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Macrovascular Complications of Diabetes

* 80% of people with T2DM die from cardiovascular

disease '

— Cerebrovascular disease
» stroke, transient ischemic attacks

« 2-to 4-fold increased mortality risk?

— Coronary heart disease (CHD)
« Angina, heart attack, heart failure
« 2-to 4-fold increased mortality risk?

— Peripheral vascular disease
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* E.g., intermittent claudication, gangrene, amputations...

" Webster MWI et al, Lancet. 1997

2 Centers for Disease Control and Prevention. National Diabetes Fact Sheet, 2003

3 Kuusisto J et al, Eur J Clin Invest. 1999
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G lycemic management in type 2 di-
abetes mellitus has become increas-
ingly complex and, to some extent,
controversial, with a widening array of
pharmacological agents now available (1-5),
mounting concerns ahout their potential
adverse effects and new uncentainties re-
garding the benefits of intensive glycemic
control on macrovascular complications
(6-9). Many clinicians are therefore per-
plexed as to the optimal strategies for their
patients. As a consequence, the American
Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD)
convened a joint task force to examine the
evidence and develop recommendations for
antihyperglycemic therapy in nonpregnant
adults with type 2 diabetes. Several guide-
line documents have been developed by
members of these two organizations (10}
and by other societies and federations
(2,11-15). However, an update was
deemed necessary because of contemporary

information on the benefits/risks of glycemic
control, recent evidence conceming efficacy
and safety of several new drug classes
(16,17), the withdrawal/restriction of others,
and increasing calls for a move toward more
patient-centered care (18,19)

This statement has been written in-
corporating the best available evidence
and, where solid support does not exist,
using the experience and insight of the
writing group, incorporating an extensive
review by additional experts (acknowl-
edged below). The document refers to
glycemic control; yet this clearly needs o
be pursued within a multifactorial risk
reduction framework. This stems from the
fact that patients with type 2 diabetes are at
increased risk of cardiovascular morbidity
and mortality; the aggressive management
of cardiovascular risk factors (blood pres-
sure and lipid therapy, antiplatelet treat-
ment, and smoking cessation) is likely to
have even greater benefits
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From the *Section of Endocrinology, Yale University School of Medicine and Yale-New Haven Hospital,
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These recommendations should be
considered within the context of the needs,
preferences, and tolerances of each patient;
individualization of treatment is the cor-
nerstone of success. Our recommenda-
tions are less prescriptive than and not as
algorithmic as prior guidelines. This fol-
lows from the general lack of comparative-
effectiveness research in this area. Our
intent is therefore to encourage an appre-
ciation of the variable and progressive
nature of type 2 diabetes, the specific role
of each drug, the patient and disease
factors that drive clinical decision making
(20-23), and the constraints imposed by
age and comorbidity (4.6). The implemen-
tation of these guidelines will require
thoughtful clinicians to integrate current
evidence with other constraints and im-
peratives in the context of patient-specific
factors.

PATIENT-CENTERED

APPROACH—Evidence-based advice
depends on the existence of primary
source evidence. This emerges only
from clinical trial results in highly selected
patients, using limited strategies. It does
not address the range of choices available,
or the order of use of additional therapies,
Even if such evidence were available, the
data would show median responses and
not address the vital question of who
responded to which therapy and why (24).
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Patient-centered care is defined as an ap-
proach to “providing care that is respectful
of and responsive to individual patient
preferences, needs, and values and ensur-
ing that patient values guide all clinical de-
cisions” (25). This should be the organizing
principle underlying health care for indi-
viduals with any chronic disease, but given
our uncertainties in terms of choice or se-
quence of therapy, it is particularly appro-
priate in type 2 diabetes. Ulimately, it is
patients who make the final decisions re-
garding their lifestyle choices and,, to some
degree, the pharmaceutical interventions
they use; their implementation occurs in
the context of the patients’ real lives and
relies on the consumption of resources
(both public and private)

care. diabetesjournals.org

Duaseres Care 1

Glycemic management in type 2 diabetes
mellitus has become increasingly complex.
As a consequence, ADA and EASD convened
a joint task force to examine the evidence
and develop recommendations for anti-
hyperglycemic therapy in nonpregnant adults
with type 2 diabetes.

Patient-centered care is defined as an
approach to “providing care that is
respectful of and responsive to
individual patient preferences, needs,
and values and ensuring that patient
values guide all clinical decisions”

It means there’s no any formulation.
Clinicians should know the patients and
also pharmaceutical agent completely.
Clinician’s responsibility is increasing.

Inzucchi SE ef al Diabetes care 2012;35:1364-79



Anti-Hyperglycemic Therapy:

General Recommendations

Initial drug
monotherapy

Efficacy (|HBA,
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Side effects
Cost

Two-drug
combinations?

Efficacy (|[HBA,.)
Hypoglycemia =
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Major side effects
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Sulfonylurea®

DPP-4 Inhibitor Insulin

(usually basal)
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Three-drug
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More complex
Insulin strategies

2

2Consider beginning at this stage in patien
bConsider rapid-acting, nonsulfonylurea seq
irregular meal schedules or who develop la
See Table 1 for additional potential adverse ene c
dUsually a basal insulin (NPH, glargine, detemir) in comblnatlon W|th nonlnsulln agents
eCertain noninsulin agents may be continued with insulin (see text).

Insulin®
(multiple daily doses)

TZ2DM Antihyperglycemic Therapy: General Recommendations

Inzucchi SE et al Diabetes care 2012;35:1364-79
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@ The 3 options for dual oral therapy

Lifestyle changes + Metformin for everybody

* or a personalized target

Add
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Pioglitazone



What should follow metformin

@ The 3 options for dual oral therapy

Lifestyle changes + Metformin for everybody

* or a personalized target

Add
DPP4-inhibitor

Add Sulfonylurea

Cheap
Rapid response
More potent

Poor durability

Risk of Hypoglycemia
Weight gain

No evidence for a CV
benefit

Add

Pioglitazone

en chosen as 2nd line drug for cost
rather than medical reasons



What should follow metformin

@ The 3 options for dual oral therapy

Lifestyle changes + Metformin for everybody

* or a personalized target

Add Dpp4-inhibitor Add Add
Sulfonylurea Pioglitazone

Easy to use
No side effects*
But expensive

= A popular 2" line drug in 2012,
*

gancreatitis When no cost limitation
We need a longer
follow-up to be quite

sure about safety But all patients do

not respond well and
need another option



What should follow metformin

@ The 3 options for dual oral therapy

Lifestyle changes + Metformin for everybody

* or a personalized target

Add Add Add Pioglitazone

DPP4-inhibitor Sulfonylurea

Durability

The most powerful
(on the long term)
No Hypoglycemia
Possible CV benefit

Can be beneficial in some patients group such as newly
diagnosis patients with insulin resistance, CV risk patients, etc..
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Sustained Glycemic Control
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“ ORIGINAL ARTICLE ”

Pioglitazone for Diabetes Prevention
in Impaired Glucose Tolerance

Ralph A DeFronze, M.0., Devjit Tripathy, M.D_, Ph.D_, Dawn C. Schwanke, Ph.D,
baryAnn B ii, M., George A. Bray, M.D,, Thomas A. Buchanan, M.D.,
Stephen C. Clement, M_D., Robert R. Henry, M.D, Howard N, Hadis, M.D.,

Abbas E. Kitabchi, M.D, Ph.D., Wendy ). Mack, Ph.D, Sunder Mudaliar, M.D.,

Robert £ Ratner, M.D., Ken Wiiliams, M.Sc,, Frankie 8. Stentz, Ph.D),
Micolas Musi, M.0x, and Peter 0. Reaven, M.D., for the ACT NOW Study

ABSTRACT

EACHCROUMD

Impafred glecose rolerance s assoctated with increased rates of cardiovasoular
disesse and conversion tw type 2 dizhetes mellnes. Interventons that may prevent
or delay such occurrences are of great clinical importance.

METHODE

We conducted a mndomized, dowtle-blind, placebo-controlled sudy to samine wheth-
er piog! fazone can redoce the risk of ty pe 2 diabetes mellftus in adolts with impaired
rlucose tolerance. A total of G802 patients were randomly assigned to receive piog Fe
azone or placebo. The median follow-up period was 2.4 years. Fasting glucose was
measured quarterly, and oral glecose tolerance tests were performed annually. Con-
version to diabetes was confirmed on the basis of the results of repeat testing.
RESuATS

Anmeal incidence rates for ope 2 diabetes mellitus were 2. ¥k In the pioglitazone
group and 7.6% in the placebo group, and the hazard ratio for conversion to diabetes
in the piogtazone groupwas 0,28 (95% confidence interval, 0.16 to 0.4%; P<OU0DLL
Conversion to normal glucose rolerance occurred in 48% of the patients in the pio-
glitazone group and 28% of those in the placebo group (PeQ00T). Trestment with
pioglitazone 35 compared with placebo was assockated with significanty reduced
levels of fasting glucose (a decrease of 11.7 mg per deciliter vs. £.1 mg per deciltter
[0.7 mmaol per liter vs. (.5 mmol per liter], PcL00L), Zhour glucose (3 decrease of
20,5 mg per deciliter vs. 15.6 mg per deciliter [1.6 mmol per liter vs. (L9 mma! per
liter], P<Qu1), and Hbh . (2 decrease of .04 percentage points vs. an increase of
(L) percentage points, PoOUODT). Plogltazone therpy was also associated with a
decrease in diastolic blood pressure by 20 mm Hg vs. 000 mm Hg, P=0UE), 2 re-
duced rate of carotd intma-media thickening GL5%, P=047), and 3 greater
increase in the tevel of high-density Fpoprotein cholestera! (by 755 mg per decil iter
v5. 4.5 mg per deciliter [0.4 mmaol per liter vs. 0.3 mmal per liter], P={L0O0EL Weight
gain was greater with pioglitaz one than with placebo (5.9 kg vs. 077 kg P«OUDOTJ,
and edema was more frequent (12%% va. b.4%, P=0.007),

COMCLUZIONS

As compared with placebo, pioglitazone reduced the risk of corversion of impaired
glecose tolerance to type 2 diabetes mellitus by 72 % but was associated with
slgnificant weight gain and edema. (Funded by Takeds Pharmacouticals and others;
Clinical Trials.gov mumber, HCTHNE0961 .1

W ENGL MET §E401E  WEMUORG  MARCH 14 30

They undertook the this study to
examine the effect of pioglitazone on
prevention of diabetes in IGT pt.



ACT NOW: Pioglitazone

i ACTos NOW for the prevention of type 2 diabetes

0.4 - M Pioglitazone
4@ Placebo 7 6%
T P.er year
< 0.3 - HR = 0.28
:‘E‘-" 95% Cl = 0.16~0.49
o p<0.00001
2
£ 02 IGT
E
S L | Pioglitazone
0.1 - 2.1% 0,
J—J Per year 72 /C)
0 T2DM

L 0 10 20 30 40 ]

Months

As compared with placebo, pioglitazone reduced the risk of
conversion of IGT to type 2 diabetes by 72%

DeFronzo RA et al N Eng/ J Med 2011;364:1104-15
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Benefit on CVD

© Pioglitazone

- Improves diabetic dyslipidemia
O Lowers triglyceride levels
O Increases size of LDL particles

© Elevates HDL cholesterol levels

o Pioglitazone
- Reducing CRP
- Inhibiting smooth muscle cell proliferation
- Decreasing vascular inflammation

« Pioglitazone

- Prevented progression of
@  CIMT (Carotid Intima Media Thickness)
© IVUS (Intra-Vascular Ultra Sound)



Benefit on CVD

o Pioglitazone

- Improves diabetic dyslipidemia
© Lowers triglyceride levels © Increases size of LDL particles

© Elevates HDL cholesterol levels

22

. Gliclazide + Metformin
2
=

HDL-C LDL-C TC / HDL ratio

Change from baseline after 2 years (%)



Benefit on CVD

O Pioglitazone
- Reducing CRP
- Inhibiting smooth muscle cell proliferation
- Decreasing vascular inflammation

p=0.02
7 — [ |

6 - p=0.0001
1

(3,
|

p—O 0008 p=0.41

3_
2
1

p-o 38

CRP (mg/L)
H
1

All Insulin Insulin
subjects resistant sensitive




Benefit on CVD

o Pioglitazone

- Prevented progression of
©  CIMT (Carotid Intima Media Thickness)

0.015 - © IVUS (Intra-Vascular Ultra Sound) -

=&— Glimepiride =h= Pioglitazone

0.010 -

0.005 -

0.000

-0.005 -

LS Mean Change from Baseline
Posterior Wall Mean CIMT (mm)

-0.010 - 4 4

‘ Baseline Week 24 Week 48 Week 72 j




Benefit on CVD: Acute Coronary Syndrome ;

i Pioglitazone’s effect on acute coronary syndrome in patients with previous Ml

4 Kaplan-Meier Event Rate ]

0.10 -
005 @ Placebo (54/1215) | Pioglitazone (35/1230) 37%
Q
e p =0.035
£ 0.04 ]
w
ko
d) -
2 0.03
=
K
S 0.02
X
0-01 7] . . . . o . .
Pioglitazone had a significant beneficial effect on the
- prespecified end point of acute coronary syndrome
N at Risk: 2455 2397 2351 2308 2265 2222 406 (139)
[ 0 6 12 16 24 30 36 J

Time from Randomization (days)

Erdmann E ef a/ JACC 2007;49:1772-1780



Benefit on CVD: Recurrent stroke

i Pioglitazone’s effect on recurrent stroke in patients with previous stroke

: Kaplan-Meier Event Rate '

0.12

0.10 | @ Placebo M Pioglitazone

47 %
0.08 -

0.06 -

0.04 -

Kaplan-Meier Estimate

0.02
HR 95% Cl  pvalue

Pioglitazone Versus Placebo 0.53  0.34, 0.85 0.009

0.00
N at Risk: 984 952 926 903 877 849 132 (42)

[ 0 6 12 16 24 30 36 J

Time from Randomization (months)

Erdmann E ef a/ JACC 2007;49:1772-1780



Impact of Intensive Therapy for Diabetes:

Summary of Major Clinical Trials

UKPDS
(Type 2) ~l' ~l«

DCCT/EDIC
(Typ/e 1) } }

ACCORD ~Ir
(Type 2)

ADVANCE l
(Type 2)

VADT l
(Type 2)

PROactive

0
0

0
0
0

<? ¢ 3
i1 11 -

== |nitial Trial

- Long-term FO"OW-Up UK Prospective Diabetes Study (UKPDS) Group. Lancet 1998;352:854-65

Holman RR. N Engl J Med 2008;9;359(15):1577-89
DCCT Research Group. N Engl J Med 1993;329;977-86
Nathan DM et al. N Engl J Med 2005;353:2643-53
Gerstein HC et al. N Engl J Med 2008;358:2545-59
Patel A et al. N Engl J Med 2008;358:2560-72
Duckworth W et al. N Engl J Med 2009;360:129-39
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What Next after Metformin? A Retrospective
Evaluation of the Outcome of Second-Line, Glucose-
Lowering Therapies in People with Type 2 Diabetes

Christopher LI. Mergan, Chris D. Poole, Marc Evans, Anthony H. Barnett,
Sara Jenkins-Jones, and Craig J. Currie

Department of Primary Care and Public Health {C.L.M., C.D.P., C.J.C.), School of Medicine, Cardiff
University, The Pharma Research Centre, and Department of Global Epidemiology (5.1.-).),
Pharmatelligence, Cardiff MediCentre, Cardiff CF14 4UJ, United Kingdom; Department of Madicine
(M.E.), University Hospital of Wales, Llandough, Cardiff CF64 2XX, United Kingdom; Division of Clinical
and Experimental Medicine (A.H.B.), University of Birmingham, and Biomedical Research Unit, Heart of
England National Health Service Trust, Birmingham B9 55T, United Kingdom: University of Birmingham,
Edgbaston, Birmingham B15 2TT, United Kingdom

Context: After failure of metformin monotherapy, many second-line, glucose-lowering therapies
are available to treat people with type 2 diabetes.

Objective: The objective of the study was to compare clinical outcomes using common alternative
regimens.

Design and Setting: This was a retrospective cohort study using data from the U.K.-based General
Practice Research Database.

Patients: These were primary care patientswith type 2 diabetes who had metformin monotherapy
astheir first treatment andwho then initiated on relevant second-line, glucose-lowering regimens
during the study period 2000-2010. A total of 27,457 patients were prescribed a second-line
therapy, of whom 26,278 (95.7%) were prescribed a regimen with 1,000 or mere observations.

Maln Outcome Measures: All-cause mortality, major adverse cardiovascular events (MACE), cancer,
and a combined end point of any of these were measured. Secondary end points were change in
glycosylated hemoglobin between baseline and 12 months. Time to clinical end points was com-
pared using Cox proportional hazards models.

Results: Sulfonylurea monotherapy had significantly higher hazard ratios (HRs) for all-cause mor-
tality (HR 1.459, 1.207-1.763); MACE (HR 1.578, 1.187-2.099); stroke (HR 1.444, 1.050-1.987); and
the combined end point (HR 1.381, 1.194-1.597). Metformin plus pioglitazone had significantly
lower adjusted HRs for all-cause mortality (HR 0.707, 0.515-0.970) and the combined end point (HR
0.747, 0.612-0.911). Mean glycosylated hemoglobin improved between baseline and 12 months
for all regimens other than sulfonylurea monotherapy.

Conclusion: The combination of metformin plus pioglitazone appears to provide superior clinical
outcomes compared with the most commonly used regimen, metformin plus sulfonylurea. Sulfo-
nylurea monotherapy resulted in worse outcome. (J Clin Endocrinol Metab 97: 0000-0000, 2012)

ISSN Print 0021-872X  ISSN Online 1945-7197 Abbreviations: BMI, Body massindex; DPP4, dipeptidyl peptidase 4; GPRD, General Practice

Printad in US.A

Resarch Database; HbAc, glycosylated hemoglobin; HR, hazard ratio; MI, myocardial

Copyright © 2012 by The Endocrine Saciety infarction; OAD, oral antidiabetes drug; TZD, thiazolidinedione
doi: 10.1210/c.2012-3034 Received August 9, 2012. Accepted September 21, 2012.

* Retrospective data from the UK General
Practice Research Database was used.
Patients initiating treatment between 2000
and 2010 were selected

¢ Its primary objective is to determine the
optimal approach after the failure of
metformin monotherapy.

* The primary endpoint : all-cause mortality,
major adverse cardiovascular event (MACE
[MI and stroke]), cancer, and a combined
endpoint of the first of any of these.

* A secondary endpoint : change in HbAlc
between baseline and 1 year



Trend for selected second-line regimens as a
proportion of all second-line regimens by year
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Hazard ratio (£ 95% Cls)
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Conclusion:

The combination of metformin plus
pioglitazone appears to provide superior
clinical outcomes compared with the most
commonly used regimen, metformin plus
sulfonylurea.
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Take Home Messages
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. Reduces insulin resistance
« Higher durability (Prolonged potent lowering of HbA1C)

- Decrease cardiovascular risk (PROactive: secondary

prevention of MI, stroke)

. Strongest effect on prevention of diabetes (ACT Now:

associated with decrease in IMT)

. Good effect on diabetic dyslipidemia






