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ackground & Aims: Despite poor performance, gua-
ac-based fecal occult blood tests (G-FOBT) are most
requently implemented for colorectal cancer screening.
mmunochemical fecal occult blood tests (I-FOBT) are
laimed to perform better, without randomized com-
arison in screening populations. Our aim was to ran-
omly compare G-FOBT with I-FOBT in a screening
opulation. Methods: We conducted a population-
ased study on a random sample of 20,623 individuals
0–75 years of age, randomized to either G-FOBT
Hemoccult-II) or I-FOBT (OC-Sensor). Tests and in-
itations were sent together. For I-FOBT, the stan-
ard cutoff of 100 ng/ml was used. Positive FOBTs
ere verified with colonoscopy. Advanced adenomas
ere defined as >10 mm, high-grade dysplasia, or >20%

illous component. Results: There were 10,993 tests
eturned: 4836 (46.9%) G-FOBTs and 6157 (59.6%) I-
OBTs. The participation rate difference was 12.7%
P < .01). Of G-FOBTs, 117 (2.4%) were positive versus
39 (5.5%) of I-FOBTs. The positivity rate difference was
.1% (P < .01). Cancer and advanced adenomas were
ound, respectively, in 11 and 48 of G-FOBTs and in 24
nd 121 of I-FOBTs. Differences in positive predictive
alue for cancer and advanced adenomas and cancer
ere, respectively, 2.1% (P � .4) and �3.6% (P � .5).
ifferences in specificities favor G-FOBT and were,

espectively, 2.3% (P < .01) and �1.3% (P < .01).
ifferences in intention-to-screen detection rates fa-

or I-FOBT and were, respectively, 0.1% (P < .05) and
.9% (P < .01). Conclusions: The number-to-scope to
nd 1 cancer was comparable between the tests. How-
ver, participation and detection rates for advanced
denomas and cancer were significantly higher for I-
OBT. G-FOBT significantly underestimates the preva-

ence of advanced adenomas and cancer in the screening
opulation compared with I-FOBT.

ore than 30 years ago, guaiac-based fecal occult
blood tests (G-FOBT) to screen for colorectal can-

er (CRC) were introduced.1,2 A G-FOBT is a relatively
nexpensive test, easy to use that can be carried out at

ome. However, G-FOBTs are not specific for human
lood and quality control on the evaluation of the tests
s hardly possible.3 Despite these disadvantages, the G-
OBT is still the most implemented test for CRC screen-

ng.4 –9

A promising alternative is the immunochemical fecal
ccult blood test (I-FOBT). I-FOBTs are also inexpensive
nd noninvasive; in addition, these tests are often easier
o carry out than G-FOBTs. Another advantage of I-
OBTs is that they are specific for human blood. The
ost prominent advantage is that many I-FOBTs make

uality control possible. At least in theory, they also
romise better diagnostic performance than G-FOBTs. In
everal studies I-FOBTs, seem to have higher specificity
ompared with G-FOBTs.10 –14

To demonstrate that I-FOBTs have improved diagnos-
ic performance, the tests should be compared with G-
OBTs in a randomized design in a general screening
opulation. Up to now, direct comparison has only been
erformed in subjects at higher risk for CRC, like sub-

ects with a positive G-FOBT, symptomatic patients, or
atients already diagnosed with CRC.15–19 Also, some
tudies focused on test performance parameters of both
-FOBT and I-FOBT by asking people to perform both

ests at the same time, but such an approach may have
egative impact on participation rates.20–23 Another study
omparing G-FOBT with I-FOBT was performed in a non-
andomized design and the specific I-FOBT used (!nform)
as not semiquantitative, did not allow quality control, and
ad to be performed on 2 days with separate bowel move-
ents.10 In the present study, we aimed to randomly

ompare the test performance parameters of the Hemoc-
ult II G-FOBT (Beckman Coulter, Fullerton, CA) with
he OC-sensor I-FOBT (Eiken Chemical Co, Tokyo, Ja-
an) in a screening population.

Abbreviations used in this paper: 95% CI, 95% confidence interval;
RC, colorectal cancer; FOBT, fecal occult blood test; G-FOBT, guaiac-
ased fecal occult blood test; I-FOBT, immunochemical fecal occult
lood test; Negatives, FOBT-negative patients; Positives, FOBT-positive
atients; PPV, positive predictive value.

© 2008 by the AGA Institute
0016-5085/08/$34.00
doi:10.1053/j.gastro.2008.03.040
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Methods
Population
The population in this prospective study was a

andom selection of the general Dutch population be-
ween 50 and 75 years of age in Nijmegen, Amsterdam,
nd surrounding areas. Population data with respect to
ate of birth, gender, and postal area were provided by
he civil service of the municipalities and updated every 8
eeks to keep the database up to date with respect to
oving, age, and death. Institutionalized and symptom-

tic people were excluded. Symptomatic people were ad-
ised to contact their physician.

Randomization, Invitation, and Participation
From the municipal databases, random samples

ere taken according to postal address and randomized
o receive a G-FOBT or an I-FOBT. If �1 individual was
isted at the same address they received the same test to
nsure relative blinding to the alternative test. Deviation
rom an equal distribution of the test allocation was
revented by an especially designed randomization pro-
ram. From June 2006 to February 2007, randomized
ndividuals received the allocated test, immediately with
he invitation, an information brochure, a consent form,
nd a freepost envelope. The information brochure was
esigned in accordance with brochures used in other
ountries and provided concise background information
or CRC screening and follow-up examination in case of

positive FOBT. Phone numbers to help desks in the 2
creening areas were given as well as links to informative
ebsites. The only intervention to raise participation was
single written reminder 2 weeks after the initial invita-

ion. The time for adherence—the time between invita-
ion and returning the test—was unrestricted. Time for
dherence was only restricted by closing of the study at
ay 1, 2007, after which time only follow-up was com-

leted.

FOBTs
In this study 2 FOBTs were compared. The most

ommonly implemented G-FOBT, Hemoccult II (Beck-
an Coulter) was used. For the I-FOBT an automated

emiquantitative I-FOBT: OC-sensor (Eiken Chemical
o) was chosen to allow quality control. No diet instruc-

ions were given and people were instructed to prevent
ontact of feces with toilet bowl water and urine and not
o perform the test if visible blood was present. Illustra-
ions as well as written instructions and examples aided
n fecal sampling. To ensure consistent testing quality, 2
pecially trained laboratory workers analyzed all FOBTs
n 1 gastroenterology research laboratory in Nijmegen.

A complete Hemoccult II test consists of 3 separate
ards. With that 6 applicator sticks, a collecting envelope,
nd written instructions were sent. Each card should be
sed on a consecutive day with defecation and on each

ard 2 samples of different parts of the defecation should w
e applied with a separate applicator stick. People were
nstructed to put all 3 test cards in a supplied collecting
nvelope and to return it as freepost. The cards were not
ehydrated.24 If the test was performed incorrectly or �3
ards were returned, new test cards were sent with a letter
xplaining how to perform the test correctly. Incomplete
ests were rare and almost always due to applying the
tool on the wrong side of the card. Positivity was defined
s blue discoloration of any of the 6 stool samples within
0 – 60 seconds after applying the developing solution.
inety-nine percent of the tests were developed within 6
ays. Tests were stored according to manufacturer in-
tructions.

The OC-Sensor test consisted of a single sampling tube
nd written instructions. The sampling tube, filled with
tabilizing buffer, had an integrated fecal probe. Partici-
ants were instructed to scrape different parts of the
urface of their defecation with the probe. The amount of
eces that can be inserted into the sample bottle is regu-
ated to approximately 10 mg.14 Participants were in-
tructed to return the test as soon as possible because
asting exposition to room temperature might result in
egradation of hemoglobin in the sampling solution.13 If
he test could not be returned immediately, storage in a
efrigerator was advised. In the laboratory, tests were
mmediately developed or stored at 4°C. Of the tests, 75%
ere developed within 2 days and 99.6% within 6 days.
amples were processed by the OC-Micro instrument
Eiken Chemical Co).14 All patients with an I-FOBT �50
g hemoglobin per milliliter sample solution (ng/mL)
ere invited for colonoscopy. Because the manufacturer

ecommends a cutoff of 100 ng/mL (corresponding to
20 �g hemoglobin per gram of feces14) and because this

ut-off value has been applied in several studies,25–30 we
ecided beforehand to use the 100 ng/mL cut-off level in
he analysis of this study.

Colonoscopy and Lesions
Colonoscopy was offered to all FOBT-positive pa-

ients (Positives). All colonoscopies were performed by
xperienced gastroenterologists using conscious sedation
ith midazolam. If the cecum could not be reached at the

nitial colonoscopy, the procedure was repeated using
ropofol anesthesia, and occasionally a computed tomo-
raphic colonoscopy was performed followed by a second
olonoscopy, if necessary. If possible, all observed neopla-
ias were removed, and other lesions were biopsied, if
ecessary. Lesions were classified as pedunculated or
essile polyps, carcinoma, or other and recorded in num-
er, size (�5, 6 –9, or �10 mm), and location (proximal
cecum to splenic flexure] or distal [descending colon to
ectum]). Histology was evaluated by an experienced pa-
hologist and graded as carcinoma, tubular adenoma,
ubulovillous adenoma, villous adenoma, serrated ade-
oma, hyperplastic polyp, or miscellaneous. Polyp size

as measured by the endoscopist. Advanced adenomas
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84 VAN ROSSUM ET AL GASTROENTEROLOGY Vol. 135, No. 1
ere defined as adenomas �10 mm, with high-grade
ysplasia or with a villous component �20%.31 All early
nd late complications of colonoscopy were recorded. All
olonoscopies were completed in May 2007.

Data Analysis
The participation rate was calculated as the num-

er of persons returning an FOBT relative to the number
f invitations sent. The positivity rate was calculated as
he number of persons with a positive FOBT (Positives)
elative to the number of persons returning an FOBT. In
creening studies usually only the detection rate of true
ositives relative to the number of persons actually par-
icipating by returning an FOBT are presented, that is,
he detection rate according to per-protocol analysis. We
lso present the detection rate according to the intent-
o-screen analysis, or the number of true positives relative
o the number of invited persons. By determining the
ntent-to-screen detection rate, the difference in partici-
ation and performance are combined in 1 overall rate.
he number needed to screen to find 1 true positive was
alculated as the number of invited persons relative to
he number of true positives. The positive predictive
alue (PPV) was calculated as the number of true posi-
ives relative to the total number of positives followed up
ith colonoscopy. The number needed to scope to find 1

rue positive was calculated as the number of endosco-
ies relative to the number of true positives.
The specificity was calculated under the rare disease

ssumption, as 1 minus the number of false positives
elative to the total number of participants reduced by
he number of true positives, disregarding the number of
alse FOBT-negative patients (Negatives).32 In relatively
are diseases, the overestimation of the specificity owing
o disregarding the number of false negatives, is limited
o the confidence interval of the true specificity. A small
ecrease in specificity in mass screening can be clinically
elevant because this would result in many more colonos-
opies. Therefore, we only present the specificity for ad-
anced adenomas and cancer; we discuss the precision of
he estimation in the Discussion.

Rates and rate differences of participation, positivity,
etection, PPV, and specificity were calculated and all
ercentages were reported with 95% confidence intervals

95% CI). Rate differences are statistically significant if
he confidence interval does not include zero. Statistically
ignificant differences are supplemented with P-values. In
he tables, statistically significant differences are bolded.
f �1 lesion was present, a patient was classified by the

ost advanced lesion from more to less severe: from
arcinoma, to �1 adenoma �10 mm, to high-grade dys-
lasia, to villous component �20%, to minor neoplasia.
ith adjusted logistic regression analysis, the influence

f gender and age on the performance of the tests was

valuated. Statistical analysis and randomization were c
erformed with SAS system for windows, software version
.02 (SAS Institute Inc, Cary, NC).

Power was based on the lowest expected difference of
ll subgroups, namely, the difference in detection rate,
or CRC between FOBTs. Based on literature data, a

inimal difference of 0.3% in CRC detection was ex-
ected. With a sample size of 6083 in each group, a
-group �2 test with a 0.05 2-sided significance level
ould have 80% power to detect a 0.3% difference be-

ween FOBTs, assuming detection rates of 0.2% for G-
OBT and 0.5% for I-FOBT. A sample size of 10,000 in
ach group was considered to be sufficient.

Ethical Approval and Consent
The study was reviewed and approved by the

utch Health Council (2005/03WBO, The Hague, The
etherlands). All participants gave written informed con-

ent for the FOBT and, if positive, for colonoscopy.

Results
Population
Overall 20,623 individuals were invited; 10,301

eceived a G-FOBT and 10,322 an I-FOBT (Figure 1). The
ean age of the invited individuals was 60.7 � 7.1 years

mean � SD) and was not different between the FOBT
roups. More women than men were randomly selected

igure 1. Flow chart from invitation to detection with numbers, per-

entages, and 95% confidence intervals between brackets.
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July 2008 RANDOM FOBT IN A SCREENING POPULATION 85
ith a difference of 3.4% (95% CI, 2.5– 4.4; P � .01). After
est allocation, gender differences were equal for both
ests (Table 1).

Tests were returned by 10,993 individuals, 4836 (46.9%)
n the G-FOBT group and 6157 (59.6%) in the I-FOBT
roup. The difference of 12.7% (95% CI, 11.3–14.1; P �

01) was statistically significant. Time for adherence, after
orrection for 3-day testing for G-FOBT and 1-day test-
ng for I-FOBT, was on average longer for G-FOBT (21
ays) than for I-FOBT(19 days; P � .01). For 75% of the
articipants, time for adherence was within 28 and 23
ays, respectively (P � .01) and for �1% of both FOBTs
100 days (P � .2).
Of the G-FOBT participants 117 (2.4%) tested positive

nd 339 (5.5%) of the I-FOBT participants, with a difference
f 3.1% (95% CI, 2.3–3.8; P � .01; Figure 1 and Table 3). Of
emale participants, 189 (3.1%), and of male participants,
66 (5.4%), were positive, with a difference of 2.3% (95%
I, 1.6 –3.1; P � .01). Of participants �60 years, 172

3.2%), and of participants �60 years 282 (5.1%), were
ositive, with a difference of 1.9% (95% CI, 1.2–2.7; P �

01). The age of 1 woman I-FOBT participant was un-
nown. Age and gender were equally distributed over
oth FOBTs.

Colonoscopy Results
To evaluate the outcome in the 456 FOBT Posi-

ives, a colonoscopy was performed in 383 (84%) patients.
he cecum was reached in 358 patients (94%). In patients

n whom the cecum was not reached during the initial
olonoscopy, a successful second colonoscopy was per-
ormed under propofol anesthesia. In the 383 patients
ndoscoped, a total of 35 cancers and 899 polyps were
ound (Table 2).

Cancer was found in 11 of the G-FOBTs and in 24 of
he I-FOBTs. Advanced adenomas were found in 46 of
he G-FOBTs and in 121 of the I-FOBTs. The intention-
o-screen detection rates of the I-FOBT were significantly
igher than the intention-to-screen detection rates of the
-FOBT (Table 3). The difference in intention-to-screen
etection rates for patients with all polyps and cancer
as 1.3% (95% CI, 1.0 –1.7; P � .01). The difference in

able 1. Characteristics of Invited Persons and Participants

Invited (n � 20,623)

G-FOBT (n � 10,301) I-FOBT (n � 1

Characteristics % 95% CI %

ender
Male 47.8 (46.8–48.8) 48.8 (47
Female 52.2 (51.2–53.2) 51.2 (50

ge (y)
�60 50.4 (49.4–51.4) 51.7 (50
�60 49.6 (48.6–50.6) 48.3 (47
ntention-to-screen detection rates for all patients with d
dvanced adenomas and cancer was 0.9% (95% CI, 0.6 –
.1; P � .01) and for all patients with cancer 0.1% (95%
I, 0.0 – 0.2; P � .05). The number needed to screen
ccording to intention to screen to find an advanced
denoma or carcinoma was 181 for G-FOBT and 71 for
-FOBT, and to find 1 cancer was 936 for G-FOBT and
30 for I-FOBT.

None of the differences in PPVs (Table 3) between
-FOBT and I-FOBT were statistically significant; the
ifference in PPV for advanced adenomas and cancer was
stimated to be �3.6% (95% CI, �14.8 to 7.7; P � .5), and
or cancer was estimated to be �2.1% (95% CI, �8.6 to
.4; P � .4), which was lower for I-FOBT. The number
eeded to scope to find 1 person with an advanced
denoma or cancer was �2 for both FOBTs. The esti-

able 2. Number of Colonoscopies and Number of Polyps
and Cancer per Test, With Subdivisions for Kind of
Polyp, Kind of Adenoma, and Size of Polyps

G-FOBT I-FOBT

umber of colonoscopies 103 280
umber of polyps and cancera 231 703
Cancer 11 24
Polyps 220 679

ubdivision of polypsb 220 679
Adenomas 154 470
Hyperplastic polyps 62 163
Serrated polyps 2 31
Other polyps 2 15

ubdivision of all adenomasc 154 470
Tubular 93 295
Tubulovillous 42 138
Villous 12 15
Unclassified 7 22

ize of all polyps (mm)d 220 679
�10 60 155
6–9 43 125
�5 117 399

The number of lesions was higher than the number of colonoscopies
ecause �1 lesion per colonoscopy is possible.
Polyps were subdivided in adenomatous, hyperplastic, serrated, or
ther polyps.
Adenomas were subdivided in tubular, villous, tubulovillous, or un-
lassified adenomas.

rding to Test With 95% Confidence Intervals

Participants (n � 10,993)

2) G-FOBT (n � 4836) I-FOBT (n � 6157)

CI % 95% CI % 95% CI

9.7) 43.2 (41.8–44.6) 45.8 (44.6–47.0)
2.2) 56.8 (55.4–58.2) 54.2 (53.0–55.4)

2.7) 47.5 (46.0–48.9) 51.0 (49.7–52.2)
9.3) 52.5 (51.1–54.0) 49.0 (47.8–50.3)
Acco

0,32

95%

.8–4

.3–5

.7–5
All polyps were subdivided by size in �10, 6–9, and �5 mm.
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ated specificity of the I-FOBT was statistically signifi-
antly lower, but only �1.3% (95% CI, �1.8 to �0.8; P �
01) for advanced adenomas and cancer and �2.3% (95%
I, �2.9 to �1.6; P � .01) for cancer.
Age and gender were randomized equally over the

OBTs, but as known risk factors for advanced adeno-
as and cancer we studied the differences between

OBTs for age and gender (Table 4). The detection rates
or women and younger participants were lower, but the

able 3. Test Performance of G-FOBT Versus I-FOBT(�100 n

G-FOB

Test performance n %

articipation rateb 4836 46.9
OBT-positive patients 117 2.4
omplete follow-up of FOBT-positive patientsc 103 88.0
etection rate intention to screend

All polyps and cancer 80 0.8
All adenomas and cancer 72 0.7
All advanced adenomas and cancere 57 0.6
Cancer 11 0.1
�1 adenoma �10 mm 41 0.4
�1 adenoma with high-grade dysplasia 3 0.0
�1 adenoma with a villous component �20% 2 0.0

etection rate per protocolf

All polyps and cancer 80 1.7
All adenomas and cancer 72 1.5
All advanced adenomas and cancerg 57 1.2
Cancer 11 0.2
�1 adenoma �10 mm 41 0.8
�1 adenoma with high-grade dysplasia 3 0.1
�1 adenoma with a villous component �20% 2 0.0

ositive predictive valueh

All polyps and cancer 80 77.7
All adenomas and cancer 72 69.9
All advanced adenomas and cancere 57 55.3
Cancer 11 10.7
�1 adenoma �10 mm 41 39.8
�1 adenoma with high-grade dysplasia 3 2.9
�1 adenoma with a villous component �20% 2 1.9

pecificityh

All advanced adenomas and cancere 46 99.0
Cancer 92 98.1
�1 adenoma �10 mm 62 98.7
�1 adenoma with high-grade dysplasia 100 97.9
�1 adenoma with a villous component �20% 101 97.9

Differences with a 95% CI completely lower or higher than 0 are stat
05.
Participation rate is the number of persons returning an FOBT relati
Complete follow-up with colonoscopy of FOBT-positive patients (Po
umber of Positives.
Detection rate intention-to-screen is the percentage of persons with
The subgroups of advanced adenomas and cancer are ordered relativ
m (and no cancer) or high-grade dysplasia (and no cancer or any
denomas �10 mm or high-grade dysplasia).

Detection rate per protocol is the percentage of persons with lesion
Positive predictive value is the percentage of persons with lesions r
Specificity is the number of true negatives relative to the number o
resented are the number of false-positives per group. Specificity is
ecause the estimation might not be robust enough for the other su
ifferences between FOBTs were consistent. The unad- p
usted, and for gender- and age-adjusted odds ratios for
he intention-to-screen detection rates of advanced ade-
omas and cancer for FOBTs were both 0.4 (95% CI,
.3– 0.5; P � .01).

Discussion
In this population study, we randomly compared

he performance of a G-FOBT with an I-FOBT in a

)

I-FOBT Differencea

% CI n % 95% CI % 95% CI

–47.9) 6157 59.6 (58.7–60.6) 12.7 (11.3–14.1)
2.9) 339 5.5 (4.9–6.1) 3.1 (2.3–3.8)
–93.9) 280 82.6 (78.6–86.6) �5.4 (�13.1 to 2.3)

0.9) 218 2.1 (1.8–2.4) 1.3 (1.0–1.7)
0.9) 201 1.9 (1.7–2.2) 1.2 (0.9–1.6)
0.7) 145 1.4 (1.2–1.6) 0.9 (0.6–1.1)
0.2) 24 0.2 (0.1–0.3) 0.1 (0.0–0.2)
0.5) 106 1.0 (0.8–1.2) 0.6 (0.4–0.9)
0.1) 4 0.0 (0.0–0.1) 0.0 (0.0–0.1)
0.0) 11 0.1 (0.0–0.2) 0.1 (0.0–0.2)

2.0) 218 3.5 (3.1–4.0) 1.9 (1.3–2.5)
1.8) 201 3.3 (2.8–3.7) 1.8 (1.2–2.4)
1.5) 145 2.4 (2.0–2.7) 1.2 (0.7–1.7)
0.4) 24 0.4 (0.2–0.5) 0.2 (0.0–0.4)
1.1) 106 1.7 (1.4–2.0) 0.9 (0.4–1.3)
0.1) 4 0.1 (0.0–0.1) 0.0 (�0.1 to 0.1)
0.1) 11 0.2 (0.1–0.3) 0.1% (0.0–0.3)

–85.7) 218 77.9 (73.0–82.7) 0.2 (�9.2 to 9.6)
–78.8) 201 71.8 (66.5–77.1) 1.9 (�8.3 to 12.1)
–64.9) 145 51.8 (45.9–57.6) �3.6 (�14.8 to 7.7)
16.6) 24 8.6 (5.3–11.9) �2.1 (�8.6 to 4.4)
–49.3) 106 37.9 (32.2–43.5) �1.9 (�12.9 to 9.0)
6.2) 4 1.4 (0.0–2.8) �1.5 (�4.5 to 1.5)
4.6) 11 3.9 (1.7–6.2) 2.0 (�2.1 to 6.1)

–99.3) 135 97.8 (97.4–98.1) �1.3 (�1.8 to �0.8)
–98.5) 256 95.8 (95.3–96.3) �2.3 (�2.9 to �1.6)
–99.0) 174 97.1 (96.7–97.5) �1.6 (�2.1 to �1.0)
–98.3) 276 95.5 (95.0–96.0) �2.4 (�3.1 to �1.7)
–98.3) 269 95.6 (95.1–96.1) �2.3 (�3.0 to �1.6)

lly significant (bold), which means that the P-value does not exceed

the number of invitations sent.
s). Rates are the number of colonoscoped patients relative to the

ns relative to the number of persons invited to be screened.
the most advanced lesion per patient into cancer; �1 adenoma �10
mas �10 mm) or �20% villous component (and no cancer or any

tive to the number of participants.
e to the number of positives with follow-up with a colonoscopy.
sons without lesions under the rare disease assumption. Numbers
presented for the subgroup “all advanced adenomas and cancer”
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omparing G-FOBT (Hemoccult-II) with I-FOBT was not
andomized, included far fewer persons, and used a dif-
erent I-FOBT. This I-FOBT(!nform) was not quantita-
ive, making quality control less adequate.10 Despite these
rawbacks, the results of this study were in line with
urs. Other studies evaluating I-FOBTs included far less
ubjects and did not focus on a screening population, but
nvestigated high-risk groups, like symptomatic patients,
atients with a positive G-FOBT, or even patients with
RC.15–19 Other studies were indeed designed for a screen-

ng population, but fewer subjects were included and
sked to perform both the G-FOBT and the I-FOBT at
he same time, which might induce selection bias in favor
f highly motivated participants.20 –23

Our study revealed several interesting results. First,
irect comparison of the tests demonstrated a signifi-
antly higher participation rate for the I-FOBT. The rea-
ons for this difference are not apparent and presently

able 4. Positive Tests and Detection Rates According to Int

Men Wom

n % 95% CI n %

OBT-positive patientsb

G-FOBT 69 3.3 (2.5–4.1) 48 1.7
I-FOBT 197 7.0 (6.0–7.9) 142 4.3

omplete follow-upc

G-FOBT 60 87.0 (79–95) 43 89.6
I-FOBT 163 82.7 (78–88) 117 82.4

etection rate intention-to-screend

All polyps and cancer
G-FOBT 52 1.1 (0.8–1.3) 28 0.5
I-FOBT 131 2.6 (2.2–3.0) 87 1.6

ll adenomas and cancer
G-FOBT 46 0.9 (0.7–1.2) 26 0.5
I-FOBT 123 2.4 (2.0–2.9) 78 1.5

ll advanced adenomas and cancere

G-FOBT 39 0.8 (0.5–1.0) 18 0.3
I-FOBT 93 1.8 (1.5–2.2) 52 1.0

ancer
G-FOBT 5 0.1 (0.0–0.2) 6 0.1
I-FOBT 16 0.3 (0.2–0.5) 8 0.2
1 adenoma �10 mm
G-FOBT 30 0.6 (0.4–0.8) 11 0.2
I-FOBT 71 1.4 (1.1–1.7) 35 0.7
1 adenoma with high-grade dysplasia
G-FOBT 2 0.0 (0.0–0.1) 1 0.0
I-FOBT 2 0.0 (0.0–0.1) 2 0.0
1 adenoma �20% villous component
G-FOBT 2 0.1 (0.0–0.2) 0 0.0
I-FOBT 4 0.1 (0.0–0.3) 7 0.2

The age of 1 female I-FOBT participant was unknown.
Positivity rates are the number of positives relative to the number o
Complete follow-up with colonoscopy of FOBT-positive patients (Po
umber of positives.
Detection rate intent-to-screen is the percentage of persons with les
The subgroups of advanced adenomas and cancer are ordered relativ
m (and no cancer) or high-grade dysplasia (and no cancer or any
denomas �10 mm or high-grade dysplasia).
nder investigation. Second, the specificity of the I-FOBT v
or advanced adenomas and cancer was significantly
ower compared with the G-FOBT, but the detection rate
or advanced adenomas and cancer with the I-FOBT was
ignificantly higher. Consequently, 3 times as many sub-
ects tested with the I-FOBT are referred for a negative
olonoscopy. On the other hand, 3 times as many pa-
ients with advanced adenomas and �2 times more pa-
ients with cancer are left undetected in the G-FOBT
roup compared with the I-FOBT group, ultimately re-
ulting in comparable PPVs for both tests.

There is ongoing debate on how to screen the popula-
ion for relevant colorectal lesions. The available FOBTs
ave suboptimal specificity and sensitivity. The generally
ccepted gold standard, colonoscopy, is cumbersome,
xpensive, has capacity problems, and complications. In
ddition, sigmoidoscopy misses advanced adenomas and
ancer in the right side of the colon. In previous colonos-
opy-based screening studies, detection rates for ad-

n-to-Screen of G-FOBT and I-FOBT by Gender and Age

Age �60 Age �60

% CI na % 95% CI na % 95% CI

–2.2) 48 2.1 (1.5–2.7) 69 2.7 (2.1–3.4)
–4.9) 124 4.0 (3.3–4.6) 214 7.1 (6.2–8.0)

–98) 41 85.4 (75–95) 62 89.9 (83–97)
–89) 107 86.3 (80–92) 172 80.4 (75–86)

–0.7) 29 0.6 (0.4–0.8) 51 1.0 (0.7–1.3)
–2.0) 80 1.5 (1.2–1.8) 138 2.8 (2.3–3.2)

–0.7) 24 0.5 (0.3–0.7) 48 0.9 (0.7–1.2)
–1.8) 72 1.4 (1.0–1.7) 129 2.6 (2.2–3.0)

–0.5) 23 0.4 (0.3–0.6) 34 0.7 (0.4–0.9)
–1.2) 51 1.0 (0.7–1.2) 94 1.9 (1.5–2.3)

–0.2) 3 0.1 (0.0–0.1) 8 0.2 (0.0–0.3)
–0.3) 6 0.1 (0.0–0.2) 18 0.4 (0.2–0.5)

–0.3) 19 0.4 (0.2–0.5) 22 0.4 (0.3–0.6)
–0.9) 42 0.8 (0.6–1.0) 64 1.3 (1.0–1.6)

–0.1) 0 0.0 (0.0–0.0) 3 0.1 (�0.0 to 0.1)
–0.1) 0 0.0 (0.0–0.0) 4 0.1 (0.0–0.2)

–0.0) 1 0.0 (0.0–0.1) 1 0.0 (�0.0 to 0.1)
–0.4) 3 0.1 (�0.0 to 0.2) 8 0.3 (0.1–0.4)

icipants.
s). Rates are the number of colonoscoped patients relative to the

relative to the number of persons invited to be screened.
the most advanced lesion per patient into cancer, �1 adenoma �10
mas �10 mm) or �20% villous component (and no cancer or any
entio
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ancer between 0.3% and 1.0%.26,34 –37 In our study, in-
luding all participants, the detection rate of advanced
denomas and cancer was on average 1.9%, and for cancer
.3%. However, in 56% of the participants with a positive
OBT, advanced adenomas and cancer were found and
ancer alone in 8.6%.

What is the meaning of our findings for a general
creening population? In 2004 a total of 410,000 endos-
opies including gastroduodenoscopies, endoscopic ret-
ograde cholangiopancreatographies, and colonoscopies
ere performed in Dutch endoscopy centers.38 In our

ountry, 4.5 million people between 50 and 75 years are
otential candidates for screening. This implies that, in a
-FOBT based screening program, 42,500 additional

olonoscopies have to be performed to detect almost
500 cancers and 20,000 advanced adenomas. In an I-
OBT– based screening program, almost 125,000 addi-
ional colonoscopies have to be performed to detect
bout 11,000 cancers and 55,000 advanced adenomas. If
he population at risk will primarily be screened by
olonoscopy, about 1.2 million colonoscopies have to be
erformed to detect about 9700 cancers and 75,000 ad-
anced adenomas presuming that, according to Segnan
t al,35 26.5% of the population will participate in such a
creening program, that 0.8% of these subjects will have
ancer, and 6.3% advanced adenomas. Thus, the number
o scope to find 1 cancer or 1 advanced adenoma are
omparable between G-FOBT– and I-FOBT– based
creening programs. Compared with FOBT-based screen-
ng programs, the number to scope to find 1 cancer in a
olonoscopy based screening program is 13 times higher
nd the number to find 1 advanced adenoma is 7 times
igher.
Another major advantage of the I-FOBT we used is

hat the test is semiquantitative. This allows shifting the
ut-off value of the test. When resources are limited and
he prevalence of CRC in the population is expected to be
ow, one could consider increasing the cut-off value of
he test and vice versa. In addition, the I-FOBT does not
ave dietary restrictions, because it is specific for human
lood. In contrast, extensive dietary restrictions are ad-
ised for the G-FOBT to avoid false-positive test results,
lthough others question this.39,40 In our study, we did
ot advise dietary measures for subjects receiving the
-FOBT, because this would make comparison unfairly
iased in favor of the I-FOBT.

Despite written and verbal information about colonos-
opy before and after performing an FOBT, 16% of sub-
ects with a positive test refused this follow-up examination.
his was comparable to other FOBT-based screening stud-

es.19,20,27,30 The majority of the subjects ultimately refused
olonoscopy because of anxiety. Increased adherence pos-
tively influences detection rates and the precision of the
onfidence intervals for both tests, but the conclusions of
ur study will not change, because adherence was not

ependent on the kind of FOBT. I
Advanced adenomas and cancer were found more of-
en in men than in women, despite the fact that more
omen than men participated in the study. In addition,
dvanced adenomas and cancer were also more often
etected in older persons. This is in line with other
tudies.36,41,42 Thus, the diagnostic yield increases with
ge. This finding may help to narrow the age range for
creening in different populations, depending on re-
ources and prevalence of advanced adenomas and can-
er. Male preponderance for advanced adenomas and
ancer may be attributed to sex hormones; it has been
ypothesized that estrogens may have protective effects
n the development of CRC, or to gender differences in
xposure to environmental factors, like smoking, dietary
ber, or exercise.43 There was no difference between
OBTs concerning the preponderance of males and older

ndividuals having advanced adenomas or cancer.
Several previous studies dealt with the diagnostic per-

ormance of FOBTs. Most of these studies reported com-
arable results to our data.4,5,10,25–28,44 Although some
tudies reported lower diagnostic performance for G-
OBTs, others showed somewhat better results for I-
OBTs.4,5,25,26 Up to now, a randomized comparison be-
ween G-FOBT and I-FOBT in a screening population
as lacking. There can be several reasons for the observed
ifferences between these studies. One of the most im-
ortant variables is the definition of advanced adenomas,
hich varies between studies. It remains unclear which

esions ultimately will develop into cancer and in what
imeframe.45,46 Therefore, we were conservative in defining
dvanced adenomas. We also provided subgroup analyses to
ake comparisons between studies more feasible.
There is a small difference in specificity between G-

OBT and I-FOBT. However, even small differences in
pecificity result in high absolute numbers of false posi-
ives, increasing costs and work load for endoscopy units.
he method we used for estimating specificity slightly
verestimates the true specificity especially for more prev-
lent lesions and more sensitive tests.32 In turn, the
ifference in specificity is slightly underestimated up to
t most 0.2% for advanced adenomas and cancer, increas-
ng the difference in favor of the G-FOBT. Overall, the
onclusions about statistical significance and clinical rel-
vance therefore do not change by the systematic error of
he specificity estimation.

In conclusion, direct comparison between a G-FOBT
nd an I-FOBT revealed that the number to scope to find

CRC is not different between G-FOBT and I-FOBT.
owever, participation and detection rates for advanced

denomas and cancer were significantly higher in the
roup tested with I-FOBT. By result, 2.5 times more
dvanced adenomas and cancer and 2.2 times more can-
ers were detected with I-FOBT compared with G-FOBT.
herefore, G-FOBT significantly underestimates the preva-

ence of advanced adenomas and cancer compared with

-FOBT in a screening population.
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