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Common AEs during SGLT2i1 therapy

Genital tract infections (GTI1) ‘ ‘06
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Real World (5 0 X

410 patients 2.2% GTI Hong et al. Diabetes Metab J 2 Q@(\ 6\9

189 patients 2,6% GTI Thewjitcharoen et al. Diapetei®Me }1dr 2017

70 patients 2,8% GTI Sosale et al. Diabete d\@er %'%}‘@

527 patients 9,5% GTI Woo et al. DOW@ 8

100 patients 4,0% GTI Sosale @ ASéqu%ysmlans India. 2016

8505 patients  2,2% infections Yokq;@ taécﬁk ert Opin Pharmacother. 2016

RCTs meta-analysis 0\$\

22753 patients  5,8% GTI O?P‘ é&&%rdl et al. DOM 2016
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Real World G\P‘ ‘ O(\G

410 patients 6,3% @y&? \\6(6\ Hong et al. Diabetes Metab J 2019

189 patients % @d’a Thewijitcharoen et al. Diabetol Metab Syndr. 2017

927 patlents Q‘ \%‘@@évere Hypo Woo et al. DOM 2018

8505 P gﬁ 6(0 % Hypo Yokote et al. Expert Opin Pharmacother. 2016

@%eta -analysis
22 53 patients  19% any Hypo Zaccardi et al. DOM 2016
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Lower urinary tract symptoms (LUTS) in males with type 2 2 R\
diabetes recently treated with SGLT2 inhibitors—overlooked and \'\3(\ ‘ d\\@\\a'
overwhelming? A retrospective case series ; \’\0 @%\
Nino Cristiano Chilelli' - Giuseppe Bax' - Giulio Bonaldo® - Eugenio Ragazzi - 66 \6\
Massimo lafrate” - Filiberto Zattoni® - Federico Bellavere® - Annunzata Lapolla ! 6\ 6 S
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Patients wi \lgmua 6\ Patients withoul autonomic
neu ! n?e neuropathy (n =34)
LUTS (new-onset cases in brac ke@\, \S S\
IPSS $? @\9?? 103 +4.5%
Incomplete voidin O 37.51(6.3) 41.2 (0)
Imreawed fre@@tu of r.}nf 56.3 (43.8) 85.3% (73.6)*
pull 96) 6\\e
é@. :mu 12.5 (0) 17.6 (0)
\‘ \!l urgenu of urination (%) 43.8 (0) 58.8(5.9)
\\ e(r—-mr stream (% 25.0 (0) 26.5 (0)
0\69 Painful urinaliun (%) 0 (0} 5.9(0)

Nocturia (%) 68.8 (25.0) 85.3 (50.0)




DIABETES. OBESITY AND METABOLISM WILEY

Dipeptidyl peptidase-4 inhibitors moderate the risk of \O\og\a‘
genitourinary tract infections associated with sodium-glucose ‘ 0\0\06
co-transporter-2 inhibitors R\
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Gian Paolo Fadini MD'© | Benedetta Maria Bonora MD? | Sarangdhar Mayur PhD? | \6\\ ‘\d\

Mauro Rigato MD?! | Angelo Avogaro MD? IHors
50" D%E\,a%lnhlblmrs + SGLT2 inhibitors
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Dehydration / hypovolemia
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4.5 Interazioni con altri medicinali ed altre forme d’interazione (\0 o\ \‘\6\\
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Diurerici 2 ra\\6 35
Empagliflozin puo aumentare 1"effetto diuretico drﬂ ﬁl\&l ‘m%dlﬂl e de1 diuretici dell’ansa e puo
aumentare quundi 1l rischio di disidratazione e @i\@ﬂ en@p‘f?e (vedere paragrafo 4.4).
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Table 2. Safety Events.* P\O ° >
. ) ? O\r\O\\(\
32 6\ Dapagliflozin Placebo Hazard Ratio
Event 2 e“?’ (N =8574) (N =8569) (95% Cl) P Value
6‘6\ \6\\
39(6(?06\‘6( no. (%)

Xé@@g’m ﬁume depletion 213/(2.5) 207 (2.4) 1.00 (0.83-1.21) 0.99

Qe kidney injury 125 (1.5) 175 (2.0) 0.69 (0.55-0.87) 0.002




Do we really understand the renal effects of all these drugs in type 2 diabetes (T2D) patients?

q

SGLT2 inhibitors RAS blockers \6
* Rodent models * Rodent models (p\ . % maodels
* Humans vufilh TiD :3[:{512 . Huma_ns wit] G“ @ Htmans wzith TiD GaFggEF

hyperfiltration (RH J hyperfiltrafi F\ 7 hyperﬁrtral!arj {HH )

. N':)ndF - |ndn.r|%€f§ . Non&g&;ﬂc individuals
\ A\F& ) (5\ (RHSRAEF)
No evidence in humans wi P@\ evidence in Conflicting evidence in
\ ans with T2D (RHGFRREF) humans with T2D (RHGRHEF)
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6\ ? G( Calcium channel blockers Thiazide diuretics Loop diuretics
aQ * Hodent models * Nondiabetic individuals * Rodent models
0\ « Humans with T2D and (RHGFRREF) « Nondiabetic individuals
hypertension {RHSFREF) (RHGFRFEF)

* Nondiabetic individuals (RH®MEZ)

Conflicting evidence in humans No evidence in humans No evidence in humans

Van Baar et al. Kidney Int 2019 with T2D (RHEFeF) with T2D with T2D




el 2 inhibitors

* Block reabsorption of Na* and
glucose in proximal tubule

NSAIDs

Inhibit production of renal
vasodilatory prostaglandins

e — Constriction of afferent arteriole,

abolishing renal autoregulation

&

T

¢ 4 [Na‘] at macular densa —
restoration of tubuloglomerular
feedback

* —Vasomodulatory effect —-
constriction of afferent arteriole
(potentially improving kidney

autoregulation)
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Mayer et al. Kidney Int 2019

Thiazide diuretics
¢ |nhibit Na*Cl- cotransporter

in distal tubule \(
* Not expected to directly alter Og
renal hemodynamics”

*Volume-reducing effects may indirectly 0‘\‘3‘)

impact renal hemodynamic paramegi&rs
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¢ Modulate renal arteriolar tone
by blocking L=, N-, and/or T-type
calcium channels

e — Dilation of afferent arteriole only
or afferent + efferent arterioles
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Loop diuretics

e Inhibit Na-K-2Cl symporter in
thick ascending limb of loop of
Henle and macula densa

« } Delivery of Na* and CI- to
macula densa but could block their
entry into macula densa cells

e — Could abolish tubuloglomerular
feedback, thus potentially altering
SGLT2 inhibitor-elicited afferent
vasoconstriction




Incident or worsening nephropathy by background medication use at baseline

Empagliflozin Placebo Hazard ratio Hazard ratio . In{@‘zq'an
n with event/N analyzed (%) (95% CI) (95% CI) d\o\aa?\value
~A \
VO [ \6\\6'
All patients 525/4124 (12.7) 388/2061 (18.8) 0.61 (0.53,0.70) . \(9@ 6‘\<>\
I
c;\é‘?f\ \‘}’&@
Use of ACEis/ARBs s A\ 0.0578
SO~ W
ND 95!?9") 19 N EQiA42 14 M\ n a4 J’:{I. 1 &\6 8‘5 [
) - - . I
s o5 Quite similar resus jgneéﬁ an
. I
Use of any diuretic other ren%kﬁﬁ& &m?]\ts and | 09457
| )
No 256/2. [—
Yes 269/1 = RO\g‘Eﬂ\Bss?o peS ——
SN :
Use of CCBs Q\P‘ . O(\G : 0.0519
No \6 ME%@Q@%} 241/1387 (17.4) 0.55 (046, 0.65) —8-H
Yes a('a é?@ﬁ 6 (17.5) 147/ 674 (21.8) 0.72 (0.58, 0.88) I-I—.—I
Q(GQ \‘e( :
US%\QNQMDS( {\OG | 0.3786
‘\QQQJD ?G 482/3796 (12.7) 360/1890 (19.0) 0.60 (0.52, 0.69) —@—
0 Yes 43/328 (13.1) 28/171 (16.4) 0.75 (046, 1.21) I :
D.I25 Dj5 1 2I

Mayer et al. Kidney Int 2019
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. Treatment Placebo
Heart failure Patients Events Events per Events per Weights (%)

HR [95% CI]
1000 pt-yrs 1000 pt-yrs A\
\O\U‘a
Atherosclerotic Cardiovascular Disease: : ‘ O\@\OG
FE Model for ASCVD (P-value <0.0001) \\‘3(\6 g\a\®1 [0.62, 0.82]
(N
Multiple Risk Factor: \\ @
&e® \i
FE Model for MRF (P-value = 0.0021) S0 -‘@5-@ 0.64 [0.48, 0.85]
\6 .64 [0.48, 0.
2 7\ a :
I |
G d\) G(\\‘ 0. 3'% 0.50 1.00 250
\ 6\ Hazard Ratio
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Data from CVOTs indicate gapf?otectlon by SGLT21I may extend to
prlmaeg?brg\\é@ﬂtlon (at least for HF)
63 (%\O(\e \l’
The numbedfa*@?@éﬁlents receiving SGLT2i1 worldwide is expected to
eN® increase substantially
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More attention should be payed to rare but severe AEs




Uncommon but severe AEs during SGLT2I therapy e
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= Diabetic ketoacidosis

t., [ warn-ng [ntsn _
awn as ‘black box

0 T |§
T
2 [ warning ') is one of the
S | strongest drug safiety

| actions that the U.5.

. Food & Drug

.; Administration (FDA) can
implement, and often
B warns of serious risks,

O

Lower limb amputations
= Fournier’s gangrene

= Fractures



DKA during SGLT2i

= FDA warning with 73 cases - now thousands of cases reported world

= Can be «normoglycemic» = delayed diagnosis

= Variable presentation

= No clear precipitating event in /4 cases
= Potentially fatal
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Fadini et al. Diabetologia 2017
Bonora et al. Diabetes Obes Metab 2018
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Other indication

Unknown



DKA during SGLT2i

SGLT2 inhibitor —
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Fracture risk & SGLT2i
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= A signal has been reported for Canagliflozin ‘ 0\@‘06

= Not significant for Empa & Dapa (\ad\ \‘\6:\\

= Possible mechanisms linking Cana and bone biology via FGEZ\.’@\'\Q é\d\\a

OV
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. 6\\" ea(g;r.lagliﬂt:lzin Placebo Hazard ratio P value*
CLINICAL MEDICINE 6\)\-6 \\‘G‘ Per 1000 Per 1000 (95% confidence
Canagliflozin triggers the FGF23/1,25- 3 e patlont yearspationt yoors enesl
dihydroxyvitamin D/PTH axis in e B loriman: outcant)

i i ?P‘ ANVAX © 12.98 8.31 1.56 (1.18-2.06)
healthy volunteers in a randomized O VAS-R 7.87 1030 076 (052-1.12)
crossovet StUdy ?P\O\’ ‘(\a\eCANVAS Program 11.58 9.17 1.23 (0.99-1.52) 0.003
\ON
Jenny E. Blau,*? Viviana Bauman,” Ellen M. Conway,’ Paolo Piaggi,? ‘hﬁ;' S O‘\g All fracture (secondary outcome)
Elizabeth C. Wright,' Shanna Bernstein,* Amber B. Couwille,&aa . Colli '5®t a l. Rother,’ CANVAS 16.92 10.94 1.55(1.21-1.97)
and Simeon I. Taylor*s (g CANVAS-R 11.42 13.23 0.86 (0.62-1.19)
(6\6 \6\‘6 CANVAS Program 15.40 11.93 1.26 (1.04-1.52) 0.005
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Fracture risk & SGLT2i
A

Control
Lumen Proximal tubule epithelial :JT\\
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SGLT?2 mhibitors cause excretion of glucose in the urine which
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Leads to increased phosphate concentration in the blood serum 3 0\ N
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Leads to sustained release \' %51 orowth lactor 23
of parathyroid hormone which \ ew 1cla\s%ssocmted with bone disease.
contr 1 unkég@m blood.
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Increased bone fracture risk



Amputations risk & SGLT2i

= FDA warning from CANVAS
= Below-knee amputations
= Mostly with Canagliflozin
= Confirmed in RW (not all)

= Confirmed in pharmacovigilance

» Mechanisms largely unknown?

Fadini et al. Lancet DE 2018
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Diabetes indication Diabe \r@%\%n
ulin
£ b6 - \.a\()
g p=0-016 ‘\0 . p<0-0001
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L 0 *\lv
gfm&ra Cana-  Others Dapa- Empa-  Cana-  Others
%Q\ glnﬁuzm gliflozin gliflozin  gliflozin  gliflozin
9}* a 31 839 0 2 19 181
Tnta%\n 4265 213? 9789 426100 3192 1736 7841 286224
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Drug Dapa- Empa- Cana-  Others Dapa- Empa- {Cana-  Others
gliflozin  gliflozin  gliflozin gliflozin  gliflozin  gliflozin
Mumber of reports 65 28 121 8809 29 21 77 3593
Totalreports 4265 2183 9789 426100 3192 1736 7841 286224




SGLT-2i and amputations

CANA pooled RR 1,80 (1,28-2,54)
EMPA pooled RR 1.09 (0.76-1.56)

DAPA pooled RR 0.97 (0.74-1

Dicembrini et al. DRCP 2019

Odds Ratio
M-H, Random, 95% CI

SGLT-Z2 inhibrtors Control Odas Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI
7.2,1 Canaglifiozin

Bode 2015 2 477 0 237 0.4% 250[0.12,52.23]
Lavalle-Gonzalez 2013 1 735 0 529 0.3% 2.16(0.09,53.19)
Leiter 2014 (a) 1 968 0 482 0.3% 1.50 [0.086, 36.79)
Neal 2017 104 5795 44 4347 272% 1.79[1.25, 2.55]
Schernthaner 2013 1 377 0 378 0.3% 3.02[0.12,74.27]
Yale 2013 1 179 0 90 0.3% 1.52 [0.06, 37.71)
Subtotal (95% CI) 8531 6063 28.9% 1.80[1.28, 2. 54]
Total events 110 44

Heterogeneity: Tau®= 0.00; Chi*=0.18, df=5 (P =1.00);, F= 0%
Test for overall effect: Z= 3.36 (P = 0.0008)

Heterogeneity: Tau®= 0.00; Chi*= 18.88, df= 26 (P = 0.84); F=0%

Test for overall effect: Z=1.90 (P = 0.06)

7.2.2 Dapagliflozin
Bailey 2013 1 272 \\}
Bailey 2015 1 134 \2\60
Bolinder 2014 1 s{@
Jabbour 2018 1 454 G 231
Kohan 2014 1 \\
Leiter 2014 6 d 11%
MNauck 2014 a 406 408 0.4%
Wilding 2014 1 493 0.4%
Wiviott 2018 \.a 90 8578 39.6%
Subtotal (95% )\) 9 10579 43.7%
Tatal even 6 ag
H Tau’: E%Cj 2 1.01,df=8 (P=1.00) F= 0%
oroverall eﬁ\ gP=0. 86)
? 2.3 r@c
@ é k2018 1 311 1 153 0.4%
total (95% ClI) in 153 0.4%
otal events 1 1
Heterogeneity: Mot applicable
Test for overall effect: Z=0.50 (P = 0.62)
7.2.4 Empagliflozin
Araki 2015 1 73 1] 63 0.3%
Barnett 2014 1 419 1 319 0.4%
DeFronzo 2015 - Study 1 1 1096 1 267  0.4%
Ferrannini 2013 - Study 1 1 215 1 56 0.4%
Ferrannini 2013 - Study 2 1 332 1 56 0.4%
Kovacs 2015 1 735 1 163 0.4%
Merker 2015 3 333 0 365 04%
Ridderstrale 2018 1] 769 3 780 0.4%
Rosenstock 2014 2 375 1] 189 0.4%
Rosenstock 2015 (a) 1 324 1] 170 0.3%
Zinman 2015 91 4687 37 2333 23.0%
Subtotal (95% CI) 9558 4761 27.0%
Total events 103 45
Heterogeneity: Tau®= 0.00; Chi*= 9.51, df= 10 (P=0.48); F= 0%
Test for overall effect: Z=0.48 (P = 0.63)
Total (95% CI) 29407 21556 100.0%
Total events 313 189

Test for subaroup differences: Chi*=817.df= 3 (P=0.04). F=63.3%
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[0.06, 16.23]

0.50 (0.03, 7.98)
0.50 [0.03, 8.05]
0.67 [0.11, 4.00]

1.00 [0.06, 16.12)

1.21 (0.08, 19.39)
1.00[0.75, 1.34]
0.97 [0.74, 1.29]

0.49 [0.03, 7.89)
0.49 [0.03, 7.89]

0.70 [0.03, 17.36)
0.76 (0.05, 12.21]
0.24 [0.02, 3.90]
0.26 [0.02, 4.17)
047 [0.01, 2.70]
0.22 [0.01, 3.56)
7.74 [0.40, 150.43]
0.14 [0.01, 2.80)
2.54 (012, 53.11)]
1.58 (0.06, 39.02]
1.23[0.84, 1.81]
1.09 [0.76, 1.56]

1.20[0.99, 1.44]
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SGLT2-1 and amputations
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Fournier’'s Gangrene & SGLT2i

\O\OQ\
= FDA warning from 12 cases ‘ 0\3‘06
= Males and females o\
: L PP\
= Arare serious complication of UTI /7 GTI? ) \\a\\a@é\d\\a
o\o .
NP\
= Confirmed in pharmacovigilance 6500 \(5\\9\
N 2°
0\ ‘\l@(
0@\3 Proportional reporting ratio
Other ATGAD | sosiffin 5.17 (95% CI 3.91; 6.83)
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Strict degix}ﬂ%ré@f\ﬁ% by MEDDRA terms | | | | |
625@8ES retrieved 00 05 1.0 15 20

(Fadini et al. BMJ open DRC) FG cases / 1000 AE reports
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Take-home messages

* Common non-severe AEs
* can be easily addressed and handled \G(fa\ 0@

e do not modify the safety/efficacy balance a\\a%
6\)\6 ‘\16‘6
. O
N &7
PS)\$ eg‘a
* Rare severe AEs »0? oo

. . @
* are more difficult t&@eboggﬁed
e can be life threg@é??ug@%%d fatal

e do not %@dﬁ?’im\‘seafety / efficacy balance

. beg@?%ge‘imﬁ\(‘)rtant upon enlargment of the SGLT2i population
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