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Abstract

Background & Aims: Randomized trials have shown that biennial fecal occult blood test (FOBT) screening
reduces mortality from colorectal cancer (CRC), but not overall mortality. Differences in benefit for men vs
women, and by age, are unknown. We sought to evaluate long-term reduction in all-cause and CRC-specific
mortality in men and women who comply with offered screening, and in different age groups, using individual
participant data from 2 large randomized trials of biennial FOBT screening, compared with an intention to treat
analysis.

Methods: We updated the CRC and all-cause mortality from the Danish CRC screening trial (n=61,933)
through 30 years of follow up and pooled individual participant data with individual 30-year follow-up data from
the Minnesota Colon Cancer Control trial (n=46,551). We compared the biennial screening groups to usual
care (controls) in individuals 50–80 years old using Kaplan Meier estimates of relative risks and risk
differences, adjusted for study differences in age, sex, and compliance.

Results: Through 30 years of follow up, there were 33,478 (71.9%) and 33,479 (72.2%) total deaths and 1023
(2.2%) and 1146 (2.5%) CRC deaths in the biennial screening (n=46,553) and control groups (n=46,358),
respectively. Among compliers, biennial FOBT screening significantly reduced CRC mortality by 16% (relative
risk [RR], 0.84; 95% CI, 0.74–0.96) and all-cause mortality by 2% (RR, 0.98; 95% CI, 0.97–0.99). Among
compliers, the reduction in CRC mortality was larger for men (RR, 0.75; 95% CI, 0.62–0.90) than women (RR,
0.91; 95% CI, 0.75–1.09). The largest reduction in CRC mortality was in compliant men 60–69 years old (RR,
0.59; 95% CI, 0.42–0.81) and women 70 years and older (RR, 0.53; 95% CI, 0.30–0.94).

Conclusions: Long-term CRC mortality outcomes of screening among compliers using biennial FOBT are
sustained, with a statistically significant reduction in all-cause mortality. The reduction in CRC mortality is
greater in men than women—the benefit in women lags that of men by about 10 years.
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Introduction:
Several modalities are available for colorectal cancer (CRC) screening, including fecal occult blood testing
(FOBT) at intervals of one or two years. While annual testing is employed in the U.S., biennial screening is
practiced in many European countries and Canada.(1, 2) Biennial screening reduced CRC mortality by 13%,
18%, and 21% in three large trials with follow-up of 18 – 19.5 years.(3-5) However none of the trials were
sufficiently powered to study all-cause mortality, the effect of compliance adjustment or whether the screening
effects vary by age and sex. Given that these trials were initiated in the mid-1970s and early 1980s, long-term
follow-up provides additional events and person-years of follow-up for meaningful comparisons. Previously, the
Minnesota fecal occult blood trial updated the follow-up of the participants of the Minnesota trial (annual and
biennial screening versus controls) through 30 years and reported a sustained reduction in CRC mortality of
18% with biennial screening.(6) They also observed non-significant differences in screening effects for men
and women and by age. Since then, others have published updated follow-up and pooled analyses of the
flexible sigmoidoscopy trials for CRC screening and reported significant differences in benefits of CRC
screening between men and women.(7, 8). None of the trials reported a reduction in all-cause mortality, while
one meta-analysis of CRC screening trials reported a significant increase in non-CRC mortality (9). Our aims
were to assess the long-term effects of biennial screening on all-cause and CRC mortality using intention to
treat and compliance adjustment, and evaluate age- and sex-specific effects by pooling individual participant
data from the available randomized controlled trials of biennial FOBT screening, updated through 30 years of
follow-up.
Methods:
We performed a systematic literature search for randomized trials evaluating annual or biennial FOBT
screening for reduction in CRC mortality. We identified five trials. We excluded two trials for lack of follow-up
colonoscopy in FOBT positive participants (10) and lack of individual randomization design.(11) The
investigators of the remaining three trials: the Minnesota trial (US), the Funen trial (Denmark), and the
4

Nottingham trial (United Kingdom) were asked to contribute data. The UK investigators elected not to
participate. A collaborative agreement was reached between the Minnesota and Danish trial investigators. The
study was approved by the Institutional Review Board at University of Minnesota and by the Danish Data
Protection Agency. The University of Minnesota and the University of Southern Denmark executed data
sharing agreements to allow the meta-analysis.

Minnesota Colon Cancer Control Study (MCCCS):
The Minnesota Colon Cancer Control Study (5, 12-14) randomized healthy volunteers aged 50 to 80 years to
annual screening, biennial screening, or usual care (control) (n=46,551). The primary endpoint was CRC
mortality. Individuals were recruited and randomized from 1975 to 1992 with a four-year hiatus from 1982 to
1986. In total, six rounds of screening were offered to the biennial group. Adherence to one or more rounds of
screening was 90%. Those with a positive test were invited to the University of Minnesota for a cost-free
diagnostic work-up that included colonoscopy. Polyps found during colonoscopy were removed during the
procedure. If the colonoscopy was incomplete, an air-contrast barium enema was performed. Compliance with
a follow-up diagnostic examination after a positive screen was 83%. Annual follow-up using written
questionnaires and telephone calls took place between 1976 and 1999 with response to these annual followups over 99% in all three groups. The role of CRC in deaths was determined by the deaths review committee
for approximately the first 15 years, and thereafter based on coded death certificates through 2001. Death
certificates were coded according to ICD-08a, -09, or -10, depending on the date of death. In 2011 the study
updated the cause of death through 30 years of follow-up by conducting an NDI-plus search for vital status and
cause of death for participants alive at last follow-up, using identifiers including name, sex, date of birth, social
security number and state of residence to obtain the best possible match. Updated results of the 30-year
follow-up of the MCCCS have been published previously(6) and showed a sustained reduction in CRC
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mortality of 33% and 22% in the annual and biennial screening arms, respectively. For the present study we
only used the biennial screening and control arms.

Funen Fecal Occult Blood Trial:
The Funen fecal occult blood trial (4, 15-17) randomized individuals aged 45 to 75 years to biennial screening
or usual care (control) (n=61,933). The primary endpoint was CRC mortality. In 1985, individuals residing in
Funen were randomized and underwent nine rounds of biennial FOBT screening. Individuals with known
colorectal cancer, colorectal adenomas or distant spread from any malignant disease were excluded before
randomization. Individuals with positive results underwent a colonoscopy. Polyps found during colonoscopy
were removed during the procedure. Adherence to the first round of screening was 67%, and only those that
adhered to screening in the previous round and without colorectal neoplasia were invited to the next round of
screening. Adherence to diagnostic colonoscopy for those with a positive screen was 83%. Information on
CRC was obtained through manual review of medical records, the Funen County database, and the Danish
National Registration and Danish Cancer Registry through the first thirteen years of follow-up. CRC as a cause
of death was based on manual chart review and coded death certificates. Through 13 years of follow-up,
biennial screening reduced CRC mortality by 11%. (4) For the current study in 2018, the study updated the
cause of death of all trial participants through 30 years of follow-up using the Danish Civil Registration number
as the unique identifier via the Danish National Patient Register, the Central Person Register and the Danish
Register of Cause of Death. All diagnoses and death certificates were coded using ICD-8 (until 1994) or ICD10 (after 1994).
Statistical analysis:
Cumulative mortality from CRC or all causes was estimated by Kaplan-Meier survival analysis(18) through 30
years following randomization, and biennial screening and usual care (control) groups were compared at
6

multiple follow-up times, first by intention-to-treat, and then restricted to compliers. Cuzick’s method (19)
estimates the effect of screening among compliers in the group assigned to screening by comparing the
outcomes to those in a corresponding group among controls. Compliance was defined as undergoing at least
one screening round. This method was applied to cumulative Kaplan-Meier estimates of all-cause and CRC
mortality to compliance-adjust absolute mortality relative risks (RR) and risk differences (RD). Unadjusted and
adjusted RR and RD were computed for each study and by sex, age, and their combination. Standard errors
for the RR were derived from Greenwood’s variance approximation. Standard errors for RD were based on
normal approximations to the binomial distribution.
We used a two-step approach to the individual participant data (IPD) meta-analysis for biennial screening
versus controls, in which study-specific effects were first estimated and then combined into a single estimate
for each outcome.(20) Pooled RR and RD were calculated with fixed effect meta-analytic models that were
adjusted to the combined age-sex distribution. Proportional hazards models were used to conduct overall tests
of interaction between demographic subgroups (age, sex, and age by sex) and screening or control groups.
Due to small numbers, compliance-adjusted analysis of the men aged 70 years or older in the Funen trial could
not be calculated. The I-squared test was used to measure heterogeneity in effect estimates.
Results:
The demographic characteristics of participants, person-years and events from the two trials are presented in
Table 1. In the Funen trial, there were 45,009 (72.7%) deaths in the biennial screening and control groups
combined through 30 years of follow-up. There were 1637 (2.6%) deaths from CRC: 786 (2.5%) in the
screening group and 851 (2.7%) in the control group. In the Minnesota trial, there were 21,948 (70.8%) deaths
through 30 years of follow-up, with 532 deaths from CRC: 237 (1.5%) in the screening group and 295 (1.9%) in
the control group. Combined, there were 33,478 (71.9%) and 33,479 (72.2%) total deaths and 1023 (2.2%)
and 1146 (2.5%) CRC deaths in the biennial screening (n=46,553) and control groups (n=46,358),
respectively.
7

CRC mortality:
In the Funen trial, there was a small but not statistically significant difference in 30-year CRC mortality between
the screening and control groups (RR 0.94; 95% CI 0.85, 1.04 and RD −0.27%; 95% CI −0.72%, 0.19%). In the
Minnesota trial there was a significant reduction in 30-year CRC mortality between the screening and control
groups (RR 0.78; 95% CI 0.65, 0.93 and RD −0.66%; 95% CI −1.13%, −0.18%). Combined, biennial fecal
occult blood screening reduced deaths from CRC by 10% (RR 0.90, 95% CI: 0.82, 0.98 and RD -0.45%; 95%
CI −0.78%, −0.13%) (I2 63.5% (0%-91.6%). However, among compliers, the relative risk for CRC mortality was
0.84 (95% CI 0.74, 0.96) and RD was -0.55% (95% CI -0.96%, -0.15%). (Figures 1 and 2 and supplementary
figure 1)
All-cause mortality:
In neither the Funen nor the Minnesota trial was either RR or RD statistically significant in 30-year all-cause
mortality using intention to treat. When the datasets were combined, the relative and absolute reduction in allcause mortality were not statistically significant (RR 1.00; 95% CI 0.99, 1.00 and RD −0.28%; 95% CI −0.86%,
0.29%), but among compliers, all-cause mortality was statistically significantly reduced (RR 0.98; 98% CI 0.97,
0.99 and RD −0.55%; 95% CI −0.96%, −0.15%; I2 0%) (Figures 2 and 3 and supplementary figure 2).
Sub-group analyses:
Figure 4 shows a forest plot with the numbers of participants who were randomized, CRC deaths, and
compliance-adjusted RRs for age and sex subgroups, for the screening, control and the combined groups.
The RR (95% CI) for CRC mortality in the screening versus the control group varied noticeably by age, with the
largest benefit in those 60-69 years old. The compliance-adjusted RR for 50-59, 60–69 and ≥70 years of age
were 0.89 (0.72, 1.09), 0.71 (0.58, 0.88) and 0.60 (0.37, 0.99), respectively (p for trend = 0.46).
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The risk difference among compliers increased with age and was -0.15% (-0.61%, 0.31%), -1.45% (-2.38%, 0.52%) and -2.48% (-5.85%, 0.89%), for 50-59, 60-69 and ≥70 year old individuals respectively. (Figure 5)
The reduction in CRC mortality, among compliers was larger for men, but not statistically significant compared
to women [RR (95% CI): 0.75 (0.62, 0.90) and 0.91 (0.75, 1.09), respectively; p for trend = 0.25]. The RD was
larger for men compared to women (-1.06%; 95% CI-1.71%, -0.41%) and -0.20%; 95% CI-0.71%, 0.31%
respectively). Screening men 60–69 years showed a strong effect on CRC mortality [RR 0.59; 95% CI 0.42,
0.81); p trend = 0.19].
Among women, the largest benefit of screening was seen in the 70 and older age group for reduction in CRC
mortality [RR 0.53 (0.30, 0.94)]. No statistical nor numerical benefit was seen in the 50-59-year-old women [RR
1.08 (0.80, 1.46); p trend 0.21]
Discussion:
In the 30-year follow-up of all participants randomized to biennial FOBT screening versus controls, we found a
statistically significant 10% relative reduction in CRC mortality and no difference in all-cause mortality in
intention-to-treat analysis with long-term follow-up, similar to prior studies. There are several potential
explanations for the inability to demonstrate a decrease in all cause mortality. First, it is possible that the
benefits gained in reduced deaths from CRC in the screened group is balanced by an increased death rate
from non-CRC related deaths. The second possibility is that there is simply too much noise in the various
published studies due to non-compliance and cross-over to allow for the demonstration of a small expected
difference in all-cause mortality. These two explanations have major differing clinical implications. If the
former were correct, there truly is no benefit to all cause mortality from screening, which causes as many
deaths as it prevents. One could make the case that such information should be included as part of the
informed consent. The latter explanation assumes that there truly is a difference in all cause mortality that has
yet to be demonstrated because of the low fraction of all deaths accounted for by CRC. Differentiating
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between these two possible explanation clearly would be of interest to both health professionals as well as
subjects undergoing screening.
One source of “noise” in randomized CRC screening studies is non-compliance in the screened group, which
we have defined as failure to undergo a single screening procedure. While no possible benefit from screening
can be expected for such individuals, they are included in the intention to treat analysis as screened, to keep
randomization intact. To this end, we applied Cuzick’s method (19) which takes focuses on the differences
between compliant and non-compliant subjects and makes possible an accurate estimate of the effect of
screening on just the compliers in the group randomized to screening. Among compliers there was a 16%
reduction in CRC mortality rate in the screened group versus the 10% reduction observed in the non-adjusted
(intent to treat) analysis. More important, a statistically significant 2% relative reduction in all-cause mortality
was observed, the first such reduction reported in occult blood screening studies. The benefit in those that
comply may be due to benefit of undergoing the screening, as well as other healthy behaviors that may
contribute to lower risk of dying, such as non-smoking, healthy eating and lifestyle choices. The benefit could
also be explained by indirect effects of accessing the healthcare system as a consequence of screening. While
we do not have information on what may have led to the compliant group having lower all cause mortality, the
results reinforce that trying to achieve 100% compliance to screening is an important public health goal. If
confirmed by other studies, the reduction in all-cause mortality in addition to reduction in CRC mortality is an
important finding, laying to rest the concern that reductions in CRC mortality due to screening are being offset
by increases in other causes.
Analysis by sex showed that reduction in CRC mortality was statistically significant only for men, despite
comparable number of deaths from CRC in men (585) and women (561) in the control groups. The observed
effect of screening on reducing deaths from CRC was greatest in men ages 60-69, and in women over the age
of 70. The sample size of individuals 70 and over was too small to draw meaningful conclusions. For 50-59year-old women, screening was associated with a small but not statistically significant increase in CRC
mortality.
10

Lack of a significant reduction in CRC mortality for women has also been evaluated in the pooled flexible
sigmoidoscopy trials (21) with no reduction in CRC mortality. The explanation for the lack of a significant
benefit of biennial fecal occult blood testing in women is not clear. One possibility is that women may have
proportionally more right-sided adenomas and CRC. (22-24) There may be important differences in the
underlying biological pathways for women, including tumors that are less sensitive to detection with FOBT, or
tumors that rapidly grow, such that biennial interval is not effective in detecting these at early stages.
Independent of the explanation of the gender difference, it could be argued that biennial FOBT screening is not
an effective screening modality in females.
Our findings are also consistent with the updated 15-year follow-up of the Norwegian flexible sigmoidoscopy
screening trial, which reported no significant reduction in CRC mortality from screening in women 50-64, but a
37% reduction in CRC mortality in men 50-64, despite similar or higher compliance with screening among
women.(8) These findings are consistent with differences in incidence and mortality rates of CRC between
men and women. Women’s age-specific cumulative incidence rates lag behind that of men , as illustrated by
Brenner et al.(25) At ages 50, 55, and 60, women achieved comparable 10-year cumulative incidence rates
four to six years later than men.
This finding also needs to be factored into recent recommendations for reducing the age at which CRC
screening should commence. Our data suggest that greater screening efficiency could be achieved by starting
women at a later age then men and perhaps going longer compared to men.
While reduction in CRC mortality is a laudatory goal, the overall 10% reduction in CRC deaths observed with
biennial screening in the present study is at the lower end of the effectiveness claims for various other
screening modalities and well below the 33% reduction seen in annual screening with rehydrated FOBT.(13).
The newer generation of more accurate and user friendly occult blood tests methods such as fecal
immunochemical testing or endoscopic methods like colonoscopy may be more effective, and their impact on
CRC mortality and all-cause mortality remains an area of active research.
11

Our study has several limitations. First, the compliance was different in the two trials. To avoid this bias, we
used the extent possible, we accounted and adjusted for this through Cuzick’s method, which focusses on
compliers and their control group counterparts, similar to other long-term clinical trials for CRC screening (2628). Second, we were unable to pool or compare our findings with the individual data from the Nottingham trial,
which has double the number of participants of our combined trials. Third, we do not have information on
screening history of trial participants after the two original trials ended. CRC screening started to become
widespread in the late 1990s in the US and after 2000 in Denmark. It is possible that since then many
participants in the control group may have undergone screening and many individuals that were screened may
not have undergone subsequent screening. Thus our results show the combined 30-year effect of nine and six
rounds of biennial screening for the Funen and Minnesota FOBT trials respectively, plus whatever screening
and surveillance behaviors persisted after the trials ended.
In conclusion, our study shows that screening using biennial FOBT results in sustained reductions in CRC
mortality and a statistically significant reduction in compliance-adjusted all-cause mortality. The reduction in
CRC mortality is greater in men compared to women, and the benefit in women lags that for men by about 10
years. We did not observe a benefit due to screening in women age 50-59.
Acknowledgements: We would like to thank Robert Smith from American Cancer Society for his input and
support on the project.

What you need to know:
-Screening for CRC using fecal occult blood testing results in a long-term sustained reduction in CRC mortality
-Adjusting for compliance shows a reducing in all cause mortality with screening for CRC
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Tables and figures legend:
Table 1. Characteristics of the included trials
Figure 1. Compliance adjusted plot of combined cumulative CRC mortality Figure 2. Forest plot of relative
risks and absolute risk differences for CRC and all-cause mortality
Figure 3. Compliance adjusted plot of cumulative combined all-cause
Figure 4. Forest plot of relative risks of CRC mortality for age and sex subgroups (Minnesota, Funen, and
combined trials)
Figure 5. Risk difference for CRC mortality by age and sex subgroups (Minnesota, Funen, and combined trials)
Supplementary figure 1: Kaplan Meier plot of combined cumulative CRC mortality (unadjusted) (p=0.03)
Supplementary figure 2: Kaplan Meier plot of cumulative combined all-cause (unadjusted) (p=0.1)
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Characteristic
Number of participants

Trial
Funen
MN
Pooled

Screening
30,966
15,587
46,553

Control
30,964
15,394
46,358

Funen
MN
Pooled

16,103 (52.0%)
8,143 (52.2%)
24,246 (52.1%)

16,111 (52.0%)
7,960 (51.7%)
24,071 (51.9%)

Funen
MN
Pooled

59.4 (±8.50)
62.3 (±7.80)
60.4 (±8.40)

59.4 (±8.50)
62.3 (±7.70)
60.3 (±8.40)

Funen
MN
Pooled

605,023
328,287
933,310

603,953
323,993
927,946

Funen
MN
Pooled

22,474 (72.6%)
11,004 (70.6%)
33,478 (71.9%)

22,535 (72.8%)
10,944 (71.1%)
33,479 (72.2%)

Funen
MN
Pooled

786 (2.5%)
237 (1.5%)
1,023 (2.2%)

851 (2.7%)
295 (1.9%)
1,146 (2.5%)

Funen
MN
Pooled

20,694 (66.8%)
13,806 (88.6%)
34,500 (74.1%)

Female, n (%)

Age (mean±SD), years

Follow-up:
person-years

Deaths at 30 years:
all cause

colorectal cancer

Compliers:
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Need to Know

Background: Studies have shown that biennial fecal occult blood test (FOBT) screening reduces
mortality from colorectal cancer (CRC), but not overall mortality. Differences in benefit for men
vs women, and by age, are unknown.

Findings: Compliance biennial FOBT screening reduces CRC mortality over 30 years, with a
statistically significant reduction in all-cause mortality. The reduction in CRC mortality is
greater in men than women—the benefit in women lags that of men by about 10 years.

Implications for patient care: Screening programs for CRC should ensure compliance with
biennial FOBT to reduce CRC and overall mortality over the long term.

