Therapeutic Approaches to Chronic
Kidney Disease—Beyond the RAS

* Despite improvements in glycemia and BP control, and
the efficacy of RAS blockade, a substantial number of
patients will progress to ESRD.

 This finding is consistent that key pathogenetic
mechanisms leading to progression of renal disease are
not modified or inactivated by current therapeutic
approaches.

 Understanding the key mechanisms leading to
progressive CKD and developing nephroprotective
agents is critical to slowing the progression of this
deadly process.

Nat Rev Nephrol 2014;10:325-346



ON-TARGET Trial: Dual RAS Therapy with
Ramipril and Telmisartan Failed to Decrease
Vascular Events

Telmisartan
—— Ramipril
- Telmisartan plus ramipril
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Years of Follow-up

No. at Risk

Telmisartan

Raﬁﬂpﬂ| 8576 7832 7472

Telmisartan 8502 7738 7375
plus ramipril

8542 7778 7420

Baseline UACR 929 mg/g CR

N Engl J Med 2008;358:1547-1559



ALTITUDE Trial: Dual RAAS Therapy with
Aliskiren and ACEi/ARB Failed to Decrease
Vascular Events

Hazard ratio, 1.11 (95% Cl, 0.99-1.25)
P=0.09
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Outcome (percent of patients)

6 12 24 30
Months since Randomization

No. at Risk
Aliskiren 4274 4094 3939 3726 3019 2340 1382 679
Placebo 4287 4117 3644 3741 3079 2385 1427 680

Baseline UACR 206 mg/g CR

N Engl J Med 2012;367:2204-2213



VA-NEPHRON-D Trial: Dual RAAS Therapy
with Losartan and Lisinopril Did Not Provide
an Overall Clinical Benefit

Primary End Point
100 Percent of Patients (95% Cl)
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Months since Randomization

No. at Risk
Losartan+placebo 724 641 543 453 335 238 149 75 14
Losartan+lisinopril 724 631 534 457 347 245 139 69 10

Baseline UACR 862 mg/g CR

N Engl J Med 2013;369:1892-1903



Therapeutics Identified in the
Inflammatory Pathway

Hyperglycemia

!

Inflammatory NF-«B inhibitors
state Increased NF-«x B expression - Thiazolidinediones (rosiglitazone, pioglitazone)
- 1,25-Dihydroxyvitamin D3

Increased JAK/STAT pathway| JAK1/JAK2 inhibitor (baricitinib)
transcrlptlon

Increased expression of
inflammatory cytokines

- 1L-1, IL-6, IL-18 | MME, turmeric

- TNF-a — TNF-« inhibitors
(etanercept, infliximab,
pentoxifylline,
silymarin)

Journal of Diabetes Research Volume 2015, Article ID 697010, 16 pages



Therapeutic Agents Identified in the
Metabolic and Alternative Pathways

) — Aldose reductase inhibitors
~,_ Hyperglycemia (epalrestat, tolrestat)

Aldose

Glucose Sorbitol

Sodium-glucose I {_\

cotransport NADPH NADP+

. in h_h_ltnr-.;_ Glucose-6P ‘ . . . B
{canagliflozin, , __— Glutamine analogs (azaserine, rhein}
dapagliflozin) and l —
Sirtl activators
(resveratrol) Fructose-6-P

_ AGE inhibitors (aminoguanidine, pyridoxamine)
- AGE binder (sevelamer)
Reactive dicarbonyls +

Pentose-  Benfotiamine - ' amino acids o Anti-CTGF monoclonal
5p ¢ — " / Ab (FG-3019)

Glyceraldehyde-3-P Increased CTGE

Bardoxolone,

\+ Increased ROS —— .
. sulodexide,

\ * Increased TGE-f1 nicorandil
PKC-B
TGEF-f1 inhibitors

(sulodexide, cilostazol,
pirfenidone, tranilast)

Selective PKC-f3 inhibitor
(ruboxistaurin)

Journal of Diabetes Research Volume 2015, Article ID 697010, 16 pages



Indoxyl Sulfate

* Indoxyl sulfate is derived from dietary proteins

* Uremic toxin which stimulates glomerular sclerosis
and interstitial fibrosis

* Increases reactive oxygen species production in
tubular cells and increases NAD(P)H oxidase
activity in endothelial cells

* Orally administered spherical carbon adsorbent
AST-120 reduces “uremic toxins”, like indoxyl
sulfate, and is used in patients with CRF

Nagoya J Med Sci 2010;72.1-11



Metabolism of Indoxyl Sulfate
and Efftect of AST-120

Kidney

ndoxyl sulfate
(oxidation and
sulfation

I_ ASE =120 (Kremezin)
Dietary protein == Tryptophan = Indole Feces

Large intestine

Nagoya J Med Sci 2010;72:1-11



EPPIC Trials of AST-120:
NO Additional Benefit to Standard of Care in CKD

AST-120
- — = Placebo
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Time, weeks
Patients with e GFR data, n

AST-120 1000 88 765
Placebo 999 a6 733

J Am Soc Nephrol 2015;26:1732-1746



SUN Trial: Sulodexide (Heparan and Chondroitin
Sulfates) Failed to Demonstrate Renoprotection in Overt
Type 2 Diabetic Nephropathy
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Placebo
Sulodexide

0 3 6 9 12 15 18 21 24 27 30
Time (months after randomization)

Number of participants still at risk (number of endpoints)
Placebo 580 (8) 396 (5) 243 (10) 101 (7) 6
Sulodexide 549 (0) 403 (9) 242 (9) 105 (8) 6

Baseline UACR ~1000 mg/g CR

J Am Soc Nephrol 2012;23:123-130



BEACON Study: Bardoxolone Methyl Increased
CV Deaths in Type 2 Diabetes and Stage 4 CKD

A Primary Composite Outcome
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N Engl J Med 2013;369:2492-2503



TREAT Trial: Darbepoetin Alfa Failed to
Demonstrate Renoprotection in Overt
Type 2 Diabetic Nephropathy

Death from Any Cause

50- ~ A\
Hazard ratio, 1.05 (95% Cl, 0.92-1.21) A\ l\“*“‘
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12 18 24 30 36
Months since Randomization
No. at Risk

Darbepoetin alfa 2012 1847 1659 1337 945 655
Placebo 2026 1839 1652 1345 970 636

N Engl J Med 2009;361:2019-2032
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