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Abstract
Objective The aim of this study was to assess the cost effectiveness of oral semaglutide versus other oral glucose-lowering 
drugs for the management of type 2 diabetes (T2D) in Sweden.
Methods The Swedish Institute for Health Economics Diabetes Cohort Model was used to assess the cost effectiveness of 
oral semaglutide 14 mg versus empagliflozin 25 mg and oral semaglutide 14 mg versus sitagliptin 100 mg, using data from 
the head-to-head PIONEER 2 and 3 trials, respectively, in which these treatments were added to metformin (± sulphony-
lurea). Base-case and scenario analyses were conducted. Robustness was evaluated with deterministic and probabilistic 
sensitivity analyses.
Results In the base-case analyses, greater initial lowering of glycated haemoglobin levels with oral semaglutide versus 
empagliflozin and oral semaglutide versus sitagliptin, respectively, resulted in reduced incidences of micro- and macrovas-
cular complications and was associated with lower costs of complications and indirect costs. Treatment costs were higher 
for oral semaglutide, resulting in higher total lifetime costs than with empagliflozin (Swedish Krona [SEK] 1,245,570 vs. 
1,210,172) and sitagliptin (SEK1,405,789 vs. 1,377,381). Oral semaglutide was shown to be cost effective, with an incremen-
tal cost-effectiveness ratio (ICER) of SEK239,001 per quality-adjusted life-year (QALY) compared with empagliflozin and 
SEK120,848 per QALY compared with sitagliptin, from a payer perspective. ICERs were lower at SEK191,721 per QALY 
compared with empagliflozin and SEK95,234 per QALY compared with sitagliptin from a societal perspective. Results were 
similar in scenario analyses that incorporated cardiovascular effects, and also in sensitivity analyses.
Conclusions In a Swedish setting, oral semaglutide was cost effective compared with empagliflozin and sitagliptin for patients 
with T2D inadequately controlled on oral glucose-lowering drugs.
Trial Registration ClinicalTrials.gov: NCT02863328 (PIONEER 2; registered 11 August 2016) and NCT02607865  
(PIONEER 3; registered 18 November 2015).
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Plain Language Summary
For any disease, it is important to consider whether new treatments, which may be more effective but also more expensive, 
are worth paying for compared with treatments that are already being used. This is called a cost-effectiveness analysis and 
helps health authorities and other organisations (such as insurance companies) that pay for medications to decide whether 
or not to pay for the new treatment. Cost effectiveness differs between individual countries because each has its own health 
system, health costs and approved treatments. Semaglutide is a type of medication called a glucagon-like peptide-1 receptor 
agonist (or GLP-1RA) that is used by people with type 2 diabetes to help control their blood glucose (sugar). Semaglutide 
is administered by injection but has recently become the first GLP-1RA to be available in a once-daily oral (tablet) form. 
We used information from the Swedish Institute for Health Economics and two clinical trials of oral semaglutide that com-
pared it with other oral glucose-lowering drugs—empagliflozin and sitagliptin—to work out whether oral semaglutide was 
a cost-effective treatment in Sweden. We found that oral semaglutide was more expensive than empagliflozin and sitagliptin 
over the entire time on treatment but also led to greater lowering of blood sugar. This means that patients had fewer other 
illnesses linked to diabetes and lower health costs as a result. Balancing the higher upfront cost of the drug versus savings 
from fewer illnesses linked to diabetes, we found that in Sweden, oral semaglutide was cost effective compared with empa-
gliflozin and sitagliptin.

1 Introduction

Type 2 diabetes (T2D) and its complications account for 
a substantial health and economic burden [1]. Costs are 
expected to substantially rise over time; the absolute global 
economic burden is expected to increase from US dollars 
(US$) 1.3 trillion in 2015 to more than US$2.1 trillion by 
2030 [2]. The costs of diabetes include both direct costs 
from medical care as well as indirect costs incurred through 
loss of productivity or earnings, both of which are impor-
tant contributors to the overall global economic burden [1, 
2]. In Sweden alone, the total costs of hospital-based care 
(€269 million) and absence from work related to diabetes 
complications (€884 million) were €1153 million (€2943 
per person with diabetes) in 2016 [1].

Glycaemic control is a key therapeutic goal in T2D 
because elevated levels of glycated haemoglobin  (HbA1c) 
are associated with an increased risk of complications and 
mortality [3]. For example, in Swedish studies, the excess 
risk of cardiovascular events was higher for patients with 
T2D compared with controls [4]; however, the risk was 
similar to that of the general population in patients with on-
target  HbA1c levels [5, 6]. Even modest improvements in 
 HbA1c were shown to reduce complications and achieve cost 
savings [7]. Nevertheless, in Sweden, as in other countries, 
many patients with T2D fail to achieve or maintain adequate 
 HbA1c levels [8, 9].

Due to their ability to lower  HbA1c without increasing 
hypoglycaemia risk, international guidelines recommend 
glucagon-like peptide-1 receptor agonists (GLP-1RAs), 
sodium-glucose cotransporter-2 inhibitors (SGLT2is) and 
dipeptidyl peptidase-4 inhibitors (DPP4is) as options for 
add-on therapy for patients with  HbA1c inadequately con-
trolled on metformin [10]. GLP-1RAs and SGLT2is also 
have a weight-loss effect [10]. Furthermore, GLP-1RAs 
and SGLT2is with proven cardiovascular benefit are also 

recommended for patients with established atherosclerotic 
cardiovascular disease (CVD), heart failure and/or chronic 
kidney disease, regardless of  HbA1c, and should be consid-
ered for those at high risk of CVD [11].

Until recently, GLP-1RAs have only been available in 
injectable formulations, which may have represented a bar-
rier to their greater use [12]. However, oral semaglutide, 
a novel formulation of the GLP-1RA semaglutide with 
the absorption enhancer sodium N-(8-[2-hydroxybenzoyl] 
amino) caprylate, has been developed for once-daily oral 
administration [12, 13]. The efficacy and safety, including 
cardiovascular safety, of oral semaglutide have been demon-
strated in the PIONEER clinical trial programme [14–21].

In PIONEER 2, once-daily oral semaglutide 14 mg was 
superior to the once-daily SGLT2i empagliflozin 25 mg in 
reducing  HbA1c at 26 weeks in patients with T2D uncon-
trolled on metformin when evaluated using the treatment 
policy estimand, which included outcomes in patients 
regardless of treatment discontinuation or rescue medica-
tion use (estimated treatment difference [ETD] −0.4% (95% 
confidence interval [CI] −0.6 to −0.3); p < 0.0001) [15]. 
 HbA1c was also significantly reduced versus empagliflozin 
at 52 weeks using the treatment policy estimand, and at 26 
and 52 weeks when assessed by the trial product estimand, 
which assumed that patients remained on treatment without 
rescue medication use [15]. Body weight was reduced with 
both treatments, but with no significant difference between 
them at weeks 26 or 52 using the treatment policy estimand 
[15]. However, oral semaglutide provided a significantly 
greater weight reduction at week 52 (but not at week 26) 
when assessed by the trial product estimand (ETD −0.9 kg 
[95% CI −1.6 to −0.2]; p = 0.0114 vs. empagliflozin) [15].

In PIONEER 3, once-daily oral semaglutide 14 mg 
was superior to the once-daily DPP4i sitagliptin 100 
mg in reducing  HbA1c at 26 weeks in patients with T2D 
uncontrolled on metformin with or without sulphony-
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lurea using the treatment policy estimand (ETD −0.5%  
[95% CI −0.6 to −0.4]; p < 0.001) [16].  HbA1c was also  
significantly reduced versus sitagliptin at 52 and 78 weeks 
using the treatment policy estimand and at all three timepoints 
using the trial product estimand [16]. Oral semaglutide 14 mg 
was also superior to sitagliptin for reduction in body weight at  
week 26 (ETD −2.5 kg [95% CI −3.0 to −2.0]; p < 0.001) 
using the treatment policy estimand, and a significant differ-
ence was maintained at weeks 52 and 78 [16]. Oral sema-
glutide also provided significantly greater weight loss at all 
three timepoints when assessed by the trial product estimand 
(p < 0.001) [16].

Using the treatment effects seen in the PIONEER 2 and 3 
trials, the present study was designed to assess the long-term 
cost effectiveness of oral semaglutide 14 mg versus empagli-
flozin 25 mg and sitagliptin 100 mg in patients uncontrolled 
on metformin (with or without sulphonylurea) in Sweden.

2  Methods

2.1  Modelling Approach

Analyses were conducted using the validated Institute for 
Health Economics Diabetes Cohort Model (IHE-DCM) [22, 
23], which has been used to guide reimbursement decisions 
by the Swedish Dental and Pharmaceutical Benefits Agency 
(TLV) [24, 25] and in other cost-effectiveness analyses in 
Sweden [26–28] and internationally [29].

The model is constructed using Markov health states that 
comprise important micro- and macrovascular complica-
tions, as well as premature mortality, resulting from T2D 
(Fig. S1 in Online Resource 1) [22, 23]. The model allows 
many user-defined parameters for values, including the base-
line characteristics of the cohorts, choice of risk equations, 
treatment sequences, unit costs and quality of life (QoL) 
weights. In these analyses, the baseline characteristics of the 
cohorts were taken from the PIONEER 2 and PIONEER 3 
trials [15, 16] and included patient demographics (age, sex, 
race/ethnicity, diabetes duration and smoking status), bio-
markers of T2D  (HbA1c, systolic and diastolic blood pres-
sure, total cholesterol, low- and high-density lipoprotein 
cholesterol, triglycerides, body mass index, heart rate, white 
blood cell count and estimated glomerular filtration rate) 
and pre-existing complications (eye disease, lower extrem-
ity disease, kidney disease and cardiovascular conditions) 
(Table S1 in Online Resource 1).

The micro- and macrovascular health states used in the 
IHE-DCM represent the most important complications 
related to T2D. To capture macrovascular complications, 
the user can choose from four sets of risk equations [30–33]. 
The current base-case analysis simulations used macrovas-
cular risk equations from the National Diabetes Register 

(NDR) [32] and mortality risk equations from the UK Pro-
spective Diabetes Study Outcomes Model (UKPDS-OM2) 
[31]. Data on microvascular complications were based on 
models by Eastman et al. [34] and Bagust et al. [35].

The cycle length was 1 year, with a maximum time hori-
zon of 40 years to ensure that long-term effects were cap-
tured. A discount rate of 3% was assumed for both costs 
and health gains, in line with methodological guidelines for 
Swedish cost-effectiveness analyses [36].

Model outputs included direct costs (treatment, micro- 
and macrovascular costs), indirect costs and quality-adjusted 
life-years (QALYs). Incremental cost-effectiveness ratios 
(ICERs) were calculated from the payer’s perspective (with-
out indirect costs) and from a societal perspective (including 
indirect costs).

More information about the model is provided in Online 
Resource 1.

2.2  Base‑Case and Scenario Analyses

At the start of the simulation, patients who were uncon-
trolled on metformin (or metformin ± sulphonylurea in 
PIONEER 3) began treatment. Treatment was either oral 
semaglutide (escalated to 14 mg once daily) or empagliflo-
zin (25 mg once daily) as described in PIONEER 2 [15], 
or dose-escalated oral semaglutide or sitagliptin (100 mg 
once daily) as described in PIONEER 3 [16]. Treatment 
effects at 52 weeks, sourced from the PIONEER 2 and  
PIONEER 3 studies (Table S2 in Online Resource 1) [15, 
16], were applied in the first 1-year model cycle. Based on 
low rates in the trials [15, 16], it was assumed that none of the 
study treatments were associated with hypoglycaemic events. 
 HbA1c levels were assumed to increase at an annual rate of 
0.14%, based on the drift seen in the ADOPT study [37]. In 
the simulation, patients remained on study treatment until 
 HbA1c reached a level of 8.0%, at which point they started 
basal insulin and discontinued existing study treatments. 
When  HbA1c was no longer controlled with basal insulin, 
further intensification with the addition of bolus insulin was 
modelled. For basal–bolus insulin treatment, it was assumed 
that  HbA1c stayed at 8.0% for the remaining cycles of the 
simulation. For rescue basal insulin and basal–bolus insulin, 
treatment effects (including initial  HbA1c reductions of 1.44% 
and 0.71%, respectively) and rates of hypoglycaemic events 
were taken from the study by Willis et al. [38].

The PIONEER trial programme used two estimands to 
address two different efficacy questions [39]. The treatment 
policy estimand reflected the intention-to-treat principle by 
including all study participants randomly assigned to each 
treatment, using data regardless of discontinuation of study 
medications and/or use of additional antidiabetic medica-
tions during the trial. The trial product estimand assessed 
treatment effects under the assumption that patients received 
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the study drug for the duration of the trial and did not receive 
any additional antidiabetic medications [39]. Thus, this esti-
mand was aimed at reflecting the effects of the study medica-
tions without the confounding effects of rescue or any other 
changes in glucose-lowering medication [39]. Although 
the treatment policy estimand was the primary estimand in  
PIONEER 2 and PIONEER 3 [15, 16], it includes the effects 
of rescue medication, which is captured in the current model 
with basal and bolus insulin use (although other rescue 
medications could also have been used). The trial product 
estimand has therefore been used in the current analysis to 
avoid double counting.

2.3  Costs and Utilities

Treatment costs were taken from the TLV database (https:// 
www. tlv. se/ beslut/ sok-i- datab asen. html). Annual costs 
were Swedish Krona (SEK) 13,403 for oral semaglutide, 
SEK6220 for empagliflozin, SEK4582 for sitagliptin, 
SEK4057 for basal insulin and SEK7703 for basal plus bolus 
insulin (Table S3 in Online Resource 1). Costs of micro- 
and macrovascular complications and hypoglycaemic events 
(Table S4 in Online Resource 1) were based on a report 
by Steen Carlsson et al. [40]. For each micro- and macro-
vascular complication, costs were divided into event cost 
(one-time costs incurred during the year of event/onset of 
complication) and state cost (yearly costs incurred during 
the first and all subsequent years of the disease).

Indirect costs were calculated using the estimated annual 
salary multiplied by annual productivity loss (i.e., percentage 
of days absent from work). Data for each component of annual 
salary were sourced from Statistics Sweden and Ekonomifakta 
[41, 42] by sex and age group (Table S5 in Online Resource 
1). Annual productivity loss due to diabetes-related complica-
tions was derived from a recent Swedish registry study [43] 
(Table S6 in Online Resource 1). Indirect costs per hypogly-
caemic event were obtained from the studies by Geelhoed-
Duijvestijn et al. [44] for non-severe events (SEK15) and Jöns-
son et al. [45] for severe events (SEK531). All costs, both 
direct and indirect, were inflation-adjusted to 2019 SEK.

For health-related QoL, the model includes a baseline 
QoL and uses decrements associated with micro- and mac-
rovascular complications and obesity, as well as age, sex 
and diabetes duration (not used in this analysis) (Table S7 in 
Online Resource 1). These QoL disutility weights were pri-
marily sourced from the systematic review by Beaudet et al. 
[46], which mostly included studies conducted in Europe 
and North America, and thus were expected to be broadly 
applicable to the Swedish population. For hypoglycaemia, 
event-based disutilities, sourced from the study by Evans 
et al. [47], were applied to each episode (this study was pub-
lished after the searches for Beaudet et al. were conducted 
and included data from five countries, including Sweden).

2.4  Sensitivity Analyses

The projection of outcomes over patient lifetimes is asso-
ciated with uncertainty. Subsequently, sensitivity analyses 
were performed to investigate any factors, assumptions or 
input data that may substantially influence model results. 
Twenty sensitivity analyses were conducted to assess the 
robustness of the base-case result, including probabilistic 
sensitivity analyses (PSAs; simulating the mean of 1000 
possible sets of outcomes based on the standard errors 
included), changes in cost parameters, the risk equations 
used, time horizons, reasons for treatment intensification, 
and associated QoL decrements.

2.5  Analyses of Additional Cardiovascular Effects

Oral semaglutide, empagliflozin and sitagliptin have all 
been the subject of large cardiovascular outcomes trials 
that assessed their safety (and any potential cardiovascular 
benefit) in patients with T2D and high cardiovascular risk 
(established CVD or risk factors) [19, 48, 49]. The direct 
impact of cardiovascular effects, i.e., not mediated through 
biomarkers such as  HbA1c and systolic blood pressure, was 
assessed based on data sourced from the PIONEER 6 [19], 
EMPA-REG OUTCOME [48] and TECOS [49] cardiovas-
cular outcomes trials for oral semaglutide, empagliflozin 
and sitagliptin, respectively (Table S8 in Online Resource 
1). Treatment-specific hazard ratios were derived from 
the reduction in major cardiovascular adverse events with 
each treatment versus placebo, when added to standard of 
care [19, 48, 49]. Although PIONEER 6 included a pro-
portion of patients without established CVD at baseline 
(but with risk factors), both EMPA-REG OUTCOME and 
TECOS included only patients with established CVD at 
baseline. Two scenarios were considered: (1) cardiovascu-
lar effects for patients matching the PIONEER 6 inclusion 
criteria; and (2) cardiovascular effects for all patients in  
PIONEER 2 and PIONEER 3. The outcomes were calcu-
lated using both probabilistic and deterministic sensitivity 
analyses. The former simulated the mean of 1000 possible 
sets of outcomes based on the standard errors for cardiovas-
cular outcomes in the studies included.

3  Results

3.1  Base‑Case Analyses

In PIONEER 2, from a mean baseline value of 8.1%, oral 
semaglutide 14 mg reduced  HbA1c by 1.3% at week 52, 
whereas  HbA1c was reduced by 0.8% with empagliflozin 
25 mg. In PIONEER 3, from a mean baseline value of 8.3%, 
oral semaglutide 14 mg reduced  HbA1c by 1.3% at week 

https://www.tlv.se/beslut/sok-i-databasen.html
https://www.tlv.se/beslut/sok-i-databasen.html
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52, versus a 0.5% reduction with sitagliptin 100 mg. The 
 HbA1c trajectories based on these data for oral semaglutide, 
empagliflozin and sitagliptin generated in the simulations 
are presented in Fig. 1. In each case, greater initial  HbA1c 
lowering with oral semaglutide resulted in later initiation of 
basal insulin.

Treatment costs were higher for oral semaglutide, 
resulting in higher total lifetime costs than with empa-
gliflozin (SEK1,245,570 vs. 1,210,172) and sitagliptin 
(SEK1,405,789 vs. 1,377,381) (Table 1). However, greater 
initial  HbA1c reductions from baseline achieved with oral 
semaglutide compared with empagliflozin or sitagliptin 
resulted in lower incidences of micro- and macrovascular 
complications, and therefore lower costs of complications 
and indirect costs (Table 1). Due to the longer time before 
insulin initiation modelled for oral semaglutide compared 
with empagliflozin and sitagliptin (Fig. 1), there were also 
fewer hypoglycaemic events and lower costs due to hypo-
glycaemia in the oral semaglutide treatment arms versus 
comparators.

With fewer complications, projected survival was better 
with oral semaglutide and this resulted in a health gain of 
0.185 QALYs versus empagliflozin and 0.298 versus sitag-
liptin (Table 1). Oral semaglutide was associated with an 
ICER of SEK239,001 per QALY compared with empagliflo-
zin and SEK120,848 per QALY compared with sitagliptin, 
from a payer perspective. ICERs were lower at SEK191,721 
per QALY compared with empagliflozin and SEK95,234 per 
QALY compared with sitagliptin, from a societal perspec-
tive (taking into account all health effects and changes in 
resource use).

9

8

7

6

5

4

H
bA

1c
 (%

)

Cycle

Empagliflozin arm:
Basal insulin started

PIONEER 2

3
0 2 4

Empagliflozin arm:
Bolus insulin added

Oral semaglutide

Oral semaglutide arm:
Basal insulin started

Oral semaglutide arm:
Bolus insulin added

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Empagliflozin

9

8

7

6

5

4

H
bA

1c
 (%

)

Cycle

Sitagliptin arm:
Basal insulin started

PIONEER 3

3
0 2 4

Sitagliptin arm:
Bolus insulin added

Oral semaglutide

Oral semaglutide arm:
Basal insulin started

Oral semaglutide arm:
Bolus insulin added

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

Sitagliptin

Fig. 1  HbA1c trajectories based on PIONEER 2 and PIONEER 3 
(base-case analyses). HbA1c glycated haemoglobin

Table 1  Cost effectiveness from base-case analyses

Costs are reported in Swedish Krona
ICER incremental cost-effectiveness ratio, QALYs quality-adjusted life-years

PIONEER 2 PIONEER 3

Oral semaglutide
14 mg

Empagliflozin
25 mg

Increment Oral semaglutide
14 mg

Sitagliptin
100 mg

Increment

Treatment costs 135,145 80,499 54,646 120,976 74,950 46,026
Microvascular costs 208,180 214,574 −6393 266,854 272,204 −5350
Macrovascular costs 255,775 259,899 −4125 261,382 266,009 −4627
Hypoglycaemia costs 1059 1700 −641 1169 2202 −1033
Indirect costs 646,470 655,200 −8730 756,576 764,217 −7641
Total cost 1,245,570 1,210,172 35,399 1,405,789 1,377,381 28,408
QALYs 8.906 8.721 0.185 8.326 8.028 0.298
ICER, payer perspective – – 239,001 – – 120,848
ICER, societal perspective – – 191,721 – – 95,234
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3.2  Sensitivity Analyses

Overall, results from the deterministic sensitivity analyses 
indicate that the base-case findings are robust (Table 2). 
Cost-effectiveness planes for the PSA results are presented 
in Fig. 2 (from a societal perspective) and Fig. S2 in Online 
Resource 1 (from a payer perspective), with each point 
representing the QALY and cost differences of one of the 

1000-cohort replicates. The scatterplots indicate that the 
PSA produced similar results to the base case.

The probability that oral semaglutide is cost effective 
versus comparators at different willingness-to-pay (WTP) 
thresholds is presented in Fig. 2. Compared with empagliflo-
zin and sitagliptin, there is a 100% likelihood that oral sema-
glutide is cost effective at a WTP threshold of SEK500,000 
per QALY gained.

Table 2  Results from sensitivity analyses

Costs are reported in Swedish Krona
BMI body mass index, ICER incremental cost-effectiveness ratio, NDR National Diabetes Register, OM outcomes model, QALYs quality-
adjusted life years, QoL quality of life, UKPDS UK Prospective Diabetes Study
a From UK National Institute for Health and Care Excellence guidelines

Increment for oral semaglutide vs. empagliflozin Increment for oral semaglutide vs. sitagliptin

Total cost 
(societal)

Change 
in 
QALYs

ICER (payer) ICER (societal) Total cost 
(societal)

Change 
in 
QALYs

ICER (payer) ICER (societal)

Base case 35,399 0.185 239,001 191,721 28,408 0.298 120,848 95,234
Cost of severe hypoglycaemia 

+20%
35,379 0.185 238,897 191,616 28,376 0.298 120,742 95,128

Cost of severe hypoglycaemia 
−20%

35,418 0.185 239,106 191,825 28,440 0.298 120,954 95,340

Cost of complications +20% 33,295 0.185 227,608 180,327 26,413 0.298 114,159 88,544
Cost of complications −20% 37,502 0.185 250,395 203,114 30,404 0.298 127,538 101,923
UKPDS-OM1 equation for 

mortality
36,374 0.162 291,958 224,444 30,891 0.262 149,865 117,742

UKPDS-OM2 equation for  
macrovascular

35,711 0.181 232,210 197,193 28,553 0.289 116,358 98,716

20-year time horizon 38,514 0.167 283,164 230,840 31,224 0.274 141,751 113,883
30-year time horizon 35,315 0.181 243,262 195,048 28,182 0.294 121,665 95,714
0% discount rate 31,758 0.277 154,258 114,723 20,223 0.424 70,964 47,661
5% discount rate 35,918 0.144 302,563 249,889 31,345 0.240 157,489 130,353
Cost of drugs +20% 46,456 0.185 298,889 251,608 37,820 0.298 152,400 126,786
Cost of drugs −20% 24,341 0.185 179,113 131,833 18,996 0.298 89,296 63,682
QoL decrements of complica-

tions +20%
35,399 0.189 234,006 187,713 28,408 0.302 119,375 94,072

QoL decrements of complica-
tions −20%

35,399 0.181 244,215 195,903 28,408 0.295 122,359 96,424

QoL decrements of complica-
tions in subsequent years set 
to 0

35,399 0.181 243,948 195,689 28,408 0.297 121,196 95,508

Assuming QoL decrement 
0.00195a instead of 0.006 per 
unit increase in  BMIa

35,399 0.154 286,517 229,836 28,408 0.230 156,700 123,486

Assuming no QoL impact of 
BMI

35,399 0.139 316,846 254,166 28,408 0.197 182,812 144,064

QALY disutility weights from the 
Swedish NDR

35,399 0.167 264,677 212,317 28,408 0.278 129,881 102,352

3-year fixed treatment duration 
for intervention drugs until 
initiation of insulin

6133 0.039 321,445 157,119 −1433 0.075 158,372 Dominant

Probabilistic sensitivity analysis 29,073 0.184 213,502 157,776 27,294 0.286 125,214 95,519
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Fig. 2  Cost-effectiveness planes 
from a, b probabilistic sensitiv-
ity analyses and c, d acceptabil-
ity curves from PIONEER 2 and 
PIONEER 3 (societal perspec-
tive). a, c Oral semaglutide  
14 mg vs. empagliflozin 25 mg; 
b, d Oral semaglutide 14 mg vs. 
sitagliptin 100 mg. Mean values 
in the scatter plots are indicated 
by the orange points. QALYs 
quality-adjusted life-years, SEK 
Swedish Krona
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3.3  Analyses of Additional Cardiovascular Effects

Applying cardiovascular effects to the proportion of patients 
in PIONEER 2 and PIONEER 3 who met the PIONEER 6 
inclusion criteria (17% of the total patients in PIONEER 2 
and 21% in PIONEER 3 [15, 16]) had a moderate impact 
on cost effectiveness. Using the probabilistic analysis led to 
slightly different base-case costs than the primary analysis. 
The ICER improved (reduced) from SEK213,502 per QALY 
in the base case to SEK173,563 per QALY for oral sema-
glutide versus empagliflozin (payer perspective) (Table 3). 
Similarly, the ICER improved from SEK125,214 per QALY 
to SEK107,014 per QALY for oral semaglutide versus sitag-
liptin (Table 3). When cardiovascular effects were applied 
to all patients in PIONEER 2 and PIONEER 3, the ICER 
improved to SEK101,581 per QALY for oral semaglutide 
versus empagliflozin and SEK91,707 per QALY for oral 
semaglutide versus sitagliptin (Table 3). Data for the deter-
ministic sensitivity analyses are shown in Table S9 in Online 
Resource 1, and scatter plots for all scenarios and analysis 
methods are shown in Figs. S3 and S4 in Online Resource 1.

4  Discussion

The head-to-head PIONEER 2 and PIONEER 3 trials showed 
that oral semaglutide 14 mg improved glycaemic control over 
52 weeks compared with empagliflozin 25 mg and sitaglip-
tin 100 mg in patients with T2D who had inadequate gly-
caemic control on one or two existing oral glucose-lowering 
drugs [15, 16]. The present long-term cost-effectiveness 
analysis suggests that greater efficacy in terms of improve-
ment in  HbA1c results in a reduced cumulative incidence of 
diabetes-related micro- and macrovascular complications, and 
increased QALYs. The model also indicates that a delay in the 
time to initiation of rescue medication with oral semaglutide 
versus empagliflozin and sitagliptin also reduces the burden 
of hypoglycaemia, especially if, as modelled here, insulin is 
used for rescue. Furthermore, the decrease in diabetes-related 
complications associated with oral semaglutide yields cost 
savings that partially offset its higher treatment costs versus 
both empagliflozin and sitagliptin. Oral semaglutide 14 mg 
was considered to be cost effective based on a WTP threshold 
of SEK500,000 per QALY gained. In Sweden, there is no 
fixed limit of how much a QALY might cost for the treatment 
to be cost effective; however, the National Board of Health 
and Welfare has presented guidelines stating that costs below 
SEK500,000/QALY are considered low to medium, whereas 
costs above that level are considered high [50, 51].

Our results, from a Swedish societal perspective, are 
consistent with long-term cost-effectiveness analyses based 
on data from the PIONEER programme in the UK setting 
[52]. When analyses were performed from a healthcare payer 

perspective using the IQVIA CORE Diabetes Model and pro-
jected over a 50-year time horizon, oral semaglutide was asso-
ciated with improvements in quality-adjusted life expectancy 
of 0.09 QALYs versus empagliflozin 25 mg, 0.20 QALYs 
versus sitagliptin 100 mg and 0.07 QALYs versus injectable 
liraglutide 1.8 mg. Direct costs over a patient’s lifetime were 
higher with oral semaglutide (pounds sterling [£] +963–971) 
than with empagliflozin and sitagliptin, but lower than for 
liraglutide (−£1551). Consistent with the present analysis, 
oral semaglutide was associated with a reduced incidence of 
diabetes-related complications versus all three comparators. 
In the UK setting, oral semaglutide 14 mg was associated 
with ICERs of £11,006 and £4930 per QALY gained versus 
empagliflozin 25 mg and sitagliptin 100 mg, respectively, and 
was more effective and less costly than liraglutide 1.8 mg [52].

Choosing treatment regimens that are both effective and 
cost effective is becoming increasingly important as the 
prevalence of T2D continues to grow. Indeed, achieving 
improvements in glycaemic control in a cost-effective man-
ner is crucial to the future management of T2D. A recent 
cost-of-control analysis compared oral semaglutide 14 mg 
with injectable GLP-1RAs (twice-daily exenatide, once-daily 
liraglutide, once-daily lixisenatide, once-weekly dulaglutide, 
once-weekly extended-release exenatide and once-weekly 
semaglutide) in terms of the cost per patient achieving  HbA1c 
targets from a healthcare payer perspective in the US, based 
on a published network meta-analysis [53]. For the treat-
ment target of  HbA1c <7.0%, once-weekly semaglutide 1 
mg and once-daily oral semaglutide 14 mg were associated 
with the lowest costs of control (US$12,653 and US$13,587 
per patient achieving target, respectively), while twice-daily 
exenatide 10 μg was found to have the highest cost of control 
(US$20,695 per patient achieving target) [53].

As with any economic evaluation of long-term chronic 
diseases, a limitation of this analysis is the use of short-
term clinical data to simulate the course of the disease over 
a 40-year time horizon. However, in the absence of long-
term real-world information, the use of a simulation model 
based on clinical assumptions and long-term risk equations 
provides a relevant approach to assess the cost effective-
ness of oral semaglutide and inform healthcare decisions. 
The validated IHE-DCM was used, which has a predictive 
accuracy in line with other models of T2D [22]. This analy-
sis is applicable to cost-effectiveness analyses of diabetes 
in Sweden as it is based on the Swedish NDR for risks, 
healthcare system and costs [32, 54]. A limitation to the 
study is the use of mortality risk prediction equations from 
the UKPDS-OM2. While the UKPDS study is based on a 
UK cohort enrolled several decades ago, these risk equations 
are well-established and are commonly used in cost-effec-
tiveness applications in T2D. Of course, in the real world, 
healthcare budgets and the availability of newer medications 
also have to be considered.
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Table 3  Cost-effectiveness analyses incorporating cardiovascular effects for patients in PIONEER 2 and PIONEER 3 (probabilistic sensitivity 
analyses)

Costs are reported in Swedish Krona
ICER incremental cost-effectiveness ratio, QALYs quality-adjusted life-years
a 17% of the total patients in PIONEER 2 and 21% in PIONEER 3

Base case Cardiovascular effects applied to patients 
from PIONEER 2 and 3 meeting the 
PIONEER 6 inclusion  criteriaa

Cardiovascular effects applied to all 
patients in PIONEER 2 and 3

Oral sema-
glutide
14 mg

Empagliflo-
zin 25 mg

Increment Oral sema-
glutide
14 mg

Empagliflo-
zin 25 mg

Increment Oral sema-
glutide
14 mg

Empagliflo-
zin 25 mg

Increment

a) Empagliflozin 25 mg
Treatment 

costs
132,657 78,660 53,997 133,518 79,397 54,121 135,197 79,901 55,297

Microvascu-
lar costs

207,989 217,810 −9821 210,702 220,782 –10,080 214,431 222,309 −7878

Macrovascu-
lar costs

254,429 259,263 −4834 255,093 262,000 –6907 253,733 271,425 −17,692

Hypoglycae-
mia costs

1033 1566 −533 1225 1842 –617 1250 1856 −606

Indirect costs 684,534 694,802 −10,269 676,508 691,926 –15,418 635,862 671,673 −35,811
Total cost 1,279,609 1,250,535 29,073 1,275,821 1,254,106 21,715 1,239,223 1,245,308 −6085
QALYs 8.784 8.599 0.184 8.779 8.565 0.214 8.912 8.619 0.293
ICER, payer 

perspective
– – 213,502 – – 173,563 – – 101,581

ICER, 
societal 
perspective

– – 157,776 – – 101,499 – – Dominant

Base case Cardiovascular effects applied to patients 
from PIONEER 2 and 3 meeting the 
PIONEER 6 inclusion  criteriaa

Cardiovascular effects applied to all 
patients in PIONEER 2 and 3

Oral sema-
glutide
14 mg

Sitagliptin
100 mg

Increment Oral sema-
glutide
14 mg

Sitagliptin
100 mg

Increment Oral sema-
glutide
14 mg

Sitagliptin
100 mg

Increment

b) Sitagliptin 100 mg
Treatment 

costs
121,671 72,716 48,955 122,652 73,439 49,213 123,944 73,452 50,492

Microvascu-
lar costs

266,314 273,848 −7534 268,741 276,546 −7805 272,453 276,601 −4148

Macrovascu-
lar costs

259,532 265,174 −5641 260,182 266,078 −5897 258,863 265,595 −6731

Hypoglycae-
mia costs

1188 2053 −865 1420 2401 −981 1442 2402 −960

Indirect costs 801,183 809,668 −8485 791,655 812,246 −20,590 754,285 811,469 −57,184
Total cost 1,448,700 1,421,406 27,294 1,443,230 1,428,309 14,921 1,409,545 1,427,117 −17,572
QALYs 8.192 7.906 0.286 8.183 7.851 0.332 8.285 7.853 0.432
ICER, payer 

perspective
– – 125,214 – – 107,014 – – 91,707

ICER, 
societal 
perspective

– – 95,519 – – 44,964 – – Dominant
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Modelling tends to introduce a degree of uncertainty, 
but our assumptions were conservative and were supported 
by sensitivity analyses. When the simulations used differ-
ent risk equations or cost and QoL parameters, the overall 
conclusion regarding the cost effectiveness of oral semaglu-
tide was unchanged. The use of PIONEER data, rather than 
observational real-world data, may be considered another 
limitation of the analysis; however, there is invariably a time 
lag until real-world evidence becomes available after a medi-
cation is approved for clinical use. Given the stringent nature 
of clinical trials, it can be assumed that the clinical benefits 
of oral semaglutide (as with all medications) may not fully 
translate in the real world due to non-adherence to treatment 
and other factors. Finally, we also acknowledge that although 
the current model assumes the use of insulin as rescue medi-
cation, other glucose-lowering medications were permitted 
as rescue in PIONEER 2 and 3; however, this assumption 
was essential to avoid overcomplicating the model.

A strength of the current study is that exploratory sce-
nario analyses were conducted, applying cardiovascular 
effects. Incorporating these effects, sourced from cardiovas-
cular outcomes trials, provided better health outcomes for all 
study treatments, and oral semaglutide in particular. Apply-
ing cardiovascular benefits to patients matching the inclu-
sion criteria of PIONEER 6 (17% for PIONEER 2 and 21% 
for PIONEER 3) at baseline had a moderate effect on ICERs 
for oral semaglutide of SEK173,563 and SEK107,014 per 
QALY gained versus empagliflozin and sitagliptin, respec-
tively. Including additional cardiovascular effects for all 
patients had a greater impact, with ICERs for oral sema-
glutide of SEK101,581 and SEK91,707 per QALY gained 
versus empagliflozin and sitagliptin, respectively. Although 
the true value of the cardiovascular effects of treatment in 
these study populations is not known, the scenario analyses 
conducted suggest that oral semaglutide is associated with 
additional benefits compared with both empagliflozin and 
sitagliptin, although the magnitude of this effect is uncer-
tain. It should be noted that results from cardiovascular out-
comes trials have not been easily transferred into compara-
tive health economic analyses because of the heterogeneity 
of trial designs, patient populations and use of background 
therapy. These results should also be interpreted with cau-
tion due to the use of data from non-inferiority trials.

Another strength of the current study is that head-to-
head data on treatment effects were used rather than data 
from indirect analyses. PIONEER 2 and 3 were interna-
tional studies that included not only Caucasian patients 
but also participants of other ethnicities who had T2D 
that was uncontrolled on metformin (with or without sul-
phonylurea in PIONEER 3) [15, 16]. Thus, the partici-
pants in these trials can be considered representative of 
patients who were eligible for treatment intensification 

in Sweden. In addition, the use of 52-week data from the 
PIONEER trials, matching the annual cycle length of the 
model, represents a further strength of the analysis. Of 
note, the trial product estimand was used for these analy-
ses, which assumes that patients remain on treatment and 
do not require rescue medication. Although the treatment 
policy estimand (which uses data regardless of treatment 
discontinuation and rescue medication use) was the pri-
mary estimand in PIONEER 2 and PIONEER 3, it was 
inappropriate to use it for a long-term cost-effectiveness 
analysis without adjusting for the clinical effects and asso-
ciated costs of rescue medication used during the study.

5  Conclusion

Oral semaglutide 14 mg was projected to be a cost-effective 
option versus empagliflozin 25 mg and sitagliptin 100 mg 
for the treatment of T2D in patients inadequately controlled 
on one or two oral glucose-lowering drugs, and may address 
current unmet needs for patients, clinicians and payers in 
Sweden.
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