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SUPPLEMENT

ABSTRACT

Type 2 diabetes (T2D) is a chronic disease associated with a high epidemiological and economic burden. It is associated
with a high risk of developing both macrovascular and microvascular complications and cardiovascular diseases represent
the main cause of mortality and morbidity in T2D patients. The economic impact of diabetes is primarily due to the cost
and duration of treatment and secondary complications of diabetes and associated costs. Sodium-glucose co-transporter-2
(SGLT?2) inhibitors are an effective therapy for providing a long-term improvement of glucose control, thus contributing
to the long-term prevention of diabetic (particularly microvascular) complications. Furthermore, SGLT-2 inhibitors seem
to lead to significant reductions in hospital admissions due to heart failure and progression of renal disease, regardless of
baseline atherosclerotic risk category or history of heart failure. Evidence from randomized controlled trials, observational
and pharmacoeconomic studies suggest that SGLT2 inhibitors should be considered not only in patients with established
cardiovascular disease and incipient nephropathy but also in earlier stages of T2D in order to prevent the first onset of car-
diovascular and renal complications and contain the cost of illness.
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Cardiovascular Protection
in Type 2 Diabetes

PREVALENCE OF DIABETES IN ITALY

The data reported by ISTAT 2019 indicate that diabetes affects 5.6% of Italians (5.8%
of males and 5.3% of females), equal to over 3 million people [1]. According to the most
recent ARNO Observatory data, related to over 11 million subjects, in 2018 the total prev-
alence rate of diabetes in Italy was 6.2% for a total of about 3,750,000 patients which
reaches over 4 million when patients who do not take drugs supplied by the Italian Na-
tional Health Service and undiagnosed diabetic patients are taken into account [2]. The
same ARNO register also revealed a gender difference in the prevalence of diabetes (6.5%
in men versus 5.9% in women), which had already emerged since 2000 and remained
unchanged over the time [2]. According to the population projections of the International
Diabetes Federation, the prevalence of diabetes in Italy could reach 10.4% in the age
group 20-79 years in 2030 [3].

TYPE 2 DIABETES AND CARDIOVASCULAR RISK

Type 2 diabetes (T2D) is a chronic disease associated with a high epidemiological and
economic burden. National epidemiological data suggest about 250,000 new diagnoses of
type 2 diabetes and about 25,000 new diagnoses of type 1 diabetes every year [4]. According
to data from the 2020 AMD (4ssociazione Medici Diabetologi) Annals, related to 473,740
patients from 258 Italian diabetes centers, in 2018 in Italy there were 52,111 first admissions
of which 6% (n=3,126) were new diagnosis [5].

T2D is associated with a high risk of developing both macrovascular (atherosclerotic car-
diovascular disease and heart failure) and microvascular (chronic kidney disease, and eye and
nerve damages) complications [6,7]. In particular, cardiovascular diseases represent the main
cause of mortality and morbidity in T2D patients, with an increase of mortality of about 30-
40% compared to non-diabetic population [8,9]. Furthermore, T2D is a key and independent
risk factor for the development of heart failure [10]. Features of diabetes which are associated
with the development of heart failure include poor glycemic control, longer duration of T2D,
insulin treatment, and the presence of microvascular complications [11,12].

According to the ARNO Observatory Data, in 2018 heart failure was the second cause
of hospitalization in diabetic patients and among the top twenty causes of hospitalization,
cardiovascular diseases represent about 20% of all diagnosis: heart failure (5,4% of all hospi-
talization, n = 8.594), other forms of chronic ischemic heart disease (2.8%; n=4.401), cardiac
arrhythmias (2.2%, n = 3.546), acute myocardial infarction (2.2%; n = 3544), occlusion of
the cerebral arteries (1.3%, n = 2.091), hypertensive heart disease (1.3%, n = 2.048), other
cerebral vasculopathies (1.1%, n = 1813) and atherosclerosis (1.3%, n =2.093) [2].

According to AMD Annals, in 2018 the proportion of patients with history of myocardial
infarction was 7.5%, higher than in 2016 (4%) but lower than in 2015 (9.3%) [5]. Similarly,
the proportion of patients with a history of cardiovascular disease (composite outcome which
include infarction, stroke, coronary or peripheral revascularization, or coronary or peripheral
bypass) increased from 12.8% in 2016 to 14.2% in 2018 (in 2015 it was 18.1%), while the
proportion of patients with a history of stroke decrease from 3.5% to 2.6% (in 2015 was
4.6%), respectively [5]. Regarding chronic kidney disease, the AMD Annals showed a slight
increase in the prevalence of glomerular filtration rate (GFR) <60 ml/min/1.73m? from 2016
(26.1%) to 2018 (29.1%), doubling the proportion of those with GFR <30 ml/min/1.73m?
(from 3.69% to 7.1%). Conversely, micro/macroalbuminuria, which is a cardiovascular and
renal failure marker, showed a slight reduction (from 41.6% to 36.4%) despite a rather high
prevalence [5].
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Cardiovascular protection in type 2 diabetes

Historically, the therapeutic goal in T2D patients was the attainment and maintenance
of good glycemic control, aimed at reducing microvascular complications; however, results
from randomized controlled trials showed that it was not sufficient and, despite intensive gly-
cemic control, a residual microvascular and macrovascular (i.e. heart failure) risk still remain
[13,14]. In fact, large-scale trials specifically designed for the assessment of the long-term
effects of the improvement of glycemic control on diabetic complications showed that the
reduction in the incidence of major cardiovascular events determined by the intensification
of diabetes therapy is small, although statistically significant [13]. The unexpected results of
some cardiovascular outcome trials (CVOTs) requested by regulatory agencies bodies for car-
diovascular safety assessment of antidiabetic drugs changed this picture, shifting the focus of
the therapeutic approach to T2D from glycemic control to long-term benefit on cardiovascular
and microvascular outcomes.

In recent years, several new classes of antidiabetic drugs with different mechanism of ac-
tion have been introduced in the treatment of type 2 diabetes. Some of those drugs have been
shown, beyond their glucose-lowering effects, to prevent the onset and progression of cardio-
vascular and renal complications of T2DM. Among new glucose-lowering agents, sodium-
glucose co-transporter-2 (SGLT2) inhibitors and glucagon-like peptide-1 (GLP1) receptor
agonists showed the best cardiovascular outcomes with a reduction of cardiovascular risk and
a protective effect on composite endpoint which include cardiovascular deaths, myocardial
infarction and stroke. In particular, SGLT2 inhibitors showed to reduce the risk of cardio-
vascular death and hospitalization for heart failure and, at the same time, to reduce the pro-
gression of diabetic nephropathy [15-18]. The network meta-analysis of Fei et al. compared
cardiovascular effects among different classes of new antidiabetic drugs, including SGLT2
inhibitors, GLP-1 receptor agonists, and dipeptidyl-peptidase-4 (DPP-4) inhibitors [19]. The
results of the meta-analysis, which included 14 trials for a total of 121,047 patients, showed
clear superiority of SGLT2 inhibitors in reducing cardiovascular and all-cause deaths com-
pared to both placebo (OR = 0.82; 95% CI = 0.73-0.93 and OR = 0.84, 95% CI = 0.77-0.92)
and DPP-4 inhibitors (OR = 0.83; 95% CI = 0.70-0.99 and OR = 0.83, 95% CI = 0.73-0.94),
and in reducing hospitalization for heart failure (OR = 0.79; 95% CI: 0.69-0.90) and renal
composite outcome (OR = 0.69, 95% CI = 0.59-0.80) compared to GLP-1 receptor agonists.

Due to their beneficial cardiovascular and renal effects, SGLT2 inhibitors have been pro-
posed as a tool for the prevention and treatment of heart failure in patients with T2D, regard-
less of the presence of established cardiovascular disease. Indeed, while metformin associated
with a comprehensive lifestyle intervention represents the first choice of treatment in patients
with T2D, most recent guidelines suggest the early use of SGLT?2 inhibitors in patients with
T2D who present high atherosclerotic cardiovascular Disease (ASCVD) or heart failure risk
[20-23].

RATIONALE FOR THE EARLY USE OF SGLT2 INHIBITORS

Mechanism of action

The benefit of SGLT?2 inhibitors is linked to the mechanism of action of these drugs that
lower blood glucose by preventing the reabsorption of glucose and sodium from the proximal
renal tubule of the kidney, resulting in glycosuria and reduction of glycemia [24-26]. Further-
more, glycosuria leads to several metabolic changes (i.e. increased lipolysis, with consequent
consumption of adipose tissue, and fat and weight loss) that have been associated with in-
flammation, fibrosis, and atherosclerosis reduction [26,27]. Moreover, the antihyperglycemic
effect of SGLT2 inhibitors is long lasting, allowing a long-term control of microvascular com-
plications, and since the mechanism of action is independent of beta cell function and insulin
pathway, SGLT2 inhibitors are associated with a low risk of hypoglycemia [18,28,29]. The
reduction of sodium reabsorption leads to natriuretic and diuretic effects which are responsi-
ble for the antihypertensive effect [26,27,30] and the reduction of eGFR due to a reduction in
blood pressure within the glomerulus, followed by long-term preservation of renal function,
is associated with the nephroprotective effect of SGLT?2 inhibitors [31,32].

Cardiovascular protection, in particular the improvement of myocardial function and the
reduction of the heart failure risk associated with the use of SGLT2 inhibitors, seems to be
related to the hemodynamic and metabolic effect on glycemic control, reduction of blood
pressure, decrease in preload, afterload and arterial stiffness, prevention of albuminuria pro-
gression, and preservation of eGFR [26,27,33]. On the other hand, a direct myocardial effect
is unlikely, since SGLT?2 is not expressed by myocardiocytes [34]

6 Farmeconomia. Health economics and therapeutic pathways 2020; 21(Suppl! 1) F
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Figure 1. Primary mechanism of action of SGLT2 inhibitors

Clinical trials results

SGLT2 inhibitors, like all other new antidiabetic drugs, have been assessed in cardiovas-
cular outcome trials (CVOT) required by both Food and Drug Administration to exclude and
prevent an excessive increase of cardiovascular risk. Individual CVOTs, conducted on both
patients with well-established ASCVD and patients without the disease but with cardiovascu-
lar risk factor, showed that SGLT?2 inhibitors reduce the risk of major cardiovascular events
[35-39].

Since no single trial was adequately powered to test the heterogeneity of cardiovascular
efficacy by baseline ASCVD risk, Zelniker et al. [15] performed a systematic review and me-
ta-analysis of CVOTs conducted on empagliflozin (EMPA-REG OUTCOME), canagliflozin
(CANVAS program) and dapagliflozin (DECLARE-TIMI). The meta-analysis, which includ-
ed 34,322 patients (60.2% of whom with established ASCVD), showed that SGLT2 inhibitors
reduced the risk of cardiovascular death or hospitalization for heart failure by 23% (HR =
0.77; 95% CI =0.71-0.84; p<0-0001) and the risk of progression of renal disease by 45% (HR
=0.55;95% CI=10.48-0.64), p<0.0001). In both cases, the benefit was similar in patients with
and without ASCVD. On the other hand, the effect on Major Cardiovascular Events (MACE)
was evident only in patients with ASCVD, but not in those without [15].

Also, the meta-analysis of Arnott et al. [16] aimed to define the cardiovascular benefits
of SGLT?2 inhibitors across patient subsets (i.e. with and without established CVD, reduced
kidney function, or heart failure) and included the three CVOTs analyzed by Zelniker et al.
(EMPA-REG, CANVAS, and DECLARE-TIMI) plus the CREDENCE trial on canagliflozin,
for a total of 38723 patients. The efficacy outcomes included were major adverse cardiac
events, cardiovascular death, fatal or nonfatal myocardial infarction, fatal or nonfatal stroke,
hospitalization for heart failure, a composite outcome for cardiovascular death or hospital-
ization for heart failure, and all-cause mortality. The results highlighted an overall benefit
on major adverse cardiac events (HR = 0.88; 95% CI = 0.82-0.94; p<0.001). Although no
statistically significant difference for any of the efficacy outcomes was detected between pa-
tients with or without cardiovascular disease at baseline, there was a trend for a greater ben-
efit on MACE and except for cardiovascular death in patients with cardiovascular disease
at baseline. Notably, in the subgroups without established cardiovascular disease, SGLT-2
inibitors significantly reduced hospitalization of heart failure heart failure (HR, 0.63; 95% CI,
0.50-0.80) and the composite outcome of cardiovascular death and heart failure (HR, 0.81;
95% ClI, 0.69-0.96). Finally, the presence of a history of heart failure at baseline did not af-
fect the beneficial effect of SGLT2 inhibitors on all efficacy outcomes, including the risk of
hospitalization for heart failure.

More recently, the meta-analysis of McGuire et al. [17] assessed the cardiovascular and
kidney outcomes of SGLT2 inhibitors including data from the VERTIS CV trial on ertugli-
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flozin. The analysis, which included 46,969 patients, showed an association between the use
of SGLT2 inhibitors and the reduction of the risk of major adverse CV events (HR = 0.90;
95% CI = 0.85-0.95), hospitalization for heart failure or cardiovascular death (HR = 0.78;
95% CI = 0.73-0.84), and kidney outcomes (HR = 0.62; 95% CI = 0.56-0.70). In particular, a
significant consistency across the trial was observed for the reduction of the risk of hospital-
ization for heart failure (HR = 0.68; 95% CI = 0.61-0.76). Finally, the differences in outcomes
of SGLT2 inhibitor treatment between patients with or without established cardiovascular
disease, and with or without a history of heart failure, were not statistically significant.

Real-world outcomes

In addition to clinical trials, several real-world observational studies have been conducted
to assess cardiovascular outcomes in large cohorts of patients treated with SGLT2 inhibitors
and compare them with those of patients treated with other glucose-lowering drugs. In the
CVD-REAL study [40], which enrolled 309,056 patients from US, UK, Denmark, Germany,
Norway, and Sweden, the use of empaglifiozin, dapagliflozin and canagliflozin was associated
with a significantly lower incidence of hospitalization for heart failure (HR = 0.61; 95% CI =
0.51-0.73; p<0.001), death (HR = 0.49; 95% CI = 0.41-0.57; p<0.001), and hospitalization for
heart failure or death (HR = 0.54; 95% CI = 0.48-0.60; p<0.001), compared to other glucose-
lowering drugs. These findings were consistent across patients with (87%) and without the
presence of established cardiovascular disease at baseline. Similarly, in the CVD-REAL 2
study [41], which enrolled 470,128 patients in Asia-Pacific region, Middle East and North
America, the use of SGLT2 inhibitors were associated with a lower risk of death (HR = 0.51;
95% CI = 0.37-0.70; p<0.001), hospitalization for heart failure (HR = 0.64; 95% CI = 0.50-
0.82; p=0.001), hospitalization for heart failure or death (HR = 0.60; 95% CI = 0.47-0.76;
p<0.001), myocardial infarction (HR = 0.81; 95% CI = 0.74-0.88; p <0.001), and stroke (HR
= 0.68; 95% CI = 0.55-0.84; p<0.001), compared to other glucose-lowering drugs, both in
patients with (27%) and without established cardiovascular disease at baseline. Finally, the
OBSERVE-4D study [42], which analyzed data from four large US administrative databases
for a total of 714,582 patients, showed a greater reduction of hospitalization for heart failure
with SGLT?2 inhibitors compared to other glucose-lowering drugs (HR = 0.43, 95% CI = 0.30-
0.62; p=10.01) regardless of the presence or not of prior cardiovascular disease.

Moreover, the first interim analysis of the Empagliflozin Comparative Effectiveness and
Safety (EMPRISE) study [43], which investigated the risk of hospitalization for heart failure
among 16,443 T2D patients initiating empagliflozin vs. sitagliptin in routine care, showed that
the initiation of empagliflozin was associated with a decreased risk of hospitalization for heart
failure, both specific (defined as a heart failure discharge diagnosis in the primary position)
and broad (defined as a heart failure discharge diagnosis in any position) of about 50%. The
results, which remained consistent among patients with (about 25% of patients) and without
(about 75% of patients) baseline cardiovascular disease, were comparable in timing and mag-
nitude to those obtained in the EMPA-REG OUTCOME trial in which empaglifiozin showed
to reduce the risk of hospitalization for heart failure by 35% when added to standard of care
in patients with established cardiovascular disease [35].

Finally, in order to determine the cardiovascular and long-term non-CV safety of SGLT2
inhibitors, Zhang et al. [18] performed a meta-analysis which included 5 RCTs and observa-
tional studies comprising 351,476 patients (for CV outcomes) and a median follow-up of 3.1
years, and 9 RCTs comprising 23,035 patients (long-term non-CV outcomes) with a medium
follow-up of 2 years. Meta-analyses on CV outcomes showed that SGLT?2 inhibitors signifi-
cantly reduced the risks of major adverse cardiac events (HR = 0.80; 95% CI = 0.69-0.92;
p=0.002), all-cause mortality (HR: 0.67; 95% CI, 0.54—0.84;P<0.001), cardiovascular mortal-
ity (HR: 0.77; 95% CI, 0.60—0.98;P=0.03), nonfatal myocardial infarction (HR: 0.86; 95% CI,
0.76-0.98;P=0.02), hospitalization for heart failure (HR: 0.62; 95% CI, 0.55-0.69;P<0.001),
and progression of albuminuria (HR: 0.68; 95% CI,0.58-0.81;P<0.001). Pooled analysis
of non-CV outcomes showed that SGLT2 inhibitors were associated with less serious ad-
verse events OR: 0.90; 95% CI, 0.81-1.00;P=0.05), hypoglycemia (OR: 0.48; 95% CI,0.28—
0.82;P=0.008), and acute kidney injury (OR:0.80; 95% CI, 0.67-0.96;P=0.014) than controls.
Furthermore, SGLT?2 inhibitors showed to significantly reduce HbAlc levels, fasting blood
glucose, body weight, systolic and diastolic blood pressure compared with controls.

Observational studies (i.e., the so called “real-world” studies) are by no means a substi-
tute for clinical trials. In fact, since the choice of a drug is affected by the characteristics of
patients, and only some of those confounders can be appropriately measured and accounted
for in analyses. However, when concordant with the results of clinical trials, as in the case of
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SGLT?2 inhibitors, the results of those observational studies suggest that the benefit of SGLT2
inhibitors on cardiovascular outcomes is not limited to the selected populations enrolled in
randomized trials.

CONCLUSIONS

SGLT2 inhibitors are an effective therapy for providing a long-term improvement of glu-
cose control, thus contributing to the long-term prevention of diabetic (particularly micro-
vascular) complications. Beyond their effects on blood glucose, SGLT2 inhibitors prevent
and reduce the progression of cardiovascular disease and nephropathy. Although the effect
on some outcomes (i.e., MACE) appears to be possibly greater in patients with established
disease, for many other endpoints (e.g., hospitalization of heart failure and decline of renal
function) SGLT?2 inhibitors seem to effective independently of the baseline characteristics of
patients. In addition, observational studies confirm the results of clinical trials in wider and
unselected populations of patients. On the basis of all this evidence, SGLT2 inhibitors should
be considered among treatments of choice in patients with established cardiovascular disease
and incipient nephropathy. At the same time, they appear to be a very interesting treatment
option also in earlier stages of the natural history of type 2 diabetes, as a means of effectively
preventing the first onset of cardiovascular and renal complications.

F Farmeconomia. Health economics and therapeutic pathways 2020; 21(Suppl 1)






Pharmacoutilization of
SGLT2 Inhibitors in Italy

UTILIZATION TREND

In Italy SGLT?2 inhibitors are available since 2015 and, according to OsMed data, their use
in monotherapy grew from 0.1 DDD/1000 inhabitants in 2015 to 1.3 DDD/1000 inhabitants
in 2019. Similarly, the association with metformin increased from 0.2 DDD/1000 inhabitants
in 2016 to 1.4 in 2019 DDD/1000 inhabitants with a percentage increase from 2018 to 2019
equal to 38.4% for the association and to 27.7% for the monotherapy [44].

AMD Annals also showed that the use of SGLT?2 inhibitors grew from 2016 to 2018 (from
4.0% to 9.5%) even if they remain in fifth place after metformin (69.4%), insulin (32.4%),
DPP-4 inhibitors (21.1%), and sulfonylureas (16.2%) [5].

Finally, the ARNO Observatory Data showed a great increase in the use of SGLT2 inhibi-
tors from 2016 to 2018 (Table I). In 2016, 85% (n = 516,073) of diabetic patients detected by
ARNO Observatory were treated with antidiabetic drugs and, among those who were treated
with oral and injectable (non-insulin) hypoglycemic drugs (n = 446,320), 11,661 (2.3%) were
treated with SGLT2 inhibitors: 7,236 (1.4%) in monotherapy and 4,425 (0.9%) in association
with metformin. In particular, 4,100 (0.8%) patients were treated with empagliflozin, 2,681
(0.5%) with dapagliflozin, 2,265 (0.4%) with metformin + dapaglifiozin, 1,280 (0.2%) with
metformin + empagliflozin, 908 (0.2) with metformin + canagliflozin, and 518 (0,1%) with
canaglifiozin [45].

In 2018, 88% (n = 619,849) of diabetic

patients detected by ARNO Observatory Patients (n)
were treated with antidiabetic drugs, and 2016 2018
among those who were treated with oral and

. . p . . SGLT2 inhibitors 11,661 16,962
injectable (non-insulin) hypoglycemic drugs

(n = 545,391), 32,071 (5.1%) were treated ~ Empaglifiozin 4,100 8,411
with SGLT?2 inhibitors: 16,962 (2.7%) in as- Dapagliflozin 2,681 6,086
sociation with metformin and 15,109 (2.4%)  wetformin + dapaglifiozin 2265 7197
. . o

mn monotherapy. In part101.11ar, 8,661 ,(1'4 A)) Metformin + empagliflozin 1,280 8,661
were treated with metformin + empagliflozin, . -

8,411 (1.4%) with empaglifiozin, 7,197 Metformin + canagliflozin 908 1,227
(1.2%) with metformin + dapagliflozin, 6,086 _Canaglifiozin 518 748

(1.0%) with dapagliflozin, 1,227 (0.2%) with  Taple 1. Utilization of SGLT2 inhibitors in 2016 and 2018 [2,45]

metformin + canagliflozin, and 748 (0.1%)

with canagliflozin [2].

Years Total expenditure on anti-diabetic drugs (€)
2015 867,000,000
PHARMACEUTICAL 2016 897,000,000
EXPENDITURE
_ _ 2017 904,000,000
According to OsMed data, pharmaceuti- . 945.400.000
cal expenditure on antidiabetic drugs, which 5400,
2019 1,010,000,000

has grown steadily in recent years, has like-
wise reached the extraordinary amount of 1
billion (Table II) [44].

Also, with regards to SGLT2 inhibitors,

Table Il. Total expenditure on antidiabetic drugs [44]

. Years Total expenditure on SGLT2 inhibitors (€ Delta

based on OsMed data, in recent years there i ©
has been a considerable increase in expendi- 2016 23,700,000
ture, which is gradually flattening out (Table 2017 44100000 86%
110).

) . . . . 2018 62,800,000 43%

Likewise, according to a data extraction

performed on the ARNO Report, the expen- e SRy el
diture increased more than twice between  Table Il Total expenditure on SGLT2 inhibitors [44]

F © 2020 The Authors. Published by SEEd srl. This is an open access article under the CC BY-NC 4.0 license (https://creativecommons.org/licenses/by-nc/4.0) 1 1



Pharmacoutilization of SGLT2 inhibitors in Italy

Treatment 2016 2018
Empagliflozin €6.319.000 € 14.305.000
Empagliflozin + Metformin € 1.242.000 € 14.952.000
Canagliflozin € 774.388 € 1.262.576
Canagliflozin + Metformin €1.458.113 €2.227.085
Dapagliflozin € 4.059.408 €9.681.116
Dapagliflozin + Metformin € 3.421.380 € 12.728.565

Table IV. Total expenditure on SGLT2 inhibitors [2]
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2016 and 2018, for empagliflozin and dapa-
gliflozin, and about 50% for canagliflozin,
including both monotherapy and association
with metformin (Table IV). Note that there is
a difference between the total expenditure re-
corded in the OsMed report and the ARNO
report, in 2016 [45] and 2018 [2], of about
27% and 13% respectively, likely due to the
use of different data sources.
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Type 2 Diabetes: Burden of the
Disease and Pharmacoeconomic
Aspects of SGLT2 Inhibitors

BURDEN OF DISEASE

The burden diabetes is increasing due to both the progressively aging population and the
worsening lifestyle. In addition to the increase in prevalence, a concomitant, dramatic rise in
the clinical, social and economic burden of diabetes and its complications, especially those of
the cardiovascular system, is also expected [46,47]. In fact, the management of its complica-
tions, is a major factor driving the total direct costs of diabetes.

Recently, the London School of Economics has carried out an analysis on the trend of
diabetic disease in the five major European countries (including Italy) and found that the inpa-
tient costs were steadily higher than outpatient costs because of rising medical costs linked to
diabetes complications [48]. In a study of about 300,000 patients with diabetes in Lombardy,
followed from 2000 to 2008, it was found that the average cost per patient per year was €
3,315.06. Hospitalizations were the main cost driver, contributing to 54.2% of total costs.
Drugs were the second highest cost item (31.5%), while outpatient expenses contributed to
14.3% of total costs. Regarding hospital costs, 35.6% was ascribable to hospital admissions
for cardio- or cerebrovascular causes as the leading diagnosis, 6% to other possible complica-
tions of diabetes and 4.3% to diabetes per se. Drugs account for 35% of total costs, notewor-
thy is that one third of which is imputable to cardiovascular reasons [49]. These results are
comparable with those reported by Marchesini and colleagues who carried out an analysis
based on a database of about 7 million Italian inhabitants: their assessment of the annual direct
cost of diabetes was about € 2,600, half of which related to hospitalization, 30% to pharmaco-
logical treatment and the rest to the service use [50].

The data are even more impressive considering the total cost of the disease. In Italy, the
amount spent by the National Health Fund to treat people with diabetes is about 15 billion
euro per year, more than 10% of the total. This sum is calculated using the real costs of hospi-
talizations and the various specialist services [51]. When applying estimated prevalence rates
to the annual costs of a diabetic patient, as calculated by the ARNO project basing on admin-
istrative databases analyses, the cost is likewise substantial and amounts to about 10 billion
euro per year [52]. To this large amount of public money must be added about 3 billion euros
of direct expenses incurred by people and their families and roughly 10-12 billion euro of
indirect costs, many of which are borne by the state budget for early retirement and absences
from work [53]. The total amounts to 25-30 billion euros.

PHARMACOECONOMIC ANALYSIS OF SGLT2 INHIBITORS

According to some recent findings, SGLT2 inhibitors significantly reduced the risk for the
composite of cardiovascular death or hospitalization for heart failure by 23% and hospitaliza-
tion for heart failure by 31% in patients with or without atherosclerotic cardiovascular disease,
and reduced the composite of worsening of renal function, end-stage renal disease, or renal
death by 45%. These data suggest that SGLT2 inhibitors should be evaluated in patients with
type 2 diabetes regardless of the presence of atherosclerotic cardiovascular disease or a history
of heart failure [15]. Furthermore, considering that the probability of hospital admission for
heart failure, expressed as OR, is 2.48 for individuals with diabetes versus controls, with an
excess of hospitalization equal to 1,650 (expressed as number of hospitalizations per 100,000
persons/year), while the probability of hospital admission for renal complications, expressed
as OR, is 2.82 with an excess of hospitalization equal to 1,817 [54], this class of drugs could
contribute to a considerable saving of resources consequent to a reduction in hospitalizations.

Three systematic reviews of the pharmacoeconomic analysis of SGLT2i have recently
been carried out.

The systematic review and meta-analysis conducted by Yoshida et al. [55] included a
total of 24 studies in which SGLT2 inhibitors were compared vs. DPP4 inhibitors, sulfonyl-
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ureas (SU), GLP1 receptor agonists, SGLT2 inhibitors, other antidiabetic therapies (including
thiazolidinediones, alpha-glucosidase inhibitors or insulin), and standard care/metformin and
most studies concluded SGLT?2 inhibitors was cost-effective compared to comparators.

The review of Rahman et al. [56] included 37 cost-effectiveness studies of SGLT2 in-
hibitors: 15 analyzed dapagliflozin, 10 canaglifiozin and 12 empagliflozin. Canagliflozin and
dapagliflozin were both cost-effective compared to insulin or other oral agents thanks to the
significant favorable impact of lower hypoglycemia, weight variations and improved efficacy
of HbAlc on ICER.

Among the 12 pharmacoeconomic studies, which evaluated cost-effectiveness of empa-
gliflozin in monotherapy, dual or triple therapy, or in comparison to the standard of care (as
per the EMPA-REG trial, the standard of care included antidiabetic therapy taken alone or
in combination with metformin, sulfonylurea, DPP4 inhibitors, thiazolidinedione, GLP1 re-
ceptor agonists and/or insulin with an HbAlc between 7% and 9% at enrolment), five were
conducted in the UK, four in other European countries, one in Canada and two in the US.
The main endpoints of efficacy assessed in most of the studies were ICER and QALY. In all
the studies analyzed, empagliflozin was reported to be a cost-effective treatment option. On a
background of metformin, empagliflozin was found to be cost-effective compared to DPP-4
inhibitor therapy; furthermore combination therapy (empagliflozin plus DPP-4 inhibitor) was
cost-effective when compared to empagliflozin or DPP-4 inhibitor alone. Results were, how-
ever, sensitive to changes in age, gender and race. Analysis from the perspective of payers in
several countries, including Italy, showed that treatment with empagliflozin was cost-effective
and obtained QALY's compared to the standard of care treatment in individuals with diabetes
and cardiovascular disease.

Different results have been documented by some cost-effectiveness studies between em-
pagliflozin and dapaglifiozin, probably due to different methods of models simulation. How-
ever, when CANVAS and EMPA-REG data were applied in an indirect treatment comparison,
empagliflozin was associated with lower amputation (HR 0.58 vs. 1.08), renal injury (HR
0.33 vs. 0.47) and bone fracture (HR 1.12 vs. 1.45). This resulted in empagliflozin being cost-
effective when compared to canagliflozin [56,57].

It is important to note, however, that none of these analyses have been conducted at the
therapeutic class level that directly incorporate all clinical trial and real-world evidence data.
The majority of the health benefits reported in these studies were determined by improved
health-related quality of life (HRQoL) in relation to weight loss and low rates of hypogly-
cemia, with all estimates of the long-term benefit of CV resulting exclusively from changes
in risk factors established using published risk equations that do not adequately reflect the
cardiovascular event rates and related risk reductions observed in CVOTs [58,59].

The study of McEwan and colleagues [60] sought to evaluate the cost effectiveness of
SGLT2i as a class, compared with placebo in addition to current standard of care, or compared
with oral glucose-lowering drugs, in people with and without established atherosclerotic CV
disease, using clinical trial and real-world evidence.

The model was indeed informed by the most up-to-date results from the CVD-REAL-2
observational study [41] and the meta-analysis of Zelniker et al. [15] of three CVOTs, i.e.
CANVAS, EMPA-REG and DECLARE-TIMI. Thanks to the reduction in costs associated
with the progression of renal disease, in tests carried out in the UK, SGLT2 inhibitors has
been estimated to be cost saving compared to the control arm in all scenarios informed by
real-world or experimental evidence. Indeed, despite the longer life expectancy predicted in
the SGLT2 inhibitors arm, the lower incidence of complications and the progression of renal
disease have led to a shortened time lived with comorbidity, with significant consequences for
long-term costs and HRQoL.

With regard to pharmacoeconomic studies on empagliflozin published in Italy, apart from
a cost-effectiveness study already included in the systematic review mentioned above, a Bud-
get Impact Model has been developed from the NHS perspective [61]. Over a time horizon of
three years, approximately 46,000 patients per year treated with sulfonylureas in monotherapy
or association with metformin and/or insulin were considered potentially eligible.

To calculate the impact on the budget, the direct healthcare costs relating to: acquisition
of antidiabetic drugs as the main therapy (empagliflozin, insulin, metformin, sulfonylureas)
and as a rescue antidiabetic therapy; self-monitoring of blood glucose; management of severe
hypoglycemic events; management of major cardiovascular events were taken into account.

Overall, a progressive replacement of sulfonylureas with empagliflozin (at a rate of 10%,
20% and 30%, respectively in the first, second and third year of analysis) does not increase
expenditure by the NHS, even reducing the budget by 0.1%. The replacement of sulfonylureas
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with empagliflozin causes an increase in drug acquisition costs, which is fully offset by the
reduction in the costs of self-monitoring of blood glucose, management of hypoglycemic
events and cardiovascular events.

CONCLUSIONS

The goal of treatment in people with diabetes, with or without pre-existing cardiovascular
disease, is to provide effective and affordable healthcare. One of the limitations of this care
remains the high cost of medical therapy. The economic impact of diabetes therapy is primar-
ily due to the cost and duration of treatment and secondary complications of diabetes such as
renal disease and increased risk of cardiovascular disease and associated costs. SGLT-2 inhib-
itors may play an important role in providing long-term treatment and improving HbA l¢, re-
ducing cardiovascular mortality and all factors causing mortality, and ensuring cost-effective
management. In addition, SGLT-2 inhibitors lead to significant reductions in progression of
renal disease, regardless of baseline atherosclerotic risk category or history of heart failure.
In particular, empagliflozin showed to significantly reduce the risk of hospitalization for heart
failure in patients with established cardiovascular disease in the clinical trial EMPA-REG
OUTCOME and this finding was confirmed in the real-world study EMPRISE which mainly
involved patients without history of cardiovascular disease. These results reinforce the ratio-
nale for early use of SGLT?2 inhibitors in order to prevent cardiovascular events and they can
certainly play a key role in containing the costs of diabetes.
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