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Timeline 

• 2001 the idea… (CTC as a screening test). Radiologist 
idea!  

• 2002 software development. Computer scientists. 



Clinical validation 

New test 

Software development 

A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 



Timeline 

• 2001 the idea… (CTC as a screening test). Radiologist 
idea!  

• 2002 software development. Computer scientists. 

• 2004 the first trial… Many radiologists…. 



JAMA. 2009 Jun 17;301(23):2453-61 

Clinical validation (IMPACT trial) 



JAMA. 2009 Jun 17;301(23):2453-61 

Clinical validation ACRIN trial) 



Clinical validation 

Positive findings 

New test 

Negative findings 
requiring software 
enhancement 

Software development 

Measure Result 

Sensitivity ( 
≥ 10 mm 

lesions-%)  

85 

PPV ( ≥6 
mm-%) 

50 

Sensitivity 
(6-9 mm 

lesions-%) 

60 

Reporting 
time (min) 

20 

A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 

Double reading unfeasible 



Timeline 

• 2001 the idea… (CTC as a screening test). Radiologist 
idea!  

• 2002 software development. Computer scientists. 

• 2004 the first trial… Many radiologists…. 

• 2006 CAD development and validation…. Computer 
scientists and many radiologists… 



Computer Aided Detection 



Clinical validation 

Positive findings 

New test 

Negative findings 
requiring software 
enhancement 

Software development 

Stand alone performance 

Computer 
aided 
detection 
(CAD) 
 

Software development 

A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 



TP 

FN 

FP 



Number of 
patients  

(Number of 
polyps) 

Sensitivity per polyp ≥ 
10 mm (%) 

FPs per 
patient 

Fecal 
tagging  

Yoshida, Radiographics 2002 71 (35) 21/23 (91) 2 No 

Mani, JCAT 2004 41 (69) 10/12 (83) ND No 

Bogoni, Br J of Radiology 2005 62 (39) 10/10 (100) 8 No 

Summers, Gastroenterology 2005 792 (173) 25/28 (89.3) 7.9 – 2.1 Yes 

Halligan, Clin Radiol 2006 25 (57) 9/10 (90) ND Yes 

Taylor,  AJR 2006 25 (32) 11/12 (92) 13 No 

Taylor, Radiology 2006 20 (43) 9/9 (100)  ND Yes 

Halligan, Gastroenterology 2006 167 (142) 17/19 (89.5) 11.6 No 

Taylor, Radiology 2007 25 (69) 18/19 (95) 19 No 

Mang, Eur Radiology 2007 52 (55) 24/25 (96) 1.7 No 

Petrick, Radiology 2008 60 (24) 5/5 (100) ND Yes 

Summers, AJR 2008 104 (86) 43/47 (91.5) 9.6 Yes 

Regge Radology 2013 618 (256) 230/256 (90%) 14 Yes 

Stand-alone CAD performance 



? 

How to use CAD  



2° Reader  



Clinical validation 

Positive findings 

New test 

Negative findings 
requiring software 
enhancement 

Software development 

Retrospective and 
prospective assessment 
on high prevalence pop.  

Stand alone performance 

Computer 
aided 
detection 
(CAD) 
 

Software development 

A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 



D. Regge Radiology January 2013 



D. Regge Radiology January 2013 



Trial Sensitivity  
(≥6 mm) 

Sensitivity  
(≥10 mm) 

Sensitivity (6-
9 mm) 

Reading time 
(min) 

IMPACT 136/189 
(72%) 

98/122 
(80%) 

38/67  
(57%) 18 

CAD -
IMPACT 
unassited 

89/120  
(74%) 

52/57 
 (91%) 

37/63  
(59%) 5.8  

CAD -
IMPACT 
assisted 

96/120  
(80%) 

53/57 
 (93%) 

43/63  
(68%) 

Additional  
1.5 

-10.5 min + 9 %  

Per-lesion sensitivity / Reporting time 



A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 

Clinical validation 

Positive findings 

New test 
CTC 

Negative findings 
requiring software 
enhancement 

Software development 

Retrospective and 
prospective assessment 
on high prevalence pop.  

Stand alone performance 

Enhancing 
test 
performance 
  (CAD) 
 

Software development 
Measure Result 

Sensitivity 
(≥ 10 mm 
lesions-%)  

94 

PPV ( ≥6 
mm-%) 

76 

Sensitivity 
(6-9 mm 

lesions-%) 

77 

Reporting 
time (min) 

>7 



Timeline 

• 2001 the idea… (CTC as a screening test). Radiologist 
idea!  

• 2002 software development. Computer scientists. 

• 2004 the first trial… Many radiologists…. 

• 2006 CAD development and validation…. Computer 
scientists and many radiologists… 

• 2008 CTC primary test for screening ….. Radiologists, 
computer scientists, epidemiologists and 
gastroenterologists (one in particular..) 



CAD first reader 

Fast unassisted read 



G. Iussich Radiology April 2013 



G. Iussich Radiology April 2013 



Double Reading Paradigms 
CAD Second Reader CAD First Reader 

Unassisted 
reading 

Radiologist + 
CAD CAD CAD + 

Radiologist 

Sensitivity (%) 80 (74/93) 
 (70,87) 

86 (80/93) 
(77,92) 

85 (79/93) 
(75,91) 

89 (83/93) 
(81,95) 

Specificity (%) 92 (82/93) 
(82,97) 

90 (80/89) 
(82,95) 

93 (83/93) 
(86,97) 

91 (81/93) 
(83,96) 

PPV (%) 91 (74/81) 
(83,96) 

90 (80/89) 
(82,95) 

92 (78/84) 
(85,97) 

91 (83/91) 
(83,96) 

AUC  0.86 ± 0.04 0.90 ± 0.03 0.92 ± 0.02 0.94 ± 0.02 

The difference in sensitivity between SR and DR with FR CAD was not statistically significant (P=0.5) 
Compared to the Unassisted reading, CAD increased sensitivity for both reading paradigm (P=0.03) 
For both CAD reading modes, the AUcs increased with CAD (P=0.02) 

Lesion detection, per-patient 

G. Iussich, Investigative Radiology In press 



Double reading CAD FR reporting time was significantly shorter  
than double reader CAD SR (p=0.001)  

108 ± 8 sec 

Interpretation Time 

Reading 
Paradigm Phase 1 Phase II TOT 

Double reading 
CAD Second 

Reader 
318 ± 27 sec  177 ± 20 sec  495 ± 38 sec  

 Double 
reading CAD 
First Reader 

276 ± 20 sec  384 ± 22 sec  

Reading time 

G. Iussich, Investigative Radiology In press 



A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 

Clinical validation 

Positive findings 

New test 
CTC 

Negative findings 
requiring software 
enhancement 

Software development 

Retrospective and 
prospective assessment 
on high prevalence pop.  

Stand alone performance 

Enhancing 
test 
performance 
  (CAD) 
 

Software development 

Measure Result 

Sensitivity 
(≥ 10 mm 
lesions-%)  

94 

PPV (≥6 
mm 

lesions-%) 

76 

Sensitivity 
(6-9 mm 

lesions-%) 

77 

Reporting 
time (min) 

6 



A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 

Clinical validation 

Positive findings 

New test 
CTC 

Negative findings 
requiring software 
enhancement 

Software development 

Retrospective and 
prospective assessment 
on high prevalence pop.  

Stand alone performance 

Enhancing 
test 
performance 
  (CAD) 
 

RCT CTC against 
implemented strategy 

Software development 



CTC vs sigmoidoscopy (RCT) 



Novara 

Biella 
Veruno-Borgomanero 

Ospedale Molinette 
Ospedale SGAS 
Ospedale San Giovanni 
Bosco 
IRCC - Candiolo 

Az. Ospedaliera Verona 





SAFE: VC vs FOBT 

COCOS: VC vs Colonoscopy 

PROTEUS: VC vs Colonoscopy 

SIGGAR: VC vs Colonoscopy,- VC vs BE (symptomatic) 



Randomized trials endpoints 

Trial name Study type Main end points 

Referral to 
colonoscopy 

(lesion 
diameter) 

Age of 
invitation 

(years) 

COCOS 
(Amsterdam
/Rotterdam) 

Randomized 
controlled 
trial: OC 
versus CTC 

Participation rate; 
diagnostic yield 

≥ 10 mm 50-75 (average 
61), not 
previously 
invited 

Protèus 
(Torino) 

Randomized 
controlled 
trial: FS 
versus CTC 

Advanced neoplasia 
detection rate; 
participation to FS 
versus CTC 

≥ 6 mm 58 years, not 
previously 
invited 

SAVE 
(Firenze) 

Randomized 
controlled 
trial: FOBT 
vs CTC 
versus OC 

Advanced adenoma 
detection /referral 
rate, CTC versus 3 
round FOBT; 
participation rate to 
FOBT, CTC and OC 

≥ 6 mm 55-64 years, 
not previously 
invited 



Invitation procedures 

Trial name End-point Invitation procedure Options to respond Consultations 

COCOS 
(Amsterdam/R
otterdam) 

 participation Preannouncement, two 
weeks later invitation 
(leaflet, reply card), 
reminder after 4 weeks 

Returning card, call 
centre, e-mail 

Yes, by phone  
(< two weeks), 
eligibility 
assessment 

Protèus 
(Torino) 

participation Letter (and leaflet) sent by 
mail, signed by GP to 
either CTC or FS, 
reminder after 4 weeks.    

Call centre to confirm 
exam date or change 
date, eligibility 
assessment 

If requested, by 
phone 

Protèus 
(Torino) 

advanced 
neoplasia 
detection rate 

Letter (and leaflet) sent by 
mail, signed by GP, with 
invitation to enter study 

Returning card or call 
center for exam 
reservation, eligibility 
assessment 

If requested, by 
phone 
 

SAVE 
(Firenze) 

Advanced 
adenoma 
detection and 
participation 

Letter (and leaflet) sent by 
mail, reminder after 3 
months 

Call centre, e-mail for 
appointment 

Consultation with 
trained nurse,  
eligibility 
assessment 



Main results 

Trial name End-point 
Invitees/test

ed 
individuals 

Participatio
n rate 

Referral to 
colonoscopy 

PPV of 
CTC 

Diagnostic yield 
for advance 
neoplastic 
(≥10mm) 

COCOS 
(Amsterda
m/Rotterda

m) 

 participa-
tion 

8844/ 
CTC=982 
OC=1276 

 
 

34% CTC, 
22% 

colonoscopy 

9% (+ 8% with 
6-9mm lesions 

offered f/u 
=17%) 

71% (60 
TP/84 

positives
) 

1.5 per 100 
invitees for 

colonoscopy, 2.0 
for CTC 

Protèus 
(Torino) 

advanced 
neoplasia 
detection 

rate 

19662/ 

1355 CTC 
arm 

14% into 
study 

10% 



Most advanced lesion (per 
participant/per invitee) 



A new diagnostic paradigm: a new test - system supporting 
diagnosis (CAD) - new integrated screening platform 

Clinical validation 

Positive findings 

New test 
CTC 

Negative findings 
requiring software 
enhancement 

Software development 

Retrospective and 
prospective assessment 
on high prevalence pop.  

Stand alone performance 

Enhancing 
test 
performance 
  (CAD) 
 

RCT CTC against 
implemented strategy 

Software development 
Integrated screening 
platform 



Integrated screening platform 

• Fully automated and 
standardized approach 

• Improved workflow 
• Real time reporting 
• Quality control 
• Cost-effectiveness assessment 
• Centralizing acquisition of  

data of  scientific relevance 



Integrated screening platform 

• CTC performed throughout 
the territory to approach 
the target subject and thus 
encourage participation to 
the screening program 

• Centralization of  reporting, 
performed by certified 
radiologists 



ESGE/ESGAR consensus: 
work in progress 

• CTC is not recommended as a primary test for 
population screening or in subjects with a first-degree 
positive family history. However, it may be suggested 
as a CRC screening  test on an individual basis 
providing the screenees are adequately informed about 
test characteristics, benefits and risks. 

• CTC is recommended in the case of  positive 
FOBT/FIT with incomplete or unfeasible colonoscopy 
within organized population screening programs.  
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