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Predictors of incident foot ulcers
Results of the Seattle Diabetic Foot study

Table 2—Final multivariable model predicting the occurrence of foot ulcer

Characteristic HR (95% CI) P value
AlCH 1.10(1.06-1.15) <<0.001
Vision poorer than 20/40 1.48 (1.00-2.18) 0.05

History of foot ulcer 2.18 (1.61-2.95) <<0.001
History of amputation 2.57 (1.60—4.12) <0.001
Monofilament insensitivity 2.03 (1.50-2.76) <<0.001
Tinea pedis 0.73 (0.54-0.98) 0.035
Onychomycosis 1.58 (1.16-2.16) 0.004

*HR shown for a 1% increase in A1C level.

N=1,245 patients
with DM.

Cohort study,
Follow-up 3.3 y

Boyko EJ, et al. Diabetes Care. 29:1202-7, 2006
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Glycemic control and complications in T2DM
Results of the the UKPDS trial
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Glycated Hemoglobin (Percent)

Long-term effects of glycemic control in T1DM
30-y results of the EDIC follow-up of the DCTT trial

DCCT Intervention EDIC Observation
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Figure 1—Median HbA;. concentrations during DCCT, the “training” period between DCCT and
EDIC, and EDIC. P = 0.001 for INT vs. CON during entire DCCT and forthe first 3 years during EDIC.
Reprinted and modified with permission from Nathan et al. Diabetes Control and Complications
Trial/Epidemiology of Diabetes Interventionsand Complications study at 30 years: advances and
contributions. Diabetes 2013;62:3976—-3986.
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Glycemic control and risk of Ml in T2DM

Meta-analysis of RCTs on intensification of therapy
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Conclusions (1)

« There are strong clues, but no definitive evidence, that hyperglycemia increases

the risk of foot ulcers and lower limb amputations in patients with diabetes.

* Therefore, it is advisable to maintain as good metabolic control as possible, in

order to prevent ulcers and amputations



Improvements in the management of type 1 diabetes

* New insulin formulations



Long-acting analogues vs NPH insulin in T1DM
Meta-analysis of RCTs
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Glargine U-300 vs Glargine U-100 in T1IDM
Results of the EDITION-4 trial

A
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N=549 patients with T1DM
28-wk trial on T2DM patients on
basal-bolus therapy

Home PD, et al. Diabetes Care. 38:2217-2225, 2015



Degludec vs Glargine U-100 in T1DM

Results of the SWITCH trial
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Improvements in the management of type 1 diabetes

New insulin formulations

New insulin pumps

New glucose sensors

Sensor-augmented pumps



LI 5TUI

ENZE

CSllI vs traditional injections in T1DM
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CGM in T1DM: effect on HbA1c
Meta-analysis of RCTs

Mean difference (95% Cl)
—0.15 (~0.39, 0.09)
—0.20 (~0.34, —0.08)
—0.24 (-0.61, 0.13)
—0.50 (~0.88, —0.12)

~0.10 (—0.69, 0.49)

—0.69 (—1.37, —0.01)
—0.31 (-0.46, —0.16)
—0.25 (—0.34, —0.17)

HbAlc
Heferences
Hirsch 2008 (13) —
JDRF 2008 (12) -
Raccah 2009 (14) pr—i— et
O'Connell 2009 (18) =
Kordonour 2010 (16)
Peyrot 2009 (17)
JDRF 2009 (15) B =
Total e
20 -5 -10 05 00 05

Figure 2 Mean difference and 95% CI of change in HbA1c (%) of
patients treated with CSIl or MDI in whom the RT-CGM and SBGM

were compared with SBGM alone in the management of T1DM.
Fixed-effect model. Heterogeneity I*=0%.
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Figure 3 Mean difference and 95% Cl of change in HbA1c (%) of

patients managed with insulin pump combined w

ith RT-CGM and

SBGM in comparison with subjects treated with insulin pump and
monitored with SBGM alone. Fixed-effect model. Heterogeneity 1* = 4%.

Szypowska A, et al. Eur J Endocrinol 166:567-74, 2012



Artificial pancreas in T1DM: effect on time in target

Meta-analysis of RCTs

Artificial pancreas Conventional pump Weight Mean difference
therapy IV, random (95% 1)

Mean (50) M Mean (50 M
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Blauw et al (2016)F* 847 (4-15) 10 685(19-04) 10 32% _— 16-20 (412 to 28-28)
Brown et al (2015)+™ 854 (21) 19  591(517) 19 0-9% - p 26-30 (-8-29 to 60-89)
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Sharifi et al (2016 [paediatric])$* 617 (17-6) 12 649(157) 12 3-0% I— -3-20 (-16-45 to 10-14)
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Thabit et al (2015 [paediatric])$7 61-2 (11-9) 25 51.6(11-8) 25 4-4% _— 9-60 (3-03to 16-17)
Subtotal (95% (1) 335 335 50-9% & 14-28 (11-05 to 17-51)

Heterogeneity: °~16-28; §*~29-04, df-14 (p-0-01); [*-52%
Test for overall effect: 7-8-67 (p<0-0001

Weissman A, et al. Lancet Diabetes Endocrinol 5:501-512, 2017




Artificial pancreas in T1DM: effect on time in target
Meta-analysis of RCTs

24h

De Bock et al (2015)+*

Del Favero et al (2016)

El-Khatib et al (2017)+*

Kowatcher et al (2014)3*
Leelarathna et al (2014)#

Ly et al (2015)4%

Russell et al (2014 [adult])t=

Russell et al (2014 [paediatric]) =
Russell et al (2016)F4

Tauschmann et al (2016 [p 1168])3*
Tawschmann et al (2016 [p 2019 ])3%
Thabit et al (2015 [adult])$7
Subtotal (95% (1)

67-41 (9-8)
56.8 (13.5)
78.4(6)
6613 (18.58)
74.5 (1319)
699 (3:3)
795 (83)
759 (7-9)
80-6 (7-4)

72 (1333)
66-6 (7-9)
677 (10-6)

B
30
39
18
17
10
20
32
19
12
12
33

250

Heterogeneity: 1-106-65; y>-112-69, df-11 (p<0-0001); 2-90%

Test for overall effect: Z-3-29 (p-0-0010)

Total (95% CI)

Heterogeneity: 2=64-57; y:=161.79, df=26 (p<0-0001); 1=84%
Test for overall effect: 7-6-91 (p<0-0001)
Test for subgroup differences: y2=1.06, df=1 (p=0-30), I’=5-2%

585

60-97 (16-4)
63-1(11)
61.0 (14-4)
7074 (217)
61.8(123)
731(5)
58.8 (14-6)
645 (14-1)
57614
53(9-63)
477 (14-4)
56-8 (14-2)

8
30
39
18
17

20
32

12
12
i3
250

585

3-0% —_— 6-44 (6-80to 19.68)
4.4% — -6-30 (-12.53 to -0-07)
47% S 16-50 {11-60 to 21-40)
3.0% - . -4-61(-17-81to 8-59)
4.0% e 1270 (413 to 21-27)
49% ——t -3-20 (-6-91 to 0-51)
42% _— 2070 (413 to 21.27)
4.6% _ 11.40(5-80 to 17-00)
4.3% [ 23.00 (15-88 to 3012)
3-8% _ 19-00 (9-70 to 28-30)
3-8% _— 18-90 (9-61 to 28-19)
45% — 1090 (4-85t0 16-95)
49.1% > 2 10-58 (4-28 to 16-87)
100-0% & 12-59 (9-02 to 16-16)
-5|n —1|5 0 L'IE SID
+— —>
Favours conventional Favours artifical pancreas
ump the

Weissman A, et al. Lancet Diabetes Endocrinol 5:501-512, 2017



CSll vs MDI in T2DM on basal-bolus insulin therapy: HbA1c
Meta-analysis of RCTs

CGM SMBG Mean Difference Mean Difference Risk of Bias

Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% CI IV, Random, 95% ClI ABCDETFG
Erehrardt 2011 74 1 50 7.7 1.2 50 2B.7% -0.30 [-0.73,0.13] N TTTIT]
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Total (95% CI) 160 153 100.0% -0.14[-0.49,0.21]

Hewrogenehty: Tav' = 0.06; ChE = §.01, df = 3 (P = 0.11); F = 50X " ; }

Test for overall effect: Z = 0.76 (P = 0.45) Favours [experimental] Favours [control]
Risk of bias legend

(A) Random sequence generation (selection bias)

(B) Allocation concealment (selection bias)

(C) Blinding of participants and personnel (performance bias)

(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data {(attrition bias)

(F) Selective reporting (reporting bias)

(G) Other bias

Dicembrini |, et al. Manuscript in preparation



CSll vs MDI in T2DM on basal-bolus insulin therapy: HbA1c
Meta-analysis of RCTs
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Berthe 2007 77 0B 17 B5 1.3 17 15.6% -0.80 [-1.53, -0.07] sy I T 1717
Hermann 2005 67 0.7 53 &5 0.7 54 224X 0.20[-0.07,0.47] T w @ E
Raskin 2003 7H 1.2 Gh 7.5 1.2 61 x.4X¥ 010 [-0.32,0.52] —— B4 I 1T 1 1]
Reznick 2014 79 0.8 168 B6 0B 183 23.3% -0.70 [0.87, 0.53] - (111111
Weinstein 2004 B4 1.2 40 BE 1.3 40 1B.3% -0.20 [-0.75, 0.35] —=— 7 79089008
Total (95% CI) 344 335 100.0% -0.26 [-0.74, 0.22]

Heterogenelty: Taw? = 0.25; Chi = 35.37, df = 4 (P < 0.00001); F = 50X

Test for overall effect Z = 1.05 {P = (.20}

Risk of bias legend

(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)

(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)

(G) Other bias

B4 9 1 2

Favours C5ll Favours Control

Dicembrini |, et al. Manuscript in preparation
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Liraglutide: effect on major cardiovascular events
Results of the LEADER trial

A Primary Outcome

100+
90+
80
70
60
50
40
30+
20
10—
0

Patients with an Event (%)

20+

154

10

Hazard ratio, 0.87 (95% Cl, 0.78-0.97)
P<0.001 for noninferiority
P=0.01 for superiority

Placebo

Liraglutide

0

No. at Risk
Liragiutide 4668 4593 4496 4400 4280 4172 4072 3982 1562 424
4672 4588 4473 4352 4237 4123 4010 3914 1543 407

Placebo

Months since Randomization

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

9,340 T2DM patients with prior
cardiovascular disease and/or high
CV risk, Liraglutide vs placebo 1:1.
Follow-up: 4 y

Marso SP et al. N Engl J Med 375: 311-22, 2016



GLP1RA: effect on major cardiovascular events
Metanalysis of available RCTs

Overall

Including CVOTs
Albiglutide
Dulaglutide
Exenatide b.i.d.
Exenatide OW
Liraglutide
Semaglutide
Lixisenatide

Excluding CVOTs
Liraglutide

Lixisenatide
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GLP-1RA comparators

Heterogeneity: 7 <0.001;

Publication bias: Kendall’s tau= 0.13 (p=0.20)

0.90 [0.81;1.00] 0.059
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0.86
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[0.73;1.01] 0.060
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[0.11;1.24] 0.11

Publication bias: Kendall’s tau=-0.09 (p=0.40)
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GLP-1RA

Heterogeneity: 7 <0.001;
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10

10.0 Ntrials MH-OR,95%Cl p

0.89 [0.76;1.04] 0.15

0.86
0.96
1.32
1.14
0.86
0.61

1.15

0.78
1.50

[0.31;2.40] 0.78
[0.42;2.23] 0.93
[0.31;5.60] 0.70
[0.24;5.57] 0.87
[0.70;1.05] 0.15
[0.37;0.99] 0.044
[0.82;1.61] 0.42

[0.31;1.91] 0.58
[0.38;5.93] 0.56

Heart failure
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Heterogeneity: I <0.001;
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Publication bias: Kendall’s tau=-0.04 (p=0.77)

45 0.90 [0.81;1.00] 0.059

[0.65;2.78] 0.42
[0.19;1.22] 0.12

[0.32;1.86] 056
[0.12;4.43] 0.72
[0.73;1.01] 0.060
[0.50;1.07] 0.10
[0.85;1.21] 0.87

[0.45;1.79] 0.76
[0.11;1.24] 0.11

Monami M, Zannoni S, Pala L, Silverii A, Andreozzi F, Sesti G, Mannucci E. Int J Cardiol 240:414-21, 2017



Empagliflozin: effect on major cardiovascular events
Results of the EMPAREG-OUTCOME trial

A Primary Outcome

20—
g Placebo
g 15-
2 Hazard ratio, 0.86 (95.02% CI, 0.74-0.99) -
< P~0.04 for superiority Empagliflozin
'g 10
3
€
g
g
0+ : : T I I | I i
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empagliflozin 4687 4580 4455 4328 3851 2821 2359 1534 370
Placebo 2333 2256 2194 2112 1875 1380 116l 741 166

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

9,340 T2DM patients with prior
CVD, Empagliflozin vs placebo
Follow-up: 3y

Zinman B et al. N Engl J Med 373: 2117-28, 2015



Canagliflozin: effect on major cardiovascular events
Results of the CANVAS and CANVAS-R trial

A Death from Cardiovascular Causes, Nonfatal Myocardial Infarction, or Nonfatal Stroke

1005 204 Hazard ratio, 0.86 (95% Cl, 0.75-0.97) .
90 134 p.0.001 for noninferiority Placebo
T 80+ }i: P=0.02 for superiority
E; 70— 12 Canagliflozin
g 10
=
p 504 j—
2 404 )
E 30— 0 I I | | | | | | I | | | |
EE 30— 0 26 52 78 104 130 156 182 208 234 260 286 312 338
10+
0 | I | | | | I | | | | I
0 26 52 78 104 130 156 182 208 234 260 286 312 3138
Weeks since Randomization
No. at Risk
Placebo 4347 4239 4153 4061 2942 1626 1240 1217 1187 1156 1120 1095 739 216

Canagliflozin 3795 5672 5566 5447 4343 2984 2555 2513 2460 2419 2363 2311 1lebl 443

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

10,142 T2DM patients with prior
CVD or multiple risk factors,
Canagliflozin vs placebo
Follow-up: 3.6 y

Neal et al. N Engl J Med 377: 644-57, 2017



Dapagliflozin: effect on renal outcomes*®
Results of the DECLARE trial

100
90
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Cumulative Incidence (%)

C Renal Composite

6 Hazard ratio, 0.76 (95% Cl, 0.67-0.87)

5 Placebo

4]

3 D o
apagliflozin

72—

0 I I I I I I I |
0 180 360 540 720 900 1020 1260 1440

0

0

No. at Risk
Placebo 8578
Dapagliflozin 8582

! | | | | | | |
180 360 540 720 900 1080 1260 1440
Days

8508 8422 3326 8200 38056 7932 7409 5339
8533 8436 8347 8248 8136 3009 7534 5472

Principal endpoints:

- 3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

- Composite of HHF and CV death

17,160 T2DM patients with prior
CVD (40.6%) or high CV risk,
dapagliflozin vs placebo 1:1.
Follow-up: 4.2y

* Composite of decrease>40% of GFR,
end-stage renal disease, renal death

Wiviott BM et al. N Engl J Med 2018



Canagliflozin: effect on renal outcomes
Results of the CANVAS and CANVAS-R trial

3.0 — Placebo
—— Canagliflozin
2.5 HR 0-53 (95% C1 0-33-0-84)

I
T

Patientswith an event (%)
i -
T T

=
ik

o | f T T T T T T l I T T |
0 26 L2 78 104 130 156 182 208 234 2060 286 317 338

Time since randomisation (weeks)

Mumber at risk

Placebo 4347 4291 4235 4170 3050 1693 1294 1276 1253 1229 1200 1181 844 237
Canagliflozin 5705 G741 S677 5509 4476 30890 2670 2641 2597 2564 2520 2481 1809 501

Figure 1: Effects of canagliflozin versus placebo on the composite outcome of doubling of serum creatinine,

ESKD, or death from renal causes in the CANVAS Program

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

10,142 T2DM patients with prior
CVD or multiple risk factors,
Canagliflozin vs placebo
Follow-up: 3.6 y

Perkovic V et al. Lancet Diabetes Endocrinol 6:691-704, 2018



Empagliflozin: effect on renal function
Results of the EMPAREG-OUTCOME trial

A Change in eGFR over 192 Wk
Ta~
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Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

9,340 T2DM patients with prior
CVD, Empagliflozin vs placebo
Follow-up: 3y

Wanner C et al. N Engl J Med 375:323-34., 2016



Canagliflozin: adverse events
Results of the CANVAS and CANVAS-R trial

Event Canagliflozin Placebo
event rate per 1 000 patient-yr
All serious adverse events 104.3 120.0
Adverse events leading to discontinuation 35.5 32.8
Serious and nonserious adverse events of interest
recorded in the CANVAS Program
Acute pancreatitis (adjudicated) 0.5 0.4
Cancer
Renal cell 0.6 0.2
Bladder 1.0 1.1
Breast il 2.6
Photosensitivity 1.0 0.3
Diabetic ketoacidosis (adjudicated) 0.6 0.3
Amputation 6.3 14

P Valuey

0.04
0.07

0.63

0.17
0.74
0.65
0.07
0.14
=0.001

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

10,142 T2DM patients with prior
CVD or multiple risk factors,
Canagliflozin vs placebo
Follow-up: 3.6 y

Neal et al. N Engl J Med 377: 644-57, 2017



Empagliflozin: effect on amputations
Results of the EMPAREG-OUTCOME trial

A 304 —— Empagliflogin — Placebo
a5 HR 1.00
[95% C10.70 1.44)
N P= 09924
£ 20
E
£ 15
=
L
@
= 1.04
L
0.5+

0.04

T T L] L L T ¥ L) L
0 & 12 18 24 30 K 42 42
Months
Mo, of patients
Empaglificzin 4,687 4616 4,526 4.428 3,887 2,850 24M 1,637 285
Placeibo 2,333 2,283 2,238 2,185 1,947 1,442 1218 rar 171

Principal endpoint:

3-point MACE

(nonfatal MI, nonfatal stroke, and
cardiovascular death)

9,340 T2DM patients with prior
CVD, Empagliflozin vs placebo
Follow-up: 3y

Insucchi SE et al. Diabetes Care 41:e4-e5, 2018



Dapagliflozin: effect on renal outcomes*®
Results of the DECLARE trial

Dapagliflozin Placebo

Event (N=8574) (N =8569)
no. (3)
Serious adverse event 2925 (34.1) 3100 (36.2)
Adverse event leading to discontinuation 693 (3.1) 592 (6.9)
of trial regimen

Major hypoglycemic event 58 (0.7) 23 (1.0
Diabetic ketoacidosis 27 (0.3) 12 (0.1)
Amputation 123 (1.4) 113 (1.3)

Hazard Ratio
(95% CI) P Value
0.91 (0.87-0.96) <0.001
1.15 (1.03-1.28) 0.01
0.68 (0.49-0.953) 0.02
2.18 (1.10-4.30) 0.02
1.09 (0.84-1.40) 0.53

Wiviott BM et al. N Engl J Med 2018



SGLT2 inhibitors:
effect on amputations
Meta-analysis of RCTs

Dicembrini |, et al. Submitted

SGLT-2 inhibitors Control

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% Cl
1.2.1 Canagliflozin

Bode 2015 2 477 1] 237 0.4% 2480[012,582.23)

Lavalle-Gonzalez 2013 1 735 0 5289 04% 216 [0.09,83.19)

Leiter 2014 (a) 1 968 1] 482 0.4% 1.50 [0.06, 36.79]

Meal 2017 104 a7845 44 4347 287% 1.79[1.25, 2.559] —a
Schernthaner 2013 1 vy 1] are 0.4% 302012, 74.27]

Yale 2013 1 178 1] e} 0.4% 1.52 [0.06, 37.71]

Subtotal (95% CI) 8531 6063 30.5% 1.80[1.28, 2.54] L 2
Total events 110 44

Heterogeneity: Tau®= 0.00; Chi*=0.18, df=4{P =1.00); F=0%
Test for averall effect: 2= 3.36 (P = 0.0008&)

1.2.2 Dapagliflozin

Bailey 2013 0 272 0 137
Bailey 2015 1 134 0 75
Bolinder 2014 0 91 0 91
Jabbour 2018 0 464 oA
Kohan 2014 0 168 0 84
Leiter 2014 2 482 3 482
MNauck 2014 0 406 0 408
Wilding 2014 0 408 0 493
Wiviott 2018 90 8582 90 8578
Subtotal (95% Cl) 11007 10579
Total events 93 93

Heterogeneity: Tau®= 0.00; Chi*=0.30, df= 2 {P = 0.86); F= 0%
Test for overall effect: 2= 0.05 (P = 0.96)

1.2.3 Ertugliflozin

Dagogo-Jack 2018 0 3 0 183
Subtotal (95% CI) n 153
Total events 1] 0

Heterogeneity: Mot applicable
Test for averall effect: Mot applicable

1.2.4 Empagliflozin

Araki 20145 1 ] 1] 63
Barnett 2014 0 418 1] e
DeFronzo 2015 - Study 1 1] 1096 ] 267
Ferrannini 2013 - Study 1 1] 214 ] a6
Ferrannini 2013 - Study 2 1] 332 ] a6
Kovacs 2015 0 T35 1] 163
Merker 2015 3 333 0 365
Ridderstrale 2018 0 TES 3 Tao
Rosenstock 2014 2 i7a 0 189
Rosenstock 20145 (a) 1 324 0 170
Zinman 20145 91 4687 v 2333
Subtotal (95% CI) 9558 4761
Total events 98 40

Heterogeneity: Tau®= 0.00; Chi*=3.84, di=8{P =057, F=0%
Test for averall effect Z=110{P=0.27)

Total (95% CI) 29407 21556
Total events 3am 177
Heterogeneity: Tau®=0.00; Chi*=11.12, df=14 {P = 0.68), F= 0%
Test for overall effect: 2= 2.38 (P =0.02)

Mot estimable

0.3% 1.70[0.07,4217]
Mot estimable

Mot estimable

Mot estimable

1.1% 0.67 [0.11, 4.00]
Mot estimable

Mot estimable

41.8% 1.001[0.75,1.34]
43.3% 0.99[0.74, 1.33]

Mot estimable
Not estimable

0.3% 0.70[0.03, 17.36]
Mot estimable
Mot estimable
Mot estimable
Mot estimable
Mot estimable
0.4% 7.74[0.40,150.43)
0.4% 0.14[0.01,2.80]
0.4% 254 [012,53.11)]
0.4% 1.58 [0.06, 39.02)

24.3% 1.23[0.84,1.81]
26.2% 1.23[0.85, 1.78]
100.0% 1.26 [1.04, 1.52]

Test for subaroup differences: Chi®=6.78, df= 2 (P =0.03), F=70.5%
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Conclusions (2)

* New techologies and new treatments allow a strecter glycemic control with lower
hypoglycemic risk

« Some treatments can have additional benefits on cardiovascular and renal
outcomes beyond glycemic control

« There are clues, but no definitive evidence, that new technologies and some
new treatments can reduce the risk of ulcers and amputations.

* The safety of new treatments for lower limb outcomes needs to be carefully

assessed.
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