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A. offrono la possibilit}a(/db“@a@mb‘?nare la nefro-protezione con il
controllo dellg\g{j@%fgai@“

B. rappresen\mﬁo\\dsﬁ‘loa possibile alternativa ad altri farmaci ad
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D. possono colmare un vuoto nel nostro armamentario

terapeutico



Unmet needs in diabetic nephropathy
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Chart1

		All diabetic kidney disease		All diabetic kidney disease		All diabetic kidney disease		All diabetic kidney disease		0.1		0.11		0.11		0.11		0.09		0.11

		Albuminuria 
(UACR ≥30 mg/g)		Albuminuria 
(UACR ≥30 mg/g)		Albuminuria 
(UACR ≥30 mg/g)		Albuminuria 
(UACR ≥30 mg/g)		0.14		0.13		0.11		0.15		0.11		0.13

		Impaired eGFR 
(<60 ml/min/1.73 m²)		Impaired eGFR 
(<60 ml/min/1.73 m²)		Impaired eGFR 
(<60 ml/min/1.73 m²)		Impaired eGFR 
(<60 ml/min/1.73 m²)		0.24		0.3		0.29		0.37		0.28		0.34
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				1988–1994
(reference)		1999–2004		2005–2008		2009–2014								1999–2004				2005–2008				2009–2014

		All diabetic kidney disease		1.00		1.00		0.99		0.95								0.10		0.11		0.11		0.11		0.09		0.11

		Albuminuria 
(UACR ≥30 mg/g)		1.00		0.93		0.86		0.76								0.14		0.13		0.11		0.15		0.11		0.13

		Impaired eGFR 
(<60 ml/min/1.73 m²)		1.00		1.33		1.38		1.61								0.24		0.30		0.29		0.37		0.28		0.34






Unmet needs in diabetic nephropathy
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Mechanism of action of SGLT2 inhibitors

Glucose flux (mg/mL)
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HbA,.- and eGFR-dependent effect of SGLT2 inhibitors

Pooled data from 9 phase Il studies
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SGLTs in the kidney
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Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)
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* doubling of serum creatinine, initiation of
renal-replacement therapy, or death from
renal disease
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Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)

\
Renal out 00®
enal outcomes \oe\.
o
\ .
S,
S \6\\ a\ \\'0
v SN
Empagliflozin Placebo
no. with event/  rate/1000 no. with event/ rate/l(] OG \ 6 . o

Renal Qutcome Measure no. analyzed (%)  patient-yr no. analyzed (%) 6 Hazard Ratio (95% Cl) P Value
Incident or worsening nephropathy or cardiovascular death 675/4170 (16.2)  60.7 4972102 [&@ 95 9 0.61 (0.55-0.69) <0.001
Incident or worsening nephropathy 525/4124 (12.7) 47.8 @@061 1%@(\\1)6 0 e 0.61 (0.53-0.70) <0.001
Progression to macroalbuminuria 459/4091 (11.2) \@6 @&g (16.2) 64.9 gl 0.62 (0.54-0.72) =0.001
Doubling of serum creatinine level accompanied by eGFR 4@\3@ 5%\ Q 60/2323 (2.6) 9.7 —e—i 0.56 (0.39-0.79) <0.001

of <45 ml/min/1.73 m? ? 6

6’ O

Initiation of renal-replacement therapy 14/2333 (0.6) 2.1 e 0.45 (0.21-0.97) 0.04
Doubling of serum creatinine level acco aed by é 31;4545 (L.7) 63 71/2323 (3.1) 115 e 054 (0.40-0.75) <0.001

of =45 mlfmin/1.73 m?, mma& renal n;aata nt

therapy, or death from@@ ease e
Incident aJ\ur@Qm pa{\(‘,eh‘w anormal albumin level 1430/2779 (51.5) 252.5 703/1374 (51.2)  266.0 " 0.95 (0.87-1.04) 0.25

at f@géﬁ} ?e(

O‘\‘a T T T T ]
0.125 025 05 10 20 4.0

Empagliflozin better Placebo better

Wanner Cet al. N Engl J Med. 2016,375:323—-334



Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)
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Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes

trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)
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Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)
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Renal outcomes with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)
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Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)
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Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)
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Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)
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40% reduction in eGFR, ESKD, or death from renal causes ?@ a\e 249 [ 9.0 —_— i 0-60 (0-47-077)
40% reduction in eGFR, ESKD, death from renal ca@ ?onset ?&ummuna 847 18-6 333 —— i 057 (0-50-0-66)
40% reduction in eGFR, ESKD, or death from r \ rdlcr\.' auses 679 168 16 — i 077 (0-66-0-89)
40% eGFR reduction 2 66 \l 230 53 87 — ! 0-60 (D-47-078)
dsCr (6\' 6\6 &0 1.2 2.4 . i 0.50 {0-30-0.84)
ESKD (GQ \16 18 0.4 06 — 077 (030-1.97)
ESKD o; '&:&en{ n(b& 21 04 08 . i 056(023-132)
°© R
Favours canagliflozin Favours placebo

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




Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

0O
Renal outcomes by subgroups 6\0

89%

S

PGS

\’\6\\6 (‘)\’\'a
Composite of doubling of serum creatinine, end-stage kidney disease, or, Oo\ﬁmm\ab’i/mdudmn in eGFR, end-stage kidney disease, or
death from renal causes \\Q renal causes

Hazard rati p\.'al Hazard ratio pvalue for
(95% 0\6 {g (B5% C1) interaction

eGFR (mL/min per 173 m?) ﬁ 21 i 0-28
<60 —H—é an -1 ?7'} — 076 (0-40-1.17)
=60 2 (0-23-075) PR 0.53 (035-073)

Baseline albuminuria \G 0.09 | 037
Mormoalbuminuria %@a 0-22 (0-07-0-69) — i 0.50(0-33-077)
Microalbuminuria or macroalbuminuria 66 d@g—v~ 0-63 (0-38-1.07) —— E 0-64 (0-47-0-88)

e@go 025 0 50 1.4|:nu 2.00 4-|00 0125 0!25 050 1'00 2.00 4!-:]0
\| — +“— —
6(6\ e \6 Fauuurs canagliflozin ~ Favours placebo Favours canagliflozin -~ Favours placebo
(U \]'o
0‘5 ?

O\@Q

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



Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

. . 0O
Change in eGFR over time \06\0
. O\
6\0 W
. 6\(\‘6 \Q\@_‘\
A X \g\a\\ ‘\6‘\\,6
80— — Placebo . X S
| — canaglifiozin Oo\e i '\6
79 SO~ 6\\
T 78- N 2
2 774 \C e .
=7 69\) . \‘e(
Ny o O o =
Eop\ W E— PP\ _ I
= \ & ig® i% A
E 74 I". ) “\,\ ) (e N § — __*
5?5’? B e S -
™M (‘9\\> R\ 7
2 704 do (5\0 -
- SO (&
] OV %‘U‘ T I T I I T I | I T 1 ] [ I I [ 1
) 3‘; |@¥Eor 3&0@ 78 104 130 156 182 208 234 260 286 312 338  Baseline 26 52 78 104 ﬁit}d:.ys t
Q?r\';)\;\ ? e( Time since randomisation (weeks) Time since randomisation (weeks)
‘\aaﬁicipams
Placebo 4276 4038 3867 3538 3212 1740 1030 g1 899 785 809 726 694 243 2859 2728 2649 2440 2124 2485
Canaglifiozin 5711 5305 5212 4867 4570 2964 2230 1061 2039 1705 1895 1605 1653 548 2868 2752 2675 2512 2206 2518

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




Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

Change in ACR over time and by albuminuria categories \OQ,\
02
o"
A All participants B Normoalbuminuria 6 O\
50— — Placebo 30 (\ ‘a\\,
_| — Canagliflozin
3 s 2 5 \\6 6\\6\
E 404 _ E \j E
o ) T o 20 .
37 - % < Oc,\e i \\6 B { -
g 304 — EE S 15 6 . 6\ }' 13;ﬁ
g P ] B E N\ o\ ———# g
w254 s P L 5 ¥ 9% a _77—-5-6_. 7= _jg% -14% Reduction versus
< 1 __§_ -19%  Reduction versus \ n-’-“r' ~ @% -0% lacebo (%
£ 20 % - -18% placebo (%) &) \_Iqé( Pl ()
§ 1 T e 20 T\
; A
T T T V T T T T 1
Baselmelzorzﬁ 52 104 156 208 \® ]Qa Ba&ellne 12 or 26 52 104 156 208 260 312
Number of 06\’ e
participants ?
Placebo 4084 3989 3775 2555 % 594 618 2846 2784 2645 1834 562 481 438 457
Canaglifiozin 5500 5341 5103 é 1408 1534 3844 3730 3571 2540 1249 1151 1064 1149
S 0(\(3
C Mlcmalbum@O D Macroalbuminuria
180 66 e( 6\0 1200—
P\ N _
é(% (6\6 - >
14 - g
Q(GQM eNG c
aolt & :
SN et Ton S
. ‘aQO E So_ii--..__ ——I’ E — T
0\ E 60—\ .\i_ 30& R&d31/ﬁ 42"' E E =
o \ w 32,{, uction versus 2 | _ = 3
“ 40| -3i2°,ﬁ _-E,lé% -39% placebo (%) 2 iﬁ_ 9% 46% —34% 8% ReductionB\?:rsus %
placebo (%)
20 T T T T 1 100 T T T T T 1
Ba.sellnelZorEG 52 104 156 208 260 312 Baseline 12 or26 52 104 156 208 260 312
Number of
participants
Placebo 906 883 825 541 151 135 128 139 332322 305 181 40 36 28 22
Canagliflozin 12691239 1170 797 3o 3% 204 330 387 372 362 228 70 53 50 55
Perkovic V et al. Lancet Diabetes Endocrinol. 2018,6:691—-704




Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

g\
. Ib . . O\O
Improvement in albuminuria status e
0P
A\
> \-\@,\\'
NG
.\ 6\6
. o\o @
E From normo to microalbuminuria F Fro \) or o o-macroalbuminuria
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&
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Renal outcomes with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

Renal outcomes by eGFR category O
U\
Annual change from . 6\'
eGFR week 6/13 . O\‘ab .
6\ . Interaction
Canagliflozin Placebo : \ 6(\@ \‘\@l'a\’bS% Cl) P value
; \
ACR All 0.33+0.05 -0.85+0.07 ; R’S\\a 6\6\ 1.18 (1.02, 1.35) 0.59
I . e .
B <GFR <45 mUmin/1.73 m? <45 0.26£0.23  -1.09+0.30 609\—6\?3\\3—@} 1.35 (0.62, 2.09)
I eGFR 45-<60 mLimin/1 73 n? \'b
B SOFR 60.<50 miLminf1.73 m 45<60  0.19+0.14  -0.86%0.17 S M @ ﬁh—« 1.05 (0.62, 1.48)
I 5GFR 200 mU/min/1.73 m? 60-<90 0.36+0.06 -0.73% d (\\\8 HEH 1.09 (0.89, 1.29)
>90 0.310.12 65&1&0,376 B8 1.47 (1.05, 1.88)
T | | |
\)6\’ %\ Q‘e -1 0 1 2 3
S ———
9?/? A\ -
N C? " (\\(\ Loss Preservation
9\\)R’e Q{ hd Patligésownh an event
er atient-years
W% site* P P v Interaction
Canagliflozin Placebo : HR (95% Cl) P value
All 5.5 9.0 —o— | 0.60 (0.47,0.77)  0.59
<45 13.5 18.4 f B ; { 0.65 (0.29, 1.48)
45-<60 10.6 13.9 —a—A 0.78 (0.46, 1.31)
N . 60-<90 4.6 7.4 —a— | 0.58 (0.41, 0.84)
o >90 38 81 +——B—— | 0.44 (0.25, 0.78)
| | | | |
0.25 0.5
* 40% eGFR reduction, ESRD, — —
or death from renal disease Favors canaglifiozin ~ Favors placebo
Neuen B et al. Circulation. 2018 Jun 25




Maintenance of BP (and weight)-lowering effect in CKD patients

LN P N O R
10 8642 01
Systolic BP change (mm Hg)

*eGFR ranges from 45—60 in the Dapagliflozin group

Cherney DZI et al. Kidney Int. 2018,93:231-244

Petrykiv S et al. Clin ] Am Soc Nephrol. 2017;12:751-759

Placebo SGLT2i .
s e Change 95%ClI
Hbalc
eGFR>90 mlimin/1.73 m2
Dapagliflozin 671 723 = -0.57 -0.68 -047
Empagliflozin 343 348 = -0.84 -0.95 -0.72
eGFR 60-90 ml/min/1.73 m?
Dapagliflozin 1233 1251 = -0.47 -054 -040
Empagliflozin 516 518 -= -0.60 -0.70 -0.51
eGFR 30-60 mi/min/1.73 me* .
Dapagliflozin 274 252 —=— -0.27 -043 -0.11 OG\
Empagliflozin 239 234 = -0.38 -0.52 0.24 \a 6
175 5 25 0 .25 2 6\ 03
Body Weight Hbaic change (%) d\)\ . e(e
eGFR>90 mimin/1.73 m? c© 0(\\\
Dapaglifiozin 671 -2'36 @7 &%
Empagliflozin 343 e@ 230 &
eGFR 60-90 mi/min/1.73 m2 \ 9
Dapagliflozin 1233 - éﬁ Q‘? -1.5
Empagliflozin 516 E -2.3 -1.7
eGFR<60 mimin/1.73 m?
Dapagliflozin 274 -2.1 -2.6 -1.5
Empagliflozin 239 -1.4 -1.8 -0.9
Systolic Blood Pressur 2 66
eGFR>90 mimin/1, é‘ﬁ‘ ‘
Dapaglifiozi ‘31 34 47 21
Empagj S'as3 32 -49 -15
eGFR 8- rr{&@% m?
gﬂagu Y 1233 26 38 16
O6 mpa m 516 -4.0 -5.4 26
O\QQ eGFH<60 ml/min/1.73 m?
Dapagliflozin 274 252 —— -4.3 -6.8 1.8
Empagliflozin 239 234 —a— -5.5 -7.6 34

Canagllflozm\nd\a'

X0V~

Buocky waigh (kg

Systahic EP f=mbg)

M =GFR <45 mL/min/1.73 m?
M eGFR 45-<60 mUmin/1.73 m?
M =GFR 60-<90 mL/min/1.73 m?

M eGFR 290 mU/min/1.73 m?

Neuen B et al. Circulation. 2018 Jun 25




Mechanisms for maintenance of BP-lowering effect in CKD patients

Reduced arterial w
stiffness or \O\o@a
direct vascular g®°
effects Y \ ot
R\
- 0'\3’\‘a \\@@6
I . e
6\\‘3665\
' .\\e(
Augmented G \ ] |
renal salt : W@‘?ng < eurohormona
sensitivity in CKD ? = pathways
T
Q’é(a\a(e\a\le
2 Q‘i <\oe\le Reduced
a0 ©° renal lipid
V accumulation

and intrarenal
inflammation

Chan CW & Tang SCW. Kidney Int. 2018;93:22-24
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Mechanisms for AKl under SGLT2 inhibition

—

T Uri nary
sodium

SGLTZ inhibition ﬁ

T Urinary M Increased glucose
glucose il uptake by SGLT1 ir: &3

AV

* Osmotic
diuresis

* Hyperosmolarity

® Dehydration
* Volume
depletion

® Aldose reductase activation
Glucose-uric ¢ Generation ol sorbitol
acid exchange znd friictose that is
r-::tabolized by fructokinase

Intratubular oxidative stress
and uric acid generation

Crystal-
independent

v ric acia
supersaturation * MAP kinase activation
and crystallization * Chemokine release

® Activation of TLRs and inflammation
and inflammation * Oxidative stress

Local tubular injury

Acute kidney injury

Hahn K et al. Nat Rev Nephrol. 2016;12:711-712




Safety issues with SGLT2 inhibitors: empagliflozin

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME) - Chronic Kidney Disease (CKD)

Patients with Baseline eGFR of 59 ml per Minute Patients with Baseline eGFR of 60 ml per Minute Og\a
Event per 1.73 m? or Less per 1.73 m? or More ()\
Placebo Empagliflozin Placebo @)ﬁa
(N=607) (N=1212) (N=1726) §¥
rate per 100 rate per 100 rate per 10 \@A‘?per 100
no. (%) patient-yr no. (%) patient-yr 0. (%) patie o (@ patient-yr
Any adverse event 577 (95.1) 2623 1107 (91.3)  183.4 1562 (90. sb\e\t ) 3\ A (89 9  140.1
Severe adverse event| 208 (34.3) 17.3 360 (29.7) 14.0 ? 740 (21.3) 9.1
Serious adverse event 321 (52.9) 317 552 (45.5) K% 6% 33. % 19 6 1237 (35.6) 17.0
Death 0 (6.6) 2.8 68 (5.6) 6\) \‘e‘( 1.8 108 (3.1) 1.2
Adverse event leading to 167 (27.5) 12.6 2 @ 10:50 286 (16.6) 6.9 535 (15.4) 6.2
discontinuation 2
Confirmed hypoglycemic \/\6 (eg
adverse eventy: 06
Any 233?@ G 391 (32.3) 17.9 417 (24.2) 11.7 912 (26.3) 12.8
Requiring assistance 66@ 0) (\g\ 1 3 23 (1.9) 0.8 18 (1.0) 0.4 40 (1.2) 0.4
Event consistent w:)cg‘
tract |6e@ O
\16 132 (21.7) 10.4 278 (22.9) 11.0 291 (16.9) 7.5 564 (16.2) 6.9
@gmphc @% 17 (2.8) 1.2 37 (3.1) 13 24 (1.4) 0.6 45 (1.3) 0.5
Q(‘ ? vepi@ \hstem with genital 10 (L.6) 0.7 64 (5.3) 2.2 32 (1.9) 0.7 237 (6.8) 2.7
‘,{\\1'3 C ‘\ infection|
0%\ ? " Event consistent with vol- 49 (8.1) 3.6 81 (6.7) 2.8 66 (3.8) 1.6 158 (4.5) 1.8
6\6Q ume depletion**
Acute renal failure 87 (14.3) 6.5 136 (11.2) 4.9 68 (3.9) 1.6 110 (3.2) 1.2
Acute kidney injury 22 (3.6) 1.6 26 (2.1) 0.9 15 (0.9) 0.4 19 (0.5) 0.2
Diabetic ketoacidosisi 1 1(0.2) 0.1 2(0.2) 0.1 0 0 2(0.1) <0.1
Thromboembolic event{§ 7(1.2) 0.5 13 (1.1) 0.4 13 (0.8) 0.3 17 (0.5) 0.2
Bone fracture 9" 32 (5.3) 23 57 (4.7) 2.0 59 (3.4) 1.4 122 (3.5) 1.4
Hyperkalemia|| 42 (6.9) 3.0 47 (3.9) 1.6 36 (2.1) 0.8 46 (1.3) 0.5

Wanner Cet al. N Engl J Med. 2016,375:323—-334




Safety issues with SGLT2 inhibitors: canagliflozin

The Canagliflozin Cardiovascular Assessment Study (CANVAS) Program
CANVAS and CANVAS-Renal (CANVAS-R)

Event Canagliflozin Placebo P Valuej O\Og\
event rate per 1000 patient-yr . \oe\
All serious adverse events 104.3 120.0 0.04 0\6
Adverse events leading to discontinuation 35.5 32.8 0. 6\ . \!
e A A
Acute pancreatitis (adjudicatec:i)g 0.5 . e ¢ \ . »
Cancer 600\‘ ‘\\‘6\\6
Renal cell 0.6 6\\3 69\53 0.17
Bladder d\) ) e(e 1.1 0.74
Breast 03 3. b(\\\ 2.6 0.65
Photosensitivity 6 S d\ @ 0.3 0.07
Diabetic ketoacidosis (adjudicated) \66 eg@ 0.6 0.3 0.14
Amputation \)6\’ ‘\ \! 6.3 3.4 <0.001
Fracture (ad]ud\ca \e S
?@ \(\6 15.4 11.9 0.02
% O(\g 116 9.2 0.06
us th w%ollc events 1.7 1.7 0.63
\6 ‘5 Inf o) éma\e genitaliaf 349 10.8 <0.001
6(6 é\as and nonserious adverse events of interest
(GQ \le‘ collected in CANVAS alone€|
. '\l'aQ “\Oe Osmotic diuresis 34.5 13.3 <0.001
06\\\ ? el Volume depletion 26.0 18.5 0.009
'\na Hypoglycemia 50.0 46.4 0.20
O Acute kidney injury 3.0 4.1 0.33
Hyperkalemia 6.9 4.4 0.10
Urinary tract infection 40.0 37.0 0.38
Mycotic genital infection in women 68.8 17.5 <0.001
Severe hypersensitivity or cutaneous reaction 8.5 6.1 0.17
Hepatic injury 7.4 9.1 0.35
Renal-related (including acute kidney injury) 19.7 17.4 0.32
Neal B et al. N Engl J Med. 2017,377:644—-657




AKI with SGLT2 inhibitors

Meta-analysis of RCTs Meta-analysis of RCTs Mount Sinai CKD registry and
Geisinger Health System cohort

::‘ -—_:-—' 2:::2:;;:; o Mount Sinai (Unadjusted) —e—— \0‘ é\a‘
Event N (95% Cl) i Mount Sinai (Adjusted) 50&64\0
= e g s | 0% | o ad o
(0.67-0.96) “@a@w (5\\6\\
= e sxpmm o
“ | ot e,
, \O & \d‘i ger (Adjusted) | | o
ACT vs EMPA —_—————— 198 (072.548) 6\ 6 o)
6\)\6 e(e 2 4 6 B 1 12 14 16
. e (‘\\l Hazard Ratio (95% Confidence Interval)
0.2 05 1 2.0 5.0 O d %0 I. Mount Sinai Iﬁsrs|ngel|
Tang H et al. Diabetes Obes ;’ @99] Am Heart Nadkarni GN et al. Diabetes
Metab. 2017;19:1106—-1115 ??, g 3018 :7:e007165 Care. 2017;40:1479-1485
(\
\Oefg(-\@ verse event report system database
@ % XS
Subgroup N % -i Mon-Sglt2-i
002 e
AN
k& ricd 1224 1 18815 85512 /3813100 ——
o oLt
O
Bafore FDA Warning 8991 / 15405 TE142 [ 3358832 ——
After FDA Warning 23212277 9266 / 154420 t | |
1 2 3 4 5
ROR
PerIman A et al. Nutr Metab Cardiovasc Dis. 2017;27:1108-1113




Therapeutic algorithm for type 2 diabetes

At diagnosis, initiate lifestyle management, set A1C target, and initiate
pharmacologic therapy based on AIC:

—| AIC is less than 9%, consider Monotherapy. |

{ AIC is greater than or equal to 9%, consider Dual Therapy. |

Initiate Basal Insulin \a‘
‘ Usually with metformin +/- other noninsulin agent

| AIC is greater than or equal to 10%, blood glucose is greeter lhan or equal to 300 mg/dL,
| or patient is markedly symptomatic, jectable Therapy

Start: 10 U/day or 0.1-0.2 U/ka/day
nFEiG target

Adjust: 10-15% or 2-4 units once or twice w
For hypo: Determine & address cause; 6? re. \

n for hypo,
+ dose by 4 units or 10-20%

Lifestyle Management + Metformin

Initiate metformin therapy if no contraindications

AIC at target Yes: - Monitor AIC every 3-6 months
after 2 months I : :
of monotherapy? No: - Assess medication-taking behavior

- Consider Dual Therapy

@ {1+1 Start: Divide current basal dose
Y e a <8%, consider - target not reached, — into % AM, YA PM or ¥ AM, ¥ PM

L or 10% If not tolerated or AIC

me amaount change to 2 injection Adjust:  dose by 1-2 units or
t: + dose by 1-2 units or insulin regimen ) 10-15% once or twice weekly

>0 Lifestyle Management + Metformin + Additional qupt e © ‘5
o Add agent proven oy major e 6 61 % once or twice weekly until SMBG target reached
: = unrl SNBG target reached g : Daty o
cardiovascular events and/or cardiovascular mortality \ (eg If goals niot met, consider For hypo: Detarmine and

For hypo: Determine and —a— changing to alternative f—= | 20dress cause:if no clear reason
o clear reason insulin regimen for hypo, ¥ corresponding dose

.@ No: - Add second agent after consideration of dn%?fkéh‘ect\ % . ::;.r ;y;«:;ﬁ:;.]apfggmg dose b-_?f 2-4 units or 1F-RO%

and patient factors ? . \(\6 g
RN

\ A Yot
AIC at target Yes: - r AIC @ %‘%\months

after 3 months
of dual therapy? (&\ Asse s

U,

If A1C not controlled,
advance to 3rd injection

If AIC not controlled,
advance to basal-bolus

n-taking behavior
rlole Therapy

Q Start: 4 units, 0.1 U/kg, or 10% Start: Add additional injection
(e \]6 basal dose/meal. If AIC <8%, before lunch
s consider & basal by same amount Adjust: 4 dos 1=2 units
If goals not met, consider i 4 doses by I-¢ units or
\gffestvle Management + Metformin + Two Additional Agents Adjust: # dose(s) by 1-2 UNits Of | <= changing to alternative |~ | 10-15% once or twice weekly to
10-15% once or twice weekly to insulin regimen achieve SMBG target
) . . -+ SMBG target 3 ;
Add third Ygent based on drug-specific effects and patient factors achieve Bk target For hypo: Determine and
° a For hypeo: Determine and address cause; if no clear reason
O\ address cause; if no clear reason for hypo, 4 corresponding dose
for hypo, ¥ corresponding dose by 2-4 units or 10-20%
AIC at target Yes: - Monitor AIC every 3-6 months by 2-4 units or 10-20% i skt it ririce
’;':r; !‘I"'ti"““ No: - Assess medication-taking behavior
of trivle therapy? - Consider Combination Injectable Therapy

v

md Combination Injectable Therapy N

ADA. Standard of Medical Care in Diabetes, 2018
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Ongoing trials with primary renal endpoints

The Canagliflozin and Renal Endpoints in Diabetes with Established
Nephropathy Clinical Evaluation (CREDENCE) Study

09’
Prescreening Opimize medications e Primary endpoint: co@@%\sne of ESRD,
+ 6GFR « AHA
Aoy - Lipd doubling of se rgrb\g\ea(g nine, and
proteinuria R : 'I:EE S Canaglifiozin 100 mg > rena I Or Q\- a‘t&‘\a\
| - . Secbda W\%@ﬂ points:
[ I o 4 (0\M
Screening Run-in 6\\6 @ \
et | : K& @ “Renal composite of ESRD,
Key enry criteria ° %c,(\ doubling of serum creatinine,
+ HbAlLc 26.5% and £120% \
- €GFR 230 and <90 mL/min/L73 \,\666 O% and renal death;
« UACR >300 and 5,000 mg/g (»339 and <5656 ol) .
+ Maximum tl:lemted hbeﬁgaily du:lszr:}f an ACE EET;TSI’ or ARB ?\)6 ( =355 years b H F com pOS |te Of CV d eath an d
for =4 weeks prior to randomization a\e from FPI . . . .
?/? \g\(\ hospitalization for congestive
| | | ,.\\\6 ( | | —— heart failure;
Pre- Wk -8 to -3 w@@ na)ﬁ( N0 WK1 W Wk w2 Fe study e CV composite of CV death,
sCreening Saeenlng ’@-In sta(a Telephone visit .
9 %m contact nonfatal acute myocardial
Teleph tal § t offi its after Wk 52. H H
siiﬂ.s'i"f@é‘ﬁf {fg,\ merv st W2 infarction or stroke

hospitalization for congestive
heart failure or unstable angina;
e (CV death;
* All-cause death.

\ag\ntlcuoated targets:
e 4,401 randomized
e Event-driven
* Duration 5.5 years

Clinicaltrials.gov. https://clinicaltrials.gov/ct2/show/NCT02065791



Ongoing trials with primary renal endpoints

A Study to Evaluate the Effect of Dapagliflozin on Renal Outcomes and
Cardiovascular Mortality in Patients With Chronic Kidney Disease (Dapa-CKD)
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Glomerular hyperfiltration in diabetes
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Reduction of glomerular hyperfiltration with SGLT2 inhibitors
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Complementary actions of SGLT2 inhibitors and RAS blockers
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Na* reabsorption in the kidney
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Sustained increase in urinary glucose excretion with SGLT2 inhibitors
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Sustained reduction in plasma volume with SGLT2 inhibitors

60 -
3
£ 40- -.. .
\C
E T \O\OQ:
E \06
g 201 WO
2 T P: +5.2 (-2. t@%
s --? a8,
0- 0 +25 7)
&
% L Q0< \66\‘ \\6@
s -20 6\\ra o\
& \)\6 (% 6
x O e
& o, X
S S *
40 - 66?, N A
oV, (e
30 - oV o a®
3 ???’ ; '\(\9\
g = '\06?’ c o©
£ G « AN
5@ 0% '46‘6\0 T
0® e‘e\a- .
: oaQ( 'oeg P:-1.2(-3.2t0 +1.3)
g‘\’\\\l ?e( © g -10 - e D: +6.6 (+1.0 t0 +9.3)
NG 0o s H: -6.5 (-16.1 to +3.8)
g -
|
3 30~
24 ®
-40 L I T
Placebo Dapaglifiozin ~ Hydrochlorothiazide
Heerspink 1L et al. Diabetes Obes Metab. 2013;15:853—-862




Increased urate excretion with SGLT2 inhibitors
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Loop diuretic sparing effect of SGLT2 inhibitors

The Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
trial (EMPA-REG OUTCOME)
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Reduced chloride concentration and NKCC inhibition
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The thrifty substrate
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Shift in fuel energetics with SGLT2 inhibitors
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Hypoxia-dependent effects of SGLT2 inhibitors
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Increased hematocrit with SGLT2 inhibitors
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Conclusions

v

e\
O‘\@QO

v

There is an unmet need for effective measures for nephroprotection in
diabetic patients.

B
Trials with SGLT2 inhibitors have shown promising effects of‘tt%%'séog’gents
on renal outcomes, including decrease of both albuminurga@%g eGFR

: AR
decline. ‘ \\@\'&(;\d\\’é\\a

~oNO |
Treatment with SGLT2 inhibitors in CKD patig@?g\&?@eﬁective in
_ R
reducing blood glucose, but not bloogpésegw‘@%levels and appears
equally effective in improving %@d&ﬁ@s@m‘ar and renal outcomes.

2
Safety concerns with re \%ﬁﬁ%hroprotection include increased risk
of AKI, which is mg@gﬂﬁr@a@%l to volume depletion and may be
prevented %\é@&é&@pﬁgte management of diuretic therapy.

A Y. o N@ : : . : :
Furth%g@fg@@s, including the ongoing trials with primary renal
<

@n&p%@ﬁ%, are required for recommending SGLT2 inhibitors as

negﬁroprotective agents in diabetic (and non-diabetic) individuals.

Multiple mechanisms seems to be involved in nephroprotection with
SGLT2 inhibitors, including reduced glomerular hyperfiltration and
glucose-toxicity, volume depletion, urate excretion, shift in fuel
energetics, and hypoxia-dependent effects.
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