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BackgroundBackground

•• Colonoscopy is considered the preferred Colonoscopy is considered the preferred 
CRC screening test in the USA.CRC screening test in the USA.

•• However, barriers to colonoscopy include:However, barriers to colonoscopy include:

–– Organizational:  access (USA, abroad); Organizational:  access (USA, abroad); 
capacitycapacity

–– PatientPatient--associated:  discomfort, fear, associated:  discomfort, fear, 
embarrassment, inconvenience (work embarrassment, inconvenience (work 
absence; patient escort; child care)absence; patient escort; child care)

•• Therefore, nonTherefore, non--invasive tests may greatly invasive tests may greatly 
facilitate CRC screening efforts.facilitate CRC screening efforts.
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Stool DNA Testing: Molecular MarkersStool DNA Testing: Molecular Markers

(MuMu22 + DIA)(MuMu22 + DIA)

Chromosomal Instability (e.g. FAP)Chromosomal Instability (e.g. FAP)
••AneuploidyAneuploidy

••LOHLOH

••Tumor suppressor gene mutationsTumor suppressor gene mutations

MicrosatelliteMicrosatellite Instability (e.g. HNPCC)Instability (e.g. HNPCC)
••HypermethylationHypermethylation/mutation of DNA MMR genes/mutation of DNA MMR genes

••Target gene alterations (Target gene alterations (TGFTGFββββββββRIIRII; others); others)

KK--rasras (3)(3) DCC/18q genesDCC/18q genes P53 (8) P53 (8) 

7070--85%85%

15%15% LongLong--DNA (DIA)DNA (DIA)

BAT26

Stool DNA Testing:Stool DNA Testing:

Early Studies With Early Studies With Version 1.0Version 1.0

StudyStudy Sensitivity (CRC)Sensitivity (CRC) SpecificitySpecificity

AhlquistAhlquist ‘‘0000 91% (20/22)91% (20/22) 93% (26/28)93% (26/28)

Tagore Tagore ‘‘0000 63% (33/52)63% (33/52) 98.2% (111/113)98.2% (111/113)

SyngalSyngal ‘‘02,02,‘‘0303 62% (40/65)62% (40/65) ----

Brand Brand ‘‘0202 69% (11/16)69% (11/16) ----

CalistriCalistri ‘‘0303 62% (33/53)62% (33/53) 97% (37/38)97% (37/38)

SyngalSyngal ‘‘0606 63% (43/68)63% (43/68) ----

These studies analyzed:
• High risk individuals for sensitivity

• Stools collected post-colonoscopy
• Stools that were rapidly frozen

AverageAverage--Risk Individuals: Risk Individuals: 

Stool DNA is Better than FOBT in Stool DNA is Better than FOBT in 

2,507 asymptomatic, average2,507 asymptomatic, average--risk subjects over age 50risk subjects over age 50

Stool DNA assay (Version 1.0) compared to Stool DNA assay (Version 1.0) compared to HemoccultHemoccult--IIII

All subjects underwent colonoscopyAll subjects underwent colonoscopy

ResultsResults:: sDNAsDNA HemoccultHemoccult--IIII

Sensitivity (n=31):Sensitivity (n=31): 51.6 %51.6 % 12.9%12.9% (p<0.003)(p<0.003)

Specificity (n=1423)Specificity (n=1423):: 94.4%94.4% 95.2%95.2% (p=NS)(p=NS)

Conclusions:Conclusions:

1.1. sDNAsDNA more sensitive than more sensitive than HemoccultHemoccult--II for CRCII for CRC

2.2. sDNAsDNA similar specificity as similar specificity as HemoccultHemoccult--IIII

3.3. But, DIA performance lower than expected (DNA But, DIA performance lower than expected (DNA 
degraded in transit)degraded in transit)

Imperiale, Ransohoff, Itzkowitz, et al.  Imperiale, Ransohoff, Itzkowitz, et al.  NEJMNEJM 351:2704, 2004351:2704, 2004
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Enhancements to Stool DNA Test:Enhancements to Stool DNA Test:

““Version 1.1Version 1.1””

•• Better DNA stabilizationBetter DNA stabilization

–– Adding EDTAAdding EDTA--containing buffer to stool containing buffer to stool 

significantly increases the recovery of DNA significantly increases the recovery of DNA 11

•• Improved DNA extraction methodImproved DNA extraction method

–– GelGel--based extraction (based extraction (EffipureEffipure®®), instead of ), instead of 

beads, enhances DNA recovery beads, enhances DNA recovery 22

1 1 Olson et al, Olson et al, DiagnDiagn Mol Mol PatholPathol 14:183, 200514:183, 2005
22 Whitney et al. Whitney et al. J Mol J Mol DiagnDiagn 6:386, 20046:386, 2004

Version 1.1 is Better than Version 1.0Version 1.1 is Better than Version 1.0

% 
Positive

No. 
Positive

%
Positive

No. 
Positive

26/40

17/40

29/40

Version 1.1
(Itzkowitz, CGH, ‘07)*

65.0%3.2%1/31•DIA

42.5%51.6%16/31•MuMu22

72.5%51.6%16/31•All markers

Version 1.0
(Imperiale, NEJM, ‘04)

Sensitivity for CRC:

(p<0.0001)(p<0.0001)

Buffer & Buffer & EffipureEffipure (gel capture) increased (gel capture) increased sensitivity of sensitivity of 

•• the original marker panel (51.6% the original marker panel (51.6% --> 72.5%)> 72.5%)

•• especially especially DIA (3.2% DIA (3.2% --> 65%)> 65%)

•• specificity = 89%specificity = 89%

* Itzkowitz et al.  * Itzkowitz et al.  ClinClin Gastro Gastro HepatolHepatol 5:111, 20075:111, 2007

Clinical Experience with Version 1.1: 

Patient Preferences

Stool DNA: Patient Assessment 

of  Ease of Sample Collection 

(N=1,166)
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Stool DNA: Likelihood to use stool DNA 

again (N=1,191)
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Berger et al, Clinical Colorectal Cancer, Jan. 2006
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Clinical Experience with Version 1.1: 

Patient Screening History

Stool DNA: CRC Screening History of 

Stool DNA Users (N=1,193)

52%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

1

Before using stool DNA, 52% 

had NOT been screened 

previously for colorectal cancer

P
e

rc
e

n
ta

g
e

 o
f 

R
e
s

p
o

n
d

e
rs

No

Yes

Stool DNA: Previous screening method 

(N=568)
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Berger et al, Clinical Colorectal Cancer, Jan. 2006

Stool DNA Version 2.0 Stool DNA Version 2.0 

92.6 (86.692.6 (86.6--96.1)96.1)9965.0 (49.565.0 (49.5--77.9)77.9)2626DIA (DY)DIA (DY)

82.0 (74.282.0 (74.2--87.8)87.8)222287.5 (73.987.5 (73.9--94.5)94.5)3535Vim + DYVim + DY

86.9 (79.886.9 (79.8--91.8)91.8)

%%

(95% C.I.)(95% C.I.)

72.5 (57.272.5 (57.2--83.9)83.9)

% % 

(95% C.I.)(95% C.I.)

No. No. 

PositivePositive
No. No. 

PositivePositive

16162929VimentinVimentin

Specificity Specificity (n=122)(n=122)Sensitivity (n=40)Sensitivity (n=40)

• DNA stabilization
• Better DNA extraction
• Vimentin methylation

* Itzkowitz et al.  * Itzkowitz et al.  ClinClin Gastro Gastro HepatolHepatol 5:111, 20075:111, 2007

Version 2.0 (DIA+Vim) Detected Version 2.0 (DIA+Vim) Detected 

Most Most CRCsCRCs Regardless of StageRegardless of Stage

80.0 (37.6-96.4)4/5• Stage IV

94.1 (73.0-99.0)16/17• Stage III

90.0 (59.6-98.2)9/10• Stage II

75.0 (40.9-92.8)6/8 • Stage I

35/40

No.

Positive

87.5 (73.9-94.5)

%

(95% CI)

Total:
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Version 2.0 (DIA+Vim) Detected Version 2.0 (DIA+Vim) Detected 

Most Most CRCsCRCs Regardless of LocationRegardless of Location

NS

86.2%

90.9%

DY + Vim

NS0.03P value

75.9%

36.4%

DY

72.7%Right (n=11)

72.4%Left (n=29)

Vim

Patient Satisfaction with Version 2.0Patient Satisfaction with Version 2.0

40%Age >60 yrs

84%Would repeat test if doctor recommended it

93%Very comfortable performing the test

100%Add the preservative to specimen; easy/very easy

96%Open the preservative bottle; easy/very easy

97%

41%

Percent

Male

Perform the test; easy/very easy

ConclusionsConclusions

A second generation stool DNA test:

• Has high sensitivity with reasonable specificity

• Uses only two markers (each marker alone 

performs very well)

• Has high patient acceptance and satisfaction

• Is very useful for getting patients screened who 

might not otherwise get screening. 
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Future DirectionsFuture Directions

Phase 1: (complete) *Phase 1: (complete) *

•• Establish new DIA cutEstablish new DIA cut--offsoffs

•• Configure Optimal Marker Panel (Vim + DY)Configure Optimal Marker Panel (Vim + DY)

•• 45 CRC; 150 Normal colonoscopy45 CRC; 150 Normal colonoscopy

Phase 2: (ongoing)Phase 2: (ongoing)

•• Increase precision of VersionIncrease precision of Version--2 results by 2 results by 
narrowing 95% CInarrowing 95% CI

•• Provide a future validation set of samplesProvide a future validation set of samples

•• 80 CRC; 250 Normal colonoscopy80 CRC; 250 Normal colonoscopy

* Itzkowitz et al.  * Itzkowitz et al.  ClinClin Gastro Gastro HepatolHepatol 5:111, 20075:111, 2007


