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Abstract

In this brief review of the recent evolution of the pharmacological treatment of Type 2 Diabetes Mellitus (T2DM), we will analyze how different
ways of living with diabetes coexist around the world. To define them, we will use the concept that we have called the three contemporary visions
of T2DM, namely: dark vision, luminous vision, and bright vision. We will also discuss how the glucocentric paradigm of T2DM treatment led to the
development, implementation, and publication of the Cardiovascular Outcomes Trials (CVOTs) in T2DM. Since June 2013, eighteen CVOTs have been
published that have studied the cardiovascular safety of fifteen anti-diabetic drugs belonging to four new therapeutic classes. Together, these studies
have included more than 150,000 individuals with a cumulative average follow-up of almost half a million patient-years. These studies have shown
that beyond glycemic control, six drugs-Empagliflozin, Canagliflozin, Dapagliflozin, Liraglutide, Semaglutide, and Dulaglutide belonging to two new
therapeutic classes, significantly reduce the cerebrovascular, cardiovascular, and renal morbidity and mortality of T2DM patients. Thus, establishing
a new paradigm in the pharmacological treatment of T2DM, the paradigm of cerebral and cardio-renal protection of the diabetic individual. This
substantial evidence has been transferred to the T2DM practice guidelines and, for the first time in this medical field, has been homologated around
the world.
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follow-up of 13.3 years [3]. A multifactorial, targeted, and intensified
intervention reduced the relative risk of total and cardiovascular
death by 46% and 59%, respectively. Their therapeutic approach was
characterized by a blood pressure <130/80 mmHg, HbAlc <6.5%,
total cholesterol <175 mg/dl, and triglycerides <150 mg/dL. These are
difficult but not impossible numbers nowadays. The Swedish National
Diabetes Register showed us another example of the luminous vision
[5,6]. In this 2018 report published by Rawshani A, et al. [6], the
risk of total death in a subgroup with T2DM was equal to the risk
of individuals without T2DM, with a non significant hazard ratio of
1.06 (1.0 to 1.12). Similarly to the Steno-2 Study, the profile of this
subgroup of patients was characterized by a blood pressure <140/80

Introduction

At least three visions on the management of T2DM and its
associated cardiovascular risk coexist simultaneously. We have
described these visions as dark, luminous, and bright. The dark vision
represents a scenario with a plethora of micro and macrovascular
complications such as blindness, stroke, myocardial infarction,
dialysis, amputations, and premature death. Unfortunately, in some
countries, the dark vision is still a reality. A clear example is the Mexico
City Study Trial, published by Alegre Diaz J, et al. in 2016 [1]. In this
study, individuals from 35 to 59 years with diabetes had a higher risk
of death than individuals with the same age but without diabetes.
Furthermore, having diabetes was associated with a rate ratio for renal

death 31.1 times higher, cardiovascular death 4.6 times higher, and for
cerebrovascular death 4.6 times higher. These results are unacceptable
in this century. The dark vision is primarily determined by late
diagnosis and a delayed, glucocentric, and insufficient treatment,
which ensures a poor prognosis.

The luminous vision is exemplified by the Steno-2 Study published
by Gaede P, et al. [2-4]. This study was published in 2008 and had a

mmHg, HbAlc <7%, low-density lipoprotein cholesterol <100 mg/
dL, no smoking habit, and no albuminuria. Again, these are difficult
but achievable goals. Unlike the dark vision, early diagnosis and a
prompt, multifactorial, intensified, and sufficient treatment ensures
an excellent prognosis.

Finally, we will address what a bright vision means. The development
of new anti-diabetic drugs reducing cerebral, cardiac, and renal risks
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predicts a great future for T2DM. Very recently, the Danish National
Patient Registry [7] published their results for different treatment
strategies in real life high-risk patients. A combination of Metformin
plus a glucagon-like peptide 1 receptor agonist (Liraglutide in 97% of
the cases) reduced by 42% the Major Adverse Cardiovascular Events
(MACE) risk when compared with a combination of metformin plus
sulfonylurea.

According to the evidence published in the last seven years, in 2020
we can significantly reduce the morbidity and mortality of individuals
with T2DM. This can be achieved by decreasing the incidence of
cardiovascular death, myocardial infarction, stroke, heart failure
hospitalization, and chronic kidney disease progression with the
use of six new drugs of two different pharmacological groups, thus
establishing a new paradigm in medicine [8] (Figure 1).

Pharmacological Management Evolution
Steering away from the glucocentric paradigm

In 2008, the glucocentric paradigm established that reducing
HbAlc levels would also reduce disability caused by retinopathy,
nephropathy, and neuropathy. This was the paradigm for almost a
century. The symbol of the glucocentric paradigm was the United
Kingdom Prospective Diabetes Study (UKPDS) [9]. This study showed
that reducing 1% of HbAlc, would produce a 37% risk reduction of
microangiopathy and a 14% risk reduction of myocardial infarction.
Years later, the trials ACCORD, ADVANCE, and VADT [10-12]
demonstrated that an intensive strategy based on HbAlc control was
not more effective than one standard strategy for the risk reduction
of fatal and non-fatal cardiovascular events. Beyond that result, the
ACCORD trial showed a significant increase in fatal cardiovascular
events in the intensive strategy group [10]. In 2007, Nissen SE, et al.
reported a significantly increased risk of 43%for cardiovascular death
or myocardial infarction in patients treated with Rosiglitazone versus
other treatments or controls [13]. This trial concluded, “The ultimate
value of anti-diabetic therapy is the reduction of the complications of
diabetes, not the improvement of a laboratory measure of glycemic
control such as HbAIc”.

Birth of Cardiovascular Outcomes Trials (CVOTs) in
Type 2 Diabetes Mellitus

Evolution of the Cardio Diabetology
2008 2020
Disability: Morbimortality:

. | Retinopathy | Myocardial infarction
. | Nephropathy -1
. | Neuropathy .

Stroke
| Cardiovascular death
| H.F hospitalization
| CKD progression

Empagliflozin 2015
Canagliflozin 2017
Dapagliflozin 2018
Liraglutide 2016
Semaglutide 2017
Dulaglutide 2019

Figure 1: Summary of the evolution of Cardio-Diabetology from 2008
to 2020. Unlike 2008, in 2020 it is possible to decrease the morbidity
and mortality caused by cerebral, cardiac, and renal disease in T2DM
patients.

CVD=Cardiovascular Disease; HF=Heart Failure; CKD=Chronic Kidney
Disease

Reactively, in December 2008, the Federal Drug Administration
(FDA) published its first guideline for the industry entitled diabetes
mellitus-evaluating cardiovascular risk in new anti-diabetic therapies
to treat type 2 diabetes mellitus [14]. In this guideline, the FDA
recommended designing double-blinded (placebo versus active
treatment) cardiovascular outcomes trials in T2DM. The trials
would include metabolically uncontrolled patients, with risk or with
cardiovascular disease treated with the standard of care, with an
HbAlc goal of <7% in both groups. An independent adjudication
committee would then evaluate the incidence of the so-called 3-point
MACE (Major Adverse Cardiovascular Events), being cardiovascular
death, myocardial infarction, and stroke.

The agreed and recommended interpretation of the CVOTs results
was simple. If the upper limit of the confidence interval for the 3-point
MACE Hazard Ratio (HR) was:

o 1.8 or higher, the drug is inferior and rejected to be marketed

o Equal to or higher than 1.3 and <1.8, the drug is inferior and
conditioned to demonstrate non-inferiority

. Equal to or higher than 1.0 but <1.3 the drug is classified as
non-inferior or safe and could be marketed

o <1.0, the drugis superior or protective and should be marketed

Under this guideline, from June 2013 to December 2019, eighteen
CVOTs have been published. This is truly an amazing explosion of
high-quality evidence. In seven years, more than 157,000 individuals
have been included in eighteen CVOTs [15-32], with a follow up of
almost half a million patient-years. This is an incredible achievement
in clinical research.

In the following section, we will discuss the main CVOTs results
published as of May 2020 for dipeptidyl peptidase 4 inhibitors; sodium-
glucose transporters type 2 inhibitors and, more extensively, glucagon-
like peptide 1 receptor agonists. We will only include the glucagon-like
peptide 1 receptor agonists that are currently marketed. CVOTs for
insulin analogs (DEVOTE trial) are not discussed in this review.

Cardiovascular outcomes trials for Dipeptidyl Peptidase 4
Inhibitors (DPP-4i)

There are five CVOTs with DPP-4i [15-19], with more than 49,000
patients included. All CVOTs showed non-inferiority, but none showed
superiority compared to placebo. That means that all DPP-4i are safe
therapies for glycemic control, with neither reduction nor increase of
the cerebral, cardiac, or renal risk in T2DM patients. However, as an
exception, Saxagliptinin the SAVOR trial [15] increased by 27% the
relative risk for heart failure hospitalization (Figure 2, Table 1).

Cardiovascular outcomes trials for Sodium-Glucose

Transporters Type 2 inhibitors (SGLT21i)

There are five CVOTs with SGLT2i [27-31], with more than
43,000 patients included.There is some heterogeneity in the results.
Dapagliflozin in the DECLARE trial [30] did not reduce the 3-point
MACE risk, while Empagliflozin in the EMPA-REG trial [27] and
Canagliflozin in the CANVAS trial [28] did. In the DECLARE trial,
Dapagliflozin only reduced the 2-point MACE risk of cardiovascular
death and/or heart failure hospitalization. In the CREDENCE trial
[29], Canagliflozin reduced the four Mayor Adverse Renal Events
(4-point MARE) risk in Chronic Kidney Disease (CKD) patients with
macroalbuminuria; while in the DAPA-HF trial [31], Dapagliflozin
reduced the 2-point MACE of cardiovascular death and/or heart
failure deterioration in patients with systolic heart failure with or
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DPP4 Inhibitors CVOTs at a glance

SAVOR, EXAMINE, TECOS, C

AROLINA, CARMELINA trials

Protective Safe H.RwithC.I
Saxagliptin — [ — 1.00:0.89-1.12
Alogliptin O 0.96:0.76-1.16
Sitagliptin Bl 0.98:0.89-1.09

Linagliptinvs pbo
Linagliptinvs gmp

05 06 0.7 0.8

3 or 4-MACEH.

0.9

1.02:0.89-1.17

0.98:0.84-1.14

1.0 1.3

R with 05-95%C.I

1.2

Figure 2: Summary of the primary end-point results with the four DPP-4i studied in five CVOTs. In all CVOTs the upper limit of the confidence

interval of the hazard ratio for the 3-point or 4-point MACE was higher th

an 1.0 and lower than 1.3 which means non-inferiority or safety.

CVOTs=Cardiovascular Outcomes Trials; pbo=Placebo; gmp=Glimepiride; MACE=Major Adverse Cardiovascular Events; H.R=Hazard Ratio;

C.I=Confidence Interval

SAVOR EXAMINE TECOS CARMELINA CAROLINA
Publication MEJM NEJM NEJM JAMA JAMA
2013; 369:1317-26 2013; 368:1327-35 2015; 373:232-4 20118 online nov 9 2019 online sep. 19
Number included 16,492 5,380 14,735 6,991 6,042
. ‘CVD/High risk CVD post-ACS CVD CVDICKD CVDJ/High riak
Clinical profile 78/22% 100 % 100% 5774 % 35/75%
Dirug Saxagliptin Alogliptin Sitagliptin Linagliptin Linagliptin//Glimepiride
Dose 2.5/5 mgiday 6.25M2.5/25 mgiday  50/100 mg/day 5 mgiday Smglday!i1-dmg/day
Primary outcome 3-MACE 3-MACE 4-MACE 3-MACE 3-MACE
Follow-up -average- 2.1 years 1.5 years 3 years 2.2 years 6.5 years

Age -average- 65.1/65.0 years 61.0/61.0 years

P valus P: 0.99 for superiority

Annual riek -average- 3.7/3.7 % 7.507.5 %

65.4/65.5 years

Female gender -%- 33.4/32.7% 22.3122.0% 29.1/29.5% 38.5/35.7 % 39,2/40.8%
Hispanies -Yo- 21.5121.5% 25.9/25.9% 12.412.4% 3311331 % 17.2M7. 1%
Body mass index 31.1431.1 kim2 28.7/28.7 kim2 30.2/30.2 kim2 31.4/31.3 Wm2 30.2/30.0 kim2
T2DM duration 10.3/10.3 years 7.117.3 years 11.6/11 6years 15.0/14.5 years 6.306.2 years
Baseline HbA1c 8.0/8.0 % 8.008.0 % T.27.2% 7.808.0% T.217.2%
Primary outcome HR  1: 0.88 a 1.12 0.96:-a1.16 0.98: 0.89 a 1.08 1.02: 0.88a1.17 0.98: 0.84-1.14

P: 0.32 for superiority  P: 0.65 for superiority
4.004.1 %

66.1/65.6 years 63.9/64.2 years

P: 0.74 for superiority  P: 0.76 for superiority

5.7/5.6 % 24121%

Table 1: Main characteristics and results of the five CVOTs with DPP-4i.

CVD=Cardiovascular Disease; CKD=Chronic Kidney Disease; 3-MACE=Mayor Adverse Cardiovascular Events including cardiovascular death,
myocardial infarction, and stroke; 4-MACE=3-MACE plus hospitalization for unstable angina

without T2DM. In conclusion, all the SGLT?2i, in different magnitude,
reduced the cerebral, cardiac, and renal risk in patients with T2DM
(Figure 3, Table 2).

Cardiovascular outcomes trials for Glucagon-Like Peptide 1
Receptor agonists (GLP1-RA)

Human Glucagon-Like Peptide 1 (GLP1) is a polypeptide with 31
amino acids, a molecular weight of 3.6 kilodaltons, secreted by the
intestinal L cells, with a half-life of just 2 minutes. This polypeptide
is bonded to the GLP1 receptor in the extreme C-terminal of the
molecule and is proteolyzed by dipeptidyl peptidase 4, especially in
the 7-8 and 24-25 positions [33].

There are seven CVOTs [20-26], with more than 50,000 patients
included. So far, this is the most studied group.

GLP1-RA, exendin-4 derivatives:

The first GLP1-RA was Exenatide. Exenatide is a synthetic
exendin-4, which was initiallyobtained from the Gila monster saliva.
This GLP1-RA is a molecule with 39 amino acids, with 53% shared
homology to the human GLP1, and a molecular weight of 4.10
kilodaltons. In the EXSCEL trial [24], Exenatide compared to placebo
was non-inferior but was not superior in the reduction of the 3-point
MACE. Lixisenatide is another GLP1-RA derived from exendin-4.
This molecule has 45 amino acids, only 50% shared homology to the
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SGLT2 Inhibitors CVOTs at a glance
EMPA-REG,CANVAS, DECLARE, CREDENCE and DAPA HF trials

Protective Safe H.RwithC.l
Empagliflozin — N — 0.86:0.77-0.99
Canagliflozin —l— 0.86:0.75-0.97
Dapagliflozin
. 3-MACE: non inferior —N— 0.93:0.84-1.03
. 2-MACE: superior — 0.83:0.73-0.95

05 06 07 08 09 10 11 12 13
2 or 3-MACEH.R with05-95%C.I

Canagliflozin
. 4-MARE in CKD — | 0.70:0.59-0.82
Dapaglifiozin —— 0.74:0.65-0.85

. CVD-HFDin HFref

05 06 07 08 09 10 11 12 13
4-MARE and CVD-HFDH.R with 05-95% C.I

Figure 3: Upper panel: Primary end-point results with the three SGLT2-I studied in three CVOTs. Empagliflozin and Canagliflozin demonstrated
superiority or efficacy; Dapagliflozin was non-inferior or safe for 3-point MACE and had better results for 2-point MACE reduction of heart failure
hospitalization and cardiovascular death.

Lower panel: In individuals with Chronic Kidney Disease (CKD) and macroalbuminuria, Canagliflozin was superior in the 4-point MARE reduction;
Dapagliflozin was superior in the 2-point MACE reduction of Cardiovascular Death (CVD) and Heart Failure Deterioration (HFD) in individuals with
heart failure with reduced ejection fraction (HFref).

MACE=Major Adverse Cardiovascular Events; MARE=Major Adverse Renal Events; H.R=Hazard Ratio; C.I=Confidence Interval

EMPA-REG CANVAS CREDENCE DECLARE DAPA-HF
Publicati NEJM MEJIM MEJIM MEJM HEJM
2015; 378:2117-28 2017, 37T:644-57 2019; online Apr 14 2018; online Mow 10 2019: gnline Sep 19

Number included 7.028 10,142 4,401 17,160 4,744
Clhinical profile cvD CVD/High risk CKD with albuminuria CVD/High risk HF with REF

P 100 % 65/34 % 100 41758 % T2DM 42%
Drug Empagliflozin Canagliflozin Canagliflozin Dapagliflozin Dapagliflozin
Doze 10 or 25 mgiday 100 or 300 mg/day 100 mg/day 10 mg/day 10 mglday
Primary cutcome 3-MACE 3-MACE 4-MARE F-MACE 2-MACE HFD+CVD-
Alt primary outcome 2-MACE -CVD+HFH-
Follow-up -average- 3.1 years 3.6 years 2.5 years 4.2 years 1.5 years
Age -average- 63.1/63.2 years 63.2/63 4 years 62.9/63.2 years 63.9/64.0 years 62.2/62.5 years
Female gender -%4- 28.2128.0% 35.1/36.7 % 34.6/33.3% 36.9/37.9% 23.8/23.0%
Hizpanica -%- 18.1117.9% MAINA % MAINA % 11.0/M0.9 % 16.9M7.5%
Body mass index 30.6/30.7 kim2 31.9/32.0 kim2 31.4/31.3 kim2 32.1/32.0 kim2 28.2/28 1 Wim2
T20M duration S7.0/57.4% >10 years  13.5M3.7 years 15.5M6.0 years 11.0/10.0 years HAINA
Baseline HbA1c B.07/8.08 % 8.2/8.2 % §.3/8.3 % 8.3/8.3 % HNAINA
Primary cutcome HR 0.86:0.74-0.99 0.86:0.75-0.97 0.70:0.55-0.82 0.93:0.84-1.03 0.74: 0.65-0.85
P value P: 0.04 for superiority  P: 0.015 for supenionty  P: 0.00001 for supenornty P: 017 for superiority P <0.001 for supernonty
Alt primary cutcome 0.83:0.73-0.95
P value P: 0.005 for superiority
Annual risk -average-  3.3/3.0% 7.418.7¢1,000 ptiyear  17.2/24.4x1,000 ptiyear f?ﬁi :t 11.6015.6 %

Table 2: Main characteristics and results of the five CVOTs with SGLT2i.

Highlighted in green are the superiority results demonstrating a significant reduction of the primary outcome.

CVD=Cardiovascular Disease; CKD=Chronic Kidney Disease; HF with REF=Heart Failure with Reduced Ejection Fraction; 3-MACE=Major
Cardiovascular Events including Cardiovascular Death; Myocardial Infarction and Stroke; 4-MACE=3-MACE plus hospitalization for unstable angina;
2-MACECVD+HFH=Cardiovascular Death Plus Heart Failure Hospitalization; 2-MACE HFD+CVD=Heart Failure Deterioration Plus Cardiovascular
Death; NA=Not Available; pt=patient
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human GLP1, and a molecular weight of 4.8 kilodaltons. In the ELIXA
trial [20], Lixisenatide compared to placebo, like Exenatide, was non-
inferior but was not superior in the reduction of the 4-point MACE
(Figure 4).

GLP1-RA analogs:

Liraglutide is a GLP1 analog with 31 amino acids, shares 97%
homology tohuman GLP1, and a molecular weight of 3.7 kilodaltons.
The half-life is 14 hours therefore, it can be administered once
a day. Liraglutide substitutes lysine for glutamine at position 26
protecting from DPP4 action, and at this position, a 16-carbon fatty
acid is attached binding to albumin. Atposition 34, Liraglutide has a
substitution of lysine for arginine, which inhibits the ectopic binding
of the 16-carbon fatty acid.

In the LEADER trial [21], Liraglutide showed for the first time non-
inferiority and significant superiority compared to placebo. It had an
absolute 3-point MACE risk reduction of 1.9%, with a Number Needed
to Treat (NNT) of 52 in 3.8 years. In the 3-point MACE analysis,
Liraglutide significantly reduced the risk of cardiovascular death with
an absolute reduction of 1.3% with an NNT of 76 in 3.8 years. As of
today, Liraglutide is the only GLP1-RA with this ability.

Semaglutide is another GLP1 analog with 31 amino acids, shares
94% homology to the human GLP1, and a molecular weight of 4.1
kilodaltons. The half-life is 160 hours therefore, it can be administered
once a week. Unlike Liraglutide, Semaglutide substitutes an amino-
butyric acid for alanine at position 8 protecting from the DPP4 action.
At position 26, it has a linker with an 18-carbon fatty acid, which
allows a tight binding to albumin. Like Liraglutide, it has a substitution
of lysine for arginine at position 34 which inhibits the ectopic binding
of the 18-carbon fatty acid.

In the SUSTAIN 6 trial [22], Semaglutide showed, compared to
placebo, non-inferiority, and significant superiority, with an absolute
3-point MACE risk reduction of 2.3%with an NNT of 42 in 2.1 years.
In the 3-point MACE analysis, Semaglutide significantly reduced the
risk of stroke, with an absolute reduction of 1.1% with an NNT of 90
in 2.1 years.

Albiglutide is another analog of the human GLP1, unlike
Liraglutide and Semaglutide, Albiglutide has 62 amino acids, as

it is built with 2 linked GLP1. Albiglutide substitutes alanine for
glycine and is attached to one molecule of albumin; for that reason,
Albiglutide has a high molecular weight of 72.9 kilodaltons. In
the HARMONY trial [25], Albiglutide compared to placebo also
showed non-inferiority and superiority in the reduction of the
3-point MACE risk. Unfortunately, Albiglutide is not marketed
around the world.

Finally, Dulaglutide is a complex analog of the human GLPI1,
like Albiglutide it is built with 2 linked GLP1. Dulaglutide contains
3 amino acid substitutions and is attached through 2 peptides to
a crystallizable fragment of an immunoglobulin G type 4. Hence,
Dulaglutide, like Albiglutide, has a high molecular weight of 59.6
kilodaltons. In the REWIND trial [26], Dulaglutide compared to
placebo, also demonstrated superiority in the reduction of the 3-point
MACE risk (Figure 4).

There are essential differences between the GLP1-RAs. GLP1
analogs (Liraglutide, Semaglutide, Albiglutide, and Dulaglutide)
reduce the cerebral, cardiac, and renal risk in T2DM. Exendin-4
derivatives (Exenatide and Lixisenatide) do not reduce this risk.
Among the analogs, Liraglutide is the only one that reduces the
3-point MACE with a significant reduction of cardiovascular death
(Figure 4, Table 3).

With the publication of the CVOTs with GLP1-RA, one could
ask,how does GLP1-RA reduce the cardiovascular risk? Many
researchers [34-38] have proposed complementary frameworks to
explain the cardiovascular actions and clinical outcomes with GLP1-
RA. In brief, we know that GLP1 increases insulin secretion, decreases
glucagon secretion, increases satiety, and decreases gastric emptying.
Therefore, having positive results on body weight, hemodynamic,
and metabolic cardiovascular risk factors. Beyond those classical
actions, GLP1 analogs have a cardioprotective effect against
ischemia and positive effects over chronotropism and inotropism.
On the endothelium, they have positive effects on angiogenesis and
vasodilation. Significant anti-inflammatory and anti-platelet effects
have been reported. In summary, GLP1 analogs seem to have an
anti-atherosclerotic effect, a concept recently reinforced by animal
experiments in mice [39] (Figure 5).

GLP1-RA CVOTs at a glance
ELIXA, EXSCEL, LEADER, SUSTAIN-6, HARMONY and REWIND trials

Protective Safe H.RwithC.I
Lixisenatide — 1.02:0.89-1.17
Exenatide LAR - 0.91:0.83-1.00
Liraglutide — 0.87:0.78-0.97
Semaglutide S.C L 0.74:0.58-0.95
Albiglutide —_— 0.78:0.68-0.90
Dulaglutide — — 0.88:0.79-0.99

05 06 07 08 09 10 11 12 13

3 or 4-MACE H.Rwith 05-95% C.I

Figure 4: Summary of the primary end-point results of the six GLP1-RA studied in six CVOTs. Lixisenatide and Exenatide (exendin-4 derivatives) like
DPP-4i demonstrated non-inferiority or safety. GLP1 analogs (Liraglutide, Semaglutide, Albiglutide and Dulaglutide) demonstrated superiority or
efficacy. Oral Semaglutide (PIONEER 6 trial) is not included since its definitive CVOT (SOUL trial) is ongoing.

CVOTs=Cardiovascular Outcomes Trials; MACE=Major Adverse Cardiovascular Events; H.R=Hazard Ratio, C.I=Confidence Interval
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ELIXA LEADER SUSTAING EXSCEL REWIND
Publicati MEJM NEJM MNEJM MHEJM Lancet
catan 2015; 373:2247-57 2016; 375:311-22 2016; 375:1834-44 2017, ATTA228-12389 2019; online Jun 10

Number inaluded 6,068 9,340 3,297 14,752 9,901
Clinieal profile CVD post-ACS CVD-CKD/High risk CVD-CKD/Highrisk CVDiHigh risk CVD/High risk

P 100 % 82M8% BINT % T32T % 31.5/68.5
Dirug Lixizenatide Liraglutide Semaglutide Exenatide LAR Dulaglutide
Dose 10 a 20 ug/SC day 1.8 mg!/5C day 0.5 or 1.0 mg/5C week 2 mg/5C week 1.5mgl!5C week
Primary outcome 4-MACE 3-MACE 3-MACE 3-MACE 3-MACE
Follow-up -average- 2.1 years 3.8 years 2.1 years 3.2 years 5.4 years
Age 59,9/60.6 years 64,2644 years 64.6/64.7 years 62,0/62,0 years 66,2/66,2 years
Female gender -%i- 30.4/30.9 % 25.5/26.0 % 9040 % 38.0/38.0 % 46.4/46.4 %
Hispanics -4 28.5/29.8% 27.20361 % 16.0M15.0 % 20.5/20.6 % 32.3132.3%
Body mass index 30.1/30.2 kim2 32.5/32.5 Km2 30.8/32.7 kim2 31.8/31.7 kim2 32.3132.3 kim2
T2DM duration -average- 9.2/9.4 years 12.8/12.9 years 14.3M4.1 yeara 12.0012.0 years 10.5/10.5 years
Baseline HbAde T.7T.65% B.718.7% B.TB.T% 8.0/8.0 % T.2iT.2%
Primary outcome HR 1.02:0.89a117 0.87:0.7T6a0.97 0.74:0.5820.95 0.81:083a1.0 0.68:0.79-0.99
P value P: 0.81 for superiority Pz 0,01 for superiority  P: 0.02 for superiority  P: 0.06 for superiority P 0,026 for superiority
Annual risk 6.4/6.3 % 3.4139% 3.204.4% 3.7/4.0% 2.4i2.T%

Table 3: Main characteristics and results of the five CVOTs with marketed GLP1-RAi.

Highlighted in green are the superiority results demonstrating a significant reduction of the primary outcome. Albiglutide results (HARMONY trial)
are not included since it is not marketed, nor oral Semaglutide (PIONEER 6 trial) since its definitive CVOT (SOUL trial) is ongoing.

CVD post ACS=Cardiovascular Disease Post-Acute Coronary Syndrome; CVD=Cardiovascular Disease; CKD=Chronic Kidney Disease; 3-MACE
=Major Cardiovascular Events including Cardiovascular Death; Myocardial Infarction, and Stroke; 4-MACE=3-MACE plus hospitalization for
unstable angina
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Figure 5: Summary of the “classic” effects of the GLP1 receptor agonists. Also summarized, the most studied effects on the heart and the

endothelium. All these actions produce an anti-atherosclerotic effect.

Adverse Effects and Risk Profile

Regarding the general safety and tolerance of the previous anti-
diabetic drugs, the guidelines highlight the following:

a) DPP-4i: Potential risk of pancreatitis and joint pain.

b) SGLT2i: Volume depletion, hypotension, genital fungal
infections, ketoacidosis, Fournier’s gangrene, acral amputations,
and fractures; relatively contraindicated in individuals at risk of
amputations and/or fractures.

c) GLP1-RA: Nausea, vomiting, and diarrhea, generally mild
to moderate and transitory; contraindicated in individuals with a
personal or family history of medullary thyroid carcinoma or multiple
endocrine neoplasia type 2.

Cardiovascular Outcomes Trials Results in T2DM
Transferred to Practice Guidelines
How does all this evidence have been transferred to practice

guidelines? Indeed, it all started with the 2018 European/American
Consensus [40], and we now have excellent evidence-based guidelines
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around the world. All these guidelines recognize five clinical profiles
susceptible to specific treatment and significant benefit in T2DM
patients:

1. Atherosclerotic cardiovascular disease
2. Heart failure

3. Chronic kidney disease
4.  Obesity

5. Hypoglycemic risk

The Standards of Medical Care in Diabetes-2020 [41] suggests the
following algorithm. Metformin as first-line therapy and HbAlc <7%
as the general goal. GLP1-RA analogs and/or SGLT2i for individuals
with atherosclerotic cardiovascular disease profile. SGLT2i and/or
GLP1-RA analogs for individuals with heart failure or chronic kidney

disease profiles. In individuals with obesity and/or hypoglycemia risk
GLP1-RA analogs are excellent options (Figure 6).

The American Association of Clinical Endocrinologists and the
American College of Endocrinology consensus (2020) [42] proposed
a similar algorithm based on the HbA1c level and the clinical profile,
with a GLP1-RA analog as the first option after metformin in high-
risk patients. In September 2019, the European Association for the
Study of Diabetes [43] proposed a disruptive algorithm with GLP1-RA
analogs or an SGLT?2i as the first option before metformin in patients
with extremely high or high-risk new to this drug. In patients already
treated with metformin, the European algorithm is like the American
algorithm (Figure 7). Based on the cardiovascular disease continuum,
in 2018 [44] our group proposed a framework to select between a
GLP1-RA or a SGLT?2i as the first line. If an atherothrombotic profile
drives the death risk, a GLP1-RA analog should be the first option. If

Profiles and Strategies in T2D

Standards of Care ADA 2020. Metformin 1stline and Adc goal < 7%
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Figure 6: Summary of the American Diabetes Association 2020 standard of medical care for T2DM in the five clinical profiles.
In individuals with high risk or with CVD, HF and/or CKD, the use of GLP1-RA and/or SGLT2 inhibitors has demonstrated benefit and should be used

independently of the HbA1c level.

CVD=Cardiovascular Disease; HF=Heart Failure; CKD=Chronic Kidney Disease; Obe=0Obesity; Hypo=Hypoglycemic risk
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Figure 7: Summary of the ESC/EASD 2019 guidelines for T2DM.
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These guidelines recommend starting with a GLP1-RA or a SGLT2-I as first line treatment, independent of the HbA1c level, for individuals naive to

metformin and with very high risk or high risk

MTF=Metformin; VHR=Very High Risk; HR=High Risk, IR=Intermediate Risk; ESC/EASD=European Society of Cardiology/European Association for the

Study of Diabetes
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the death risk is associated with heart failure and/or chronic kidney
disease profile, an SGLT2i should be the first option. However,
frequently both types of drugs are needed.

In 2020, as never before, we can offer a significant cerebral, cardiac,
and renal risk reduction to patients living with type 2 diabetes mellitus.
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