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Abstract TOSCA.IT is an institutional, non-industry-supported, head-to-head study comparing
long term cardiovascular effects, efficacy and safety of two antidiabetes drugs (pioglitazone vs
sulphonylureas) used in combination with metformin in patients with type 2 diabetes mellitus.
The study results show that in the absence of clinically evident cardiovascular disease both
treatment strategies represent suitable alternatives; however, in consideration of the greater
durability of the metabolic effects, the lower risk of hypoglycemia and the potential benefit on
atherosclerotic cardiovascular disease, the combination of metformin and pioglitazone may be
considered as the preferential therapeutic option. In this review the study is critically evaluated
against the background of the evidence accumulated over the last decade on the impact of
different glucose lowering drugs on cardiovascular events in people with type 2 diabetes.
ª 2018 The Italian Society of Diabetology, the Italian Society for the Study of Atherosclerosis, the
Italian Society of Human Nutrition, and the Department of Clinical Medicine and Surgery, Feder-
ico II University. Published by Elsevier B.V. All rights reserved.
Introduction

Cardiovascular diseases (CVD) remain the most common
cause of death and morbidity in people with type 2 dia-
betes (T2DM), despite noticeable advances in the preven-
tion and treatment of CVD in recent years. Whereas the
correction of major cardiovascular risk factors has proven
highly effective also in people with diabetes [1,2], the trials
designed to evaluate the cardiovascular effects of intensive
vs less intensive glucose control have provided heteroge-
neous results (reviewed in 3). Overall, more intensive
glucose control has been associated with a significant,
albeit limited, benefit on the occurrence of cardiovascular
events; nonetheless, total and cardiovascular mortality
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have not significantly decreased with this approach [3].
Among other reasons, this might be partly due to unto-
ward effects of hypoglycemic drugs on the cardiovascular
system, in particular, to the potentially adverse effects
of SUs that may have counterbalanced the benefits of
improved glucose control.

Against this background, it is relevant to review the
available evidence on the impact of different glucose
lowering drugs on cardiovascular events, independently of
their glucose lowering effect, to guide the choice of hypo-
glycemic treatment(s) for people with type 2 diabetes.
Metformin is the recommended first line drug for type 2
diabetes [4], but the progressive nature of the disease
requires a stepwise therapeutic approach combining
different hypoglycemic agents when metformin alone is no
longer sufficient [5]. The increasing number of available
drugs with different mechanisms of action and the lack
of randomized controlled trials directly comparing the
therosclerosis, the Italian Society of Human Nutrition, and the Department of Clinical
d.
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different combination regimens - not only in achieving a
satisfactory blood glucose control, but also in terms of their
impact on diabetes complications e makes the choice of
the best second line treatment a challenge for clinicians.

Over the last decade, several cardiovascular outcome
trials (CVOT) on glucose lowering drugs other than insulin
have been completed [6e17]. These trials are driven by
regulatory requirements of Food and Drug Administration
industry guidance for the licensing of antidiabetes drugs
issued following the rosiglitazone case and are primarily
designed to assess the cardiovascular safety of the study
drug(s). With few exceptions, they are based on a non-
inferiority design versus placebo and have a relatively
short duration. Therefore, although highly relevant,
these studies, by design, cannot provide information on
the comparative effectiveness and risk/benefit balance of
different hypoglycemic drugs; furthermore, they leave
unanswered the question of whether the study drug(s)
impact on the natural history of the cardiovascular com-
plications of diabetes. It is common knowledge, in fact,
that the cardiovascular complications of diabetes are
largely attributable to the heavy atherosclerotic burden,
and prior studies have shown that any effect on athero-
sclerotic cardiovascular end points takes much longer to
become evident [18,19]. Finally, the prevalent/exclusive
enrolment of participants with prior CV events casts
doubts on the generalizability of the results to lower risk
populations, which represent most people with diabetes.
There is clear need for trials where the crucial question of
the comparative balance between risks and benefits of
different treatment strategies for T2DM are evaluated in a
head-to-head comparison, with a sufficiently long follow-
up, in more representative samples of people with type 2
diabetes. TOSCA.IT is the only published trial designed as
head-to-head comparison of two active glucose lowering
strategies, thus partially filling this void. Nevertheless, the
recent trials open new perspectives by showing that some
of the newest hypoglycemic drugs have clear cardiovas-
cular benefits in secondary prevention. In particular, the
sodium-glucose transporter-2 (SGLT-2) inhibitor empagli-
flozin [12] was the first to show a reduction in cardiovas-
cular mortality, subsequently confirmed e although with a
smaller magnitude e by canagliflozin [15]. In addition, the
glucagon-like peptide-1 (GLP-1) agonists liragutide
(LEADER) and semaglutide (SUSTAIN -6) have shown sig-
nificant benefits on cardiovascular outcomes in compari-
son with placebo [13,14]. Based on this evidence the
standards of medical care in diabetes of the American
Diabetes Association recommend the use of SGLT2 in-
hibitors and liraglutide as second line treatment in people
with established CVD [20].

Rationale and main results of TOSCA.IT

Within the panorama of the completed and ongoing trials,
TOSCA.IT represents one of the few examples of institu-
tional, non-industry-supported, head-to-head study
exploring the comparative long-term CV effects, as well as
efficacy and safety of two second-line antidiabetic drugs in
a population of patients with early T2DM and low preva-
lence of prior CVD, largely neglected in prior cardiovas-
cular outcomes trials. The sulphonylureas (SUs) are still
the most commonly used drugs upon metformin failure
worldwide, most likely because of their perceived efficacy,
the long-lasting experience accumulated by clinicians, and
their economic affordability. However, the cardiovascular
safety of SUs has been questioned. The controversy started
with the University Group Diabetes Project showing an
increased mortality in patients treated with tolbutamide
as compared to insulin or diet alone, and the debate is still
ongoing after 50 years of their use [20,21]. Recent met-
analyses of randomized controlled trials do not show an
increase in CV risk associated with second generation SUs
(Glibenclamide, Glipizide, Glimepiride, Gliclazide); the
largest body of evidence supporting the adverse CV effects
of SUs comes from observational studies which, by design,
are not suited to evaluate cause effect-relationship due to
the lack of appropriately matched controls [21]. The pic-
ture becomes even more complex when these drugs are
evaluated in association with metformin. In a subgroup of
patients enrolled in the UKPDS, those given metformin
plus SUs showed significantly higher mortality compared
to patients treated with SU alone [22]. Since SUs are often
used in combination with metformin, these data empha-
size the need to evaluate the CV effects and other relevant
health outcomes of this treatment strategy as compared to
a therapeutic approach based on metformin plus a hypo-
glycemic drug from another class, with a different mech-
anism of action.

Thiazolidinediones are glucose lowering drugs that, at
variance with SUs, exert their hypoglycemic effect by
improving insulin action without any direct stimulatory
influence on pancreatic beta cells, thus entailing a minimal
risk of hypoglycemia; moreover, they ameliorate the car-
diovascular risk factor profile. These represent quite good
reasons to hypothesize that this class of drugs may have
great potential for cardiovascular protection. Whereas
rosiglitazone has been dismissed because of a purported
increased CV risk, pioglitazone has been shown to reduce
the incidence of CV events as compared to placebo in
people with diabetes and prior CVD in the PROactive study
[6]. Furthermore in the IRIS study, involving patients
without diabetes who had insulin resistance along with a
recent history of ischemic stroke or TIA, the risk of stroke
or myocardial infarction was significantly lower among
patients who received pioglitazone than among those who
received placebo [23]. Moreover two studies e PERISCOPE
and CHICAGO - have shown with intravascular ultrasound
technique that pioglitazone significantly reduces the
progression of atherosclerosis of the carotid or coronary
arteries [24,25]. The use of pioglitazone in clinical practice,
however, has been restricted by concerns over purported
increased rates of heart failure, fractures and bladder
cancer [26e28]. It is therefore relevant to evaluate this
compound in relation to its long-term impact on cardio-
vascular events and general safety, also considering that
pioglitazone is the only insulin sensitizer currently avail-
able in clinical practice.
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Against this background TOSCA.IT was designed as a
pragmatic trial e i.e. following the indications and
contraindication for the study drugs, no run in and no pre-
specified goals for treatment e comparing, in a usual
care setting the long-term effects on the incidence of
cardiovascular events, glucose control and safety, of adding
a sulphonylurea or pioglitazone to metformin in the
treatment of patients with type 2 diabetes inadequately
controlled with metformin monotherapy [29].

The main results of the study have been published
recently [17]. The trial was performed at 57 sites in Italy
and enrolled 3028 patients with type 2 diabetes aged
50e75 years insufficiently controlled with metformin
alone, who were randomly assigned to pioglitazone or SUs,
determined by local practice (mostly glimepiride or gli-
clazide). Average diabetes duration was 8 years, glycated
hemoglobin 7.7% and prevalence of prior CVD 11%.
The occurrence of end point events was much lower than
estimated and the trial was stopped after a median follow-
up of 57.3 months, on the basis of a futility analysis, with
no difference in the primary cardiovascular outcome - a
composite of first occurrence of all cause death, non-fatal
MI, non-fatal stroke, or urgent coronary revascularization
(HR 0.96,95% CI 0.74e1.26). Premature permanent
discontinuation of the study medications was significantly
more frequent in the pioglitazone than in the SU arm
(28.1% vs 15.9%, p < 0.001), this was largely due to the alert
issued by EMA and AIFA in July 2011 regarding a suspected
increased risk of bladder cancer with Pioglitazone. The “on
treatment” analysis was performed to partially account for
the unbalanced rate of premature treatment(s) discontin-
uation which may have diluted possible differences be-
tween the study arms. In this analysis the occurrence of
the key secondary outcome e a composite of atheroscle-
rotic cardiovascular events e was significantly reduced by
almost 30% in the pioglitazone plus metformin group.

In addition, pioglitazone was associated with signifi-
cantly better durability of the glucose lowering effect,
higher HDL cholesterol and significantly fewer hypogly-
cemic events. No significant differences between treat-
ment groups were observed with regard to weight gain,
heart failure, cancer e including bladder cancer - fractures
and macula edema.
Clinical messages from TOSCA.IT

1) An important message from this study comes from
the low event rate recorded during the trial e less
than half that expected on the basis of findings of the
PROactive study conducted 10 years earlier. This
observation is coherent with data from recent
observational studies [30] and highlights the chang-
ing natural history of CVD in diabetes, largely
attributable to the increasing implementation of
effective preventive measures such as the use of
statins, antihypertensive and antiplatelet agents.

2) The study results indicate that the incidence of car-
diovascular events is similar with SUs (glimepiride
and gliclazide) or pioglitazone. The apparent absence
of cardiovascular benefits with pioglitazone, a drug
with proven advantages in secondary prevention
trials in people with or without diabetes [6,23] might
be partly explained by the choice of the principal
endpoint which includes all-cause death, but also by
the features of the study population. TOSCA.IT has
enrolled a population with low absolute cardiovas-
cular risk (low prevalence of CVD (11%), relatively
short diabetes duration (8 years) and well controlled
cardiovascular risk factors). In such a population,
neglected in prior trials, but more representative of
the general population with type 2 diabetes [31], the
beneficial effects of pioglitazone on total cardiovas-
cular events (ischemic and non ischemic end points)
may be too small to be detected.

3) The discrepancy between the results of TOSCA.IT and
those of studies with pioglitazone in secondary pre-
vention cohorts is coherent with the hypothesis that
the cardiovascular effects of the hypoglycemic drugs
may quantitatively differ in relation to the absolute
CV risk of the study population(s). This hypothesis is
also supported by a subgroup analysis of the CANVAS
trial showing a differential effect of the SGLT2 in-
hibitor canagliflozin in patients with or without prior
CVD, with a significant reduction in the outcomes
only in patients with prior CVD [32]. Unfortunately
available evidence shows that primary prevention
trials are unfeasible and it is therefore unlikely for a
definitive answer on this point to become available in
the future. For the time being the SGLT2 inhibitors
and liraglutide are the recommended second line
treatment for patients with diabetes and clinically
evident atherosclerotic cardiovascular disease while
they represent one of several therapeutic options in
type 2 diabetic patients with a lower cardiovascular
risk [20].

4) The lower rate of ischemic cardiovascular events (the
key secondary end-point) observed in patients
treated with metformin plus pioglitazone in the “on
treatment” analysis, cannot be taken as a conclusive
evidence, it is however very much in line with the
findings of the IRIS and the PROactive trials, and is
also coherent with the anti-atherosclerotic effect of
pioglitazone shown by the CHICAGO and PERISCOPE
studies. Altogether, the available evidence, including
also epidemiological observations on the relationship
between impaired insulin action and increased risk
of atherosclerotic cardiovascular diseases at the
population level, supports the notion that insulin
resistance is a risk factor for atherosclerosis, and in-
terventions aimed at improving insulin sensitivity
have a beneficial impact on the risk of ischemic car-
diovascular events.

5) A further relevant information from TOSCA.IT is the
long-term safety profile of the study drugs. Weight
gain was modest (less than 2 Kg in 5 years, with no
difference between study arms), although presum-
ably higher than that observed with other anti-
diabetes drugs. Severe hypoglycemia was infrequent
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even in the SUs group (i.e 68% did not report any
hypoglycemia during 5 years of follow-up and only
2% ever experienced severe hypoglycemia). The
known side effects of pioglitazone (i.e heart failure,
fractures, macular edema) were rare and no excess of
bladder cancer was observed in patients treated with
this drug. The appropriate selection of the study
participants (i.e exclusion of patients with congestive
heart failure NYHA 1 or higher, or with impaired
renal function), the use of submaximal doses of the
study drugs together with the selection of the com-
pounds with the best safety profile within the class,
are a likely explanation for the low rate of side-effects

Conclusions

In conclusion, notwithstanding some limitations, TOSCA.IT
is an important pragmatic trial. Unlike other completed
and ongoing trials, the study provides a head-to-head
comparison of the effectiveness and safety of two largely
available and economically affordable second-line hypo-
glycemic drugs. Altogether, this study indicates that, in
T2DM patients with early diabetes and low prevalence of
prior CVD inadequately controlled with metformin, both
treatment strategies tested are suitable; however, consid-
ering the durability of the metabolic effects, the lower risk
of hypoglycemia and the positive impact on plasma lipids
and possibly on ischemic cardiovascular events, the com-
bination of metformin and pioglitazone may be preferred
to metformin plus a sulphonylurea. The study results are
also relevant from the point of view of public health. We
are facing a diabetes epidemic; the confirmed safety pro-
file of older, widely available and economically affordable
drugs such as pioglitazone and some SUs (gliclazide and
glimepiride)- when used appropriately and selected for
the right patients - offer effective treatment with a positive
benefiterisk relationship, which is particularly relevant
when availability and cost are major issues.

The study results also stimulate the design of clinical
trials to generate more comparative outcome data with
newer antihyperglycemic drugs. There is clear need for
trials like TOSCA.IT, where the crucial question of the
comparative balance between risks and benefit of different
treatment strategies for T2DM is evaluated in a head-to-
head comparison with a sufficiently long follow-up. For
the time being, the clinical implications of this study-
dinterpreted in the context of the available evidencedare
that, while in people with established CVD the recom-
mended second line treatment after metformin treatment
added to metformin should include drugs with a docu-
mented cardiovascular benefit (pioglitazone, liraglutide,
SGLT-2 inhibitors), in people with early diabetes and no
prior CVD we have many options but few certainties. In
particular, since we have very few head-to-head compar-
isons of hypoglycemic drugs in relation to their impact on
cardiovascular events, the evidence provided by TOSCA.IT,
together with other relevant information available in the
literature [33], indicates that the choice of the second line
treatment in these patients should not primarily focus on
the cardiovascular effects of the drug(s) but should also
take into consideration other relevant clinical aspects like
the long term durability of glucose control, tolerability,
side effects and cost.
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