type 2 diabetes (T2D) often have comorbidities, such as cardiovascular disease or chronic 
kidney disease, and a large and growing proportion of the T2D patient population is over 65 years. There are 
many therapies for the treatment of T2D but not all are suitable for patients with comorbidities. Oral 
semaglutide is a tablet formulation of a glucagon-like peptide-1 receptor agonist (GLP-1RA) and was 
recently approved for the treatment of T2D, representing an oral alternative to injectable GLP-1RAs. This 
article reviews data from: PIONEER 6, a phase 3a cardiovascular outcomes trial in patients at high cardio
vascular risk; PIONEER 5, a phase 3a trial in patients with moderate renal impairment; a post-hoc analysis of 
PIONEER data by age; and pharmacokinetic trials investigating the effects of renal impairment, gastro
intestinal disease, and hepatic impairment on the exposure of oral semaglutide. PIONEER 6 demonstrated 
the cardiovascular safety of oral semaglutide compared with placebo (hazard ratio: 0.79; 95% confidence 
interval [CI]: 0.57, 1.11; p < 0.001 for noninferiority), ruling out excess cardiovascular risk. In PIONEER 5, oral 
semaglutide was superior to placebo in decreasing glycated hemoglobin over 26 weeks (estimated 
treatment difference [ETD]: –0.8%; 95% CI: –1.0, –0.6; p < 0.0001) and body weight (ETD: –2.5 kg; 95% 
CI: –3.2, –1.8; p < 0.0001), and renal function was unchanged in both treatment groups. There was no effect 
of age on glycemic efficacy of oral semaglutide and the presence of upper gastrointestinal disease or 
hepatic impairment did not affect the pharmacokinetics of semaglutide. Across the trials, the safety profile 
of oral semaglutide was as expected for a GLP-1RA, with gastrointestinal adverse events most commonly 
reported. As such, oral semaglutide provides an effective oral GLP-1RA treatment option in older patients 
and/or those with comorbidities, with no requirements for dose adjustment.
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Article overview and relevance to your clinical 
practice
● Cardiovascular disease (CVD) and chronic kidney disease 

(CKD) are common in patients with type 2 diabetes (T2D) 
and often need to be considered, along with age and 
other common comorbidities, when selecting treatment 
options in the primary care setting.

● This article summarizes the burden of CVD and CKD, and 
highlights the importance of these and other comorbid
ities that might influence treatment choices in T2D.

● Oral semaglutide has been recently approved and offers 
the option of a glucagon-like peptide-1 receptor agonist 
treatment in a tablet.

● This article reviews the efficacy and safety data from 
clinical studies of oral semaglutide in patients with 
important comorbidities such as CVD and CKD, providing 
a summary of key guidance for clinical practice.

● In addition, we discuss patient selection and monitoring, 
guidance on dose initiation and escalation, and the most 
common side effects and how these can be managed in 
practice.

● We also highlight the important information that 
patients need to understand regarding food, beverages, 
or other medications when taking oral semaglutide.

1. Comorbidities in patients with type 2 diabetes

The prevalence of type 2 diabetes (T2D) has been increasing in 
recent decades and this has led to a growth in the medical 
and economic burden associated with both macrovascular 
complications such as cardiovascular disease (CVD), and 
microvascular complications such as chronic kidney disease 
(CKD) [1,2]. In addition, T2D is found to affect ~20% of people 
aged ≥65 years, with forecasts predicting a further rise in 
prevalence over time [3,4]. Older people with T2D have higher 
rates of CVD when compared with those without T2D [5]. CVD 
is a leading cause of death and disability in people with T2D, 
and the rate of death from CVD for those with T2D is signifi
cantly higher than for those without T2D [2,6,7].

CKD is prevalent in people with T2D and is associated with 
high morbidity and mortality as well as a high economic 
burden [4,8]. Furthermore, the occurrence of CKD in people 
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with T2D has increased over previous years [2]. Data from the 
National Health and Nutrition Examination Survey reported 
a prevalence of CKD during 1999–2012 of 43.5% in patients 
with T2D [9]. In this study, 12.9% of patients had estimated 
glomerular filtration rate (eGFR) 45–59 mL/min/1.73 m2 

(mild-to-moderate impairment) and 9.0% had eGFR <45 mL/ 
min/1.73 m2 (moderate-to-severe impairment). These propor
tions were even higher in patients aged ≥65 years (24.5% 
and 18.6%, respectively). In patients with T2D and renal 
impairment, hypertension, coronary heart disease, myocar
dial infarction, and congestive heart failure were the most 
common cardiovascular (CV) comorbidities [9]. Studies have 
shown that lower eGFR [10] and higher albuminuria in 
patients with T2D are associated with increased rates of 
death and adverse kidney and CV outcomes, including end- 
stage renal disease [11–13].

1.1. Treatments for patients with type 2 diabetes and 
comorbidities

Guidelines for the care of people with T2D advocate an indi
vidualized approach that includes screening for complications 
and comorbidities [5,14]. Consequently, assessment of CVD 
and CKD, along with other common comorbidities, is central 
to the appropriate management of patients with T2D and the 
selection of appropriate treatment options [15–17]. The 
American Diabetes Association (ADA) also recommends that 
management approaches and targets in older patients with 
T2D should be reviewed regularly [5], so it is important to 
understand the efficacy and tolerability profile of treatments 
with advancing age. A brief summary of the factors to con
sider when prescribing glucose-lowering medications to these 
patient groups is shown in Figure 1.

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) as 
a class provide effective glucose and body weight reduc
tions, with a low risk of hypoglycemia [15]. Additionally, 
some GLP-1RA therapies confer potential reductions in CV 
risk [18–20]. GLP-1RAs are peptide-based therapies that are 
subject to degradation by gastric enzymes in the stomach 
and have limited permeability across the gastric mucosa if 
administered orally [21]. Until recently, the available GLP- 
1RAs have thus been administered by injection, which may 
be less desirable for some patients compared with oral 
administration [22]. Furthermore, ensuring appropriate use 
of injectable therapy may be an important consideration for 
patients with impaired visual or motor skills that could pose 
a challenge with using the device, for example, if they have 
existing or develop medical conditions that affect their 
ability to follow their regimen safely [5].

Oral semaglutide is the first oral GLP-1RA to be developed 
and has recently been approved in the US for the improve
ment of glycemic control in adults with T2D [23]. An extensive, 
global, phase 3a clinical trial program (PIONEER) evaluated oral 
semaglutide in patients from across the spectrum of T2D (for 
an overview of the PIONEER program, see Brunton & Wysham 
[24]). Oral semaglutide offers the option of a GLP-1RA in tablet 
form for patients with uncontrolled T2D, thereby addressing 
the potential challenges relating to the injection route of 
administration historically required for GLP-1RAs.

For successful treatment in the primary care setting, it is 
important for prescribers and those involved in all aspects 
of patient care to understand the use of oral semaglutide in 
patients with comorbidities, and to be able to advise on 
practical issues such as dosing instructions and the manage
ment of adverse events (AEs). The aim of this review is to 
present the clinical evidence relevant to the use of oral 
semaglutide in specific patient populations, including 
those at high risk of CV events (as studied in the PIONEER 
6 CV outcomes trial [CVOT]) [25], those with renal impair
ment (including data from PIONEER 5) [26], and in older 
patients [27]. We also review the data in patients with 
hepatic impairment [28] and patients with upper gastroin
testinal disease [29] to assess the potential influence of 
these comorbidities on the pharmacokinetics of oral sema
glutide. Finally, the implications of these data are summar
ized in the context of the management of patients with T2D 
and comorbidities in a primary care setting.

2. Cardiovascular safety of oral semaglutide: data 
from PIONEER 6

2.1. Trial design and patients randomized

The PIONEER 6 CVOT was an event-driven randomized, 
double-blind, placebo-controlled pre-approval trial con
ducted to determine if oral semaglutide can be used with
out increasing the risk of CV events in patients at high CV 
risk [25,30]. It was designed and powered in line with 
regulatory requirements [31] to confirm that treatment 
with oral semaglutide does not result in an unacceptable 
80% excess in CV risk compared with placebo (both added 
to standard of care). Key information about the trial, its 
design and endpoints are shown in Table 1.

As with all studies in the phase 3a PIONEER clinical program, 
a gradual dose-escalation regimen of oral semaglutide was 
implemented to reduce the risk of gastrointestinal AEs until 
the target dose of 14 mg was achieved [25]: patients were 
treated with 3 mg oral semaglutide for 4 weeks, then 7 mg for 
4 weeks before commencing treatment with the 14 mg dose. 
Patients were also instructed to take oral semaglutide in the 
morning in a fasted state with up to 4 fl oz (120 mL) of water, at 
least 30 minutes before eating, drinking anything else, or taking 
any other oral medication.

PIONEER 6 enrolled 3183 patients with T2D with estab
lished CVD or CKD, or who were at high risk of CV events 
[25]. Approximately 85% of patients were aged ≥50 years and 
had established CVD or CKD, while the remaining patients 
were aged ≥60 years and had CV risk factors only. Overall, 
mean baseline glycated hemoglobin (HbA1c) was 8.2%, mean 
age was 66 years, and mean duration of diabetes was approxi
mately 15 years. Mean body weight was 90.9 kg, mean body 
mass index was 32.3 kg/m2, and mean eGFR at baseline was 
74 mL/min/1.73 m2.

At baseline, 93.9% of patients were taking antihyperten
sive medication, 85.2% lipid-lowering medication, and 79.4% 
antiplatelet or antithrombotic medication [25]. Most 
patients were taking metformin (77.4%) or insulin (60.6%), 
with 32.3% taking sulfonylureas and 9.6% sodium-glucose 
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co-transporter-2 inhibitors (SGLT2is). More patients in the 
placebo group started or intensified glucose-lowering ther
apy during the trial than in the oral semaglutide group, 
including greater use of SGLT2is (7.0% versus 3.1%).

Baseline characteristics and the profile of CV risk factors 
including blood pressure, low-density lipoprotein cholesterol, 
smoking, and renal function were similar between treatment 

groups [25]. The median time in the trial was 15.9 months 
(range 0.4–20.0 months).

2.2. Cardiovascular safety

PIONEER 6 confirmed that CV events did not occur more 
frequently in patients treated with oral semaglutide when 

Figure 1. A summary of factors to consider for use of glucose-lowering medications in patients with cardiovascular disease, renal impairment, and in older patients. 
Adapted from [5,15,16].

*In older patients who are at increased risk of hypoglycemia, treatments with a lower risk of hypoglycemia are preferred [5]. ASCVD, atherosclerotic cardiovascular disease; 
(C)HF, (congestive) heart failure; DKA, diabetic ketoacidosis; CKD, chronic kidney disease; CVD, cardiovascular disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, 
estimated glomerular filtration rate; GLP-1RAs, glucagon-like peptide-1 receptor agonists; SGLT2i, sodium-glucose co-transporter-2 inhibitor; SU, sulfonylurea; TZD, 
thiazolidinedione.
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compared with placebo [25]. The trial achieved its primary 
endpoint by demonstrating noninferiority (p < 0.001) for 
time to first major adverse CV event (MACE; a composite of 
CV death, nonfatal myocardial infarction, and nonfatal stroke) 
for oral semaglutide compared with placebo (hazard ratio 
[HR]: 0.79; 95% confidence interval [CI]: 0.57, 1.11) (Figure 2). 
The trial was not designed to demonstrate superiority, and 
superiority of oral semaglutide versus placebo could not be 
confirmed (p = 0.17 for superiority).

PIONEER 6 also investigated the incidence of individual com
ponents of the primary outcome, including death from CV 
causes, as well as for all-cause mortality, although it was not 
powered to show a difference between treatments. It was 
reported that death from CV causes occurred in 0.9% (15/1591) 
of patients in the oral semaglutide group and 1.9% (30/1592) in 
the placebo group; death from any cause occurred in 1.4% (23/ 
1591) of patients in the oral semaglutide group and 2.8% (45/ 
1592) in the placebo group; HRs were 0.49 (95% CI: 0.27, 0.92) 
and 0.51 (95% CI: 0.31, 0.84), respectively [25]. The HR for the 
expanded MACE outcome (consisting of the primary outcome 
plus unstable angina resulting in hospitalization or heart failure 
resulting in hospitalization) was similar to that of the primary 
outcome (HR: 0.82 [95% CI: 0.61, 1.10]) [25].

PIONEER 6 demonstrated that oral semaglutide did not 
result in an increase in CV risk compared with placebo [25], 
a finding that is supported by a post-hoc analysis of CV events 
across the PIONEER glycemic efficacy trials [39]. The trial was 
an event-driven trial designed and powered to assess nonin
feriority of oral semaglutide to placebo, and continued until at 
least 122 MACE occurred, with no predefined minimum dura
tion. This design differs to that of other GLP-1RA CVOTs [30], 
such as SUSTAIN-6 with subcutaneous semaglutide, LEADER 
with liraglutide, and REWIND with dulaglutide, which reported 
significant reductions in risk of MACE with these agents versus 
placebo [18–20] (for an in-depth overview of the designs and 

outcomes of PIONEER 6 and SUSTAIN-6, see Husain et al., 2020 
[39]). Like PIONEER 6, SUSTAIN-6 and LEADER were conducted 
primarily to establish noninferiority; however, these trials were 
both time- and event-driven and conducted for longer than 
PIONEER 6, accruing more MACE than originally planned (for 
example, MACE occurred in 254 patients in SUSTAIN-6, versus 
137 in PIONEER 6), and therefore had greater power to eval
uate the potential superiority of the study drug to placebo 
[18,19]. In contrast, the REWIND CVOT for dulaglutide was 
primarily conducted and powered to establish superiority, 
and as such had a longer duration than PIONEER 6, was 
conducted in a larger population, and accrued substantial 
more MACEs [20]. Following the results of REWIND, LEADER 
and SUSTAIN-6, dulaglutide, liraglutide and subcutaneous 
semaglutide are now approved for reducing the risk of CV 
events in patients with established CVD (dulaglutide is also 
indicated for reducing this risk in patients with T2D and multi
ple CV risk factors) [33–35] and guidelines recommend that 
patients with established CVD should be treated with agents 
with proven CV benefit [15–17]. With proven CV safety, oral 
semaglutide can be used in patients without established CVD, 
but it is not currently indicated for the reduction in CV risk in 
patients with established CVD. A larger, long-term CVOT (the 
SOUL trial) is ongoing to determine whether oral semaglutide 
provides CV benefit in patients with T2D and CVD or CKD [40].

2.3. Efficacy outcomes

The efficacy of oral semaglutide compared with placebo was 
demonstrated in PIONEER 6 (these outcomes were not statis
tically analyzed) [25]. For example, from baseline to the end of 
the trial, oral semaglutide was associated with greater reduc
tions in HbA1c versus placebo (–1.0% versus –0.3%, respec
tively), despite more patients initiating or intensifying glucose- 
lowering therapy in the placebo group than in the oral 

Figure 2. Composite primary outcome in PIONEER 6 [25].

Cumulative incidence plots for the primary outcome (first major adverse cardiovascular events, representing a composite of death from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal stroke). A stratified Cox proportional-hazards model was used for the primary outcome analysis, with trial group as a fixed factor. CI, 
confidence interval. From New England Journal of Medicine, Husain M. et al, Oral semaglutide and cardiovascular outcomes in patients with type 2 diabetes, volume 381, pages 
841–51, copyright© (2019) Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.
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semaglutide group during the trial. Oral semaglutide also 
resulted in greater body weight reductions versus placebo (– 
4.2 kg versus –0.8 kg, respectively). These reductions in HbA1c 

and body weight were comparable with results reported in 
other studies within the PIONEER program [26,41–46].

2.4. Adverse events and safety

AEs occurring during the trial are shown in Figure 3. More 
patients permanently discontinued oral semaglutide (11.6%) 
than placebo (6.5%) due to AEs, with differences mainly due to 
gastrointestinal AEs, primarily nausea (2.9% versus 0.5%), vomit
ing (1.5% versus 0.3%), and diarrhea (1.4% versus 0.4%), which 
were mostly nonserious [25]. Premature treatment discontinua
tion rates due to AEs were 11.5–14.5% with subcutaneous sema
glutide and 5.7–7.6% with placebo over 2.1 years in SUSTAIN-6 
[18] and 9.5% with subcutaneous liraglutide and 7.3% with 
placebo over 3.8 years in LEADER [19].

In PIONEER 6, the percentage of patients with severe hypo
glycemia (defined in accordance with ADA criteria as 
a hypoglycemic event requiring assistance of another person 
[47]) was 1.4% for oral semaglutide and 0.8% for placebo, all of 
which occurred in those receiving concomitant insulin or sulfo
nylureas. AEs related to diabetic retinopathy occurred in 7.1% of 
patients treated with oral semaglutide and 6.3% with placebo, 
most of which were nonproliferative and were identified during 
scheduled eye examinations; 75.7% resulted in no new treat
ment [25]. Due to a higher risk of diabetic retinopathy complica
tions with subcutaneous semaglutide in SUSTAIN-6 [18], patients 
with proliferative retinopathy or maculopathy resulting in active 
treatment were excluded from PIONEER 6 [25].

Meta-analyses, as well as information collected from CVOTs 
involving long-term follow-up of thousands of patients, have 
consistently found insufficient evidence to support an 
increased risk of acute pancreatitis or cancer (including thyroid 

cancers) associated with GLP-1RAs as a class [48–50]. This was 
also suggested by data from PIONEER 6, in which acute pan
creatitis was confirmed in one patient treated with oral sema
glutide, and three patients receiving placebo [25].

Malignant neoplasms occurred in 2.6% of patients receiving 
oral semaglutide and 3.0% receiving placebo, with no evidence 
of clustering in any organ system. Medullary thyroid cancer was 
reported in one patient in the oral semaglutide group who had 
an elevated baseline calcitonin level and pre-existing thyroid 
nodules; another patient had a recurrence of a previous thyroid 
cancer [25].

Overall, the safety results from PIONEER 6 were as expected 
for the GLP-1RA class, with no unexpected AEs identified. 
These results support the use of oral semaglutide for the 
treatment of T2D in patients either with CVD or with risk 
factors for CVD [25].  

Key clinical take-home points: CV safety of oral  
semaglutide

● Patients with T2D at risk of, or with, CVD can receive 
treatment with oral semaglutide; the CV safety of oral 
semaglutide has been confirmed in a clinical trial.

● Oral semaglutide reduces HbA1c and body weight in 
patients with T2D and CVD, with a safety profile as 
expected for a GLP-1RA.

● Three GLP-1RAs (dulaglutide, liraglutide, and subcuta
neous semaglutide) are currently indicated for reducing 
the risk of CV events in patients with T2D and estab
lished CVD; dulaglutide is also indicated for reducing this 
risk in patients with T2D and multiple CV risk factors.

● The ongoing SOUL trial will determine whether oral 
semaglutide provides CV benefit in patients with T2D 
and CVD or CKD.

Figure 3. Incidence of adverse events during PIONEER 5 and 6 (on-treatment data) [25,26].

*Severe as per American Diabetes Association classification [47]; †confirmed by plasma glucose <3.1 mmol/L (<56 mg/dL); ‡in-trial data. AE, adverse event; BG, blood glucose; 
GI, gastrointestinal; NR, not reported.
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3. Oral semaglutide in patients with renal 
impairment

3.1. Pharmacokinetics and safety

It has been established that dose adjustment is not necessary 
when oral semaglutide is used in patients with different levels 
of renal impairment [23,51]. In a study of people with either 
normal renal function (n = 24), mild renal impairment (eGFR 
60–89 mL/min/1.73 m2; n = 12), moderate renal impairment 
(eGFR 30–59 mL/min/1.73 m2; n = 12), severe renal impair
ment (eGFR 15–29 mL/min/1.73 m2; n = 12), or end-stage renal 
disease requiring hemodialysis (n = 11), the pharmacokinetics 
of oral semaglutide (5 mg for 5 days followed by 10 mg for 
5 days) were unaffected [51]. Oral semaglutide was also well 
tolerated and the severity of renal impairment did not seem to 
have an impact on the number of AEs reported.

3.2. Clinical outcomes

PIONEER 5 evaluated the efficacy and safety of oral semaglu
tide 14 mg once daily versus placebo in patients with T2D and 
moderate renal impairment (eGFR 30–59 mL/min/1.73 m2). 
Key information about the trial, its design and endpoints are 
shown in Table 1 [26]. In PIONEER 5, dose escalation of oral 
semaglutide was used to reduce the risk of gastrointestinal 
AEs. Notably, this was the same dosing strategy used in non- 
CKD patients in the other PIONEER trials [25,41–44,46]. Of the 
324 patients randomized (mean age 70 years; mean duration 
of diabetes 14 years), 60% had stage 3a (eGFR 45–59 mL/min/ 
1.73 m2) CKD and the remainder had stage 3b (eGFR 
30–44 mL/min/1.73 m2) CKD. At baseline, 75% of patients 
were taking metformin, 40% sulfonylureas, and 35% basal 
insulin.

Efficacy data in PIONEER 5 were primarily analyzed regard
less of study drug discontinuation or use of rescue medication. 
After 26 weeks of treatment, oral semaglutide was superior to 
placebo in reducing HbA1c (estimated treatment difference 
[ETD]: –0.8%; 95% CI: –1.0, –0.6; p < 0.0001) and body weight 
(ETD: –2.5 kg; 95% CI: –3.2, –1.8; p < 0.0001) [26].

AEs (on assigned treatment) were reported by 74% of patients 
with oral semaglutide and 65% with placebo, and the proportions 
of patients reporting serious AEs were similar for both groups (10% 
for oral semaglutide and 11% with placebo in the on-treatment 
period; Figure 3). The rate of AEs in PIONEER 5 was similar to that 
seen in other PIONEER trials that involved add-on to 1–2 oral 
therapies or to insulin-based treatment [42–46], despite the 
patient population having renal impairment. The most common 
AE with oral semaglutide was nausea (reported in 19% of patients 
with oral semaglutide and in 7% with placebo), which was usually 
transient and mild or moderate in severity [26].

The proportion of trial product discontinuations due to 
AEs was 15% with oral semaglutide 14 mg and 5% with 
placebo, mainly due to gastrointestinal events. Nausea 
appeared to be more common in patients with better renal 
function (i.e. stage 3a versus stage 3b CKD), but the clinical 
significance of this could not be established due to low 
patient numbers [26]. For patients reporting severe adverse 
gastrointestinal reactions, it is advised to monitor renal 

function when initiating or escalating doses of oral semaglu
tide [23].

There were low rates of symptomatic hypoglycemia con
firmed by blood glucose in patients randomized to oral sema
glutide (Figure 3), and no severe hypoglycemic events 
occurred. Diabetic retinopathy-related AEs were infrequent 
with both oral semaglutide (3%) and placebo (1%). Most 
were identified at routine examination and none required 
treatment or led to treatment discontinuation [26].

Renal function was unchanged throughout the trial in both 
treatment groups, demonstrating that oral semaglutide treat
ment is not likely to worsen renal function. Minor improve
ments in urinary albumin to creatinine ratio were observed 
with oral semaglutide; however, due to the relatively small 
population and lack of stratification to urinary albumin to 
creatinine ratios at randomization, further study is needed to 
confirm the effect of oral semaglutide in association with 
albuminuria and clinical outcomes in patients with CKD.

A glycemic efficacy and safety trial has not been conducted 
with subcutaneous semaglutide in patients with T2D and renal 
impairment; however, similar results to PIONEER 5 were 
observed when liraglutide was compared with placebo in 
the LIRA-RENAL trial in patients with T2D and moderate 
renal impairment [52].  

Key clinical take-home points: renal impairment

● Based on a clinical study in moderate renal impairment 
and pharmacokinetic data in patients with varying sever
ity of renal impairment, no dose adjustment is recom
mended for oral semaglutide in patients with renal 
impairment.

● Renal function did not change during treatment with 
oral semaglutide in patients with moderate renal 
impairment.

● The most common AEs with oral semaglutide were gas
trointestinal, including nausea, vomiting, and diarrhea.

● Gastrointestinal AEs were often transient, mild to mod
erate in severity and were mostly associated with dose 
escalation.

● The incidence of hypoglycemia was low in patients with 
moderate renal impairment on oral semaglutide, and 
similar to those on placebo.

4. The effect of patient age on the efficacy and 
safety of oral semaglutide

An exploratory analysis of PIONEER 1–5, 7, and 8 evaluated the 
effect of patient age on the efficacy and safety of oral semaglutide 
[27]. Efficacy endpoints were analyzed for patients with T2D aged 
<45 (n = 582), ≥45–<65 (n = 3392), or ≥65 (n = 1683) years. Overall, 
HbA1c reductions were comparable across age groups, demon
strating the efficacy of oral semaglutide regardless of patient age 
(Table 2). When compared with other glucose-lowering therapies 
(including an SGLT2i, a dipeptidyl peptidase-4 inhibitor [DPP-4i], 
and an injectable GLP-1RA), reductions in HbA1c were generally 
greater with oral semaglutide irrespective of age (Table 2). There 
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did not appear to be a clear relationship between age and reduc
tions in body weight, although reductions were greater for oral 
semaglutide than with comparators.

The safety profile of oral semaglutide was as expected for 
a GLP-1RA, with similar proportions of patients with AEs across 
the three age groups; however, there was a tendency for higher 
rates of premature trial product discontinuation due to AEs with 
increasing age [27]. For example, in the PIONEER 3 trial [43], 
among patients receiving any dose of oral semaglutide (added 
to background therapy of metformin with or without 
a sulfonylurea), 86% of those aged ≥65 years reported AEs 
compared with 76% of those aged ≥45–<65 years and 80% of 
those aged <45 years [27]. In this trial, discontinuation of treat
ment due to AEs occurred in 9% and 7% of patients aged ≥65 
and <65 years, respectively. Increases in the proportion of 
patients with AEs in those aged ≥65 years versus the younger 
age groups were also observed for most comparator groups 
across the PIONEER trials. Similar to the approach in other patient 
populations, a slower dose escalation could be used in older 
patients to help mitigate any AEs that could lead to discontinu
ing treatment, although it should be noted that this is not 
specifically included in the prescribing information for this 

particular patient population. Treatment strategies should be 
individualized to patients as recommended in guidelines.

5. Oral semaglutide in patients with other 
comorbidities

It has been demonstrated that there are no changes in semaglu
tide exposure or pharmacokinetic parameters following admin
istration of oral semaglutide in patients with hepatic impairment 
[23,28]. In an open-label, parallel-group trial, Bækdal et al. [28] 
studied the effects of once-daily oral semaglutide (5 mg for 
5 days followed by 10 mg for 5 days) in subjects with either: 
normal hepatic function (n = 24), or mild (n = 12), moderate 
(n = 12), or severe (n = 8) hepatic impairment (according to Child- 
Pugh criteria) [28]. The incidence and severity of AEs did not 
appear to be influenced by hepatic function, and reported AEs 
were in line with those observed in the PIONEER program and for 
other GLP-1RAs [25,26,37–41,48]. Headache was the most fre
quently reported AE (14.3%), followed by dyspepsia (8.9%), 
vomiting (7.1%), decreased appetite (7.1%), and diarrhea (5.4%) 
[28]. Based on these results, no dose adjustment of oral 

Table 2. Change from baseline in HbA1c by age subgroup in select PIONEER studies comparing oral semaglutide 14 mg with placebo or an 
active comparator [27].

Age subgroups

<45 years ≥45–<65 years ≥65 years

PIONEER 1*
N 130 430 143
Mean baseline HbA1c, % 8.0 8.0 7.8
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg –1.6 –1.5 –1.5
Placebo 0.1 –0.2 0.0

PIONEER 2
N 94 512 215
Mean baseline HbA1c, % 8.4 8.2 7.9
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg –1.5 –1.4 –1.4
Empagliflozin 25 mg –1.0 –0.8 –0.9

PIONEER 3*
N 183 1179 501
Mean baseline HbA1c, % 8.4 8.4 8.1
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg –1.2 –1.4 –1.5
Sitagliptin 100 mg –0.5 –0.7 –1.0

PIONEER 4
N 86 475 150
Mean baseline HbA1c, % 8.1 8.0 7.8
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg –1.4 –1.3 –1.4
Placebo 0.3 –0.1 –0.4
Liraglutide 1.8 mg –0.8 –1.1 –1.2

PIONEER 5
N 0 65 259
Mean baseline HbA1c, % – 8.0 8.0
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg – –1.0 –1.2
Placebo – 0.3 –0.2

PIONEER 8*
N 43 410 278
Mean baseline HbA1c, % 8.3 8.2 8.1
Change from baseline in HbA1c to week 26, %

Oral semaglutide 14 mg add-on to insulin –1.6 –1.4 –1.4
Placebo add-on to insulin 0.5 –0.1 0.0

*Oral semaglutide 3 and 7 mg dose not shown. 
HbA1c, glycated hemoglobin; N, number of patients. 
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semaglutide is recommended for patients with T2D and hepatic 
impairment [23].

Meier et al. [29] studied 36 subjects aged 18–80 years 
with T2D and with either upper gastrointestinal disease 
(chronic gastritis [n = 5], gastroesophageal reflux disease 
[n = 8], or both [n = 23]) or without upper gastrointestinal 
disease (n = 19), who received oral semaglutide 3 mg once 
daily for 5 days followed by 7 mg for 5 days in an open- 
label, parallel-group trial [29]. In this study, upper gastro
intestinal disease had no significant effect on semaglutide 
exposure, and other pharmacokinetic parameters were simi
lar in those with and without upper gastrointestinal disease. 
There were no serious AEs and no discontinuations due to 
AEs, suggesting that oral semaglutide could be tolerated in 
patients with upper gastrointestinal disease; however, this 
was a study in a small number of subjects and used 
a different dose-escalation regimen as well as a lower max
imum dose to that used in the PIONEER trial program [29]. 
Oral semaglutide has not been specifically studied in 
patients with gastroparesis, nor in those who have under
gone bariatric surgery.  

Key clinical take-home points: patient age and patients 
with other comorbidities

● There is no need to make dose adjustments of oral 
semaglutide based on age alone.

● No dose adjustment is recommended for patients with 
hepatic impairment.

● Patients should be made aware of the occurrence of 
gastrointestinal AEs with GLP-1RAs.

6. Ongoing studies with oral or subcutaneous 
semaglutide in patients with comorbidities

Several studies were initiated in 2019 that will assess the long- 
term effects of oral or subcutaneous semaglutide in patients 

with comorbidities. The SOUL trial is a long-term, placebo- 
controlled CVOT investigating whether oral semaglutide (up 
to 14 mg daily) provides CV benefit in patients with CV comor
bidities [49]. This event-driven trial has an estimated recruit
ment of 9642 patients and is expected to last for around 5 years.

The SELECT trial is a long-term placebo-controlled CVOT that 
will evaluate subcutaneous semaglutide in patients with estab
lished CVD and obesity, but without T2D [54]. Since the setting is 
obesity rather than T2D, the maximum subcutaneous semaglu
tide dose being investigated in the SELECT trial is 2.4 mg once 
weekly rather than the maximum dose of 1.0 mg once weekly 
approved for T2D treatment [35]. The FLOW trial is a placebo- 
controlled study of subcutaneous semaglutide in patients with 
T2D and CKD [55] and FOCUS is a long-term placebo-controlled 
study of the effects of subcutaneous semaglutide on diabetic 
retinopathy complications [56]. Results from these trials will 
provide further information on the efficacy and safety of sema
glutide in patients with common comorbidities such as obesity 
and CKD, and important T2D complications such as diabetic 
retinopathy.

7. Implications for the use of oral semaglutide in the 
primary care setting

A summary of key implications for the use of oral semaglutide 
in patients with comorbidities is shown in Figure 4. Oral 
semaglutide is an important new option to consider in the 
management of patients with CVD or CKD, common comor
bidities in patients with T2D.

Clinicians have a number of treatment options available for 
the management of patients with T2D. However, there are lim
itations with some of these agents when taking patient comor
bidities and other risk factors into account. In the management 
of patients with T2D and renal impairment, metformin should 
not be used in patients with eGFR <30 mL/min/1.73 m2 and 
SGLT2is have limited efficacy when eGFR is <45 mL/min/ 
1.73 m2 [16], although some SGLT2is have been shown to reduce 
CKD progression in CVOTs and are recommended if eGFR is 

Figure 4. Summary of key clinical implications for use of oral semaglutide in patients with comorbidities. CKD, chronic kidney disease; CV, cardiovascular;  
CVD, cardiovascular disease; GI, gastrointestinal.
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adequate [15]. GLP-1RAs and DPP-4is can be used in patients 
with CKD, although unlike oral semaglutide, some require dose 
adjustment. However, DPP-4is have neutral effects on body 
weight [16] and atherosclerotic CVD risk [15].

The presence of food and fluid in the stomach impairs 
absorption of oral semaglutide [57,58]. To ensure optimal 
efficacy, it is important to explain the reason for these dosing 
instructions so patients understand the need to adhere to 
them. Consequently, practical issues relating to treatment 
with oral semaglutide, including administration instructions, 
are important to consider. Patients should take oral semaglu
tide in the morning in a fasted state, with up to 4 fl oz 
(120 mL) of water, at least 30 minutes before eating, drinking 
anything else, or taking any other oral medication [23].

As many patients with T2D take multiple medications, when 
co-administering other oral medications it is important to adhere 
to the administration instructions for oral semaglutide, and con
sider increased monitoring for medications that have a narrow 
therapeutic index or that require clinical monitoring [23]. See 
Brunton et al. [59] for more information and practical recommen
dations on a range of potential concomitant medications includ
ing omeprazole, lisinopril, warfarin, digoxin, metformin, 
furosemide, rosuvastatin, levothyroxine, and the combined oral 
contraceptive ethinylestradiol/levonorgestrel [59].

To summarize, the clinical studies conducted to date have 
shown that oral semaglutide provides an oral GLP-1RA treatment 
option for T2D patients of advanced age and/or who suffer with 
burdensome comorbidities, such as CVD or renal impairment, 
with no requirements for dose adjustment. Not only does oral 
semaglutide provide highly effective glucose-lowering and 
weight-loss effects, with low risk of hypoglycemia and no 
increase in CV risk, this oral formulation has the added advantage 
of addressing concerns related to initiation of injectable therapy.
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