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SUMMARY

Background
The sensitive guaiac faecal occult blood test, Haemoccult SENSA (HOS;

Beckman Coulter, Fullerton, CA, USA), is our standard screening test
for significant colorectal neoplasia. We evaluated an automatically-
developed, quantified human haemoglobin immunochemical faecal test,
OC-MICRO (Eiken Chemical Co., Tokyo, Japan), to improve test specific-
ity and so reduce the colonoscopy burden.

Aim
To compare guaiac faecal occult blood test and immunochemical faecal
test diagnostic efficacy and costs for identifying significant neoplasia.

Methods
Colonoscopies were performed on patients who prepared three daily guaiac
faecal occult blood tests with or without immunochemical faecal tests.

Results

Total colonoscopy was performed on 151 subjects who prepared both
guaiac and immunochemical faecal tests (group 1) and the positive predic-
tive values (PPV) were also compared to those of 162 subjects undergoing
colonoscopy for positive guaiac faecal occult blood tests (group 2). In
group 1, comparative sensitivity, specificity, and PPVs for significant neo-
plasia with guaiac faecal occult blood test were 7500, 34%, and 12% (PPV,
18% for group 2) and with immunochemical faecal test were 75%, 94%
and 60% (P < 0.01 for specificity). The number of colonoscopy examina-
tions needed to detect a significant neoplasm because of positive faecal
occult blood tests was six to eight with HOS and two with OC-MICRO at
21-31% the cost of evaluating a positive guaiac faecal occult blood test.

Conclusion
An immunochemical faecal test maintains the high sensitivity of guaiac
faecal occult blood test, but significantly reduces the colonoscopy bur-

den and screening costs.
Aliment Pharmacol Ther 23, 1359-1364
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INTRODUCTION

The guaiac faecal occult blood test {G-FOBT} is the
standard screening test used in colorectal cancer (CRC)
detection programmes for the asymptomatic popula-
tion.'"” Several groups, including our own, had per-
formed a comparative evaluation of available
commercial G-FOBTs and office-developed immuno-
chemical tests (I-FOBT) of similar sensitivity, but spe-
cific for human haemoglobin (Hb).*"'? But, for the
office-developed I-FOBT, the manufacturers predeter-
mined the degree of sensitivity for Hb to be at the
level of the most sensitive G-FOBT, and we also found
that the occasional experience with the more complex
office-development was not conducive for large-scale
screening and maintaining quality control, and that
the G-FOBT was simpler to develop and cheaper.* !

However, G-FOBTs have a low specificity for
neoplasia because of their non-specificity for
human Hb and for being sensitive to dietary
peroxidases.” '% '* 15 The G-FOBT is also faulted by
the possibility of inaccurate development and reading
by inadequately trained subjects.” '® '” We, and others,
did find that adapting the development protocol could
minimize the effects of the dietary peroxidases, and
centralizing its laboratory development provided better
quality control.> '* '8

Based on our recommendation, the G-FOBT used in
our CRC screening programmes is HaemoccultSEN-
SA™ (HOS) (Beckman Coulter, Fullerton, CA, USA).
Our largest national screening programme is per-
formed by a major health medical organization (HMO)
and is centrally organized by mail, with voluntary
patient participation. Tests are returned to this central
service that is responsible for processing the test. Sub-
jects with a positive test are then invited for a colon-
oscopy examination that is performed in their local
gastroenterology clinic or hospital department.'®

In recent years, especially in Japan, more I-FOBTs
were developed and the automated-developed and
quantitative [-FOBT has become available. It is not
only human Hb specific eliminating the need for diet
restrictions, but the Hb quantification also allows
selection of an appropriate threshold level for follow-
up colonoscopy.? 20-2¢

The requirement of a CRC-screening test is that it be
sensitive and identify subjects with early CRC that is
an immediate medical threat to the patient. In addi-
tion, if possible, it should also identify advanced
adenomatous polyps (AAP) that could be a poten-

tial medical threat to the screening in the near
future.'™> 27- 28 These tests are not diagnostic tests, the
intention being that screening tests should be repeated
periodically, preferably annually, and then provide the
opportunity to identify those neoplasia missed in the
previous round and/or had become clinically signifi-
cant, namely CRC or AAP.? But, the screening test
should also have both a high specificity and positive-
predictive value (PPV) for CRC and AAP that will
result in the minimum number of follow-up colonos-
copy examinations with their attendant morbidity,
costs and demands on the health services.?®

Lately, the large number of follow-up colonoscopies
resulting from their G-FOBT screening programmes
has perturbed our major HMOs and us. Also, based on
our initial and on-going favourable experience with
an automated-developed and quantitative I-FOBT
(OC-MICRO™, Eiken Chemical Co., Tokyo, Japan), we
are considering its use for population screening.?®

To address these issues, we: (i) prospectively evalu-
ated the relative sensitivities, specificities and PPV of
HOS and OC-MICRO for the detection of significant
colorectal neoplasia; (ii) analysed our previous colon-
oscopy data to obtain the PPV of HOS for detecting
significant colorectal neoplasia, and compared them
with the above results; (iii) compared the relative effi-
ciency and costs entailed by the two FOBTs in identi-
fying these significant colorectal neoplasia

METHODS

Patients

During the last 2 years, we requested subjects
who had performed an HOS test to also prepare the
OC-MICRO™ tests before colonoscopy examination
(group 1).® They were ambulatory subjects who were
scheduled for colonoscopy follow-up after a positive
or even a negative HOS as some were above average-
risk for colorectal neoplasia. The two FOBTs were not
prepared from the same stool or on the same day.
These colonoscopy results were also compared with
those obtained in consecutive volunteer subjects, at
average-risk, who were referred from the HMQ Screen-
ing Center for total colonoscopy following a positive
HOS screening test {group 2).'

Exclusions for the G or I-FOBT were visible rectal
bleeding, haematuria, menstruation, known diagnosis
of inflammatory bowel disease and non-co-operation
with preparing a faecal test.

© 2006 The Authors, Aliment Pharmacol Ther 23, 1359-1364
Journal compilation ©® 2006 Blackweli Publishing Ltd



Patent Owner's Ex. 2007, Page 3

Colonoscopy was to the caecum or to an obstructing
carcinoma, if present. Otherwise, an incomplete exam-
ination was repeated or excluded from analysis. All
lesions were noted, biopsied or removed and numbers
of polyps were noted, as were their sites. Polyps were
classified as non-adenomas or adenomas. Adenomas
were grouped by size: <10 mm, =10 mm; by their his-
tology: tubular, tubular-villous, villous; and dysplasia
was classified as: low-grade (LGD) or high-grade
{HGD). The term ‘significant’ neoplasia included CRC
or AAP; this latter category included adenomas
>10 mm in diameter, or having >20% villous histology
or having any amount of HGD independent of size. All
AAPs <10 mm were re-examined to confirm their his-
tology diagnosis.

Haemoccult SENSA (HOS)

Cards are mailed by the HMO Central Screening
Service to volunteer asymptomatic HMO members,
aged 50-75 years, as a part of the cancer detection
programme.'? Patients are requested to follow the
manufacture’s instructions on diet and medications
before and during preparing the G-FOBT. They apply
stool on six windows of three cards and mail them
back to the central laboratory for development and
reading; the results of the tests are sent to the patient
and appear online in the electronic files of the
patients. The test is positive if any one HOS window is
positive. The family physician then schedules the
follow-up colonoscopy.

OC-MICRO

This I-FOBT has been described by us, and by others
in Japan.?> 2¢ Briefly, patients scheduled for colonos-
copy are invited to prepare the 0C- MICRO™ tests and
all participants received an oral and/or telephone
explanation of the tests and written instructions on its
preparation. They are given or mailed the test kit for
faecal sampling and requested to prepare three con-
secutive daily samples during the week before colon-
oscopy examination, without any specific diet or
medication limitations. Samples are refrigerated at
4 °C until development within 2 weeks of preparation.
The OC-MICRO™ FOBT analysing instrument (Eiken,
Japan) quantifies the Hb in the I-FOBT and results are
given automatically as ngHb/mL. Based on published
experience of others and our own initial evaluation by
colonoscopy, the 100 ngHb/mL level of I-FOBT was

© 2006 The Authors, Aliment Pharmacol Ther 23, 1358-1364
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accepted as being positive for a significant amount of
occult blood.?% 22 25 26. 28

Analysis and statistical methods

The diagnostic level of the FOBT tests for significant
neoplasia was evaluated by three criteria: sensitivity,
specificity and PPV. Comparison between the two
FOBT tests was carried out by the McNemar test. The
statistical significance level was set to 0.05 and results
are given as means + s.d. The spss for Windows soft-
ware, Version 13.0, was used for the analysis.

For clinical correlations with the G-FOBT result and
I-FOBT Hb level, the most severe pathology finding
recorded was used for each examinee. For these com-
parisons, only the category ‘significant’ colorectal neo-
plasia was considered, namely the analyses included
only CRC or CRC and AAP both together. The data
presented included that of all subjects having prepared
a precolonoscopy G-FOBT or both G-FOBT and
I-FOBT. These were used to compare positive predic-
tive rates and calculate the number of colonoscopy
examinations, ensuring from positive tests, needed to
identify the significant neoplasm. :

For the calculations of costs, we used the maximum
costs authorized by our Health Authorities. These were
$340 for colonoscopy and $13 for the three HOS tests
including administration costs for the screening pro-
gramme. For pricing OC-MICRO, we used the local
agent’s pricing and added the administration costs for
the screening programme, namely $20 for three tests.

The institution’s Ethics Committee authorized the
study in 2004. All subjects gave a signed, informed
consent for the I-FOBT and colonoscopy examination.

RESULTS

Patients, colonoscopy and FOBT results

Group 1 included 151 patients, who had prepared a
G-FOBT and were also requested to prepare the I-FOBT
before their colonoscopy examination, and group 2
included 162 consecutive patients who had undergone
colonoscopy because of a positive G-FOBT. Their mean
ages ranged from 62 to 65 years and 51-56% of the
groups were males (NS).

The colonoscopy findings and FOBT used, and the
results are shown in Table 1 and Figure 1. Significant
colorectal neoplasia was found by colonoscopy in 11%
of group 1 and 18% of group 2. In group 1, both tests
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Table 1. The groups studied, faecal occult blood test
{(FOBT) used, FOBT positivity and neoplasia identified by
colonoscopy

Patients AAP* CRCT AAP +
Group (n) FOBT n (n) {n) CRC (n)
1 151 G-FOBT
Positive 50 8 4 12
Negative 10t 4 0 4
All 151 12 4 16
151 I-FOBT
Positive 20 9 3 12
Negative 131 3 1 4
All 151 12 4 16
2 162 G-FOBT

Positive 162 18 11 29

* Advanced adenomatous polyp.
+ Colorectal cancer.
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Figure 1. ‘OC-MICRO: immunochemical faecal Hb meas- -
urements according to_colonoscopy: findings and HOS
(G-FOBT) results in comparison group-1 (n ='151). Box
plots of faecal Hb values for each diagnostic category. -

Dark line indicates median Hb value shaded block-covers :
the upper and adjacent two' lower quartiles, and bars
are-the maximum and minimum-levels measured; .

100 ngHb/mL being the cut-off for a positive test. The -

left column is the low level of faecal Hb in’subjects not -
having CRC or AAP on colonoscopy, and having a true
negative G-FOBT. The second column is the elevated level
of faecal Hb in subjects with CRC or AAP on colonos-
copy, and having a true positive G-FOBT. The third
column is the low level of faecal Hb in subjects not ..
having CRC or AAP on colonoscopy, but having a false
positive G-FOBT. The right column is the elevated level

of faecal Hb in subjects having CRC or AAP on colonos-
copy, and having a false negative G-FOBT.

were positive in the same 11 of 12 patients having
positive FOBTSs, out of the 16 having significant neopl-
asia identified by colonoscopy (Table 1).

The respective specificity and PPVs for significant
neoplasia of the faecal occuit blood tests are presented
in Table 2. In the comparison group 1, having both
FOBTs before colonoscopy, the sensitivities of both
FOBTs were identical (75%) for significant neoplasia,
but their specificities were significantly different
(P < 0.01). This was reflected in their PPVs and the
number of colonoscopies that would have been gener-
ated by positive tests in order to identify a significant
neoplasm. These results are also seen in Figure 1,
which shows that the large number of false-positive
G-FOBTs for significant neoplasia did not have eleva-
ted levels of faecal occult blood. The predictive value
for the G-FOBT in group 2, although better than that
of the G-FOBT in group 1, was also significantly worse
than that of the I-FOBT in group 1 (Table 2).

Costs

Using the FOBT-positive predictive data for each type
of FOBT used in group 1, the number of colonoscopy
examinations needed was calculated to detect a subject
with a significant neoplasm (Table 2). The number of
colonoscopies needed with the G-FOBT or I-FOBT in
group 1 was eight and two, respectively. Thus, for pos-
itive G-FOBTs, four times more colonoscopy examina-
tions were needed to identify a significant neoplasm
when compared with using the I-FOBT, and the costs
would be more than four times greater (Table 2). Con-
versely, the cost with OC-MICRO™, for identifying a
significant neoplasm, was 23% of the cost entailed
from evaluating the positive HOS tests and identifying
this neoplasm.

Comparing the OC-MICRO results in group 1 with
those of HOS in group 2, the cost would still be only
31% of those ensuring from positive HOS tests.

DISCUSSION

This colonoscopy-controlled comparative evaluation of
HOS and OC-MICRO FOBTs demonstrated a similar
sensitivity of both tests for significant colorectal neo-
plasia, but having significantly different specificities
and resulting PPVs. From evaluation of the data of
both groups studied, the costs resulting from positive
HOS tests were three to four times more than those
resulting from positive OC-MICRO tests.

The limitations of this comparison study were that
the population was a mixture of subjects at average
and above average-risk for CRC who had colonoscopy

© 2006 The Authors, Aliment Pharmocol Ther 23, 1359-1364
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Table 2. Neoplasia found at colonoscopy, analysis of each FOBT specificity and PPV for neoplasia, number of colonoscopy
examinations needed to identify a significant neoplasm because of positive tests, and the resulting costs

Patients CRC or Specificity PPV Number of colonoscopies Cost/significant
Group (n) FOBT AAP (%) (%) needed/CRC or AAP detected neoplasia
1 151 G-FOBT 16 (11%) 34 12 8 $2965
[-FOBT 16 (11%) 94t 60 2 $612
2 162 G-FOBT 29 (18%) NA 18 6 $1977

NA, not applicable; PPV, positive-predictive value; AAP, advanced adenomatous polyp; CRC, colorectal cancer.

*<tP<001.

after a positive or negative FOBT, and volunteered for
the study. Nor were the two FOBTSs prepared from the
same stool. So, we cannot truly compare sensitivities
or extrapolate the diagnostic yield to the average-risk
population. Even so, being colonoscopy-controlled
provided an opportunity to compare the efficiency of
the two tests in identifying clinically significant neopl-
asia and their relative costs.

Our average-risk group 2 enabled us to evaluate by
colonoscopy the true predictive value of those referred
after a positive HOS had been identified in the HMO
Central Screening Center. This is a unit independent
from the endoscopy units. The specificity of HOS, in
this colonoscopy-controlled study, was lower than
anticipated from our own and published experi-
ence.® % 1% 1519 There are several reasons that might
contribute to this; the HOS preparation, development
and reading were not controlled or carried out by us;
the published data often included specificity deduced
by clinical follow-up, only a few studies were partially
or fully colonoscopically controlled. '> This discrep-
ancy between published results and what we found
illustrates the problems of quality control related to pre-
paration, development and reading of a guaiac FOBT.

In this initial evaluation, both HOS and OC-MICRO
had similar sensitivities for significant neoplasia. How-
ever, we have demonstrated that the I-FOBT is far
more specific, has a better PPV and so would generate
fewer follow-up colonoscopy examinations. This has
also been the international clinical experience with
I-FOBTs.”- 10 15-23- 39 The automated and quantitative
test for human faecal Hb minimizes human errors
because of uncontrolled diet and in test development,
and makes it a more objective laboratory test with its
attendant quality control.

© 2006 The Authors, Aliment Pharmaca! Ther 23, 1359-1364
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The I-FOBT also has its limitations. In our on-going
colonoscopy-controlled evaluation, we found that
three faecal samples provided the optimal OC-MICRO
sensitivity for significant neoplasia. This is in contrast
to others’ experience with I-FOBTs where only cne or
two annual or even one sample biennially is reques-
ted.2> 2!+ 23 In our evaluation, we also found that the
faecal samples were temperature sensitive and Hb deg-
radation occurred if the samples were not stored at
4 °C.%% 26 Both of these issues may explain the poorer
I-FOBT result recently published, where only one sam-
ple was tested.** )

Based on our positive on-going experience with
the I-FOBT, we will now initiate an average-risk pop-
ulation comparison study with HOS. The aims will be
to compare compliance for preparing the two tests
and to evaluate the resulting neoplasia yield and
cost.

In conclusion, the I-FOBT (OC-MICRO™) maintains
the high sensitivity of the G-FOBT (Haemoccult
SENSATM), but can significantly reduce the colonos-
copy burden and expenses resulting from a guaiac
FOBT-based screening programme.

ACKNOWLEDGEMENTS

We acknowledge the medical and secretarial staff of
the Endoscopy Units and the patients for their
co-operation. We thank Dr Ester Shabtai and Doron
Comaneshter for statistical analyses, and Ms Sally
Zimmerman for secretarial assistance. Eiken, Japan;
Alfa Wasserman, Italy; and Pharmatope, Israel provi-
ded the OC-MICRO™ instrument and reagents and
partial financial support for the study administration,
as the Katzman Family Foundation did.



Patent Owner's Ex. 2007, Page 6

1364 Z. LEVI et al

REFERENCES

1

Allison JE. Review arficle: faecal occult

blood testing for colorectal cancer.
Aliment Pharmacol Ther 1998; 12:
1-10.

Young GP, Rozen P, Levin B. How
should we screen for early colorectal
neoplasia? In: Rozen P, Young GP,
Levin B, Spann SJ, eds. Colorectal Can-
cer in Clinical Practice, 2nd edn. Lon-
don: Taylor and Francis, 2005: 97-130.
Ouyang DL, Chen lJ, Getzenberg RH,
et al. Noninvasive testing for colorectal
cancer: a review. Am J Gastroenterol
2005; 100: 1393-403.

Castiglione G, Sala P, Ciatto S, et al.
Comparative analysis of results of guai-
ac and immunochemical tests for faecal
occult blood in colorectal cancer screen-
ing in two oncological institutions. Eur
J Cancer Prev 1994; 3: 399-405.

Petrelli N, Michalek AM, Freedman A,
et al. lmmunochemical versus guaiac
occult blood stool tests: results of a
community based screening program.
Surg Oncol 1994; 3: 27~36.

Allison JE, Tekawa IS, Ransom LJ, et al.
A comparison of fecal-occult blood tests
for colorectal-cancer screening. N Engl
J Med 1996; 336: 155-9.

Castiglione G, Zappa M, Grazzini G,
et al. Immunochemical vs. guaiac faecal
occult blood test in a population-based
screening programme for colorectal
cancer. Br J Cancer 1996; 74: 141-4.
Levin B, Hess K, Johnson C. Screening
for colorectal cancer: a comparison of 3
fecal occult blood tests. Arch Intern
Med 1997; 157: 970-6.

Rozen P, Knaani J, Samuel Z. Perform-
ance characteristics and comparison of
two immunochemica! and two guaiac
fecal occult blood screening tests for
colorectal neoplasia. Dig Dis Sci 1997;
42: 2064-71.

Saito H, Soma Y, Nakajima M, et al. A
case-control study evaluating occult
blood screening with Hemoccult test
and an immunochemical hemagglutina-
tion test. Oncol Reports 2000; 7: 815=9.
Rozen P, Knaani J, Samuel Z. Compar-
ative screening with a sensitive guaiac

12

13

14

15

17

20

21

and specific immunochemical occult
blood test within an endoscopy study.
Cancer 2000; 89: 46-52.°

Young GP, St John DJ, Winawer SJ,
et al. Choice of fecal occult blood tests
for screening: recommendations based
on performance characteristics in popu-
lation studies: a WHO (World Health
Organization) and OMED (World Organ-
ization for Digestive Endoscopy) report.
Am J Gastroenterol 2002; 97: 2499-
507.

Ko CW, Dominitz JA, Nguyen TD. Fecal
occult blood testing in a general
medical clinic: comparison between
guaiac-based and immunochemical-
based tests. Am J Med 2003; 115:
111-4.

Rozen P, Knaani J, Samuel Z. Elimin-
ating the need for dietary restrictions
when using a sensitive guaiac fecal
occult blood test. Dig Dis Sci 1999; 44:
756~60.

Wong BCY, Wong WM, Cheung KL,
et al. A sensitive guaiac faecal occult
blood test is less useful than an immun-
ochemical test for colorectal cancer
screening in a Chinese population. Ali-
ment Pharmacol Ther 2003; 18: 941-6.
Niv Y. Fecal occult blood test - the
importance of proper processing. J Clin
Gastroenterol 1990; 12: 393-5.

Selinger RR, Nolman S, Dominitz JA.
Failure of health care professionals to
interpret fecal occult blood tests accu-
rately. Am J Med 2003; 114: 64-7.
Sinatra M, St John DJB, Young GP.
Interference of plant peroxidases with
guaiac-based fecal occult blood tests is
avoidable. Clin Chem 1999; 45: 123-6.
Rennert G, Rennert HS, Miron E, et al
Population colorectal - cancer screening
with fecal occult blood test. Cancer Epi-
demiol Biomarkers Prev 2001; 10:
1165-8.

Nakama H, Zhang B, Zhang Y. Evalua-
tion of the optimum cut-off point in
immunochemical occult blood testing in
screening for colorectal cancer. Eur J
Cancer 2001; 37: 398-401.

Castiglione G, Grazzini G, Miccinesi G,
et al. Basic variables at different posi-
tivity thresholds of a quantitative im-

22

23

24

25

26

27

28

29

30

munochemical test for faecal occult
blood. J Med Screen 2002; 9: 99-103.
Wong WM, Lam SK, Cheung KL, et al.
Evaluation of an automated immuno-
chemical faecal occult blood test for
colorectal neoplasia detection in a Chi-
nese population. Cancer 2003; 97:
2420-4. .

Young GP. Fecal immunochemical tests
(FIT) vs. office-based guaiac fecal occult
blood test (FOBT). Practical Gastroenter-
ol 2004; 3: 46-56. (http://www.practi-
calgastro.com)

Morikawa T, Kato J, Yamaji Y, et al. A
comparison of the immunochemical
fecal occult blood test and total colon-
oscopy in the asymptomatic population.
Gastroenterology 2005; 129: 422-8.
Vilkin A, Rozen P, Levi Z, et al. Per-
formance characteristics and evaluation
of an automated developed and quanti-
tative, immunochemical, fecal occult
blood screening test. Am J Gastroenterol
2005; 100: 2519-26.

Rozen P, Waked A, Vilkin A, Levi Z,
Niv Y. Evaluation of a desk top instru-
ment for the automated development
and immunochemical quantification of
fecal occult blood. Med Sci Monit 2006;
in press.

Fattah ASMA, Nakama H, Kamijo N,
et al. Colorectal adenomatous polyps
detected by immunochemical occult
blood screening. Hepato-Gastroentero-
logy 1998; 45: 712-6.

Nakama H, Fattah ASMA, Zhang B,
et al. A comparative study of immuno-
chemical test for detection of colorectal
adenomatous polyps. Hepato-Gastroen-
terology 2000; 47: 386-9.

Haug U, Brenner H. A simulation model
for colorectal cancer screening: potential
of stool tests with various performance
characteristics compared with screening
colonoscopy. Cancer Epidemiol Biomark-
ers Prev 2005; 14: 422-8.

Saito H, Yoshida Y. Mass screening:
Japanese perspective. In: Young GP,
Rozen P, Levin B, eds. Prevention and
Early Detection of Colaorectal Cancer.
London: WB Saunders, 1996: 301-12.

®© 2006 The Authors, Aliment Pharmoco! Ther 23, 1353-1364
Journal compilation © 2006 Blackwell Publishing Ltd





