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Clinical overview : CKD and DKD - outline

* Epidemiology of CKD and DKD
* eGFR and proteinuria
* Basic principles of management

— Slowing progression
— CVS risk reduction
— Reducing complications (anaemia, metabolic bone disease)

* Exciting new data regarding SGLT-2 inhibitors
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Low risk (if no other markers of kidney disease, no CKD)
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Kidney failure

30-44

15-29
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Albuminuria stages, description and range

Al

Normal to mildly
increased

<30 mg/g
(<3 mg/mmol)

Adapted from: NICE. Chronic kidney disease in adults: assessment and management (CG182). 2014. Available at: www.nice.org.uk/CG182

(accessed October 2018).
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CKD, chronic kidney disease; GFR, glomerular filtration rate;
NICE, National Institute for Health and Care Excellence.

UK/INV-180210; October 2018


http://www.nice.org.uk/CG182
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CKD, chronic kidney disease; GFR, glomerular filtration rate; Sc,, serum creatinine.
NIDDK. Glomerular Filtration Rate (GFR) Calculators. Available from: www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-evaluation/glomerular-
filtration-rate-calculators. Accessed July 2019.
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http://www.niddk.nih.gov/health-information/communication-programs/nkdep/laboratory-evaluation/glomerular-filtration-rate-calculators

Causes of progressive CKD in the UK

Diabetes 20 %
Hypertension/ renovascular 18 %
Glomerulonephritis 15 %
Pyelonephritis/ reflux 12 %
Polycystic/ other familial 10 %
Other 10 %

Unknown 15 %



Hypertension/renovascular disease 15%




Polycystic kidney
disease 10%

Fig. 101 Macroscopic appearance of a polycystic kidney. (Courtesy of
Dr D Peat.)




Normal glomerulus

Membranous




Diabetic nephropathy
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» Diabetes
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1in 5 adults with diabetes
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2 out of 3 people with
diabetes are undiagnosed

428 milion PEESA 3 out of 4 deaths due to
. ° diabetes were in people under 1in 4 live births is affected
the age of 60 by hyperglycaemia in pregnancy

T2DM, type 2 diabetes mellitus.
International Diabetes Federation. Diabetes Atlas, 8th edition. 2017. Available from: http://diabetesatlas.org/resources/2017-atlas.html. Accessed July 2019.
Diabetes UK. Number of people living with diabetes in twenty years (2018). Available from: https://www.diabetes.org.uk/about us/news/diabetes-prevalence-statistics. Accessed July 2019.
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http://diabetesatlas.org/resources/2017-atlas.html
https://www.diabetes.org.uk/about_us/news/diabetes-prevalence-statistics
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In people with type 2 diabetes
50 46 N = 71,002
40 Mean age = 71.0 years
32 Mean duration type 2 diabetes = 8.3 years
. 30
X
E 20
S 1 9.1 10.2
T
o 2.5 0.3
0
>90 60-89 30-59 15-29 <15 or Missing
dialysis
No. patients 6444 32,674 22,754 1770 194 7256

* Inthis large cohort of elderly patients, the vast majority of
patients had stage 2—3 chronic kidney disease

Huang ES, et al. Diabetes Care 2011; 34: 1329-1336.
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pssssssy” Kidney disease and mortality
In type 2 diabetes

-cause and >, 100.0%
cardiovascular 80.0%
mortality risk
associated with type 2
diabetes is
concentrated in a
subgroup of people
with diabetes and
kidney disease
(defined by
albuminuria, impaired

94.7%

60.0%

40.0% 55 504 31.6%

20.0% 77% 11.8% -
0.0%

Standardised 10-year
cumulative incidence of mortalit

Kidney disease powerfully predicts increased mortality in people with
diabetes

*Albuminuria was defined as >30mg/g (equivalent to >3mg/mmol, or microalbuminuria); fimpaired GFR was defined as a GFR <60mL/min/1.73m?2.
eGFR, estimated glomerular filtration rate; GFR, glomerular filtration rate; T2D, type 2 diabetes.
Afkarian M, et al. 3 Am Soc Nephrol 2013; 24: 302—308.
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ey CKD - Management strategy
A

ACE inhibitor/angiotensin receptor blockade

B
BP targeting

C

CV risk reduction

(D)
Diabetes management:

Glycaemia
Kidney protective agents

ACE, angiotensin-converting enzyme; BP, blood pressure; CV, cardiovascular.
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Goals of treatment in CKD (ABCD)

* Slowing or preventing nephropathy and ESKD
— Glycaemic control (D)
— Blood pressure control (A, B)
— Control of proteinuria (A, B)
* Improving quality of life
— Weight loss (B, C, D)
— Life style change with regular exercise (B, C, D)
— Anaemia management (C)

* Improving survival

— All of the above
— CVS risk management (C)



Targets for treatment

Glycaemic control : HbA1C < 48 mmol/mol (< 7.5%)
Blood pressure : < 130/80

Proteinuria : to be reduced (eg < 70 mg/mmol =< 700
mg/g; approx 700 mg/day)

Haemoglobin : > 120 g/l (if no ESA); 100-120 g/l with ESA
Cholesterol : total <4 mmol/l, LDL-C <2 mmol/l

Obesity : reduce BMI (eg < 30)

Exercise : 30 mins aerobic exercise X 3-4/week
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Type s Bpeted |
s | RENAAL & IDNT: Supporting the
backbone of therapy for 18 years

Doubling of serum creatinine, ESKD, or death
IDNT

RENAAL -
50 Placebo ¢*
Risk reduction, 16% P L —— Irbesartan
¢ -—-— Amlodipine I
¢ - R
069 .. Placebo ety

P=0.02

Months of Follow-up

Months of Study
Lewis EJ, et al. N Eng J Med. 2001;345(12):851-860.

ESKD, end-stage kidney disease.
Brenner B, et al. N Engl J Med 2001; 345(12): 861-869
DIABETES
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Rates of death and cardiovascular events rise as renal

function declines
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>60 45-59 30-44 15-29 <15

Estimated GFR (ml/min/1.73 m?)

Go et al etal. NEJM 2004 23: 351(13): 1296-1305



CVS risk factors in CKD

Cardiac structural changes — LVVH and CCF
Atherosclerosis

Vascular calcification/arterial stiffness
Phosphate

Vitamin D deficiency

Anaemia

Metabolic changes

Inflammation
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"~ Arterial Medial Calcification in

ESKD

London GM, et al. Nephrol Dial Transplant. 2003;18:1731-1740



Proportion suffering event (%)

25

20

15

10

SHARP: Major Atherosclerotic Events

Baigent et al, Lancet 2011,377:2181-92.

Risk ratio 0.83 (0.74 — 0.94)
Logrank 2P=0.0022

(16.5% reduction) Placebo

Eze/simv

n = 9438 CKD stage 3-5
(3191 on dialysis)

Years of follow-up



Iting new results with
SGLT-2 inhibitors : CREDENCE



Job code: UK/VT/0118/0048a
Date of preparation: February 2018

Renal licences of commonly used antidiabetic drugs

CKD Stage 1
(>90
ml/min/1.73 m?2)

Other
OADs —

DPP-4i __

SGLT-2i ___

GLP-1 RA __

*Pjoglitazone should be avoided in dialysed patients. No dose adjustment is necessary in patients with impaired renal function (creatinine clearance > 4 ml/min); tAdditional licence precautions; **Not
launched - Final licence precautions not confirmed. CKD, chronic kidney disease; DPP-4i, dipeptidyl peptidase-4 inhibitor; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1

1|

|

1

Metformin

Glimepiride

Repaglinide

Pioglitazone*

Sitagliptin

Alogliptin

Linagliptin

Dapagliflozin

Canagliflozin

Empagliflozin

Exenatide BID

Exenatide OW

Lixisenatide

Albiglutide**

Dulaglutide

Liraglutide

CKD Stage 2 CKD Stage 3 CKD Stage 4 CKD Stage 5

(60-89 ml/min/1.73 (30-59 ml/min/1.73 (15-29 ml/min/1.73 (<15
m?2) m?2) ma2) ml/min/1.73 m?2)

o s

e T
—
- —
.
N e

Avoid use

Indicated
.Restrictions apply
Contraindicated

receptor agonist; OADs, oral antidiabetics; SGLT-2i, sodium glucose co-transporter-2 inhibitor.
1 Product SmPCs Available at: www medicines ora uk/EMC/medicine/



Most filtered glucose is reabsorbed
by SGLT2 and SGLT1

9

Glomerulus

S1 _
Proximal tubule

180 g of glucose
and 25,000 mmol
sodium (Na*) is
filtered/day?2

S2

-

Glucose reabsorbed in the proximal
tubule:®

* 90% by SGLT2 in S1 and S2

* 10% by SGLT1 in S3

1. Wright EM, et al. J Int Med 2007;261:32—-43; 2. Finkelstien FO, et al. Biol Med 1979;52:271-287; 3. MedlinePlus. Urine 24-hour volume. Available at:
medlineplus.gov/ency/article/003425.htm (accessed October 2018); 4. Medscape. Urine Sodium: Reference Range, Interpretation, Collection and Panels. Available at:
emedicine.medscape.com/article/2088449-overview (accessed October 2018). 5. Chao EC. Nat Rev Drug Discov 2010;9:551-559.

Urine output is
0.1-2 L/day?

40-220 mmol/day
Na* secreted*

Very little or no
glucose excreted in
healthy people®

Quare

DIABETES

Na*, sodium; SGLT, sodium—glucose co-transporter.

UK/INV-180210; October 2018


http://medlineplus.gov/ency/article/003425.htm
https://emedicine.medscape.com/article/2088449-overview
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c Tubuloglomerular feedback

Vasoconstriction
afferent arteriole

SGLT?2 inhibitors
may enhance

tubuloglomerular
feedback

1 Na+/Cl
delivery macula
densa

SGLT2
inhibition

Sodium
Proximal tubular cell Glucose
Lumen Blood
Na*
Ko
Glucose

1 glucosuria
1 natriuresis

SGLT2 inhibitor

1. van Bommel EJ, et al. Clin 3 Am Soc Nephrol 2017;12:700-710.

UK/INV-180210; October 2018
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( Mechanism of action
4
Efforent

1. Cherney DZ, et al. Circulation 2014;129:587-97.

RAAS blockade

Efferent
dilation

SGLT2 inhibition +

RAAS blockade E

Afferent
constriction
+ Efferent
dilation

Aferent gl Efferent 4
*

\ 4
%t

Reduced
intraglomerular
pressure

Further reduction
in intraglomerular
pressure

UK/INV-180210; October 2018



Why Is CREDENCE Important?

e CV outcomes trial results suggested possible attenuation of renal effects in
patients with reduced kidney function

Composite of worsening of renal function, ESKD, or renal death

eGFR <60 Events, n HR (95% CI)
CANVAS Program 83 —_—
EMPA-REG OUTCOME NA —
DECLARE 59 - = !
Overall <= 0.67 (0.51-0.89)
eGFR 60-<90 i
CANVAS Program 118 —— .
EMPA-REG OUTCOME NA ' ® g Interaction
DECLARE 186 —— ! P Value - 0.0258
Overall < 0.56 (0.46-0.70)
eGFR 290 |
CANVAS Program 48 ' L 4
EMPA-REG OUTCOME NA < * '
DECLARE 120 —— |
Overall = | 0.44 (0.32-0.59)
I I I I I

0.25 0.5 1.0 2.0 4.0
Favc;rs SGLT2 Inhibitor Favors Placebo '

Zelniker TA, et al. Lancet. 2019;393(10166):31-39. “
CREDENCE




Study Design

Key inclusion criteria Key exclusion criteria
« 230 years of age « Other kidney diseases, dialysis, or kidney transplant
T2DM and HbA1c 6.5% to 12.0% « Dual ACEi and ARB; direct renin inhibitor; MRA

eGFR 30 to 90 mL/min/1.73 m?
UACR 300 to 5000 mg/g

Stable max tolerated labelled dose of
ACEi or ARB for =4 weeks

Serum K+ >5.5 mmol/L

CV events within 12 weeks of screening
NYHA class IV heart failure

Diabetic ketoacidosis or TIDM

Canaglifiozin 100 mg

2-week placebo
run-in

Double-
blind
randomizati
on
(1:1)

Placebo

Participants continued treatment if eGFR was <30 mL/min/1.73 m2 until chronic
dialysis was initiated or kidney transplant occurred.

Jardine MJ, et al. Am J Nephrol. 2017;46(6):462-472. “
CREDENCE




Effects on Body Weight

Baseline (kg)
171

—&— Canagliflozin —o— Placebo
87.3 86.9

08 oo

LS mean change (£SE)
in body weight (kg)
-

'Y
-I\.\f = —

—— ——
Mean difference over study ‘+\+

_2 . _
2 ~0.80 kg
3 (95% CI: —0.92, —0.69)
Q¢ 3 6 12 18 24 30 36 42

No. of participants

Months since randomization

ITT analysis
1179 679 244

1256 731 263 CREDENCE




Effects on Albuminuria (UACR)

Median baseline —&— Canagliflozin —o— Placebo
(mg/g) 914 918
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Mean % difference over study
200 - -32%

(95% CI: -36, —28)

0 | | | | I

— : %

P

Geometric mean (95% CI)
UACR (mg/g)
(o)}
o
<)

0 6 12 18 24 30
Months since randomization
No. of

participants
Placebo 2113 2061 1986 1865 1714 1158

36

685

730

42

251 177 analysis

271 (¢
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Primary Outcome: ESKD, Doubling of Serum Creatinine,
or Renal or CV Death

—~
© 25 -
S Hazard ratio, 0.70 (95% CI, 0.59-0.82) 340
- 20 - P = 0.00001 participants
:
245
S 15 - .
[ participants
S5
S 010 -
()]
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8 5- —Placebo
.g —Canagliflozin
E o I I I I I I 1
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18 24 30 . 36 1 42
Months since randomization

No. at risk
Placebo 2199 2178 2132 2047 1725 1129 621 170

21 1 646 196 “
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ESKD, Doubling of Serum Creatinine, or Renal Death

Sl —Placeb

< Hazard ratio, 0.66 (95% CI, 0.53-0.81) acebo

= P <0.001 —Canagliflozin

S 20 -

>

° 224

ﬁ L5 - participants
i

E 153

) 10 participants
d

c

35

9

t

[(+) 0 n T T T T T T 1

& o 6 12 18 24 30 36 42

Months since randomization

No. at risk
Placebo 2199 2178 2131 2046 1724 1129 621 170

1211 646 196 “
CREDENCE



Effects on eGFR

—&— Canagliflozin —o— Placebo
Baseline 56.4 56.0

e~ 2%-0.55
=% -
(I'H m -4 - l_3.72
N -6 -

=i —
o= 8171 Acute eGFR slope (3 weeks) 1.85/year
& € J10 1 Difference: -3.17 (95% CI, -3.87, -2.47)
'5 ~N o122 A

-
c g -14 1 _
0 ; -16 - Chronic eGFR slope 4.59/yee..
Ew -18 - Difference: 2.74/year (95% CI, 2.37-3.11) -
no
- 0 '20 T T T T T T T

0 6 12 18 . 24 30 1 36 42

Months since randomization

No. of Participants
On treatment

1006 583 210 “
1116 652 241 CREDENCE



Summary : CKD and DKD

KD affects up to 10% of UK population
KD is commonest cause
KD associated with high CVS risk, greatest in DKD

inical management is aimed at

— Slowing progression (iBP, iproteinuria)

— CVS risk reduction

— Managing complications (anaemia, metabolic bone disease)

New class of anti-diabetic therapies shows great
promise for future CKD management
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