WCPD]

fD bt§&tCmpI t

Professor Rafael Gabriel
National Institute for Public Health

sheccnsadiinhnosindins



@ PPREDICE

Early Prevention of Diabetes
Complications in Europe

The ePREDICEIal

Early Prevention of Diabetes Complications in Individuals with
Hyperglycaemia in Europe

Rafael Gabriel, MD, PhD
National School of Public Health
Madrid, Spain

WCPD10 Congress

SEVENTH FRAMEWORK PROGRAMME

Ju |y 18th 2018 COLLABORATIVE PROJECT i STAGE 2

FP7-HEALTH-2011-two-stage

Edinburgh



Background

w Linear relationship between blood glucose levels and risk of
microvasculacomplications (retinopathy)

w Microvascular complication associated withperglycaemia
around 10% of the microvascular lesions unknown at the time «
detection

w Strict glycaemiaontrol in diabetics reduceasicrovascular
complications
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Background

A No evidence about benefit of drug treatment on microvascular
complications in PREDIABETES

Drug treatment of hyperglycemia in prediabetes
+« Metformin (Recommended by the ADA and IDF)
A Problems:

- Adverse effects (Gl effects).

-Does not prcelsfnctoe s b

+ New incretin-based therapies (DPPIV-i) alone or in combination with metformin
(not approved yet for prediabetes in Europe)

A Advantages:

- Hypoglycaemia rare.
-Pr e s er-uvedd funchon ?
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Primary Objective

Investigator-initiated, 2-year, multicentre, randomized,

placebo controlled, partial double blinded, clinical trial

To assess the effect of treatment with linagliptin, metformin or the
combination linagliptin-metformin, plus lifestyle modification (diet
and physical activity), compared to lifestyle modification alone, up
to 3-year, on different microvascular parameters (retinal, renal and

neurological), in adults with prediabetes (IGT, IFG or IFG + IGT)
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Secondary Objectives

1. To identify among people with hyperglycaemia who are most likely
to develop early diabetic complications

2. To find out which of the early diabetic complications can be best
prevented by interventions applied in this study

3. To determine the extent to which the compliance to the interventions
affect the rate on early diabetic complications prevention
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Secondary Objectives

4. To assess the efficacy of treatment with regard to surrogate
parameters of vascular function and novel biomarkers of
microvascular damage in adults with prediabetes

5. To determine the safety of study drugs in people with
prediabetes with regard to severe adverse effects and clinical
Important events
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Study Design

SCREENING® FGor IGTafter2 OGTTp ==——=> RANDOMIZATION *

B Active drug I I I I

LIFESTYLE LIFESTYLE LIFESTYLE LIFESTYLE
@ Placebo Placebo Lina (2)MetformirB50mg (2) Linagliptin5mg (1) Linagliptin2.5mg +
Placebo Lina (1) MetformirB50mg (2)

Drugis bottles identical @ O O ]
in all 4 arms @
\ 4 ® m

-Mo 1-3 half-dose drug (to favor tolerance)
-if SAE atinytime, STOBrugRxbutcontinueLSI

24mo. dficacyevaluation

. . Extended observational foIIow-uE $+12 mo.z
36mo. postrialevaluation

*Central, webased randomizatiosstratifiedoy centre
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Sample Size

Based on a previous study with SUDOSCAN:

A minimum absolute difference in feet skin conductance between Rx groups
after 1-year treatment 3,6 uS

A drop-out rate 25%
A Reliability of SUDOSCAN conductance measurements: .83

A 2-sided alpha risk 0.05
A 2-sided beta risk 0.2
A Allocation ratio LSI group vs Drug Rx group 1:3

224 patients for lifestyle + placebo
672 patients for lifestyle + any drug

Total sample: 900 patients

Statistical power 82%
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Inclusion Criteria

A Men and women 45-74 years old

A Prediabetes:

I Impaired Fasting Glucose (IFG): FPG 6.1 to 6.9mmol/l and 2-h PG
<7.8mmol/L; or

I Impaired Glucose Tolerance (IGT): FPG <7.0mmol/L and 2h PG
> 7.8 and <11.1 mmol/L; or

I both conditions:

A Informed consent given
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Exclusion Criteria

A Known T1 or T2 diabetes. A Organ transplant

A Cardiovascular event or A Cancer under treatment

revascularization procedure. : .
Use of non-prescribed narcotics or

A Use of any antidiabetic drug lllicit drugs.

within 3 months. Pregnancy or breast-feeding

A Morbid obesity (BMI>45) Cataract impeding retinal

A Renal insuffiency or renal evaluation of both eyes.
replacement therapy. A Complete amputation of both
. . : . hands or feet.
A Liver cirrhosis or chronic
hepatitis A Dementia, mental disorder or

evident cognitive impairment

A Chronic pancreatitis S
A Institutionalization

A CHF (NYHA class Il1+)
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Drug rescue therapy

If HbAlc (>6.5%),F P G ( @ral/0l ) or 2anm6l/)int@d 1 .

consecutive visits after randomization:
A Unmask the assigned drug treatment

A Refer the patient to his/her primary care physician for individualized

therapy if necessary, and record all new drugs prescribed

A Encourage physicians to maintain the assigned treatment (except for

placebo).
A Keep patient follow-up and LSI

A Final analysis by intention to treat
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Assessment of primary outcomes

Sensory Autonomic )
Peripheral Neuropathy:
Myelinated  Thinly un- Thinly U Small Fiber Neuropathy assessment
Myelinated  Myelinated Myelinated  Myelinated . .
Aalpha Aalpha/beta Adelta  C A delta c (Electrochemical Skin Conductance

‘ by SUDOSCAN)
Large w

Touch, Cold Warm Heart rate, blood
vibration,  perception perception pressure, sweating,

position, pain pain GIT, GUT, function
perception
. I _ Medscape
Vinik Al, et al. Nature Clinical Practice Endocrinol Metab. 2006;2:269-281.
Anatomy of the Kidney
Nephropathy:

urinary albumin:creatinine
& eGFR (central
laboratory)

DR/retinal vessel caliber:
(EDTRS central grading/computer AVR)




Secondary outcomes

A Endothelial function by EndoPAT, Itamar® (Subsample).

A Novel biomarkers:
I Inflammation: Hs-CRP .
I Microvascular damage: CD163, ADMA, TWEAK, THIOREDOXIN,
Galectin
I Early DR: Laminin-P1, n-carboxymethyl-lysine
I Vascular damage related to NAFLD: RAGE, HMGB.

l nsul i n s e-eelfuriciion (OGYVT, mathematical modeling)
Quality of life (D15 gx).

Symptoms of neuropathy (Michigan gx)

Cognitive function (MOCCA gx)

Depressive and anxiety symptoms (Hamilton and MINI gxs)

Sleep Obstructive Apnea. SOAP gx
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Safety assessment

A Severe hypoglycaemia

A Serious adverse event (SAE).

A Adverse event causing discontinuation of treatment.

A Major cardiovascular events: CHD, Stroke, Revascularization
A Other medical event

A Hospitalization

A Death
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Trial timeline

AScreening was performed during 2014-15

ABaseline exams were performed during 2015-16

AClinical follow-up ongoing (approx. 2/3 of sample completed)
A LPLV (24th-mo for efficacy evaluation): December 2018

AExtended observational followi up (mo-36th): December 2019
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ePREDICE Study Population

(flow chart CONSORT)

OVER 5,000 INDIVIDUALS WITH HIGH-RISK FOR T2D PRE-SCREENED IN PRIMARY CARE

[ Enrollment ]

Assessed for eligibility
(n=1.390)

Excluded (n=426, 30.6%)

- Not meeting inclusion criteria (n=320, 75.1%)
- Declined to participate (n=93, 21.8% )

- Other reasons (n=13, 3.1%)

v

Randomized
(n=964)

l

l [ Allocated Rx ] l

\ 4
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PLACEBO METFORMIN LINAGLIPTIN LINA+MET
(n=241) (n=238) (n=242) (n=243)




COMPETITIVE RECRUITMENT

BY COUNTRY

COUNTRY ASESI_IT;SBIEIEI.F?R EXCLUDED RANDOMIZED
n (%) n (%) n (%)
SPAIN 566 (40.7) 127 (22.4) 439 (45.5)
POLAND 185 (13.3) 51 (27.6) 134 (13.9)
GREECE 151 (10.9) 54 (35.7) 97 (10.1)
BULGARIA 88 (6.3) 9 (10.2) 79 (8.2)
AUSTRIA 72 (5.2) 9 (12.5) 63 (6.5)
SERBIA 84 (6.0) 23 (27.4) 61 (6.3)
TURKEY 139 (10) 90 (64.7) 49 (5.1)
KUWAIT 70 (5) 37 (52.8) 33 (3.4)
AUSTRALIA 35 (2.5) 26 (74.2) 9 (0.9)
TOTAL I 1390 | 426 I 964 |
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Baseline characteristic of ePREDICE participants

Key variables in patients randomized and refusals

Key variables*

Randomized (n=964)

Refusals (n=93)

Mean age (SD) years

Sex female (%)

Current smokers (%)

BMI (kg/m2)

Waist circumference (cm)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Family history of diabetes (%)
High blood pressure treatment (%)
Fasting plasma glucose (mmol/L)
2h plasma glucose (mmol/L)

HDL cholesterol (mmol/L)

LDL cholesterol (mmol/L)

Triglycerides (mmol/L)
HbAlc (%)

58.3 (7.6)
58
14
30.6 (5.0)
101.9 (12.7)
131.8 (16.8)
81.0 (10.5)
40
39
6.3 (2.0)
7.9 (3.0)
1.43 (2.6)
3.3 (0.93)
1.42 (0.93)
5.8 (0.48

58.5 (7.3)
56
12
31.5 (6.5)
102.7 (13.4)
129.8 (18.2)
81.1 (11.2)
45
39
6.2 (0.6)
7.8(2.2)
1.39 (0.30)
3.0 (0.74)
1.40 (0.64)
59 (0.37




Demographic & clinical characteristics of

randomized participants at baseline (ITT)

Placebo Linagliptin Metformin Met+Lina

(n=241) (n=238) (n=242) (n=243)
Age (years); mean (SD) 58.6 (7.6) 58.5 (7.4) 58.9 (7.5) 58.5 (7.9)
Female (%) 59.8 58.6 | 59.8 57.3
Current smoker(%) 16.2 14.1 14.7 12.9
At least 30 min/day of physical activity (%) 56.2 47.3 | 49.2 51.4
Eating often vegetables and fruits (%) 64.4 58.9 57.5 60.5
BMI (kg/m2); mean (SD) 30.4 (4.9) 30.8(5.5) | 31.1 (5.0) 30.3 (4.5)
Waist circumference (cm); mean (SD) 102.5 (12.1) 101.5 (12.2) 102.8 (12.0) 101.6 (11.5)
Systolic blood pressure (mmHg); mean (SD) 108.1 (12.6) 108.3(13.5) | 107.7(13.1) 108.3 (12.6)
Diastolic blood pressure (mmHg); mean (SD) 81.5(9.5) 82.0 (10.6) 81.9(11.1) 82.6 (10.5)
Family history of Diabetes (%) 40.1 36.1 | 39.3 44.6
History of high blood glucose (%) 37.7 33.1 37.9 33.1
History of gestational diabetes (%) 0.9 1.3 | 0.8 2.2
Fasting plasma glucose (mmol/L); mean (SD) 6.37 (0.45) 6.36 (0.44) 6.31 (0.49) 6.43 (0.41)
2h-plasma glucose (mmol/L); mean (SD) 8.20 (1.75) 8.13 (1.66) | 8.05 (1.72) 8.09 (1.85)
Isolated IFG (%) 38 37.9 37.3 39
Isolated IGT (%) 30 30.1 | 31.3 31
IFG & IGT (%) 32 32 314 30
Total-cholesterol (mmol/L); mean (SD) 5.33 (1.16) 5.29 (1.06) | 5.32 (1.02) 5.30 (1.05)
HDL-cholesterol (mmol/L); mean (SD) 1.36 (0.34) 1.35 (0.35) 1.34 (0.33) 1.34 (0.48)
LDL-cholesterol (mmol/L); mean (SD) 3.33 (1.04) 3.28 (0.95) | 3.32 (0.81) 3.29 (0.84)
Triglycerides (mmol/L); mean (SD) 1.52 (1.06) 1.46 (0.67) 1.46 (0.73) 1.60 (1.15)
HbAlc (%) 5.86 (0.41) 5.78(0.36) | 5.81(0.40) 5.83 (0.38)

Urine Albumin/creatinine ratio

0.203 (0.590)

0.231 (0.498)

0.196 (0.503)

0.232 (0.608)
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Baseline characteristic of randomized

P

patients by glycaemia status

Randomized
(n=964)

IFG
n=369 (38.3%)

IGT
n=285 (29.6%)

IGT+IFG
n=310 (32.1%)

Age (years)

57.4 (7.7)

58.2 (7.5)

59.5 (7.5)

Sex female (%)

208 (56.4%)

174 (61.1%)

178 (57.4%)

Current smokers (%)

57 (15.4%)

41 (14.4%)

37 (11.9%)

BMI (kg/m?) 30.9 (5.2) 30.6 (4.9) 30.4 (4.8)

Waist circumference (cm) 102.3 (14.0) 101.5 (11.8) 102.2 (11.9)
Systolic blood pressure (mmHgQ) 130.4 (16.6) 132.2 (16.7) 132.6 (17.2)
Diastolic blood pressure (mmHg) 81.1 (10.5) 81.8 (10.8) 80.5 (10.7)

Family history of diabetes (%)

139 (37.7%)

123 (43.2%)

120 (38.7%)

Hypertension treatment (%)

124 (33.6%)

109 (38.2%)

140 (45.2%)

HDL-cholesterol (mmol/L) 1.6 (4.0) 1.3(0.3) 1.3(0.3)
LDL-cholesterol (mmol/L) 3.3(0.90) 3.4 (0.99) 3.2 (0.90)
Triglycerides (mmol/L) 1.5(1.0) 1.6(1.1) 1.4 (0.7)
HbAlc (%) 5.7 (0.5) 5.8 (0.4) 5.9 (0.5)
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Glucose, insulin and-@eptide during 5point time

OGTT byglycaemicstatus (neantSEM
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Model-determined relationship between insulin

secretion and glucose concentratiomgantSEMN
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Relationship between mean OGTT glucose

and glucose sensitivity
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Insulin sensitivity indices according to

baseline glucose regutation status

insulin sensitivity
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Glucose curve according to presence of NAFLD

Preval ence of NAFLD (FLI
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Insulin curve according to presence of NAFLD

Preval ence of NAFLD (|

140 1

c i

& 120

£ 1001

c

o) ] -8~ 1o NAFLD
o 80

S -8~ possible NAFLD
o 607 -0~ NAFLD
£

n

=

40

20 1

OGTT Ins-0
OGTT Ins-30
OGTT Ins-60
OGTT Ins-90

OGTT Ins-120

©
-
~J
m
O
M)
m



Retinal findings at baseline

v SEVERE DIABETIC RETINOPATHY (ETDR SCALE) A 5,3%

V SIGNIFICANT CLINICAL SIGNS OF RETINOPATHY A 3,4%

V TOTAL RETINOPATHY A 8,7%

V AGE RELATED MACULAR DEGENERATION A 6,5%

V TOTAL RETINAL VASCULAR LESIONS: 15,2%
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Renal function abnormality by different eGFR

Patient distribution according to their eGFR (using MDRD-4 and CKD-EPI)
eGFR (MDRD-4)  meGEFR (CKD-EPI)

1000 -
2 900 -
S 800
g 700 -
S 600
g 500 -
=
S 400 -
Z 300 - 558

2000 336

100 - 31

0 I
G1 (290) G2 (60-90) G3a (45-60)  G3b(30-45) G4 (15-29) G5: <15
CKD (2012) KDIGO classification ( in mI*min/1,73 m?)
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Albuminuria stages according to eGFR-MDRDZ

Patient distribution according to their albuminuria and eGFR (using
MDRD4)

[[=Al(s30 mg/g) = A2 (30-300 mg/g) = A3 (>300 mg/g) |

788
800 -
i= 700 4

A2 38 g o

=§ 500
= 400 0 2 0
A3 2 'E 300 5 35 < i -
<200 4 29 - 33
0 | g ‘
0 + .
Total 890 FG<60 FG 60-120 FG
Modificated classification according

Prevalence of clinical albuminuria (A2+A3): 4.5%
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Classification of patients according to CKD

risk score (KDIGO 2012)

Persistent categories of albuminuria
Description and range
Al R M
Normal to Moderately | Severely
SRed r epresents very high risk mildly increased | increased |  increased
<30 mg/g 30-300mg/g 2300 mg/g

q Normal or high 290 310 11 1
8 | @ Mildly decreased 60- 89 511 3 1
% E 5 & | G Mildly to moderately decreased 45-59 3 2
2 E ? .c'? G3b Moderately to severely decreased 30-44
§ E g G4 Severely decreased 15-29

G5 Kidney failure <15

U 7,8% show renal damage (69 individuals)
U 11,4% if hyperfiltration stage is also considered (102

individuals)
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Peripheral neuropathy according to

Electrochemical Skin Conductance (ESC)

Non-invasive, rapid (3min), objective, quantitative and reproducible
measurement against gold standard test. Validated in several studies.
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