
G I  U P D AT E  2 0 1 4  

F I T  F O R  C R C  S C R E E N I N G
C L A R E N C E  K W  W O N G  M D  F R C P C  
P R O V I N C I A L  M E D I C A L  L E A D ,  A L B E R TA  C O L O R E C TA L  C A N C E R  S C R E E N I N G  P R O G R A M ,  A H S  
A S S O C I A T E  P R O F E S S O R  O F  M E D I C I N E ,  U N I V E R S I T Y  O F  A L B E R TA

FACU LT Y/ P R E S EN T E R . D I S C LO SUR E

!
• Faculty/Presenter://Dr./Clarence/Wong/

• Cancer/Screening/Programs/Tumour/Markers.
!

• Relationships/with/commercial/interests:/!""
• Grants/Research/Support:"Vantage,"Covidien"(BarrX)"
• Speakers/Bureau/Honoraria:/Takeda"(Nycomed)"
• Consulting/Fees:/Ferring"Pharmaceuticals,"Boston"Scientific.
• Other://

• Advisory"Board:"Takeda"Pharmaceutical,"Pendopharm"
• Employer:"Alberta"Health"Services

D I S C LO SUR E . O F . COMMERC I A L .
S U P PORT

• This/program/has/received/no/additional/financial/support//
!

• This/program/has/received/no/inGkind/support/
!

• Potential/for/conflict(s)/of/interest:/
• No.funding.or.payment.relevant.to.this.program.
• No.developed/licenses/distributes/benefits.from.the.sale.relevant.to.this.program

M I T I GAT I NG . POT ENT I A L . B I A S

• This"topic"(Colon%cancer%screening)"has"no"relationship"or"potential"bias"with"the"
companies"disclosed.".

!
• Information"presented"is"evidence!based"and"guideline"based."All"data"has"been"

sourced"from"evidence."
!



O B J E C T I V E S

• At the end of this workshop, participants will have a 
better understanding of: 

• Screening tests for CRC 

• Fecal Immunochemical test indications 

• When not to use FIT
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Colon Cancer is the 
3rd most commonly 
diagnosed cancer 

 1930 Diagnosed 

ACB Registries, 2012
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 720 Deaths 

Colon Cancer is the 
2nd most common 

cause of cancer 
related deaths 

ACB Registries, 2012
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Men!
1 in 13

Women!
1 in 16
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interventions to promote screening. Relying on routine checkup appointments will likely miss many 
patients. Patient contact for any reason can be used to discuss CRC screening. Some program 
results indicate that the strongest stimulus for men and women to participate in CRC screening is 
the recommendation from a health care provider.  

9 Use preventive screening checklists, opportunistic screening, and outreach to increase the 
likelihood of engaging men and women to participate in CRC screening 

BACKGROUND 

RISK  
CRC is the second most common cause of cancer death for males and the third most common cause 
of cancer death for females.2 The probability of developing CRC increases with age and varies with 
sex. In Alberta, approximately 1 in 13 men and 1 in 16 women will develop invasive CRC within their 
lifetime.3 Males have a greater chance of dying from CRC than females, i.e., 1 /32 males and 1/36 
females will die of invasive CRC.3 According to Alberta statistics, CRC mortality rates decreased over 
the period 1990 to 2010, for both males and females.3 Declining rates may be attributed to 
screening’s effect on early detection and management. CRC can be prevented by the detection and 
removal of precancerous polyps.  

AGE 
The incidence of CRC increases with age. Rates are low until about age 40, with the incidence 
increasing in older age groups.3 In Alberta, the probability of developing cancer at ages 30-40 years 
is 1 in 1,613 for males and 1 in 1,365 for females.3 For those 50-60 years of age, the rate is 1 in 
450 for males and 1 in 410 for females.3 According to the United States Preventive Services Task 
Force, more than 80% of diagnosed cases of CRC occur in those older than 55 years.4 (See Table 1). 
For the majority of those with CRC, age is the only risk factor. 
 

Age Group (Years) Males Females 

Lifetime Risk (all ages) 1 in 13 1 in 16 

0-20 Less than 1 in 10,000 Less than 1 in 10,000 

20-30 1 in 5,428 1 in 4,506 

30-40 1 in 1,613 1 in 1,355 

40-50 1 in 450 1 in 410 

50-60 1 in 161 1 in 158 

60-70 1 in 77 1 in 77 

70-80 1 in 45 1 in 46 

80+ 1 in 28 1 in 25 

Table 1: Probability of Developing Colorectal Cancer by Age and Sex, Alberta 2006 – 2010 
Reproduced with permission from Alberta Cancer Registry, Alberta Health2 

Canadian Cancer Statistics 2013 



A R E  C A N A D I A N S  S C R E E N E D  F O R  C R C ?

In the 2008 Canadian Community Health Survey (CCHS), 32%
of adults aged 50 to 74 had had either a fecal occult blood
test (FOBT) in the past two years or a sigmoidoscopy/
colonoscopy in the past five years for asymptomatic reasons.
This is much improved over the 2003 data (complete data
available for NL and BC only) when screening rates among
Canadians aged 50 to 74 were about 13% lower in these two
provinces compared to 2008.

Canadians may undergo CRC testing for symptoms, for
follow-up or for other reasons. In 2008, an additional 7.5%
(39.7% total) of all adults aged 50 to 74 had had either an
FOBT in the past two years or a sigmoidoscopy/colonoscopy
in the past five years for any reason (Figure 1). This is an
increase from earlier studies in Canada which found lower
CRC testing rates for individual provinces or sub-provincial
regions.1-9

CRC testing rates lag behind those in the United States,
where those reporting up-to-date CRC testing (for any
reason) have increased from 37.6% to 44.2% between 2000
and 2005 for adults aged 50 to 64 and from 48.7% to 56.4%
for adults 65 and older.12

Canadians are more likely to be screened for CRC as they
get older. Among those aged 60 to 74, 37.7% of Canadians
report getting screened for asymptomatic reasons
compared to 27.5% of those aged 50 to 59. A similar pattern
is seen in all provinces, with the exception of Nova Scotia,
where screening rates are higher among the younger
age group (24.8% vs. 21.8% for those 50 to 59 and 60 to 74,
respectively).

Are Canadians ready for CRC screening?

The Colon Cancer Screening in Canada Survey† was
undertaken in March and April of 2009. 3,153 Canadians aged
45 to 74 were interviewed regarding their understanding and
attitudes about getting screened for CRC. The survey was
intended to advise Canadian screening programs in designing
their awareness and recruitment efforts.

At the time the survey was done (2009), there was still a
common belief among professionals that the general
population was not aware of screening and, if they knew
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Figure 1: Individuals aged 50 to 74 reporting FOBT in past two years
and/or sigmoidoscopy/colonoscopy in past five years for any
reason, by province/territory.

* suppressed due to small cell size

Data source: CCHS 2008† Conducted by Angus Reid Public Opinion and the Applied Health Research Centre at St. Michael’s
Hospital on behalf of the Canadian Partnership Against Cancer (CPAC), the survey used random
digit dialling methodology. The margin of error for sampling variability was +/-2.1% points
(95% confidence interval) and the results were weighted using the 1996 Canadian census data to
ensure sample representativeness of the Canadian population aged 45 to 74.

Colorectal cancer (CRC) is the second leading cause of cancer
death in Canada. Screening is one of the important approaches to reduce

mortality. This report is intended to provide Canadian health professionals with a brief
overview of our rapid progress in the past few years and some insights as to how we can
accelerate progress in the immediate future.

IN THIS ISSUE • Screening rates are improving but are still low • Canadians are positive toward screening and think it's
important to take part • Health professional recommendation is very effective in increasing screening

CPAC Colorectal Cancer Snapshot, 2010, cancerview.ca
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W H AT  I S  F I T ?

• Fecal Immunochemical Test 

• Antibody to human globin 

• Not a chemical reaction 

• No dietary restrictions 

• Colonic bleeding (LGIB) specific 

• Globin degrades from upper GI tract 

• Detects 33-200 ng of blood per mL (guaiac 0.3 - 1 mg)

F I T  F O R  C R C  S C R E E N I N G

• ELISA based 

• Immunochemical 

• Qualitative or quantitative 

• Adjustable cutoff 

• Mass testing 

• FIT for Alberta: 

• Polymedco (Eiken) OC FIT-CHEK

H O W  D O E S  F I T  C O M PA R E  T O  
O T H E R  S C R E E N I N G  M O D A L I T I E S ?

F I T  V S  G F O B T

• gFOBT vs FIT; population based study 

• 10,993 tests

Random Comparison of Guaiac and Immunochemical Fecal Occult Blood
Tests for Colorectal Cancer in a Screening Population

LEO G. VAN ROSSUM,* ANNE F. VAN RIJN,‡ ROBERT J. LAHEIJ,* MARTIJN G. VAN OIJEN,* PAUL FOCKENS,‡

HAN H. VAN KRIEKEN,§ ANDRE L. VERBEEK,! JAN B. JANSEN,* and EVELIEN DEKKER‡

*Department of Gastroenterology and Hepatology, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands; ‡Department of Gastroenterology &
Hepatology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands; §Department of Pathology, Radboud University Nijmegen Medical
Center, Nijmegen, The Netherlands; !Department of Epidemiology, Biostatistics and HTA, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands

Background & Aims: Despite poor performance, gua-
iac-based fecal occult blood tests (G-FOBT) are most
frequently implemented for colorectal cancer screening.
Immunochemical fecal occult blood tests (I-FOBT) are
claimed to perform better, without randomized com-
parison in screening populations. Our aim was to ran-
domly compare G-FOBT with I-FOBT in a screening
population. Methods: We conducted a population-
based study on a random sample of 20,623 individuals
50–75 years of age, randomized to either G-FOBT
(Hemoccult-II) or I-FOBT (OC-Sensor). Tests and in-
vitations were sent together. For I-FOBT, the stan-
dard cutoff of 100 ng/ml was used. Positive FOBTs
were verified with colonoscopy. Advanced adenomas
were defined as >10 mm, high-grade dysplasia, or >20%
villous component. Results: There were 10,993 tests
returned: 4836 (46.9%) G-FOBTs and 6157 (59.6%) I-
FOBTs. The participation rate difference was 12.7%
(P < .01). Of G-FOBTs, 117 (2.4%) were positive versus
339 (5.5%) of I-FOBTs. The positivity rate difference was
3.1% (P < .01). Cancer and advanced adenomas were
found, respectively, in 11 and 48 of G-FOBTs and in 24
and 121 of I-FOBTs. Differences in positive predictive
value for cancer and advanced adenomas and cancer
were, respectively, 2.1% (P ! .4) and "3.6% (P ! .5).
Differences in specificities favor G-FOBT and were,
respectively, 2.3% (P < .01) and "1.3% (P < .01).
Differences in intention-to-screen detection rates fa-
vor I-FOBT and were, respectively, 0.1% (P < .05) and
0.9% (P < .01). Conclusions: The number-to-scope to
find 1 cancer was comparable between the tests. How-
ever, participation and detection rates for advanced
adenomas and cancer were significantly higher for I-
FOBT. G-FOBT significantly underestimates the preva-
lence of advanced adenomas and cancer in the screening
population compared with I-FOBT.

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

cer (CRC) were introduced.1,2 A G-FOBT is a relatively
inexpensive test, easy to use that can be carried out at
home. However, G-FOBTs are not specific for human

blood and quality control on the evaluation of the tests
is hardly possible.3 Despite these disadvantages, the G-
FOBT is still the most implemented test for CRC screen-
ing.4 –9

A promising alternative is the immunochemical fecal
occult blood test (I-FOBT). I-FOBTs are also inexpensive
and noninvasive; in addition, these tests are often easier
to carry out than G-FOBTs. Another advantage of I-
FOBTs is that they are specific for human blood. The
most prominent advantage is that many I-FOBTs make
quality control possible. At least in theory, they also
promise better diagnostic performance than G-FOBTs. In
several studies I-FOBTs, seem to have higher specificity
compared with G-FOBTs.10 –14

To demonstrate that I-FOBTs have improved diagnos-
tic performance, the tests should be compared with G-
FOBTs in a randomized design in a general screening
population. Up to now, direct comparison has only been
performed in subjects at higher risk for CRC, like sub-
jects with a positive G-FOBT, symptomatic patients, or
patients already diagnosed with CRC.15–19 Also, some
studies focused on test performance parameters of both
G-FOBT and I-FOBT by asking people to perform both
tests at the same time, but such an approach may have
negative impact on participation rates.20–23 Another study
comparing G-FOBT with I-FOBT was performed in a non-
randomized design and the specific I-FOBT used (!nform)
was not semiquantitative, did not allow quality control, and
had to be performed on 2 days with separate bowel move-
ments.10 In the present study, we aimed to randomly
compare the test performance parameters of the Hemoc-
cult II G-FOBT (Beckman Coulter, Fullerton, CA) with
the OC-sensor I-FOBT (Eiken Chemical Co, Tokyo, Ja-
pan) in a screening population.

Abbreviations used in this paper: 95% CI, 95% confidence interval;
CRC, colorectal cancer; FOBT, fecal occult blood test; G-FOBT, guaiac-
based fecal occult blood test; I-FOBT, immunochemical fecal occult
blood test; Negatives, FOBT-negative patients; Positives, FOBT-positive
patients; 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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Background
Colonoscopy and fecal immunochemical testing (FIT) are accepted strategies for 
colorectal-cancer screening in the average-risk population.

Methods
In this randomized, controlled trial involving asymptomatic adults 50 to 69 years of 
age, we compared one-time colonoscopy in 26,703 subjects with FIT every 2 years in 
26,599 subjects. The primary outcome was the rate of death from colorectal cancer 
at 10 years. This interim report describes rates of participation, diagnostic findings, and 
occurrence of major complications at completion of the baseline screening. Study 
outcomes were analyzed in both intention-to-screen and as-screened populations.

Results
The rate of participation was higher in the FIT group than in the colonoscopy group 
(34.2% vs. 24.6%, P<0.001). Colorectal cancer was found in 30 subjects (0.1%) in the 
colonoscopy group and 33 subjects (0.1%) in the FIT group (odds ratio, 0.99; 95% 
confidence interval [CI], 0.61 to 1.64; P = 0.99). Advanced adenomas were detected 
in 514 subjects (1.9%) in the colonoscopy group and 231 subjects (0.9%) in the FIT 
group (odds ratio, 2.30; 95% CI, 1.97 to 2.69; P<0.001), and nonadvanced adenomas 
were detected in 1109 subjects (4.2%) in the colonoscopy group and 119 subjects 
(0.4%) in the FIT group (odds ratio, 9.80; 95% CI, 8.10 to 11.85; P<0.001).

Conclusions
Subjects in the FIT group were more likely to participate in screening than were those 
in the colonoscopy group. On the baseline screening examination, the numbers of 
subjects in whom colorectal cancer was detected were similar in the two study 
groups, but more adenomas were identified in the colonoscopy group. (Funded by 
Instituto de Salud Carlos III and others; ClinicalTrials.gov number, NCT00906997.)
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57,404 subjects randomly assigned to COL or FIT
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the numbers of subjects who needed to undergo 
colonoscopy to find one colorectal cancer were 
191 in the colonoscopy group and 18 in the FIT 
group; to find any advanced neoplasm, the num-
bers were 10 and 2, respectively (Table 3 in the 
Supplementary Appendix).

Complications
Major complications occurred in 24 subjects (0.5%) 
in the colonoscopy group (12 subjects with bleed-
ing, 10 subjects with hypotension or bradycardia, 
1 subject with perforation, and 1 subject with de-
saturation) and in 10 subjects (0.1%) in the FIT 
group (8 subjects with bleeding and 2 subjects with 
hypotension or bradycardia, all of whom required 
colonoscopy because of a positive result on FIT). 
Accordingly, the complication rate was higher in 
the colonoscopy group than in the FIT group (odds 
ratio, 4.81; 95% CI, 2.26 to 10.20; P<0.001).

Discussion

In this trial, participation rates were low in both 
groups of subjects who were invited to undergo 
colorectal-cancer screening, but subjects in the FIT 
group were more likely to agree to participate than 
those in the colonoscopy group. The number of pa-
tients in whom colorectal cancer was detected was 
similar in the two study groups, but more patients 
with adenomas were identified in the colonoscopy 
group. Since the primary outcome of this trial is the 
reduction in the rate of death from colorectal can-

cer at 10 years, the relative benefits and risks of the 
two strategies will be assessed at the end of the 
trial.

Our study has a number of strengths. We used 
a randomized design to compare a sensitive, semi-
quantitative FIT with colonoscopy. The study 
design accepts crossover between groups and in-
cludes intention-to-screen and as-screened anal-
yses.9 Our analyses incorporated stratification of 
results according to the location of detected le-
sions, thus allowing assessment of differences in 
procedure performance in both the proximal and 
distal colon, a critical issue that has become con-
troversial in recent years.31

However, the study also has a number of limi-
tations. First, the generalizability of the study 
findings is limited because participation in each 
screening strategy, a critical aspect with a direct 
effect on the diagnostic yield, depends on several 
factors and varies geographically. To overcome this 
limitation, we also evaluated the rate of detection 
of the screening procedure that was actually per-
formed in order to establish the intrinsic efficacy 
of both strategies. Second, although recruitment 
was encouraged, the rate of participation was 
lower than expected according to European pop-
ulation-based screening programs5 and American 
colonoscopy-based strategies.31 However, it is im-
portant to note that our participation rate did not 
differ from the corresponding rates in other trials 
that were performed in a similar setting.19,21

The most relevant result of this interim analysis 

Table 1. Diagnostic Yield of Colonoscopy and Fecal Immunochemical Testing (FIT), According to the Intention-to-Screen 
Analysis.*

Colorectal Lesion
Colonoscopy 
(N = 26,703)

FIT 
(N = 26,599)

Odds Ratio
(95% CI)† P Value

Subjects Rate Subjects Rate

no. % no. %

Cancer 30 0.1 33 0.1 0.99 (0.61–1.64) 0.99

Advanced adenoma‡ 514 1.9 231 0.9 2.30 (1.97–2.69) <0.001

Advanced neoplasia§ 544 2.0 264 1.0 2.14 (1.85–2.49) <0.001

Nonadvanced adenoma 1109 4.2 119 0.4 9.80 (8.10–11.85) <0.001

Any neoplasia 1653 6.2 383 1.4 4.67 (4.17–5.24) <0.001

* The diagnostic yield was calculated as the number of subjects with true positive results divided by the number of sub-
jects who were eligible to undergo testing. Subjects were classified according to the most advanced lesion. 

† Odds ratios were adjusted for age, sex, and participating center. CI denotes confidence interval.
‡ Advanced adenoma was defined as an adenoma measuring 10 mm or more in diameter, with villous architecture 

(>25%), high-grade dysplasia, or intramucosal carcinoma.
§ Advanced neoplasia was defined as advanced adenoma or cancer.
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Cutoff value determines the performance of a semi-quantitative
immunochemical faecal occult blood test in a colorectal cancer
screening programme

LGM van Rossum*,1, AF van Rijn2, RJF Laheij1, MGH van Oijen1, P Fockens2, JBMJ Jansen1, ALM Verbeek3 and
E Dekker2

1Department of Gastroenterology and Hepatology, Radboud University Nijmegen Medical Center, P.O.Box 9101, 6500 HB, Nijmegen, The Netherlands;
2Department of Gastroenterology and Hepatology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands; 3Department of
Epidemiology and Biostatistics and MTA, Radboud University Nijmegen Medical Center, Nijmegen, The Netherlands

BACKGROUND:The cutoff of semi-quantitative immunochemical faecal occult blood tests (iFOBTs) influences colonoscopy referrals and
detection rates. We studied the performance of an iFOBT (OC-Sensor) in colorectal cancer (CRC) screening at different cutoffs.
METHODS: Dutch screening participants, 50–75 years of age, with average CRC risk and an iFOBT value X50 ng ml!1 were offered
colonoscopy. The detection rate was the percentage of participants with CRC or advanced adenomas (X10 mm, X20% villous,
high-grade dysplasia). The number needed to scope (NNTScope) was the number of colonoscopies to be carried out to find one
person with CRC or advanced adenomas.
RESULTS: iFOBT values X50 ng ml!1 were detected in 526 of 6157 participants (8.5%) and 428 (81%) underwent colonoscopy. The
detection rate for advanced lesions (28 CRC and 161 with advanced adenomas) was 3.1% (95% confidence interval: 2.6–3.5%) and
the NNTScope was 2.3. At 75 ng ml!1, the detection rate was 2.7%, the NNTScope was 2.0 and the CRC miss rate compared with
50 ng ml!1 was o5% (N¼ 1). At 100 ng ml!1, the detection rate was 2.4% and the NNTScope was o2. Compared with 50 ng ml!1,
up to 200 ng ml!1 CRC miss rates remained at 16% (N¼ 4).
CONCLUSIONS: Cutoffs below the standard 100 ng ml!1 resulted in not only higher detection rates of advanced lesions but also more
colonoscopies. With sufficient capacity, 75 ng ml!1 might be advised; if not, up to 200 ng ml!1 CRC miss rates are acceptable
compared with the decrease in performed colonoscopies.
British Journal of Cancer (2009) 101, 1274–1281. doi:10.1038/sj.bjc.6605326 www.bjcancer.com
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Compared with the guaiac-based FOBT (G-FOBT), one of the
main advantages of some immunochemical faecal occult blood
tests (iFOBTs) is that they allow haemoglobin quantification
(Itoh et al, 1996; Castiglione et al, 2002; Guittet et al, 2007). The
semi-quantitative nature of these tests permits adjustment of
the cutoff value for the detection of colorectal cancer (CRC) in an
effort to optimise screening programmes for specific populations
and health-care practices. Changing the cutoff value can have
considerable implications on the performance of the test in a
screening population. In general, lowering the cutoff value
will increase sensitivity, but consequently decrease specificity
and vice versa. An increase in sensitivity means an increase in the
detection of patients with colorectal cancer or advanced adenomas,
but the consequential decrease in specificity results in more
persons without relevant lesions undergoing a colonoscopy (false
positives). Some studies in screening populations have been

published on changing the cutoff value of iFOBTs. However, in
these studies only a few selected cutoff values are presented, and
the complete range of possible cutoff values is not addressed
(Castiglione et al, 2002; Guittet et al, 2007; Grazzini et al, 2009).
Furthermore, colonoscopy data, verifying the presence or absence
of pathology, are usually presented for test results equal to or
above the threshold that is recommended by the manufacturer.
The two most frequently presented quantitative iFOBTs, the
OC-Sensor (Eiken Chemical) and the Magstream 1000 (Fujirebio
Diagnostics, Tokyo, Japan), were developed in Japan, where
incidence rates for CRC are lower than those in Europe (Minami
et al, 2006). Therefore, the cutoff value with optimal overall
performance may be different in Europe compared with Japan. In a
recent study including 1000 symptomatic and other high-risk
patients in Israel, cutoff values below the recommended threshold
of 100 ng ml!1 were evaluated (Levi et al, 2007). The authors
concluded that the optimal cutoff value might be as low as
75 ng ml!1; they also noted that the test performance in average-
risk patients in a screening population is unknown. Our aim was to
evaluate the performance and efficiency of a semi-quantitative
iFOBT in an average-risk screening population.

Revised 16 July 2009; accepted 21 August 2009; published online 15
September 2009

*Correspondence: Dr LGM van Rossum;
E-mail: l.vanrossum@mdl.umcn.nl

British Journal of Cancer (2009) 101, 1274 – 1281
& 2009 Cancer Research UK All rights reserved 0007 – 0920/09 $32.00

www.bjcancer.com

C
lin

ica
l

S
tu

d
ie

s

the iFOBT, OC-Sensor, at the standard cutoff value of 100 ng ml!1

(Van Rossum et al, 2008). The PPV for CRC and advanced
adenomas of the G-FOBT was 55.3%, which was reached with the
iFOBT at a cutoff of 130 ng ml!1. At this cutoff, the NNTScope
of iFOBT was equal to that of G-FOBT, but the detection rate
for CRC was more than 2.5 times higher for iFOBT compared with
that for G-FOBT, and for advanced adenomas, this was almost
twice as high.

The quantitative aspect of the iFOBT allows to adjust the cutoff
value to a screening programme and can be based on aspects
such as the intended detection rate, population-related factors (e.g.,
prevalence of CRC, participation rates) and political issues such as
colonoscopy capacity. The cutoff value with the most optimal
performance of the iFOBT may differ in various populations and
may change over time, because the performance is dependent on
the prevalence of CRC and advanced adenomas. Therefore, the data

Table 3 The performance characteristics of the iFOBT, OC-Sensor, at different cutoff levels

Cutoff values (ng ml!1)

50 75 100 125 150 175 200 225

Positives adherent to colonoscopya (N) 428 336 280 248 234 215 198 187
Colonoscopy rateb (%) 7.0% 5.5% 4.5% 4.0% 3.8% 3.5% 3.2% 3.0%
Number of lesions (n)

Colorectal cancer 28 27 24 24 24 24 24 23
CRC+advanced adenomas 189 163 145 136 131 121 113 109

Detection ratec (%)
Colorectal cancer 0.45% 0.44% 0.39% 0.39% 0.39% 0.39% 0.39% 0.37%
Confidence interval (95% CI) 0.3–0.6% 0.3–0.6% 0.2–0.6% 0.2–0.6% 0.2–0.6% 0.2–0.6% 0.2–0.6% 0.2–0.5%
CRC+advanced adenomas 3.1% 2.6% 2.4% 2.2% 2.1% 2.0% 1.8% 1.8%
Confidence interval (95% CI) 2.6–3.5% 2.3–3.1% 2–2.7% 1.8–2.6% 1.8–2.5% 1.6–2.3% 1.5–2.2% 1.4–2.1%

Number Needed To Scoped (N/n)
Colorectal cancer 15.3 12.4 11.7 10.3 9.8 9.0 8.3 8.1
Confidence interval (95% CI) 11.3–23.8 9.1–19.5 8.4–18.9 7.5–16.7 7.1–15.7 6.5–14.4 6–13.2 5.9–13.2
CRC+advanced adenomas 2.3 2.1 1.9 1.8 1.8 1.8 1.8 1.7
Confidence interval (95% CI) 2.6–2.5 1.9–2.3 1.7–2.2 1.6–2.1 1.6–2 1.6–2 1.6–2 1.5–2

Specificitye

CRC+advanced adenomas 96.0% 97.1% 97.8% 98.1 98.3 98.4 98.6 98.7
Confidence interval (95% CI) 95.5–96.5% 96.7–97.5% 97.4–98.1% 97.8–98.5% 98.0–98.6% 98.1–98.8% 98.3–98.9% 98.4–99.0%

CRC miss ratef (%) N.A. 3.6% 14.3% 14.3% 14.3% 14.3% 14.3% 17.9%
Confidence interval (95% CI) N.A. !3.3–10.4% 1.3–27.2% 1.3–27.2% 1.3–27.2% 1.3–27.2% 1.3–27.2% 3.7–32%

Abbreviations: CI, confidence interval; CRC, colorectal cancer; iFOBT, immunochemical faecal occult blood test. aPostives adherent to colonoscopy¼ patients with a positive
iFOBT who underwent a colonoscopy. bColonoscopy rate¼ percentage of participants with a positive iFOBT who underwent a colonoscopy. cDetection rate¼ percentage of
participants with lesions of reference. dNumber Needed To Scope¼ the number of patients to find one extra patient with lesions of reference. eSpecificity was calculated under
the rare disease assumption (Brecht and Robra, 1987). fCRC miss rate¼ the percentage of the colorectal cancer patients at that cutoff relative to the colorectal cancer patients at
the minimal 50 ng ml!1 cutoff.
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Figure 2 The overall detection rate and number needed to scope for cancer and X1 advanced adenomas focused on the range between 50 and
200 ng ml!1. Left axis: detection rate for colorectal cancer and advanced adenomas (-K-) Right axis: number needed to scope for colorectal cancer and
advanced adenomas (-&-) (by definition X1.0).
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FIT+ in asymptomatic, AR first test group - 75ng cutoff: 
 ~1 in 13 will have CRC 

 ~1 in 2 should have polyp or CRC 

Accuracy of Fecal Immunochemical Tests for Colorectal Cancer
Systematic Review and Meta-analysis
Jeffrey K. Lee, MD, MAS; Elizabeth G. Liles, MD, MCR; Stephen Bent, MD; Theodore R. Levin, MD; and Douglas A. Corley, MD, PhD

Background: Performance characteristics of fecal immunochemical
tests (FITs) to screen for colorectal cancer (CRC) have been
inconsistent.

Purpose: To synthesize data about the diagnostic accuracy of
FITs for CRC and identify factors affecting its performance
characteristics.

Data Sources: Online databases, including MEDLINE and EMBASE,
and bibliographies of included studies from 1996 to 2013.

Study Selection: All studies evaluating the diagnostic accuracy of
FITs for CRC in asymptomatic, average-risk adults.

Data Extraction: Two reviewers independently extracted data and
critiqued study quality.

Data Synthesis: Nineteen eligible studies were included and meta-
analyzed. The pooled sensitivity, specificity, positive likelihood ratio,
and negative likelihood ratio of FITs for CRC were 0.79 (95% CI,
0.69 to 0.86), 0.94 (CI, 0.92 to 0.95), 13.10 (CI, 10.49 to 16.35),
0.23 (CI, 0.15 to 0.33), respectively, with an overall diagnostic
accuracy of 95% (CI, 93% to 97%). There was substantial hetero-

geneity between studies in both the pooled sensitivity and speci-
ficity estimates. Stratifying by cutoff value for a positive test result
or removal of discontinued FIT brands resulted in homogeneous
sensitivity estimates. Sensitivity for CRC improved with lower assay
cutoff values for a positive test result (for example, 0.89 [CI, 0.80
to 0.95] at a cutoff value less than 20 !g/g vs. 0.70 [CI, 0.55 to
0.81] at cutoff values of 20 to 50 !g/g) but with a corresponding
decrease in specificity. A single-sample FIT had similar sensitivity
and specificity as several samples, independent of FIT brand.

Limitations: Only English-language articles were included. Lack of
data prevented complete subgroup analyses by FIT brand.

Conclusion: Fecal immunochemical tests are moderately sensitive,
are highly specific, and have high overall diagnostic accuracy for
detecting CRC. Diagnostic performance of FITs depends on the
cutoff value for a positive test result.

Primary Funding Source: National Institute of Diabetes and Diges-
tive and Kidney Diseases and National Cancer Institute.

Ann Intern Med. 2014;160:171-181. www.annals.org
For author affiliations, see end of text.

Colorectal cancer (CRC) is the second-leading cause of
cancer-related deaths in the United States (1). Ran-

domized, controlled trials have shown that annual or bien-
nial fecal occult blood tests (FOBTs) are associated with a
15% to 33% decrease in CRC mortality rates (2–4). How-
ever, FOBTs only detect approximately 13% to 50% of
cancer with 1 round of screening in asymptomatic patients
(5, 6). In addition, adherence to repeated rounds of
FOBTs in real-world screening programs is low, raising
concern about their effectiveness as screening tests (7, 8).

Fecal immunochemical tests (FITs) are more sensitive
at detecting both CRC and adenomas than FOBTs (9, 10).
Many FITs require only 1 or 2 stool samples, and none
require dietary or medication restrictions, increasing ease of
use. In 2008, several U.S. professional societies endorsed
the use of FITs to replace FOBTs because of the former’s
improved performance characteristics and potential for
higher participation rates (10, 11). Countries in Europe
and Asia have also adopted widespread CRC screening
programs using FITs (12, 13). However, the diagnostic
characteristics of these tests have been difficult to estimate,
with reported sensitivities ranging from 25% to 100% for
CRC and specificities usually exceeding 90% (9, 14, 15).
The lack of a precise estimate of sensitivity has resulted in
confusion among health care providers about the sources of
this variation, how best to apply FITs for CRC screening,
the optimal number of stool samples for testing, optimal
cutoff value for a positive test result, and whether any
brand of FIT is superior to others. Our analysis provides a

quantitative meta-analysis of the diagnostic accuracy (sen-
sitivity and specificity) of FITs for CRC. In addition, we
explored potential sources of heterogeneity by analyzing
subgroups classified by FIT sample number, cutoff value
for a positive test result, FIT brand, and the reference stan-
dard.

METHODS

We developed a protocol on the basis of standard
guidelines for the systematic review of diagnostic studies
(16, 17) and the strategy used for the U.S. Preventive Ser-
vices Task Force review in 2008 (9). We followed the
STARD (Standards for the Reporting of Diagnostic Accu-
racy Studies) (18) and Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) (19)
statements for reporting our systematic review. This study
was conducted as part of the National Cancer Institute–
funded consortium, Population-Based Research Optimiz-
ing Screening through Personalized Regimens. The overall
aim of this consortium is to conduct multisite, coordi-
nated, transdisciplinary research to evaluate and improve
cancer screening processes.

See also:

Web-Only
Supplement
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sitivity and 84.8% to 49.8% for negative LR (Tables 2 and
3). However, specificity and the positive LR estimates and
their associated heterogeneity remained unchanged. We
could not do a sensitivity analysis in our 2-sample FIT
subgroup because of the lack of data sets or studies.

Cutoff Value for a Positive FIT Test
Varying cutoff values used to define an abnormal test

influenced the performance characteristics of FIT for CRC.
Sensitivity decreased with increasing cutoff values, from
0.86 (CI, 0.75 to 0.92) at cutoff values less than 20 !g/g
to 0.67 (CI, 0.59 to 0.74) at cutoff values greater than 50
!g/g (Table 2 and Appendix Figures 7 to 9, available at
www.annals.org). However, specificity increased from 0.91
(CI, 0.89 to 0.93) at cutoff values less than 20 !g/g to
0.96 (CI, 0.94 to 0.98) at those greater than 50 !g/g. The
negative LR decreased with decreasing cutoff values, with
those less than 20 !g/g (negative LR, 0.16 [CI, 0.09 to

0.28]) showing the strongest diagnostic evidence to rule
out CRC among the 3 cutoff groups (Table 2). The pos-
itive LRs of FITs at all 3 cutoff subgroups were sufficiently
high to be qualified as a rule-in diagnostic tool, whereas the
negative LR of FIT at cutoff values 20 to 50 !g/g and
greater than 50 !g/g were not low enough to be used as a
rule-out screening test for CRC (Table 2). We saw high
heterogeneity at cutoff values less than 20 !g/g and 20 to
50 !g/g for sensitivity and negative LR and in all cutoffs
for specificity and positive LR (Table 2 and Appendix Fig-
ures 7 to 9). When we removed discontinued FITs, pooled
sensitivity estimates improved from 0.86 to 0.89 (CI, 0.80
to 0.95) at cutoff values less than 20 !g/g and were more
homogeneous (I2 ! 26.4%) (Table 3). Similarly, pooled
sensitivity estimates improved from 0.63 to 0.70 (CI, 0.55
to 0.81) at cutoff values 20 to 50 !g/g and were also more
homogeneous (I2 ! 0%) after removing discontinued
FITs (Table 3). More homogeneous negative LR estimates

Figure 2. Pooled sensitivity and specificity for fecal immunochemical tests for the detection of colorectal cancer for all
included studies.
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SEN 0.79 
SPEC 0.94 
PLR 13.1 
NLR 0.23 

Accuracy 95% 



W H O  S H O U L D  G E T  A  
F I T ?

W H O  S H O U L D  G E T  A  F I T  T E S T ?

• All average risk Albertans 

• age 50-74 

• Moderate risk Albertans (FDR CRC or AA > age 60) 

• age 40-74

W H E N  N O T  T O  U S E  F I T



N O  F I T  F O R …

• Out of age range patients (<40 or over age 85) 

• needs careful consideration in 75-84 group 

• Symptomatic patients 

• Acute care settings 

• Interval FIT 

• If quality of life is poor or life expectancy is less than 10 
years

F I T  O U T  O F  R A N G E

• FIT can be ordered for screening in age 40+ if FDR 
with CRC over age 60 

• No evidence for use under 40 

• If testing over 75, needs assessment of quality of life, 
comorbidities, risks of sedation and life expectancy 

• Soon - hard cutoff - no tests released for under 40 over 
85 and older

S Y M P T O M AT I C  PAT I E N T S  
F O B T  M I S U S E

• Guaiac fecal testing discontinued in community 
settings as of 2014 

• Lack of evidence for use in symptomatic patients

VA N  R I J N  E T  A L . ,  
I N A P P R O P R I AT E  F O B T  U S E

• Impact and followup of 2993 FOBT over 1 year



VA N  R I J N  E T  A L . ,  
I N A P P R O P R I AT E  F O B T  U S E

P O S I T I V E  R E S U LT  
3 8 %  H A D  W O R K U P

N E G AT I V E  R E S U LT  
4 1 %  H A D  W O R K U P

A L L  C A S E S  H A D  D E L AY  I N  R E F E R R A L

A C U T E  C A R E  S E T T I N G - F O B T  U S E

I P  E T  A L . ,  F O B T  S U R V E Y

• Survey of Cdn physicians 

• EM, FM, Gen Surg, GI

F I T  S H O U L D  N O T  B E  U S E D  F O R  
S Y M P T O M AT I C  PAT I E N T S  O R  I N  A C U T E  C A R E

• Delays referral/consultation 

• Can not be used at point of care 

• Does not detect UGIB 

• Higher rates of False positivity 

• Not for interpretation/use after DRE 

• Urgent colonoscopy does not apply to this subset



I N T E R VA L  F I T

• Use of FIT after a normal colonoscopy 

• Prior studies had discussed use of gFOBT between 
colonoscopy sessions 

• No discussion of quality metrics for colonoscopy 

• Additional pickup rate was 1% 

• In Calgary screening centre, rate was 0.04%!

I N T E R VA L  F I T

• If colonoscopy was of high quality, interval testing 
NOT recommended 

• High quality colonoscopy 

• documentation of cecal intubation 

• documentation of bowel prep quality 

• done as part of program based screening

S U M M A R Y

• In this session, we have reviewed: 

• Impact of CRC 

• FIT testing for colorectal cancer 

• Stratifying who gets FIT for colorectal cancer 
screening 

• Who should not get FIT


