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INTRODUCTION
Type 2 diabetes (T2DM) is a chronic disorder characterised by hyperglycaemia, impaired 

insulin secretion and insulin resistance, and it is associated with a relevant epidemiological 
and economic burden.

According to the latest dataset of the Global Burden of Disease, in 2017, globally, an 
estimated 462 million individuals were affected by T2DM, corresponding to 6.28% of the 
world’s population. In the same year, more than 1 million deaths were attributed to this condi-
tion alone, ranking it as the ninth leading cause of mortality [1]. Globally, the prevalence of 
diabetes is on the rise, with the number of affected individuals predicted to reach 700 million 
by 2045 [2]. According to the most recent ARNO Observatory data, related to over 11 million 
subjects, in 2018 the total prevalence of diabetes in Italy was 6.2% [3] and it has been esti-
mated that it could reach 10.4% in the age group 20-79 years in 2030 [4]. T2DM is associated 
with a high risk of developing both macrovascular (atherosclerotic cardiovascular disease and 
heart failure) and microvascular (chronic kidney disease, and eye and nerve damages) com-
plications [5,6]. In particular, cardiovascular diseases represent the main cause of mortality 
and morbidity in T2DM patients, with an increase of mortality of about 30-40% compared to 
non-diabetic population [7,8].
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ABSTRACT
BACKGROUND: Cardiovascular diseases represent the main cause of mortality and morbidity in type 2 diabetes mellitus 
(T2DM) patients. Empagliflozin is used as a treatment for T2DM because of its association with reduced risk of hospitaliza-
tion for heart failure (hHF). Recently oral semaglutide, in association with metformin, has shown better results. This study 
analyzes the cost-effectiveness of empagliflozin versus oral semaglutide, in addition to metformin, in patients with T2DM 
who are inadequately controlled on metformin alone in Italy.
METHODS: This analysis was conducted from the Italian National Health Service (SSN) perspective using the IQVIA 
Core Diabetes Model. For the base case analysis, a 50-year time horizon was chosen to capture the complications, their 
associated costs, and the final impact on life-years (LYs) and quality-adjusted life-years (QALYs) gained. Cohort baseline 
characteristics and efficacy data, were mainly sourced from the PIONEER 2 study. Health-state utilities and event disu-
tilities were based on published sources. Drug acquisition and administration costs and patient management inputs were 
sourced from Italian-specific data. A sensitivity analysis and a range of scenario analyses were carried out.
RESULTS: In the base case analysis treatment cost of empagliflozin plus metformin were significantly lower compared to 
oral semaglutide plus metformin both including and excluding the effect of empagliflozin on hHF (€-13.371/€-13.580; LYs 
-0.004/0.109 and QALYs -0.037/0.038). The sensitivity analysis confirmed the robustness of the model with empagliflozin 
plus metformin that was dominant in 63% and in 42% of simulations considering and non-considering the treatment effect 
on hHF, respectively.
CONCLUSIONS: Empagliflozin 25 mg plus metformin is a cost-effective option versus oral semaglutide 14 mg plus met-
formin for patients with T2DM uncontrolled on metformin alone in Italy.
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A recent Italian population-based study estimated an annual cost per patient of € 2,833 
[9]. Considering 4 million affected people [3], diabetes care costs approximately € 11 billion 
per year to the Italian National Health Service (SSN), which corresponds to 10% of its annual 
budget (€ 111 billion in year 2018) [9]. The economic impact of diabetes is primarily due to 
the cost and duration of treatment and to secondary complications of diabetes, such as renal 
disease and cardiovascular disease, with their associated costs. Two different studies conducted 
in Italy [10,11] have calculated that hospitalizations (more than a third attributable to cardio- or 
cerebrovascular causes) are the main cost driver for the management of diabetes, representing 
approximately 50% of direct costs, while expenditure on drugs amounts to approximately 30%.

In recent years, several new classes of antidiabetic drugs with different mechanism of ac-
tion have been introduced in the treatment of T2DM. Among new glucose-lowering agents, 
sodium-glucose co-transporter-2 (SGLT-2) inhibitors and glucagon-like peptide-1 (GLP-1) 
receptor agonists have been shown, beyond their glucose-lowering effects, to prevent the 
onset and progression of cardiovascular and renal complications of T2DM. Therefore, they 
have been approved for risk reduction of cardiovascular events in patients with T2DM along 
with established cardiovascular disease [12]. Furthermore, the 2019 updated guidelines from 
the American Diabetes Association (ADA) and the European Association for the Study of 
Diabetes (EASD) and the Standards of Medical Care in Diabetes 2021 stated that the deci-
sion to treat high-risk patients with a GLP-1 receptor agonist or SGLT-2 inhibitor, in addi-
tion to metformin, to reduce major adverse cardiovascular events, hospitalization for heart 
failure, cardiovascular death, or chronic kidney disease progression should be considered 
independently of baseline glycosylated haemoglobin (HbA1c) or individualized HbA1c target 
[13,14]. Such approach has been confirmed by the Italian guidelines on the treatment of type 
2 diabetes [15], developed using the evidence-based GRADE method [16], recommending 
SGLT2 inhibitors and/or GLP1 receptor agonists in all patients failing to metformin mono-
therapy, unless contraindicated.

Among SGLT-2 inhibitors, empagliflozin showed to significantly reduce the risk of hospi-
talization for heart failure in patients with established cardiovascular disease in the clinical trial 
EMPA-REG OUTCOME [17]. This finding was confirmed in the real-world study EMPRISE 
(Empagliflozin Comparative Effectiveness and Safety) in which empagliflozin was associated 
with reduced risk of hospitalization for heart failure compared with both dipeptidyl peptidase 4 
(DPP-4) and GLP-1 receptor agonists [18]. On the other hand, the Peptide Innovation for Early 
Diabetes Treatment 2 (PIONEER 2) trial, which compared oral semaglutide (a new formula-
tion of the GLP-1 receptor agonist semaglutide developed for once-daily oral administration) 
added to metformin with empagliflozin, also added to metformin, in patients that were not 
controlled with metformin alone [19], showed that semaglutide was better than empagliflozin 
at reducing HbA1c both at week 26 and 52. Superior weight loss was not confirmed at week 26, 
but oral semaglutide was significantly better than empagliflozin at week 52 [19].

The aim of this study was to assess the cost-effectiveness of empagliflozin versus oral 
semaglutide, in addition to metformin, in patients with T2DM who are inadequately con-
trolled on metformin alone in Italy.

METHODS
The IQVIA Core Diabetes Model, a computer simulation model developed to predict long-

term health outcomes of intervention in diabetes [20,21], was previously used to evaluate the 
long-term cost-effectiveness of timely initiation of treatment with empagliflozin 25 mg versus 
oral semaglutide 14 mg, in addition to metformin, for T2DM patients in the UK [22]. In this 
study, we used the same Core Diabetes Model to estimate long-term cost-effectiveness of 
empagliflozin vs oral semaglutide, in addition to metformin, from the Italian SSN perspective.

Projected outcomes included incidence of complications, rates of clinical events, per pa-
tient costs, life-years (LYs) gained and quality-adjusted life-years (QALYs) gained. Cost-ef-
fectiveness was described in terms of: the incremental cost-utility ratio (ICUR), which repre-
sents the ratio of the change in costs of a therapeutic intervention to the change in utility of the 
intervention and the net monetary benefit (NMB), which represents the value of an interven-
tion in monetary terms when a willingness-to-pay (WTP) threshold (the maximum amount the 
decision maker is willing to pay per unit of increased effectiveness) is known. When NMB is 
positive and the ICUR is greater than the WTP threshold, the intervention can be considered 
cost-effective; whereas when an intervention is less costly and generates more health gains 
is defined dominant. For the base case analysis, a 50-year time horizon was chosen, deemed 
long enough (more than lifelong) to capture all the relevant outcomes such as complications, 
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their associated costs, and the final impact on LYs and QALYs. An annual discount rate of 
3.0% was applied for both costs and effects as recommended by national guidelines [23].

Clinical input
Cohort baseline characteristics were based on the reported weighted average of the base-

line cohort in the phase III randomized, double-blind, active-controlled PIONEER 2 study 
[19] or in the cost-effectiveness analysis by Bain et al. [24]. For baseline values that were not 
reported in the clinical study report or in the cost-effectiveness analysis (i.e., cardiovascular 
disease and microvascular complications) characteristics from EMPA-REG H2H SU clinical 
trial [25], which enrolled a similar patient population, and CDM default value, which were 
based on published literature, were used (Supplementary material Table IS).

Efficacy data of the impact of empagliflozin and oral semaglutide on HbA1c, systolic 
blood pressure (SBP), diastolic blood pressure (DBP), total cholesterol, high density lipo-
protein (HDL) cholesterol, and body mass index (BMI) were sourced from the PIONEER 2 
study [19] (Table I). All analyses were conducted considering the treatment policy estimand, 
which evaluates the treatment effect for all randomized patients, regardless of trial product 
discontinuation or use of rescue medication (intention-to-treat principle). The only adverse 
event included was hypoglycemia and its rate was also extracted from PIONEER 2 study.

In addition, the potential treatment benefit of empagliflozin on hospitalization for heart 
failure (hHF), as showed in the EMPRISE study [18], was considered (Table I).

In the base case, all patients start the simulation by receiving either empagliflozin + met-
formin or oral semaglutide + metformin until the HbA1c threshold of 7.5% was exceeded. 
Patients then switched to a lifelong second-line therapy with a combination of insulin glargine 
and empagliflozin or oral semaglutide with metformin independently of HbA1c target [13,26]. 
The treatment effects of the second-line treatment (HbA1c change from baseline and hypogly-
cemic events) were sourced from published literature [27,28].

After 1 year of treatment (PIONEER 2 study period), natural progression of HbA1c and 
blood pressure were modelled to follow the default CDM progression equation (UKPDS 68). 
Mortality was calculated using the UKPDS 82 combined mortality approach. The impact of 
BMI was assumed to be maintained as long as the patient stayed on treatment with empa-
gliflozin or oral semaglutide.

Finally, patient management inputs, which include the proportion of patients on preven-
tive medication and undergoing routine screening for diabetic complications and the sensitiv-
ity and specificity of the screening tests performed, were sourced from Italian-specific data, 
where available [29-32].

Utilities
Health-state utilities and event disutilities were based on published sources [26,33-35] as 

reported in the study of Ramos et al. [22].

Empagliflozin (SE) Oral semaglutide (SE) Source

Change in baseline HbA1c (%) -0.90 (0.026) -1.30 (0.026) [19]

Change from baseline

SBP (mmHg) -4.34 (0.63 -4.85 (0.65) [24]

DBP (mmHg) -2.67 (0.44) -2.27 (0.45)

T-Chol (mg/dl) 4.74 (1.57) -5.08 (1.62)

HDL Chol (mg/dl) 3.11 (0.34) 0.73 (0.35)

BMI (kg/m2) -1.294 (0.028) -1.357 (0.028) Elaborated from [19]

Effect on HF 0.63 (NA) 1 (NA) [18]

Adverse events rate (/100 pt. yrs)

NSHE 9.535 10.976 [19]

SHE1 0.244 0.244 Elaborated from [19]

SHE2 0 0 [19]

Table I. Clinical input
BMI = body mass index; DBP = diastolic blood pressure; HDL Chol = high density lipoprotein cholesterol; HF = heart failure; NA = not applicable; 
NSHE = non-severe hypoglycaemia rate; SBP = systolic blood pressure; SE = standard error; SHE1 = severe hypoglycaemia rate (not requiring medical 
assistance); SHE2 = severe hypoglycaemia rate (requiring medical assistance); T-Chol = total cholesterol
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QALYs were assessed using the additive “Core Default Method”, which means taking the 
lowest state utility associated with existing co-morbidities and then adding event disutilities 
for events that occur in that year resulting in an annual utility score for each simulated patient 
[21]. In addition to estimating cost per life year, a key outcome of the model is the incremental 
cost per QALY gain expected through introduction of the modelled comparator. The model 
therefore requires input of a comprehensive set of utility weights for each model state.

Quality of life values are then calculated for every patient in each year of the simulation 
and used to estimate the average quality-adjusted life expectancy. Utilities are assessed on a 
scale from 0 to 1, where 0 represents death (no quality of life) and 1 indicates a healthy person 
without complications. Following an event, patients change state and the new state is associ-
ated with different state utilities. A minimum approach is applied to estimation of utilities – in 
the case of multiple events, the lower utility is applied for that period.

BMI and the disutility associated with BMI gain is a core component of the progression 
of diabetes complications over time and an important measure of the impact of treatment on 
patients. BMI impact on utility is estimated through inclusion of disutility based on Bagust 
2005 [36], assigning a disutility of - 0.0061 per unit gain BMI over a BMI of 25 kg/m2 (a 
conservative assessment of the potential disutility of weight gain).

Cost input
This analysis was conducted from the perspective of the Italian SSN, therefore only direct 

medical costs, which include drug acquisition and administration costs, management costs 
(screening test, concomitant medication) and the costs of T2DM complications (cardiovas-
cular disease complications, renal complications, acute events, eye disease, neuropathy, foot 
ulcer and amputation) were considered.

Treatment costs
The treatment doses used in this analysis were 25 mg for empagliflozin and 14 mg for oral 

semaglutide, as reported in the PIONEER 2 study. Metformin was included as background 
therapy in both treatment arms at the dose of 1500 mg/day. Insulin dose is assumed to be 0.7 
IU/kg and 0.9 IU/kg, respectively in second- and in third-line for an average weight of 91.6 
kg. For patient treated with insulin, also needle cost and glucose monitoring cost were taken 
into account, as reported in Table II.

Empagliflozin and oral semaglutide are both included in class-A with PHT [37] therefore 
ex-factory prices net of mandatory discounts (-5% for empagliflozin, -5%/-5% for oral sema-
glutide) were considered [38,39]. Insuline glargine is also included in class-A with PHT [37] 
and thus ex-factory price net of mandatory discounts was considered. Metformin is in class-A 
drug, therefore public price was used [37]. For metformin and insulin glargine, the lowest 
price per unit (mg or IU) was chosen. Table II summarize the annual treatment costs.

Complications costs
For chronic complications, a distinction was made between costs arising in the first year 

after disease onset and subsequent years. It is expected that some complications would be 
characterized by higher costs in the first year as a consequence of high initial hospitalization 
costs incurred during the acute phase. Follow-up costs are accounted for every year until the 

Annual Cost (€) Sources

Treatment costs

Empagliflozin – 28 tablets 25 mg (1 tablet/day) 492,36 [38]

Oral semaglutide – 30 tablets 14 mg (1 tablet/day) 1,457.57 [39]

Metformin – 50 tablets 500 mg (3 tablet/day) 43.14 [37]

Insulin glargine – 2L 0.7 IU/kg 910.631

Insulin glargine – 3L 0.9 IU/kg 1,074.561

Administration costs (only for insulin glargine)

Needles (1/day) 38.33 [40]; Assumption

SMBG testing (40/month) 298.56 [41-42]

Table II. Annual treatment cost
1 including administration costs
SMBG = self-monitoring blood glucose
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resolution of the particular complication. Broadly, costs associated with preventive interven-
tions of diabetes complications (management costs), costs of cardiovascular (CV) compli-
cations, costs of renal complications, costs of acute events, costs associated with diabetic 
retinopathy, costs associated with diabetic neuropathy, foot ulcer and amputation costs were 
collected and adapted to the Italian context (Supplementary material Table IIS).

Sensitivity analysis
The Core Diabetes Model uses Monte Carlo simulations with a non-parametric bootstrap-

ping approach to capture parameter uncertainty through the model. This process involves 
the simulation of progression of diabetes in 1,000 patients each run through the model 1,000 
times. Cohort baseline values (age, duration of diabetes and baseline physiological parameter 
levels), the treatment effects on physiological parameter levels, transition probabilities for 
CV events, health state utilities and event disutilities, and direct costs are subject to random 
sampling. The PSA results are presented as an incremental cost-effectiveness plane and cost-
effectiveness acceptability curve.

Scenario analysis
A range of scenario analyses were carried out to test the robustness of base-case results. 

Specifically:
 - time horizon of 15 years;
 - HbA1c threshold to switch to next line therapy set to 8.0%;
 - third-line therapy with higher dose insulin glargine alone when the HbA1c threshold of 

7.5% is reached under second-line therapy.

RESULTS

Base-case analysis

Direct medical costs
Treatment cost of empagliflozin plus metformin were significantly lower compared to oral 

semaglutide plus metformin both including and excluding the effect of empagliflozin on hHF 
(Table III).

Cost-effectiveness
Excluding the impact of empagliflozin on hHF, empagliflozin plus metformin was less 

costly (€-13.371) compared to oral semaglutide plus metformin and resulted in slightly less 
LYs (-0.004) and QALYs (-0.037). The estimated ICER was 3,342,635 €/LY gained and the 
estimated ICUR was 361,366 €/QALY gained. Finally, assuming a WTP threshold of € 30,000 
per QALY gained, empagliflozin plus metformin resulted in an NMB of € 12,244. With posi-
tive NMB and ICUR greater than the WTP threshold, empagliflozin plus metformin can be 
considered cost-effective compared to oral semaglutide plus metformin, when the effect of 
treatment on hHF was not taken into account (Table IV).

Direct medical costs (€)
Including hHF impact Excluding hHF impact

Oral semaglutide
Empagliflozin Empagliflozin

Total 78,182 78,391 91,762

Treatment 20,436 20,277 34,162

Management 7,085 7,022 7,042

CVD 28,760 29,598 29,663

Renal 1,361 1,299 1,214

Ulcer/Amputation/Neuropathy 9,193 9,057 8,880

Eye 10,943 10,737 10,424

NSHE 326 323 303

SHE1 6 6 6

SHE2 72 71 67

Table III. Direct medical costs (base case analysis)
hHF = hospitalization for heart failure; NSHE = non-severe hypoglycaemia rate; SHE1 = severe hypoglycaemia rate (not requiring medical assistance); 
SHE2 = severe hypoglycaemia rate (requiring medical assistance)
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When the effect of empagliflozin on hHF 
was taken into account, empagliflozin plus 
metformin provided both additional LYs 
(0.109) and additional QALYs (0.038) and 
less costs (€-13.580) compared to oral sema-
glutide plus metformin. This resulted in an 
NMB of € 14,713 at the WTP threshold of 
30,000 €/QALY gained and showed that in 
patients who underwent treatment intensifi-
cation with empagliflozin or oral semaglutide 
upon exceeding HbA1c levels at a threshold 
of 7.5%, empagliflozin wass both less costly 
and results in better health outcomes than 
oral semaglutide, thus was dominant to oral 
semaglutide, when the effect of treatment on 
hHF was taken into account (Table IV).

Scenario analysis
Table V reports the result of the scenario 

analyses carried out to test robustness of the 
base-case.

Sensitivity analysis
When the effect of empagliflozin on hHF 

was taken into account, the sensitivity anal-
ysis confirmed the robustness of the model 
with empagliflozin plus metformin that was 
dominant (less costly and generated more 
health gains) in 63% of simulations, and a 
probability of being cost-effective compared 
with oral semaglutide plus metformin at the 
Italian WTP threshold of € 30,000 €/QALY 
gained [43] of 98,10% (Figure 1a).

In the probabilistic sensitivity analysis 
that did not consider the treatment effect 
on hHF, empagliflozin plus metformin was 
dominant in 42% of simulations, and the 
probability of being cost-effective compared 
with oral semaglutide plus metformin at the 
Italian WTP threshold of € 30,000 €/QALY 
gained was 97.5% (Figure 1b).

With hHF impact Without hHF impact

Empagliflozin + 
metformin

Oral semaglutide + 
metformin

Empagliflozin + 
metformin

Oral semaglutide + 
metformin

LYs (years) 14.79 14.68 14.68 14.68

QALYs (years) 9.77 9.74 9.70 9.74

Total cost (€) 78,182 91,762 78,391 91,762

Incremental analysis empagliflozin vs oral semaglutide

Incremental LYs 0.109 -0.004

Incremental QALYs 0.038 -0.037

Incremental costs (€) -13,580 -13,371

ICER (€/LY gained) Dominant 3,342,635

ICUR (€/QALY gained) Dominant 361,366

NMB1 14,713 12,244

Table IV. Cost-effectiveness results of base case analysis
1 Assuming a willingness to pay/accept threshold of € 30,000 per QALY gained
hHF = hospitalization for heart failure; ICER = incremental cost-effectiveness ratio; ICUR = incremental cost-utility ratio; LYs = life years; NMB = net 
monetary benefit; QALYs = quality-adjusted life years

With hHF impact Without hHF impact

Base-case Treatment intensification at HbA1c threshold of 7.5%.
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
50-year time horizon

Incremental LYs 0.109 -0.004

Incremental QALYs 0.038 -0.037

Incremental costs (€) -13,580 -13,371

ICUR (€/QALYs gained) Dominant 361,366

Time horizon Treatment intensification at HbA1c threshold of 7.5%
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
15-year time horizon

Incremental LYs 0.019 -0.003

Incremental QALYs -0.016 -0.033

Incremental costs (€) -9.833 -9,446

ICUR (€/QALYs gained) 610,765 282,821

Treatment 
intensification

Treatment intensification at HbA1c threshold of 8.0%.
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
50-year time horizon

Incremental LYs 0.102 0.100

Incremental QALYs 0.032 0.030

Incremental costs (€) -13,762 -13,496

ICUR (€/QALYs gained) Dominant Dominant

Further treatment 
intensification

Treatment intensification at HbA1c threshold of 7.5%.
Third-line therapy high-dose insulin glargine alone
50-year time horizon

Incremental LYs 0.021 0.001

Incremental QALYs -0.021 -0.035

Incremental costs (€) -4,679 -4,470

ICUR (€/QALYs gained) 229,383 129,570

Table V. Scenario analysis results
hHF = hospitalization for heart failure; ICER = incremental cost-effectiveness ratio; 
ICUR = incremental cost-utility ratio; LYs = life years; NMB = net monetary benefit; 
QALYs = quality-adjusted life years

Figure 1. Sensitivity analysis a) including and b) excluding the hHF impact
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When the effect of empagliflozin on hHF 
was taken into account, empagliflozin plus 
metformin provided both additional LYs 
(0.109) and additional QALYs (0.038) and 
less costs (€-13.580) compared to oral sema-
glutide plus metformin. This resulted in an 
NMB of € 14,713 at the WTP threshold of 
30,000 €/QALY gained and showed that in 
patients who underwent treatment intensifi-
cation with empagliflozin or oral semaglutide 
upon exceeding HbA1c levels at a threshold 
of 7.5%, empagliflozin wass both less costly 
and results in better health outcomes than 
oral semaglutide, thus was dominant to oral 
semaglutide, when the effect of treatment on 
hHF was taken into account (Table IV).

Scenario analysis
Table V reports the result of the scenario 

analyses carried out to test robustness of the 
base-case.

Sensitivity analysis
When the effect of empagliflozin on hHF 

was taken into account, the sensitivity anal-
ysis confirmed the robustness of the model 
with empagliflozin plus metformin that was 
dominant (less costly and generated more 
health gains) in 63% of simulations, and a 
probability of being cost-effective compared 
with oral semaglutide plus metformin at the 
Italian WTP threshold of € 30,000 €/QALY 
gained [43] of 98,10% (Figure 1a).

In the probabilistic sensitivity analysis 
that did not consider the treatment effect 
on hHF, empagliflozin plus metformin was 
dominant in 42% of simulations, and the 
probability of being cost-effective compared 
with oral semaglutide plus metformin at the 
Italian WTP threshold of € 30,000 €/QALY 
gained was 97.5% (Figure 1b).

With hHF impact Without hHF impact

Empagliflozin + 
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Oral semaglutide + 
metformin

Empagliflozin + 
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Oral semaglutide + 
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Incremental analysis empagliflozin vs oral semaglutide

Incremental LYs 0.109 -0.004

Incremental QALYs 0.038 -0.037

Incremental costs (€) -13,580 -13,371

ICER (€/LY gained) Dominant 3,342,635

ICUR (€/QALY gained) Dominant 361,366

NMB1 14,713 12,244

Table IV. Cost-effectiveness results of base case analysis
1 Assuming a willingness to pay/accept threshold of € 30,000 per QALY gained
hHF = hospitalization for heart failure; ICER = incremental cost-effectiveness ratio; ICUR = incremental cost-utility ratio; LYs = life years; NMB = net 
monetary benefit; QALYs = quality-adjusted life years

With hHF impact Without hHF impact

Base-case Treatment intensification at HbA1c threshold of 7.5%.
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
50-year time horizon

Incremental LYs 0.109 -0.004

Incremental QALYs 0.038 -0.037

Incremental costs (€) -13,580 -13,371

ICUR (€/QALYs gained) Dominant 361,366

Time horizon Treatment intensification at HbA1c threshold of 7.5%
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
15-year time horizon

Incremental LYs 0.019 -0.003

Incremental QALYs -0.016 -0.033

Incremental costs (€) -9.833 -9,446

ICUR (€/QALYs gained) 610,765 282,821

Treatment 
intensification

Treatment intensification at HbA1c threshold of 8.0%.
Second-line therapy with empagliflozin or oral 
semaglutide in addition to insulin glargine
50-year time horizon

Incremental LYs 0.102 0.100

Incremental QALYs 0.032 0.030

Incremental costs (€) -13,762 -13,496

ICUR (€/QALYs gained) Dominant Dominant

Further treatment 
intensification

Treatment intensification at HbA1c threshold of 7.5%.
Third-line therapy high-dose insulin glargine alone
50-year time horizon

Incremental LYs 0.021 0.001

Incremental QALYs -0.021 -0.035

Incremental costs (€) -4,679 -4,470

ICUR (€/QALYs gained) 229,383 129,570

Table V. Scenario analysis results
hHF = hospitalization for heart failure; ICER = incremental cost-effectiveness ratio; 
ICUR = incremental cost-utility ratio; LYs = life years; NMB = net monetary benefit; 
QALYs = quality-adjusted life years

Figure 1. Sensitivity analysis a) including and b) excluding the hHF impact

DISCUSSION
Using the impact on risk factors from the PIONEER 2 study combined with the impact of 

empagliflozin on heart failure measured in the EMPRISE study, the current health economic 
analysis evaluates the long-term economic and clinical outcomes of empagliflozin plus met-
formin compared to oral semaglutide plus metformin in T2DM patients who are inadequately 
controlled on metformin alone.

In the base case analysis, when the possible impact of empagliflozin on hHF was not taken 
into account, empagliflozin plus metformin was less costly compared to oral semaglutide 
plus metformin but also resulted in slightly less LYs and QALY. Nevertheless, with a positive 
NMB and an ICUR greater than the WTP threshold of 30,000 €/QALY gained, empagliflozin 
plus metformin can be considered cost-effective compared to oral semaglutide plus metfor-
min. Adding the possible impact of empagliflozin on hHF, empagliflozin plus metformin pro-
vided additional LYs and QALYs, with less cost compared to oral semaglutide plus metformin 
and became dominant.

Scenario analyses confirmed the robustness of the cost-effectiveness results.
This study has some limitations. First of all, the PIONEER 2 study reported two sets of 

analyses: the treatment policy estimand (intention-to-treat approach) and the trial product 
estimand (more a per protocol analyses). We have chosen the former for all the analyses con-
ducted, as it represents data closer to real-life by not excluding discontinuation of the drug 
nor rescue medication. It should be noted that the use of rescue medication and other diabetes 
medication was not significantly different between the two arms.

In the cost-effectiveness analysis by Ramos et al. [22] the treatment policy product esti-
mand was used while in the cost-effectiveness analysis by Bain et al. [24] the trial product 
estimand was used. They wanted to match the annual cycle length of the model, and to avoid 
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the confounding impact of additional anti-diabetic medications on clinical and cost outcomes. 
They did however a scenario analysis using the treatment policy estimand which increased 
the ICER with 10%.

Another item of discussion can be the use of an impact on heart failure with empagliflozin 
compared to oral semaglutide. The PIONEER 2 study was not a cardiovascular outcomes trial 
so no data on heart failure was collected. The EMPRISE study compared empagliflozin with 
DPP-4 inhibitors and GLP-1 receptor agonists. However, since this was a real-life study only 
the GLP-1 receptor agonists on the market were included. This means that oral semaglutide 
was not. All analyses were also conducted not including this advantage on heart failure. Em-
pagliflozin was no longer dominant, however, only very few QALY are lost but savings are 
strong, so the net monetary benefit remains positive.

In our analysis, in line with recommendations of ADA/EASD that SGLT-2 and GLP-1 use 
is not depending on the HbA1c, insulin glargine is added when the HbA1c threshold of 7.5% 
is reached, meaning that empagliflozin and oral semaglutide are continued for lifetime in the 
base case. We also investigated a scenario where we had three lines of therapy. At the moment 
7.5% of HbA1c is reached again with second-line, patients stop oral semaglutide or empa-
gliflozin and are treated with insulin glargine alone (at higher dose). In that case therapy with 
empagliflozin and oral semaglutide lasted 5 and 6 years respectively. Empagliflozin continued 
to have a net monetary benefit higher than 0, thus cost-effective, although to a lower extend.

Finally, this analysis did not take into account the association empagliflozin + oral sema-
glutide, which is authorized and reimbursed from July 2021 [39] and may represent a new 
opportunity to improve the clinical and economic outcomes of patients with T2DM in Italy. In 
fact, following current national guidelines [15], in case of insufficient glycemic control with 
a combination of either metformin and a SGLT2 inhibitor or metformin and a GLP1 receptor 
agonist, a triple combination of metformin, SGLT2 inhibitor and GLP1 receptor agonist is 
recommended. In addition, other alternatives to insulin can be considered (e.g., pioglitazone, 
acarbose, or, in patients failing to SGLT2 inhibitors, DPP4 inhibitors).

It should also be considered that treatment response to different drugs varies across indi-
vidual patients. The pharmacoeconomic evaluation reported in this paper refers to the aver-
age effect of the drugs analyzed, which could be different from their actual effect in single 
individuals.

CONCLUSIONS
Thanks to significantly lower treatment costs, empagliflozin 25 mg plus metformin is a 

cost-effective option versus oral semaglutide 14 mg plus metformin for patients with T2DM 
uncontrolled on metformin alone in Italy.
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