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natural history of type 2 diabetes
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glucose fluxes in humans
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how to examine glucose toxicity

| _ possible therapies
iInsulin  =———gugments iNnsulin \

pioglitazone === Nnsulin works better

metformin* = nsulin works better
* anorectic effect



phloridzin, a glucose «analogue»
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phloridzin, a glucose «analogue»
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SGLT handling of glucose in the nephron
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gliflozins are phloridzin analogues
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flux In glycosuria

3007 the amount of glucose lost 1vthe
urine depends exclusively from:
200 - 1. glycaemia
2renmal function (eGFR)
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| | when blood glucose reaches normal
values glycosuria is virtually absent




gliflozins in CKD
24 h glycosuria according to eGFR
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do blood glucose and glycosuria correlate?
urinary glucose excretion with empaaglifiozin
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gliflozin (monotherapy)

dapagliflozin - drug naive patients
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gliflozin (monotherapy)

dapagliflozin - drug naive patients

HbAlc 7-10% HkbAlc->10%
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domanda 1

L'uso delle gliflozine modifica profondamente il metabgiismo
della persona con diabete;
INn particolare si osserva:

A.

un miglioramento della condizicrie di‘insulino-resistenza e
quindi un aumento della captazicine di glucosio

. una riduzione della‘glucotossicita e quindi un aumento della

captazione di giucosio

. una rtduzione della lipotossicita e quindi un aumento della

captazione di glucosio

. un aumento della ossidazione degli FFA



gliflozins act on glucose toxicity

both on insulin-resistance and secretion (dapagliflozin vsoplacebo)
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estimated glucose loss with SGLT2I
empa 25, ext. of 2 12-w trials; HbAlc: 7.8 BMI::29.8
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energy balance with SGLT2I
empa 25, ext. of 2 12-w trials; HbAlc: 7.8 BMI1::29.8
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gliflozins mostly reduce fat mass
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Intracellular metabolism
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gliflozins




SGLT-2I increase [3-OH-butyrate
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effects of prologed fastlng
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pathogenesis of diabetic ketoacidgsis
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domanda 2

L'uso delle gliflozine riduce significativamente la glicemia della
persona con diabete;
INn particolare si osserva:

A.

B
C.
D

una riduzione soprattutto della giicemia a digiuno

. una riduzione soprattutto detla glicemia postprandiale

una riduzione sia detla glicemia a digiuno che post-prandiale

. una riguzigrne delle glicemie piu elevate, sia a digiuno che

nost-prandiali



«unmet needs» nel diabete tipe 1

e |'insulina e iniettata In periferia (non4r poita):
— aumento del glucosio captato da tessuti periferici
— diminuita lipolisi
— aumento di peso

e |'azione dell’insulina non ha “limiti”:
— rischio per ipoglicemie

e nonvadeguata per iperglicemia post-prandiale:
— necessita di insuline fast acting (?)



glucose fluxes in humans
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glucose fluxes In insulin-treated diabetes

risk of hypoglycemia




glucose fluxes In insulin-treated diabetes
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SGLT inhibitors affinity for SGLT 1 or 2

Molecule SGLT2 SGLTI SGLT2 @&Qctlwty
(IC50 nM) (1C50 nM) nvq@@(&{z\?l

Empagliflozin + 8,300 00952550 fold
Ertugliflozin e 2%2.000-fold
Dapagliflozin + (s ~1,200-fold
Canagliflozin + o © ~250-fold
Sotagliflozin 8 3 o ' ~20-fold

.. . 0\©
Phlorizin \agcshge\o“ _1.5-fold

Abhr'ewatl ?f(\;é@ %alf—maxlmal inhibitory concentration; SGLT, sodium-glucose
cotranspg

reviewed by Cinti F et al.: Drug Des Devel Ther. 11:2905, 2017. Original data from Mascitti V et al: J Med
Chem 54:2952, 2011; Grempler R et al.: DOM 14:83, 2012; Zambrowicz B et al.: Clin Pharmacol Ther 92:158,
2012; Lapuerta P et al.: Diabetes Vasc Dis Res 12:101, 2015; Castaneda F et al.: Int J Med Sci 4:131, 2007.




gliflozins are phloridzin analogues
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SGLT-1,21 iIn T2DM (sotagliflozin)
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Canagliflozin ed assorbimento intestinale
del glucosio
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SGLT-1,21 (sotagl.) in T2DM+CKD

eGFR< 60 ml/min; efficacy based only on gtit

plasma glucose

® placebo
2925~ ® sotagliflozin

active GLP-1

2507

2007

1757

mg/dlI
pmol/i

1507

1257

purk

07 vdelayed glucose peak | increased GLP-1
100 I I I I 1 O I I I I 1

0] i 2 3 4 0 1 2 3 4
Zambrowicz B et al.: Clin Ther 37:71, 2015 hours




MoOA of dual SGLT inhibition

sota/canagliflozin

SGLT-2 SGLT-1
inhibition inhibition
renal SGLT-1 inhibition \
appears negllglble i
slow glucose
absorption
glycosurla ‘/
Iower}}md glucose lower post-prandial
(mostly fasting) glucose
e euglycemia «
other potential iIncreased GLP-1
protective - -~

effects on CV



dual SGLTI In type 1 diabetes: inTandem 3

mean change in basal and bolus insulin doses

_ total basal bolus

b_ase“ne insulin dose insulin dose insuiin dose

iIU/day 56.9 58.4 29.5 29.6 27.3 28.7

§+1 msotagliflozin  Mplacebo :
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g o1 N0 L

2 T

S _q 7 treatment difference = -1.1

£ ' -2.60 1U

“Z (95% CI -3.39 — 1.81)

g p<0.001 1 treatment

S treatment difference = -3.9 difference =

-5.25 U -2.84 1U

g -C 513 (95% Cl -6.67 — 3.83) (95% CI -4.05 — 1.64)

0 . p < 0.001 p < 0.001

Garg SK et al.: NEJM 377:2337, 2017



oral medicines vs. placebo: HbAlc
a meta-analysis

—x * canagiitiozin 360mg
cana 100 S N— reduced HbhAic by 0.2%
(95%:-Ci: 0.1 to 0.3)
empa 25 —_—— ctmpared to both
-__ dapagliflozin 10mg and
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empa 10 Il CLPS 12
metformin ——
DPP-4i e e
dapa 5 —_——
I I I I I I
-1.0 -0.8 -0.6 -0.4 -0.2 0] +0.2

better medicine better placebo
Zaccardi F et al.: DOM 18:783 doi: 10.1111/dom.12670



IN conclusione

e |e gliflozine modificano profonagamente
(e favorevolmente) Il metabolismo nel
diabete

e aumentandg (di‘poco) il rischio di
eDKA

e cana 300 (e sota) riducono anche la
glicemia post-prandiale
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CANVAS & EMPAREG: MACE (primary outcome)

CV Death, Nonfatal Myocardial Infarction or Nonfatal Straoke
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Neal B et al.: NEJM 377, 2097, 2017; Zinman B et al.: NEJM 373:2117, 2015
Wanner K et al.: NEJM 375:323, 2016; Mahaffey KW et al.: Circulation 137:323, 2018
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CANVAS: renal outcomes
new onset of micro and macro albuminuria

new onset microalbuminuria

HR 0.80 (95% Cl 0.73-0.87)

20

new onset macroalhuminuria

HR 0.58(95% CI 0.50-0.68)

40

30 -

20 -
—== placebo

10

patients with event (%0)

Perkovic V, et al. Lancet DE 6:691,



dual SGLTI In type 1 diabetes: inTandem 3
primary endpoint: HbAl1lc<7% + no sev. hypo + Ro°DKA

sotagliflozin placebho
307
25 Difference, 13:4 percentage points
(95% CI;, $.0-17.8)
207 F<0:001
% 15
o 15.2
5
0

Garg SK et al.: NEJM 377:2337, 2017



dual SGLTI In type 1 diabetes: inTandem 3

change in HbAlc over 24 weeks

0% baseline HbAlc: 8.3% , @2 .
® placebo +Jinsulin
® sotaglifiozin + insulin
-0.27
SMCACIR -9
-0.47
%0
-0.67 \
&
0.8 \ —o —9
| w
-1.0 | | | | |
0] 4 8 16 24

Garg SK et al.: NEJM 377:2337, 2017



dual SGLTI Iin type 1 diabetes: inTandem 2
change in HbAlc after insulin optimization
screening: HbAlc ~8.4

0.8
S [BlleEaToRa s ¥ IDMC: Insulin:Bose
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0.2 1 . baseline HbAlc ~7.7
% O . "R | . \c =\ A —F% ......................... {
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Danne T et al.: Diabetes Care 41:1981, 2018



dual SGLTI Iin type 1 diabetes: inTandem 2

documented blood glucose <70 mg/dL, 52 wks

LSM change from baseline LSM difference from placebo
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gliflozine nel DM1

le gliflozine NON sostituiscono_ Yinsuiina
e necessaria educazione per prevenire eDKA
tuttavia

le gliflezine riducono HbAlc e gran parte
degli-eifetti dell'insulinizzazione periferica

senza aumentare il rischio per ipoglicemie



«unmet needs»

e [linsulina e iniettata in periferia
(non in porta):
— aumento del glucosio captato
da tessuti periferici
— diminuita lipolisi
— aumento di peso

e |'azione dell’'insulina no ha
“limiti”:
— rischio per ipoglicemie

e nonadeguata per iperglicemia
nost-prandiale:
— necessita di insuline fast acting

(?)

nel diabete tipe 1

vantaggi degli SGLT-21 insieme
con terapia insulinica:
— riduzione del glucosio captato
da tessuti periferici
—.“aumento lipolisi
— riduzione di peso

I’azione dell’insulina non ha
“limiti”:
— ridotto rischio per ipoglicemie

non adeguata per iperglicemia
post-prandiale (solo sota):
— insuline fast acting inutili (?)



the electrolyte hypothesis
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SGLT-2 inhibition and Na* handling

» « afferent constriction

SGLT-2 inhibition @ more Nat<to macula densa
‘ |

‘

Na* increased Na* finally reabsorbed




the renal hypothesis
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RAAS blockade +
SGLT-2 inhibition

RAAS biockade SGLT-2 inhibition

Cherney DZ Circulation 129:587, 2014



effect of gliflozins on renal sodium handling
In patients with T2D

Na* excretion rate
0,6 20

® empagliflozin

mEg/min

baseline acute chronic
Ferrannini E. et al.: 40:771, 2017 doi: 10.2337/dc16-2724



Shift in Fuel Energetics

diabetic heart SGLT-Z1 eifect
4 fat oxidation ¥ fat oxidation
# glucose uptake/oxidation ® yiucose uptake/oxidation
¥ P/O ratio # /0 ratio
& cardiac work efficiency 4 cardiac work efficiency

Mudaliar S et al.: Diabetes Care 39:1115, 2016



the BOHB hypotheses compared
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organ specific insulin-resistance
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