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SGLT2 inhibitors for the prevention of kidney failure in

patients with type 2 diabetes: a systematic review and

meta-analysis

Brendon L Neuen, Tamara Young, Hiddo | L Heerspink, Bruce Neal, Viado Perkovic, Laurent Billot, Kenneth W Mahajfey, David M Charytan,
David C Wheeler, Clare Amott, Severine Bompoint, Adeera Levin, Meg | Jardine
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Substantial loss of kidney function, ESKD, or death due to kidney disease

Events Patients RR (95% Cl) r\\oa‘
eGFR =90 mL/min per 1.73 m’ O\O\9
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SGLT-2 inhibitors and microvascular outcomes in patients with type 2 diabetes
A systematic review and meta-analysis

Dorsey-Trevino et al. JEI 2019
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SGLT-2 inhibitors and microvascular outcomes in patients with type 2 diabetes

A systematic review and meta-analysis >
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SGLT-2 inhibitors and microvascular outcomes in patients with type 2 diabetes
A systematic review and meta-analysis
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Wanner C 2016 13 4687 O\fﬁ%\a\% 2%, 0.46[0.22, 0.98] .
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SGLT-2 inhibitors and microvascular outcomes in patients with type 2 diabetes
A systematic review and meta-analysis
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DECLARE-TIMI 58
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Secondary renal composite outcome:12 Prespecified, Exploratorv UACR variables:3

N\
e Sustained confirmed? decline of at least 40% in eGFR @;Qnen @{\&;{amed macroalbuminuria©
to less than 60 mL/min/1.73m?; % g/g) in patients without

e End-stage renal disease®; 066\) OQ\@ bum'nurla at baseline.

\$\ < 6\ Development of sustained albuminuria¢ (UACR
?P\O Q(Gg >30mg/g) in patients without albuminuria at
e Death from CV causes O\’O \6 baseline.

e Death from renal causes; or

e Regression of sustained albuminuria®

— Baseline microalbuminuria (UACR 30 to less
than 300mg/g) to normoalbuminuria (UACR
<30mg/g);

— Baseline macroalbuminuria to
microalbuminuria;

— The previous 2 combined

a2 tests at least 4 weeks apart; °defined as dialysis for at least 90 days, kidney transplantation, or confirmed sustained eGFR <15mL/min/1.73 m?; “Confirmation required that albuminuria be present at 2
consecutive visits. Time to onset was based on the first of the 2 laboratory assessments with albuminuria.
CV = cardiovascular; eGFR = estimated glomerular filtration rate; UACR = urinary albumin-to-creatinine ratio.

1. Wiviott SD et al. N Engl J Med. 2019;380:347-357; 2. Mosenzon O et al. Online ahead of print. Lancet Diabetes Endocrinol. 2019; 3.Raz | et al. Presented at: ADA 79t Scientific Sessions; June 7-11,
2019; San Francisco, CA 244-0OR.



DECLARE-TIMI 58
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Renal-specific Outcome é\o\Og
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EMPA-REG Outcome trial

A Incident or Worsening Nephropathy
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Canagliflozin 2202 2181 2145 2081 1786 1211 646 196



CREDENCE vs DAPA-CKD
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CREDENCE DAPA-CKD MV N

ncial wials ot NG
Chincial trials 1dentifier NCT02065791 NCT03036150 \\6 \
Design Randomized placebo-controlled double-blind trial Rﬂndnmlzéi\ﬁxdce “@ led double-blind trial
Study Population Type 2 diabetes %%dn%\éi%ease

UACR 300-3500 mg/g
eGFR 30-90 ml/min/1.73m>

Primary endpoint Composite of end-stage renal diqe \1]% @&? 6\
serum creatinine, renal or W f.cu]

Secondary endpoints -Cardiovascular death
-All-cause deathg

-Cardiovag g}dpomt (myocardial
1ntﬂ:€é?,\5t death)
é( e endpoint (end-stage renal disease,

'a dr\uajl g of serum creatinine, renal death)

Number of patients 1%}6?6; \‘6(434
Anticipated IQ’Qu& ]etaﬁ, June 2019

é@&SS% mg/g

30-75 ml/min/1.73m>

Cnmpomte of end-stage renal disease, = 50% eGFR
decline, renal or cardiovascular death

-All-cause death

First occurrence of:

-End-stage renal disease, = 50% eGFR decline, renal death
-Cardiovascular death or hospitalization for heart failure

4000
November 2020
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CREDENCE DECLARE-TIMI 58
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M . 0\6 —e— Dapagliflozin group
B cChange from Baseline in Estimated GFR Baseline (ml/min/1.73 m?) E o\ . —+— Placebo group
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q Sample size

”““ﬂ"sﬂﬁe “@Qg}"’" Placcbogroup 8578 8223 7884 7316 6800 5770
No. of Patients Dapagliflozin group 8581 8273 7978 7513 7098 6050

Placebo 2178 }@ @}éﬂ 1536 1006 583 210
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Improvement of Alouminuria Category from Baselir

)
02
O\
Dapagliflozin Placebo 6\ . \\.
‘\6(\6 . \6\\6‘ .
KM KM \6\ '\d\ Hazard Ratio Cox
n/N (%) Event Rate n/N (%) EventRate \: \ @6 (95% ClI) p-value
Endpoints 600\6 6\\.6\\6
Improvement from baseline a\\3 2 o\
Micro to Normo 774/2017 (38.4) 38.90%  576/2013 (26880\'6 %%\Q@(e HEH 1.46 (1.31, 1.62) <0.0001
Macro to Normo/Micro 282/594 (47.5) 48.10% \gy@& %(‘334)6\ 6031.7% —l— 1.82(1.51, 2.2) <0.0001
Macro to Normo/Micro or Micro to Normo 1056/2611 (40.4) 41.@‘»\0 7‘5]6§@ 9.0) 29.5% HlH 1.54 (1.4, 1.69) <0.0001
\
Micro/Macro to Normo 809/2611 (31%0\/31%\0%\6 ?04/2588 (23.3) 23.6% HIlH 1.41(1.27, 1.56) <0.0001
. \ f T 1
\P‘ﬁ? 0(\g 0,0 1,0 2,0 3,0
6 O(\e Favors Favors
Placebo DAPA

v

a

Macroalburpif{re B¥R=2300 mg/g
Mi«-&@k@mim{i '\Oe' UACR 230 to <300 mg/g
O‘\QQQ%rmoaItQm@nuria UACR <30 mg/g

17

DAPA = dapagliflozin; KM = Kaplan-Meier; Macro = macroalbuminuria; Micro = microalbuminuria; ; Normo = normoalbuminuria; UACR = urine albumin-to-creatinine ratio.
Raz | et al. Presented at: ADA 79th Scientific Sessions; June 7-11, 2019; San Francisco, CA 244-OR.



Deterioration of Albuminuria Category from Baseli

\0\
5O e
Dapagliflozin Placebo \\,
o \O
KM KM \0\ 0(\ d\\a\Hazard Ratio
n/N (%) Event Rate n/N (%) Event Rate \:6\ ] @6 (95% Cl)
Endpoints 600\6 6\\.6\\6
Deterioration from baseline a\\’b 6 5
Normo/Micro to Macro 181/7836 (2..3) 2.30% 330/7838 (4. 6\) 4 (e Hl- 0.54 (0.45, 0.65)
Normo to Micro/Macro 772/5819 (13.3) 13.30% Ws@s%e 56\ 9 16 3% - 0.79 (0.72, 0.87)

Normo to Micro/Macro or Micro to Macro 928/7836 (11.8) 11.@%012436@@ 5.9) 15.8% . 0.73 (0.67,0.79)
\/O e o\ . ; .
Q P‘O ‘\(\6\ 0,0 0,5 1,0 1,5
\P\$ O‘\g Worse for Worse for DAPA
6 . O(\6 Placebo

Macroalbu Crc YR

M%&@mlnl{ a(\o UACR 230 to <300 mg/g

UACR <30 mg/g

v

S

0\QQIormoaIICQmmurla

DAPA = dapagliflozin; KM = Kaplan-Meier; Macro = macroalbuminuria; Micro = microalbuminuria; ;
Raz | et al. Presented at: ADA 79th Scientific Sessions; June 7-11, 2019; San Francisco, CA 244-OR.

Normo = normoalbuminuria; UACR = urine albumin-to-creatinine ratio.

Cox
p-value

<0.0001
<0.0001

<0.0001

18



Improvement of Albuminuria in RWE .
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SID > DARWIN-T2D % 59
DApagliflozin Real World evideNce in Type 2 Diabetes &6\\6\\6(\6 6\\'6\\6
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Fadini et al. Diabetes Obes Metab. 2019 Feb;21(2):252-260
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Glycaemic control /ufa Weight loss
SGLT2i —

o\
*Acts independently of insulin *Urinary excretion of ~70 g < %GLTZi is associated with
mechanisms to reduce HbA _ glucose/day with significant reductions in SBP,
via the kidney SGLT2i corresponds fo ioss of which is likely to be due in
280 kcal/cay™! part to the effect of increased
(1 g glucese = ~4 kcal) diuresis’!

*Works regardless of 3-cell
function

1 11> of body fat equates
A 1o ~3500 calories?

*Has a low propensity for
hypoglycaemia



Effetti nefroprotettivi degli SGLTZ2 inibitorli
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normal TGF
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- ] hd elevated |
appropriate miacula afferent GFR decreased
afferent densa artericle Ma* delivery to
arteriole "z';:‘al 4 vasodilation —_ macula

f’f densa

increased 6\\6(
Na*/eglucose « - 1S
reabsorption (,(\\l

0{\@(\ )
‘5‘\0(\6 \
Hyperfiltration in early
\‘aQ stages of diabetic nephropathy
ee'

o\
Mf@é@}: grm /o delvery
60 %{? J tomacula
S Cs °

restored TGF \©&
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oot

Hl' __ densa

SGLT-2
inhibition
in proximail
tubule

Elucosuria

SGLT-2 inhibition reduces
hyperfiltration via TGF



Effetti nefroprotettivi degli SGLTZ2 inibitorli
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a Natriuresis

Tubuloglomerular feedback
4P
1 PBOW

| Proteinuria

Contraction of plasma volume

| Blood pressure

| Heart failure
? Direct/indirect effect on vascular function (e.g. endothelial function)
} Use of diuretic agents

1 NHE3 activity — additional natriuresis?
1 Erythropoeitin leading to $ haematocrit
4 Tubular ischaemia/injury/fibrosis

] Markers of inflammation

1 Oxidative stress

b Glycosuria \D

A
Vb ‘:I@T%c rism
| Body nd mi ws r
pﬁ cq&t n risk

N
?@i‘dtriuresis + Glycosuria

4 Proximal solute reabsorption

1 Energy requirement/utilisation

i Hypoxia in the kidney

Glomerulus

Efferent
arteriole

Loop of Henle




Proposed pathways of renal protective effects: Afferent Efferent

arteriole arteriole
* -
1) Restoration of tubuloglomerular feedback, ¥- (5\6'
2) Ameliorate renal oxygenation | * 1. Tubuloglomerular feedback G\O\O
3) Antiinflammatory and anti-fibrotic effects Bowman s \ ‘ 0\‘3\0
capsule I \  Distal tubule 66\ ‘ 6‘\\_
i . \ .
Glomerulus C ) ': - J _\Q\\a\\006\ 6\\6\
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Effetti nefroprotettivi degli SGLTZ2 inibitorli
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Effetto uricosurico degli SGLT2i
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Effetti nefroprotettivi degli SGLTZ2 inibitorli
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" Blood Pressure

Artenal stiffness

Improvement in metabolic
parameters

([¥) Body weight, HbAlc, Uric

[¥] Intraglomerular pressure

Down-regulation of pro-inflammatory/pro-
fibrotic pathways




Take-home messages
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