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Time to benefit for colorectal cancer screening:
survival meta-analysis of flexible sigmoidoscopy trials
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ABSTRACT

OBJECTIVE

To determine the time to benefit of using flexible
sigmoidoscopy for colorectal cancer screening.

DESIGN
Survival meta-analysis.

DATA SOURCES
A Cochrane Collaboration systematic review published
in 2013, Medline, and Cochrane Library databases.

ELIGIBILITY CRITERIA

Randomized controlled trials comparing screening
flexible sigmoidoscopy with no screening. Trials with
fewer than 100 flexible sigmoidoscopy screenings
were excluded.

RESULTS

Four studies were eligible (total n=459 814). They were
similar for patients’ age (50-74 years), length of
follow-up (11.2-11.9 years), and relative risk for
colorectal cancer related mortality (0.69-0.78 with
flexible sigmoidoscopy screening). For every 1000
people screened at five and 10 years, 0.3 and 1.2
colorectal cancer related deaths, respectively, were
prevented. It took 4.3 years (95% confidence interval
2.8 t05.8) to observe an absolute risk reduction of
0.0002 (one colorectal cancer related death prevented
for every 5000 flexible sigmoidoscopy screenings).

It took 9.4 years (7.6 to 11.3) to observe an absolute
risk reduction of 0.001 (one colorectal cancer related
death prevented for every 1000 flexible sigmoidoscopy
screenings).

CONCLUSION

Our findings suggest that screening flexible
sigmoidoscopy is most appropriate for older adults
with a life expectancy greater than approximately
10 years.

Introduction

Screening with fecal occult blood testing or flexible
sigmoidoscopy has been shown to decrease colorectal
cancer related mortality but can also lead to harms.!234567
These harms include pain, worry, colonic perforation,
and cardiac, renal, or cognitive complications from fluid

WHAT IS ALREADY KNOWN ON THIS TOPIC

Guidelines recommend targeting cancer screening to older adults (50-74 years)
whose life expectancy exceeds the time to benefit for screening

WHAT THIS STUDY ADDS

This study found that it would take 9.4 years for one colorectal cancer related death
to be prevented for every 1000 people screened

This finding suggests that flexible sigmoidoscopy screening should be targeted
towards patients with a life expectancy of greater than 10 years
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shifts during bowel preparation.®® Though the benefits
of screening are not seen for many years, the harms are
seen immediately.!® Since patients with limited life
expectancy are exposed to the immediate harms of
screening with little chance that they would see benefit,
guidelines now recommend that screenings should be
targeted toward patients whose life expectancy exceeds
the time to benefit from colorectal cancer screening.!

Though colonoscopy is widely used as a screening
method for colorectal cancer, the evidence of benefit is
stronger for flexible sigmoidoscopy. Four large, ran-
domized controlled trials have shown that screening
with flexible sigmoidoscopy reduces colorectal cancer
related mortality.’?3141> While ongoing screening colo-
noscopy trials may show that the procedure provides
additional benefit when results are reported in 7-12
years, they may also show that for the average patient at
risk, the benefit of visualizing the proximal colon is out-
weighed by the higher risks associated with colonos-
copy.'*718 The evidence of benefit from screening
flexible sigmoidoscopy led the UK Department of
Health in 2011 to invest £60m ($89m; €82m) to “incor-
porate flexible sigmoidoscopy into the current bowel
screening programme,” with a goal of 100% coverage
by 2016, making screening flexible sigmoidoscopy a
timely and relevant topic for many clinicians.!®

To appropriately target screening flexible sigmoidos-
copy to patients most likely to benefit, both life expec-
tancy and time to benefit for such screening must be
determined. Recent studies have identified numerous
mortality indices to determine life expectancy and
many of these indices are available online at www.
eprognosis.com.?°?' Though the time to benefit for
screening using a fecal occult blood testing has been
estimated to be 10.3 years to prevent one colorectal can-
cer related death for every 1000 people screened, the
time to benefit for screening flexible sigmoidoscopy is
unclear.?

We carried out a survival meta-analysis of the major
randomized controlled trials for colorectal cancer
screening with flexible sigmoidoscopy to determine its
time to benefit, defined as the time to reduction in col-
orectal cancer related mortality after screening.

Methods

Data sources

We focused on randomized controlled trials comparing
screening flexible sigmoidoscopy with no screening
identified by the 2013 Cochrane Collaboration system-
atic review entitled “Flexible sigmoidoscopy versus
faecal occult blood testing for colorectal cancer screen-
ing in asymptomatic individuals.”?® On 11 October 2014
we carried out a search using the strategies outlined in
that review® (see appendices 1 and 2 on bmj.com). We
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excluded trials with fewer than 100 flexible sigmoidos-
copy screenings (Telemark Polyp Study I).6

Data extraction

To combine data from individual studies into a sum-
mary pooled lag time to benefit, we determined the
absolute risk reduction at each year after screening. To
determine the annual absolute risk reduction, we
sought the annual number of colorectal cancer related
deaths and the annual number of participants at risk
for each arm (invited to screening versus control) for
each study. The US, Norway, and UK trials provided this
information through mortality curves.’?13%41> Since the
US study provided biennial mortality and number at
risk data, we used linear interpolation to estimate mor-
tality and number at risk data for every other year. An
Italian study provided this information through email
correspondence.’ To determine the annual rate of can-
cer mortality, we followed the Messori procedure, scan-
ning survival curves and analyzing the scanned images
to determine quantitative estimates of number of peo-
ple at risk, number who died, and number who were
censored in each year.* This method has been shown
to accurately reproduce summary survival curves with-
out the need for individual patient data.?

Statistical analysis

To estimate a pooled time to benefit, we combined sur-
vival data from all four studies to obtain pooled annual
risk reduction estimates, allowing the time to specific
absolute risk reduction thresholds to be determined.
Unlike most meta-analyses where the main statistic of
interest (for example, hazard ratio with confidence
intervals) is reported in individual studies, our main
statistic of interest “lag time to benefit” (that is, the
number of years until the absolute risk reduction
crossed a certain threshold) was not reported by indi-
vidual studies. To obtain the lag time to benefit for each
study, we fit Weibull survival curves using the annual
mortality data for the control and intervention groups,
and we used the study specific curves to estimate
annual absolute risk reductions and to determine when
specific absolute risk reduction thresholds (1:5000,
1:2000, and 1:1000) were crossed. Then, with the simu-
lated parameter values we used Markov chain Monte
Carlo methods to obtain lag times and 95% intervals for
individual studies.

To pool lag times to benefit from individual studies,
we fit a random effects Weibull model using Markov
chain Monte Carlo methods, allowing both the scale
and the shape parameters to vary for each arm of each
study.? Using 100 000 Markov chain Monte Carlo simu-
lations, we obtained point estimates, standard errors,
and confidence intervals for annual mortality rates in
control and intervention patients for each individual
study and for the random effects meta-analysis model.
From this model we obtained pooled estimates of
annual absolute risk reduction as well as pooled esti-
mates of time until specific absolute risk reduction
thresholds (1:5000, 1:2000, and 1:1000) were crossed.
We performed Markov chain Monte Carlo computations
using the Markov chain Monte Carlo procedure in SAS
for the individual Weibull curves and OpenBUGS/BRugs
for the random effects Weibull model (see appendices 6
and 7 on bmj.com). We utilized similar methods to
determine the time to benefit for screening fecal occult
blood testing and screening mammography in a previ-
ously published study.?

Results

We identified four population based randomised con-
trolled trials that met our inclusion criteria (total
n=459 814). All four trials were large, ranging in size
from 34 272 to 170 432 participants (table 1). Enrollment
criteria were similar in all four trials: two of these trials
enrolled people aged 55 to 64 years, one trial between
the ages 55 and 74 years, and one between the ages 50
and 64 years. Three of the trials used a questionnaire to
identify interested respondents, who were subse-
quently randomized to receive an invitation to screen
versus usual care. One trial used a population registry
to identify participants and randomize them to receive
an invitation to screen versus usual care. This trial used
one time flexible sigmoidoscopy screening and a com-
bination of once only flexible sigmoidoscopy and
immunological fecal occult blood testing. Two trials
used one time flexible sigmoidoscopy screening; one
trial had a second round of screening 3-5 years after the
first screening. The four studies had similar length of
follow-up, ranging from 11.2 to 11.9 years. The relative
risk for colorectal cancer mortality was similar for the
four studies, ranging between 0.69 and 0.78 with flexi-
ble sigmoidoscopy screening.

Table 1| Characteristics of included studies

CRC mortality risk per 100 000

o ARR per100 000

Sample Agerange Enrollment Follow-up Relative risk person years (95% CI) person years
Studies Country size(No) (years) period (years) (95% Cl) Control Intervention  (95% Cl) Intervention
Segnanetal Italy 34272 55-64 1995-99 1.4 0.78 (0.57t0 1.08) 44 (36to55) 35 (27to 44) 9.8 (-3t022) Once only lifetime FS
2011
Schoenetal USA 154900 55-74 1993-2001  11.9 0.74 (0.63t00.88) 39 (35t043) 29 (25t032) 10 (5to 15) FS at baseline, another
2012 screening 3 or 5 years later
Atkin et al UK 170 432 55-64 1994-99 1.2 0.69 (0.59t0 0.82) 52 (48 to 56) 36 (31 to 41) 16 (10to 22) Once only lifetime FS
2010"2
Holmeetal Norway 100210 50-64 1999-2001 11.2 0.73 (0.56t0 0.94) 43* (39to47) 31*(24t038) 11.7 B3t020) Once only lifetime FS oronce
2014 only lifetime FS and FOBT

CRC=colorectal cancer;ARR=absolute risk reduction; FS=flexible sigmoidoscopy; FOBT=fecal occult blood testing
*Mortality rates are age adjusted rates reported by authors. The 95% confidence intervals are calculated using unadjusted data reported in the original publication.

doi: 10.1136/bm;j.h1662 | BMJ 2015;350:h1662 | thebmj
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Pooled mortality curves for colorectal cancer. Values are
number of deaths from colorectal cancer prevented per
1000 people screened (absolute risk reduction). *P<0.05.

Our survival meta-analysis suggested that for every
1000 people screened 0.3 colorectal cancer related deaths
were prevented at five years (figure). The benefit in col-
orectal cancer mortality increased steadily with longer
follow-up, reaching 1.2 colorectal cancer related deaths
prevented at 10 years for every 1000 people screened.

We determined that it took 4.3 years (95% confidence
interval 2.8 to 5.8) to prevent one colorectal cancer
related death per 5000 people screened with flexible
sigmoidoscopy (absolute risk reduction 0.0002, table
2). Similarly, it took 9.4 years (95% confidence interval
7.6 to 11.3) to prevent one colorectal cancer related death
per 1000 people screened with flexible sigmoidoscopy
(absolute risk reduction 0.001).

Discussion

In this survival meta-analysis of screening flexible sig-
moidoscopy for colorectal cancer, we quantified the
time to benefit, determining when specific thresholds of
mortality reduction were reached. Overall, to avoid one
death from colorectal cancer using flexible sigmoidos-
copy, 5000 people would need to be screened over 4.3
years and 1000 people over 9.4 years.

Implications for colorectal cancer screening

Different clinicians and patients may have differing per-
spectives on the specific future mortality risk reduction
that justifies the immediate risks and burdens of screen-
ing. Some may view an absolute risk reduction of one
death prevented per 5000 people screened as a mean-
ingful benefit that is worth the burdens of screening
and the small risk of immediate serious complications.
Other patients who prefer to avoid procedures may view

Table 2 | Time to benefit (years) at specific thresholds of absolute risk reduction for

colorectal cancer screening
Absolute risk reduction (95% CI)
Threshold 0.0002
6.0 (1.4t016.7)

Studies
Segnan et al 2011%

Threshold 0.0005
8.4(2.9t019.2)

Threshold 0.001
1.4 (4.9 t022.7)

Schoen et al 2012

4.6 (2.3t08.5)

7.3 (4.6 to 11.1) 10.8 (7.5 to 15.1)

Atkin et al 2010™ 3.8 (2.2t06.0) 5.9 (4.2t08.2) 8.6 (6.5t011.2)
Holme et al 2014 5.6 (2.7t010.3) 75 (4.7 t0 11.4) 9.8 (6.8t013.5)
Summary 4.3(2.8t05.8) 6.6 (5.1t08.2) 9.4 (7610 11.3)
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a1in 5000 benefit as small and not worth the risks and
burdens of screening. Since the decision to screen or
not depends in part on an individual patient’s values
and how comfortable he or she is in undergoing proce-
dures, we present a range of absolute risk reduction
thresholds to inform clinicians and patients so they can
individualize decisions about screening for colorectal
cancetr.

For screening flexible sigmoidoscopy, systematic
reviews suggest that 3 in 10 000 procedures (95% confi-
dence interval 1 to 19 per 10000 procedures) had seri-
ous complications.?” 28 Further, in the four trials in this
review 5-22% of patients who had screening flexible
sigmoidoscopy required a follow-up colonoscopy.?31415
For those referred to colonoscopy, systematic reviews
suggest that 3 in 1000 (95% confidence interval 2 to 6)
people will experience serious complications.?” Overall,
this indicates that serious complications will be experi-
enced by nearly 1in 1000 people who undergo screen-
ing flexible sigmoidoscopy. Therefore, for the average
patient at risk, we believe an absolute risk reduction of
1in 1000 (one colorectal cancer related death prevented
per 1000 people screened with flexible sigmoidoscopy)
is a reasonable threshold where the potential benefits
likely outweigh the potential risks.

To target screening to those patients most likely to
benefit, we suggest that flexible sigmoidoscopy
should be recommended to patients with a life expec-
tancy greater than the time to benefit for an absolute
risk reduction of 1in 1000.% For older adults, poten-
tially useful tools to estimate life expectancy are the
validated mortality risk calculators available at www.
eprognosis.com. We recommend screening flexible
sigmoidoscopy for patients whose life expectancy
substantially exceeds 10 years, since the benefits of
screening seem to outweigh the risks. Conversely, for
patients with a life expectancy substantially less than
10 years, we would not recommend screening flexible
sigmoidoscopy since the risks of screening seem to
outweigh the benefits. For patients with a life expec-
tancy around 10 years, the risks and benefits of
screening flexible sigmoidoscopy are similar in mag-
nitude, suggesting that patient values and prefer-
ences should play a dominant role in decisions about
screening.?

Comparison with other studies

Previous research supports our finding that it takes
many years for screening flexible sigmoidoscopy to
reduce colorectal cancer related mortality. Our previous
survival meta-analysis of the time to benefit for fecal
occult blood testing suggested that it would take 10
years (95% confidence interval 6 to 16) to avoid one
death from colorectal cancer per 1000 people
screened.’® Our current study shows that the time to
benefit with flexible sigmoidoscopy is similar to that for
fecal occult blood testing. While fecal occult blood test-
ing and flexible sigmoidoscopy may detect different
types of lesions, positive results from either screening
test leads to colonoscopy, suggesting that the time to
benefit for colonoscopy may be approximately 10 years.
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Strengths and limitations of this study

Our results should be interpreted in light of its strengths
and limitations. A major strength is that this is the first
study to use quantitative methods to meta-analyze ran-
domized controlled trials to determine times to benefit
for screening flexible sigmoidoscopy.

One important limitation is our focus on screening
flexible sigmoidoscopy. Although colonoscopy is the
common modality for colorectal cancer screening in
North America, screening flexible sigmoidoscopy is
becoming more widely available in the United Kingdom
as part of the bowel cancer screening program.’® Fur-
ther, randomized controlled trials for screening colo-
noscopies will not yield published results for another
7-12 years, suggesting that flexible sigmoidoscopy will
likely remain an important screening modality in many
countries for many years.161718

A second limitation is that there is much uncertainty
around the rates of serious complications from screen-
ing flexible sigmoidoscopy. A systematic review esti-
mated a 48-fold difference between the upper and lower
bound of the 95% confidence interval for rates of seri-
ous complications from flexible sigmoidoscopy.?”
Because of the uncertainty surrounding the frequency
of harms, it is unclear what level of delayed benefit
would justify exposing patients to those immediate
harms. Thirdly, meta-analysis results from combining a
small number of studies may be sensitive to the choice
of meta-analytic methods. However, our results were
consistent across both fixed and random effects
meta-analyses. Fourthly, our analysis is limited to mor-
tality benefit of flexible sigmoidoscopy screening for
colorectal cancer; it does not deal with the effects of
screening flexible sigmoidoscopy on incidence of col-
orectal cancer.

Future research should explore the effect of screen-
ing on disability adjusted life years to further charac-
terize the balance of benefits and harms for flexible
sigmoidoscopy screening. Finally, our analysis relies
on intention to treat analyses, which combine all par-
ticipants who were invited to screening whether or not
they received screening. The observed compliance
rates for screening in the four trials ranged from
58-849%.12131415 Although intention to treat analyses
likely provide the most unbiased population estimates
of the effects of screening, they may underestimate the
benefits of screening for those patients who choose to
be screened.

Conclusion and policy implications

It takes nearly 10 years after screening flexible sigmoid-
oscopy to observe an absolute risk reduction in colorec-
tal cancer related mortality of 0.001. This suggests that
screening flexible sigmoidoscopy should be targeted to
those older adults whose life expectancy exceeds 10
years.
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