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Questions to NCAB:

Relative priority for an NCI-funded 
multi-center trial of CT 
Colonography (“Virtual 
Colonoscopy”)?

Relative priority for increased NCI 
activity in any of the related 
issues?



What is Virtual Colonoscopy
and

Why is it potentially 
important?



CT or “Virtual Colonoscopy”



MR Colonoscopy



Why is CTC (VC) potentially 
important?

60,000 deaths each year
Second leading cause of cancer-related deaths 
in US
Screening of adults at average risk 
recommended
Current recommended tests:
 FOBT
 Flexibility sigmoidoscopy
 Double contrast barium enema
 Colonoscopy

Compliance is very low. Less than half of the 
average-risk population of the US has been 
screened.



Endoscopic (optical) colonoscopy
OC may not be practical for population 
screening
 Backlog:  80 M adults eligible; 8,000 

gastroenterologists
 Clinic and procedure time ~ 2 hrs
 IV sedation or anesthesia
 False neg rate ~ 6 %
 Cost (~$2000)
 Risk (for low yield - 85% n/s findings)



CT Colonography

Could serve as alternative, or pre-screen 
for ‘as necessary’ optical colonoscopy
 More available
 Less time (< 15 min procedure; 15 min 

interpretation)
 No sedation
 More acceptable? (same colon prep)
 Less costly (~$1000)



Several clinical trials in past 5 years 
compared CTC with OC for colon 
screening
Results variable, but CTC inferior to OC
CTC technology has been progressing
 Multi-detector scanners
 3-D vs. 2-D views
 Improved image processing, including 

“electronic cleansing”

Background



Mayo (2-D) 703 subjects;
 Sens 63%/Spec 95%
MUSC (2D, 3-D for ‘trouble shooting’) 
615 subjects;
 Sens 55%/Spec 96%
Other (2-D)
 ~ 600 subjects; CTC inferior to OC

Three recent screening trials (CTC 
detecting >1cm polyps):



DOD screening trial:

3 military sites
1233 subjects
 For >1cm adenomatous polyps
CTC: Sensitivity 93%/Specificity 96%
OC: Sensitivity 87%

Conclusion:  CTC equivalent to OC

Pickhardt, et al NEJM 349(2003) 2191-2200



Why did they get better results?

Multi-detector vs. single detector CT 
scanners
Vigorous bowel prep
 Laxatives
 Clear liquid diet
 Oral barium (500 ml)
 Oral iodine solution (120 ml)

3-D “fly-through” evaluation was primary
evaluation for all studies





Perspective for the Oncologist:
Commentary by Bernard Levin MD, 01/26/2004

… we clearly need additional data 
before advocating its widespread 
use.



ACRIN

American College of Radiology 
Imaging Network
Completed retrospective study or 
reader variability
Prospective protocol development in 
progress (Dan Johnson, Mayo, PI)
Monitoring evolution of technology



Dec 9 Meeting of Stakeholders

8 Extramural (radiology, 
gastroenterology, biostatistics, 
epidemiology)
7 NCI (DCP; DCCPS; DCTD)
7 CMS (Coverage; Reimbursement)
2 FDA (CAD; radiation exposure)



Recommendations (Dec. 9)

Multi-site trial (Rad/GI)
MDCT; 3-D software; prep issue
Size: 2000-4000 subjects
Power for inter-site variability
Compare to other screening tests (e.g., 
FOBT), if possible (modeling)
Cost-effectiveness analysis
Biorepository
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Accurate diagnosis depends on:

Quality of the image acquisition
Quality of the image interpretation
Perception
Cognition



Technology Development

Stage 1 Discovery
Stage 2 Development
Stage 3 Maturation
Stage 4 Dissemination



0.0 0.2 0.4 0.6 0.8 1.0
FP

0.0

0.2

0.4

0.6

0.8

1.0
TP

Operating points of 108 radiologists

Beam, Sullivan 19961 -

1.0               0.8                  0.6                  0.4                 0.2                 0.0



Where’s Waldo?



“Artificial Intelligence”

As of today, it does not truly exist.

“No computer has ever learned 
what any 2-year-old human 
knows”

 Dan Gruhl, IBM, 2-15-04



Computer-Aided Diagnosis (CAD)

Assist with “data deluge”
Reduce false negatives and false 
positives (detection and diagnosis)
Reduce inter- and intra-observer 
variation
Quantification and change analysis 
(lesion growth)
Integrate multiple sources of data



Evaluation of CAD Systems

How does one CAD algorithm perform 
versus another.
How is radiologists’ performance, in 
practice, affected with and without a 
CAD system (the ultimate test).



CAD Concerns

CAD performance varies because:
Developmental databases vary
Methods of scoring vary
 “Truth” determination varies
How do consumers evaluate?
Need large national databases to 
expedite CAD development
Need “protected” databases for 
testing



Lung Image Database Consortium (LIDC)

Goal: Develop a web-accessible image database 
for the comparison of CAD methods, and 
encourage standards for software assessment. 
(5 academic sites).

Some images will be collected from ACRIN/NLST

LIDC Steering Committee includes FDA scientists.

A consensus process for database and software 
analysis methods has been completed. LIDC is 
ready for data accrual.



RSNA 2003: Space Number: 0116CE – e: LIDC: Consensus process for 
data base creation for evaluation of CAD methods.



NCI/FNIH Image Database 
Resource Initiative

Purpose: Partnership with industry, academia 
and government to develop multiple large 
image archives
 For the development and validation of 

application-specific software, such as CAD 
methods and therapy response metrics.

Coordinating with NEMA
Meetings with industry, 12/03, 1/04
Positive response to concept
Specific proposal requested



Proposed Timeline (3 months)
Enlist industry representatives and 
establish the steering committee
Engage NCI cooperative groups to 
enable data distribution responsive to 
this initiative
Initiate the first demonstration project.
Expand NCI informatics and image 
archive infrastructure to meet the needs 
of this initiative.



Proposed Timeline (1-3 years)
Complete a demonstration project:
 Single modality database with > 1,000 subjects
 Images linked to demographics, clinical data, and 

interpretations / reports

Satisfy requirements of ACRIN, Cooperative 
Groups, Cancer Centers, SPORE’s  etc.
 Data access, security, confidentiality, investigator 

rights to enable project expansion.

Distribute the database to industrial 
partners and assist in regulatory processes 
for new CAD product(s).
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Image-Guided Interventions

Screening tests also detect false 
positives in organ or tissue of 
interest, and “incidental” lesions 
(which may or may not be 
significant).
Need improved methods to deal 
with screened-detected lesions.



Example: Incidental Renal 
Cell Carcinoma (RCC)

Biopsy RFA

Post-Contrast shows complete thermocoagulation

Incidental RCC



Screening concern: False Positives

Over-diagnosis and Over-treatment
Cost and Morbidity

Importance of false positives is inversely 
proportional to what can be done about 
them.
We need relatively cheap, safe and 
targeted means to treat screen-detected 
lesions.



Targeted ablation

Minimally-invasive, or non-invasive 
image-guided ablative techniques are 
one such approach.
Targeted energy delivery, e.g.:
 RFA
 HIFU

Toxic agents, e.g.:
 Ethanol, acetic acid
 Doxorubicin, etc.



MRI-Guided, Focused Ultrasound System

KHH99



Treatment planDuctal invasive
breast cancer

80 ultrasound foci

MRI-guided, focused ultrasound therapy



IGI Methodology Workshop Feb 2-3, 2004

Focus on protocols for interventional 
trials related to:
 Brain
 Lung
 Prostate
 Liver



37 Extramural investigators
5 Extramural biostatisticians
29 NCI staff (4 intramural)
10 FDA staff
9 Industry representatives

Major theoretical and practical issues 
identified and discussed.
Future plans identified.

IGI Methodology Workshop Feb 2-3, 2004
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Prevalence of polyps (Pickhardt)

All >10m
m

6-9mm <5mm

Adeno-
matous

42% 4% 12% 26%

Non-
adeno-
matous

58% 2% 8% 47%



Light image NIRF image

Tumor detection by targeting Cathepsin B

2 mm

Nature Biotech; 1999;17:375-378



Colonic adenomas in a 7-month-old APCMin/1 mouse;
Imaged with VM102, Now being commercially developed 
by VisEn Medical

White light NIR

Adenoma on histology



Mouse Near-Infrared (NIR) Colonoscope

MGH



Images from mouse colonoscopy, Protease probe



HTS

High throughput screening technologies 
are becoming commonplace in:
 Genomics
 Proteomics
 Drug development
 Biologic probes



An imaging agent is a “drug” …

… but it’s not a drug.



Screening process for imaging agents

“Chemical” libraries
Synthetic libraries
Organic scaffolds
Phage display

Biological assays using different targets: 
proteins, cells, physiological processes.

Fluorescence screens;
Magnetic screens

Usable Probes

Library of imaging 
agents.
Conjugation strategies
Linkers/spacers
Multivalency modifications

conjugation



Positionally encoded arrays



Screening by MR imaging:
Telomerase assay of cell extracts

CLIO-tat limited library (9L)
Bioconj Chem 2002;13:116-121

1
2
3
4
5



Molecular Imaging Gap Areas

Need: Technologies for High-throughput 
Screening of Potential Imaging Agents
 Combinatorial libraries and libraries of 

chemical diversity biased toward 
imaging agent chemistry

 Assays constructed to identify 
signaling properties as opposed to 
perturbing properties.



BOSTON
UNIVERS ITY

Optical “biopsy”

Surgical biopsy

GI endoscopy with 
elastic scattering 
spectroscopy

(Barrett’s esophagus study)



“However, standardized techniques for acquiring and 
interpreting MRS spectra are lacking …,” Jan. 29, 2004



Network for Translational 
Research in Optical Imaging

(NTROI)



Key Challenges for NTROI
 Complex, multi-institutional collaboration
 Standardize technology and analysis 

platforms
 Develop reference standards (NIST?): 

-e.g., optical index of angiogenesis, 
optical index of metabolism, etc.

 Demonstrate value added to conventional 
imaging

 Define Optics clinical role
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CIP Vision Statement:

Cancer Imaging –
Visualize the problem

and direct the solution.


