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Introduction

* Diabetes: Most common cause of CKD and kidney
failure

* Diabetic nephropathy affects approximately 20-40 %
of individuals who have diabetes

Screening for diabetic nephropathy, early

intervention and proper glycemic control delays
Drogression

Diabetes Care Volume 40, Supplement 1, January 2017



Special challenges in CKD
in treating hyperglycemia
* Complexity of treatment
* Require dose adjustments

* Insulin resistance predicts CV events:

e Characteristic feature of uremia, irrespective of kidney
disease cause

e Assos with PEM, atherosclerosis
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Pharmacological changes

Altered absorption
e Uremia
e Delayed gastric emptying time: P Gastroparesis
e Intestinal edema

Drug distribution

e Quantitative changes

« Hypoalbuminemia - nephrotic syndrome
e Qualitative changes

« Drug displacement by accumulated acids

» Uremia-induced changes in albumin’s tertiary and quaternary
structures



Why is this important?
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Incident Rate Ratios

3.18

+CKD, +Diabetes
LKD, +Disbates
LKL, -Dhabetes

Moen, M.Fet al Clin. J. Am. Soc. Nephrol. 2009, 4, 1121-1127
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Glucose«S0 mg/dl

Glucose <60 and 250 mg/dl

Glucoie < T0 and 260 mg/dl

All p-values < 0.0001, (95% CI)
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Hypoglycemia, CKD and death in T2DM

Cumulative incidence of all-cause death stratified by presence of CKD
and severe hypoglycaemia
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Cumulative Mortality

0.1

= Hypoglycemia=Yes & CKD=Yes (top)

Hypoglycemiz=Yes & CKD=Mo {(mid-top)

== Hypoglycemia=No & CKD=Yes{mid-botiom)
== Hypoglycemia=No & CKD=No{boftom)

n: 8767

Follow-up time in years

Severe hypoglycaemia alone:
HR: 1.81(95%CI: 1.38 to 2.37)

CKD alone
HR:1.63 (1.38 t0 1.93)

Having both risk factors
HR: 3.91 (2.93 to 5.21)

BMC
Endocrine Disorders

Kong et al. BMC Endocrine Disorders 2014, 14:48






~ HbA1lc and mortality in

All-Cause Mortality Hazard Ratio U0
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6 yrs cohort study (2001-2006) 54,757 diabetic MHD patients

Ricks ] et al Diabetes 61:708-715, 2012



With co-morbidities or limited life

expectancy and risk of hypoglycemia
HbAi1c >7.0%

AMERICAN DI TES ASSOCIATION

STANDARDS OF National Kidney
MEDICAL CARE Foundation*
IN DIABETES—2017 DO




Flowchart of management targets for HbA1C in
diabetes and CKD stage 23b

Comprehensive risk analysis:

FRAILTY of ONE of the following: yes - 8.5%
'1 < 69 mmol/mol | 196mg/dLeAG
* Risk for hypoglycaemia (see Figure 5)
* Poor motivation and attitude of patient
* Decreased general life expectancy
* Cardiovascular disease
* Presence of micro-vascular complications
no
Y
Lifestyle only ves =.0%
or » £53 mmul/mol 154Il‘lg/dL eAG
Therapy with low hypoglycaemia risk
no
; 5 yes <64 \/mol ' 8.0%
Diabetes durahon > 10 years < 64 mmol/mol 183mg/dL eAG
’—'~ 7.5%
no | » <58 mmol/mol 167mg/dL eAG

From: Clinical Practice Guideline on management of patients with diabetes and chronic kidney disease stage 3b or higher (eGFR <45
mL/min) Nephrol Dial Transplant. 2015;30(suppl_2):ii1-ii142. doi:10.1093/ndt/gfvioo
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Management of DM in CKD
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Treatment

Dietary : Anti diabetics
e Diabetic diet Antihypertensive treatment

e Protein intake Lipid modifying agents

e Excercise Aspirin

e Saltin take Correction of anemia, Calcium ,
¢ Fluid intake Phosphorus,

Hyperparathyroidism

Concern with K* and PO >
Renal replacement therapies

Modification and/or treatment of * Dialysis
other associated risk factors « HD
e Smoking « PD
e Weight reduction e Transplantation

« Kidney+Pancreas



’ Pharmacologic Treatment of DM
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nsulin

Acarbose
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Ifonylures 8 ' Sitagliptin
fetformi Saxagliptin
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lipizide Tenelegliptin
limepiride
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Dapagliflozin
AGI: alpha glucosidase inhibitors; TZD: thiazolidinediones, GLP-1: Glucagon-like peptide-1, Canagliflozin
DPP-4 inhibitors: Dipeptidyl peptidase-4 inhibitors , SGLT : sodium-dependent glucose transporter 1 inhibitors

Empagliflozin
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Frequency of use of different OADs among DM patients

Others 9.5

Repaglinide 5.1

Sitagliptin 6.7

Meticrmin 67.2

1] 10 E.EI 30 40 20 &0 70 g0 a0 100
Frequency of OAD use in %

Creatinine-based BIS1 equation : 3736 Xcreatinine 87 X age95 X0.82 [if female]

A. Douros et al.: Fundamental & Clinical Pharmacology: 2015
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Oral antidiabetic drugs used in CKD

Metformin 42.2% (136) Exenatide 0.3% (1)
Gliclazide 20.6% (62)  Liraglutide 4.7% (3)
Glibenclamide 24.4% (22)  Vildagliptin 15% (45)
Glimepiride 5.6% (17)  Sitagliptine 20.9% (63)
Repaglinide 24.3% (73)  Acarbose 3.3% (10)

Muller C, et al CERRENE study group. ] Diabetes Complications. 2016 May-Jun;30(4):675-80.
doi: 10.1016/j.jdiacomp.2016.01.016. Epub 2016 Jan 22.



CKD under Hospitalization in China

Antidiabetic

Medication
Treatment

—

19.38%

2.712%

19.05%

3.99%
= -".

. One 0AD 4+ Insulin

. x.lEI..m « Two OADs+ Insulin
Three OADs+ Insulin
-, >aFour OADs + Insulin

o

Othee W‘”;H;;ﬂ'l- TewanrFem
0AD Only
Inifaaleni Oy

7.61% = QAL+ Irsulin

30.48% One Drug
Two Drugs Comb.
42 B6% Thise B Coads

ssFour Drugs Comb.



Use of Metformin in CKD

eGFR (mL/min per 1.73 m")

Lise of metformin

= 60 (CKD 1 and 2)

45-60 (CKD 3a)

30-45 (CKD 3b)

< 30 (CKD 4 and 5)

No confraindication
Check of renal function anmually
Use of metformin-reduce dose
(no more than 1.3-2 g daily)
Frequent check of renal function
(every 3-6 mo)

Reduce dose
(no more than 1-1.5 g daily)
NO new cases
Frequent check of renal function
(every 3-6 mo)

Stop metformin




cretin based Insulin
secretagogues

* DPP4 inhibitors

Efficacy and safety demonstrated in CKD
Require a dose adjustment

Limited experiences




ipeptidyl Peptidase-4 Inhibitors in
Renal Impairment

Meta-analysis for changes in HbA1c levels

.Iﬂln DDP4i Placebo or Mo Treatment Mean Differsnce Mean Difference
" [ alw O 2.2 v rean L} l. =11 sr=lnle{r S =h = S
Chan 2008 A6 0.8 62 01 075 2D 12.3% 0050 [H0.85, -0.15) 2008
o 2041 06 063 30 D06 048 M 162% 054 [H0.84_-0.24] 2011 v
Y R, R - EE s Cite Lo W BN K R I o | (LK | '
Conclusions

Effective at lowering HbA1c in T2DM patients with moderate to severe
renal impairment.

Potential advantage in lowering risk of adverse events e

Fawvours DFP4i  Fawvours Placebo

E- DPP4i Glipizide Mean Difference Mean Difference
iy O DOIroALp flea ] Total Mes ] W, Kz e par L Hau;lqm.ﬂﬂ-h Cl
Fereira2013b 072 1.2 62 087 12 53 353% 0.15 [-0228, 0.58] 2013 TR .. AR

OLd

[ T &,

Arjona Fereira2013a 0.8 089 135 -06 091 142 64.7%  -0.20 [-0.41, 0.01] 2013 i

Total (35% CI) 197 201 100.0°%  -0.08 [-0.40, 0.25] ~l-
Heterogeneity: Tau? = 0.03; Chi® = 2.08, df = 1 (P = 0.15); P = 52% _’1 —u:fs [’J 0:5 1
Test for overall effect: Z = 0.46 (P = 0.65) : ;

Favours DPP4i  Favours Glipizide

Cheng D, Fei Y, Liu Y, Li J, Chen Y, et al. (2014) Efficacy and Safety of Dipeptidyl Peptidase-4 Inhibitors in Type 2 Diabetes Mellitus
Patients with Moderate to Severe Renal Impairment: A Systematic Review and Meta-Analysis. PLoS ONE 9(10): e111543.



Linagliptin Lowers Albuminuria on nTo

Renal Dysfunction

A 12 weeks - 24 weeks
Limaglptin Placabo Linaghotin Placsbo
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GROORP P et al; Diabetes Care 36:3460-3468, 2013
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, ium—glucose cotransporter 2

inhibitors

~ vasoconstriction
afferent arteriole
C iNaver
delivery macula
densa
,/. \
t [Na*]
t [Glucose] 4
\ | 1 uric acid
\| secretion
Proximal tubular cell
Lumen Blood
AT
Glucose
GLur2 *
| Tﬁucosur'ia "
SGLT2 inhibitor 1 natriuresis

SGLT2 inhibitors affect multiple sites in the diabetic kidney
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Approved

FDA/EMA/PMDA
Dapagliflozin

Canangliflozin

Empagliflozin

Clinical findings
| Plasma glucose
| Body weight

Trial

| Blood pressure Ertugliflozin

| Plasma uric acid

| Glomerular hyperfiltration Sotagliﬂozin
Remogliflozin

Approved

PMDA
Ipragliflozin

Tofogliflozin

Luseogliflozin

Erik ].M. van Bommel et al; Clin ] Am Soc Nephrol, 2016



odium—glucose cotransporter 2
inhibitors

A0
w -2 Canagliflozin 100 mg
w
H -4 Canagliflozin 300 mg
[1}]
£
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% 4 Empaglifiozin 25 mg
%

£+
% Placebo
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04 12 28 52 B6 80 94 108 122 135 150 164 178 192 208

Time (weeks)

SGLT2 inhibitors induce stabilization of eGFR trajectory when

compared to SU or placebo
Erik .M. van Bommel et al; Clin ] Am Soc Nephrol, 2016



enal function trajectory in the EM

")
PA®

-
94 >
Y S
Z, O_‘. ) 5
RN !
5 o
ESEARCH
-—

REG OUTCOME trial
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70 4
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30 4
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o 4

Rate per 1000 Patient-Years

HR = 0.61 B Empagliflozin ® Placebo

*P<0.001

Incident or Worsening Progression to Composite Renal
Nephropathy* Macroalbuminuria® Outcome®

DM at high CV risk, slows progression of kidney

disease and lower rates of clinically relevant renal

events when added to standard care

EMPA-REG OUTCOME Investigators: N Engl ] Med 375: 323-334, 2016
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Empagliflozin vs Canagliflozin

Hazard ratio (95% CI)

CV death, nonfatal myocardial infarction,

or nonfatal stroke

—8—: CANVAS Program
== EMPA-REG OUTCOME

[——

MNonfatal myocardial infarction i

Nonfatal stroke : .|-|—I:I—|I
Hospitalization for heart failure g
CV death or hospitalization for heart failure O i

= : [
All-cause mortality - 5
Progression to macroalbuminuria* ——

- 0
Renal composite* |_;_| 7

| [ I I
: _ 0.25 0.5 1.0 2.0

*CANVAS Program endpoints comparable with -

EMPA-REG QUTCOME.

e
Favors SGLTZ2i Favors Placebo



odium—glucose cotransporter 2
inhibitors

Baseline eGFR (mL/min/1.73m?)

=30 to <60 =60 to <90 =90
(N=258) (N=1226) (N=704)

-0.1-
-0.2-
0.3 ¥
O
-0.5 I e
-0.6 - *
-0.7 -
-0.8-

at Week 24 (%) with 95% ClI

HbA1c difference vs Placebo

Dapagliflozin; 10 mg once-daily

Glucose lowering efficacy is reduced with declining eGFR

Erik .M. van Bommel et al; Clin ] Am Soc Nephrol, 2016
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Dose recommendations in CKD

Sulfonylureas

a-gluc
inhibitors

Metformin
Chlorpropamide
Acetohexamide
Tolazamide
Tolbutamide
Glipizide
Glicazide
Glyburide
Glimepiride
Gliquidone
Repaglinide
Nateglinide
Acarbose

Miglitol

250mg, 1-3 times/day

’ CKD-5ND

Consider carefully/Awaiting further data

Start at low doses and dose titration every 1-4 weeks

Recude dosage to 1 mg/day

i
§ ‘l|
E

Start at 60 mg/day

;
§
%

From: Clinical Practice Guideline on management of patients with diabetes and chronic kidney disease stage 3b
or higher (eGFR <45 mL/min) Nephrol Dial Transplant. 2015;30(suppl_2):ii1-ii142. doi:10.1093/ndt/gfvioo



DPP-IV
inhibitors

Incretin
Mimetics

SGLT-2
inhibitors

Pioglitazone
Sitagliptin
Vildagliptin
Saxagliptin
Linagliptin
Alogliptin
Exenatide
Liraglutide
Lixisenatide
Pramlintide
Dapagliflozin
Canagliflozin
Empagliflozin

Limited experience available
Limited experience available
Reduced efficacy

Limited experience available

Reduce to 50 mg/day

A %
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Dose recommendations in CKD

-0

Reduce to 25 mg/day

Reduce to 50 mg/once daily

Careful monitoring

Reduce to 12,5 mg/daily

_ Reduce dose to 5 mcg/once to twice daily

Limited experience available

e ot

Reduce to 2,5 mg/once daily

No experience
available

From: Clinical Practice Guideline on management of patients with diabetes and chronic kidney disease stage 3b
or higher (eGFR <45 mL/min) Nephrol Dial Transplant. 2015;30(suppl_2):ii1-ii142. doi:10.1093/ndt/gfvioo



antidiabetic drugs on kidney function

i WEREGEEASAaS Sulfonylurea
Metformin
25
....... Rosiglitazone
20 H
15 =

Cumulative incidence (%)

N: 93577

—

Total at risk (%) 93,577 (100)
Metformin 61,104 (100)
Sulfonylurea 30,550 (100)
Rosiglitazone 1923 (100)

aHR

Primary end point

secondary outcome

41,414 (44)
27,855 (46)
12,806 (42)

737 (38)

Year
19,536 (21) 8564 (9)
13,060 (21) 5669 (9)
6160 (20) 2768 (9)
307 (16) 127 (7)

Metformin vs SU

—

4

3054 (3)
2019 (3)
1012 (3)

23 (1)

1.20 (95% ClI: 1.13, 1.28)

= 65 years (N=36,534) i PR —

:
< 65 years (n1=57,043) | e——

L]

:
Blacks (n=15,583) : o

'
Non-blacks (n=77,994) | ——
HbA1Cc>7 (n=53,566) E e
HbA1C <7 (n=43,868) E —=

:
ACEVARBS (n=53,176) i —.—
No ACEVARBS (n=40,401) (AR

L] Li ':' Li L]
0.50 075 1.00 1.25 1.50

Hazard ratio (95% CI)

1.19 (1.08, 1.30)

1.21 (1.12, 1.32)

1.18 (0.99, 1.42)

1.21 (1.13, 1.29)

1.19 (1.10, 1.29)

1.20 (1.09, 1.32)

1.23 (1.14, 1.33)

1.14 (1.02, 1.26)

Metformin Sulfonylurea

SU vs rosiglitazone

0.76 (95% CI: 0.59, 0.99)
1.20 (95% Cl:1.13,1.28)  0.73 (95% CI: 0.57, 0.94)

Hung AM et al, Kidney International (2012) 81, 698-706; doi:10.1038/ki.2011. 444
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ENDOCRINE PRACTICE AACE CLINICAL CASE REPORTS -

Outcomes Associated with Nonconcordance to NKF Guideline
Type 2 Diabetes and Chronic Kidney Disease 3-5

* 58.3%: Nonconcordant with guidelines
(N = 3,300)
* Nonconcordant patients were more likely to have
e Severe hypoglycemic events
(HR: 1.24; 95% CI: 1.03-1.49)
e Less likely to have glycemic control
(OR: 0.70; 95% CI: 0.57-0.85)

Shih-Yin Chen et al, Endocrine Practice
March 2014, Vol. 20, No. 3, pp. 221-231 https://doi.org/10.4158/EP13269.OR
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oW nephrologlsts handle with oral

antidiabetic drugs
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glibenclamide

B Outsigde
recommendations

B Inside recommendations

Different with method of
estimation of GFR:

53.5%: CKD-EPI
38.2%: CG formula

45.9%: CKD-EPI de-indexed

Muller C, et al CERRENE study group. ] Diabetes Complications. 2016 May-Jun;30(4):675-8o.
doi: 10.1016/j.jdiacomp.2016.01.016. Epub 2016 Jan 22.



Treatment algorithm in patients with type 2
diabetes mellitus and chronic kidney disease

Changes to lifestyle

(Nutritional therapy and exercise)

*—@M“'{ HbA,_ ;l 8.5 % )

— HbA,_6.585% ) - .
5 Symptomatic
- i - hyperglycaemia}
FG > 45 ml/min FG = 30-45 ml/min FG < 30 ml/min
v
IDPP4®e
or

Metformin Repaglinide Insulin

or

[

The HbA,_*target is not
achieved in 3 months

Metformine

Metformin

IDPP4® Consider other options

SU= or repaglinide
IDPP4®  Repaglinide
or

IDPP4F
14D : Repaglinide
SGLT2-inhf or
Baseline Insulin
GLP1-RA agonists

Repaglinida
IDPP4b

baseline Insulin

Metformin® Tzpc
GLP1-RA agonists®
Ricardo Gémez-Huelgas et al. Nefrologia 2014;34(1):34-45



Summary

e &

Safe use of oral ant1 hyperglycem1c agents REX

Newer drugs W1th better safety proflle and outcomes

Measure CrCl before presgrlblng OADs and monltor

Should have,a comprehenswe care of ¢ any patlent Wlth Drabetes

Metformin

Alpha glucosidase inhibitor

DPP-1V inhibitors
Incretin mimetics
TZD’s

SGLT-2 inhibitors

* Short-acting SU derivates or

* Meglitinides

SU derivates with inactive
metabolites

Hypoglycaemia risk
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