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Background: Employing colonoscopy, the gold standard in colorectal cancer (CRC) diagnosis
testing, for CRC screening presents a significant risk of complications. Alternative methods with
a lower invasive-level and fewer risks are proposed in combination, though each with lower
diagnosis performance when applied separately. The main objective of this cross-sectional
pilot study was to evaluate the feasibility of a CRC screening program using combined flexible
sigmoidoscopy and fecal-immunochemical test (FIT).

Methods: The patient population consisted of 2,201 consecutive-case symptomatic patients
attending the gastroenterology outpatient clinic with mild complaints between 2012 and 2014.
They were referred for FIT. A sample of 252 individuals underwent a subsequent colonos-
copy, blind to FIT results, and theoretical sigmoidoscopy was simulated. On a subsample of
57 patients, real sigmoidoscopy was additionally performed. Prior probabilities in terms of
patients’ compliance and CRC prevalence were estimated, together with predictive ability
of FIT and sigmoidoscopy in screening population. We assessed the merit of a screening strategy
employing two-stage serial multiple testing: a) first stage by combining two parallel tests, that
is, flexible sigmoidoscopy and FIT and b) colonoscopy as the second diagnosis test. The scheme
was validated using the actual predictive values derived from the study population.

Results: Colonoscopy found 75 (29.76%) individuals with advanced neoplasia. FIT was
positive in 30.3% of advanced neoplasia cases, while between 23.73% and 28.28% met the
theoretical sigmoidoscopy simulation criteria, with good concordance between real and theoreti-
cal sigmoidoscopy. The colonoscopy referral compliance rate was 52% among FIT-positives.
Sensitivity and specificity of the first-stage test combination were better than sigmoidoscopy
alone (McNemar test: P<<0.001). Negative predictive values for low prevalence levels were
between 81.5% and 90.12%.

Conclusion: Combining less resource challenging and less invasive testing procedures is
worthwhile in colorectal neoplasia detection, improving sensitivity and specificity of either test
alone, and leading to better posterior probabilities in usual screening scenarios.

Keywords: colorectal cancer, test combination, predicted values, screening

Introduction

Colorectal cancer (CRC) is a major health issue worldwide,' so any form of CRC
screening is effective and cost saving even in an average risk population.? The US
Preventive Services Task Force recommended screening for CRC using high-sensitivity
fecal occult blood testing, flexible sigmoidoscopy (SIG) with interval fecal occult
blood testing, or colonoscopy (COL).>* COL is the gold standard for colon exami-
nation, although it also is a complex and invasive procedure with a small, but not

submit your manuscript

Dove n’ﬁu

http:

OncoTargets and Therapy 2016:9 6819-6828 6819
© 2016 lovanescu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
BY NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you
hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/OTT.S122425
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress
mailto:dlungeanu@umft.ro

lovanescu et al

Dove

insignificant risk of major complications. When deciding
which test to use, several factors should be considered, for
example, availability of endoscopy units and the burden on
their capacity, available human resources (specialist medical
doctors, nurses, and laboratory staff). Though flexible SIG
can only examine the distal part of the colon, the procedure
is less time consuming, no sedation is needed, and the bowel
preparation is simpler. On the other hand, when a polyp or
an adenoma (depending on the chosen medical criteria) is
detected during the examination, a subsequent COL might
nevertheless be required. Fecal-immunochemical tests (FITs)
have gradually replaced chemical-based tests, showing an
improved sensitivity for advanced neoplasia.

Mixed criteria were proposed to classify the SIG results,
namely: a) USPLCO criteria proposed by the USA Prostate,
Lung, Colorectal and Ovarian (PLCO);’ b) UK flexible SIG
criteria;® ¢) Italian SCORE trial criteria;” and d) Norwegian
NORCCARP trial criteria.?

There has been an upward trend in CRC mortality in
Europe, for example, by a median of 60% for men between
1989 and 2011. Though it decreased by a median of 14.7%
for women, over the same period, the trend in CRC mortality
is still upward in the Central-Eastern European countries.’
So combining less invasive tests has been suggested.'

This paper originates from a feasibility study aiming to
evaluate the best screening strategy for colorectal neoplasia
in western Romania. The primary objective was to assess a
screening strategy employing multiple testing in a two-stage
serial scenario: a) a first stage combining two parallel tests,
that is, FIT and flexible SIG, both insufficiently effective
when used alone and b) a second stage using COL as the
subsequent diagnosis test, in cases of positive first-stage find-
ings. In addition, we explored the patients’ compliance and
the CRC prevalence in the study population, providing an
estimate for the prior probabilities. Subsequently, we evalu-
ated the predictive ability of FIT and SIG in the study popula-
tion, and compared the performance with the values found in
the literature. Finally, the proposed scheme was validated by
comparing the theoretical values with the actual predictive
values derived from the study population.

Methods

The study protocol was approved by Ethics Committee
for Scientific Research of the “Vasile Goldis” Western
University of Arad. The County Hospital of Arad is a
teaching hospital for the Faculty of Medicine, Pharmacy and
Dental Medicine. The costs of medical investigations were
covered by the medical insurance packages and the hospital

(in part), or by the patients themselves. Each patient signed
an informed consent to participate.

Patient population

The patient population consisted of consecutive-case symp-
tomatic patients attending the Gastroenterology outpatient
clinic in the County Hospital of Arad for mild abdominal
complaints, between January 2012 and December 2014.
The inclusion criteria in this cross-sectional study were the
following: absence of any suggestive CRC symptoms, and
being aged between 40 and 79 years. Subjects were excluded
if they reported recent explorations (eg, SIG or COL in the
last 5 years) or one of the following was present: they had a
personal history of CRC; they had a family history of heredi-
tary or familial CRC (defined as =2 first-degree relatives
with CRC or one relative CRC-diagnosed before the age
of 60 years); they had a terminal medical condition.

Allthe 2,201 patients who complied with the study criteria
were referred for FIT (Figure 1 shows the study flowchart).
A sample of 252 individuals, that is, arm (A), underwent a
subsequent COL (blind to the FIT results), and a theoretical
SIG was simulated. On a subsample of 57 patients, that is,
arm (B), a real SIG was additionally performed in order to
explore the simulated SIG bias. The sensitivities and speci-
ficities were determined both for the single tests and their
combinations, followed by a reliability analysis.

FIT investigation

All individuals collected one stool sample without specific
diet or medication restrictions. The rapid immunochemical
test Hem-Check 1 (VedaLab, France) was used. Hem-Check
is an immunochromatographic analysis with a sensitivity
range between 0.04 and 120 ug Hb/g of feces. The standard
FIT cutoff (=20 pug Hb/g) was considered for the fecal
hemoglobin concentration.

Colonoscopy

Before COL, all patients were given written instructions
regarding the required diet (a low-residue diet during the
entire day before the investigation), and the colonic cleans-
ing protocol. A split-dose bowel cleansing regimen of 4 L
polyethylene glycol-electrolyte lavage solution was used,
and propofol deep sedation. The patients were examined
with a videocolonoscope Olympus CF-HQ190 Evis Exera II1.
All polyps detected during the COL were endoscopically
removed and retrieved for subsequent histological examina-
tion. Ifa colon cancer was detected, biopsies were taken. The
examination exclusion criteria consisted of incomplete COL,
poor bowel preparation, or lack of histology.
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Figure | Study flow diagram. Arm (A) includes the individuals referred for FIT and subsequent colonoscopy; the arm (B) subsample consists of the individuals who

additionally underwent real sigmoidoscopy.
Abbreviations: FIT, fecal-immunochemical test; IC, informed consent.

Simulated SIG

SIG was simulated considering COL findings in the rectum,
the sigmoid, and the descending colon (distal to the splenic
flexure), in a similar manner to Castro et al.!! The diagnostic
yield and the theoretical post-SIG referral for COL were
defined according to four already established sets of crite-
ria: a) USA PLCO trial, where any polyp (either adenoma
or not) would be referred;® b) UK flexible SIG, where any
distal polyp =10 mm, tubulovillous or villous histology,
high-grade dysplasia CRC, or =20 polyps above the distal
rectum would be referred;® ¢) SCORE trial, where any distal
polyp =5 mm, tubulovillous or villous histology, high-grade
dysplasia, =3 adenomas, or CRC would be referred;’ and
d) NORCCAP trial, where any distal polyp =10 mm, any
adenoma, or CRC would be referred.?

In addition, we simulated the diagnostic performance
of FIT (actual results) in combination with each simulated
flexible SIG strategy.

Real flexible SIG

Before the SIG, a bowel preparation was performed, consist-
ing of a single enema self-administered either at home or at
the endoscopy unit.

Advanced neoplasia

Advanced neoplasia was defined as cancer or adenomas
>10 mm, presenting villous architecture, or manifesting
high-grade dysplasia.

Data analysis

Descriptive statistics were presented as mean + standard
deviation for continuous variables, or frequency counts with
the percentage for the categorical variables. Exploratory
statistical testing was applied to check whether the positive
and negative subjects’ groups were comparable regarding
their age, sex, or urban or rural living (Mann—Whitney U-test
for continuous variables and chi-square or Fisher exact test
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for categorical ones). Sensitivity (SN) and specificity (SP)
were calculated for individual diagnosis tests, that is, FIT and
flexible SIG, based on the COL result as the gold-standard
reference. For comparing the binary diagnostic tests’ per-
formance, the exact McNemar statistical test for correlated
proportions was applied.

To assess the performance of test combination, two sce-
narios were considered, as follows.

Parallel design

The tests are administered independently and at the same
time, and the results are logically combined, result C being
positive if at least one test is positive, as in Equation (1); the
effect is a higher sensitivity (ie, decreased false negative rate)
at the cost of a lower specificity.

C+=T;+UT2+U"'UTS+ (1)

SN(T.)= iSN(z)+ f[SN(z)—(i SN(Y;)]
i=1S i=1 i=1 (2)
+Y (SN(T)))?

i=1

SP(T) =[] SP(T) 3)

when the number of combined tests is S = 2, equations for
the parallel design become:

SN(T,) = SN(T)+SN(T,) = SN(T)xSN(T) -
= SN(T)+SN(T,) x[1- SN(T))] @)
SP(T.) = SP(T )x SP(T,) 3"

Serial design

Each test is administered taking into consideration the pre-
vious testing results; if the first result is negative, the final
result is declared negative, and no other test is applied;
otherwise, the procedure is repeated up to the number of
available tests, as in Equation (4); this improves specific-
ity (ie, decreased false positive rate) at the cost of a lower
sensitivity.

¢ =r. Ur, U..Ur, 4)

ST =T SV(T) (5)

SP(T.) = iSP(TI,)+ f[SP(J; )- (i SP(TI.)J
i=1 i=1 i=1 (6)
+2(SP(T)))?

when the number of combined tests is S = 2, equations for
the serial design become:

SN(T.)=SN(T) x SN(T,) (5"

SP(T,)=SP(T,)+SP(T,)—SP(T,) x SP(T,) ¢
=SP(T,) x [1-SP(T,)]+ SP(T,) )

Figure 2 shows the two-stage screening scheme proposed
and analyzed.

The statistical analysis was performed using SPSS
version 17.0 and R project packages for statistical computing.
Confidence level of 0.95 was considered for the estimating
intervals, and a P-value of 0.05 was the threshold for the
statistical significance.

Results

The initial sample (N=2,201) included individuals aged from
40 to 79 years (61.331£9.805), 39.3% females, and 75.1%
from urban area. We found no statistically significant dif-
ferences in proportion between subjects with positive and
negative FIT results regarding either the sex (chi-square test,
P=0.18), or urban/rural living (chi-square test, P=0.961).

The sample in arm (A) sample included N=252 individu-
als aged 4079 years (63.65£8.781). The main characteristics
are presented in Table 1. We found no statistically significant
differences in proportion between subjects with and with-
out lesions regarding the sex (chi-square test, P=0.716),
age (Mann—Whitney U-test, P=0.51), or urban/rural living
(chi-square test, P=0.083).

Proportion of advanced neoplasia was 3.4% of the total
of 2,201 patients, with 2% CRC. The compliance with the
COL referral after a positive FIT was rather low, that is,
108 out of 206 total of FIT-positives (52%). Out of the
252 subjects who actually underwent a colonoscopic investi-
gation, 75 (29.76%) individuals tested positive for advanced
neoplasia (Table 1).

Advanced neoplasia
Diagnostic performance of the testing approaches is pre-
sented in Table 2. FIT alone proved poor sensitivity for
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First stage: parallel FIT, SIG
FIT#SIG(+) = FIT(+) U SIG(+)

Second stage: serial FIT#SIG, COL
FIT#SIG~COL(-) = FIT#SIG(-) LU COL(-)

FIT#SIG(-) FIT#SIG~COL(-)
» T(-)
SIG(-) ;
P SIG
FIT(-) ; FIT#SIG~COL(-)
i > TC)
SIG(+) 5 COL(-)
FIT — 5
coL
FIT(+) FIT#SIG(+) |
E COL(+)
E > T(+)
E FIT#SIG~COL(+)
e > e >

Figure 2 Scheme for testing combination.

Notes: The first stage consists of the parallel combination (notation #) of two diagnostic tests. The second stage is a serial combination (notation ~) of the previous stage
result and a third reference (gold standard) test. T(+) denotes the final decision in the screening process.
Abbreviations: COL, colonoscopy; FIT, fecal-immunochemical test; SIG, sigmoidoscopy.

Table | Characteristics of individuals included in the evaluation
of diagnosis reliability

Characteristics of the patients Number (N=252)

63.65+8.781°
144 (57.1%)
175 (69.4%)
45 (17.85%)
24 (9.52%)
16 (6.35%)

5 (1.98%)

75 (29.76%)
39 (15.48%)
26 (10.32%)

Age (years)
Sex (female)
Urban (yes)
Colorectal cancer (yes)
Distal to splenic flexure
Proximal to splenic flexure
Distal and proximal to splenic flexure
Advanced neoplasia (yes)
Distal to splenic flexure
Proximal to splenic flexure

Distal and proximal to splenic flexure 10 (3.97%)
Advanced adenoma (yes) 30 (10.37%)
Distal to splenic flexure 15 (3.97%)
Proximal to splenic flexure 10 (2.52%)
Distal and proximal to splenic flexure 5 (1.98%)
Nonadvanced adenoma (yes) 57 (22.62%)
Proximal to splenic flexure 23 (9.13%)
Distal and proximal to splenic flexure 10 (3.97%)

Note: *Mean * standard deviation.

nonadvanced adenoma (Table 2A). The simulated SIG was
rather poor as well, especially in terms of sensitivity, that is,
leading to a large proportion of false negatives (Table 2B).

Table 2C synthesizes the validation results in arm (B),
as in Figure 1. Although point estimates for sensitivity and
specificity varied, the 95% confidence intervals overlapped
to a large degree and the exact McNemar statistical test for
correlated proportions resulted in P-value asymptotically
reaching 1, so we considered arm (B) to be a valid proof for
the screening evaluation conducted by using theoretical SIG
simulation. As the approach, employing UK criteria® was
the most conservative in terms of diagnosis performance;
all further analyses for test combination employed their
sensitivity and specificity values.

Proximal advanced neoplasia

For advanced proximal neoplasia in the sample of arm (A),
the FIT sensitivity was 75%, while the specificity was
69.17% (Table 2A).
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Table 2 Diagnostic performance of the different testing approaches

Diagnosis method Positives Negatives Sensitivity (%)* Sensitivity (95% CI) Specificity (%)* Specificity (95% CI)
Colonoscopy 75 177 Reference test
A. FIT for advanced and non-advanced neoplasia detection (N=252)
AN 91 104 72 (60.44, 81.76) 69.17 (60.09, 77.27)
Proximal AN 64 92 75 (57.8,92.21) 69.17 (60.09, 77.27)
Distal AN 70 99 67.35 (52.46, 80.05) 69.17 (60.09, 77.27)
Non-AA 50 127 23.81 (8.22, 47.17) 71.15 (63.37,78.12)
B. Simulating sigmoidoscopy strategies for advanced neoplasia detection (N=252)
USPLCO® 58 137 68 (56.22, 78.31) 94.17 (88.35, 97.62)
UK® 56 139 57.33 (45.38, 68.69) 89.17 (82.19, 94.1)
SCORE® 60 135 62.67 (50.73, 73.57) 89.17 (82.19, 94.1)
NORCCAP® 66 137 66.67 (54.83,77.14) 93.33 (87.29, 97.08)
C. Comparison of real and simulated sigmoidoscopy, on a sub-sample (N=57)
Real SIG 7 35 40.74 (19.92, 65.11) 93.33 (73.47, 97.89)
USPLCO® 7 35 41.67 (15.17, 72.33)c 93.33 (77.93, 99.18)c
UK® 6 36 25 (5.49, 57.19)c 90 (73.47, 97.89)c
SCORE® 7 35 25 (5.49, 57.19)c 86.67 (69.28, 96.24)
NORCCAP® 9 33 41.67 (15.17, 72.33)c 86.67 (69.28, 96.24)

Notes: Colonoscopy was the reference test for FIT and for the simulating sigmoidoscopy strategies. Methods for simulation: USA PLCO trial;> UK flexible sigmoidoscopy
trial;¥ SCORE trial;7 NORCCAP trial.® *Values are expressed as point estimates and 95% Cls. ®Rectum, sigmoid, and descending colon were considered for sigmoidoscopy
simulation. “Exact McNemar test did not reject the null hypothesis when compared with Real SIGmoidoscopy.

Abbreviations: AA, advanced adenoma; AN, advanced neoplasia; Cl, confidence interval; FIT, fecal-immunochemical test.

Real flexible SIG

The arm (B) subsample (N=57) included individuals aged
from 44 to 77 years (63.2818.647), 57.9% of whom were
females, and 71.9% of whom were living in an urban area.
The sensitivity and specificity of flexible SIG for advanced
neoplasia detection was 40.74% and 93.33%, respectively
(Table 2C). Although in real flexible SIG, the splenic flexure
could not always be reached, or the colon preparation had not
always been done correctly, the sensitivity was nevertheless
reasonably good and comparable to the simulated approach
by USPLCO and NORCCAP criteria.

Test combination

The pilot scheme proposed for CRC screening is presented
in Figure 2. It consists of a two-stage serial design with
combination of two parallel tests, that is, SIG and FIT, in the
first stage and a single gold-standard test, that is, COL, in

the second stage. The parallel combination of the first-stage
increases the sensitivity, resulting in a lower false negative
rate. The first stage takes advantage of the complementary
capacity of SIG and FIT to detect advanced distal and
proximal neoplasia, respectively. In the second stage, the
specificity increases while maintaining a reasonably high sen-
sitivity. Overall, for such a serial testing scheme, when both
FIT and SIG are negative in the first stage, that is, FIT#SIG(-),
the final screening result FIT#SIG~COL(-) is negative, thus
reducing the number of unnecessary COL tests.

The performance issue lies in the false negative rate,
that is, whether or not we can actually afford to apply such
a screening scheme. Table 3 synthesizes the performance
of the first-stage FIT#SIG combination, as in Figure 2, with
simulated SIG.

The interpretation of any diagnostic test depends not only
on sensitivity and specificity, but also on the baseline prior

Table 3 Parallel combination of FIT and sigmoidoscopy, as the first stage of the screening scheme proposed (N=252)

Combination Positives Negatives Sensitivity? (%) Sensitivity (95% Cl) P-value® Specificity* (%) Specificity (95% CI)
FITHUSPLCO* 110 85 96 (88.75, 99.17) <0.001 68.33 (59.22, 76.52)
FITHUK® 105 90 89.33 (80.06, 95.28) <0.001 68.33 (59.22, 76.52)
FITHSCORE® 106 89 90.67 (81.71, 96.16) <0.001 68.33 (59.22, 76.52)
FITENORCCAP: 107 88 93.33 (85.12, 97.8) <0.001 69.17 (60.09, 77.27)

Notes: Simulated sigmoidoscopy was performed based on colonoscopy. Methods for simulation: USA PLCO trial;® UK flexible sigmoidoscopy trial;®* SCORE trial;” NORCCAP
trial.® *Values are expressed as point estimates and 95% Cls. "Significance of combination sensitivity when compared with sigmoidoscopy alone (McNemar test). “‘Rectum,
sigmoid, and descending colon were considered for sigmoidoscopy simulation.

Abbreviations: Cl, confidence interval; FIT, fecal-immunochemical test.
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Figure 3 First stage calculated predictive values versus prevalence: FIT (left), SIG (middle), and SIG with FIT#SIG combined test (right).
Notes: The red color text refers to the red color curves. Solid line was used for PVP and dotted line for PVN.
Abbreviations: COL, colonoscopy; FIT, fecal-immunochemical test; SIG, sigmoidoscopy; PVP, predictive value positive; PVN, predictive value negative.

probabilities in the actual population. A critical point is that,
no matter how good the diagnostic tests are, prevalence and
patient compliance affect the predictive value of any screen-
ing result. Therefore, the curves of predicted values versus
prevalence (in a larger sense, including compliance) were
drawn. Figure 3 shows predictive values versus prevalence
ranging from 0% to 100% for FIT, simulated SIG follow-
ing UK criteria,® and their first-stage combination FIT#SIG
compared to SIG. As previously mentioned, the UK criteria
were chosen for SIG simulation as being more conservative.
The sensitivity and specificity were computed using the
Equations (2') and (3"). Improved sensitivity and predictive
value negative (PVN) can be observed.

Figure 4 shows predictive values versus prevalence rang-
ing from 0% to 100% for the first-step combination FIT#SIG,

respectively,® followed by their second-stage combination
FIT#SIG~COL compared to COL. Sensitivity and specificity
were computed using Equations (5') and (6'). Specificity and
predictive value positive (PVP) improved, while the PVN did
not fall dramatically within the first third of the prevalence
range. We can see that the intersection of the two curves (ie,
PVP and PVN) moved to lower prevalence values, with an
improved PVP curve. For the actual values employed in this
simulation, the intersection occurred at 22% prevalence with
equal PVP and PVN of approximately 95%, similar to those
of COL alone at a higher prevalence level.

Table 4 presents the predictive values of the two-stage
FIT#SIG~COL combination, with actual results of FIT
and real SIG in arm (B) and calculated predictive values
for the results with UK criteria in arm (A), as described in

COL with sensitivity and specificity of 91.2% and 95.1%,  Figure 1.
FIT#SIG COL COL and FIT#SIG~COL
1.0 1.0 { -
] ] ]
S 0381 5 S 08
© © ©
> 0.6 > > 0.6
o o o
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Figure 4 Second stage calculated predictive values versus prevalence: FITH#SIG combined test (left), COL (middle), and COL with FIT#SIG~COL combined test (right).
Notes: The red color text refers to the red color curves. Solid line was used for PVP and dotted line for PVN.
Abbreviations: COL, colonoscopy; FIT, fecal-immunochemical test; SIG, sigmoidoscopy; PVP, predictive value positive; PYN, predictive value negative.

OncoTargets and Therapy 2016:9

submit your manuscript

6825

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

lovanescu et al

Dove

Table 4 Predictive values of FIT#SIG~COL screening strategy for colorectal neoplasia detection

FIT#SIG-COL PV positive® (%) PV positive (95% CI) PV negative® (%) PV negative (95% CI)
Actual — arm (B) 36.36 (23.87, 48.84) 84.61 (75.24, 93.98)
Calculated — arm (A)® 40.57 (3451, 46.63) 85.81 (81.5,90.12)

Notes: Calculated and actual values in the study sample are provided. Arms (A) and (B) are the two arms of the study. *Values are expressed as point estimates and 95%
Cls. "Rectum, sigmoid, and descending colon were considered for UK-criteria® sigmoidoscopy simulation.
Abbreviations: COL, colonoscopy; Cl, confidence interval; FIT, fecal-immunochemical test; PV, predictive value; SIG, sigmoidoscopy.

Discussion

The results of this study demonstrate that combining flexible
SIG and FIT in CRC screening would lead to better results
than screening with either of them alone. Adding FIT to
SIG increased sensitivity for advanced neoplasia in all the
four simulating strategies evaluated. Other studies claimed
similar findings, for example, using SIG in addition to FIT
led to increased sensitivity for advanced proximal neoplasia
by nearly 10%," and adding FIT to SIG-based strategies
produced a 10%-30% improvement in advanced right-sided
neoplasia detection rate, although at the cost of a significant
reduction in specificity,!! which are similar to our results.

FIT has already proved to be a cheap and harm-free
procedure, which can reduce cancer mortality if used as an
annual screening tool. There is conflicting data in the litera-
ture, as some authors obtained very low FIT sensitivity in
detecting proximal lesions, for example, only 17% in Castro
et al."" On the other hand, all reported specificity values for
FIT were reasonably acceptable, that is, a good characteristic
as false positive test results lead to anxiety and unnecessary
follow-up COL. It is important to note though that, in some
studies, FIT proved similar sensitivity for both proximal and
distal advanced neoplasia.'>!* FIT may have false negative
results, but usually the missed lesions are advanced polyps,
rather than cancers. Furthermore, it was observed that regu-
lar fecal-based diagnostic tests reduced the relative risk of
CRC mortality by 15%-25%.'* In addition, compared to
COL, SIG is a cheaper and less time-consuming procedure,
it does not need sedation, and bowel preparation is simpler.
However, the major disadvantage is its inability to inspect
the transverse and right colon.

Combining SIG screening with regular fecal occult blood
testing has been proposed as a viable option for improving
the weak results of SIG in detecting proximal neoplasia. It
has been shown that single SIG screening would only lead to
distal CRC mortality reduction.'® In addition, when compar-
ing the detection rates of FIT versus COL, the latter found
more neoplasia and advanced adenoma, but there were no
statistically significant differences between the two methods
for CRC detection.'®

A clear benefit of the present proposed scheme is the
integration of COL as a second stage in a serial design.
Hence, based on the good rate of PVP, when both tests from
the first stage are negative, the result is negative, and further
COL tests are avoided. Therefore, bearing in mind the low
compliance rate for COL,!” the proposed design would be
clearly advantageous. Moreover, the increased demand for
COL units usually leads to delays in CRC diagnosis, so a
high accuracy level in the detection of true negative cases in
the first stage is of considerable importance.'

Test replication and standardization should improve
precision; on the other hand, if the values of the diag-
nostic test correlated with the severity of the disease, a
well-performing test for advanced illness would be less use-
ful for identifying patients in early stages, when treatment
might be most effective.!” A surveying methodology for the
systematic investigation of gastrointestinal disorders has
also been proposed.*

Taking all this context into account, the proposed pilot
scheme is also advantageous for multiple testing, since it
helps in the making of unequivocal diagnosis by altering
the posterior probabilities in a predictable fashion, that is,
parallel testing results with decreased false negative rate,
while serial testing leads to decreased false positive rate.
Moreover, there is less unnecessary anticipated discomfort,
lowering the delays and increasing compliance. In addition,
as the information is clearer, available, and explicable to all
the stakeholders, it is easier to assess and revise assump-
tions when deciding on each practice approach. Moreover,
patients’ compliance increases when a concrete investigation
scheme is provided.

A limitation of this study is that all the estimates, except
for COL sensitivity and specificity, were not independent, but
derived from the study population data and were dependent
on the existing knowledge and technology. Therefore, more
research should be conducted to get independent estimates
of the prior probabilities.

Our study was also limited to a CRC screening single
round. In addition, there was a rather small number of patients
with a high mean age (63.65 years) and female predominance
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(57.1%). Nevertheless, this might not be a hindrance, as it
is known that the prevalence of proximal colonic neoplasia
increases with age and is higher in females than in males.?
Also, patients were recruited in a Gastroenterology outpa-
tient clinic, all of them being symptomatic (ie, not a general
screening population), although none with cancer referral
symptoms (eg, unexplained rectal bleeding, iron deficiency
anemia, or changes in their bowel habit). FIT was performed
in clinical conditions, therefore good performance results
were obtained, which might not be entirely reproducible in
less controlled conditions. Employing the UK flexible SIG
criteria’ in simulation was aimed at compensating for this
potential difficulty.

Although the compliance rate was rather poor (ie, only 108
out of the 206 FIT-positives agreed to undergo a subsequent
COL), the data were similar to those reported elsewhere,” "
and justified the search for a friendlier and less inconvenient
approach toward the patient. Combined with lower costs, this
could achieve better screening compliance.'”

Another aspect to consider is that different strategies to
identify COL referrals have been used in order to limit and
better target its employment as an investigation procedure.
When choosing a SIG strategy, one must bear in mind the
need to balance between detecting many lesions and increas-
ing the COL burden. The values obtained in our study for
simulated SIG sensitivity and specificity were similar with
those obtained in other studies. While the criteria proposed in
the UK Flexible Sigmoidoscopy trial seemed to be the most
appropriate in terms of saving resources, the USPLCO trial
was the only one to demonstrate a statistically significant
reduction in colon cancer incidence.'”? The mean values
to increase the prior probability in the screening population
include explicit referral criteria to be followed by the primary
care physicians, risk-scoring based on symptoms and medical
best practice recommendations.'®%

With the proposed screening scheme, at a prevalence
of ~3%—4%, the percent of negative subjects who would
avoid the unnecessary invasive procedure of COL is between
95% and 99%, so better screening compliance should
be expected.

Conclusion

Flexible SIG and FIT can play an important role in CRC
screening, since they are less challenging in terms of the
demands placed on resources on the one hand, and less
invasive on the other, and so are more affordable when
applied on a large scale. In this context, test combination
significantly improves neoplasia detection, increasing

sensitivity and specificity, as well as predictive values in
usual screening scenarios. Moreover, on the patient side,
having a clear scheme for the screening stages and actual
predictive values, there is a greater likelihood of both
informed consent and compliance with the physician’s
recommendations.
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