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In four large scale randomised trials, 

flexible sigmoidoscopy screening has been shown to 

reduce both incidence and mortality from colorectal 

cancer, and one meta-analysis has shown consistent 

effects across the trials, with similar length of follow-up



The effect of flexible sigmoidoscopy screening in 

younger versus older individuals and in women 

versus men is currently unknown



To investigate the impact of sex and age on the 

effectiveness of flexible sigmoidoscopy

screening, a collaboration between the 

investigators of three of the four large scale 

randomised trials was launched. 



Methods

Examined data from three trials: 

the US Prostate, Lung, Colorectal and Ovarian cancer screening trial 

(PLCO), 

the Italian Screening for COlonREctum trial (SCORE), 

and the NORwegian Colorectal CAncer Prevention trial (NORCCAP). 

Invited the investigators of the UK Flexi Scope trial to participate, 

but declined.

Data from the Telemark Polyp Study, were not included owing to the 

trial’s small size (799 enrolled individuals). 



Methods

Accordingly, data from 60% of control participants and 67% of 

screening participants of all flexible sigmoidoscopy screening 

trials were available for analyses.



Aggregated analyses

The investigators of the three trials provided aggregated data

stratified by sex and age (in 5 year age groups), the number of 

individuals at risk, and the number of events (colorectal cancer 

cases and deaths) for each year of follow-up. 

From the three groups, data on compliance with screening, follow-

up colonoscopy, quality of bowel cleansing, and insertion depth

during screening were collected

The distal colon was defined as the rectum and sigmoid, while the 

proximal colon was defined as the colon proximal to the sigmoid 

descending junction.



Results

Altogether, the three trials comprised 115 139 individuals 

randomised to screening and 172 789 individuals randomised to 

usual care; 144 846 (50.3%) were women and 143 082 (49.7%)

were men.



Results

Incidence of colorectal cancer

A total of 1494 individuals in the screening group were diagnosed 

with colorectal cancer, compared with 2663 in the control group. 

This corresponds to a risk reduction of 21% (relative risk 0.79; 

95% confidence interval 0.74 to 0.84), with no heterogeneity 

between the trials (I2=0%, P=0.67;

















Different results when restricting analysis to the 55-64 year age

group



Several sensitivity analysis

• only individuals in the age group 55-64 years (the age range

covered by all three trials included in the analysis):

- flexible sigmoidoscopy screening reduces the incidence of

colorectal cancer in the proximal colon in women younger than

60 too, 

- colorectal cancer mortality was statistically significantly reduced

in men (0.70; 0.57 to 0.86) and in younger women (0.68; 0.47 

to 0.98), but not in women aged 60 years and older (1.07; 0.77 

to 1.48)



• the descending colon included in the definition of distal colon, and 

the results were comparable with those presented

• procedural characteristics (compliance with screening, colonoscopy

referral rate, bowel cleansing, and insertion depth of the 

endoscope at the screening examination) included in univariate

metaregression models: none of these procedural characteristics

was statistically significant. 

• the PLCO trial excluded because of its large size compared with

SCORE and NORCCAP. The results were comparable with the main

analysis



To explore whether the difference in effectiveness of

screening could be attributable to the distribution of

colorectal cancer in the distal and proximal colon 

among men and women in different age groups, the 

control group (no screening) was used to calculate

the proportion of colorectal cancers in the distal

(rectosigmoid) colon compared with the proximal

colon 



The proportion of distal versus proximal colorectal cancer was

smaller for women than for men in all age groups. Proximal location

of colorectal cancer occurs more frequently with increasing age. 

The distal/proximal ratio was about one in women aged 55-59, and 

less than one in those age 60 and over, while the same observation

was made for men aged 70 and over.



In recent years, it has become evident that colorectal cancer is a 

heterogeneous disease. Current screening strategies focus on the 

detection of adenomas, but adenomas— through the adenoma-

carcinoma sequence —is only one of the precursors to colorectal

cancer. About 16% of colorectal cancers develop through the 

serrated pathway, with the sessile serrated adenoma or polyp

(SSA/P) as the precursor lesion. 

These lesions are most often proximal, and in one study, 52% of

individuals with advanced proximal serrated polyps (defined as

SSA/P ≥10 mm with dysplastic features, or traditional serrated

adenomas) did not have a distal lesion that could be detected at 

flexible sigmoidoscopy and which would trigger a full 

colonoscopy.



Thus, with increasing age, proximal SSA/P and proximal

adenomas become more prevalent. A considerable

proportion of these proximal polyps might not have a 

distal lesion that could trigger a full colonoscopy. The 

proportion without a distal adenoma might be more 

pronounced in women than men and could explain the 

difference that we observe in women in the present

pooled analysis.



Conclusions

287 928 individuals were included in the pooled analysis; median

follow-up was 10.5 to 12.1 years. 

Screening reduced the incidence of colorectal cancer in men (relative 

risk 0.76; 95% confidence interval 0.70 to 0.83) and women (0.83; 0.75 

to 0.92). 

No difference in the effect of screening was seen between men younger

than 60 and those older than 60. 

Screening reduced the incidence of colorectal cancer in women younger

than 60 (relative risk 0.71; 95% confidence interval 0.59 to 0.84), but

not significantly in those aged 60 or older (0.90; 0.80 to 1.02). 

Colorectal cancer mortality was significantly reduced in both younger

and older men, and in women younger than 60.



Screening reduced colorectal cancer incidence to a similar extent in 

the distal colon in men and women, but there was no effect of

screening in the proximal colon in older women with a significant

interaction between sex and age group (P=0.04).

Whether other screening tools to more effectively detect

proximal tumours—such as colonoscopy or the faecal occult

blood test—offer a better alternative for older women is

currently unknown and warrants further investigation





Background

The 2016 U.S. Preventive Services Task Force (USPSTF) evidence

report on colorectal cancer screening concluded that no 

colorectal cancer screening methods reduce all-cause mortality. 

This conclusion was partially based on a meta-analysis of 4 

randomized trials that compared flexible sigmoidoscopy screening 

with no screening. The meta-analysis aggregated results from the 

2 age cohorts of 1 of the trials —the NORCCAP (Norwegian

Colorectal Cancer Prevention) study— as if these cohorts were a 

single trial. 



Aggregation of outcomes that have markedly different event

rates, screening– control ratios, or both can create a 

Simpson paradox, a phenomenon where a finding exists in 

individual data groups that is absent or opposite when the 

groups are combined



The NORCCAP study involved 2 distinct trial cohorts because of a 

postscreening decision to expand the inclusion age to younger

persons. The cohorts were randomly assigned separately. The 

additional age cohort (50 to 54 years) had a lower event rate and 

was randomly assigned with a screen– control ratio of 1:5.4 rather

than the ratio of 1:3 used in the original older cohort (55 to 64 

years) 

Therefore, the metaanalysis in the USPSTF evidence report may be

confounded because the aggregated NORCCAP results were used.



Objective: 

To assess results of the NORCCAP study for a Simpson 

paradox and to repeat meta-analysis of all-cause 

mortality outcomes for screening flexible sigmoidoscopy

using the 2 NORCCAP age cohorts as individual trials.



Methods:

Data for all-cause mortality were extracted from the 4 studies 

specified in the USPSTF evidence report. Only published data and 

intention-to-treat outcomes were used. 

The 2 NORCCAP study age cohorts were included as individual trials

using outcome data published in an author response to a comment 

The fixed-effects model was chosen because of the lack of 

heterogeneity (I2 = 0%). Sensitivity analysis repeated the meta-

analysis with multiple random-effects models (Sidik–Jonkman, 

maximum likelihood, restricted maximum likelihood, Hedges– Olkin, 

empirical Bayes, and DerSimonian–Laird).



Results

The relative risk (RR) for all-cause mortality favoring screening in the 

younger cohort of the NORCCAP study (ages 50 to 54 years) is 

0.96 (95% CI, 0.87 to 1.06), whereas that for the older cohort 

(ages 55 to 64 years) is 0.98 (CI, 0.94 to 1.03). 

The RR for the combined summary estimate of these 2 cohorts is 

0.98 (CI, 0.94 to 1.02). 

When the 2 cohorts are aggregated into a single group rather than 

combined meta-analytically as 2 separate groups, the RR for all-

cause mortality is 1.07 (CI, 1.02 to 1.12), favoring no screening





Results

Meta-analysis of all of the flexible sigmoidoscopy trials using the 

individual NORCCAP study cohorts shows that flexible 

sigmoidoscopy reduces all-cause mortality (RR, 0.975 [CI, 0.959 

to 0.992]; P = 0.004; I2 = 0%) at 11 to 12 years

On the basis of the assumed risk for death in the U.S population of 

screening age (50 to 74 years), the absolute risk reduction is 3.0 

deaths per 1000 persons invited to screening (CI, 1.0 to 4.9) after 

11.5 years of follow-up. 

Sensitivity analysis showed no important change in outcome with 

use of different random-effects estimators or exclusion of any 

single trial.





Discussion

Aggregation of outcomes of the NORCCAP study in the

USPSTF evidence report created a Simpson paradox that obscured

the reduction in all-cause mortality by changing 2 statistically

non significant reductions into a statistically significant increase. 

This effect was large enough to nullify the reductions in all-cause 

mortality of the other trials in the meta-analysis.



A potential limitation of our meta-analysis of the trials is that the 

PLCO (Prostate, Lung, Colorectal, and Ovarian) cancer screening 

trial reports only modified all-cause mortality that excludes 

deaths from prostate, lung, and ovarian cancer because the 

intervention group was also screened for those types of cancer; 

however, exclusion of the PLCO trial does not change the result.

Another limitation is that we did not examine whether outcomes 

might vary by age and sex.



More than 50 years after the announcement of the first clinical trial 

of cancer screening, 

a screening method has shown a reduction in the risk for 

death compared with no screening. 

If the primary goal of screening is to reduce the risk for 

death, 

then the evidence supporting flexible sigmoidoscopy

is substantially stronger than that of other screening 

methods.
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