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META-ANALYSIS

Reduced incidence and mortality from colorectal cancer
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Abstract

AIM: To conduct a systematic review and meta-anal-
ysis of published population-based randomized con-
trolled trials (RCTs).

METHODS: RCTs evaluating the difference in mortal-
ity and incidence of colorectal cancer (CRC) between
a screening flexible sigmoidoscopy (FS) group and
control group (not assigned to screening FS) with a
minimum 5 years median follow-up were identified by
a search of MEDLINE and EMBASE databases and the
Cochrane Central Register for Controlled Trials through
August 2013. Random effects model was used for
meta-analysis.

RESULTS: Four RCTs with a total of 165659 patients
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in the FS group and 249707 patients in the control
group were included in meta-analysis. Intention-to-
treat analysis showed that there was a 22% risk re-
duction in total incidence of CRC (RR = 0.78, 95%CI:
0.74-0.83), 31% in distal CRC incidence (RR = 0.69,
95%CI: 0.63-0.75), and 9% in proximal CRC incidence
(RR = 0.91, 95%CI: 0.83-0.99). Those who underwent
screening FS were 18% less likely to be diagnosed with
advanced CRC (OR = 0.82, 95%CI: 0.71-0.94). There
was a 28% risk reduction in overall CRC mortality (RR
= 0.72, 95%CI: 0.65-0.80) and 43% in distal CRC mor-
tality (RR = 0.57, 95%CI: 0.45-0.72).

CONCLUSION: This meta-analysis suggests that
screening FS can reduce the incidence of proximal and
distal CRC and mortality from distal CRC along with re-
duction in diagnosis of advanced CRC.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal Cancer; Flexible sigmoidoscopy;
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Core tip: This meta-analysis confirms that screening
flexible sigmoidoscopy (FS) reduces the overall inci-
dence of and mortality from colorectal cancer (CRC).
In addition, FS reduces the incidence of and mortality
from distal CRC, incidence of proximal CRC, and de-
creases the likelihood of subsequent diagnosis of ad-
vanced CRC. We believe, based on the proven benefits
of FS, lower rates of complications with FS than with
colonoscopy and feasibility in clinical practice, FS should
be offered as an option for CRC screening, particularly
in the population-based CRC screening programs.

Shroff J, Thosani N, Batra S, Singh H, Guha S. Reduced inci-
dence and mortality from colorectal cancer with flexible-sigmoid-
oscopy screening: A meta-analysis. World J Gastroenterol 2014;
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INTRODUCTION

Colorectal cancer (CRC) is one of the most frequently
diagnosed malignancies with over 1 million cases di-
agnosed per year worldwide; it is the third and fourth
most frequently diagnosed cancer in women and men,
respectively, and accounted for 608000 deaths worldwide
in 2008, Five-year survival rates among men were 65%
for North America and 54% for Western Europe with
improved survival with detection at earlier stagem. Given
the significant incidence and mortality of CRC, different
potential screening tests have been assessed for their abil-
ity to identify high risk individuals and for their ability to
reduce CRC specific mortality.

Four major screening randomized controlled trials
(RCTs) with biennial fecal occult blood testing (FOBT)
showed total reduction in CRC mortality of 15% after
12-18 years in one systematic review” ., A recent large
prospective study showed that colonoscopy with ad-
enoma polypectomy reduced mortality from CRC which
confirmed results of eatlier case-control studies”'". Pre-
vious case-control studies had shown decreased incidence
of CRC all-sites and of distal CRC in those obtaining
colonoscopy compared to the general population, with
some studies showing significant decreased incidence
of proximal CRC as well"™"”. However, RCTs which are
considered the gold standard to determine the efficacy
of cancer screening tests have been initiated only recently
for colonoscopy and are not expected to publish their
first results on CRC incidence and/or mortality for the
next ten years or so.

With regard to the use of flexible sigmoidoscopy (FS)
for CRC screening, the sensitivity of FS for detecting
CRC in the entire colon was 58%-75% in the commu-
nity setting in small studies'*"”. In addition, FS has been
shown to be a very low risk procedure with a serious
harm rate of about 3.4 per 10000 procedures, which is
much lower than that reported with colonoscopylS’M’H’J,
and can be performed by many non-physician health
care providers. Four large population-based RCTs have
been published recently which evaluated the effect of
FS screening on CRC incidence and mortality. Review
of the these trials evaluating the effect of FS screening
(intervention group) compared to those not assigned
screening with FS (control group) with regard to CRC
incidence and mortality shows differing conclusions.
The PLCO (United States) trial intention to treat (ITT)
analysis showed that incidence and mortality of CRC
were significantly reduced in the FS group compared to
the control groupm. Incidence of proximal and distal
CRC was significantly decreased while mortality from
only distal CRC (not proximal) was significantly reduced
in the intervention group. The United Kingdom trial
ITT analysis also showed significant reduction in the in-
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cidence and mortality of CRC in the intervention group
over controls. There was evidence of decreased incidence
of distal CRC but not proximal CRC". TTT analysis in
the SCORE (Italy) trial showed a statistically significant
reduction in incidence of CRC in the intervention group
but no statistically significant reduction in CRC mortality
all-sites, proximal CRC, or distal CRC. The incidence of
distal CRC but not proximal CRC was reduced signifi-
cantly"”. Finally, the NORCCAP (Norway) trial did not
show a statistically significant difference in incidence of
CRC and only a non-significant trend toward reduced
CRC mortality in the intervention group compared to the
controls™. We therefore performed this meta-analysis
to synthesize the evidence and derive summative conclu-
sions regarding the effect of FS screening on incidence
and mortality from CRC.

MATERIALS AND METHODS

Literature search

This systematic review was performed by using the de-
veloped guidelines for conducting systematic reviews. We
performed a literature search up to July 2013 using Med-
line and Embase databases and the Cochrane Central Reg-
ister for Controlled Trials without language restriction and
including articles ahead of publications. The following
key words were used in the searching: “flexible sigmoidos-
copy” and “incidence” and “mortality” of “CRC or colon
cancer or rectal cancer”. We also performed a manual
search of references cited in the selected articles and pub-
lished reviews to capture additional relevant studies.

Eligibility criteria

Studies were included in the meta-analysis if they met
the following criteria: (1) population-based RCTs; (2) the
screening test of interest was ES; (3) the outcome of in-
terest was incidence and/or mortality due to colorectal,
colon, or rectal cancer; and (4) relative risk (RR), OR or
HR estimated with 95%CI (or sufficient data to calculate
these) were reported.

Data extraction

The following data were extracted from each study: the
first author’s last name, publication year, country where
the study was performed, study population database,
study period, participant age and sex, sample size, vari-
ables adjusted for in the analysis, and RR or HR with
corresponding 95%CI for main analysis and each cat-
egory of outcomes (incidence and mortality of CRC).
We extracted the RRs or HRs that reflected the greatest
degree of control for potential confounders for use in
the main analyses. Data extraction was conducted inde-
pendently by 3 authors (J.S., S.B., and N.T.) with disagree-
ments resolved by consensus and discussion with fourth
author (S.G.). The major disagreement was inclusion of
Telemark Polyp Study 1!, which was dropped from our
analysis after further discussion as it didn’t satisfy our eli-
gibility criteria for a RCT.
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Search terms (title/ abstract/key word)
("colorectal cancer" or "rectal cancer" or "colon cancer")
and ("flexible sigmoidoscopy") and ("mortality" or "incidence")

n =1738
Medline n = 415
Scopus 7 = 1323

Title search
n=75

Excluded

Studies included

20 Non-RCT studies

5 Case control studies

10 Lack of pertinent outcome

3 No full text/abstract/non-english language

7 Retrospective studies

22 Review/guideline/secondary data/comment
4 No colonoscopy/additional FOBT performed

n=4

Figure 1 Scheme for study selection process. RCT: Randomized controlled trial; FOBT: Fecal occult blood testing.

Quality assessment

This was performed independently by two authors (J.S.
and N.T), with disagreements resolved by discussion with
senior investigators (H.S. and S.G.). Overall study quality
and risk of bias was assessed as desctibed in the Cochrane
handbook™, by recording the method used to generate
the randomization schedule, the method used to con-
ceal allocation, whether blinding was implemented, what
proportion of patients completed follow-up, whether an
intention-to-treat analysis was extractable, and whether
there was evidence of selective reporting of outcomes.

Data synthesis and analysis

From the original study data, we recalculated the study
specific ITT RRs for incidence and mortality from CRC
for patients who were randomized to receive at least
one screening FS (intervention group) against patients
who did not receive FS screening (control group). We
used DetSimonian-Laird random effect model to obtain
overall estimates for the effect of screening FS on CRC
incidence and mortality by combining study-specific RR
estimates. The random-effects model is more robust than
the fixed effect model and incorporates into the weigh-
ing scheme both within-study and between-study varia-
tions””. We performed further risk stratification analysis
for incidence and mortality of distal and proximal CRC
in the intervention and control groups.

Statistical heterogeneity among studies was evalu-
ated by using the Cochran Q statistic and quantified by
I’ statistics”". We considered low, moderate, and high
heterogeneity as I values of 25%, 50%, and 75%, re-
spectively. These cut-offs are arbitrary and generally used
for descriptive purposes only””. Sensitivity analysis was
performed by removing each study in the meta-analysis
one at a time to determine its influence on pooled RR.
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The robustness of the meta-analysis to the publication
bias was assessed by various bias indicators, including the
Egger regression asymmetry test™, Fail-safe N tests, and
the trim-and-fill method™". Funnel plot was constructed
to evaluate the publication bias using the standard error
and diagnostic ORM, All statistical tests were performed
with the STATA v12 Data Analysis and Statistical Soft-
ware (StataCorp LP, College Station, TX). P < 0.05 was
considered statistically significant for this meta-analysis.

RESULTS

Literature search

The literature review using the search criteria described
above produced 1738 articles. After removal of dupli-
cates and screening the titles for relevance to the objec-

tives and outcomes of the meta-analysis, 75 articles were
considered for abstract and or full article search (Figure
1). Finally, after excluding the articles not fulfilling inclu-
sion criteria, summary measures of the outcomes from 4
articles were used to perform this meta-analysis.

Study characteristics

A total of 4 studies' ™ were published between 2009-2012,
focusing on screening FS and incidence and mortality
from CRC. The study characteristics are shown in detail
in Table 1. The studies were conducted in the United
States""”, United Kingdomllsj, Italylw], and Norwaylzoj.
Study participants were randomized to the control group
where no screening FS was assigned or to the interven-
tion group where at least one screening FS was per-
formed with a total of 165659 patients in the FS group
and 249707 patients in the control group. The control
group received usual care given to the general population.
The randomization occurred before invitation for partici-
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A Incidence of CRC (ITT analysis)
Study
D ES (95%CI) % Weight
Atkin-2002 United Kingdom + 0.77 [0.70, 0.84] 39.15
Hoff-2009 Norway 0.73 [0.47, 1.13] 1.69
Segnan-2011 Italy —H— 0.82 [0.69, 0.96] 11.93
Schoen-2012 United States + 0.79 [0.72, 0.85] 47.23
Overall (7 = 0.0%, # = 0.904) 0.78 [0.74, 0.83] 100.00
Note: Weight are from random effects analysis
T T
0.47 1 2.13
«— Favors FS screening Favors no screening —
B Incidence of distal CRC (ITT analysis)
Study
D ES (95%CI) % Weight
Atkin-2002 United Kingdom — 0.64 [0.57, 0.72] 40.58
Segnan-2011 Italy 0.76 [0.62, 0.94] 16.22
Schoen-2012 United States —tE 0.71 [0.64, 0.80] 43.20
Overall (> = 24.6%, P = 0.265) 0.69 [0.63, 0.75] 100.00
Note: Weight are from random effects analysis ;
T T
0.57 1 1.75
« Favors FS screening Favors no screening —
C Incidence of proximal CRC (ITT analysis)
Study
1D ES (95%CI) % Weight
Atkin-2002 United Kingdom 0.98 [0.85, 1.12] 39.58
Segnan-2011 Italy 0.91 [0.69, 1.20] 9.83
Schoen-2012 United States 0.86 [0.76, 0.97] 50.59
Overall (72 = 0.0%, P = 0.380) 0.91 [0.83, 0.99] 100.00
Note: Weight are from random effects analysis '
T T

0.69
«— Favors FS screening

1.45
Favors no screening —

Figure 2 Forrest plots depicting incidence of total colorectal cancer (A), distal colorectal cancer (B), and proximal colorectal cancer (C). CRC: Colorectal

cancer; ITT: Intention to treat; FS: Flexible sigmoidoscopy.

In the NORCCAP trial™, participants were selected
from a national population registry in a process meant
to simulate invitation procedures for national screening
programs. Follow up was registry based. The I'TT analysis
included data from all people who were invited, not just
those who agreed to participate. Of note, approximately
half of the participants in the intervention group received
a fecal immunochemical test (FIT) (a newer version of
FOBT) in addition to a single screening FS (performed
in 1999 and 2000) to further examine compliance effect
of adding another supplementatry screening modality. A
positive screen which would make the participant eligible
for colonoscopy included: having any polyp greater than
or equal to 10 mm in size, any histologically verified ad-
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enoma irrespective of size, carcinoma, or a positive FIT.

CRC incidence in included studies

The PLCO"", United Kingdom'¥, and SCORE"" tri-
als all showed significantly reduced incidence of CRC in
patients undergoing at least one screening FS compared
to those not formally assigned to receive FS (RR = 0.79,
95%CI: 0.72-0.85; RR = 0.77, 95%CI: 0.70-0.84; and RR
= 0.82, 95%CI: 0.69-0.96, respectively) while the NORC-
CAP™ trial did not find significant difference in the risk
for incidence of CRC between the two groups (Figure
2A). Overall, there was a 22% risk reduction in total inci-
dence of CRC (RR = 0.78, 95%CI: 0.74-0.83). Further-

more, no difference in overall risk reduction of CRC inci-
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A Mortality from CRC (ITT analysis)
Study
D ES (95%CI) % Weight
Atkin-2002 United Kingdom ‘-7 0.69 [0.59, 0.82] 41.12
Hoff-2009 Norway 1 0.73[0.47, 1.13] 5.79
Segnan-2011 Ttaly 0.78 [0.56, 1.08] 10.33
Schoen-2012 United States 0.74 [0.63, 0.87] 42.77
Overall (72 = 0.0%, P = 0.897) 0.72 [0.65, 0.80] 100.00
Note: Weight are from random effects analysis §
T T
0.47 1 2.13
«— Favors FS screening Favors no screening —
B Mortality from distal CRC (ITT analysis)
Study
D ES (95%CI) % Weight
Hoff-2009 Norway 0.63 [0.34, 1.18] 13.64
Segnan-2011 Ttaly ——.7— 0.73 [0.47, 1.12] 26.28
Schoen-2012 United States *-— 0.50 [0.38, 0.64] 60.09
Overall (* = 12.9%, P = 0.317) 0.57 [0.45, 0.72] 100.00
Note: Weight are from random effects analysis :
T T
0.34 1 2.94
«— Favors FS screening Favors no screening —
C Mortality from proximal CRC (ITT analysis)
Study
D ES (95%CI) % Weight
Segnan-2011 Italy 0.85[0.52, 1.39] 17.97
Schoen-2012 United States —ri 0.97 [0.77, 1.22] 82.03
Overall (2 = 0.0%, P = 0.633) <: 0.95[0.77, 1.17] 100.00
Note: Weight are from random effects analysis ;
T T

0.52
«— Favors FS screening

1.92
Favors no screening —

Figure 3 Forrest plots depicting mortality of total colorectal cancer (A), distal colorectal cancer (B), and proximal colorectal cancer (C). CRC: Colorectal

cancer; ITT. Intention to treat; FS: Flexible sigmoidoscopy.

dence was observed after exclusion of the NORCCAP®”
trial.

The PLCO"", United Kingdom'”, and SCORE"” tri-
als all showed a reduction in the incidence of distal CRC
between the screening FS and control groups as shown
in Figure 2B (RR = 0.71, 95%CI: 0.64-0.80; RR = 0.64,
95%CI: 0.57-0.72; and RR = 0.76, 95%CI: 0.62-0.94, re-
spectively). The NORCCAP™ trial did not comment on
incidence of distal CRC (Figure 2B).

The PLCO"" trial was the only study to show a re-
duced incidence of proximal CRC between the interven-
tion and control group (RR = 0.86, 95%CI: 0.76-0.97),
while the United Kingdom[lg] and SCORE"” trials did not
show significant reduction in incidence of proximal CRC
(RR = 0.98, 95%CI: 0.85-1.12 and RR = 0.91, 95%CI:
0.69-1.20, respectively) as shown in Figure 2C. The inci-
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dence of proximal CRC was not commented on in the
NORCCAP trial (Figure 2C).

CRC mortality in included studies

With regard to mortality from CRC, the PLCO"” and
United Kingdom!"” trials showed a significant reduction
in CRC mortality in the screening FS group compared to
the control group (RR = 0.74, 95%CI: 0.63-0.87 and RR
= 0.69, 95%CI: 0.59-0.82, respectively) while the NORC-
CAP™ and SCORE" trials showed non-statistically
significant trend toward reduced CRC mortality (RR =
0.73; 95%CI: 0.47-1.13 and RR = 0.78; 95%CI: 0.56-1.08,
respectively) between the two groups (Figure 3A). Over-
all, there was a 28% risk reduction in CRC mortality (RR
= 0.72, 95%CI: 0.65-0.80). Furthermore, no difference
was observed in CRC mortality during sensitivity analysis
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A Incidence of CRC in men (ITT analysis)
Study
ID ES (95%CI) % Weight
Segnan-2011 Ttaly — 0.88 [0.71, 1.09] 49.85
Schoen-2012 United States <« e 0.66 [0.53, 0.81] 50.15
Overall (> = 71.4%, P = 0.061) <> 0.76 [0.57, 1.01] 100.00
Note: Weight are from random effects analysis
T T
0.53 1 1.89
« Favors FS screening Favors no screening —
B Incidence of CRC in women (ITT analysis)
Study
1D ES (95%CI) % Weight
Segnan-2011 Ttaly 0.72 [0.55, 0.96] 44.52
Schoen-2012 United States —-—— 0.87[0.68, 1.12] 55.48
Overall (# = 0.0%, P = 0.321) 0.80 [0.66, 0.96] 100.00
Note: Weight are from random effects analysis §

T
0.55
«— Favors FS screening

Figure 4 Forrest plots depicting incidence of total colorectal cancer in men
sigmoidoscopy.

after exclusion of the NORCCAP™” trial; however, there
was a 22% risk reduction in CRC mortality with exclusion
of the SCORE!" trial (RR = 0.78, 95%CI: 0.73-0.83).

The PLCO"" trial was the only study to show re-
duction in mortality from distal CRC in the screening
FS group (RR = 0.50, 95%CI: 0.38-0.64), while the
SCORE"™ and NORCCAP™ trials did not show a signif-
icant reduction in mortality risk from distal CRC between
the two groups (RR = 0.73, 95%CI: 0.47-1.12 and RR =
0.63, 95%CI: 0.34-1.18, respectively) as shown in Figure
3B. The United Kingdom!? trial did not comment on
mortality risk from distal CRC.

In both the PLCO" and SCORE!"” trials, the mortal-
ity risk from proximal CRC was not significantly different
between the screening IS group and the control group
(RR = 0.97, 95%CI: 0.77-1.22 and RR = 0.85, 95%CI:
0.52-1.39, respectively) as shown in Figure 3C. The Unit-
ed Kingdomm] and NORCCAP? trials did not comment
on mortality risk from proximal CRC between the inter-
vention and control groups.

CRC incidence: Meta-analysis

Pooled analysis from all 4 included studies using random
effect meta-analysis™* showed that FS screening re-
duced the overall incidence of CRC by 22% using ITT
analysis (Figure 2A) (Pooled RR for CRC incidence in the
ES screening group: 0.78; 95%CI: 0.74-0.83). FS screen-
ing reduced the incidence of distal CRC by 31% in the
ITT analysis (Pooled RR for distal CRC incidence in the
FS group: 0.69; 95%CI: 0.63-0.75) as shown in Figure
2B. Three studies reported the incidence of proximal
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T
1.82
Favors no screening —

(A) and women (B). CRC: Colorectal cancer; ITT: Intention to treat; FS: Flexible

CRC and random effect meta-analysis from these 3 trials
showed about 9% reduction in the incidence of proxi-
mal CRC with the use of FS screening (Pooled RR for
incidence of proximal CRC: 0.91; 95%CI: 0.83-0.99) as
shown in Figure 2C.

Two trials reported the overall incidence of CRC in
men and women separately. Subgroup analysis showed
24% and 20% reduction in the overall incidence of CRC
in men and women with FS screening, respectively. For
men (Figure 4A), the pooled incidence of CRC was 0.76
(95%CI: 0.57-1.01). For women (Figure 4B), the pooled
incidence of CRC was 0.80 (95%CI: 0.66-0.96).

Patients undergoing IS screening were 22% less likely
to be diagnosed with advanced CRC compared to the
patients who did not NORCCAP screening. The pooled
odds ratio for advanced CRC with FS screening was 0.78
(95%CI: 0.67-0.90) as shown in Figure 5.

CRC mortality: Meta-analysis
ES screening reduced the overall mortality from CRC by
28%. The pooled RR for overall CRC mortality with F'S
screening was 0.72 (95%CI: 0.65-0.80) as shown in Figure
3A. FS screening reduced the mortality only from distal
CRC by 43%. The pooled RR for distal CRC mortality
by ES screening was 0.57 (95%CI: 0.45-0.72) as shown in
Figure 3B. There was a statistically non-significant trend
towards reduction in proximal CRC mortality with FS
with pooled RR of 0.95 (95%CI: 0.77-1.17) as shown in
Figure 3C.

The pooled RR for incidence and mortality from
CRC for all studies combined comparing the effect of at
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Detection of advanced CRC (ITT analysis)

Study

D ES (95%CI) % Weight
Hoff-2009 Norway 0.88[0.76, 1.00] 38.24
Segnan-2011 Italy : 0.73 [0.57, 0.94] 22.34
Schoen-2012 United States *-7 0.71[0.62, 0.81] 39.42
Overall (* = 61.7%, P = 0.073) 0.78 [0.67, 0.90] 100.00

Note: Weight are from random effects analysis

T
0.57
«— Favors FS screening

T
1.75
Favors no screening —

Figure 5 Forrest plot depicting incidence of advanced colorectal cancer. CRC: Colorectal cancer; ITT: Intention to treat; FS: Flexible sigmoidoscopy.

least one screening FS against no assigned screening FS
are summarized in Figures 2, 3 and 5.

Heterogeneity and publication bias

No significant heterogeneity was observed between the
studies (Figures 2, 3 and 5). Publication bias was assessed
using Begg and Mazumdar rank correlation test, Egger’s
test of the intercept and Duval and Tweedie’s trim and
fill test. The test for publication bias was negative using
both Begg and Mazumdar test P = 0.50 (Kendall’s tau
b) and Egger’s test P = 0.49. Under the random effects
model the incidence of CRC was 0.78 (95%CI: 0.74-0.83);
using Trim and Fill these values were unchanged.

DISCUSSION

The current meta-analysis summatizes the results of 4
large population-based RCTs including 5865 cases of
CRC. All four studies compared the incidence and moz-
tality from CRC between an intervention group (those
assigned to receive at least one screening FS) and control
group (those not formally assigned to receive screening
ES).

Our meta-analysis indicates that screening FS signifi-
cantly reduces the incidence (RR = 0.78, 95%CI: 0.74-0.83)
and mortality (RR = 0.72, 95%CI: 0.65-0.80) from CRC,
with similar CRC incidence reduction in men and women.
In addition, our meta-analysis shows that there is a sig-
nificant decrease in the incidence of distal CRC (RR =
0.69, 95%CI: 0.63-0.75) and proximal CRC (RR = 0.91,
95%CI: 0.83-0.99) between the screening FS group and
the control, as well as mortality from distal CRC (RR =
0.57, 95%CI: 0.45-0.72). However, there is no reduction
in mortality from proximal CRC (RR = 0.95; 95%CI:
0.77-1.17). The current meta-analysis results suggest that
the pooled benefits with FS are much mote than that were
suggested by the pooled estimates with guaiac FOBT in
the Cochrane meta-analysis”. Newer versions of FOBT
(FIT, Hemoccult II sensa) have been reported to have
higher sensitivity in detection of CRC, but whether that
leads to reduction in CRC mortality has never been evalu-
ated in a RCT; if the increased sensitivity is associated
with an increased detection of biologically less aggressive
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lesions the effect on CRC mortality may not be as marked
as that on CRC detection. Colonoscopy has become
the preferred first test for CRC screening in the United
States”™. However, it remains uncertain how much
benefit visualization of the proximal part of the colon by
colonoscopy can add to endoscopic screening for CRC;
the estimates vary widely in the published cohort stud-
ies™. It has been shown that smaller neoplastic lesions (<
5 mm) and more flat, translucent lesions are more com-
mon in the proximal than distal colon which may make
adenoma detection difficult in general[u’n’m. In addition,
visualization of the proximal colon mucosa is more likely
to be hindered by suboptimal bowel preparation. There
are documented significant differences in the biology of
proximal and distal CRC™. Tt is extremely unfortunate no
prior trial or an ongoing trial is directly compares FS to
colonoscopy for CRC screening. Results of ongoing trials
evaluating colonoscopy will be influenced by interim im-
provements in technology and quality of the procedures,
which will thereby make it difficult to compare results of
these colonoscopy trials to the older ES trials.

The pooled results from our meta-analysis are more
conservative than observed in two other recently pub-
lished meta—analyses[Ss’SG], both of which included a
study” that we considered to be a non-randomized
trial showing a very large reduction in CRC incidence
(80%) and CRC mortality (67%) with FS. This study""
was excluded in our meta-analysis because it compared
two cohorts selected from the source population, rather
than identifying a study group and then randomizing the
group into intervention and non-intervention arms and
hence the authors of the original study reported it as a
prospective controlled clinical trial, rather an RCT. In
addition, our study is the only one which has provided
pooled estimates of proximal and distal CRC incidence
and mortality.

Meta-analysis is an important tool and sheds light
on why trial results differ; raises research and editorial
standards by calling attention to the strengths and weak-
nesses of the body of research in an area; and gives the
practitioner an objective view of the research literature””.
The current meta-analysis has some advantages. First, the
number of total individuals undergoing FS and controls
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were substantial and that increased the statistical power
for the analysis. Second, there was no evidence of pub-
lication bias or significant heterogeneity for most of the
outcomes between the studies.

Our study also has several limitations that should be
acknowledged. A meta-analysis is not able to solve prob-
lems related to confounding factors that could be inher-
ent in the included studies. While criteria for “positive”
FS were similar in all four studies, there were differences
between them; a more liberal definition of “positive”
screening FS led to higher number of colonoscopies in
the PLCO which could have led to greater detection of
CRC and premalignant lesions. In addition, in the PLCO
trial, a large number of patients in the intervention group
obtained two sigmoidoscopies during the study time
frame which also likely increased the detection of CRC
and premalignant lesions!"”. Vatiation in endoscopist’s
ability/technique, proximal extent visualized with FS, as
well as use of varied endoscope types and visual aids (z.e.,
narrow band imaging) likely impacted ability to detect
CRC or premalignant lesions, but there are no analyses
available on the effect of these factors on the CRC inci-
dence and mortality from these trials. It is possible that
these trials may be underestimating the efficacy of IS
performed under the conditions which increase the de-
tection rate of CRC and premalignant lesions. The PLCO
trial authors have published results about CRC lesions
that were missed in the screening FS group in the PLCO
trial. Non-detected lesions were attributed to problems in
patient compliance with initial and follow up endoscopy
and bowel preparation (35.6%), limitation of the FS pro-
cedure with regard to reach of the FS and depth of in-
sertion (43.9%), and limitation of endoscopists (20.5%) b,
Increasing attention to these factors which are associated
with better quality lower gastrointestinal endoscopy in
the years after these trials were conducted could have led
to improved outcomes after screening FS and the follow-
up colonoscopy after “positive” FS.

Furthermore, the fact that participants had to indicate
interest in obtaining a screening FS to be included in the
ITT analysis makes the study population of the PLCO,
United Kingdom, and SCORE trials different from the
NORCCAP participants as those who would be willing
to undergo screening may be more health-conscious as it
is (and consequently have lower risk of developing CRC)
and are more likely to actually obtain the screening test.
Hence the results of these 3 trials are probably more di-
rectly applicable to those willing to undergo CRC screen-
ing than to the population at large. Long-term follow-up
of the NORCAAP and carefully performed additional
observational studies of screening IS in the general pop-
ulation will therefore be important. Lack of heterogene-
ity of results from NORCAAP with that from the other
trials in the current meta-analysis is reassuring,

The four studies ™

of subjects in the intervention group who actually under-

" had a range in the proportion

went FS which clearly could impact whether there was
a significant change in the relative risk of incidence or
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mortality from CRC between the intervention and con-
trol groups. For example, in the NORCCAP trial, only
64.8% of the screening group participants actually under-
went screening IS compared to 86% of screening group
participants in the PLCO trial who obtained at least one
screening FS®. 1t should be noted that in the NORC-
CAP trial, there was a significant reduction in mortality
from CRC all-sites and distal CRC among those people
who actually obtained a screening FS in the intervention
group, but this reduction in mortality was not seen in
the ITT analysis®”. The researchers of the NORCCAP
trial speculate that this could be explained also by self-
selection, Ze., that the subjects who chose to attend were
low-risk, healthier subjects who in general were more
motivated to obtain a screening test™. This hypothesis
should be tested in additional analysis adjusted for the
characteristics of the participants and non-participants.
Otherwise, as Sir Richard Peto noted in regards to the
NORCCAP “although intention-to-treat analyses have
their uses, and ate in some circumstances essential, they
may in other circumstances lead to false negative inter-
pretations of important trial ﬁndings[”]”.

In addition to a varied proportion of participants in
the screening group who actually obtained FS between
the four studies, there was likely a significant difference
between the PLCO trial and the European studies with
regard to the number of screening endoscopies done
in the control group. The PLCO trial authors note that
there were a significant proportion of the subjects in the
control group who obtained screening endoscopies given
high rates of screening for CRC in the United States
compared to European countries, and this may have
marginalized the difference between the intervention and
controls groups in the PLCO trial.

Another confounding variable could be follow-up
time. For the PLCO, United Kingdom, and SCORE tri-
als, the follow up time period was about the same which
was around 11 years. The NORCCAP trial follow up
time period was only 7 years and it is possible that this
may not be enough time to account for the lag period in
which a premalignant lesion can become CRC, thereby
making it seem that there is no significant difference in
mortality and incidence of CRC between the control and
intervention group when it actually exists.

Although we did not find major publication bias, po-
tential for publication bias cannot be completely excluded
as small studies with null results tend not to be published
(“file drawer problem”). Also analysis of publication bias
was limited by the fact that only four studies were includ-
ed in the analysis. No sub-group analyses were performed
because of the limited number of studies included in
the meta-analysis. Finally, we did not assess the adverse
events with the intervention in the FS RCTs; however an-
other recent meta—analysism concluded that the reporting
of adverse effects was incomplete in the FS RCTs and
hence one would have to rely more on the adverse events
reported in the cohort studies™ "

In conclusion, the pooled results from this meta-
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analysis confirm that screening FS reduces the overall
incidence of and mortality from CRC. In addition, it
reduces the incidence of and mortality from distal CRC,
incidence of proximal CRC, and decreases the likelihood
of subsequent diagnosis of advanced CRC. We believe,
based on the proven benefits of FS, lower rates of com-
plications with FS than with colonoscopy, and feasibility
in clinical practice (demonstrated by use over many years
in a very large Health Care Maintenance organization
Kaiser Permanente™”), FS should be offered as an option
for CRC screening, particularly in the population-based
CRC screening programs.

COMMENTS

Background

Colorectal cancer (CRC) is currently the second leading cancer killer in United
States and fourth leading cause of death (694000 deaths) worldwide in 2012.
Screening colonoscopies to detect adenomas and to diagnose early CRC is the
mainstay intervention to mitigate this public health issue. However, screening
rates have remained low with United States preventive task force reporting over
20 million United States adults who have not undergone the recommended
colonoscopy.

Research frontiers

In order to reduce incidence of CRC and cancer mortality it is imperative that
we study and develop screening methods that can potentially increase acces-
sibility, are inexpensive and are more acceptable by population.

Innovations and breakthroughs

Flexible sigmoidoscopy (FS) is a relatively inexpensive alternative to screen-
ing colonoscopy, and requires lesser or no conscious sedation as compared to
colonoscopy. However reports regarding its efficacy as a screening tool to re-
duce CRC incidence and related mortality have been equivocal, largely due to
flawed study designs, small sample sizes and variations in clinico-demographic
features of the studies. The current study is a meta-analysis of all the random-
ized clinical trials comparing CRC incidence and related mortality outcomes in
patients screened with FS with subjects not screened for CRC. The pooled data
is derived from population based studies located in diverse geographical re-
gions with varied clinicodemographic features. Thus our study results represent
a more robust and generalizable estimation of effectiveness of colonoscopy in
screening CRC and reducing associated mortality.

Applications

The results of the study suggest screening FS is efficacious in reducing CRC
incidence and related mortality in population. FS based screening protocols
can improve access to screening by providing an alternative to colonoscopy in
resource limited settings.

Terminology

FS is a minimally invasive examination of sigmoid colon using an endoscope
based technique. Randomized clinical trial is a clinical trial which assigns treat-
ments to patients randomly to compare effectiveness of two treatments. It is a
gold standard of comparing treatments. Meta-analysis is a method of combining
treatment effects from several studies in order to derive more conclusive and
robust result on efficacy of treatments.

Peer review

This meta-analysis provides an interesting insight about the effect of screening
with FS on incidence and mortality of CRC. The manuscript is interesting and
well written. The authors have gathered the results from all the large population-
based randomized clinical trials which have evaluated the efficacy of FS on
colorectal cancer incidence and mortality.
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