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Surviving Cancer in the US 

•  Future for GI cancer is early detection 



 Screening of Gastric Cancer 

�  Conventional white-light endoscope is main 
instrument, followed by histopathology. 



Limitations of Endoscopy 

•  Precancer/early cancers are difficult to detect by 
conventional endoscopy 

n  Appearance of dysplasia and early flat neoplasia in 
the gastric could be very subtle 



•  Narrow band imaging (NBI) 

•  Confocal endomicroscopy 

Olympus 

Can	  newer	  imaging	  methods	  obviate	  need	  to	  
take	  random	  biopsies	  during	  surveillance	  scope?	  



•  Narrow band imaging (NBI) 

•  Confocal endomicroscopy 

Can	  newer	  imaging	  methods	  obviate	  need	  to	  
take	  random	  biopsies	  during	  surveillance	  scope?	  

Pentax 



Is	  there	  any	  issue	  with	  these	  2	  
technologies? 



Training	  effect	  on	  NBI 

 NBI is subjective, and dependent 

on operator’s experience 

Uedo N, et al. ASGE 2011 



Confocal	  endomicroscopy	  

 Similarly, confocal endoscope is subjective, 

and dependent on operator’s experience 



•  Narrow	  Band	  Imaging	  (NBI)	  

•  Autofluorescence	  imaging	  (AFI)	  

•  Confocal	  endomicroscopy	  (CE)	  

GI	  cancer:	  low	  detec1on/diagnosis	  =	  high	  mortality	  

DetecHon	   CharacterizaHon	   Diagnosis	  	  

Endoscopic	  white	  light	  
visualizaHon	  
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•  We	  need	  to	  develop	  more	  advanced	  
endoscopic	  screening	  technology	  that	  
gives	  real-‐1me	  &	  objec1ve	  diagnosis	  and	  
independent	  of	  operator’s	  experience	  



Face	  recogniHon	   Fingerprint	  

Image	  
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SOLUTION IS …….. 



•  The	  Technology	  
Raman	  Spectroscopy	  
A	  molecular	  vibraHonal	  technique	  that	  is	  capable	  of	  probing	  
biomolecular	  changes	  associated	  with	  Hssue	  and	  cellular	  
transformaHon	  

Professor Sir C.V. Raman 

(1888 – 1970) 

                                       Won the Nobel Prize in Physics (1930)	  



Ø Raman is molecular vibrational technique, providing 
fingerprinting signatures of specific biochemicals and 
biomolecules (e.g. proteins, DNA, nucleic acids, amino acids, 
lipids, carbohydrates) in cells and tissue. 

What can we obtain by Raman spectroscopy? 
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Raman	  molecular	  signatures	  for	  objec1ve	  diagnosis	  

Fingerprint (FP)  High-wavenumber (HW)  



Dual VPH gratings  CCD 

Fingerprint Raman 
(800-1800 cm-1) 

High-wavenumber 
Raman (2800-3600 cm-1) 

Simultaneous fingerprint and high-
wavenumber Raman technique 

Bergholt	  et	  al.	  J.	  Biomed	  Opt,	  2013,	  18:30502	  

0.2-‐	  deg	  

1400	  gr/mm	   1600	  gr/mm	  

Raman	  light	  

Broader spectral coverage (FP+HW) with good 
spectral resolution (~8 cm-1) 



Novel confocal Raman probe  
with a ultra-short depth of focus 

Raman	  sca^ering	  

Epithelium	  

Stroma	  

Conventional probe 
for neoplasia detection 

Novel confocal probe 
for dysplasia detection 

Raman	  sca^ering	  

Ball lens 

Ø  Gastric carcinogenesis is an 
epithelial disease.  

Ø  The development of a 
confocal Raman probe would 
have two major advantages: 

1.  Selective targeting of 
epithelium for increasing 
sensitivity to precancer 

2.  Reduction of interferences 
and Raman dilution from 
deeper bulky tissue. 

 
 

 
 



Controlling interrogation depths using 
beveled collection fibers 

Beveled	  
angle	  

Wang et al. Opt. Letts. 38, 2321 (2013). 
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Bergholt et al. Gastroenterology, 146, 27 (2014). 



Raman scattering 

In Vivo Molecular Diagnosis 

The INNOVATION: World’s first Objective, Real Time 
In-Vivo Molecular Diagnostic (IMDX) System 



OD=1.8 mm 

IMDX System 

Z Huang et al., Opt Lett., 34(6), 758 (2009). 
J Wang et al., Opt Lett,.38(13), 2321(2013). 	  



Online Raman software for real-time diagnosis 

Real-time diagnosis  (< 1 sec) 
        (Auditory feedback)  

Duraipandian	  et	  al.,	  JBO,	  17,	  081418	  (2012).	  	  
Bergholt	  et	  al.,	  Anal.	  Chem.	  85,	  11297	  (2013).	  	  





Raman endoscopy reveals progressive biomolecular 
changes in intestinal-type gastric carcinogenesis 

Each pathology has unique molecular fingerprint 



In vivo diagnosis of gastric cancer using Raman and ant colony 
optimization (ACO)-LDA techniques. 

0 100 200 300 400 500 600 700 800 900 1000
-15

-10

-5

0

5

10

15
 Normal (934)
 Cancer (129)

Li
ne

ar
 d

is
cr

im
in

an
t s

co
re

Raman spectrum number

Raman endoscopy detects gastric cancer 

Bergholt	  et	  al.	  Int	  J	  Cancer,	  (2011)	  
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Raman endoscopy differentiates between 
benign and malignant gastric ulcers 

Bergholt	  et	  al,	  Analyst.	  (2010)	  



Real-time confocal Raman endoscopy for 
detecting dysplasia 
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Sensitivity = 90.4% 
Specificity = 90.9% 

Real-time confocal Raman endoscopy for 
detecting dysplasia 



In vivo confocal Raman diagnosis  
in human patients 

•  > 800 patients with esophageal, gastric, & colorectal lesions,  

cervix, head & neck, etc 

•  > 90% of diagnostic sensitivity and specificity 

•  >40 publications 



1)	  FuncHonal	  diagnosis	  for	  real-‐Hme	  decision:	  
-‐  Biopsy	  or	  not	   	   	  Where?	  
-‐  Resect	  or	  not	   	   	  How	  ?	  

Value 



•  For a “diagnose-and-leave” strategy for diminutive polyps predicted 
to be non-neoplastic based on optical biopsy, PIVI recommends that 
endoscopic diagnosis should provide a ≥90% NPV for adenomatous 
histology  

•  For a “resect-and-discard” strategy for diminutive adenomas, PIVI 
recommends that endoscopic characterization of polyp histology by 
optical biopsy should provide a ≥ 90% agreement in assignment of 
postpolypectomy surveillance intervals compared with decisions 
based on pathology assessment 

2015	  	  



From  subjective recognition  to objective assessment 

From  training operator to training software 

	  
Objec1ve	  
	  

No	  learning	  
curve	  -‐	  scaleable	  
	  

	  
0	  Lag	  1me	  
	  

IMPACT	  

From  days to instant 



Summary 

 

•  Fiber-optic confocal Raman endoscopy realizes real-time, in vivo 
detection and diagnosis of gastric precancer and cancer with high 
accuracy, suggesting the potential to be a routine diagnostic tool 
for mass screening and surveillance of gastric patients at high 
risk. 
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