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Na. Date Venue Score Winner Competition
1 | 16 December 1905 | Cardiff Arms Park, Cardiff 3-0 » \Wales The Original All Blacks tour
2 | 28 November 1924 | St Helen's, Swansea 0-19 | Sl Mew Zealand | 1924-25 MNew Zealand tour of France, Great Britain and Ireland
3 | 21 December 1935 | Mational Stadium, Cardiff 1312 | = Wales 1935-36 New Zealand tour of Canada, Great Eritain and Ireland
4 | 19 December 1953 | Mational Stadium, Cardiff 13-8 | gum Wales 1953-54 Mew Zealand tour of Europe and North America
5 | 21 December 1963 | Mational Stadium, Cardiff 0-6 | il New Zealand | 1963-64 MNew Zealand tour of Europe and Morth America
6 | 11 November 1967 | Mational Stadium, Cardiff 6-13 | il Wew Zealand | 1967 New Zealand tour of Great Eritain, France and Canada
7 | 31 May 1969 Lancaster Park, Christchurch 19-0 | Sl Wew Zealand
1969 Wales tour of New Zealand, Australia and Fiji
8 | 14 June 1969 Eden Park, Auckland 33-12 | Sl Mew Zealand
2 December 1972 | Mational Stadium, Cardiff 16—19 | S5l Mew Zealand | 1972-73 New Zealand tour of Europe and North America
10 | 11 Nowember 1978 | Mational Stadium, Cardiff 1213 | Sl Mew Zealand | 1978 Mew Zealand tour of Great Britain and Ireland
11 | 1 November 1330 | Mational Stadium, Cardiff 3-23 | @l Wew Zealand | 1980 New Zealand four of Morth America and Wales
12 | 14 June 1987 Ballymore Stadium, Brisbane (Australia) | 49-6 | S5l Wew Zealand | 1987 Rugby World Cup Semi-finals
13 | 28 May 1988 Lancaster Park, Chrisichurch 52-3 | Bl Mew Zealand
1988 Wales tour of New Zealand
14 | 11 June 1933 Eden Park, Auckland 54-9 | Sl Hew Zealand
15 | 4 November 1889 | Mational Stadium, Cardiff 9-34 | Sl Mew Zealand | 1989 Mew Zealand tour of Great BEntain, Ireland and Morth America
16 | 31 May 1935 Elliz Park, Johannesburg (South Africa) 34-9 | @l Wew Zealand | 1995 Rugby World Cup Pool maich
17 | 29 Movember 1997 | Wembley Stadium, London (England) 7-42 | @l Hew Zealand | 1997 Mew Zealand tour of Great Eritain and Ireland
18 | 23 November 2002 | Millennium Stadium, Cardiff 17-43 | @l Mew Zealand | 2002 Autumn International
19 | 21 June 2003 Waikato Stadium, Hamilton 55-3 | @l Wew Zealand | 2003 Wales tour of Ausiralia and New Zealand
20 | 2 November 2003 | Stadium Australia, Sydney (Australia) 53-37 | S Mew Zealand | 2003 Rugby World Cup Pool maich
21 | 20 Movember 2004 | Millennium Stadium, Cardiff 25-26 | Sl Mew Zealand | 2004 Autumn Intemational
22 | 5 Movember 2005 | Millennium Stadium, Cardiff 3-41 | &l Hew Zealand | 2005 Autumnn Intermational
23 | 25 MNovember 2006 | Millennium Stadium, Cardiff 10-45 | Sl Mew Zealand | 2006 Autumn Intemational
24 | 22 Movember 2008 | Millennium Stadium, Cardiff 9-29 | @l Wew Zealand | 2008 Autumn Intermational
25 | 7 Movember 2009 | Millennium Stadium, Cardiff 12—-19 | S5l Mew Zealand | 2009 Autumn Intermational
26 | 19 June 2010 Carisbrock, Dunedin 42-9 | Sl Mew Zealand
2010 Wales tour of Mew Zealand
27 | 26 June 2010 Waikato Stadium, Hamilton 29-10 | 5l Wew Zealand
28 | 27 November 2010 | Millennium Stadium, Cardiff 25-37 | il Wew Zealand | 2010 Autumn International
29 | 24 Movember 2012 | Millennium Stadium, Cardiff 10-33 | 5l Wew Zealand | 2012 Aufumn Intemational
30 | 22 Movember 2014 | Millennium Stadium, Cardiff 16-34 | S5l Mew Zealand | 2014 Autumn Intermational
31 | 11 June 2018 Eden Park, Auckland 39-21 | Sl Mew Zealand
32 | 18 June 2016 Wellington Regional Stadium, Wellington | 36-22 | 5l Mew Zealand | 2016 Wales tour of New Zealand
33 | 25 June 2016 Forsyth Barr Stadium, Dunedin 46-5 | i Mew Zealand
34 | 25 Movember 2017 | Millennium Stadium, Cardifi 18-33 | 5l Mew Zealand | 2017 Aufumn Intemational
35 | 1 November 2019 | Tokyo Stadium, Chafu (Japan) 40-17 | 5l Hew Zealand | 2012 Rugby World Cup Bronze Final
36 | 30 October 2021 Millennium Stadium, Cardiff 16-54 | @l Mew Zealand | 2021 Autumn Intemnational
37 | 5 November 2022 | Millennium Stadium, Cardiff 23-55 | @l Wew Zealand | 2022 Autumn Intermational
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WHO Definition of Diabetes Mellitus

* ‘Diabetes mellitus is a state of chronic hyperglycaemia which
may result from many environmental and genetic factors, often
acting jointly’

WHO Expert Committee on Diabetes Mellitus 1980



Re-definition of diabetes

e ‘Diabetes is a state of premature cardiovascular death which is
associated with chronic hyperglycaemia and may also be
associated with blindness and renal failure’

Miles Fisher, British Diabetes Association, Dublin, 1996



Diabetes and Macrovascular Disease




Life Expectancy and Diabetes
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="‘Adults with diabetes have an annual mortality of about 5.4%, double the
rate for non-diabetic adults. Life expectancy is decreased by 5-10 years.

Goodkin G. Journal of Occupational Medicine 1975;17(11): 716-721.
Donnelly R, et al. British Medical Journal 2000; 320: 1062—1066.



How can we reduce this risk
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UKPDS EASD Barcelona 1998 — | was there!

Blood Pressure Control Study

In 1148 Type 2 diabetic patients a tight blood pressure control
policy which achieved blood pressure of 144 / 82 mmHg
gave reduced risk of:

« 24 % for any diabetes-related endpoint p=0.0046
» 32% for diabetes-related deaths p=0.019
» 44% for stroke p=0.013
« 37% for microvascular disease p=0.0092
* 56% for heart failure p=0.0043
« 34% for retinopathy progression p=0.0038

» 47% for deterioration of vision p=0.0036



2% evidence.nihr.ac.uk/alert/lowering-blood-pressure-reduces-the-risk-of-heart-disease-stroke-and-death/
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effect across these subgroups.

What did this study do?

This study included 123 large-scale randomised controlled trials with over 600,000 participants published
between 1966 and 2015. All studies were required to have a minimum of 1000 patient-years of follow up in each
group. Standard systematic review and meta-analysis methods were used. One medical database was searched
and the reference lists of eligible studies were also hand searched to identify further relevant studies. The quality

of the included studies was assessed: the majority of the studies (113) were judged to be of low risk of bias.

What did it find?

¢ Every 10 mm Hg systolic blood pressure reduction reduced the risk of major cardiovascular events by 20%
(relative risk [RR] 0.80, 95% confidence interval [Cl] 0.77 to 0.83), coronary heart disease by 17% (RR 0.83,
95% C1 0.78 to 0.88), stroke by 27% (RR 0.73, 95% C1 0.68 to 0.77), heart failure by 28% (RR 0.72, 95% Cl
0.67 10 0.78), and death from all causes by 13% (RR 0.87, 95% C| 0.84 t0 0.91).

s The size of these proportional reductions was broadly consistent across several major high-risk groups of
patients (slightly less, but still significant, in diabetes and kidney disease), suggesting that blood pressure

lowering provides broadly generalisable benefits.

¢ |nstratified analyses, the proportional effects were similar in trials that included people with lower baseline
systolic blood pressure (<130 mm Hg), and major cardiovascular events were clearly reduced in high-risk

natients with various baceline comorhidities Five different tvnes of blood oressure lowerine drues were
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How can we reduce this risk

* Control Blood Pressure
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Randomised trial of cholesterol lowering in 4444 patients with coronary heart
disease: the Scandinavian Simvastatin Survival Study (4S)
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Abstract

Summary

Drug therapy for hypercholesterolaemia has remained controversial mainly because of insufficient clinical trial evidence for
improved survival. The present trial was designed to evaluate the effect of cholesterol lowering with simvastatin on mortality and
morbidity in patients with coronary heart disease (CHD). 4444 patients with angina pectoris or previous myocardial infarction and
serum cholesterol 5-5-8-0 mmol/L on a lipid-lowering diet were randomised to double-blind treatment with simvastatin or placebo.

Over the 5-4 years median follow-up period, simvastatin produced mean changes in total cholesterol, low-density-lipoprotein
cholesterol, and high-density-lipoprotein cholesterol of -25%, -35%, and +8%, respectively, with few adverse effects. 256 patients
(12%) in the placebo group died, compared with 182 (8%) in the simvastatin group. The relative risk of death in the simvastatin group
was 0-70 (95% Cl 0-58-0-85, p=0-0003). The 6-year- probabilities of survival in the placebo and simvastatin groups were 87-6% and
91-3%, respectively. There were 189 coronary deaths in the placebo group and 111 in the simvastatin group (relative risk 0-58, 95% Cl
0-46-0-73), while noncardiovascular causes accounted for 49 and 46 deaths, respectively. 622 patients (28%) in the placebo group
and 431 (19%) in the simvastatin group had one or more major coronary events. The relative risk was 0-66 {95% Cl 0-59-0-75,
p<0-00001), and the respective probabilities of escaping such events were 70-5% and 79-6%. This risk was also significantly reduced
in subgroups consisting of women and patients of both sexes aged 60 or more. Other benefits of treatment included a 37% reduction

(p<0:00001) in the risk of undergoing myocardial revascularisation procedures.



THE LANCET

2002 — the Heart Protection Study
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Summary

Background

Throughout the usual LDL cholesterol range in Western populations, lower blood concentrations are associated with lower
cardiovascular disease risk. In such populations, therefore, reducing LDL cholesterol may reduce the development of vascular

disease, largely irrespective of initial cholesterol concentrations.

Methods

20 536 UK adults (aged 40-80 years) with coronary disease, other occlusive arterial disease, or diabetes were randomly allocated to
receive 40 mg simvastatin daily (average compliance: 85%) or matching placebo (average non-study statin use: 17%). Analyses are of
the first occurrence of particular events, and compare all simvastatin-allocated versus all placebo-allocated participants. These
“intention-to-treat” comparisons assess the effects of about two-thirds (85% minus 17%) taking a statin during the scheduled 5-year
treatment period, which yielded an average difference in LDL cholesterol of 1-0 mmol/L (about two-thirds of the effect of actual use
of 40 mg simvastatin daily). Primary outcomes were mortality (for overall analyses) and fatal or non-fatal vascular events (for

subcategory analyses), with subsidiary assessments of cancer and of other major morbidity.



 The Heart Protection Study (HPS) demonstrated that statin therapy with
simvastatin significantly reduces the risk of major vascular events (heart attacks,
strokes, and revascularization procedures) and all-cause mortality in high-risk

individuals, including those with existing coronary heart disease, diabetes, and
stroke patients
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A comparative effect of atorvastatin with other statins in patients of
hyperlipidemia
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Abstract

Objective:

The objective of the study was to evaluate the safety and efficacy of atorvastatin compared

with simvastatin and pravastatin in patients of hyperlipidemia.

Materials and Methods:

This was a randomized, parallel group, open-label study conducted at KG hospital,

Coimbatore, Tamilnadu, India. Twenty hyperlipidemia patients each taking atorvastatin 20
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statin therapy for lipid profile. The liver enzyme levels (SGOT, SGPT, ALP), albumin, bilirubin,
protein and biochemical infraction parameters (Creatine Kinase, Creatine Kinase -

Myocardial Band) after 5™ month of treatment with statins were also reviewed.

Results:

The results showed that atorvastatin significantly reduced the lipid levels (LDL-C, TC, TG,
VLDL) when compared to simvastatin and pravastatin after 3" and 5" month of treatment.
Atorvastatin increased the HDL-C levels significantly when compared to simvastatin and
pravastatin after 5 months of treatment. Atorvastatin also significantly reduced the CK levels
when compared to pravastatin but no increase in liver enzyme levels was observed.

Conclusion:

The study showed that atorvastatin is more effective when compared to simvastatin and

pravastatin in patients with hyperlipidemia.

KEY WORDS: Creatine kinase, creatine kinase - myocardial band, pravastatin, simvastatin



How can we reduce this risk

* Control Blood Pressure
* Use a statin in highest tolerated dose
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Treating Treating Treating
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Glucose Control Study Summary

The intensive glucose control policy maintained a lower
HbA,. by mean 0.9 % over a median follow up of 10 years
from diagnosis of type 2 diabetes with reduction in risk of:

12% for any diabetes related endpoint  p=0.029

25% for microvascular endpoints p=0.0099
16% for myocardial infarction p=0.052
24% for cataract extraction p=0.046

21% for retinopathy at twelve years p=0.015
33% for albouminuria at twelve years p=0.000054
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Metformin in Overweight Patients

« compared with conventional policy

32% risk reduction in any diabetes-related endpoints p=0.0023

42% risk reduction in diabetes-related deaths p=0.017
36% risk reduction in all cause mortality p=0.011
39% risk reduction in myocardial infarction p=0.01



Metformin - UKPDS

Myocardial Infarction
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Figure 1b

The proportions of patients in the UKPDS (United Kingdom Prospective Diabetes Study) who had myocardial
infarction (Figure 1a) and death from any cause (Figure 1b) for the metformin group versus the conventional
therapy group. Kaplan-Meier plots cumulative incidence and log-rank P values are shown at 5-year intervals
during a 25 year period from the start of the interventional trial.

Holman RR et al, N Engl J Med. 2008;359(15):1577-89



Metformin - UKPDS
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The proportions of patients in the UKPDS (United Kingdom Prospective Diabetes Study) who had myocardial
infarction (Figure 1a) and death from any cause (Figure 1b) for the metformin group versus the conventional
therapy group. Kaplan-Meier plots cumulative incidence and log-rank P values are shown at 5-year intervals
during a 25 year period from the start of the interventional trial.

Holman RR et al, N Engl J Med. 2008;359(15):1577-89



How can we reduce this risk

* Control Blood Pressure
* Use a statin in highest tolerated dose
* Use metformin in all patients if tolerated
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PROactive Study

PROspective PioglitAzone Clinical Trial In
MacroVascular Events

A Macrovascular Outcome Study in Type 2 Diabetic Patients
Comparing Pioglitazone with Placebo in Addition to Existing Therapy

European Association for the Study of Diabetes

Athens 2005

( proactive-results.com




5602 patients screened

5238 patients randomised

2605 assigned to pioglitazone
All patients commenced study
medication

427 patients permanently ceased study
medication prior to end of study / death
235 - due to adverse event

149 - withdrew consent to treatment
43 - other reasons

2427 Had final assessment
177 Died

1 Lostto follow-up

2633 assigned to placebo
All patients commenced study
medication

438 patients permanently ceased study
medication prior to end of study / death
202 - due to adverse event

167 - withdrew consent to treatment
69 - other reasons

2446 Had final assessment
186 Died

1 Lostto follow-up

5238 patients included in Intention-to-Treat Analysis

proactive-results.com




CV Outcome Studies - 3 point MACE

* Death
* Myocardial infarction
e Stroke

MACE = Major Adverse Cardiovascular event



Time to Death, Ml (Excluding Silent) or Stroke

Kaplan-Meier event rate

0.15 -
N events: 3-year estimate:
m—— placebo 358 / 2633 14.4%
e pioglitazone 301 /2605 12.3%
0.10 -
0.05 -
HR 95% ClI p value
ploglitazone 4 041 792 0.981 0.0273
vs placebo
0.0 -
N at Risk: [9238 2102 4991 4877 4752 46351 786 (256)

0 6 12 18 24 30 36
Time from randomisation (months)

62 proactive-results.com




Time to Fatal/Non-fatal Ml (excluding silent M)

Kaplan-Meier event rate

0.10-
— pioglitazone (65 f 1230)
28 — placebo (88 / 1215)
0.06
0.04
0.02 4
HR 95% Cl  p value
. pioglitazone vs placebo 0.72 052,099 0.045
N at Risk: 2445 2387 2337 2293 2245 2199 399(139)

i I
0 6 12 18 24 30 36
Time from Randomisation (months)

Erdmann E, AHA November 2005, Dallas proactive-results.com



Time to Fatal or Non-Fatal Stroke in Patients
with Previous Stroke

Kaplan-Meier event rate

0.12
010 — pioglitazone (27 / 486) |l
T —— placebo (51 / 498) e

0.08_ :E.”Fl fffff l-rrﬂ"r“

0.06

0.04- e

0.024 HR  95%Cl pvalue

S : S pioglitazone vs placebo 0.53 0.34, 0.85 0.008
N at Risk: 984 952 926 903 877 849 132

I | I | I 1

1 1
0 6 12 18 24 30 36
Time from Randomisation (months)

Wilcox RG et al, Stroke 2007; 38: 865-873
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Effect of Pioglitazone Compared With
Glimepiride on Carotid Intima-Media
Thickness in Type 2 Diabetes

A Randomized Trial

Theodore Mazzone, MDD
Peter M. N

Steven B. 1

Michael H. Davidson. MD
George T. Kondos, MD
Ralph B. IVAgostino, Sr, PhD
Alfonzo Perez, MD
Jean-Claude Provost, MD
Steven M. Haffner, M}

ATIENTS WITH TVPE 2 DIABETES

mellitus (DM) have a marked

increase in the risk of myocar-

dial infarction (ML}, and a suh-
stantially worse prognosis after MI com-
pared with patients without diabetes 1
In recent years, it has become appar-
ent that optimal control of blood pres-
sure and low-density lipoprotein cho-
lesterol (LDL-C) level can substantially
reduce excess cardiovascular risk in pa-
tients with diabetes.*® However, even
with optimal control of these potent car-
diovascular risk factors, incremental
risk for cardiovascular events remains
high compared with individuals with-
out diabetes > New approaches are,
therefore, needed to further reduce car-
diovascular risk in patients with dia-
betes.

Emerging evidence suggests that thia-
zolidinediones could be useful for re-
ducing cardiovascular risk. In isolated
vessel-wall cells, troglitazone, piogli-
tazone, and rosiglitazone have been
shown to modulate gene expression in
amanner that would be predicted to be
atheroprotective in vivo.™® In hu-

2572 IAMA, Decemnber 6, 2006—Vol 206, No. 21 (Reprinted)

Context Carotid artery intima-media thickness (CIMT) is a marker of coronary ath-
erosclerosis and independently predicts cardiovascular events, which are increased in
type 2 diabetes mellitus (DM ). While studies of relatively short duration have sug-
gested that thiazolidinediones such as ploglitazone might reduce progression of CIMT
in persons with diabetes, the results of longer studies have been less clear.

Objective Toevaluate the effect of ploglitazone vs glimepiride on changes in CIMT
of the common carotid artery in patients with type 2 DM.

Design, Setting, and Participants Randomized, double-blind, comparator-
contralled, multicenter trial in patients with type 2 DM conducted at 28 clinical sites in
the multiracial/ethnic Chicago metropolitan area between October 2003 and May 2006.
The treatment period was 72 weeks (1-week follow-up). CIMT images were captured
by a single ultrasonographer at 1 center and read by a single treatment-blinded reader
using automated edge-detection technology. Participants were 462 adults (mean age,
60 [SD, 8.11 years; mean body mass index, 32 [SD, 5.11) with type 2 DM (mean du-
ration, 7.7 [5D, 7.2] years, mean glycosylated hemoglobin [HbA.J value, 7.4% [SD,
1.0%0), either newly diagnosed or currently treated with diet and exercise, sulfonyl-
urea, metformin, insulin, or a combination thereof.

Interventions Pioglitazone hydrochloride (15-45 mg/d) or glimepiride (1-4 mg/d)
as an active comparator.

Main Outcome Measure Absolute change from baseline to final visitin mean pos-
terior-wall CIMT of the left and right common carotid arteries.

Results Mean change in CIMT was less with ploglitazone vs glimepiride at all time
points (weeks 24, 48, 72). Atweek 72, the primary end paint of progression of mean
CIMT was less with pioglitazone vs glimepiride (-0.001 mm vs +0.012 mm, respec-
tively; difference, —0.013 mm; 95% confidence interval, —0.024 to —0.002; P=.02).
Pioglitazone also slowed progression of maximum CIMT compared with glimepiride
(0.002 mm vs 0.026 mm, respectively, at72 weeks; difference, -0.024 mm; 5% con-
fidence interval, ~0.042 to —0.006; P=.008). The beneficial effect of ploglitazone on
mean CIMT was similar across prespecified subgroups based on age, sex, systolic blood
pressure, duration of DM, body mass index, HbA, value, and statin use.

Conclusion Over an 18-month treatment period in patients with type 2 DM, pi-
oglitazone slowed progression of CIMT compared with glimepiride.
Trial Registration clinicaltrials.gov Identifier: NCT00225264

JAMA, JO0E; 296257 2- 2581 W jaImaL corm

mans, these agents have been shown to  Author Affiliations are listed at the end of this

have beneficial effects on systemic in-
flammatory and coagulation markers,
lipoprotein profile, and endothelial cell
function.**? Some of these beneficial ef-

Downloaded From: http:/jama.jamanetwork.com/' on 06/26/2012

article.

Corresponding Author: Theodare Mazzone, MD, Uni-
versity of llinois College of Medicine, Section of En-
docrinalogy, Diabetes and Metabolism, 1819°W Polk
St, 612 CWIW MC 797, Chicago, IL 60612 (tmazzone
@uic. edu).

02006 American Medical Association. All rights reserved.

Pioglitazone slowed progression of
carotid artery intima—media
thickness (a marker of coronary
atherosclerosis which
independently predicts
cardiovascular events) compared
with glimepiride
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JAMA -EXPRESS

Comparison of Pioglitazone vs Glimepiride
on Progression of Coronary Atherosclerosis

in Patients With Type 2 Diabetes
The PERISCOPE Randomized Controlled Trial

Steven E. Nissen, MDD

Stephen 1. Nichalls, MBES, PhD
Kathy Wolski. MPH

Richard Nesto, MDD

Stuart Kupler, MI}

Alfonso Peres, MDD

Horacio Jure, MD

Robert De Larochellitre, MDD
Cegar 5. Staniloae, MD

Kreton Mavromatis, MDY
Jat'qu-‘linr Saw, MDD

Bo Hu, PhD

A. Michael Lineoff, MD

. Murat Tuzen, MDD

for the PERISCOPE Investigators

LTHOUGH MANAGEMENT OF

glucose levels represents one

of the principal treatment

goals of diabetes therapy, it
has heen difficult to demonstrate a fa-
vorable effect of improved glyvcemic
control on the macrovascular compli-
cations of this disease.’ No antidia-
betic regimen has demonstrated the
ability to reduce the progression of
coronary atherosclerosis. Accord-
ingly, there is little evidence to sup-
porta preference of one class of glucose-
lowering medication over any otheras
a means to reduce atherosclerotic dis-

ease burden.? Sulfonylureas have been
available for decades, lower blood glu-
cose by acting as insulin secreta-
gogues, and represent one of the most

For editorial comment see p 1603.

C2008 American Medical Association. All rights reserved.

Context MNoantidiabetic regimen has demonstrated the ability to reduce progression of
coronary atheroscercsls, Commaonly used oral glucossdowenng agents Includs sulfonyl-
ureas, whichare insulin secretagogues, and thiazolid inedicnes, which are insulin sensitizers.

Objective To compare the effects of an Insulin sensitizer, ploglitazone, with an in-
sulin secretagogue, glimepinde, on the prograssion of coronary atherosdeross in pa-
tlents with type 2 diabetes.

Deslgn, Setting, and Particlpants Double-blind, randomized, multicenter trial at
97 academic and community hospitals in Morth and South America enrollment Au-
gust 2003-March 200&) In 543 patients with coronary disease and type 2 diabetes.

Interventlons A total of 543 patlents underwent coronary intravascular ultraso-
nography and were randomized o recelve glimepinde, 1104 mg, or plogltazoneg, 15
to 45 mg, for 18 months with titration to maximum dosage, ff tolerated. Atheroscle-
rosls progression was measurad by repeat Intravascular ultrasonography examination
In 2&0 patlents at study completion.

Maln Outcome Measure Change inpercent atheroma volume (PAM ) from base-
line to study completion.

Results Leastsquares maan PAY increased 0.73%: (95% C1L0.33% to1.12 %) with glimep-
Inde and decreased 0.18% (95% CI, -0.57% to 0.25% )with ploglitazone P=.002). An
aftemative analysk Imputing values for noncompleters based on baseline charactenstics
showed an increase In PAY of (L84 % (95% CI, 0.23% 10 1.05%) for gimepinde and a
decrease of 0.06% (-0.47% to 0.35% ) for ploglitazone (between-group P=.02). Mean
(500 basaline Hod - levels were 7.4% (1.0%:) In both groups and dedined during treat-
mentan average 055% (95% Cl, -0.68% to-0.42%) with ploglitazone and 0.36%: (95%
Cl, —0.48% to -0 24% ywith glimepinde {between-gmoup P=.03). In the pioglitazone group,
comparad with glimepinde, high-density lipoprotain levels increased 5.7 meddL @59 CI,
4.4107.0mg/dL; 16.0% ) vs 0.9 mgddL (95% CI, 0.3 10 2.1 mg/dL; 4.1%), and median
tnglycende levels decreased 16.3 mafdl (95% CI, -27.7 o -11.0mg/dL 153 %) wsan
Increassof 2, 2rmegAdL 95% I, —10.7 10117 mgddl; 0650 ) (P <001 for both compartsons).
Medianfasting irsulin levels decreased with ploglitazone and increased with glimepinde
(P, 0013, Hypogly camiawas more commaon in the glimeptride group and edema, frac-
tures, and decreased hermoglobin leveks cocurred more frequently in the ploglitazone group.
Concluslon Inpatientswith type 2 diabetes and coronaryartery disease, reatmentwith
plogltazone resulted in asignificantly lower rate of prograssion of coronary atherosdero-
sis compared with glimepiride.

Tral Registratlon clinicaltrials. gov Identifler. NCTO0225277

JAMA, 20052897131 1567-1573 e jama com

AUthor ATIAHGNS and a LISt o the PERISCOPE

commonly-used classes of antidia-
betic therapy. Thiazolidinediones
(TZDs) are a relatively new classof an-
tidiabetic agents that rechce ghacose pri-

Downloaded From: http-/jama. jamanetwork.com/ on 06262012

Inwestigators appear at the end of this article.
Corresponding Author: Steven E. Missan, MD,
Department of Cardicvascular M edicine, Ceveland
Clinic Foundation, 9500 Euclid Ave, Cleweland, OH
Ad155 (rissere®ocf.ong).

(Reprirbed) 1AMA, April 2, 2008—Val 209, Na. 13 1561

Pioglitazone treated patients showed a
significantly lower rate of progression of
coronary atherosclerosis, as assessed
using intravascular ultrasonography,
compared to glimepiride treated patients
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Pioglitazone and Risk of Cardiovascular Events

in Patients With Type

2 Diabetes Mellitus

A Meta-analysis of Randomized Trials

A Michael Lincoff, MD
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Stephen J. Nicholls, MBBS, PhDy
Steven E. Nissen, MIy

HIAZOLIDINEDIOMES ARE AGO-

nists of the peroxisome prolif-

eration—activated receptor

(PPAR-y), which regulate tran-
scription of a variety of genes encod-
ing proteins involved in glucose ho-
meostasis and lipid metabolism.'? By
virtue of their efficacy in achieving
ghycemic control, the thiazolidine-
diones pioglitazone and rosiglitazone
are both widely used to treat patients
with type 2 diabetes mellits. Al-
though these agents can cause periph-
eral edema and congestive heart fail-
ure,** their beneficial effects on glucose
metabolism and insulin sensitivity have
stimulated interest that thiazolidine-
diones might reduce ischemic cardio-
vascular complications of diabetes
mellitus.

However, a recent meta-analysis of
42 trials comparing rosiglitazone with
placebo or active comparators in more
than 27 000 patients with diabetes sug-
gested that treatment with rosiglita-
zone was associated with an increased
risk of myocardial infarction and car-
diovascular death.* Furthermore, a pre-
vious analysis had demonstrated that
muraglitazar, an investigational dual
agonist of both e- and -isoforms of

See also pp 1182 and 1216,

1180 JAMA, September 12, 2007—Vel 254, Ne. 10

Context Pioglitazone is widely used for glycemic control in patients with type 2 dia-
betes mellitus, but evidence is mixed regarding the influence of medications of this
class on cardiovascular outcomes.

Objective To systematically evaluate the effect of pioglitazone on ischemic cardio-
vascular events.

Data Sources and Study Selection A database containing individual patient-
level time-to-event data collected during pioglitazane clinical trials was transferred from
the drug’s manufacturer for independent analysis. Trials were included if they were
randomized, double-blinded, and controlled with placebo or active comparator.

Data Extraction The primary outcome was a composite of death, myocardial in-
farction, or stroke. Secondary outcorme measures included the incidence of serious heart
failure. A fixed-effects approach was used to combine the estimates across the dura-
tion strata and statislicalphetemgeneity across all the trials was tested with the 12 sta-
tistic.

Data Synthesis A total of 19 trials enrolling 16390 patients were analyzed.
Study drug treatment duration ranged from 4 months to 2.5 years. Death, myocar-
dial infarction, or stroke occurred in 375 of 8554 patients (4.4%) receiving pio-
glitazone and 450 of 7836 patients (5.7 %) receiving control therapy (hazard ratio
[HR], 0.82; 95% confidence interval [CI], 0.72-0.94; P=.005). Progressive separa-
tion of time-to-event curves became apparent after approximately 1 year of
therapy. Individual components of the pimary end point were all reduced by a
similar magnitude with pioglitazone treatment, with HRs ranging from 0.80 to 0.92.
Serious heart failure was reported in 200 (2.3%) of the pioglitazone-treated
patients and 132 (1.8%) of the control patients (HR, 1.41; 95% CI, 1.14-1.76;
P=1002). The magnitude and direction of the favorable effect of pioglitazone on
ischemic events and unfavorable effect on heart failure was homogeneous across
trials of different durations, for different comparators, and for patients with orwith-
out established vascular disease. There was no evidence of heterogeneity across the
trials for either end point (*=0%; P= .87 for the compasite end point and #=0%;
P =97 for heart failure)

Conelusions Pioglitazone is associated with a significantly lower risk of death, myo-
cardial infarction, or stroke among a diverse population of patients with diabetes. Se-
rious heart failure is increased by pioglitazone, although without an associated in-
crease in mortality.

JAMA. 2007:298(10):1180-1188 W fama.com

Author affillatlons: Deparmment of Cardiovascular

PPAR, was also associated with an ex-
cess incidence of death and major car-
diovascular events in patients with dia-
betes.®

#edkine, Cleveland Clinic, Cleveland, Ohic.
Comesponding Author: A, Michasl Lincoff, D,
Department of Cardiovascular Medicine, Claveland
liric, 9500 Eucld Ave, Clevaland, ©H 44155 (incofa
@ecf.org).

{Reprnted) @207 American Medical Association. All rights reserved.

Downloaded fom www jama.com, on Seprember 11, 2007

omized controlled trials

Pioglitazone receiving patients showed a
significant reduction in death, myocardial
infarction and stroke compared to patients
receiving control therapy in meta-analysis of
19 randomised controlled trials

(HR 0.82, C1 0.72 - 0.94, p=0.005)



2016 — The IRIS Trial
Pioglitazone in insulin resistant patients without diabetes

MEDICINE

ORIGINAL ARTICLE

Pioglitazone after Ischemic Stroke
or Transient Ischemic Attack

ABSTRACT

BACKEGROUND

Patients with ischemic stroke or cransient ischemic arcack (TIA) are ar increased
risk for future cardiovascular events despite current preventive therapies. The iden-
tificarion of insu'in resistance as a risk facror for scroke and myocardia! infarcrion
raised the possibility thar pioglitazone, which improves insulin sensitivicy, might
benefic parients with cerebrovascular disease.

METHODS

In this mu!ticenter, double-blind rria!, we randomly assigned 3876 patients who
had had a recent ischemic stroke or TIA o receive eicher piog!itazone (target dose,
45 mg daiy) or placebo. Eligible patients did not have diaberes bur were found to
have insulin resistance on the basis of a score of more than 3.0 on the homeosta-
sis model assessment of insulin resiseance (HOMA-IR) index. The primary outcome
was fatal or nonfaral stroke or myocardial infarceion.

RESULTS

By 4.8 years, a primary outcome h1ad occurred in 175 of 1939 patdencs (9.0%) in
the ploglitazone group and in 228 of 1937 (11.8%) in the placebo group (hazard
ratio in the pioglitazone group, 0.76; 95% confidence incerval [CID, 0.62 wo 0.93;
P=0.007). Liabetes developed in 73 patients (3.8%) and 149 patients (7.7%), respec-
tvely (hazard ratio, 0.4%; 95% CI, 0.33 w 0.69; P<0.001). Thers was no significant
berween-group difference in all-cause mortaliy (hazard raco, 0.95; 95% CI, 0.

L17; P=052). Fioglitazone was associared with a greater frequency of wei
exceeding 4.5 kg than was placebo (52.2% vs. 33.7%, P<0.001), edema (35.07 vs.
24.%%, P<0.001), and bone fraceure requiring surgery or hospitalization (5.1% vs.
3. 2%, P=0.003).

CONCLUSIONS

In this erial involving patients withour diabetes who had insulin resistance along
with a recent history of ischemic stroke or TIA, the risk of stroke or myecardial
infarcrion was lower among pacients who received picglitazone chan among those
who received placebo. Pioglicazone was also associaced with a lower risk of diabe-
tes but with higher risks of weicht gain, edema, and fraceure. (Funded by che
Mational Instniee of Weurological Disorders and Seroke; Clinica! Trials.pov number,
NCTO0091949,)

The authors” full names, academic de-
grees, and affiliations are listed in the Ap-
pendin. Address reprint requests to Dr.
Kernan at 2 Church St. 5, Suite 515, New
Hawen, CT 06513, ar at walter kernangh
yaleedu.

*Deceased.

F4& complete list of the Insulin Resistance
Irtereention after Seroke [IRIS) trial imees-
tigators is provided in the Supplementary
Appendi, available at NE]M.org.

This article was published on February 17,
2016, at NEJM.arg.

DIz 10,1055 NEE] Mioal 506930
Coppight f 261§ Momashunsls Medoal Sasisy.

In this trial 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
reduced by 24% in patients who
received pioglitazone versus those
who received placebo



Summary

* The accumulated evidence suggests that pioglitazone reduces
cardiovascular death, myocardial infarction and stroke by
slowing down, or even reversing, the atherosclerotic process



How can we reduce this risk

Control Blood Pressure
Use a statin in highest tolerated dose
Use metformin in all patients if tolerated

Use pioglitazone to slow or reverse the atherosclerosis
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THE EMPA-REG OUTCOME STUDY

Key inclusion and exclusion criteria

« Key inclusion criteria
— Adults with type 2 diabetes
— BMI £45 kg/m?
oTC /—10%*
— Established cardiovascular disease

« Prior myocardial infarction, coronary artery disease, stroke, unstable angina or occlusive peripheral
arterial disease

» Key exclusion criteria
— eGFR <30 mL/min/1.73m?2 (MDRD)

BMI, body ir

“No glucose

% EMPa-REG
'-*u".' OUTCOME®

randomisatio



THE EMPA-REG OUTCOME STUDY

Trial design

Placebo
(n=2333)

Randomised
and treated
(n=7020)

Empagliflozin 10 mg
(n=2345)

Screening

(n=11531)

Empagliflozin 25 mg
(n=2342)

« Study medication was given in addition to standard of care

- Glucose-lowering therapy was to remain unchanged for first 12 weeks
* Treatment assignment double masked

* The trial was to continue until at least 691 patients
experienced an adjudicated primary outcome event

"" ® EMPA-REG

t‘_"‘ OUTCOME®



THE EMPA-REG OUTCOME STUDY

Primary outcome:
3-point MACE

. HR 0.86
(95.02% C1 0.74, 0.99)
p:O'O382‘ Placebo

ith event (%)

Patients wi

Months
No. of patients
Empagifiozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166

~e vt 1l 16 e e finetio - Aot A s le vands hare ath .ﬂ*;’
Cumulative i . ascular Wt HR, he ‘ ‘ $® EMPA-REG
Two-sided tests for superiority were ¢ ’ stical significance was indicated if p<0.0498) ..i;u.d_. OUTCOME




THE EMPA-REG OUTCOME STUDY

Primary outcome:
3-point MACE

=4 HR 0.86
(95.02% C10.74, 0.99)
p:O-0382‘ Placebo

Patients with event (%)

T T T T T T T T 1
0 6 12 18 24 30 36 42 48
Months
No. of patients
Empaghfiozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 1161 741 166

o gigfe)p
‘ $® EMPA-REG
‘-*‘b:.‘-' OUTCOME




THE EMPA-REG OUTCOME STUDY

CV death

Placeb
L HR 0.62
8 (95% C10.49, 0.77)
p<0.0001

Patients with event (%)

] 1 1 T I 1 L I 1
0 [ 12 18 24 30 36 42 48
Months
4651 4608 4556 4128 3079 2617 1722 414
2303 2280 2243 2012 1503 1281 825 177

R
e ¥ $  ® EMPA-REG
Cumulative incidence function. HR, hozord ratio .‘t @ . OUTCOME

._&.*I



THE EMPA-REG OUTCOME STUDY

CV death, Ml and stroke

Patients with event/analysed

Empaglifiozin  Placebo HR  (95% Cl) p-value
3-point MACE 490/4687 282/2333 0.86 (0.74,0.99)* —— 0.0382
CV death 172/4687 137/2333 0.62 (0.49,0.77) st <0.0001
Non-fatal Ml 213/4687 121/2333 0.87 (0.70, 1.09) —— 0.2189
Non-fatal stroke 150/4687 60/2333 1.24 (0.92, 1.67) et 0.1638
0.25‘ 0.50 1.00 2.00
Favours empagliflozin Favours placebo

g ghel
f." .:‘ EMPA-REG
oy, OUTCOME:




Compare and contrast

EMPA-REG PROactive

Empagliflozin Pioglitazone



oint MACE

EMPA-REG PROactive

Primary outcome: Time to Death, Ml (Excluding Silent) or Stroke
3-point MACE

Kaplan-Meier event rate
0.15
N events: 3-year estimate:

= placebo 358 /2633 14.4%
pioglitazone 301 /2605 12.3%

HR 95% CI p value

pioglitazone g g11 9792 0.981 0.0273

vs placebo
N at Risk: [5238 5102 4877 4752 4651 786 (256)
S p 12 18 24
3 ¥ EMPA-REG Time from randomisation (months)
.;t‘_.".. OUTCOME

proactive-results.com

Empagliflozin Pioglitazone



Myocardial Infarction

EMPA-REG PROactive

Time to Fatal/Non-fatal Ml {(excluding silent MI)

CV death, Ml and stroke Kaplan-Meier event rate
0.104
Patients with event/analysed .
E’mi'l,;ﬁvn'oziﬁ'e"plﬁﬂglf HR  (95%Cl) p-value —— pioglitazone (865 /1230)
- placebo (88 /1215)
t MACE 490/468 0.74, 0.99 ——
V death 172/4687 137/2333 042 (049 077) °
(1\ M 213/46 121/2333 (0.70,1.09 —— 0.2 >
fatal stroke 150/46 60/2333 1.24 (0.92,1.67 le@ee 0,16
HR 95% Cl  p value
Ooss. 0 100 200 o W pioglitazone vs placebo  0.72 052, 099 0.045
Favours empagiiflozin wours placet .0-
) oob el N at Risk: 2445 2387 2337 2283 2245 2189 399(139
%%
i ® EMPA-REG re—e———eer " T

.® . OUTCOME
s

0 (5} 12 18 24 30 36
Time from Randomisation (months)

proactive-results.com

Empagliflozin - no impact Pioglitazone - impact



Stroke

EMPA-REG PROactive

Time to Fatal or Non-Fatal Stroke in Patients
with Previous Stroke

CV death, MI and stroke Kaplan-Meier event rate

0.12
Patients with event/analysed P— o anansnnne ane
Empagiiiozin acete . HR (95% C1) p-valve 0.10 —— pioglitazone (27 / 486) !
- placebo (51 / 498)
oint MACE 490/4687 282/2333 0.86 (0.74,0.99, ——
th 172/4 123 49, (  ——
Non-fatal M 213/4687 121/2333 0.87 (0.70,1.09 —— 0.2189
y HR 95% Cl  pvalue
0.25 0.50 1.00 2.00 o,
Fav sgliflozin wours pla - pioglitazone vs placebo 0.53 0.34, 0.85 0.008
i WO pIS 0.00
P e e P - parEG N at Risk: 984 926 903 877 849 132
ok, .#. ouTCOME T e i e
T o
0 6 12 18 24 30 36

Time from Randomisation (months)

Wilcox RG et al, Stroke 2007; 38: 865-873

Empagliflozin - no impact Pioglitazone - impact



Separation of the graphs

EMPA-REG PROactive

Primary outcome: Time to Death, Ml (Excluding Silent) or Stroke
3-point MACE

Kaplan-Meier event rate
0.15
N events: 3-year estimate:

= placebo 358 /2633 14.4%
pioglitazone 301 /2605 12.3%

HR 95% CI p value

pioglitazone g g11 9792 0.981 0.0273

vs placebo
N at Risk: [5238 5102 4877 4752 4651 786 (256)
S p 12 18 24
3 ¥ EMPA-REG Time from randomisation (months)
.;t‘_.".. OUTCOME

proactive-results.com

Empagliflozin Pioglitazone



Separation of the graphs

EMPA-REG PROactive

Primary outcome: Time to Death, Ml (Excluding Silent) or Stroke
3-point MACE

Kaplan-Meier event rate
0.15
N events: 3-year estimate:

= placebo 358 /2633 14.4%
pioglitazone 301 /2605 12.3%

HR 95% CI p value

pioglitazone g g11 9792 0.981 0.0273

vs placebo
0.0
N at Risk: [5238 Sioz 4991 4877 4752 4651 786 (256)
S p 0 6 12 18 24 30 36
3 ¥ EMPA-REG Time from randomisation (months)
.;t‘_.".. OUTCOME

proactive-results.com

Empagliflozin Pioglitazone



THE EMPA-REG OUTCOME STUDY

CV death

Placeb
L HR 0.62
8 (95% C10.49, 0.77)
p<0.0001

Patients with event (%)

] 1 1 T I 1 L I 1
0 [ 12 18 24 30 36 42 48
Months
4651 4608 4556 4128 3079 2617 1722 414
2303 2280 2243 2012 1503 1281 825 177

R
e ¥ $  ® EMPA-REG
Cumulative incidence function. HR, hozord ratio .‘t @ . OUTCOME
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THE EMPA-REG OUTCOME STUDY

Hospitalisation for heart failure

HR 0.65
(95% C10.50, 0.85)
61 p=0.0017

Placebo

Patients with event (%)

1
48
Months
NO. o1 patents
Er iflozin 4687 4614 4523 4427 3988 2950 2487 1634 395
Placebo 2333 227 2226 2173 1932 1424 1202 775 168
g
. 2 $ & EMPA-REG
Cumulative incidence function. HR, hozord ratic a _‘ « OUTCOME
o .H B



Summary

* The EMPA-REG OUTCOME™ trial suggests that empagliflozin
reduces cardiovascular death but does not reduce either
stroke or myocardial infarction, signifying a different

mechanism to that of pioglitazone, more hemodynamic in
nature
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LEADER: Study design

Placebo Liraglutide 0.6-1.8 mg OD + standard of care Safety follow-up
Placebo + standard of care | Safety follow-up
L N sl N
1'. 2 weeks } Minimum duration 3.5 years 1'. 30 days
. L Maximum 3 years
Screening  Randomization (1:1) . . End of treatment
Double-blind Minimum 611 primary events

Key inclusion criteria
¢ T2DM, HbA,, 27.0%
¢ Antidiatretic drug naive; OADs and/or basal/premix instfi

® Age 250 years and established CV disease or chronic renal sulin
failure

or
® Age 260 years and risk factors for CV disease

Key exclusion criteria
¢ T1DM

LEADER’

Liraglutide Effect and Action in Diabetes:

i a CV: cardiovascular; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1RA: glucagon-like peptide-1 receptor agonist; HbA,.: glycated hemoglobin;
Evaluation of cardiovascular outcome Results MEN-2: multiple endocrine neoplasia type 2; MTC: medullary thyroid cancer; OAD: oral antidiabetic drug; OD: once daily; T2DM: type 2 diabetes mellitus.

Presented at the American Diabetes Association 76t Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.



Primary outcome
CV death, non-fatal myocardial infarction, or non-fatal stroke

LEADER’

Lira glld Eif t dA1
Evaluatio dio

n Diabetes:

I outcome Results

no
S

—
on
1

Patients with an event (%)
o =

L]
o4

Patients at risk
Liraglutide 4668
Placebo 4672

Placebo

sm-
---

Liraglutide

HR: 0.87
95% CI (0.78 -0.97)
p<0.001 for non-inferiority
p=0.01 for superiority

6 12 18 24 30 36 42 48 54
Time from randomization (months)

4593 4496 4400 4280 4172 4072 3982 1562 424
4588 4473 4352 4237 4123 4010 3914 1543 407

The primary composite outcome in the time-to-event analysis was the first occurence of death from cardiovascular causes, non-fatal
myocardial infarction, or non-fatal stroke. The cumulative incidences were estimated with the use of the Kaplan—Meier method, and the
hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, because less
than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76t Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.



Primary outcome
CV death, non-fatal myocardial infarction, or non-fatal stroke

no
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on
L
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Liraglutide

HR: 0.87
95% CI (0.78 -0.97)
p<0.001 for non-inferiority
p=0.01 for superiority

Patients with an event (%)
o =

L]
L

6 12 18 24 30 36 42 48 54
Time from randomization (months)

o

Patients at risk
Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

LE AD E R® The primary composite outcome in the time-to-event analysis was the first occurence of death from cardiovascular causes, non-fatal
myocardial infarction, or non-fatal stroke. The cumulative incidences were estimated with the use of the Kaplan—Meier method, and the
t Igl :d e Effe ecta dA 1| P abe etes: hazard ratios with the use of the Cox proportional-hazard regression model. The data analyses are truncated at 54 months, because less
dio [come

than 10% of the patients had an observation time beyond 54 months. CI: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76t Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.



CV death

-
P

Liraglutide

HR: 0.78
95% CI (0.66 - 0.93)
0=0.007

0 6 12 18 24 30 36 42 48 54

Patients at risk Time from randomization (months)

Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465

Patients with an event (%)
-

®
L EAD E R The cumulative incidences were estimated with the use of the Kaplan—-Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The
Liraglutide Effect and Action in Diabetes: data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months.
Evaluation of cardiovascular outcome Results Cl: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76 Scientific Sessions, Session 3-CT-SY?24. June 13 2016, New Orleans, LA, USA.



CV death

8-

:3':} Placebo __..._.

2

o 6 -

> e

o

c i

c

S Liraglutide

3

1)

‘q:'; 2 HR: 0.78

=) 95% Cl (0.66 -0.93)
0=0.007

04 : .

6 1 2% 30 36 42 4 54
Patients at risk Time from randomization (months)

Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465

®
L EAD E R The cumulative incidences were estimated with the use of the Kaplan—-Meier method, and the hazard ratios with the use of the Cox proportional-hazard regression model. The

Liraglutide Effect and Action in Diabetes: data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months.
Evaluation of cardiovascular outcome Results Cl: confidence interval; CV: cardiovascular; HR: hazard ratio.

Presented at the American Diabetes Association 76 Scientific Sessions, Session 3-CT-SY?24. June 13 2016, New Orleans, LA, USA.



Empagliflozin and Liraglutide

EMPA-REG OUTCOME LEADER

CV death, non-fatal Ml, or non-fatal stroke CV death, non-fatal Ml, or non-fatal stroke

rJ
Lo ]

M
]
(=]
1

Placebo Placebo

—
ol
i

-
-
—_
o
1
]
.
[

o HR: 0.86
- 95.02% CI(0.74 - 0.99)
p=0.04

HR: 0.87
95% CI (0.78 - 0.97)
p=0.01

0 6 1I2 1I8 24 3I0 3I6 42 48 0 6 12 18 24 30 36 42 48 ™4

Time from randomization (months) Time from randomization (months)
Patients at risk Patients at risk

Empaglifiozin 4687 4580 4455 43286 3801 2821 2359 1534 370 Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 2333 2256 2194 2112 16875 1380 1161 741 166 Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

o
M

Patients with an event (%)
o =
‘!.
l-I
Patients with an event (%)
=]

(=)
L
-

LEADER’

Liraglutide Effect and Action in Diabetes: . . . . .
Evaluation of cardhovaseular outcome Results CI: confidence interval; CV: cardiovascular,; HR: hazard ratio; MI: myocardial infarction.

Zinman B et al. N Engl J Med 2015;373:2117-2128.

Presented at the American Diabetes Association 76 Scientific Sessions, Session 3-CT-SY?24. June 13 2016, New Orleans, LA, USA.



Empagliflozin and Liraglutide

EMPA-REG OUTCOME LEADER

CV death, non-fatal Ml, or non-fatal stroke CV death, non-fatal Ml, or non-fatal stroke
207 201
2 Placebo 2 Placebo
§ 154 ___4"': § 154 '_,." .
: : Ciraglutide

o irag

E o _ Empagliflozin E 0
E E
.g HR: 0.86 .g . HR: 0.87
2 ) 95.02% CI (0.74-0.99) 2 95% CI (0.78 - 0.97)
g p=0.04 p=0.01

8 24 30 36 42 48 2% 30 6 42 48 54

Time from randomization (months) Time from randomization (months)
Patients at risk Patients at risk

Empaglifiozin 4687 4580 4455 43286 3801 2821 2359 1534 370 Liraglutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
Placebo 2333 2256 2194 2112 16875 1380 1161 741 166 Placebo 4672 4588 4473 4352 4237 4123 4010 3914 1543 407

LEADER’

Liraglutide Effect and Action in Diabetes: . . . . .
Evaluation of cardhovaseular outcome Results CI: confidence interval; CV: cardiovascular,; HR: hazard ratio; MI: myocardial infarction.

Zinman B et al. N Engl J Med 2015;373:2117-2128.

Presented at the American Diabetes Association 76 Scientific Sessions, Session 3-CT-SY?24. June 13 2016, New Orleans, LA, USA.



Individual components of the primary endpoint

EMPA-REG OUTCOME

Patients with

event/analyzed

HR (95%Cl) p-value Empa  Pho
3-pointMACE  \—o— 0.86(0.74-0.99)" 0.04 490/4687 282/2333
CVdeath —e—i 0.62(0.49-0.77) <0.0001 172/4687 137/2333
Nonfatal Ml  —e—t4 0.87(0.70-1.09) 0.22 213/4687 121/2333

Non-fatal stroke i 1.24(0.92-167) 0.16 150/4687 60/2333

LEADER

3-point MACE ——

CV death ——

Non-fatal Ml ——

&

Non-fatal stroke *

Patients with

event/analyzed

HR (95%Cl) p-value Lira Pbo

0.87(0.78-0.97) 0.01 608/4668 694/4672

0.78(0.66-0.93) 0.007 219/4668 278/4672

0.88(0.75-1.03) 0.11 281/4668 317/4672

1 0.89(0.72-1.11) 0.30 159/4668 177/4672

0.50

1.50

0.25 0.50 1.00 2.00 1.00
< . > < . >
Hazard ratio (95% Cl) Hazard ratio (95% Cl)
Favors Empa Favors Pbo Favors Lira Favors Pbo
LEADER’
Liraglutide Effect and Action in Diabetes: *95.02% Cl.
Evaluation of cardiovascular outcome Results CV: cardiovascular; Empa: empaglifloin; Lira: liraglutide; MACE: major adverse cardiovascular event; MI: myocardial infarction; Pbo: placebo.

Zinman B et al. Presented at European Association for the Study of Diabetes 2015, Stockholm, Sweden.
Presented at the American Diabetes Association 76t Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Orleans, LA, USA.



Myocardial Infarction

LEADER

Time to non-fatal myocardial infarction

—~ 9 Placebo

= e

9 e Liraglutide

c

s -

£ e

s e

7]} e

E 24 HR: 0.88

= 95% CI (0.75 - 1.03)

o L ozma p=0.11

-
0 6 12 18 24 30 36 42 48 54

Patients at risk Time from randomization (months)
Liraglutide 4668 4609 4531 4454 4359 4263 4181 4102 1619 440
Placebo 4672 4613 4513 4407 4301 4202 4103 4020 1594 424

LEADER. The cumulative incidences were estimated with the use of the Kaplan—Meier methed, and the hazard ratios with the use of the Cox proportional-hazard
regression model. The data analyses are truncated at 54 months, because less than 10% of the patients had an observation time beyond 54 months.
Cl: i ; HR: hazard ratio.

o —

Presented at the American Diabetes Association 76™ Scientific Sessions, Session 3-CT-SY24. June 132016, New Orleans, LA, USA

Liraglutide - ?less impact

PROactive

Time to Fatal/Non-fatal Ml {(excluding silent MI)

Kaplan-Meier event rate
0.104

— pioglitazone (65/1230)
- placebo (88 /1215)

HR 95% Cl  p value

a0 pioglitazone vs placebo  0.72 052,099 0.045

N at Risk: 2445 2387 2337 2293 2245 2199 399(139)
. :  6505TTT T
0 (5} 12 18 24 30 36

Time from Randomisation (months)

proactive-results.com

Pioglitazone - ?more impact



Stroke

LEADER PROactive

Time to Fatal or Non-Fatal Stroke in Patients
with Previous Stroke

Time to non-fatal stroke

Kaplan-Meier event rate

59 0.12

F Placebo_

B o4l s - — pioglitazone (27 / 486)

g P 0.10

2 e —— placebo (51 / 498)

c 3 Jemm et . Liraglutide

£ o

5

Bl -

E . HR: 0.89

5 ] 95% CI (0.72 —1.11)

[ p=0.30

0 6 12 18 24 30 36 42 48 54
Patients at risk Time from randomization (months) : .
Liraglutide 4668 4624 4564 4504 4426 4351 4269 4194 1662 465 HR  95%Cl  pvalue
Placebo 4672 4622 4558 4484 4405 4314 4228 4141 1648 445 . : pioglitazone vs placebo  0.53 0.34,0.85 0.008
N at Risk: 984 926 903 877 849 132
The cumulative incidences were estimated with the use of the Kaplan-Meier method, and the hazard ratios with the use of the Cox proportional-hazard — @ - -
i del. The dat; I truncated at 54 ths, be [ than 10% of the tients had bservation i be d 54 ths.
rsressionmodel Thedas arlyos r ot s 54 i, because s 0% of e ot e an bsenatontie bejond 54 s 0 8 15 e A 20 v
Presented at the American Diabetes Association 76" Scientific Sessions, Session 3-CT-SY24. June 13 2016, New Crieans, LA, USA. Tlme from Random[sat'on (months)

Wilcox RG et al, Stroke 2007; 38: 865-873

Liraglutide - ?less impact Pioglitazone — more impact



Patients with event (%)

Hospitalisation for heart failure

& HR 0.65
(95% C10.50, 0.85)
64 p=0.0017

48

Months
florn 4687 4614 4523 4427 3988 2950 2487 1634 395
2333 22N 2226 2173 1932 1424 1202 775 168

Empagliflozin

=7 HR: 0.87
f\; 95% CI (0.73-1.05)
G ® p=0.14
>
(]
=
[}
c
s
i Placebo ...
E s
- e Liraglutide
[
o
04
0 6 12 18 4 30 % 42 48 54
Patients at risk Time from randomization (months)
Liraglutide 4668 4612 4550 4483 4414 4337 4258 4185 1662 467
Placebo 4672 4612 4540 4464 4372 4288 4187 4107 1647 442

Liraglutide



Liraglutide — how does it cause cardiovascular benefit?

Please cite this aricle in press as: Drucker, The Cardiovascular Biclogy of Glucagon-iike Peptide- 1, Cell Metabolism (20186}, hitp: /dx.doi.org/10.1016/
j.cmet.2016.06.009

Cell Metabolism

CellPress

The Cardiovascular Biology

= of Glucagon-like Peptide-1

= Placebo ......

t o

g s et Daniel J. Drucker!-*

Q o Department of Medicine, Lunenfeld-Tanenbaum Research Institute, Mt Sinai Hospital, University of Toronto, Toronto, ON MSG 1X5, Canada

= *Correspondence: drucker@|unerfeld.ca

o 4 . . http://dx.doi.org/10.1016/.cmet. 2016.06.009

5 _ Liraglutide

z Glucagon-like peptide-1, produced predominantly in enteroendocrine cells, controls glucose metabolism

T2 HR: 0.78 and energy homeostasis through regulation of islet hormone secretion, gastrointestinal motility, and food

R 95% CI (0.66 -0.93) intake, enabling development of GLP-1 receptor (GLP-1R) agonists for the treatment of diabetes and obesity.

{ - p=0.007 GLP-1 also acts on the immune system to suppress inflammation, and GLP-1R signaling in multiple tissues
"0 : - - T p p P p p) impacts cardiovascular function in health and disease. Here we review how GLP-1 and clinically approved

GLP-1R agonists engage mechanisms that influence the risk of developing cardiovascular disease. We
Patients at risk Time from randomization (months) discuss how GLP-1R agonists modify inflammation, cardiovascular physiology, and pathophysiology in
Liraglutide 4668 1641 4599 4558 4505 4445 4382 4399 1723 484 normmal and diabetic animals through direct and indirect mechanisms and review human studies illustrating
Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465 mechanisms linking GLP-1R signaling to modification of the cardiovascular complications of diabetes. The
risks and benefits of GLP-1R agonists are updated in light of recent data suggesting that GLP-1R agonists
favorably modify outcomes in diabetic subjects at high risk for cardiovascular events.

Among several dozen peptides secreted from enteroendocrine  thetreatmentof obesity (Drucker, 2015; Meier, 2012; Ussher and
cells (EECs), glucagon-like peptide-1 (GLP-1(7-36)amide and  Drucker, 2014). Collectively, the interest in these new agents has
GLP-1(7-37), collectively referred to as GLP-1) has become the  fostered considerable research activity, and new information on
most extensively studied gut hormone with the greatest transla- mechanisms of action and clinical data on leng-term safety
tional relevance. Initial studies of GLP-1 focused on its role as  continue to accumulate (Campbell and Drucker, 2013; Drucker,

Drucker DJ. Cell Metab. 2016 Jun 22. pii: S1550-4131(16)30295-9.



Liraglutide — how does it cause cardiovascular benefit?

Placebo

Liraglutide

HR: 0.78
95% CI (0.66 - 0.93)
p=0.007
0 6 12 18 2 2 % 2 4 5
Patients at risk Time from randomization (months)
Liraglutide 4668 4641 4599 4558 4505 4445 4382 4322 1723 484
Placebo 4672 4648 4601 4546 4479 4407 4338 4267 1709 465

Patients with an event (%)
-

0

(GLP-1 receptor agonists are associated with a
number of cardiovascular effects

Effects on

heart

Effects on
blood vessels

Prevention of

atherogenesis

¥ Inflammation

¥ Endothelial
dysfunction

¥ Atherosclerotic
plagque
progression

# Plague stability

CV benefits

secondary to

weight loss

A Improved lipid
profiles

Improved cardiac

function

A Myaocardial
glucose uptake

# Cardiac function

# Cardioprotective
protein expression

# Left ventricular
function and
coronary flow

¥ Ischaemicinjury

Small increase in
heart rate

¥ Inflammation

# Endothelial function

A Vasodilation

# Plague stability

# Blood flow

¥ Smooth muscle
proliferation

¥ Platelet aggregation

Evidence for these benefits originates from human and animal studies (11-13).

W cardiovascular. GLP-1, glucagon-like peptide-1.

Adapted from references 11-13.

Drucker DJ. Cell Metab. 2016 Jun 22. pii: S1550-4131(16)30295-9.




Summary

* The LEADER® trial again shows a bigger impact of liraglutide
on cardiovascular death than on stroke and myocardial
infarction but, in contrast to empagliflozin, no impact on heart
failure. This suggests different mechanisms for liraglutide to
those of both pioglitazone and empagliflozin



Potential for agents to complement each other

Benefit Side effect

Fluid retentio

* Pioglitazone: .

— reduction of cardiovascular death, myocardial
infarction and stroke by reduction of atherosclero#i
process

 Empagliflozin:

@uction of heart failure

— reduction of cardiovascular dea

e @Genital infection

B weight loss
e Liraglutidge:

— reduction of cardiovascular death but not heart
failure

@Gl side effects

— NB weight loss



Pioglitazone and SGLT2 inhibitor

140-LB - Pioglitazone Associated Pedal Edema Resolved by Adding
Sodium Glucose Co Transporter 2 Inhibitor

Category 12-F Clinical Therapeutics/New Technology—Pharmacologic Treatment of Complications

Ashish Gautam )

Authors

ASHISH GAUTAM, PRABHAT KUMAR AGRAWAL, PRASHANT PRAKASH, DAYA KISHORE HAZRA. Agra. India

Body

Pioglitazone Associated Pedal Edema Resolved by Adding Sodium Glucose Co Transporter 2 InhibitorView
session detail Author Block: ASHISH GAUTAM, PRABHAT KUMAR AGRAWAL, PRASHANT PRAKASH, DAYA
KISHORE HAZRA, Agra, India This study was initiated after observation from two cases. Use of Pioglitazone
(PGZ), a novel insulin sensitizer is often limited because of its common side effect, i.e. fluid retention and
pedal edema. This study included 62 subjects (30 study cases and 32 comparators). These patients were,
who had developed pedal edema after PZG (15/30 mg daily) based regimen started irrespective of other oral
hypoglycemic agents (OHA's) or insulin prescribed for sugar control. Patients were randomized one to one
between study cases and comparators. Study cases were given Sodium-glucose co-fransporter 2 (SGLT2)
inhibitor (Canaglifiozin) 100 mg once a day with individualized simultaneous reduction of other OHA's to avoid
hypoglycemia. Monitoring of diabetic ketoacidosis was mandatory. Dose of PGZ not changed among cases. In
comparator group dose of PGZ was either reduced or completely withdrawn depending upon severity of
edema. Both groups were followed for 4 weeks with subjective grade of edema and weight recorded before
and after study duration. 24 out of 30 study cases, whereas 12 out of 32 comparators showed complete
remission of pedal edema. Fisher exact value calculated to be 0.0008 at P< 0.05. Average weight loss in 4
weeks of 30 cases was 3.8 Kg, whereas 1.6 Kg in control (Z-Score is -6.3668. The p-value is 0. The result is
significant at p< 0.05). Hypoglycemia experienced by 2 (6.66%) study subjects whereas none from
comparators. SMBG (self-monitoring of blood glucose) showed elevated blood sugar levels in 5 (16.6%) study
cases and 8 (25%) comparators. Besides this no other major side effects observed during study in both
groups except one female who developed polyuria and urogenital infection in study group which resolved with
oral antibiotics and antifungal. A judicious co-prescription of PGZ and SGLT2 inhibitor can avoid fluid overload
and pedal edema in diabetes mellitus. Authors: ASHISH GAUTAM, PRABHAT KUMAR AGRAWAL, PRASHANT
PRAKASH, DAYA KISHORE HAZRA, Agra, India Disclosures: A. Gautam: None. P. Agrawal: None. P.
Prakash: None. D. Hazra: Mone.

Fluid retention and weight gain
associated with pioglitazone mitigated
by SGLT2 inhibitor
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Conclusion

EDITORIAL

Diabetes medications with cardiovascular
protection — what now after LEADER®?
Could metformin, pioglitazone,
empagliflozin and liraglutide complement
each other to save lives?

ROBERT EJ RYDER,! RALPH A DEFRONZO?

We suggested in a previous editorial that the combination of met-
formin, picglitazone and empagliflozin would likely improve car-
diovascular outcomes in patients with type 2 diabetes at high
cardiovascular risk.! This conclusion was 15 years in the making: 7
years betwaan the UK Prospective Diabetes Study (UKPDS) in 1998°
and the PROspective pioglitAzone Clinical Trial In macroVascular
Events (PROactive) study in 2005, and then another 8 years from
there to the landmark moment when we saw the results of the Em-
paglifiozin, Cardiovascular Outcomes, and Mortality in Type 2 Dia-
betes trial (EMPA-REG OUTCOME™) at the European Association
for the Study of Diabetes (EASD) 2015 in Stockholm.*5 Against this
background, it is remarkable that we neaded to wait only another
9 months for a similar moment at American Diabetes Association
(ADA) 2016 in New Orleans. This 4th landmark event, when the
finding shown in Figure 1was greated with loud applause, was the
presentation of the results of the Liraglutide Effect and Action in
Diabates: Evaluation of Cardiovascular Outcome Results (LEADER®)
study, which evaluated the effect of the glucagon-like peptide-1
receptor agonist (GLP-1RA) liraglutide on candiovascular outcomes
n people with type 2 diabetes at high cardiovascular risk 57 Once
again though, as the results unfolded, we realised that we were to
be left with as many questions as answers.

Our previous editorial concluded that the accumulated evi-
dence from multiple studies suggests that pioglitazone (PROac-
tive) probably exarts its beneficial effects by slowing down - or
even reversing — the atherosclerotic process.! Empagliflozin
(EMPA-REG OUTCOME™), which reduced cardiovascular death
but not myocardial infarction or stroke, seemed to hawe an en-
tirely diffarent mechanism, more haemodynamic in nature and
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Diabetes and Endacrine Unit, City Hospital, Dudley Road, Birmingham
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ONLIME AHEAD OF PUBLICATION

Cumulzative incidence of death from cardiovascular
causes in the liraglutide group versus placebo group
n the LEADER study.® Hazard ratios [HR (95%CH]
based on Cox regression analysis

Cardigvascular death in LEADERS
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mwolving the combined affects of a dacrease in blood pressura
(after load reduction) and volume depletion (preload reduc-
tion).'* Other hypotheses have now been proposad, induding
the possibility that empagliflozin, by increasing circulating ketone
bodies, provides the failing myocardium with a more efficient
fuel source ? Further evidence for pioglitazone as an agent of
cardiovascular protection has also emergad from a study in an
nsulin resistant (but non-diabetic) population with recent prior
schaemic stroke or transient ischaemic attack; in this study the
risk of recument stroke plus myocardial infarction was reduced
by 24% in patients who recaived pioglitazone versus those who
received placebo.™ These mechanisms of cardiovascular benedit
are potentially complementary. Accordingly, we proposed that
combination therapy with pioglitazone and empagliflozin might
provide additive, or even multiplicative, cardiovascular benefits
n people with diabetes at high cardiovascular risk compared
with either given alone.’

Figure 2 shows side-by-side the effects of empaglifiozin in
EMPA-REG OUTCOME™ and liraglutide in LEADER® on three-

The combination of metformin,
pioglitazone, empagliflozin and
liraglutide now appears to be the
optimum cocktail of medications for
improving both glycaemic control and
cardiovascular outcomes for people
with type 2 diabetes at high
cardiovascular risk. The evidence we
have today suggests that these agents
in combination could complement
each other to prevent cardiovascular
events and save lives

Br J Diabetes 2016;16:103-106
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* My name is Dr Bob Ryder and | am a “being at the
cardiovascular outcome trial presentation-oholic”
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Has there ever been separation of the lines?

Empagliflozin EMPA-REG EASD September 2015Stockholm
Cangliflozin CANVAS ADA June 2017San Diego
. Dapagliflozin DECLARE-TIMI 58 AHA November 2018Chicago
SGLTi
Dapagliflozin DAPA-HF EASD September 2019Barcelona
Ertugliflozin VERTIS-CV ADA June 2020Virtual
Empagliflozin EMPEROR-reduced EASD September 2020Virtual
Sotagliflozin SCORED and SOLOIST AHA November 2020Virtual
Empagliflozin EMPEROR-preserved EASD September 2021Virtual
Dapagliflozin DELIVER EASD September 2022 Stockholm

| know cos | was there!



Has there ever been separation of the lines?

GLP1-RA

Metformin
Pioglitazone
Empagliflozin

Liraglutide

Injectable semaglutide

Cangliflozin
Exenatide QW
Albiglutide
Dapagliflozin
Dulaglutide
Oral semaglutide
Dapagliflozin
Ertugliflozin
Empagliflozin
Sotagliflozin
Efpeglenatide
Empagliflozin

Dapagliflozin

| know cos | was there!

UKPDS

PROactive

EMPA-REG

LEADER

SUSTAIN-6

CANVAS

EXCEL

HARMONY Outcomes
DECLARE-TIMI 58
Rewind

Pioneer 6

DAPA-HF

VERTIS-CV
EMPEROR-reduced
SCORED and SOLOIST
Amplitude-O
EMPEROR-preserved
DELIVER

EASD
EASD
EASD
ADA
EASD
ADA
EASD
EASD
AHA
ADA
ADA
EASD
ADA
EASD
AHA
ADA
EASD
EASD

September
September
September
June
September
June
September
September
November
June

July
September
June
September
November
June
September

September

1998 Barcelona
2005 Athens
2015Stockholm
2016 New Orleans
2016 Munich
2017San Diego
2017Lisbon
2018Berlin
2018Chicago
2019San Francisco
2019San Francisco
2019Barcelona
2020Virtual
2020Virtual
2020Virtual
2021Virtual
2021Virtual

2022 Stockholm
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Semaglutide reduces incidence of stroke %

Cumulative incidence of stroke over time
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GLP-1, glucagon-like peptide 1; HR, hazard ratio

Presented at the 56™ Annual Meeting of the European Association for the Study of Diabetes (EASD), 21-25 September 2020
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Effects of liraglutide and semaglutide
on stroke subtypes in patients with
type 2 diabetes: a post hoc analysis

of the LEADER, SUSTAIN 6 and
PIONEER 6 trials
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GLP-1 analogues reduce incidence of stroke %

Cumulative incidence of stroke over time
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Presented at the 56™ Annual Meeting of the European Association for the Study of Diabetes (EASD), 21-25 September 2020
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Cumulative incidence of stroke over time
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Effect of GLP-1 analogues on stroke and %
stroke subtypes

Time-to-first event analysis | (o, HR (95% CI)  p-value
GLP-1 analogues? Placebo e
(N=7,907) (N=7,913) analogues | FEVOUIS placebo
All strokes 216 (2.7) 262 (3.3) - 0.82 (0.68-0.98)  0.030
|
Ischaemic stroke” 186 (2.4) 220 (2.8) — 0.84 (0.69-1.02) 0.08
Large artery atherosclerosis 53 (0.7) 56 (0.7) + 0.94 (0.65-1.37) 0.75
I
Cardioembolism 21 {8.3) 23 (0.3) — 0.91 (0.50-1.64) 0.75
Small vessel occlusion 93 (1.2) 119 (1.5) —'ﬂl 0.78 (0.59-1.02) 0.07
Other determined cause 5(0.1) 4 (0.1) :l 1.25 (0.34-4.65) 0.74
Undetermined cause’ 17 (0.2) 21 (0.3) —lwl— 0.81 (0.43-1.53) 0.51
I
Haemorrhagic stroke 23 (0.3) 32 (0.4) —e—L 0.72 (0.42-1.22) 0.22
I
Undetermined stroke 10 (0.1) 14 (0.2) a—t 0.71 (0.32-1.60) 0.41

I 1 1
0.1 1 10
HR (95% CI)

*Ischaemic strokes were subcategorised according to TOAST criteria by an external, blinded reviewer. "Included patients with =2 causes of stroke, undetermined cause despite extensive
evaluation and cause of stroke not known due to incomplete evaluation. *Included liraglutide, and OW s.c. and daily oral semaglutide. CI, confidence interval; GLP-1, glucagon-like peptide-1;
HR, hazard ratio; OW, once weekly; s.c., subcutaneous; TOAST, Trial of Org10172 in Acute Stroke Treatment

Presented at the 56" Annual Meeting of the European Association for the Study of Diabetes (EASD), 21-25 September 2020



Conclusion

EDITORIAL

Diabetes medications with cardiovascular
protection: the likelihood of benefit from
combination therapy increases further
following new evidence during 2020

ROBERT EJ RYDER,"! MUHAMMAD A ABDUL-GHANI,? RALPH A DEFRONZC?

Key words: Type 2 diabetes, cardiovasoular outcome studies,
picglitazone, SGLT2 inhibitors, GLP-1 receptor agonist, heart
failure, stroke

In every recent year, new cardiovascular outcome studies are pub-
lished, illuminating our understanding regarding dizbetes medica-
tions with cardiovascular protection, and we have discussed these
in our previous editoriak. ) In 2020 two new studies from the
sodium glucose trarsporter 2 (SGLT2) inhibitor class and one from
the glucagon-like peptide-1 receptor agonist (GLP-1RA) class of an-
tidiabetic medications are worth highlighting. Ezch provided new
information to help our understanding about the cardioprotective
benefits of these classes so that we cn further improve patient
care. On 16 June 2020, during the BOth Scientific Sessions of the
American Diabetes Assodation virtual meeting, the resulis of the
Evaluation of Ertugliflezin Efficacy and Safety Cardiovascular Out-
comes Trial (VERTIS CV) study were presented and have since been
published in the New England Joumal of Medicine " On 20 August
2020, during the European Society of Cardiology - The Digital Bx-
perience Congress 2020, the nesults of the Empagliflozin Gutcome
Trial in Patients with Chronic Heart Failure and a Reduced Ejection
Fraction (EMPERCR-Reduced) were presented and published simul-
taneously in the New England Joumnal of Medicdne *10 The study
was then presented in detail on 24 September 2020 during the
Eurcpean Association for the Study of Diabetes Virtual Congress
(EASD) 2020, With regard to the GLP-1RA dass, some further
cardiovasoular outoome data were presented at the EASD 2020 in
the form of 3 post hoc analysis of pooled data from the LEADER,
SUSTAIN & and PIONEER & cardiovascular outcome studies.™

SGLT2 inhibitors

WERTIZ CV was a randomised controfled trial of the SGLT2 inhibitor
ertuglifiozin versus placebo in 8,246 people with type 2 diabetes
all of whom had prior cardiovascular disease.® After a follow-up
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period of 6.1 years, the primary endpoint of 3-point major adverse
cardiovasoular events (MACE: cardiovascular death, non-fatal my-
odardial infarction and non-fatal stroke) achieved statistical signifi-
cance for non-inferiority (HR=0.97, 85.6% CI 0.85 to 1.11;
p<0.001 for nonHnfenority).”* However, it did not achieve statistical
significance for superiority with regard to 3-point MACE or the
«combined endpoint of death from cardiovascular causes or hospi-
talization for heart failure (HHF). There was 2 30% reduction in HHF
(HR=0.70, 95% C10.54 to 0.00).7%

EMPEROR-Reduced was a randomised controlled trial of
empaglifiozin 10 mg daily versus placebo in 3,720 patients with
class Il, il or IV heart failure and an ejection fraction of 40% or less
(HFEF.*" 50% of the study population had type 2 diabetes and
50% did not have diabetes. Over a median follow-up of 16 months
there was a 25% reduction in the primary composite endpoint of
cardiovascular death or hospitalisation for worsening heart failure
(HR=0.75, 95% CI 0.65 to 0.86). The results were similar whether
the patient had diabetes (HR=0.72, 95% Cl 0.60 to 0.27) or did
not have disbetes (HR=0.78, 95% C| 0.64 to 0.97). There was a
30% reduction in HHF (HR=0.70, 95%: CI0.58 to 0.85)3"

Building on the experience gained from their predecessor trials
with SGLT2 inhibitors,"**5'2" we have learned further from VER-
TI5-CV and EMPORER-Reduced shout the extent to which the car-
diovascular benefits of SGLT2 inhibitors are mediated through the
protection from heart failure. Figure 14 shows a meta-analyss of
time to first HHF from the five cardiovascular outcome studies with
SGIT2 inhibitors showing this universal benefit for the class with
no heterogeneity. In keaping with this, a recent meta-analysis of
the assodation of SGLT2 inhibitors with cardiovascular and kidney
outcomes in patients with type 2 diabetes condluded that the
largest benefit across the dass was for an assodated reduction in
risk for HHF and kidney cutcomes, with benefits for HHF risk being
the most corsistent obsenvation acmss the trials.™ Whilst the time
to first MACE condudes a positive benefit for the dass in meta-
analysis (Figure 1B}, there is nevertheless heterogeneity™ with VER-
TIS-CV7E and DECLARE-TIMI 58572 being outliers. Figure 2 shows 3
meta-analysis of the two trials of patients with HFFEF (DAPA-HFS™
and EMPEROR-Reducad®™'") which studied SGLT2 inhibitors in pa-
tients with and without dizbetes. Using the primary outcome of
first HHF or cardiovascular death, the same benefit is seen for da-
paglifiozin and empaglifiozin in patients with and without
diabetes.” ™ This suggests the benefit of SGLT2 inhibitors on heart
failure does not depend upon the presence of diabates or reduction
in plsma glucose concentration, because 5GIT2 inhibitors do not

THE BRITISH JOURNAL OF DIABETES

The combination of metformin,
pioglitazone, an SGLT2 inhibitor and a
long acting GLP-1 receptor agonist
now appears to be the optimum
cocktail of medications for improving
both glycaemic control and
cardiovascular outcomes for people
with type 2 diabetes at high
cardiovascular risk. The evidence we
have today suggests that these agents
in combination could complement
each other to prevent cardiovascular
events and save lives

Ryder, Abdul-Ghani, DeFronzo. Br J Diabetes 2020;20:84-88



In conclusion 1

* Pioglitazone improves cardiovascular outcomes by slowing
down or even reversing the atherosclerotic process

* SGLT2 inhibitors as a class exert cardiovascular benefit by
improving heart failure in people with and without diabetes

* Pioglitazone and SGLT2 inhibitors may compliment each other
to improve cardiovascular outcomes by different means and
reduce side effects



In conclusion 2

* There also seems to be a class effect for long-acting GLP-1RAs
with regard to improving cardiovascular outcomes, and it
seems likely that this class of agents confers benefits by

mechanisms that are different from both pioglitazone and
SGLT2 inhibitors

* Pioglitazone, SGLT2 inhibitors and GLP1-receptor agonists may
compliment each other to improve cardiovascular outcomes by
different means and reduce side effects



In conclusion 3

* Pioglitazone and some GLP-1 receptor agonists reduce stroke
by different means —

* GLP-1 receptor agonists through a rapid effect that may be mediated
by an effect of small vessel occlusion

* Pioglitazone by a slower effect mediated by reduction in
atherosclerosis
* Randomised controlled trials should be undertaken comparing
GLP-1 receptor agonists (eg semaglutide) and pioglitazone on
their own and in combination to reduce stroke risk as they may
compliment each other



How can we reduce this risk

Control Blood Pressure

Use a statin in highest tolerated dose

Use metformin in all patients if tolerated

Use pioglitazone to slow or reverse the atherosclerosis

Use an SGLT2i to reduce cardiovascular death and HHF
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Control Blood Pressure

Use a statin in highest tolerated dose

Use metformin in all patients if tolerated

Use pioglitazone to slow or reverse the atherosclerosis

Use an SGLT2i to reduce cardiovascular death and HHF

Use a GLP1-RA to reduce cardiovascular death and stroke
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