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ABSTRACT

INTRODUCTION: The EMPA-REG OUTCOME trial demonstrated the efficacy of empaglifiozin in the treatment of type
2 diabetes (T2D) with a previous history of cardiovascular (CV) disease. The drug is currently reimbursed for T2D Italian
patients, but the reduction of CV mortality and morbidity shown in the trial opens a new treatment perspective in those
patients with associated high CV risk.

OBJECTIVE: Cost-effectiveness analysis of empagliflozin for the treatment of T2D patients with a previous history of CV
disease, from the Italian National Health Service (NHS) perspective.

METHODS: The analysis was performed with an individual simulation model, which can predict the time to CV events
or death through a set of time-dependent regressions estimated on the patient-level data of the EMPA-REG OUTCOME
trial. This design allows the direct simulation of long-term outcomes and costs without the need for surrogate endpoints.
The model was adapted to the Italian setting, considering local epidemiological data, baseline quality of life (QoL) utility,
background mortality and unit costs from current prices and tariffs. The cost perspective was that of the Italian NHS and
the horizon of the simulation was lifetime. Costs and benefits were discounted at a 3.5% rate.

RESULTS: Base case results were estimated on a cohort of 5,000 patients, which ensured the convergence of the simula-
tion. Patients treated with empagliflozin in add-on to the standard of care (SoC) lived on the average 13.8 undiscounted
years as compared to 11.8 years of patients on SoC alone. The gain in discounted quality-adjusted life years (QALYs) was
1.0, due to improved survival and QoL linked to the reduced incidence of CV events and CV mortality. The incremental
cost-effectiveness ratio (ICER) was 4,811 €/QALY, well below the commonly applied threshold of 30,000-50,000 €/QALY.
CONCLUSION: Empaglifiozin in add-on to the SoC is a highly cost-effective strategy for the treatment of T2D patients
with known CV disease in the Italian setting.
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INTRODUCTION AND OBJECTIVE  The clinical trial EMPA-REG OUTCOME
Type 2 diabetes (T2D) — the most common investigated the efficacy of empagliflozin —a
form of diabetes, with a prevalence of about specific and reversible inhibitor of the sodi- Corresponding author

90% of cases — is identified as an important um-glucose co-transporter type 2 (SGLT2)  sergio lannazzo
risk factor for cardiovascular events [1,2]. — in reducing the incidence of cardiovascu- — sergio.iannazzo@icloud.com

Cardiovascular diseases are also the leading lar events and mortality in a cohort of 7,020 Disclosure
cause of death in diabetic subjects worldwide, patients with T2D and a previous history 1% 2 sic was funded by
amounting to about 50% in T2D patients [3].  of established cardiovascular disease [4,5]. Boehringer Ingelheim Italia.
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Patients were randomized to receive em-
pagliflozin or placebo in addition to their
standard therapy. The primary endpoint of
the study — defined as a composite endpoint
of death from cardiovascular causes, (non-
fatal) myocardial infarction or stroke — was
achieved over a median follow-up of 3.1
years, with an incidence of 10.5% in the em-
paglifliozin group and 12.1% in the placebo
group (hazard ratio = 0.86; CI95%: 0.74-
0.99; p = 0.04 for superiority). Among the
secondary endpoints, cardiovascular mortal-
ity was reduced by 38%, mortality for any
cause was reduced by 32%, hospitalizations
for heart failure were reduced by 35%, and
kidney damage progression was reduced by
39% [4.5].

Empagliflozin is currently authorized and
reimbursed by the Italian National Health
Service (NHS) for use in T2D patients; how-
ever, the clinical evidence derived from the
EMPA-REG OUTCOME study opens a new
treatment perspective in the patient at high
risk due to established cardiovascular dis-
ease. In this sense, it is important to explore
its effects and consequences also in the eco-
nomic context. In fact, a comprehensive as-
sessment of a health technology — besides the
evaluation of its clinical efficacy and safety
— should also include an assessment of its
economic effectiveness and sustainability,
with the aim of satisfying the need to ratio-
nalize the allocation and use of the available
resources, by providing the healthcare deci-
sion-maker with objective evaluation criteria.
In general, comprehensive economic evalua-
tions consist of two elements. The first type
of analysis — usually carried out in the form
of cost-effectiveness, or cost-utility, over a
medium to long-term time horizon — aims at
estimating the efficiency of the allocation of
health resources for a certain technology. The
second type, typically defined as a budget
impact analysis, answers the most immediate
and frequent question of the decision maker
about short-term (1-3 years) financial sus-
tainability.

The economic assessment of empagliflozin in
diabetic patients with established cardiovas-
cular disease was first addressed through an
analysis of the second type [6]. The aim of
this study is the cost-effectiveness evaluation
of empagliflozin in addition to the standard
of care therapy as compared to the standard
of care alone in the perspective of the Italian
NHS.

MATERIALS AND METHODS

The cost-effectiveness analysis was conduct-
ed in MS Excel, with the support of a simu-

lation model, to directly integrate the statis-
tical analyses developed on the patient data
of the EMPA-REG OUTCOME study and
to perform the pharmacoeconomic compari-
son between empagliflozin and the Standard
of Care (SoC) therapy in subjects with T2D
and established cardiovascular disease [7,8].
As detailed in the following paragraphs, the
model allows to extrapolate the risk func-
tions of cardiovascular and renal events di-
rectly from the EMPA-REG OUTCOME
data, without the need to refer to surrogate
outcomes. The economic model was adapted
in order to carry out an analysis which is ad-
herent with the Italian clinical setting. The
cost-effectiveness analysis was conducted
in the perspective of the Italian NHS, with
a time horizon corresponding to the entire
life of patients (lifetime horizon). Costs and
benefits were discounted at the annual rate
of 3.5%.

Model design

The model is based on the patient-level simu-
lation of the time to the occurrence of each
of the nine possible cardiovascular or renal
events, defined in accordance with the EM-
PA-REG OUTCOME study protocol [4,9]:
- Non-fatal myocardial infarction;
- Non-fatal ischemic stroke;
- Hospitalization due to heart failure;
- Transient ischemic attack;
- Coronary revascularization;
- Death from cardiovascular causes;
- New onset of macroalbuminuria;
- Kidney injury (doubling of serum creati-
nine level and eGFR =45 ml/min/1.73m?);
- The beginning of renal-replacement ther-
apy.
A set of parametric functions embedded in
the model — derived on the basis of multivari-
ate and time-dependent regressions of patient
data from the EMPA-REG OUTCOME study
— allows to estimate the time to events, ac-
cording to baseline characteristics and the oc-
currence of previous events. More details on
the derivation of the parametric functions is
reported in the Appendix A. The simulation
flow is schematically represented in Figure
1. Each simulated patient is created based
on the distribution of baseline characteris-
tics and sent to the two comparator’s arms,
i.e. treatment with empagliflozin + SoC and
SoC alone. At the beginning of the simula-
tion, the time to the first event is determined.
After this event, the quantities representing
the outcomes (survival, quality-adjusted life
years —QALY, and costs) are updated. In ad-
dition, risk functions are updated to take into
account the event occurred. At this point, the
simulation goes to the next event and pro-
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Figure 1. Patient-level simulation flow
EMPA'F(‘:ﬁcg:;rCOME Italian data (::I’i):r:a;iaotg) Source
Age (mean = SD) 63.9 + 8.3 66.0 = 9.0 T2D [11]
Female (%) 28.5 425 T2D + CV [11]
BMI = 30 (%) 60.8 63.1 T2D [11]
HbA1c = 8.5% (%) 31.6 23.7 T2D [11]
CV risk variables (%)
BCV1 (previous stroke) 271 185 T2D + CV [11]
BCV2 (MI) 50.6 38.1 T2D + CV [11]
BCV3 (CABG) 20.4 n/a
BCV4 (MCAD) 40.6 n/a
BCV5 (SVCAD) 11.8 n/a
BCV 6 (PAD) 23.4 n/a
Renal risk variables (%)
eGFR 60-90 53.4 n/a
eGFR < 60 21.8 23.8 T2D [12]

Table I. Baseline characteristics of the simulated population. Where available ltalian epidemiological data on the population of diabetic
patients with established cardiovascular disease (T2D + CV) or on the total population of diabetic (T2D) subjects were considered.
Where ltalian data were unavailable, the data of the subpopulation of the EMPA-REG OUTCOME study enrolled in Europe were

considered

CABG = coronary artery bypass graft; CAD = coronary artery disease; Ml = myocardial infarction; MCAD = multi vessel CAD; n/a = not available;

SVCAD = single vessel CAD; PAD = peripheral arterial disease

ceeds in this way until the final event, repre-
sented by the death of the patient, after which
the outcomes in terms of survival, QALY
and cost are stored in the system. The risk
of death is calculated for both cardiovascu-
lar causes (based on the EMPA-REG OUT-
COME data) and for all other causes, using
the mortality tables of the Italian population
[10]. The simulation is repeated for a large
number of iterations, determined in such a
way as to allow for the convergence of the
system. This condition occurs for a num-
ber of iterations, beyond which the median
values of the simulation results remain sub-
stantially stable. When all patients have been
simulated in both treatment arms, the overall
outcomes are calculated, in order to estimate
the cost-effectiveness of empaglifiozin com-
pared with SoC in subjects with T2D and es-
tablished cardiovascular disease.

Simulated population

As described above, patients are individually
simulated, with baseline characteristics de-
scribing the risk profile randomly extracted
from statistical distributions. During the pro-
cess of adaptation of the model to the Italian
clinical setting a series of targeted literature
searches were conducted to identify all rele-
vant sources of input data. The baseline char-
acteristics of the cohort of patients enrolled
in the EMPA-REG OUTCOME study were
replaced with Italian epidemiological data,
available in the literature on the population
of diabetic patients with established cardio-
vascular disease (T2D + CV) or, as a second
choice, on the total population of diabetic
(T2D) subjects [11,12]. Where Italian data
were unavailable, the data of the subpopula-
tion of the EMPA-REG OUTCOME study
enrolled in Europe were considered (Table I).

F Farmeconomia. Health economics and therapeutic pathways 2017; 18(1)

45



Cost-effectiveness analysis of empagliflozin in the treatment of patients with T2D and established cardiovascular disease in Italy

Kidney injury’

Utility, mean (95%Cl) Sources

Base case utility diabetic population 0.874 [13,14]
Utility decrease related to events
Non-fatal myocardial infarction -0.047 (-0.057;-0.036) [15]
Non-fatal stroke -0.060 (-0.074;-0.046) [15]
Heart failure -0.050 (-0.064;-0.036) [15]
Transient ischemic attack -0.070 (-0.131;-0.008) [18]
Coronary revascularization -0.030 [16]
Macroalbuminuria -0.038 (-0.059;-0.016) [18]

]

]

Kidney failure?

-0.038 (-0.059;-0.016)
-0.038 (-0.059;-0.016)

Effect of multiple events (additive with respect to the application of

individual decreases)

2 events 0.017 [15]
3 events 0.042 [15]
4 events 0.070 [15]
5 or more events 0.087 [15,16]

Table Il. Utility considered in the cost-effectiveness analysis
"Doubling of serum creatinine level and eGFR = 45 ml/min/1.73m?
2Beginning of renal-replacement therapy
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Quality of life data

Input data on the quality of life of patients
with T2D and established cardiovascular dis-
ease are used to weigh the simulated survival
and obtain the estimate of the QALY's gained
in each of the two treatment arms. The base
case utility was determined starting from the
reference standard for the Italian population
[13], reduced by the specific utility decrease
related to the chronic diabetic condition (UK
data in the absence of available Italian data)
[14]. Specific utility reductions were also
considered for all cardiovascular and renal
events (Table II). These were obtained from a
British study that estimated them based on a
cohort of diabetic patients [15,16].

Cost data

The cost-effectiveness analysis was carried
out in the perspective of the Italian NHS,
therefore only direct health costs were taken
into account, with costing year 2017. More
specifically, the costs related to drug acqui-
sition and the management of cardiovascular
and renal events were considered. Costs for
drug acquisition were assessed considering
the mix of drugs that define the standard treat-
ment in subjects with T2D and established
cardiovascular disease. This was estimated
through the QuintilesIMS Patient Analyzer
service, based on the quarterly collection of
anonymous patient records among a panel of
140 diabetologists [17].

The daily cost of the individual drugs was
calculated by considering the recommended

daily dose, based on the respective summary
of product characteristics (SPC), and the ex-
factory price or that from the transparency
list for equivalent products [18,19]. In the
case of treatments available on the market in
various packages, the unit price was calcu-
lated by weighing the cost of the individual
products according to their relevant market
shares [20]. In order to calculate the daily
cost of insulin in monotherapy or in combina-
tion with oral antidiabetic agents, an average
requirement of 20 IU/day for basal insulin
and 50 [U/day for basal-bolus regimens was
assumed. The use of basal insulin was esti-
mated at 100% in the case of combinations
with sulphonylureas, GLP-1 and DPP-4, at
75% when associated with repaglinide, and
at 38% in combination with metformin [17].

Based on the assumptions hereby defined,
the cost of the standard treatment was 1.20
€/day. In line with the EMPA-REG OUT-
COME study design, it was assumed that
the treatment with empaglifiozin was added
to the standard treatment, resulting in a to-
tal cost for the empaglifiozin + SoC arm of
2.55 €/day. However, the assumption of em-
pagliflozin add-on is conservative in the per-
spective of the economic evaluation. In fact,
it seems unlikely that in the clinical practice
empagliflozin could simply be added with-
out a concomitant adjustment of the ongoing
therapy for each patient. Consequently, in
concomitance with the base case, an alterna-
tive scenario was considered in which, in line
with the previous budget impact analysis [6],
it was assumed that the adoption of empa-
gliflozin occurred as a replacement of an oral
antidiabetic agent, except for patients under
treatment with metformin, insulin and insulin
associated with metformin. In this scenario,
the cost of the drug in the empagliflozin +
SoC arm was 1.86 €/day.

Hospitalization costs for cardiovascular and
renal events (Table III) were derived from
the Italian Hospital Tariff System for acute
diseases, weighed for the relative hospital-
ization frequencies [21,22]. For cardiovascu-
lar death, it was assumed that — on average
— only half of the cases are hospitalized. The
cost of renal replacement therapy was esti-
mated at € 41,027, corresponding to the cost
of kidney dialysis per patient per year [23].
Finally, it was assumed that, for the manage-
ment of macroalbuminuria and kidney injury,
there is no need for hospitalization, but out-
patient services are sufficient.

Sensitivity analysis and scenarios

Cost-effectiveness analysis results were es-
timated for the base case and for an explor-
atory scenario. The latter concerned the cost
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Event Cost (€) Source Reference
Non-fatal myocardial ~ 3,897.89  DRG 121 — CV disorders with acute MI, CV complications, discharged alive [21,22]
infarction DRG 122 — CV disorders with acute MI, without CV complications, discharged alive
Non-fatal stroke 6,073.00 DRG 559 — Acute ischemic stroke with use of thrombolytic agent [21]
Heart failure 3,052.00 DRG 127 — Heart failure and shock [21]
Transient ischemic 2,5643.00 DRG 524 — Transient ischemic attack [21]
attack
Coronary 8,080.55 DRG 547 — Coronary bypass with cardiac catheter with major CV diagnosis [21,22]
revascularization DRG 549 — Coronary bypass without cardiac catheter with major CV diagnosis

DGR 553 — Other vascular procedures with CV complications with major CV
diagnosis
DRG 555 — Percutaneous CV procedures with major CV diagnosis
DRG 557 — Percutaneous CV procedures with drug-eluting stent with major CV
diagnosis
Macroalbuminuria 22.26 1 Creatinine test (90.16.4 creatinine clearance) [21]
1 Nephrological visit (89.7 GP visit)
Kidney injury’ 42.92 1 Creatinine test (90.16.4 creatinine clearance) [21]
1 Nephrological visit (89.7 GP visit)
1 Nutritional visit (89.7 GP visit)
Kidney failure? 41,027.00 Annual cost for dialysis [23]
Cardiovascular 2,009.00 DRG 123 — CV disorders with acute MI (assumption: 50% of sudden deaths/ not [21]
death hospitalized)
Table Ill. Hospitalization costs for cardiovascular and renal events
"Doubling of serum creatinine level and eGFR = 45 mi/min/1.73m?
2Beginning of renal-replacement therapy
CV = cardiovascular; GP = general practitioner; Ml = myocardial infarction
of the drug, exploring the potential impact of .
considering empagliflozin in substitution for HTEEHEET & HEs 220 IS
other antidiabetic drugs, and not simply asan | ifs Years 13.8 118 20
add-on. In this scenario, the pharmaceutical (undiscounted)
cost in the empagliflozin + SoC arm was 1.86  qalvs 86 76 1.0
€/da§/ (as compared to 2.55 €/day in the base Total costs (€) 15,679 10,971 4708
case).
In order to estimate the impact of the uncer-  ° Drug costs(€) 9460 3.951 5:509
tainty of data on the results of the analysis, ¢ Eventcosts (€) 6,219 7,021 -802
a probabilistic sensitivity analysis (PSA) was  ICER (€/QALY) 4,811

conducted, in which all the parameters of the
model assume a probabilistic value distrib-
uted over their uncertainty range. The latter
was assumed to be equal to CI95%, where
this was reported in the original sources.
For derivative parameters or parameters for
which uncertainty information was not avail-
able, a conventional standard deviation value
of + 10% of the central value was considered.
The Beta distribution was used for param-
eters constrained in the range (0-1) such as
probabilities and utilities. The Gamma distri-
bution was used for all other parameters. The
parameters of regression functions predicting
the time to events were varied based on their
variance-covariance matrix, using the Cho-
lesky decomposition method.

RESULTS

The base case simulation was carried out for
a cohort of 5,000 patients. Such a number
ensured the convergence of the probabilistic

F Farmeconomia. Health economics and therapeutic pathways 2017; 18(1)

Table IV. Undiscounted (survival) and discounted (QALY and costs) results of the
cost-effectiveness analysis (base case)

ICER = incremental cost-effectiveness ratio; QALY = quality-adjusted life year;

SoC = standard of care

model and the repeatability of the results. Pa-
tients in the treatment arm with empaglifiozin
as an add-on to the SoC (condition not reim-
bursed according to the current therapeutic
plan) lived for an average of 13.8 years, com-
pared to the 11.8 of the patients in the stan-
dard treatment, with a mean life expectancy
gain of 2.0 years (Table IV).

The increased survival is related to the lower
incidence of cardiovascular and renal events,
particularly cardiovascular mortality. Due
to the combined effect of improved survival
and lower incidence of events, empagliflozin
provides patients with a mean increase of 1.0
QALY (discounted, and corresponding to 24
months of life years gained), given by the dif-
ference between 8.6 QALYs and 7.6 QALYs
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Increments (empagliflozin + SoC vs SoC)

Base case Scenario’
Life Years 2.0 2.0
QALYs 1.0 1.0
Costs (€) 4,708 2,162
ICER (€/QALY) 4,811 2,205

Table V. Results of the cost-effectiveness analysis in the exploratory scenario
ICER: Incremental Cost-Effectiveness Ratio, QALY = quality-adjusted life years; SoC:
standard of care;
"Pharmaceutical cost in the empagliflozin + SoC arm was calculated by assuming the
replacement of other antidiabetic agents, with exception of metformin and insulin

gained in the empagliflozin + SoC and in the
SoC arm, respectively. Cardiovascular and
renal costs were averagely lower by € 802,
despite the increase in survival. This reduc-
tion partially compensates the increase in

pharmaceutical costs due to the addition of
empagliflozin (€ 5,509), resulting in a net in-
crease in total cost of € 4,708 (€ 15,679 and €
10,971 for empagliflozin + SoC and the SoC,
respectively). Empagliflozin is cost-effective
compared to the SoC in patients with T2D
and established cardiovascular disease, with
a resulting incremental cost-effectiveness ra-
tio (ICER) 0f 4,811 €/QALY (Table IV). This
value is clearly below the cost-effectiveness
thresholds commonly considered acceptable
(30-50,000 €/QALY).

In the exploratory scenario, it was assumed
that the use of empagliflozin occurs through
the replacement of other antidiabetic drugs
according to the reimbursability limits of the
current therapeutic plan (no longer as an add-
on to basic therapy, as in the baseline scenar-
i0), with a reduction of the pharmaceutical

Incremental costs (€)

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0.2 0.4 0.6 0.8

Incremental QALYs

1.0 1.2 1.4 1.6

Figure 2. Results of the probabilistic sensitivity analysis (500 iterations)

Probability of being cost-effective (%)

1.0

0.8

0.6

0.4

0.2

0,0

1,000 2.000 3.000 4.000 5.000

WTP (€/QALY)

6.000

7.000 8.000 9.000 10.000

Figure 3. Cost-effectiveness acceptability curve (CEAC)
WTP = cost-effective thresholds (willingness to pay)
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cost for patients treated with empaglifiozin +
SoC. This reduction led to a total cost differ-
ence between the two comparator’s arms of €
2,162, lowering the ICER to € 2,205/QALY
(Table V).

Sensitivity analysis

The probabilistic sensitivity analysis allows
to simultaneously analyze the impact of vari-
ous sources of uncertainty. The analysis was
performed by assigning a statistic probability
distribution to each parameter of the model,
so that — at each iteration — the set of input
values was slightly different (thus represent-
ing the uncertainty on the parameters). The
calculation of the results was repeated for
500 iterations. The results of the PSA were
graphically analyzed on the cost-effective-
ness plane and as cost-effectiveness accept-
ability curve (CEAC). In the graph of the 500
iterations of the cost-effectiveness plane, the
point cloud is sufficiently compact around
the central value, demonstrating a good sta-
bility of the model data (Figure 2).

The mean value of the ICER resulting from
the sensitivity analysis (4,791 €/QALY)
is close to the point value of the base case.
The ICER credibility range — defined as the
range in which 95% of the analysis values
fall — is 3,148-6,503 €/QALY. The CEAC is
a graphic representation of the likelihood that
a treatment is cost-effective as a function of
the threshold value for the cost-effectiveness
acceptability. The CEAC of the comparison
empagliflozin + SoC vs SoC shows that em-
paglifiozin has about a 100% probability of
being cost-effective at acceptability thresh-
olds around 10,000 €/QALY, well below the
conventionally considered values (30-50,000
€/QALY - Figure 3).

DISCUSSION

Clinical literature has unequivocally shown
over the years how T2D can be identified as
an important risk factor for cardiovascular
events and how the presence of a cardiovas-
cular disease may extend the impact of T2D
beyond the mere glycemic control issue. To
this regard, the EMPA-REG OUTCOME
study highlighted the possibility of choos-
ing therapeutic strategies that can optimize
the outcomes of these two intimately related
chronic situations. The recent results of the
LEADER study with liraglutide and of the
SUSTAIN-6 study with semaglutide go in
the same direction [24,25]. It, therefore, ap-
pears important — for the purpose of a com-
plete technology assessment — to explore in
depth the relevant aspects of economic effec-
tiveness and sustainability. The first step in

S. lannazzo, E. Mannucci, O. Reifsnider, A. P Maggioni

this direction was made by a previous work,
through which the same authors of this article
investigated the financial sustainability of the
adoption of empagliflozin in Italian patients
with T2D and established cardiovascular
disease [6]. The conclusions reached by the
budget impact analysis methodology were
that empagliflozin can be a viable therapeu-
tic option, both clinically and economically,
and that the hypothesized use of the same
treatment could take place without a negative
budget impact borne by the Italian National
Health Service [6]. The aim of this study was
to complete the path with the cost-effective-
ness assessment of the treatment in the same
setting. The analysis was conducted using
a patient-level simulation model, directly
based on the EMPA-REG OUTCOME data.
The advantage of this type of model is that
it allows to extrapolate the risk functions of
cardiovascular and renal events directly from
the trial data, without the need of surrogate
outcomes to estimate results and costs over
the long term. On the other hand, the tight
relation with the randomized trial constitutes
the main limitation of the model itself. As in
all randomized clinical trials, in the EMPA-
REG OUTCOME study, the enrollment was
governed by the criteria pre-arranged in the
protocol. In the opinion of the authors of this
article, this led to the probable exclusion of
a series of too complex or too frail patients
who may represent a large component of
the Italian clinical reality. This limitation is
typical of randomized clinical trials, which
measure the effects of treatments in an ex-
perimental setting, often different from clini-
cal reality. Another common problem related
to the use of efficacy data from clinical trials
into cost-effectiveness models is related to
the extrapolation to the long-term frame. In
our case, the follow-up period of the EMPA-
REG OUTCOME study was relatively long
(3 years) but in any case, the extrapolation to
a lifetime horizon is introducing some uncer-
tainty. This was, however, partially addressed
in the probabilistic sensitivity analysis where
all parameters of the risk equations were
varied within their uncertainty ranges. A sec-
ond major limitation of the study is linked to
the use of utilities for the estimation of the
quality of life which are not derived from an
Italian study. This limit is, according to the
personal experience of the Authors, unfor-
tunately quite common in cost-effectiveness
analyses in the Italian setting, due to the poor
production of original quality of life studies.
Another limitation of the analysis is inher-
ently linked to the use of cost data available
in the literature and, in some cases, based on
DRG rates, instead of real costs. The results

F Farmeconomia. Health economics and therapeutic pathways 2017; 18(1)
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of the study showed that patients treated with
empagliflozin lived on average two years
more than patients with standard treatment,
due to the lower incidence of cardiovascular
events and mortality. The higher cost, due to
the addition of empagliflozin, seems fairly
compensated by the benefit on the outcomes,
with an ICER of 4,811 €/QALY, a value
which is significantly lower than the cost-
effectiveness thresholds most commonly
considered acceptable (30-50,000 €/QALY).
Also in the sensitivity analysis, which takes
into account the uncertainty of all the input
data of the study, the upper limit of the 95%
confidence interval (3,148-6,503 €/QALY)
was far from the thresholds, thus showing the
reliability of the conclusions produced by the
model. It could be interesting to note that the
ICER obtained in this study is generally low-
er than those reported in other important ther-
apeutic areas in Italy. Consider, for example,
the cost-effectiveness analysis of a biologi-
cal product for the treatment of rheumatoid
arthritis (ICER = 17,100 €/QALY [26]), or
that of a tyrosine-kinase inhibitor (TKI) au-
thorized for the treatment of chronic myeloid
leukemia (ICER = 22,529 €/QALY [27]).
It is, therefore, reasonable to consider reas-
suring the cost-effectiveness results of em-
pagliflozin in the treatment of subjects with
T2D and established cardiovascular disease,
even within the discussed limitations of the
study. Empagliflozin, therefore, represents an
efficient investment in terms of allocation of
the Italian NHS’s resources, since it ensures
a lower additional cost per QALY than other
biotechnological treatments. All this consid-
ered, and in concomitance with the results of
the budget impact analysis [6], we can, there-
fore, conclude that empaglifiozin can be a
valid therapeutic option in subjects with T2D
and established cardiovascular disease, both
from a clinical and economic perspective.
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APPENDIX A

Time dependent parametric survival analy-
ses of the EMPA-REG OUTCOME trial data
were conducted to characterize clinical event

rates over time under standard of care alone
and with empagliflozin in addition to the
standard of care therapy (Table IA).

Steps for determining predictors
and parametric distribution

A systematic two-stage analytical process
was used to develop event-free survival func-
tions for the clinical events included in the
model.

1. Population-level time-to-event surviv-
al curves were fit to the EMPA-REG
OUTCOME trial data considering var-
ious potential statistical distributions.
Empirical time-to-event curves were
derived using the Kaplan-Meier method
to ascertain the shape of the distribution
in each treatment arm. Extrapolation of
time-to-event distributions beyond the tri-
al timeframe was handled with paramet-
ric survival analyses methods. Statistical
distributions (i.e., exponential, Weibull,
log-Normal, log-Logistic, Gompertz)
that can account for the typically skewed
distributions of time-to-event variables
were considered in the fitting process.
The process of selecting the best fitting
distribution involved both statistical and
clinical considerations, including good-
ness of fit (Akaike’s Information Crite-
ria and Bayesian Information Criterion),
plausibility of results, and parsimony
(preference for the simplest functional
form). The approach to fitting the curves
was as outlined in Ishak et al. [28], which
provides the technical details behind the
steps of the analyses. Results of this anal-
ysis provide the parameters (i.e., shape,
scale) for the baseline distribution of each
KM curve for each arm (base overall
curve). Survival analyses were performed
in SAS version 9.4.

2. A Cox proportional-hazards analysis
was conducted to develop individual
patient-level risk equations based on
patient characteristics and event histo-
ry. Baseline and time-dependent predic-
tors that impact the risk of the outcome
event were tested for significance in the
risk equations. Candidate characteris-
tics for predictors were selected based
on clinical relevance as indicated in pre-
specified analysis for the trial endpoints,
and included treatment arm (pooled em-
pagliflozin doses versus placebo), demo-
graphic information (age, sex, geographic
region), baseline biomarkers (HbAlc,
BMI, eGFR), baseline event history (car-
diovascular, cerebrovascular, and periph-
eral arterial disease), and cardiovascular
and renal events experienced during trial
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follow-up. The predictor selection strate-
gy involved first assessing each potential
predictor for significance (p <0.2) in uni-
variate analysis to determine whether it is
associated with the outcome on its own.
The significant predictors were combined
in multivariate parametric equations,
trimmed one variable at a time (in order
of highest p-value) to exclude variables
not significant at p < 0.2. The final mul-

tivariate equations contain predictors
that have a significant effect or impor-
tant prognostic factors that show a non-
negligible effect size. The Cox regression
analysis provided tables of hazard ratios
for covariates included in each equation
that are used to adjust the base curves.
Time-dependent multivariate parametric
survival regression models were built us-
ing R version 3.2.2.
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