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As faculty of Weill Cornell Medical College in Qatar we are 
committed to providing transparency for any and all external 

relationships prior to giving an academic presentation. 
 

Rayaz A Malik 
 

I DO NOT have a financial interest in commercial products or 
services referred to in this lecture.  
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City  United  
45 Wins 67 
50 Draws 50 

6-1 
(2011) 

Biggest 
win 

5-0 
(1994) 

3 League 
titles 20 

5 FA Cups 11 

0 European 
Cups 3 

2 League 
Cups 4 



Overview	
  

•  Current	
  Issues	
  with	
  Diabe0c	
  Neuropathy.	
  
•  Need	
  for	
  a	
  Biomarker	
  for	
  DPN.	
  
•  Development	
  of	
  a	
  Biomarker	
  DPN	
  
•  Development	
  of	
  a	
  Surrogate	
  End	
  Point	
  for	
  
DPN.	
  



Problem	
  

“Progress in the development of disease modifying agents in  
diabetic neuropathy has completely stalled” 

FDA (Feb 2013) 
 

 “Diabetic neuropathy is a nightmare 
No clear endpoints, so we focus on nephropathy” 

Head of late complications  
Big Pharma (Sep 2012) 

 



Failure	
  aIer	
  failure…2015	
  

PKC-B inhibitors 
Alpha-lipoic acid 
VEGF 
Benfotiamine 
.................. 
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•! Possible- Symptoms or Signs (! sensation, reflexes). 

•! Probable- Symptoms & Signs.  
•! Confirmed- Abnormal NC + symptom(s) or sign(s). 

Tesfaye et al. Diabetes Care 2010; 33: 2285-2293 



•! Neurological examination 

•! 10g monofilament 

•! Vibration perception threshold 

•! Electrophysiology (NCS) 
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FDA:	
  Diagnos<c	
  U<lity?	
  
 12	
  ‘experts’assessed	
  24	
  diabe0c	
  pa0ents	
  on	
  
consecu0ve	
  days,	
  physical	
  features	
  and	
  voice	
  
disguised	
  for	
  symptoms	
  and	
  signs.	
  	
  

	
  
	
  
 

  

Dyck et al. Muscle Nerve 2010; 42:157–164. 
Dyck et al. Muscle & Nerve 2013; 48: 369-374. 
 

4	
  Expert	
  clinical	
  neurophysiologists,	
  assessed	
  	
  
NCV	
  in	
  24	
  pa0ents	
  with	
  diabetes	
  on	
  consecu0ve	
  days.	
  	
  
Significant	
  inter-­‐observer	
  differences	
  were	
  seen	
  
	
  

	
  	
  
	
  	
  



Pain, Skin Blood flow, Inflammation, Ulceration 
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Normal NCS Normal NCS 

Umapathi et al. Muscle Nerve 2007 35: 591–598 
Loseth et al. J Neurol. 2008 255:1197-202 
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As the doctors say of a wasting disease, to start with it is easy to cure 
but difficult to diagnose; after a time, unless it has been diagnosed and  
treated at the outset, it becomes easy to diagnose but difficult to cure. 

      Niccolo Machiavelli 
      The Prince  
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Roman Emperor & Philosopher 

Marcus Aurelius AD 120 
 

     

Open mind and the courage to throw out 
yesterday’s ideas when they don’t appear to be 

working” 



 
 
 Q('1"S'+>.@",+*"%&&P"



Infec<on/bleeding:	
  1.9/1000	
  

14:00 
21/05/2013 

16:00 
21/05/2013 

20:00 
22/05/2013 

17:00 
23/05/2013 

06:30 
24/05/2013 
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Oliveira Soto & Efron: Morphology of Corneal Nerves 
Cornea 2001; 20: 374-384  
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How we think determines what we measure  
    A Einstein 
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•! Rapid (2 min) 
•! Non-invasive (in vivo) 
•! Reiterative  
 
•! Images Corneal 

Structure. 
 



0 !m 10 !m 30 !m 40 !m 

62 !m 100 !m 300 !m 572 !m 

Depth: 
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!m 30 !m



Corneal	
  nerves	
  

CGRP whole mount CCM 

In	
  vitro	
   In	
  vivo	
  



Rosenberg ME et al. Invest Op Vis Sci 2000; 41: 2915-2921 
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CCMetrics®, M. A. Dabbah, University of 
Manches te r, Imag ing Sc ience and 
Biomedical Engineering, School of Cancer 
and Enabling Sciences. 
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Tavakoli et al. Diabetes Care 2010; 33: 1792-97 

5'%;-<0"8-=*+>%?6@"
P=0.0001 P=0.04 



Ahmed et al. Diabetes Care 2012; 35:821-828  

CNFL: AUC-0.88, Sensitivity-85%, Specificity-84% for DPN 



Petropoulos et al. Diabetes Care 2013; 36: 3636-3651 



N=1680 (DPN-559, no DPN-592, Controls 529) 

Jiang et al. BJO 2015 in Press 

CNFD 

CNBD 

CNFL 

C v DPN P<0.00001 
DPN v no-DPN, P<0.00001 
C v no-DPN P<0.02 

C v DPN P<0.00001 
DPN v no-DPN, P<0.0001 
C v no-DPN P<0.02 

C v DPN P<0.00001 
DPN v no-DPN, P<0.00001 
C v no-DPN P<0.004 



 
 
 

Prove that CCM is as good as Skin Biopsies! 

NIH: $750k 



Corneal confocal 
microscopy 

Control  

Skin biopsy v CCM 
a 

b 
Diabetic 

Quaerini	
  et	
  al.	
  	
  Diabetes	
  	
  56(8):2148-­‐54,	
  2007	
  



Skin biopsy v CCM 

P<0.0001 

P<0.001 P<0.001 

P<0.05 P<0.001 

Quattrini et al.  Diabetes  56(8):2148-54, 2007 

P<0.01 



Chen et al.  Diabetes Care (Positive review) 
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ACNFD, AUC=0.80
MCNFD, AUC=0.82
IENFD,   AUC=0.66

Skin biopsy v CCM for DPN 

Q-1.'<C'?@" Q>-0'Z0'?@"

C"&3'!2B-' R6YL' R6Tf'

W.%".>'!2B-' R6Tf' R6TE'

(A2B-' R6cI' R6TT'



B-C'A%7'<3+%&D'
E6! 9+3:.#;$#F'.'4,5)+1.>')+@%'3#'>./3#.&3#5':$.)"#$:$%&'

&,.&'311"#)'+%'.))31+.03%'*+&,'.'4.&,3>3@+1.>'4#31$))'
.%7',.)'7+.@%3)01'3#'4#3@%3)01'"0>+&56'

G6! !>+%+1.>'$%743+%&F'C'1>+%+1.>>5':$.%+%@8">':$.)"#$'38'
,3*'.'4.0$%&'8$$>)H'8"%103%)'3#')"#=+=$)6'

I6! ?"##3@.&$'A%743+%&F'9+3:.#;$#'+%&$%7$7'&3')"/)0&"&$'
83#'.'1>+%+1.>'$%743+%&'.%7'+)'$J4$1&$7'&3'4#$7+1&'&,$'
$K$1&'38'&,$#.4$"01'+%&$#=$%03%6'

'



Tavakoli et al. Muscle and Nerve 2014 (In Press) 

Autonomic Neuropathy 
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Painful v Painless 

P<0.001 

P<0.003 

P<0.0001 
P=0.3 



“Look into my eyes 
to predict my 

amputation risk”  
March 2011 

New Scientist 
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Retinopathy is the earliest  
Microvascular Complication 



Nitoda et al. Curr eye Res 2012; 37: 898-906 

P=0.008 
P<0.0001 

P<0.0001 



Bitirgen G et al. Diabetic Medicine 2014; 31: 431-8 



53 T1DM 

n=16 n=27 n=37 n=16 n=43 n=10 
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PloS 1 (positive review) 
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Ziegler et al. Diabetes 2014; 63: 2454-2463 

Diabetes Duration- 2.1 yrs, HbA1c- 6.8% 
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Normative Values (6 centre study: n=343)  

CNFD ~-1.6/mm2/decade, P<0.01 CNFL ~-0.5/mm2/decade, P<0.02 

CNBD ~+1.9/mm2/decade, P=0.26 

Tavakoli et al Diabetes Care (under review) 



T1DM n=147 
Control n=60 

CNFD: -0.9/mm2/yrs, P<0.01 
HbA1c: P=0.03 
Duration of DM: P=0.01 

Dehghani et al IOVS 2014; Nov 18. pii: IOVS-14-15605.  
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NIH-­‐	
  $1.5M	
  

Prove	
  that	
  CCM	
  improves	
  with	
  
interven0on!	
  

 



Conversation in the corridor with 
a friend and colleague:  

Transplant Surgeon 



 
  
 
 
 
  

Pancreas Transplantation 



Tavakoli et al. Diabetic Medicine 2011; 28: 1261-7 

P=0.08 

P=0.09 

P=0.01 

P=0.03 

P=0.05 

P=0.008 

Multiple Risk Factor improvement 
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Automated Analysis (CCMetrics/ACCMetrics) 
http://www.click2go.umip.com/i/software/Biomedical_Software/ccmetrics.html 

Dabbah et al. Med Image Anal. 2011; 15:738-47 
Dabbah et al. Med Image Comput Assist Interv. 2010;13: 300-7 

30 min 

25 sec 



Brines et al. Mol Med. 2014 Nov 6. doi: 10.2119/molmed.2014.00215.  

Pre-treatment C Post-treatment C Normal control A 

ARA-290: +2.6 ± 1.0 fibers/mm2, P=0.02 
Placebo: 0.7 ± 1.3 fibers/mm2, P=ns 



Other Peripheral Neuropathies 

Tavakoli et al. Exp Neurol. 2010;223(1):245-50. 
Tavakoli et al. Muscle Nerve. 2009;40(6):976-84. 
Tavakoli et al. Muscle & Nerve 2012; 46: 698-704. 

P<0.02 

P<0.001 

P<0.0001 
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ALS-FRS Bulbar score 
r=0.764, P<0.02 

P<0.05 

P<0.005 

Ferrari et al. Front Age Neurosci 2014; 6: 1-4  
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Parkinson’s Disease 
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Chen DK et al. Neurodiab 2011, UCSD 
Reichard et al EASD 2011, ARVO 2012  
Davidson et al. IOVS 2012;53:1182-7. 
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Reverse	
  Transla<on	
  
Sprague Dawley rat 

NOD mouse/ZDF rat 



Future	
  Projects	
  
Chemotherapy Induced Neuropathy ✔ 
Sarcoidosis ✔  
Parkinson’s ✔   
CIDP ✔



Obesity (Bariatric Surgery) ✔ 
Freidrich’s Ataxia  
Dementia  
Stroke 
MS 
HIV neuropathy 
ARA 290 Phase 2b 
……. 
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“He who is not courageous enough to take 
risks will accomplish nothing in life” 
            Muhammad Ali 
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