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Overview	
  of	
  therapeuFc	
  area	
  
•  Approved	
  drugs	
  

–  Captopril	
  for	
  Type	
  1	
  diabetes	
  mellitus	
  and	
  CKD	
  
–  Losartan	
  and	
  Irbesartan	
  for	
  Type	
  2	
  DN	
  

•  Kidney	
  neutral	
  drugs	
  
–  Ezetemibe-­‐SimvastaFn	
  (SHARP)	
  
–  Near	
  normal	
  hemoglobin	
  with	
  DarbepoeiFn	
  (TREAT)	
  

•  Drug	
  trials	
  that	
  were	
  terminated	
  early	
  
–  Bardoxolone	
  (NRF2	
  acFvator)	
  
–  CombinaFon	
  ACE	
  inhibitor	
  –	
  ARB	
  (VA-­‐Nephron	
  D)	
  
–  Sulodexide	
  

•  Abandoned	
  (kidney)	
  drug	
  
–  Aleglitazaar	
  



The	
  Big	
  3	
  phase	
  III	
  trials	
  

•  Endothelin:	
  Atrasentan	
  
•  SGLT2:	
  Canagliflozin	
  
•  DPP4:	
  LinaglipFn	
  



The	
  Big	
  3	
  phase	
  III	
  trials	
  

•  Endothelin:	
  Atrasentan	
  
•  SGLT2:	
  Canagliflozin	
  
•  DPP4:	
  LinaglipFn	
  





 
Phase II study of Atrasentan in Diabetic 
nephropathy (RADAR) 

De Zeeuw D et al, JASN 2014 

N=211 
2 trials 
1. USA + 
2. Japan only 

Diabetic nephropathy 
UACR: 300-3500 mg/d 
eGFR 30-75 
BNP <200 
no heart failure. 
Max ACEi 

Primary end-point: %CFB ACR at 12w 
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Atrasentan 1.25 mg QD n =83 
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Atrasentan	
  elicited	
  a	
  large	
  reducFon	
  in	
  
albuminuria	
  at	
  12	
  weeks	
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Significant	
  reducFon	
  in	
  systolic	
  and	
  
diastolic	
  ABPM	
  at	
  12	
  weeks	
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Improvement	
  in	
  TG	
  at	
  12	
  weeks	
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   •  ReducFon	
  in	
  LDL-­‐

cholesterol	
  14.6	
  mg/
dL	
  (from	
  BL	
  of	
  88	
  
mg/dL)	
  

•  HDL	
  cholesterol	
  did	
  
not	
  change.	
  

Stopping	
  the	
  drug	
  for	
  4	
  weeks	
  
restored	
  pretreatment	
  levels.	
  



Atrasentan	
  side	
  effects	
  

•  Weight	
  gain	
  seen	
  in	
  a	
  
dose-­‐dependent	
  and	
  
Fme-­‐dependent	
  
manner.	
  	
  	
  

•  Drop	
  in	
  Hgb	
  seen	
  as	
  an	
  
AE.	
  	
  

•  1	
  heart	
  failure	
  each	
  in	
  
placebo	
  and	
  drug	
  
groups.	
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ASCEND	
  trial	
  

•  Phase	
  3	
  trial	
  in	
  diabeFc	
  nephropathy	
  type	
  2	
  
•  Drug:	
  Avosentan,	
  n=1392	
  
•  Outcomes:	
  Doubling	
  of	
  SCR,	
  ESRD,	
  Death	
  
•  Premature	
  terminaFon	
  

– More	
  heart	
  failure	
  in	
  treated	
  group	
  

Mann	
  JF	
  JASN	
  21:	
  523-­‐535,	
  2010	
  



Study	
  Of	
  DiabeFc	
  Nephropathy	
  With	
  
Atrasentan	
  (SONAR)	
  

•  N=4148,	
  sites=590	
  
•  Inclusion	
  

–  eGFR	
  25-­‐75	
  (eGFR	
  60-­‐75	
  =	
  10%	
  total)	
  
–  UACR	
  300-­‐5000	
  mg/g	
  
–  BNP	
  ≤ 200	
  pg/mL	
  
–  SBP	
  110-­‐160	
  mmHg	
  
–  DiureFc	
  use	
  

•  Exclusion	
  
–  documented	
  diagnosis	
  of	
  heart	
  failure	
  
–  previous	
  hospitalizaFon	
  for	
  heart	
  failure	
  	
  
–  Symptoms	
  of	
  heart	
  failure	
  

•  For	
  double-­‐blind	
  treatment	
  aier	
  enrichment	
  
–  Weight	
  change	
  <3	
  kg	
  
–  Absolute	
  BNP	
  <300	
  pg/mL	
  
–  No	
  AKI	
  

Clinicaltrials.gov	
  NCT01858532	
  

Primary	
  end	
  point:	
  2XCr,	
  ESRD,	
  	
  
Renal/CV	
  death	
  



Likelihood	
  of	
  success	
  
•  Promising	
  results	
  in	
  Phase	
  2	
  

study	
  
–  Large	
  reducFon	
  in	
  UACR.	
  
–  Benefits	
  on	
  BP	
  and	
  lipids.	
  

•  More	
  selec,ve	
  ETA	
  inhibitor	
  
than	
  prior	
  drug.	
  ETB	
  
blockade	
  may	
  be	
  important	
  
for	
  Na	
  retenFon.	
  

•  Enrichment	
  design	
  may	
  
reduce	
  the	
  number	
  of	
  
parFcipants	
  needed	
  to	
  be	
  
randomized.	
  

•  Narrow	
  therapeuFc	
  
window	
  
–  Heart	
  failure	
  with	
  avosentan	
  

•  May	
  not	
  be	
  broadly	
  
applicable	
  to	
  paFents	
  with	
  
DN	
  (excludes	
  elevated	
  BNP)	
  

•  Uninhibited	
  ETB,	
  animal	
  
studies	
  suggest	
  that	
  this	
  
may	
  be	
  important.	
  

PROS	
   CONS	
  



The	
  Big	
  3	
  phase	
  III	
  trials	
  

•  Endothelin:	
  Atrasentan	
  
•  SGLT2:	
  Canagliflozin	
  
•  DPP4:	
  LinaglipFn	
  



SGLT2	
  inhibitors	
  

•  Canagliflozin	
  
•  Dapagliflozin	
  
•  Empagliflozin	
  



Sodium	
  glucose-­‐linked	
  transporter-­‐2	
  (SGLT2)	
  	
  
Key	
  Renal	
  Transporter	
  Reabsorbing	
  Filtered	
  Glucose	
  Back	
  into	
  Systemic	
  Circula,on	
  

Glucose 
Reabsorbed to 

Systemic 
Circulation 

No Glucose in Urine 

Proximal 
Convoluted Tubule Distal 

Convoluted Tubule 

Collecting 
Duct 

Glomerulus 

SGLT1 
SGLT2 

Loop of Henle 

Glucose is 
Filtered in the 
Glomerulus 

•  SGLT2 
–  Mostly kidney 
–  97% of renal glucose 

reabsorption 

•  SGLT1 
–  Mostly gut 
–  3% of renal glucose 

reabsorption 

Vallon	
  V	
  AJP	
  Renal	
  306:	
  F194,	
  2814	
  

SGLT2	
  inhibiFon	
  wastes	
  	
  50-­‐60%	
  of	
  the	
  filtered	
  	
  glucose	
  load.	
  	
  
This	
  is	
  due	
  to	
  increase	
  in	
  SGLT1	
  expression	
  in	
  the	
  more	
  distal	
  nephron	
  



SGLT2	
  InhibiFon	
  improves	
  glycemic	
  control	
  in	
  T2DM	
  	
  

Less 
Glucose 

Absorbed 

Glucosuria 

Proximal 
Convoluted Tubule Distal 

Convoluted Tubule 

Collecting 
Duct 

Glomerulus 
Glucose is 

Filtered in the 
Glomerulus 

SGLT1 
SGLT2 

Loop of Henle 

X 

•  Canagliflozin is a selective 
inhibitor of SGLT2 

•  Causes glycosuria: 24h Uglucose 
100 ± 20 grams 

•  Also reduction in body weight 
due to ~400 kcal/day loss to 
UGE 

•  Glycemic lowering expected to 
decline with decreasing eGFR 
and renal function: diuretic with 
“brakes” 

 



RTG
*~180 mg/dL 
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RTG
*~180 mg/dL 

Renal	
  Glucose	
  ReabsorpFon	
  and	
  RTG	
  are	
  Elevated	
  in	
  
T2DM	
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Canagliflozin	
  Lowers	
  RTG	
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SGLT2	
  InhibiFon	
  and	
  ACEi/ARB	
  Reduce	
  Intraglomerular	
  
Pressure	
  

Possible	
  Mechanism	
  for	
  Renal	
  Protec,on	
  

Increased	
  intraglomerular	
  pressure	
  and	
  hyperfiltraFon	
  are	
  key	
  steps	
  in	
  the	
  
development	
  and	
  progression	
  of	
  diabeFc	
  nephropathy	
  

ACEi and ARB ↓ efferent arteriole 
tone and ↓ intraglomerular 

pressure  

SGLT2i ↑ tubuloglomerular 
feedback, ↑ afferent arteriole tone 

and ↓intraglomerular pressure  

GFR	
  ↓between	
  
10-­‐15%	
  by	
  iohexol	
  
clearance.	
  
↓ albuminuria 

Renal Protection 

Initial ↓ in eGFR followed by 
stabilization 

 
↓ albuminuria 

Renal Protection  
(to be determined) 

Cherney	
  D	
  et	
  al,	
  CirculaFon	
  129:	
  587,	
  2014	
  



Post-­‐hoc	
  analysis	
  of	
  Canagliflozin	
  trials	
  
show	
  benefits	
  of	
  renal	
  surrogates	
  

•  ReducFon	
  in	
  albuminuria:	
  
– ~30-­‐35%	
  in	
  both	
  micro	
  and	
  macro	
  groups	
  

•  ReducFon	
  in	
  systolic	
  BP	
  
– about	
  3-­‐5	
  mmHg	
  dose	
  dependent	
  	
  

•  Lipid	
  changes	
  
– 5-­‐10%	
  increase	
  in	
  HDL	
  
– 2-­‐6%	
  increase	
  in	
  LDL	
  
– No	
  change	
  in	
  TG	
  

•  Drop	
  in	
  body	
  weight	
  3-­‐4%	
  
Source:	
  FDA	
  documents	
  



CREDENCE	
  
•  EvaluaFon	
  of	
  the	
  Effects	
  of	
  Canagliflozin	
  on	
  Renal	
  and	
  

Cardiovascular	
  Outcomes	
  in	
  ParFcipants	
  With	
  DiabeFc	
  
Nephropathy	
  	
  

•  N	
  =	
  3627,	
  ?	
  sites,	
  66	
  months	
  (5.5	
  years),	
  esFmated	
  end:	
  Feb	
  2019	
  
•  Inclusion	
  	
  

–  albuminuria	
  (UACR	
  300-­‐5000	
  mg/g	
  )	
  
–  	
  eGFR	
  30-­‐90	
  

•  Outcomes:	
  
–  Primary	
  outcome:	
  	
  Fme	
  to	
  first	
  of	
  end-­‐stage	
  kidney	
  disease	
  (ESKD),	
  

doubling	
  of	
  serum	
  creaFnine,	
  renal	
  or	
  cardiovascular	
  (CV)	
  death.	
  
–  Secondary	
  outcome:	
  	
  

•  CV	
  composite:	
  CV	
  death,	
  MI,	
  stroke,	
  hosp-­‐CHF,	
  hosp-­‐USAP	
  
•  Individual	
  components	
  of	
  renal	
  composite:	
  ESKD,	
  doubling	
  of	
  serum	
  

creaFnine,	
  or	
  renal	
  death.	
  
•  All	
  cause	
  mortality	
  

NCT02065791	
  



Likelihood	
  of	
  success	
  

•  Strong	
  pathophysiological	
  
basis	
  
–  ReducFon	
  in	
  intraglomerular	
  
pressure	
  

•  Promising	
  results	
  in	
  Phase	
  2	
  
study	
  
–  Large	
  reducFon	
  in	
  UACR.	
  
–  Benefits	
  on	
  BP	
  and	
  lipids.	
  

•  Safety	
  profile	
  excellent	
  
•  DiureFc	
  effect	
  with	
  “brakes”	
  

•  May	
  not	
  work	
  in	
  later	
  
stages	
  of	
  kidney	
  disease.	
  

•  Increased	
  risk	
  of	
  
infecFons,	
  may	
  be	
  more	
  
pronounced	
  in	
  CKD	
  due	
  
to	
  immunosuppressed	
  
state.	
  

PROS	
   CONS	
  



The	
  Big	
  3	
  phase	
  III	
  trials	
  

•  Endothelin:	
  Atrasentan	
  
•  SGLT2:	
  Canagliflozin	
  
•  DPP4:	
  LinaglipFn	
  







How	
  might	
  DPP4	
  inhibitors	
  benefit	
  the	
  
kidney?	
  

•  By	
  reducing	
  albuminuria.	
  
•  By	
  reducing	
  inflammaFon	
  

–  Directly	
  by	
  increased	
  GLP-­‐1	
  
–  Indirectly	
  by	
  inhibiFon	
  of	
  TNF-­‐alpha	
  
–  Increased	
  protein	
  kinase	
  A-­‐mediated	
  inhibiFon	
  of	
  renal	
  NADPH	
  
oxidase.	
  

•  By	
  reducing	
  oxidaFve	
  stress	
  
–  GLP-­‐1	
  receptor	
  sFmulaFon	
  (eg	
  with	
  exendin-­‐4	
  or	
  liragluFde)	
  
reduce	
  oxidaFve	
  stress.	
  

•  By	
  increasing	
  Stromal	
  Derived	
  Factor	
  1α	
  (due	
  to	
  its	
  reduced	
  
breakdown)	
  
–  Increased	
  stem	
  cell	
  (CD34+	
  CXCR4+)	
  mobilizaFon	
  and	
  repair.	
  
–  Direct	
  anF-­‐apoptoFc	
  effect	
  



CARMELINA	
  (Phase	
  4)	
  
•  Cardiovascular	
  and	
  Renal	
  Microvascular	
  Outcome	
  Study	
  With	
  

LinaglipFn	
  in	
  PaFents	
  With	
  Type	
  2	
  Diabetes	
  Mellitus	
  at	
  High	
  
Vascular	
  Risk	
  

•  N	
  =	
  8300,	
  459	
  sites,	
  48	
  months	
  (4	
  years),	
  esFmated	
  end:	
  Jan	
  2018	
  
•  Inclusion	
  includes	
  high	
  risk	
  of	
  CV	
  events	
  defined	
  by:	
  	
  

–  1)	
  albuminuria	
  (micro	
  or	
  macro)	
  and	
  previous	
  macrovascular	
  disease	
  
	
   	
   	
   	
  AND/OR	
  

–  2)	
  impaired	
  renal	
  funcFon	
  with	
  predefined	
  UACR	
  
•  Outcomes:	
  

–  Primary	
  outcome:	
  CV	
  death,	
  MI,	
  stroke,	
  hosp-­‐USAP	
  
–  Secondary	
  outcome:	
  	
  

•  Components	
  of	
  primary	
  
•  Renal	
  death,	
  end	
  stage	
  renal	
  disease	
  and	
  a	
  sustained	
  decrease	
  of	
  50%	
  or	
  more	
  

in	
  eGFR	
  	
  

NCT01897532	
  



Likelihood	
  of	
  success	
  

•  Strong	
  biological	
  basis:	
  
–  ReducFon	
  in	
  inflammaFon,	
  
oxidaFve	
  stress	
  

–  Increase	
  in	
  SDF	
  1α
•  Promising	
  results	
  in	
  post-­‐
hoc	
  analyses	
  
–  Large	
  reducFon	
  in	
  UACR	
  
independent	
  of	
  glucose	
  or	
  
BP.	
  

•  Safety	
  profile	
  reasonable.	
  

•  DPP4-­‐ACE	
  inhibitor	
  
interacFon:	
  ?risk	
  of	
  
angioedema.	
  Many	
  
paFents	
  with	
  diabetes	
  
mellitus	
  on	
  ACE	
  
inhibitors.(PMID	
  :	
  19581505)	
  

•  Renal	
  end-­‐point	
  
secondary	
  outcome.	
  

•  Lirle	
  effect	
  on	
  BP	
  and	
  
lipids.	
  	
  

PROS	
   CONS	
  

hrp://www.ncbi.nlm.nih.gov/pubmed/19581505	
  



Regarding	
  the	
  primary	
  end	
  point,	
  a	
  
staFsFcally	
  significant	
  change	
  in	
  serum	
  
creaFnine	
  from	
  baseline	
  to	
  52	
  weeks	
  was	
  
not	
  evident	
  in	
  either	
  Pyridorin	
  group	
  
compared	
  with	
  placebo.	
  	
  



•  However,	
  analysis	
  of	
  covariance	
  suggested	
  that	
  the	
  
magnitude	
  of	
  the	
  treatment	
  effect	
  differed	
  by	
  baseline	
  
renal	
  funcFon.	
  	
  

•  Among	
  paFents	
  in	
  the	
  lowest	
  terFle	
  of	
  baseline	
  serum	
  
creaFnine	
  concentraFon,	
  treatment	
  with	
  Pyridorin	
  
associated	
  with	
  a	
  lower	
  average	
  change	
  in	
  serum	
  
creaFnine	
  concentraFon	
  at	
  52	
  weeks	
  

•  Placebo	
  0.28	
  
•  Pryidorine	
  150	
  mg	
  0.07	
  
•  Pyridorine	
  300	
  mg	
  	
  0.14	
  mg/dl	
  

•  there	
  was	
  no	
  evidence	
  of	
  a	
  significant	
  treatment	
  effect	
  
in	
  the	
  middle	
  or	
  upper	
  terFles	
  (the	
  interacFon	
  effect	
  
was	
  not	
  significant).	
  





Both	
  studies	
  will	
  enroll	
  approximately	
  600	
  
paFents	
  randomized	
  in	
  a	
  1:1	
  raFo	
  to	
  receive	
  
either	
  Pyridorin	
  or	
  placebo.	
  PaFents	
  will	
  have	
  
baseline	
  serum	
  creaFnine	
  (SCr)	
  levels	
  of	
  1.3	
  to	
  
3.0	
  mg/dL	
  and	
  protein/creaFnine	
  raFo	
  (PCR)	
  
levels	
  greater	
  than	
  1200	
  mg/g.	
  PaFents	
  must	
  
also	
  be	
  on	
  an	
  established	
  and	
  stable	
  regimen	
  of	
  
ACE	
  inhibitors	
  (ACEIs)	
  or	
  Angiotensin	
  II	
  Receptor	
  
Blockers	
  
	
  (ARBs)—the	
  standard	
  of	
  care	
  treatments	
  for	
  
diabeFc	
  nephropathy—for	
  6	
  months	
  prior	
  to	
  
randomizaFon.	
  About	
  100	
  centers	
  will	
  
parFcipate	
  worldwide,	
  with	
  the	
  majority	
  located	
  
in	
  the	
  U.S.	
  



	
  
Importantly,	
  this	
  pivotal	
  trial	
  will	
  uFlize	
  a	
  
new	
  endpoint,	
  as	
  established	
  under	
  a	
  Special	
  
Protocol	
  Assessment	
  (SPA)	
  with	
  the	
  FDA.	
  
Primary	
  efficacy	
  endpoints	
  are	
  Fme	
  to	
  a	
  50%	
  
increase	
  in	
  SCr	
  levels,	
  or	
  end	
  stage	
  renal	
  
disease	
  (ESRD).	
  Pyridorin	
  has	
  also	
  received	
  
Fast	
  Track	
  designaFon	
  from	
  the	
  FDA	
  for	
  this	
  
indicaFon.	
  





Reversible	
  decline	
  in	
  eGFR	
  (52	
  w	
  study)	
  





Phase	
  II	
  clinical	
  trials	
  
•  InflammaFon	
  pathway	
  

–  CCR2	
  or	
  CCR2/CCR5	
  chemokine	
  receptor	
  antagonists	
  
–  CCL2	
  antagonists	
  
–  JAK1/JAK2	
  inhibitors	
  

•  Fibrosis	
  pathway	
  
–  TGF	
  beta	
  antagonists	
  

•  OxidaFve	
  stress	
  pathway	
  
–  NADPH	
  Oxidase	
  inhibitors	
  

•  Salt	
  and	
  water	
  regulaFon	
  
–  MineralocorFcoid	
  receptor	
  antagonists	
  
–  Tenapanor	
  

•  Others	
  



How	
  may	
  the	
  landscape	
  change?	
  

•  MulFple	
  trials,	
  mulFple	
  targets	
  
•  CauFous	
  opFmism	
  that	
  important	
  therapies	
  
will	
  be	
  developed	
  in	
  this	
  area.	
  

•  Hopefully,	
  some	
  of	
  abandoned	
  therapies	
  (eg	
  
aliglitazaar)	
  will	
  be	
  resurrected	
  in	
  the	
  hopes	
  of	
  
slowing	
  the	
  relentless	
  march	
  of	
  diabeFc	
  
nephropathy	
  to	
  dialysis	
  or	
  death.	
  	
  


