


Glomerular Histopathology in
Type 2 Diabetic Nephropathy




Development of ESRD in Type 2
Diabetes After Diagnosis of Proteinuria
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Stages of Renal Involvement According to the Urinary Albumin Excretion

Stage of nephropathy

Urine dipstick
for protein

Urine ACR (mg/mmol/L)

24 hour urine collection
for albumin®

Normal

Negative

<2.0 (men)
< 2.8 (women)

< 30 mg/day

Microalbuminuria

Overt nephropathy
(macroalbuminuria)

Negative

Positive

2.0-20.0 (men)
2.8-28.0 (women)

>20.0 (men)
> 28.0 (women)

30-300 mg/day

> 300 mg/day

*Values are for urinary albumin, not total urinary protein, which will be
higher than urinary albumin levels
ACR = Albumin to creatinine ratio

CDA 2003




Potential role of hyperglycemic spikes in
diabetic complications

HYPERGLYCEMIA \

Polyol pathway | Protein glycation
1 Glucose auto-oxidation

Antioxidative defenses Oxidative factors

———_ Glucose auto-oxidation
0,/NO —

-

NO-dependent
vasodilation
Intracellular Ca* PN | DL oxidation
VSMC proliferation ‘

‘ Hemorheologic disturbances
Activation of coagulative pathway

VSMC = Vascular smooth muscle cell
NCV = Nerve conduction velocity Adapted from Giugliano et al. Diabetes Care 1996;19:257-267.




Diabetic nephropathy: Albuminuria

* Diabetic nephropathy is the #1 cause of end-stage renal failure in Canada
and in the western world

Radioimmunoassay Albustix-positive

Normal range | Microalbuminuria

mg/day  Albumin

excretion
| ug/min rate (AER)
200

t

Total urinary protein ~ 500 mg/day

I
300

Maher JF. Am Fam Physcian 1992;45:1661-1668.
Meltzer S et al. CMA/ 1998;159 (Suppl 8):51-529.







Mechanism of diabetic nephropathy

Normal

Early nephropathy

Advanced nephropathy

Glomerular
capillary pressure
35 mm Hg
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Microalbuminuria

Glomerular
capillary pressure
45 mm Hg

100-200 A

Macroalbuminuria

Goode NP et al. Diabetologia 1995;38:1455-1465.
Meltzer S et al. CMA/ 1998;159 (Suppl 8):51-S29.
Selby JV et al. JAMA 1990;263:1954-60.













Effect of ACE-l or ARB Treatment




Effect of ACE-l or ARB Treatment




Effect of ACE inhibitor Treatment

Non-hemodynamic effect







\What Is the association
between albuminuria and
cv disease?




HOPE Trial - Independent Predictors
of Primary OQutcome

Variable HR (95% CI)

Elevated serum creatinine 1.40 (1.16-1.69)
Microalbuminuria 1.59 (1.37-1.84)
Coronary artery disease 1.51 (1.22-1.85)
PVD 1.49 (1.29-1.70)
Diabetes mellitus 1.42 (1.23-1.65)
Male sex 1.20 (1.01-1.43)
Ramipril use 0.79 (0.69-0.89)
Age (1 yr increase) 1.03 (1.02-1.05)

Elevated serum creatinine = > 122 micromoles/L




HOPE Study

- patients with
dipstick
proteinuria were
excluded










Ravid M et al. Ann Intern Med. 1993;118:577-581.










ACE Inhibitors vs Non-ACE Inhibitors in
Type 2 Diabetes and Proteinuria










Eastman RC, Keen H. Lancet 1997;350 Suppl 1:29-
32.




A: U-Prot <150 mg/L [l B: U-Prot 150-300 mg/L C: U-Prot >300 mg/L
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U-Prot, urinary protein concentration.
Miettinen H et al. Stroke. 1996;27:2033—-2039.




—

1.4%
0.1% 2.0% (1.3% to 1.5%)
(0.1% to 0.2%) (1.9% to 2.2%)

No nephropathy

—

Microalbuminuria 3.0%

0.1%
(0.0% to 0.1%) 2.8%
(2.5% to 3.2%)

(2.6% to 3.4%)

—

Macroalbuminuria 4.6%
(3.6% to 5.7%)

0.3% 2.3%
(0.1% to 0.4%) (1.5% to 3.0%)

—

Elevated plasma 19.2%
creatinine or RRT (14.0% to 24.4%)

Annual transition rates with 95% confidence intervals through the stages of nephropathy
and to death from any cause.
UKPDS: United Kingdom Prospective Diabetes Study

RRT: renal replacement therapy Adler Al, et al. Kidney Int 2003;63:225-32.







HOT Study:







— Any diabetes-related endpoints

1. UK Prospective Diabetes Study Group 38, 1998.
2. UK Prospective Diabetes Study Group 33, 1998.
3. UK Prospective Diabetes Study Group 39, 1998.




* Mean BP achieved: 144/82 vs. 154/87 mm Hg

UK Prospective Diabetes Study Group. BMJ 1998;317(7160):703-713.
UK Prospective Diabetes Study Group. Lancet 1998;352(9131):837-853.




Cardiovascular-Renal Protection




IRMA 2
Study Design

N

Parving H-H, et al. N Engl J Med 2001;345:870-
878.




IRMA 2
Clinical Outcome Measures

Parving H-H, et al. N Engl J Med 2001;345:870-
878.




IRMA 2 Primary Endpoint
Time to Overt Proteinuria

Parving H-H, et al. N Engl J Med 2001;345:870-
878.




IRMA 2
Normalization of Urinary Albumin Excretion Rate

Parving H-H, et al. N Engl J Med 2001;345:870-878.
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Before prescribing pharmaceutical
preparations containing

telmisartan or any of the products
mentioned in this slide resource,
please consult the manufacturers’
prescribing information as
approved in your country. The
pharmaceutical preparations
containing telmisartan by







All patients










reducing progression
Increasing regression




RENAAL




RENAAL- Primary Hypothesis

losartan

Brenner BM et al J Renin-Angio-Aldo System 2000;1(4):328-335.




RENAAL- Study Design

Losartan

Losartan

Losartan

Goal trough BP:
< 140/<90 mmHg

Brenner BM et al J Renin-Angio-Aldo System 2000;1(4):328-335.




RENAAL-Primary Composite Endpoint &
Components

Brenner BM et al New Engl J Med 2001;345(12):861-869.




RENAAL- Change from Baseline in Proteinuria

40

p<0.001
35% Overall Reduction
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Proteinuria measured as the urine albumin:creatinine ratio from a first morning void.

Brenner BM et al New Engl J Med 2001;345(12):861-869.




RENAAL- Occurrence of CV endpoint
according to baseline proteinuria
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Baseline proteinuria predicts outcome

CV Endpoint Heart Failure

=3.0 0/
=1.5<3.0 g/g

% with CV endpoint
% with heart failure endpoint

CV Endpoint i Heart Failure

o

Hazard ratio relative to
lowest proteinuna
Hazard ratio relative to
lowest proteinuria
B

na
T

2.0 2.95 44 =525 . 20 2.95 44 =525
Albuminuria {g/g) Alburinuria (g/g)




% with CV endpoint

Hazard ratio for cardiovascular event

Percentage reduction of proteinuria
predicts outcome

CV Endpoint ) Heart Failure
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%6 with heart failure

Month Month

CV Endpoint ) Heart Failure

Hazard ratio for heart failure

-90 25 0 25 50 72 a0 25 0 25 50 72
Albuminuria reduction (%) Albuminuria reduction (%)



Telmisartan 80 Losartan 100













Telmisartan Losartan




Telmisartan Losartan




Telmisartan Losartan




Telmisartan Losartan




Summary of mean SBP and DBP during Active
Treatment
Telmisartan Losartan

SYSTOLIC

DIASTOLIC




Geometric mean UPC (mg/gCr)

p = 0.0284 for treatment ratio in favour of telmisartan

Baseline Endpoint

Telmisartan
(n = 407)

Baseline Endpoint

Losartan
(n = 420)










The AMADEO study confirms the renoprotective
profile of ARBs

Telmisartan provides superior reduction in
proteinuria compared with Losartan, despite no
significant differences in blood pressure control

Continuous use of Telmisartan may slow the
progression to ESRD in patients with diabetic
nephropathy and reduce the risk of
cardiovascular events

Pharmacological differences in ARBs may have
implications in renal and cardiovascular
protection




The renin-angiotensin system plays an important
role in diabetic kidney disease

ARBs reduce proteinuria and the rate of
deterioration of renal function

The reduction in proteinuria predicts the
reduction in ESRD and cardiovascular events in
these diabetic patients

Greater reduction in proteinuria should provide
greater reduction in the risk of ESRD and
cardiovascular events







Study Design

Screening

ONTAPGET

Randomisation (n = 23,400)"

Telmisartan
80 mg/day
+

Placebo

Ramipril
10 mg /day
+

Placebo

80 mg /day
+

Ramipril
10 mg /day

n = 7,800
Telmisartan

Follow-up at 6 weeks

Follow-up

every 6 months for 5.5 years

* Planned. Actual = 25,620

Randomisation (n = 6,000)"

Telmisartan
80 mg/day

Follow-up at 6 weeks

Follow-up
every 6 months for 5.5 years

T Planned. Actual = 5,926




Primary Endpoint

* Primary composite cardiovascular
endpoint:




Secondary Endpoints




Other Endpoints




Substudies

Cardiac MRI

Oral glucose
tolerance test (OGTT)

Erectile dysfunction

| ____—® Arterial stiffness

————& Blood markers

Ambulatory blood

| pressure measurement
(ABPM)

Health economics







Cardiovascular-Renal Protection







Systolic & Diastolic BPs

Systolic BP Diastolic BP




Occurrence of CV endpoint
according to reductions after 6 months

Change from Baseline

by Month 6

et
£
Q
Q.
[®]
O
>
@)
=
=
2




RENAAL




Public Health Implications of RENAAL

*  Assumes annual cost of ESRD is $56,000 based on Medicare (USRDS 2000). Drug cost based on AWP.
** NHANES IIl diagnosed diabetic patients with proteinuria (> 300 mg/g) assumed to have Type 2 diabetes
based on age of diagnosis > 30 years







— |rbesartan I
RRR 23% |

_ P=0.006 .
Amlodipine— RRR 20%

P=0.02
P=NS |

Subject = Control

s (%)

24 30 36 42 48 54 60
Follow-up (mo)
















