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Treatment of DKD in patients with Type 2 diabetes 40
xO©

1. Blockade of the RAAS
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2. Blood pressure control 500@?;\(3\\’&\

3. Glucose control N\
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4. Lipid control ?j‘(‘) Q@Q?



What about individual antidiabetes agents?

- GLP-1 receptor agonists

- DD4 inhibitors e
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DPP4 inhibitors in patients with renal impairment
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Agent Dose Approval (year)  Half-life DPP-4 Elimination Use in patients with rmallrﬂﬂgcu:y
(h) inhibition \O
EMA FDA (24h Mild M ‘ ‘\\’Saunrnnr ESRD
post- (CrClL : \\3‘ {CrCl1
dose?) 50/60-89 \6\\ <30
munﬁ@\ , ml/min)
N>\
DPP-4 inhibitors (oral) 2 oN
Sitagliptin 100mg QD 2007 2006 ~12.4 =80% ~8 ?’ﬁ@ﬁ% adjustrment Dose reduction Dose reduction
c© e::ea;,(l. (50mg QD) (25mg QD)
Vildagliptin ~ 50mg BID 2007 2007 ~2.0 »ﬁ@&e g’aegal-r-& 5%; Noadjustment Dosereduction Dose reduction
or 50mg QD 6" Dﬂg( faeces ~15% {50mg QD) (S0mg QD)
plus 50U ?\OQ \éfﬁ\ hj
Saxagliptin ~ 5mg QD 20049 IGD%)\, 6 ~70% Renal No adjustment Dose reduction Dose reduction
12-29% (2.5mg QD) (2.5mg QD)
69 \0(\— (metabolite
X0 e( 21-52%);
@(a @\‘ faeces 22%
Q \
Alogliptin EErn (6 &? 2013 ~21.0 ~-75% Eenal-76%; MNoadjustment Dosereduction Dosereduction
5’\\ (\OG faeces~13% (125mgQD)  (6.25mg QD)
unag@\’@Q 5 mg@ﬁ 2011 2011 ~12.0 =80% Renal -5%;  Moadjustment Noadjustment Noadjustment
faeces ~80%
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GLP1 RA In patients with renal impairment

Agent Dose Approval (year)  Half-life DPP-4 Elimination Usein mﬁuﬂswﬁﬂl renal i
EMA FDA (h) inhibition Mild 0\
{ah (CrCl
dose’) SRS \%& R 6\
mUuin:l \\’3 \
Short-acting GLP-1 receptor agonists (subcutaneous injection) \6\ \O
Exenatide 5-10 ug BID 2005 2005 2.4 M, Mainly rn«}a%’a T. Conservative
dose escalation
Lixisenatide 10-20ugQD 2013 2016 3.0 MNA G y e ‘\\\%u adjustment No adjustment
6 \ ©
Long-acting GLP-1 receptor agonists (subcutaneous mjzcﬂo% ( eg@
Exenatide 2mg OW 2011 2012 {O@ Mainlyrenal Noadjustment Not
{(~10 weeks recommended
\/ to fully clear)
Liraglutide  0.6ma,l.2mg I{H}D Q ei@g—lﬂ 0 P Peptidases Noadjustment MNoadjustment
or1.8mg EED %\ and renal 6%;
@( faeces 5%
Albuglutide 30—5?@@@34 2014 ~120.0 P, Peptidases Mo adjustment Noadjustment
and renal
Dulﬁgb@ﬁ\ 0. ?R—l(‘_’gﬁg 2014 2014 ~112.8 M, Peptidases No adjustment  No adjustrment
\ @Q‘ and renal
QLmagluludc 0.5-1.0mg OW Pending Pending 165.0-184.0 NA Peptidases Unknown Unknown
and renal
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GLP-1 and the kidney

Potential mechanisms

‘ Blood glucose reduction

‘ Blood pressure reduction
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Liraglutide inreases urinary sodium excretion in T2DM

\O*
(n=18, 21 d) 50°°
(@
66\0\\'3‘"\\
0 @
[ | Dlac@ﬁ\a\ o
it
2 S
N o2
o ‘\\e(
cH ¢ 50(\
D¢ 2 * %
VT 29 gm—
AN
o
<
é&\\ae\: (\oe\‘e 24 Hr Daytime Nighttime
¢

Lovshin JA et al Diabetes Care 2015



Acute exenatide administration was shown to increase proxim\gl
sodium excretion in overweight patients with Type 2 diago%t@%g
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RAAS hormones In patients with Type 2 diabetes before and _

. . . \\%
after 12 weeks’ treatment with liraglutide be\o\og
. O\,
6\0 o W
P value for
Change for comparison
liraglutide placebo between
Before After group group therapies
liraglutide liraglutide (95% ClI) 1AC« -~ Atter placebo (95% CI) (end vs end)
B OV D _
p-Renin concentration, 83.7 52.4 i 37%@ e %‘\@% 60.1 (—5%370{08) -
muU/L [34.5, 322.0] [14.0, 204.1] 6’?&%0(6@&3 .0, 241.0] [15.9, 242.3] P:d 29 '
p-Renin activity, 67.7 44(?\()?L a\gg?g) 65.8 46.9 (_;29901/09) -
mIU/L [24.5, 252.5] [{5\@, 6.%1\(;\(\ P=0 660 [20.0, 181.8] [13.0, 153.1] on’ 21 '
e e ' '
p-Angiotensin II, %é Qo 6(5\095 (—_64113(?9) 9.0 6.4 (__52780?7) e
pmol/L Qéﬁ@, O\E%\l [1.1, 29.4] P:O.’022 [4.0, 39.0] [1.6, 33.9] P:d.20 '
IR 1 6
p-Aldostero '\\QQ - ceNF4.9 213.6 N 225.0 206.4 _
ng/L 02?‘\ el ‘\%161.8, 292.2] [158.0, 319.9] (;,1_%' ;g) [182.0,299.0] [157.8, 293.5] (;,2_% ig) 053
0'\09 ? 7 o
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Effects of GLP1 RA on renal hemodynamics
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Acute exenatide administration does not affect eGFR iIn "
overweight patients with Type 2 diabetes, compared Wlth\oe\o\og
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Acute renal effects of liraglutide in patients with Type 2 dlabecg\gs
0°

In patients with Type 2 diabetes (N=11), a single dose of liraglutide 1.2 mg ha(b\fg)eﬁect
on renal haemodynamics but decreased the proximal tubular sodlua‘.(fg \}1
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GLP-1 and the kidney

‘ Potential mechanisms

‘ Blood glucose reduction
‘ Blood pressure reduction
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 Exendin-4 was administered at
10 pg/kg daily for 8 weeks to a
STZ-induced rat model of Type
1 diabetes
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GLP-1 receptor agonists and oxidative stress
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GLP-1 receptor agonists and oxidative stress -
\O\og\

Liraglutide

Liraglutide Liragygtic
- alone

Vehicle + SQ22536

* Treatment with liraglutide in
Akita mice decreased levels
of superoxide and renal
NAD(P)H oxidase and
elevated renal cAMP and
PKA activity

Superoxide
(DHE)

 These effects were abolished ?\Q?‘ @
by CAMP inhibitor SW22536 O\}‘ Ao
and PKA inhibitor H-89 o P>

Fujita H, et al. Kidney Int 2014



The protective roles of GLP-1 R signaling in diabetic nephropaghy
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Exenatide reduced 24-hour UAE, TGF-f1 and type IV collagen_,
excretion in patients with Type 2 diabetes and mlcroalbun%w}‘??rla
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DURATION-2: switch from sitagliptin and pioglitazone

to exenatide QW

Exenatide QW - exenatide

Sitagliptin = exenatide QW

Picglitazoi:e ~» exenatide QW

QW (N=103)
15.31+2.37
~19% (—31, -5)*
—34% (—45, —20)*

ACR (baseline)
A weeks 26-52
A weeks 0-52

(N=116)
11.46+1.27 \g\

1464555,

‘5\6 \6\

(N=100)
13.23+1.92
—12% (=25, 4)
—23% (—36, —7)*

BNP (baseline, pg/mL)
A weeks 26-52

9.66+1.00

_10% (~23, ‘)6(\

A weeks 0-52 -18% % @%}

hsCRP (baseline, mg/L) O 0+0Q ,@\
\¢

A weeks 26-52 6? P“ —&@@(—?5, 12)

A weeks 0-52 (a\’b \‘e( Y506 (=35, —13)*
PAI-1 (baseline, n q@)@a (e\a 39.14+2.29

% N©
A weeks g@l@ {@G 16% (4, 30)*
S el

6\@& s 052 4% (-8, 16)

69&% 2 (\;@@3)*

+
e 9103

(eg’é —16% (-27, -3)*
—15% (—28, —1)*
2.35+0.18
—8% (20, 5)
—17% (—27, —4)*
32.97+1.71
—3% (-12, 8)
—8% (~18, 2)

9.60+0.84
—26% (=37, —14)*
—13% (-26, 3)
2.33+0.24
37% (19, 58)*
—5% (18, 11)
36.18+1.95
27% (14, 42)*
12% (0, 25)

Wysham C, et al. Diabetic Med 2017



Effects of Dulaglutide on eGFR and ACR Compared to

Insulin Glargine (pooled analisys) 6\0\0@@‘
— 4 — Insulin glargine 6\0\62\\
All Dulaglutide @(\aé\d\@\\

:

eGFR (mL/min/1.73m?)
=

60 -

[
(=1

0

Baseline IﬁﬁWEEHS 52 Weeks '

IG= 558 531 482
DU= 1133 1073 978

Tuttle K et al, DOM 2016



LEADER: renal endpoint >
Macroalbuminuria, doubling of serum creatinine, ESRD, renal death O\Og

\$%
\O
66\0 \\’3"\\
10- AR\
>\ o©
s 4 HR: 0.78 O d\@\\e‘
S 95% C1 0.7 o\Qg)?? 2o el
© 00052
E 6 Gd\) 0(\\\
@
=
=
0
% —— Placebo
E 21 —— Liraglutide
0+ T T T T 1
0 (eQaa (G\ 12 1§ | 24 | 3_0 36 42 48 54
QQ e\\e Time since randomisation (months)
Patients at rlsk\ \\ (\O
Lira o) 4635 4561 4492 4400 4304 4210 4114 1632 454
O\Q cebo 4672 4643 4540 4428 4316 4196 4094 3990 1613 433

Buse JB et al, N Eng J Med 2016



Hazard ratio
(95% Cl;

Number of patients

Microvascular endpoint o
Renal event o L @\ @6 0.92)
New onset of persistent macroalbuminuria® —o— (\\)\o h(\\\% 74 (0.60, 0.91) 161 3.4 215 4.6
Persistent doubling of serum creatinine® I—O—e 6\ SY  oss (0.66, 1.18) 87 1.9 97 2.1
Need for continuous renal replacement therapy 4(4—0 ega 0.87 (0.61, 1.24) 56 1.2 64 1.4
Death due to renal disease O@%@—Q—» 1.59 (0.52, 4.87) 8 0.2 5 0.1
Eye event P‘?\ ) (\3\3 —o—i 1.15(0.87,1.52) 106 23 92 2.0
Vitreous haemorrhage O\/ O{\Q,\ f 4 | 1.45 (0.84, 2.50) 32 0.7 22 0.5
Treatment with photocoagulation or intravgeal?gg\ \O(\ Ho—1 1.16 (0.87, 1.55) 100 2.1 86 1.8
6‘6\6 \]6( 0.2 0.5 1 2 3
(GQ \6 < Hazard ratio (95% CI) .
Q Favours liraglutide Favours placebo

Buse JB et al, N Eng J Med 2016



Baseline characteristics

e\l
Liraglutide (N=4668) Placebo (N=4672pX\O"

Male sex, N (%) 3011 (64.5) 2992 @)’0"
Age, years 642+ 72 R 334\2‘@%&\6
Diabetes duration, years 12.8 = 80 ):Q\\o@% \,-.,
Geographic regif Liraglutide dﬂéc @\‘3

Europe . — \,3‘30—?&0 (35.5)

North America|Microalbuminuria 26.4% QQ\N@(Q %96.6% (31.0)

s Macroalbuminuria é@@ 0\ | 11.0% L=

Rest of the wol (26.1)
bA%  |eGFR <60 mL/min/1.73 mkl\ "\ . @®8% 22.3% =15
BMI, kg/m? N AR \62’5 + 6.3 325 + 6.3
Body weight, kg oY ,\(\g\\‘ 91.9 +£21.2 91.6 + 20.8
Systolic blood pressure, mml—ﬂa‘(‘} J\G - 1359 + 17.8 1359 + 17.7
Diastolic blood pressure A g (@82 77.2 + 10.3 77.0 + 10.1
Heart failure*, N (%09 o \ N 835 (17.9) 832 (17.8)

ek
09;\&\\‘")6\: o
()’\09 ?

Mann J et al, NEJM 2017



LEADER: Urinary Albumin/Creatinine
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LEADER: eGFR
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Change in eGFR (MDRD)

Pre-defined subgroups
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SUSTAIN-6: Semaglutide reduced the risk of new or worsenin(\;a‘

nephropathy compared with placebo be\o\og
)
2 6\0\\\,&}&
8 - \\@(\ \6\\9
_ _ _— Ser&@l&ﬁ%‘ cebo

. HR: 0.64 (95% C.I. 0.46, 0.88) ‘\6 ) \\6
8\0, Events: 62 semaglutide; 100 placebo 600 \6\\'6
S 6+
S
£ 4 — 3.8%
=
o

O-

Y T T T T T T T T
(keQ 8 (elko 24 32 40 48 56 64 72 80 88 96 104

. QQ . e\\G Time since randomisation (weeks)
No. of %%\ﬁ}e\‘ts at(rig&
‘%@Qlutide?%48 1630 1605 1580 1563 1541 1525 1518
O\ Placebo = 1649 1629 1570 1545 1518 1498 1471 1465

Marso SP et al, N Eng J Med 2016



SUSTAIN-6: New or worsening nephropathy: Benefit driven by,
reduction in persistent macroalbuminuria

Patients with event (%)
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G\b \ emaglutide
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MDRD, Moadification of Diet in Renal Disease
Vilsboll T. Presented 16" September at the 52" EASD Annual Meeting 2016, Munich, Germany; OP S35.3

Need for continuous renal-
replacement therapy

Persistent doubling of
serum creatinine level and
creatinine clearance per
MDRD <45 mL/min/1.73m?



What about individual antidiabetes agents?

— DPP4 inhibitors aa\\@
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Effects of sitagliptin on fractional excretion of sodium >
)
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Lovshin JA et al, Diabetes Care, 2017



Effects of sitagliptin on intact plasma SDF-1a
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DPP-4 inhibitors are associated with a reduction in albuminurj
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* Retrospective data showed a significant decrease in alouminuria in patients who had Typ@\%‘@fébetes and
were treated with linagliptin compared with those on placebo ,a()\ \\3)\
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Effects of linagliptin on UACR in the Marlina study
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There was no significant difference between linagliptjrd\ o
and placebo in the change in UACR from baselineaq\\@é? in@{@
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(gMean baseline UACR: 120.5 mg/gCr) (gMean baseline UACR: 132.2 mg/gCr)

Groop PH, et al Diab Obesity Metab 2017



Effects of saxagliptin on ACR at 2 years in the SAVOR study
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Saxagliptin improved ACR compared with placebo, 66\0\6\\
and this was irrespective of changes in HbA1C a(\ 5\6\\6
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Urinary Albumin to Creatinine (mg/g/Cr)
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Tami et al, Am J Cardiovasc Drugs, 2013



Summary

 Intensive glycaemic control is associated with improved CKD outcomes. 5 0\0‘0
\

o\
N\

Newer anthyperglycaemic classes have been demonstrated to have ne;@m’%r%@ \We effects:

Animal models indicate that GLP-1 RA and DPP4 inhibitors deg@@at@;{t@rogression of
diabetic nephropathy by inhibiting inflammation and omd&tbv% regsﬁ

DPP4 inhibitors and GLP 1 RA, in addition to Hb%@.}‘%v&eﬂ@b and weight, increase
natriuresis and influences RAAS 10 e C (5

DPP4 inhibitors and GLP 1 RA Ioweéaﬁumg\&ﬁa progressmn

These agents represent a Lg@ e@@ﬁé@nt paradigm in patients with T2DM and kidney
disease 6'3
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