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ABSTRACT: Diabetes treatment cost represents an ever-growing problem. The adoption of new drugs in therapy, although they can guarantee
an improvement in patient’s quality of life, can meet obstacles when it involves an increase in costs. We decided to compare the costs and ben-
efits of the new saxagliptin and dapagliflozin combination versus traditional therapies. Bodyweight loss and the sharp reduction in hypoglycemic
episodes were the 2 main clinical outcomes that emerged from registered studies of saxagliptin and dapagliflozin compared with the sulfonyl-
ureas. These results, combined with the good cardiovascular risk profile, led to develop a cost-utility analysis. We aimed to show the economic
value of this new association therapy. We carried out a cost-utility analysis from the Italian National Healthcare System (NHS) perspective,
focused on direct costs related to the treatment and management of main diabetes complications. Utility scores adopted have been measured
based on the patient’s perception of weight changes. In light of the better durability profile of saxagliptin/dapagliflozin compared with glicla-
zide, we also considered a simulation scenario to assess the impact on costs of switching to basal insulin, starting from gliclazide and the fixed
combination, respectively, and based on the related probabilities to switch. To assess the robustness of the results, a 1-way sensitivity analysis
was performed by changing the main parameters by =20%. Furthermore, the sensitivity of the results was tested considering the addition of a
percent discount, because the purchase costs of drugs are usually subject to hidden discounts. We calculated the total direct annual cost per
patient of saxagliptin/dapagliflozin versus gliclazide and insulin glargine for patients with type 2 diabetes mellitus not achieving glycemic control
on metformin plus saxagliptin alone, dapagliflozin alone, or gliclazide at a lower dosage. Total treatment costs have been obtained adding the
direct cost of the drug, needles, glycemic self-monitoring, hypoglycemic events, cardiovascular complications, and effect on consumption of
other drugs. The total direct cost of saxagliptin/dapagliflozin fixed dose combination was €414.62 higher than gliclazide (€1.067.72 vs €653.10),
and greater than basal insulin, with a difference of €166.99 (€1067.72 vs €900.72). Despite the higher annual direct total cost, the additional
cost per quality-adjusted life year (QALY) gained, compared with gliclazide, has been €11517, and €4639, when compared with insulin glargine
in the base-case scenario, and the robustness of the results has been shown in the sensitivity analysis. The results of our cost-utility analysis,
expressed as incremental cost-effectiveness ratios, were fully compliant with the threshold adopted for Italy. Then, saxagliptin/dapagliflozin can
be considered a cost-effective oral hypoglycemic agent. The positive effect of this drug on the quality of life, induced by the bodyweight loss,
has allowed this outcome, despite the higher annual cost per patient, mainly determined by the drug purchase cost.
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Introduction and Objective

Diabetes represents a relevant public health problem worldwide
due to its growing prevalence and socioeconomic burden. In
Italy, over 3.2 million people are diabetic, that is, 5.3% of the
total population.! In total, 72.9% of people with diabetes are
treated with oral hypoglycemic agents (OHAs), and sulfonylu-
reas are adopted in 20.3% of these patients.? Moreover, 18.8% of
patients with diabetes in our country have HbA,_ levels higher
than 64 mmol/mol.? Patients with suboptimal metabolic control
risk developing chronic and acute microvascular and macrovas-
cular complications, as well as severe hypoglycemia that affects
patients’ survival, quality of life, and costs. The correlation

between diabetes and complications means that patients with
diabetes not only have shorter life expectancy than the general
population’ but also experience worse health-related quality of
life (HRQoL).¢ Moreover, patients with diabetes-related com-
plications have lower HRQoL than diabetes patients without
complications.”” In addition to diabetes comorbidities, also
impact of side effects of some antidiabetic agents, such as weight
gain, should be considered. It has been shown that weight gain
increases the risk of complications and significantly decreases
HRQoL, treatment satisfaction, and treatment adherence.10-12
Tight glycemic control reduces the development of diabetic
complications and long-term costs related to the disease.’315
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On the contrary, tight glycemic control is often neglected to
avoid treatment-related hypoglycemia.'® An economic evalua-
tion of diabetic complications and antidiabetic therapies side
effects is important for a chronic and high-cost disease such as
diabetes. Moreover, the inclusion in health economic models of
complications and drug side effects impact on HRQoL has
become increasingly relevant over time, because subjective
health status is an important aspect of the cost-effectiveness of
treatments. From a health economics perspective, a preference-
based measure of HRQoL is required to estimate health-state
utility values and calculate quality-adjusted life years (QALYs).”

Newer therapeutic agents for type 2 diabetes mellitus
(T2DM) have improved benefit-risk profiles. Among the
advantages it is worth noting the reduction of body weight,!”
and fixed-dose combinations of drugs with different mecha-
nisms, now available, allow to add benefits of different drugs
simplifying administration. Since 2006 diabetologists can take
advantage of dipeptidyl peptidase-4 inhibitors (DPP-4i) as a
valid therapeutic option to treat diabetes and reduce hypogly-
cemic risk as well. Saxagliptin is a highly potent and selective
DPP-4i, which enhances glucose-mediated insulin secretion,
reduces glucagon secretion, and lowers both fasting and post-
prandial blood glucose levels.!® In clinical studies, saxagliptin
monotherapy has been shown to reduce HbA,_ by 0.4% to
1.1%, mainly depending on baseline HbA, . values.’®20 In 2015,
sodium-glucose cotransporter-2 inhibitors (SGLI2i) joined
the basket of OHAs. Dapagliflozin is a highly potent, selective,
and reversible SGLT2i. It inhibits the reabsorption of up to
50% of filtered glucose, thereby inducing glycosuria of about
70g/day and reducing fasting and postprandial glucose levels
independently of insulin levels and without hypoglycemic risk
for the patient.’ Dapagliflozin has been shown to reduce
HbA,_ by 0.66% to 1.12%, mainly depending on baseline
HbA,, values and duration of treatment.?’?? A single-pill
combination of saxagliptin 5mg and dapagliflozin 10mg
(Qtern®) has been approved for type 2 diabetes management
in the United States and Europe. Saxagliptin/dapagliflozin
shows a mean adjusted HbA,  reduction after 24weeks of
1.47%, significantly higher than saxagliptin (0.88%) or dapa-
gliflozin (1.20%) alone, and comparable to the efficacy of gli-
clazide at maximum dose (1.47% vs 1.78%), but with reduced
hypoglycemic risk (severe hypoglycemia: none vs 0.06%) and a
mean weight loss of 2kg.?3-26 Diabetes treatment costs repre-
sent an ever-growing problem.?” The adoption of new drugs in
therapy, although they can allow an improvement in patient’s
quality of life, can meet obstacles when it involves an increase
in costs. Hence, it is necessary to carry out cost analysis to com-
pare costs and benefits of new drugs versus traditional thera-
pies. Bodyweight loss and the strong reduction in hypoglycemic
episodes (virtually none for Dapagliflozin) were the 2 main
clinical outcomes that emerged from the registration studies of
saxagliptin and dapagliflozin compared with the sulfonylureas.
We decided to adopt these results combined with data about
the good cardiovascular risk profile, to develop a cost-utility

analysis, a type of cost-effectiveness study, to show the eco-
nomic value of this single-pill combination therapy. Cost-
effectiveness analysis describes the cost per unit health outcome
obtained with an experimental intervention versus usual care.?8
It provides a measure of the value for the money spent and may
be used to guide resource allocation. In the cost-utility analysis,
health outcomes are measured by QALY’s, a metric that adjusts
the length of life for quality of life. Quality of life is assessed
with health utility scores, measures that reflect the general pop-
ulation’s preference for specific health states. Health utility
scores fall on a continuum between 1.0 and 0, where 1.0 repre-
sents perfect health and O represents death. QALY's are calcu-
lated as the sum of the product of the number of years of life
and the quality of life in each of those years. The goal of an
experimental intervention is to maximize the number of
QALYs gained for the money spent relative to usual care. The
cost-effectiveness analysis was developed considering the eco-
nomic implications of CVD-Real studies I and II outcomes,
focusing on the impact of weight changes on HRQoL.

According to the Italian National Healthcare System (NHS)
perspective, we have considered only direct costs in our analysis.
Specifically, we have used direct costs related to the treatment
and management of the main complications of diabetes. Utility
scores adopted for our cost-utility analysis have been measured
based on the patient’s perception of weight changes. In line with
the NHS perspective, we have not considered indirect costs in
our analysis. However, as the burden of indirect costs is signifi-
cant in chronic diseases such as diabetes, we have carried out a
simulation scenario to assume the hypothetical effect of adding
indirect costs on the results of our analysis. We have reported
this effect in the discussion section.

Saxagliptin/dapagliflozin purchase cost has been recently
published.?? It is more expensive than other standard treat-
ments but, due to its efficacy and safety, it may provide an
improvement in the management of the disease, allowing a
valid therapeutic option to control patients with diabetes
avoiding the use of drugs that have been used for a long time in
therapy, but that are associated with greater complications and
costs. Our study has been developed precisely to evaluate this
potential economic benefit for the Italian NHS based on clini-
cal benefits and to assess the additional benefit deriving from
the patient’s quality-of-life improvement.

Clinical Background

A Swedish study demonstrated that cardiovascular events
increased risk in patients treated with sulfonylureas plus met-
formin versus the ones treated with DPP-4i plus metformin,
showing an adjusted hazard ratio (HR) (95% confidence interval
[95% CI]) of 1.17 (1.01-1.37).%° This evidence provided impor-
tant support for our analysis. However, the main contribution was
provided by EMPA-REG study,’! a double-blind randomized
study versus placebo developed on 7020 patients with type II dia-
betes with high cardiovascular (CV) risk. This study analyzed
long-term effects on cardiovascular morbidity and mortality of
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empagliflozin (an SGLT2i) in add-on to standard antidiabetic
therapy. EMPA-REG study demonstrated for the first time the
possibility to modify comorbidity and mortality of patients with
diabetes employing an oral antidiabetic agent. In fact, empagliflo-
zin treatment reduced the composite endpoint of the study, a
composite of 3 MACE (major adverse cardiovascular events), by
14% (P=.0382) versus the control group. CV mortality cumula-
tive incidence was reduced by 38% (P<<.0001), hospitalizations
for heart failure (HHF) were reduced by 35% (P=.0017), and
mortality for all causes by 32% (P=.0001).3! Moreover, empagli-
flozin reduced the nephropathy risk by 39% and also reduced
body weight and blood pressure.’! Empagliflozin treatment was
mainly associated with metformin (74%), sulfonylureas (42%),
and insulin (48%). The mean duration of treatment was 2.6 years,
and the entire observation period was 3.1years. This milestone
study left 2 open questions: if it was a molecule-dependent or a
class effect, and if the effects shown were also detectable in an
unselected diabetic population. The recent publication of the
CVD-REAL? study gave cogent answers to these questions. In
this real-life study, data were collected via medical claims, primary
care and hospital records, and national registries from the United
States, Norway, Denmark, Sweden, Germany, and the United
Kingdom. Propensity score for SGLT2i initiation was used to
match the 2 treatment groups of 154528 patients each, starting
from a pool of 1392254 new users of SGLI2i or other glucose-
lowering drugs (oGLD) fulfilling the eligibility criteria. In the
SGLI?2i class, canagliflozin, dapagliflozin, and empagliflozin
accounted for 53%, 42%, and 5% of the total exposure time,
respectively. There were 961 HHEF cases during 190164 person-
years follow-up (incidence rate: 0.51/100 person-years), and use
of SGLT2i versus oGLD was associated with lower rates of
HHF (HR: 0.61; 95% CI=0.51-0.73; P<.001) and death (HR:
0.49; 95% CI=0.41-0.57; P<<.001), with no significant hetero-
geneity by country.3? So, this large real-life multinational study
suggests that the empagliflozin benefits, shown in EMPA-REG
randomized trial, may be applicable to a broad population of
patients with type 2 diabetes not selected for CV risk. Moreover,
the lack of heterogeneity in results, despite the different geo-
graphic use of the SGLT2i, suggests also a class effect. Following
CVD-REAL, CVD-REAL 2 study,? analyzed an even broader
sample of patients, (235064 in each group after propensity-
matching) from Australia, Canada, Israel, South Korea, Japan,
and Singapore, treated with different SGLI2i (dapagliflozin,
empagliflozin, ipragliflozin, canagliflozin, and tofogliflozin). This
study confirmed the results shown in EMPA-REG and CVD-
REAL studies, demonstrating similar hazard ratios: HHF (HR:
0.64, 95% CI=0.50-0.82; P=.001), death or HHF (HR: 0.60,
95% CI=0.47-0.76; P<<.001), and myocardial infarction (MI)
(HR:0.81,95% CI=0.74-0.88; P<.001). Moreover, it showed a
positive effect on the stroke incidence (HR: 0.68, 95% CI=0.55-
0.84; P<<.001), which was an aspect not demonstrated in the
above reported previous studies. In summary, with saxagliptin/
dapagliflozin single-pill combination, we can achieve the same
HbA, level than with a maximum dose of gliclazide and insulin

glargine basalization, but with lower CV and mortality risk, lower
hypoglycemic risk, lower need of blood glucose self-monitoring
tests, lower need of HHF, and, last but not least, with a reduction
of weight and general improvement in the quality of life. In our
study, we have tried to exploit the multiple benefits of this fixed-
dose combination therapy from a pharmacoeconomic point of
view, highlighting the impact on costs for the Italian NHS, but
also considering the impact on the patient’s quality of life.

Materials and Methods
The study design adopted was a cost-utility analysis. We have
applied this type of economic evaluation to the above reported
clinical outcomes. The analysis was conducted from the Italian
NHS point of view to evaluate the potential economic benefits
deriving from the saxagliptin/dapagliflozin combination use.
We have compared the costs of the new combination treatment
versus gliclazide, both in add-on with metformin. We have
developed our cost-utility model in Microsoft Excel® and we
have considered also costs of the less expensive among basal
insulin analogs, Abasaglar,” titrated to 201U, corresponding to
the average dosage used for the treatment of patients with type
1T diabetes.3*35 We decided to evaluate also the cost of basali-
zation with insulin analogs because the better durability profile
of saxagliptin compared with gliclazide, and of saxagliptin/
dapagliflozin as well (because the durability of dapagliflozin
depends only on renal function), might delay the need of insu-
linization.3¢ Therefore, we considered a simulation scenario
that assesses the impact on the cost of the switching to basal
insulin therapy, starting from gliclazide and saxagliptin/dapa-
gliflozin combination, respectively. In this scenario, we have
adopted the different probabilities to switch to insulin for the 2
therapeutic alternatives, considering a 4-year period. Costs of
gliclazide were related to a 120 mg dose, corresponding mainly
to the hypoglycemic effect of saxagliptin/dapagliflozin.2324
Our model aims to estimate the direct cost associated with
the treatments compared in this analysis and to find out the
real gap in costs between saxagliptin/dapagliflozin combina-
tion and the apparently much cheaper gliclazide and insulin
glargine, while evaluating potential economic benefits related
to the single-pill combination and the impact of improvement
in the quality of life. To assess the impact of changes in T2DM
patient’s body weight on HRQoL, we used utility data from
the literature,’” and we have calculated utility values for weight
changes related to saxagliptin/dapagliflozin, gliclazide, and
insulin glargine. Finally, we have compared the difference
between costs and utilities related to weight changes to assess
the overall benefit for the patient taking saxagliptin/dapagliflo-
zin. In this analysis, we have considered as direct costs all the
resources consumed to provide health care services, as well as
those used to counteract the possible adverse effects of the
therapies used. Direct costs represent the public health deci-
sion-makers’ point of view. By comparing the total direct costs
to the utility values, we have been able to quantify the benefits
also on the quality of life. This was done based on body weight
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reduction, a fixed-dose combination therapy positive effect
highlighted in clinical trials. The cost-utility analysis results
were expressed as incremental cost-effectiveness ratio (ICER).
It was calculated as the difference in the cost of the alternative
therapies, divided by the difference in the QALYs. This Costs/
QALYs ratio was then compared with a threshold (willingness
to pay). Willingness to pay differs from country to country.
Although no officially established value is available for Italy, it
is worth noting that recent guidelines by the Italian Health
Economics Association (AIES) recommend that a threshold of
€25000-40000 be adopted.®

To assess the robustness of the results, a 1-way sensitivity
analysis has been performed by changing the main parameters
by £20%. Furthermore, as the purchase costs of drugs are usu-
ally subject to hidden discounts, except for generic products,
the costs of which are included in a transparency list, the sensi-
tivity of the results has been tested considering the addition of
a percent discount. Specifically, to reproduce an economic eval-
uation as close as possible to the real direct cost paid by hospi-
tals, we have tested the effects of increasing discount rates

applied to ex-factory price (40%, 45%, and 50%).

Model description

Our model, developed in Microsoft Excel®, compared the costs
of the above-mentioned therapeutic options, including costs of
therapy management and side effects, both negative and posi-
tive, while the costs which do not vary within the different sce-
narios, such as costs of metformin and outpatients’ costs, were
not included in the calculation.

To evaluate total direct costs, we have considered the fol-
lowing cost items:

o The cost of the drug (including needles if injectable);
e The cost of glycemic self-monitoring;
e Direct costs related to hypoglycemic events;

e Direct costs related to cardiovascular diabetic
complications:

e MACE (stroke and nonfatal MI)

e HHF

e Costs and gains related to the consumption or spare of
other drugs (antifungals for urogenital infections and
antihypertensive drugs).

We have calculated the total direct annual cost per patient of
saxagliptin/dapagliflozin versus gliclazide and insulin glargine
for patients with T2DM not achieving glycemic control on
metformin plus saxagliptin alone, or dapagliflozin alone, or gli-
clazide at a lower dosage. Total treatment costs have been
obtained adding the direct cost of the drug, needles, glycemic
self~-monitoring, hypoglycemic events, cardiovascular compli-
cations, and effect on consumption of other drugs.

The model, based on a 1-year time mark, was developed
referring to Italian NHS and data were inputted by reference to

the scientific literature, using Italian evaluation of costs when-
ever possible, and adopting internationally acknowledged data
when it was not possible otherwise. We considered only direct
costs according to the NHS perspective. The efficacy data con-
sidered for the analysis were glycemic self-monitoring frequen-
cies, hypoglycemic event rates, cardiovascular complication
rates, and the incidence of urogenital infections and hyperten-
sion in patients with diabetes, useful to assess the consumption
of other drugs. Based on utilities data from the literature,” we
calculated utilities values for weight changes related to saxa-
gliptin/dapagliflozin, gliclazide, and insulin glargine. Finally,
we obtained ICER for these treatment options.

Model input data

Cost of drugs. 'To determine purchasing cost of drugs, for each
product we considered the price that can more appropriately
reflect real spending on the NHS (ASL). Specifically, the price
based on the reimbursement band provided and the possible
adherence to the payback were considered.

For generic products public list prices were adopted, while
for the other drugs costs were deducted from ex-factory prices
(with -5% to 5% mandatory rebates if not subject to payback or
with -5% if it is applicable).’ We calculated the annual direct
cost per patient of each drug using the dosages reported in
Table 1. Data adapted to calculate the costs of pharmacological
treatment alone, including the costs related to needles for insu-
lin therapy, are shown in Table 1. Needle use cost has been
derived based on the frequency of administration according to
the summary of product characteristics and needle unit cost.
The cost of a needle differs in our country from region to
region. We considered needle unit price adopted in Liguria
Region,* chosen as a benchmark. To calculate the total num-
ber of needles per day, we assumed it equals the number of daily
administrations.

Glycemic self-monitoring: frequency and unit costs. We assumed
that cost per blood glucose test includes strip unit cost and
lancet unit cost. To evaluate the costs of glycemic self-monitor-
ing, we considered the number of glycemic control per week.
We have assumed that one sample per week should be usually
available for all patients with low hypoglycemic risk so that no
additional strip and lancet were considered with the addition of
saxagliptin/dapagliflozin to metformin. For the same reason,
one strip and one lancet per week were also discounted from
costs of blood sampling for gliclazide and insulin as well. Table 2
shows then the additional measurements to the standard
weekly hypothesized and unit cost of strip and lancet. For the
recommended frequency of checks concerning therapy, we
referred to national scientific societies (AMD-SID) guide-
lines,*! reporting a mean value extrapolated from these indica-
tions. In Italy, cost of stripes differs from region to region, with
an average price per unit of about €0.55. In our model, we
adopted the last price suggested by CONSIP (Italian public
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Table 1. Pharmacological treatment costs: drug cost.

API PRODUCT CONTENT PER
SPECIFICATIONS PACKAGE
Gliclazide 60 X 2 Generic 30 tab
Saxa-Dapa Qtern® 28 tab
IGla-100 bios. Abasaglar® 5 pens 3mL

Needles BD 5mm

DOSE PER POSOLOGY PUBLIC EX-FACTORY
UNIT (MG/UI) (UNITS DIE) LIST PRICE PRICE
60mg 2 €5.37 €2.86
5/10mg 1 €118.00 €64.53
300U 20 €60.69 €36.77

1 €0.039

Abbreviations: API, active pharmaceutical ingredient; IGla-100 bios, insulin glargine biosimilar; Saxa-Dapa, saxagliptin/dapagliflozin fixed combination; tab, tablet; Ul,

units of insulin.

Table 2. Glycemic self-monitoring: frequency and unit costs.

API WEEKLY SMBG (ADDITIONAL
MONITORING)

Gliclazide 60 x 2 3

Saxa-Dapa 0

IGla-100 bios. 7

LANCET COST STRIP COST
€0.0145 €0.35
€0.0145 €0.35
€0.0145 €0.35

Abbreviations: API, active pharmaceutical ingredient; IGla-100 bios, insulin glargine biosimilar; Saxa-Dapa, saxagliptin/dapagliflozin fixed combination; SMBG, self-

monitoring of blood glucose.

procurement office), which amounts to €0.35. In our model, we
also considered the cost of blood sampling, amounting to
€0.0145 per lancet in accordance with acquisition cost in Ligu-
ria Region, chosen as a benchmark.* We must also consider
that, even if prices resulting in the latest public tenders are get-
ting lower and lower, distribution costs remain unchanged so
determining incompressibility of real costs,*? not considering
that new technologies in glycemic monitoring (ie, continuous
monitoring portable devices) are spreading and this will prob-
ably bring up average costs again, at least for insulin-treated
patients.

Hypoglycemic events: rates and costs. A severe hypoglycemic
event is defined as an episode with symptoms of low blood
glucose levels during which the patient requires assistance from
another person, mainly through hospitalization; when the
patient can solve the problem by himself or herself, the event is
defined as moderate.®? To estimate the costs of hypoglycemia,
we referred to the incidence of hypoglycemic events reported in
international literature for patients with type 2 diabetes.*>*4
We considered only severe and moderate hypoglycemia, not
including mild ones, because of their negligible economic
impact. We inputted direct mean costs of severe hypoglycemic
events, valued at €1911, referring to an Italian study,* whereas
for moderate ones we adopted a large Swedish study which
reported data about it, already cited above.®3 For each treat-
ment, we considered direct costs per patient/year combining
the mean cost per event with the incidence of events related to
each drug (Table 3). According to available literature, dapagli-
flozin severe hypoglycemia incidence is close to zero, whereas

Table 3. Hypoglycemic events: rates and costs.

HYPOGLYCEMIC EVENT RATES (%)

MODERATE SEVERE
Gliclazide 60X 2 22.00 116
Saxa-Dapa 7.00 0.00
1Gla-100 bios. 8.60 11.80
Direct cost per event €334.70 €1911.00

Abbreviations: API, active pharmaceutical ingredient; IGla-100 bios, insulin
glargine biosimilar; Saxa-Dapa, saxagliptin/dapagliflozin fixed combination.

the highest values are reported for insulin treatment (0.1180)
and gliclazide (0.0116). Data on rates and costs of hypoglyce-

mic events are reported in Table 3.

MACE (nonfatal MI and stroke): event rates and costs. A major
incidence of cardiovascular events (unstable angina, MI, or
stroke) has been detected in patients treated with sulfonylureas
versus DPP-4i (HR: 1.23; P=.01), after propensity-matching
by age, sex, fragility, prior CVD, use of statins, low-dose aspirin,
and antihypertensives.’ In addition to this evidence, the
above-described CVD-REAL 2 study reported a significant
reduction of MI (HR: 0.81; P<<.001) as well as of stroke (HR:
0.68; P<<.001), in patients treated with SGL12i.33 We have
therefore included in our economic model the direct costs of
MI and stroke described in an Italian study derived from
Osservatorio ARNO population.* We started from MI and

stroke incidence among patients with diabetes and we applied
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Table 4. Cardiovascular diabetes complications: event rates and costs.

STROKE

RATES IN TARGET POPULATION (%)

0.59

API HR

0.97 0.51

Gliclazide 60 x 2 1.23 (1.05-1.44)

Saxa-Dapa 0.68 (0.55-0.84)
IGla-100 bios. 1

STROKE

EVENT COSTS

1.23 (1.05-1.44) 1
0.81 (0.74-0.88) 0.64 (0.50-0.82)

1 1

Direct cost €10237

€15949 €11000

Abbreviations: AMI, acute myocardial infarction; API, active pharmaceutical ingredient; HHF, heart failure hospitalizations; HR, hazard ratio; HR, P value: HR=1.23,
P=.010; HR=0.68 (0.55-0.84), P=.001; HR=0.81 (0.74-0.88), P <.001; HR=0.64, P <.001; References: 30, 33; IGla-100 bios, insulin glargine biosimilar; Saxa-Dapa,

saxagliptin/dapagliflozin fixed combination.

the 8.4% incremental correction coefficient defined for patients
with diabetes versus general population in the Italian study.4

HHF: event rates and costs. Heart failure is highly prevalent in
patients with diabetes, occurring in more than 20% of over
65-year patients so that HHF amounts to about 0.51/100 per-
son-years.3>* As shown above, SGLT2i reduce HHF rate (HR:
0.64, 95% CI=0.50-0.82; P=.001),3 and hence a reduction in
health spending related to HHE, that in our country amounts to
€11000 per person/year considering only direct costs.*8

Table 4 shows the risk of stroke, acute nonfatal MI, and
hospitalization for heart failure occurrence for gliclazide, saxa-
gliptin/dapagliflozin combination, and insulin glargine, respec-
tively. Specifically, the hazard ratio is reported for each drug,
highlighting the different impacts of treatments on events over
a year, compared to the frequencies of occurrence in the refer-
ence population (0.59% for stroke, 0.97% for acute myocardial
infarction [AMI], and 0.51% for HHF). Moreover, direct costs

per event are reported in Table 4.

Consumption of other drugs: hypertension/urogenital infections inci-
dence and cost of treatment. Dapagliflozin, like the other SGLT2i,
reduces also systolic blood pressure in patients with type 2 dia-
betes, including those receiving concomitant antihypertensive
medication. This reduction amounts to an average of
-3.1mmHg and statistically significant results (P=.001).* To
economically quantify this benefit, we applied the mean cost of
a generic antihypertensive medication (ie, doxazosin/amlodi-
pine), which amounts to about €0.228 per day, to the hyperten-
sion prevalence in Italian diabetic population (58.6%), as
reported in our AMD (National Diabetologist Association)
annals.’? The use of saxagliptin/dapagliflozin, therefore, allows
saving €48.8 per patient on annual antihypertensive therapy
cost. On the contrary, we included the treatment cost of uro-
genital infections, an adverse event also reported for another

SGLT?2i, empagliflozin (incidence of 3.2%),%" and extendable to
dapagliflozin, though this turned out to be irrelevant (consider-
ing clotrimazole use, we have calculated €0.23 per patient/year).

Simulation scenario: analysis on durability and
switch to insulin rates

Several observational studies showed different maintenance
rates between DPP-4i and sulfonylureas as second-line treat-
ment in add-on to metformin, so that dual therapy with met-
formin and DPP-4i can be maintained for longer than
metformin and sulfonylurea.3%>° Conversely, a proportion of
patients needed a treatment intensification mainly represented
by starting an insulin-based regimen (coefficient of failure vs
sulfonylureas varying from IR: 0.24 vs 0.38 at 12 months to
0.44 vs 0.59 at 36 months).>® Dapagliflozin also showed greater
durability than sulfonylureas in a 4-year efficacy study (coeffi-
cient of failure vs glipizide at week 208: 0.19 vs 0.61;
P=.0001)," and saxagliptin/dapagliflozin confirms this trend.
Then, we developed a simulation scenario in which we assumed
that all patients, who no longer maintain metabolic control
with previous treatment with metformin plus a maximum dose
of gliclazide or plus saxagliptin/dapagliflozin, switched to an
insulin-based regimen (the switch to GLP1 receptor agonist
resulting equal in costs, if not more expensive). To provide a
comprehensive overview of costs related to switch to insulin
based on different durability of drugs, after switching we
applied the cost estimated in our model for basal insulin ther-
apy (Glargine 100 biosimilar) instead of the cost of previous
treatments. In our simulation, based on literature data,! we
have considered a coefficient of failure at 208 weeks of 0.19 for
saxagliptin/dapagliflozin and of 0.61 for gliclazide. Finally,
based on the difference in rates of failure between sulfonylureas
and saxagliptin/sapagliflozin,®® we calculated the final cost
related to the switch, respectively, starting from gliclazide and
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Table 5. Total annual cost of treatments.

HYPOGLYCEMIA

Gliclazide 60 x 2 €130.76 €57.06 €95.80
Saxa-Dapa €841.77 €0.00 €23.43
IGla-100 bios. €193.30 €133.13 €254.28

CARDIOVASCULAR COMPLICATIONS OTHER
- DRuaGs

STROKE AMI HHF

€74.29 €190.29 €56.10 €48.80 €653.10
€41.07 €125.31 €35.90 €0.23 €1067.72
€60.40 €154.71 €56.10 €48.80 €900.72

Abbreviations: AMI, acute myocardial infarction; API, active pharmaceutical ingredient; HHF, heart failure hospitalizations; 1Gla-100 bios, insulin glargine biosimilar; Saxa-

Dapa, saxagliptin/dapagliflozin fixed combination; SMBG, self-monitoring blood glucose.

saxagliptin/dapagliflozin. Simulation scenario results have
been calculated considering a 4-year period, obtaining both
results for each year and cumulative for 4years.

Utilities

Above we have reported data need to develop a cost analysis
regarding different antidiabetic therapies; however, our study
aims to extend the view also including the evaluation of the new
therapies’ benefits on the patients’ quality of life. In particular,
we considered the effects of body weight changes. It is known
that some classes of antidiabetic drugs involve an increase in the
patient’s weight. Sulphonylureas and basal insulin are certainly
among them while, on the other hand, treatment with dapagli-
flozin has been associated with a significant reduction in
weight.1°2 Moreover, the relevant impact of body weight on
patients’ perceptions of quality of life is now recognized. Based
on these assumptions, we carried out a literature analysis aimed
at identifying the weight variations associated with gliclazide,
basal insulin glargine, and saxagliptin/dapagliflozin, considering
a 1-year time period. This research showed an average weight
increase of 1.5kg for the treatment with both gliclazide and
insulin glargine®* compared to a weight reduction of 2.1kg
with the fixed combination saxagliptin/dapagliflozin treat-
ment.?> So, we applied these differences in weight to utility
measures calculated in a Swedish study,3” which shows for loss
and gain of 2kg weight utility values of 0.92 and 0.88, respec-
tively. By combining weight variations (delta of 4kg reported in
Ridderstrale’s study)’” and utility values, we calculated the util-
ity value related to 1kg variation, such as to be easily associated
with the specific weight changes highlighted in the literature
for a year of treatment with drugs in our analysis, obtaining
denominators for the cost-utility analysis.

Sensitivity analysis

To assess the robustness of our analysis, a 1-way sensitivity anal-
ysis has been carried out varying by =20% of the main input
parameters in the model base case, namely, cost data and effi-
cacy data (complications and side effects rates and utility val-
ues). Regarding drug purchase costs, furthermore, as reported
above, we have tested the effects of increasing discount rates
applied to ex-factory price (40%, 45%, 50% discount) for

non-generic drugs, to reproduce, as close as possible, the direct

cost paid by hospitals.

Results

This economic evaluation has allowed obtaining the total
annual direct cost of the treatments in the analysis. Total annual
direct costs and individual cost items making up the total cost
for each therapy are shown in Table 5.

The total direct cost of saxagliptin/dapagliflozin fixed-dose
combination was €414.62 higher than gliclazide (€1.067.72 vs
€653.10), and greater than basal insulin, with a difference of
€166.99 (€1067.72 vs €900.72). However, breaking down final
cost in the individual items, we note that the high total cost of
fixed combination is mainly determined by purchase cost, which
is more than 6 times higher than that of gliclazide, long-time
drug in use, now available in generic form, and more than 4
times higher than insulin glargine biosimilar. Against the item
related to drug acquisition cost, all others have shown a positive
effect on costs, in contrast to gliclazide and basal insulin. Indeed,
saxagliptin/dapagliflozin has involved lower self-monitoring
blood glucose costs, lower costs related to hypoglycemia (gain of
€72.37 and € 230.85 when compared with gliclazide and insulin
glargine, respectively), a significant reduction in costs related to
cardiovascular complications (gain of €118.39 and €68.92 when
compared with gliclazide and insulin glargine, respectively), as
well as saving in other drugs costs (€48.57) (Table 5). Simulation
scenario, assessing the effect on the direct costs of switching to
basal insulin from gliclazide or saxagliptin/dapagliflozin, high-
lighted a reduction of the total cost gap by about €231.84 in the
fourth year, based on better durability profile of the fixed com-
bination therapy (switching to basal insulin 19% vs 61% at
4years).”! The direct annual costs obtained for treatment have
been used in the cost-utility analysis. Based on utility values for
2kg weight gain or 2kg weight loss,?” the utility for 1kg varia-
tion was calculated to equal 0.010. Multiplying this value by the
weight variation associated with 1year of treatment with gli-
clazide, insulin glargine, or saxagliptin/dapagliflozin, and the
utilities resulted in 0.021 for the fixed combination and -0.015
for gliclazide and insulin glargine.

The difference between total costs of saxagliptin/dapagliflo-
zin and gliclazide and insulin glargine, respectively, has been
divided by the difference between the utilities, obtaining positive



Health Services Insights

Table 6. Cost-utility analysis results: base case scenario.

DELTA COST

ICER/QALYS

API MEAN COST MEAN QALYS
PER PATIENT PER PATIENT
Saxa-Dapa €653.10 0.021
Gliclazide 60 X 2 €1,067.72 -0.015
IGla-100 bios. €900.72 -0.015

—€414.62 -0.036 €11,517

—€166.99 -0.036 €4,639

Abbreviations: API, active pharmaceutical ingredient; ICER, incremental cost-effectiveness ratio; IGla-100 bios, insulin glargine biosimilar; QALYs, quality-adjusted life

years; Saxa-Dapa, saxagliptin/dapagliflozin fixed combination.

ICER both in the base-case scenario and in the simulation sce-
nario in both drug comparisons. In the base-case scenario, the
additional cost per QALY gained, compared with gliclazide, has
been €11517, and €4639 when compared with insulin glargine
(Table 6). In the simulation scenario, the results have been even
more positive, due to the better durability profile of saxagliptin/
dapagliflozin compared with gliclazide, reporting an ICER at
4years of €6440 and €3757 when compared with gliclazide and
insulin glargine, respectively.

These results do not consider extra-discount on drug prices,
usually negotiated with local health care units.

The ICERs obtained resulted in fully compliant with the
threshold adopted for Italy. Then, saxagliptin/dapagliflozin can
be considered a cost-effective OHA. The positive effect of this
drug on the quality of life, induced by the bodyweight loss, has
allowed this outcome, despite the higher annual cost per
patient, mainly determined by the drug purchase cost.

Sensitivity analysis

The sensitivity analysis has shown the robustness of the
results. Indeed, the variation of cost and effectiveness data
(+20%) have not resulted in significant deviations from the
results, always keeping ICERs well within the acceptable
threshold, never exceeding €25 000 (Figure 1). Furthermore,
we have evaluated the effect of major durability of saxaglip-
tin/dapagliflozin compared with gliclazide over 4years,
resulting in a lower rate of switching to basal insulin, avoid-
ing related cost implications. Moreover, we carried out a sen-
sitivity analysis that assumed feasible scenarios with 3
increasing discounts (40%, 45%, and 50%) applied to ex-fac-
tory price for non-generic drugs, to assess the cost-utility of
saxagliptin/dapagliflozin adopting a discounted price closer
to the real one. Sensitivity analysis findings are shown in
Table 7 and Figure 1.

In all the scenarios, the cost-utility of saxagliptin-dapagli-
flozin combination has been demonstrated. Particularly, in
comparison with gliclazide, ICER has reported positive results
in the simulation scenario over 4years due to the better dura-
bility of saxagliptin/dapagliflozin combination. Focusing on
the scenarios with discounts applied to the ex-factory price of
saxagliptin/dapagliflozin and insulin glargine, ICERs have
shown the combination can be considered a dominant option

compared with insulin glargine and characterized by an excel-
lent cost-utility profile when compared with gliclazide.

Discussion and Conclusions

Our study aimed to evaluate the economic implications of posi-
tive effects on cardiovascular outcomes and weight loss of the
fixed-dose combination saxagliptin 5mg/dapagliflozin 10mg
versus gliclazide and basalization with insulin glargine on the
basis of clinical evidence, such as CVD-Real I and II studies.
Today, there is evidence regarding the cardiovascular effects and
impact on the bodyweight of newer glucose-lowering agents and
the importance of them for the management of metabolic con-
trol and cardiovascular risk in patients with T2DM and, on the
other hand, complication related to the sulfonylureas class.> We
developed a cost-utility analysis to assess the value of the newer
fixed combination therapeutic option, providing, through ICER,
information on the additional resources that have to be used to
achieve the additional benefit. In our analysis, saxagliptin/dapa-
gliflozin fixed combination was found to be cost-effective when
compared with gliclazide and insulin glargine biosimilar. Indeed,
although the difference between total direct costs of the com-
pared treatments is disadvantageous for the fixed-dose combina-
tion, lower costs associated with complications and the favorable
difference in terms of utility have allowed obtaining a positive
ICER value, well below the accepted willingness to pay thresh-
old, set in Italy at €40000.3 This economic evaluation has been
focused on direct costs, adopting the perspective of the Italian
NHS. The utility has been evaluated on the basis of the effects of
the compared treatments on the bodyweight variations and their
consequences on patients’ quality of life. Despite all cost items,
except for the drug purchase, are in favor of the combination,
mainly due to the significant benefits on the cardiovascular risk
profile and to the lower incidence of hypoglycemic events, the
total direct cost is negatively influenced by the cost of the drug.
However, the real value of the combination emerges by extend-
ing the perspective and incorporating into the cost analysis the
benefits of the treatment on the patient’s quality of life, allowing
to define this treatment cost-effective. Indeed, the base-case sce-
nario has reported for the combination an ICER of €11517 and
€4639 when compared with gliclazide and insulin glargine,
respectively. The cost-effectiveness of saxagliptin/dapagliflozin
has also been highlighted in the simulation analysis that has
offered interesting insights, considering the possibility to reduce
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Saxa-Dapa/Igla bios -50% cost

Figure 1. Findings of sensitivity analysis: cost per QALY gained. QALY indicates quality-adjusted life year.

Table 7. Summary of cost-utility analysis results and sensitivity analysis.

SCENARIO

Base case

Costs —20%

Costs +20%

Cost Saxa-Dapa/IGla bios —40%
Cost Saxa-Dapa/IGla bios —45%
Cost Saxa-Dapa/IGla bios —-50%
Efficacy —20%

Efficacy +20%

Simulation year 1

Simulation year 2

Simulation year 3

Simulation year 4

GLICLAZIDE 60 x 2 IGLA-100 BIOS.
€11517 £€4639
€9214 €3632
€13821 €5646
€2164 Dominant
€995 Dominant
Dominant Dominant
€20073 £€10272
€7075 €1877
€10248 €4418
€8979 £€4198
€7709 £€3978
€6440 €3757

Abbreviations: 1Gla-100 bios, insulin glargine biosimilar; Saxa-Dapa, saxagliptin/dapagliflozin fixed combination.

the switching to insulin over 4years based on better durability
showed in literature.>! Adoption of saxagliptin/dapagliflozin
instead of gliclazide allowed to generate cost reduction that, at
4years, thins out the gap. It is important to note that we have
calculated drug costs based on ex-factory prices for non-generic
drugs, although it is not the real drug cost paid by health facilities
in Italy because a confidential discounted price is usually negoti-
ated between manufacturers and Italian NHS. Thus, since at the
basis of the gap between total direct costs, there is precisely the
high purchase cost of the combination, to evaluate the uncer-
tainty around the real direct cost paid by hospitals, we tested the
effects of increasing discount rates applied to ex-factory price

(40%, 45%, and 50%). The application of these discounts to saxa-
gliptin/dapagliflozin and insulin glargine biosimilar ex-factory
costs has resulted in an extremely positive ICER compared with
gliclazide, while it has made the combination dominant in com-
parison with insulin glargine.

Moreover, the findings of our cost-utility analysis were
robust when tested in sensitivity analyses.

A further interesting aspect is the intrinsic benefits associated
with the use of fixed drug combinations, especially in a chronic
disease such as diabetes. Polypharmacy is a common problem
among patients with diabetes and the use of fixed-dose combi-
nations is a rational approach to achieve and maintain glycemic
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control. Fixed-dose combinations are also useful to improve the
adherence and compliance compared with multiple administra-
tions.>® There are now several antidiabetic fixed combination
therapies, and others are in development or study, designed with
the aim of improving the control of disease by providing benefits
of more active ingredients in a single administration. There are
many combinations of metformin with other oral glucose-low-
ering drugs (eg, empagliflozin, dapagliflozin, saxagliptin, sitag-
liptin, vildagliptin, rosiglitazone),and recently, fixed combinations
with basal insulin have been made available, such as iglargine/
lixisenatide, idegludec/liraglutide, as well as drug combinations
of active ingredients belonging to the categories GLP-1 receptor
agonists, SGLI2i, or DPP-4i. In a context of limited economic
resources for NHS, the higher acquisition cost of newer thera-
pies has made health technology assessment (HTA) necessary to
confirm the additional value of these therapies. To our knowl-
edge, this is the first cost-utility analysis of saxagliptin/dapagli-
flozin fixed-dose combination versus gliclazide and insulin
glargine in inadequately controlled on metformin monotherapy
in patients with T2DM, aimed at defining the economic impli-
cations of this combination positive effects on cardiovascular risk
and body weight, developed from the perspective of the Italian
NHS. Although no other economic analyses have been found
comparing these therapeutic options, results shown in our study
are comparable with those of other economic evaluations con-
ducted on different antidiabetic drugs fixed combinations.””-62
In various studies in the literature, it is shown that the high cost
of the newer drugs is offset by the benefits obtainable on the
reduction of complications, especially cardiovascular events and
hypoglycemia. Our cost-utility allows us to go beyond the pure
analysis of costs and provides a global assessment of the therapy’s
value, highlighting the potential economic benefits for the NHS,
due to the enhancement of multiple clinical outcomes in patients
with diabetes and improvement of the quality of life. In particu-
lar, we have chosen to consider the impact of therapies on car-
diovascular risk and weight changes based on the most recent
literature.

Regardless of the limitations of our analysis, it is correct to
specify that data input relating to Italy were not available, and
reliable international sources have been considered. So, because
of the lack of suitable Italian data on the effect of changes in
body weight on HRQoL of patients with T2DM, the utilities
for the health states “2 kg gain” and “2 kg loss” adopted in the
model were derived from Riddestrale’s Swedish study.3” The
analysis essentially has considered the effects of hypoglycemic
and cardiovascular complications, while it has not included the
other types of comorbidities typically associated with diabetes
and potential adherence benefits related to single-pill combi-
nation use has not been considered.

In an economic evaluation, it is difficult to accurately meas-
ure the study variables, and each medication therapy may bring
different treatment costs when applied among difterent popu-
lations or medical institutions; nevertheless, the robustness of
our analysis suggests the generalizability of the results.

Further investigation for Italy is useful to have a better
understanding of the long-term effects of the combination
treatment and its impact on patient’s quality of life.

Our analysis has been carried out including only direct cost,
to reflect the perspective of the Italian NHS; however, in eco-
nomic evaluations, it is important to consider also indirect costs
that are included when the social perspective is adopted.
Indirect costs are instead related to work-related absenteeism,
reduced productivity both at work and home, reduced labor
force participation from chronic disability, and relevant aspects
for chronic diseases such as diabetes. The addition of indirect
costs to our analysis would make the benefit of saxagliptin/
dapagliflozin combination even more evident. Indeed, this has
shown clear positive outcomes on the reduction of hypoglyce-
mic events and cardiovascular complications, which are charac-
terized by a relevant impact on indirect costs. Based on these
considerations, we have developed an approximate calculation
of the indirect costs associated with hypoglycemic events
(moderate and severe) and cardiovascular adverse events
(stroke, IMA, HHF). Indirect costs related to hypoglycemic
events have been provided from a Swedish study mentioned
earlier,*® while cardiovascular adverse events’indirect costs have
been evaluated calculating a 62/38 ratio between direct and
indirect costs, the latter expressed as both loss of productivity
and informal care, as reported by an analysis of costs of cardio-
vascular diseases in Europe.®® Adding the direct costs reported
above to the indirect ones, we have obtained total costs, useful
to express the social perspective, and we, therefore, have applied
these total costs in the cost-utility analysis. The results of this
additional analysis have shown ICER extremely positive for
saxagliptin-dapagliflozin combination. Specifically, ICER has
been €8955 when compared with gliclazide, while the combi-
nation has resulted dominant when compared with insulin
glargine. In the face of continuously increasing health care
costs, it is very crucial to determine which strategy provides
better value and it is necessary for further research focusing on
the long-term impact of fixed-dose combinations as well as the
economic outcomes.

Although drug costs are increasing, due to the progressive
adoption of newer therapies, the greatest component of the
economic burden of T2DM remains the treatment of diabetic
complications, which can be reduced with effective manage-
ment of the disease. In this perspective, the adoption of saxa-
gliptin/dapagliflozin fixed combination, taking advantage of
complementary mechanisms of action, providing better control
of the therapy, a cardioprotective effect, and a positive impact
on weight loss, is an important therapeutic option, also in light
of the demonstrated cost-effectiveness when compared with
the other treatments.

The fixed combination saxagliptin/dapagliflozin was shown
to be a cost-effective treatment option from the Italian health
care system perspective as add-on therapy to metformin in
patients with inadequately controlled T2DM. Study findings
have the potential to provide stakeholders valuable evidence to
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support the adoption of this cost-effective third-line therapy

compared with gliclazide or basal insulin after the addition of

DPP-4i or SGLT2i due to metformin monotherapy failure.

Author Contributions
ET and LCB made substantial contributions to the clinical
data analysis and contributed to the definition of the model

framework and its revision. GMB supervised the project and

helped in writing the manuscript. SDM developed the eco-

nomic model. CM supported the model development and

wrote the manuscript with input from all authors. MCV sup-

ported the writing and the editorial process. GLC supervised,

coordinated and validated the work.

ORCIDiD

Giorgio Lorenzo Colombo

https://orcid.org/0000-0002

-5790-8891

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

Istat. Diabetes in Italy Years 2000-2016. Rome, Italy: Istat; 2017.

AMD. Le monografie degli annali. Focus su: Full Data Circle. Naples, Italy:
Idelson-Gnocchi; 2017.

Bruno G, Merletti F, Boffetta P, et al. Impact of glycaemic control, hypertension
and insulin treatment on general and cause-specific mortality: an Italian popula-
tion-based cohort of type IT (non-insulin-dependent) diabetes mellitus. Diabeto-
logia. 1999;42:297-301.

Mulnier HE, Seaman HE, Raleigh VS, Soedamah-Muthu SS, Colhoun HM,
Lawrenson RA. Mortality in people with type 2 diabetes in the UK. Diabet Med.
2006;23:516-521.

Gu K, Cowie CC, Harris MI. Mortality in adults with and without diabetes in a
national cohort of the U.S. population, 1971-1993. Diabetes Care. 1998;21:
1138-1145.

Grandy S, Fox KM. Change in health status (EQ-5D) over 5 years among indi-
viduals with and without type 2 diabetes mellitus in the shield longitudinal
study. Health Qual Life Outcomes. 2012;10:99. doi:10.1186/1477-7525-10-99.
Oliva ], Fernandez-Bolanos A, Hidalgo A. Health-related quality of life in dia-
betic people with different vascular risk. BMC Public Health. 2012;12:812.
Hayes A, Arima H, Woodward M, et al. Changes in quality of life associated
with complications of diabetes: results from the ADVANCE Study. Value Health.
2016;19:36-41.

Kiadaliri AA, Gerdtham UG, Eliasson B, et al. Health utilities of type 2 diabe-
tes-related complications: a cross-sectional study in Sweden. Int J Environ Res
Public Health. 2014;11:4939-4952.

Matza LS, Yurgin N, Boye KS, Malley K, Shorr JM. Obese versus non-obese
patients with type 2 diabetes: patient-reported outcomes and utility of weight
change. Curr Med Res Opin. 2007;23:2051-2062.

Dennett SL, Boye KS, Yurgin NR. The impact of body weight on patient utilities
with or without type 2 diabetes: a review of the medical literature. Value Health.
2008;11:478-486.

Lane S, Levy AR, Mukherjee J, Sambrook J, Tildesley H. The impact on utilities
of differences in body weight among Canadian patients with type 2. Curr Med
Res Opin. 2014;30:1267-1273.

Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of hyperglycemia in
type 2 diabetes: a patient-centered approach: position statement of the American
Diabetes Association (ADA) and the European Association for the Study of
Diabetes (EASD). Diabetes Care. 2012;35:1364-1379.

UK Prospective Diabetes Study (UKPDS) Group. Intensive blood-glucose con-
trol with sulphonylureas or insulin compared with conventional treatment and
risk of complications in patients with type 2 diabetes (UKPDS 33). Lancet.
1998;352:837-853.

Diabetes Control and Complications Trial Research Group. The effect of inten-
sive treatment of diabetes on the development and progression of long-term com-
plications in insulin-dependent diabetes mellitus. N Eng/ J Med. 1993;329:
977-986.

Cryer PE. Hypoglycemia is the limiting factor in the management of diabetes.
Diabetes Metab Res Rev. 1999;15:42-46.

Grandy S, Hashemi M, Langkilde A-M, Parikh S, Sjéstrom CD. Changes in
weight loss-related quality of life among type 2 diabetes mellitus patients treated
with dapagliflozin. Diabetes Obes Metab. 2014;16:645-650.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

European Medicines Agency. Onglyza®, EU summary of product characteris-
tics. http://www.ema.europa.eu. Accessed January 16, 2017.

Frederich R, McNeill R, Berglind N, et al. The efficacy and safety of the dipep-
tidyl peptidase-4 inhibitor saxagliptin in treatment-naive patients with type 2
diabetes mellitus: a randomized controlled trial. Diabetol Metab Syndr. 2012;4:36.
Rosenstock J, Aguilar-Salinas C, Klein E, et al. Effect of saxagliptin monother-
apy in treatment-naive patients with type 2 diabetes. Curr Med Res Opin.
2009;25:2401-2411.

Ferrannini E, Ramos SJ, Salsali A, et al. Dapagliflozin monotherapy in type 2
diabetic patients with inadequate glycemic control by diet and exercise: a ran-
domized, double-blind, placebo-controlled, phase 3 trial. Diabetes Care. 2010;33:
2217-2224.

Bailey C, Morales Villegas EC, Woo V, Tang W, Ptaszynska A, List JF. Efficacy
and safety of dapaglifiozin monotherapy in people with type 2 diabetes: a ran-
domized double-blind placebo-controlled 102-week trial. Diabet Med. 2015;32:
531-541.

Rosenstock ], Hansen L, Zee P, et al. Dual add-on therapy in type 2 diabetes
poorly controlled with metformin monotherapy: a randomized double-blind trial
of saxagliptin plus dapagliflozin addition versus single addition of saxagliptin or
dapagliflozin to metformin. Diabetes Care. 2015;38:376-383.

Leiter LA, Shestakova MV, Satman I. Effectiveness of gliclazide MR 60 mg in
the management of type 2 diabetes: analyses from the EASYDia trial. Diabetol
Metab Syndr. 2018;10:30.

Mathieu C, Herrera Marmolejo M, Gonzélez Gonzilez ]G, et al. Efficacy and
safety of triple therapy with dapaglifiozin add-on to saxagliptin plus metformin
over 52 weeks in patients with type 2 diabetes. Diabetes Obes Metab. 2016;18:
1134-1137.

Mathieu C, Ranetti AE, Li D, et al. Randomized, double-blind, phase 3 trial of
triple therapy with dapagliflozin add-on to saxagliptin plus metformin in type 2
diabetes. Diabetes Care. 2015;38:2009-2017.

American Diabetes Association (ADA). Economic costs of diabetes in the U.S.
in 2012. Diabetes Care. 2013;36:1033-1046.

Gold MR, Siegel JE, Russell LB, Weinstein MC, eds. Cost-Effectiveness in
Health and Medicine. New York, NY: Oxford University Press; 1996.
DETERMINA 16 settembre 2019. https://www.gazzettaufliciale.it/eli/id/
2019/10/05/19A06127/SG.

Eriksson JW, Bodegard J, Nathanson D, Thuresson M, Nystrom T, Norhammar
A. Sulphonylurea compared to DPP-4 inhibitors in combination with metformin
carries increased risk of severe hypoglycemia, cardiovascular events, and all-
cause mortality. Diabetes Res Clin Pract. 2016;117:39-47.

Zinman B, Wanner C, Lachin JM, etal. Empagliflozin, cardiovascular out-
comes, and mortality in type 2 diabetes. N Eng/ ] Med. 2015;373:2117-2128.
Kosiborod M, Cavender MA, Fu AZ, et al. Lower risk of heart failure and death
in patients initiated on SGLT-2 inhibitors versus other glucose-lowering drugs.
The CVD-REAL Study. Circulation. 2017;136:249-259.

Kosiborod M, Lam CSP, Kohsaka S, et al. Cardiovascular events associated with
SGLT-2 inhibitors versus other glucose-lowering drugs: the CVD-REAL 2
Study. J Am Coll Cardiol. 2018;71:2628-2639.

Davies M, Storms F, Shutler S, Bianchi-Biscay M, Gomis R; for the ATLAN-
TUS Study Group. Improvement of glycemic control in subjects with poorly con-
trolled type 2 diabetes: comparison of two treatment algorithms using insulin
glargine. Diabetes Care. 2005;28:1282-1288.

Khunti K, Caputo S, Damci T, et al. The safety and efficacy of adding once-daily
insulin detemir to oral hypoglycaemic agents in patients with type 2 diabetes in
a clinical practice setting in 10 countries. Diabetes Obes Metab. 2012;14:
1129-1136.

Chen K, Kang D, Yu M, etal. Direct head-to-head comparison of glycaemic
durability of dipeptidyl peptidase-4 inhibitors and sulphonylureas in patients
with type 2 diabetes mellitus: a meta-analysis of long-term randomized con-
trolled trials. Diabetes Obes Metab. 2018;20:1029-1033.

Ridderstrile M, Evans LM, Jensen HH, et al. Estimating the impact of changes
in HbA1c, body weight and insulin injection regimen on health related quality-
of-life: a time trade off study. Health Qual Life Outcomes. 2016;14:13.

Ttalian Health Economics Association [Associazione Italiana di Economia Sani-
taria—AIES]. Proposta di linee guida per la valutazione economica degli interventi
sanitari in Italia [Italian guidelines proposal on how to conduct economic evaluation
studies of health programs] [in Italian]. Pharm Ita Res Art. 2009;11:83-93.

Tunnel software Pharma Dati. Compendio farmaceutico Farmadati Italia
[Pharma Data Italian database]. https:/www.farmadati.it/.

Liguria Region, Local Health Authority N.3. Decision for the provision of blood
glucose  monitoring  devices.  http://delibere.asl3.liguria.it/pdf/delibera-
zioni/2016/2016_700_1_77_Pubblico.pdf.

Associazione Medici Diabetologi (AMD)—Societa Italiana di Diabetologia
(SID). Standard italiani per la cura del diabete mellito; 2016. www.standardital-
iani.it.

Colombo GL, Torre E, Bruno G, etal. Il costo della distribuzione diretta di
sistemi di automonitoraggio della glicemia: un modello di analisi economica.
ClinicoFEcon Ita Art Outcom Res. 2014;9:13-24.


https://orcid.org/0000-0002-5790-8891
https://orcid.org/0000-0002-5790-8891
http://www.ema.europa.eu
https://www.gazzettaufficiale.it/eli/id/2019/10/05/19A06127/SG
https://www.gazzettaufficiale.it/eli/id/2019/10/05/19A06127/SG
https://www.farmadati.it/
http://delibere.asl3.liguria.it/pdf/deliberazioni/2016/2016_700_1_77_Pubblico.pdf
http://delibere.asl3.liguria.it/pdf/deliberazioni/2016/2016_700_1_77_Pubblico.pdf
www.standarditaliani.it
www.standarditaliani.it

12

Health Services Insights

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Jonsson L, Bolinder B, Lundkvist J. Cost of hypoglycemia in patients with type
2 diabetes in Sweden. Value Health. 2006;9:193-198.

Leese GP, Wang G, Broomhall Kelly P, et al. Frequency of severe hypoglycemia
requiring emergency treatment in type 1 and type 2 diabetes. Diabetes Care.
2003;26:1176-1180.

Veronese G, Marchesini G, Forlani G, et al. Costs associated with emergency
care and hospitalization for severe hypoglycemia. Nutr Metab Cardiovasc Dis.
2016;26:345-351.

Lucioni C, Mazzi S, Rossi E, etal. a nome dei partecipanti all’Osservatorio
ARNO. Percorsi terapeutici e costi sanitari di pazienti ricoverati per un evento
cardiovascolare in Italia. Glob Reg Health Technol Assess. 2016;3:80-91.

Bertoni AG, Hundley WG, Massing MW, Bonds DE, Burke GL, Goff DC.
Heart failure prevalence, incidence, and mortality in the elderly with diabetes.
Diabetes Care. 2004;27:699-703.

Corrao G, Ghirardi A, Ibrahim B, et al. Burden of new hospitalization for heart
failure: a population-based investigation from Italy. Eur | Heart Fail. 2014;
16:729-736.

Weber MA, Mansfield TA, Alessi F, Igbal N, Parikh S, Ptaszynska A. Effects of
dapagliflozin on blood pressure in hypertensive diabetic patients on renin-angio-
tensin system blockade. Blood Press. 2016;25:93-103.

Valensi P, De Pouvourville G, Benard N, et al. Treatment maintenance duration
of dual therapy with metformin and sitagliptin in type 2 diabetes: the ODYSSEE
observational study. Diabetes Metab. 2015;41:231-238.

Del Prato S, Nauck M, Durin-Garcia S, et al. Long-term glycaemic response
and tolerability of dapagliflozin versus a sulphonylurea as add-on therapy to met-
formin in patients with type 2 diabetes: 4-year data. Diabetes Obes Metab.
2015;17:581-590.

Brown RE, Gupta N, Aronson R. Effect of dapagliflozin on glycemic control,
weight, and blood pressure in patients with type 2 diabetes attending a specialist
endocrinology practice in Canada: a retrospective cohort analysis. Diabetes Tech-
nol Ther. 2017;19:685-691.

Matthews DR, Charbonnel BH, Hanefeld M, Brunetti P, Schernthaner G.
Long-term therapy with addition of pioglitazone to metformin compared with

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

the addition of gliclazide to metformin in patients with type 2 diabetes: a ran-
domized, comparative study. Diabetes Metab Res Rev. 2005;21:167-174.
Hamann AJ, Garcia-Puig J, Paul G, Donaldson ], Stewart M. Comparison of
fixed-dose rosiglitazone/metformin combination therapy with sulphonylurea
plus metformin in overweight individuals with type 2 diabetes inadequately con-
trolled on metformin alone. Exp Clin Endocrinol Diabetes. 2008;116:6-13.
Bailey CJ, Marx N. Cardiovascular protection in type 2 diabetes: insights from
recent outcome trials. Diabetes Obes Metab. 2019;21:3-14.

Hutchins V, Zhang B, Fleurence RL, Krishnarajah G, Graham J. A systematic
review of adherence, treatment satisfaction and costs, in fixed-dose combination
regimens in type 2 diabetes. Curr Med Res Opin. 2011;27:1157-1168.

Kwon SC, Seoane-Vazquez E, Rodriguez-Monguio R. Cost-effectiveness
analysis of metformin+dipeptidyl peptidase-4 inhibitors compared to
metformin+sulfonylureas for treatment of type 2 diabetes. BMC Health Serv
Res. 2018;18:78.

Torre E, Bruno GM, Di Matteo S, et al. Il costo del trattamento del Diabete
di tipo 2: il ruolo di empagliflozin. ClinicoEcon Ita Art Outcom Res.
2017;12:59-67.

Torre E, Bruno GM, Di Matteo S, et al. Cost-minimization analysis of degludec/
liraglutide versus glargine/aspart: economic implications of the DUAL VII study
outcomes. ClinicoEcon Outcomes Res. 2018;10:413-421.

Lemus A, Jimenez Aranda P. Cost-effectiveness of fixed-dose combination
(FDC) of vildagliptin/metformin for the treatment of diabetes mellitus type 2 in
Mexico. Value Health. 2013;16:A665-A728.

Vaidya V, Anupindi VR, Pinto S. Cost utility analysis of fixed-dose and free-
dose combinations of oral medications in type 2 diabetes patients. J Pharma
Health Serv Res. 2016;7:181-187.

Anupindi VR. Cosz Utility Analysis of Fixed Dose and Free Dose Combinations of
Oral Medications in Type 2 Diabetes Patients [theses and dissertations, 2032];
2015. https://www.mobt3ath.com/uplode/book/book-12072.pdf.

Leal J, Luengo-Fernandez R, Gray A, Petersen S, Rayner M. Economic burden
of cardiovascular diseases in the enlarged European Union. Eur Heart J.
2006;27:1610-1619.


https://www.mobt3ath.com/uplode/book/book-12072.pdf



