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A BS TR AC T

BACKGROUND

In randomized trials, fecal occult-blood testing reduces mortality from colorectal 
cancer. However, the duration of the benefit is unknown, as are the effects specific 
to age and sex.

METHODS

In the Minnesota Colon Cancer Control Study, 46,551 participants, 50 to 80 years 
of age, were randomly assigned to usual care (control) or to annual or biennial 
screening with fecal occult-blood testing. Screening was performed from 1976 
through 1982 and from 1986 through 1992. We used the National Death Index to 
obtain updated information on the vital status of participants and to determine 
causes of death through 2008.

RESULTS

Through 30 years of follow-up, 33,020 participants (70.9%) died. A total of 732 deaths 
were attributed to colorectal cancer: 200 of the 11,072 deaths (1.8%) in the annual-
screening group, 237 of the 11,004 deaths (2.2%) in the biennial-screening group, 
and 295 of the 10,944 deaths (2.7%) in the control group. Screening reduced 
colorectal-cancer mortality (relative risk with annual screening, 0.68; 95% confi-
dence interval [CI], 0.56 to 0.82; relative risk with biennial screening, 0.78; 95% CI, 
0.65 to 0.93) through 30 years of follow-up. No reduction was observed in all-cause 
mortality (relative risk with annual screening, 1.00; 95% CI, 0.99 to 1.01; relative 
risk with biennial screening, 0.99; 95% CI, 0.98 to 1.01). The reduction in colorectal-
cancer mortality was larger for men than for women in the biennial-screening group 
(P = 0.04 for interaction).

CONCLUSIONS

The effect of screening with fecal occult-blood testing on colorectal-cancer mortality 
persists after 30 years but does not influence all-cause mortality. The sustained 
reduction in colorectal-cancer mortality supports the effect of polypectomy. (Funded 
by the Veterans Affairs Merit Review Award Program and others.)
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Estimates from multiple, large, ran-
domized trials of colorectal-cancer screen-
ing with fecal occult-blood testing consis-

tently show a reduction in colorectal-cancer 
mortality of 15 to 33%.1-4 The longest follow-up 
reported to date is 18 to 20 years.5-7 Whether the 
effect of screening on colorectal-cancer mortal-
ity is sustained and whether it applies to all age 
groups and both sexes are unknown. Further-
more, none of the trials have shown a  reduction 
in all-cause mortality, and one meta-analysis 
showed a significant increase in mortality not re-
lated to colorectal cancer.8 We updated the Min-
nesota Colon Cancer Control Study9 through 30 
years of follow-up to assess the long-term effect 
of screening on colorectal-cancer mortality and 
all-cause mortality and to evaluate effects spe-
cific to age and sex.

ME THODS

STUDY DESIGN

The Minnesota Colon Cancer Control Study ran-
domly assigned 46,551 healthy volunteers, 50 to 
80 years of age, to annual screening, biennial 
screening, or usual care (control). The primary 
end point was colorectal-cancer mortality. Re-
cruitment and randomization occurred from 
1975 through 1978. Screening took place from 
1976 through 1992, with a 4-year hiatus between 
1982 and 1986. In total, 11 screenings were offered 
to participants in the annual-screening group and 
6 to those in the biennial-screening group. Per-
sons with one or more positive slides out of the 
six completed (two slides for each of three sepa-
rate stools) were invited to the University of Min-
nesota for a diagnostic workup that included 
colonoscopy. Polyps found during colonoscopy 
were usually removed during the procedure. If the 
colonoscopy was incomplete, an air–contrast bar-
ium enema examination was performed.

As reported previously,3,5 rates of adherence to 
screening (approximately 90% of participants com-
pleted ≥1 fecal occult-blood test) and follow-up of 
a positive test (approximately 83%) were high, and 
the incidence of complications from colonoscopy 
was low (0.1%). Annual follow-up with the use 
of written questionnaires and telephone calls 
took place between 1976 and 1999. The rate of 
response to these annual follow-ups was more 
than 99% in all three groups. For reported 

deaths due to colorectal cancer during the first 
15 years of the study, medical records and death 
certificates were reviewed and adjudicated by a 
deaths-review committee whose members were 
unaware of the study-group assignments. The 
determination of all other causes of death was 
based on coded death certificates, which were 
coded by the study staff during the first 18 years 
and were subsequently obtained from the Na-
tional Death Index (NDI; with the use of the NDI 
Plus service). Death certificates were coded ac-
cording to the 8th (adapted), 9th, and 10th revi-
sions of the International Classification of Diseases, 
depending on the date of death.

A policy and data monitoring group was re-
sponsible for study oversight and monitoring, 
including the planning and conduct of data 
analyses. All the participants provided written 
informed consent. The first, second, and last 
authors vouch for the accuracy and completeness 
of the data reported. 

ASSESSMENT OF END POINTS

In 2011, we conducted an NDI Plus search for 
vital status and cause of death for participants 
who were alive at the last follow-up, using iden-
tifiers including name, sex, date of birth, Social 
Security number, and state of residence to get 
the best possible match. We requested this in-
formation for the years spanning 1999 through 
2008. A variety of case-replication algorithms 
were used to maximize the chance of finding 
correct matches. The resulting probability score 
returned by the NDI for each participant was 
used to determine a match between the partici-
pant and the death certificate. A flow chart of 
the trial is provided in Figure S1 in the Supple-
mentary Appendix, available with the full text 
of this article at NEJM.org.

STATISTICAL ANALYSIS

Groups were defined for analysis according to 
the intention-to-treat principle. Estimates of cu-
mulative mortality from colorectal cancer, from 
all causes, and from causes not related to colorec-
tal cancer were based on Kaplan–Meier estimates 
of survival over the 30-year period after random-
ization, and groups were compared without ad-
justment for the multiple comparisons over time 
(at 13 and 18 years).10 Relative risk, defined as 
the ratio of cumulative mortality between two 
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groups of interest, was used to compare the 
screening groups with the control group. Stan-
dard errors for the relative risks were derived 
from Greenwood’s variance estimate.11 Compli-
ance-adjusted relative risks were calculated with 
the use of Cuzick’s method,12 which limits the 
screening group to persons who returned at least 
one fecal occult-blood test and then adjusts for 
the better survival expected among persons who 
complied with the randomized assignment. We 
did not have information regarding screening 
that was outside the protocol among participants 
in the control group, but this was believed to be 
extremely low, since only 1.8% of patients with 
colorectal cancer in the control group had any 
mention in their medical record that a fecal oc-
cult-blood test was ever performed.3 We used ra-
tios of relative risks to estimate the size of the 
interactions between screening and sex and be-
tween screening and age groups according to de-
cade, on the basis of the original plans of the 
policy and data monitoring group. Proportional-
hazards models with likelihood-ratio tests were 
used to provide overall tests of interaction be-
tween age and screening effects.

R ESULT S

CHARACTERISTICS OF THE STUDY PARTICIPANTs 
and end pointS

The demographic characteristics of participants 
and the end-point data are presented in Table 1. 
A total of 15,873 deaths were reported previously,5 
and an additional 17,147 occurred during 30 years 
of follow-up, for a total of 33,020 deaths. There 
were 732 deaths from colorectal cancer: 200 deaths 
from colorectal cancer out of 11,072 total deaths 
(1.8%) in the annual-screening group, 237 of 11,004 
(2.2%) in the biennial-screening group, and 295 
of 10,944 (2.7%) in the control group. Annual and 
biennial screening with fecal occult-blood testing 
reduced colorectal-cancer mortality; the relative 
risk of death from colorectal cancer was 0.68 
(95% confidence interval [CI], 0.56 to 0.82) with 
annual screening and 0.78 (95% CI, 0.65 to 0.93) 
with biennial screening (Fig. 1 and Table 1, and 
Fig. S2, S3, and S4 in the Supplementary Appendix). 
The relative-risk estimate for deaths from colo-
rectal cancer for the combined screening groups 
(annual and biennial) versus the control group 
was 0.73 (95% CI, 0.62 to 0.85). Compliance-

Table 1. Characteristics of the Participants at Baseline and Study End Points.*

Variable Annual Screening Biennial Screening Control

Characteristic

No. of participants 15,570 15,587 15,394

Age at randomization — yr 62.3±7.8 62.3±7.8 62.3±7.7

Female sex — no. (%) 8081 (51.9) 8143 (52.2) 7960 (51.7)

Person-yr of follow-up 475,167 475,880 469,897

End point

No. of deaths through 30 yr

From any cause 11,072 11,004 10,944

From colorectal cancer 200 237 295

Cumulative colorectal-cancer mortality (95% CI) 0.02 (0.02–0.02) 0.02 (0.02–0.03) 0.03 (0.03–0.03)

Relative risk of death from colorectal cancer (95% CI) 0.68 (0.56–0.82) 0.78 (0.65–0.93) Reference

Compliance-adjusted relative risk of death from 
 colorectal cancer (95% CI)†

0.65 (0.52–0.80) 0.76 (0.61–0.95) Reference

Cumulative all-cause mortality (95% CI) 0.71 (0.70–0.72) 0.71 (0.70–0.71) 0.71 (0.70–0.72)

Relative risk of death from any cause (95% CI) 1.00 (0.99–1.01) 0.99 (0.98–1.01) Reference

* Plus–minus values are means ±SD. CI denotes confidence interval.
† Compliance-adjusted relative risk is based on a method12 that restricts the screening group to a subset of participants 

who complied with their randomized assignment by returning at least one fecal occult-blood test and compares their 
rate to that of a comparable subset of participants in the control group.
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adjusted relative-risk estimates for death from 
colorectal cancer for the annual-screening and 
biennial-screening groups were 0.65 (95% CI, 
0.52 to 0.80) and 0.76 (95% CI, 0.61 to 0.95), 
respectively.

Annual or biennial screening with fecal occult-
blood testing had no apparent effect on all-cause 
mortality. The relative risk of death from any 
cause was 1.00 (95% CI, 0.99 to 1.01) with an-
nual screening, 0.99 (95% CI, 0.98 to 1.01) with 
biennial screening, and 1.00 (95% CI, 0.98 to 
1.01) with annual and biennial screening com-
bined (Fig. 2 and Table 1). No effect was seen on 
deaths from causes other than colorectal cancer; 
the relative risk of death from causes unrelated to 
colorectal cancer was 1.00 (95% CI, 0.99 to 1.02) 
with annual screening, 1.00 (95% CI, 0.98 to 1.01) 
with biennial screening, and 1.00 (95% CI, 0.99 
to 1.01) with annual and biennial screening com-
bined (Fig. S5 in the Supplementary Appendix). 
The causes of death are provided in Table S1 in 
the Supplementary Appendix.

SUBGROUP ANALYSES

Figure 3 shows the numbers of participants who 
underwent randomization, the numbers of those 
who died from colorectal cancer, and the relative 
risks for the subgroups of age and sex, according 
to each study group and the combined screening 
groups. Graphs of cumulative colorectal-cancer 
mortality and corresponding relative risks for the 
subgroups are shown in Figures S6 and S7 in the 
Supplementary Appendix. The reduction in 
colorectal-cancer mortality was larger for men 
than for women in both screening groups and in 
the two groups combined; the relative risk of 
death from colorectal cancer was 0.61 (95% CI, 
0.47 to 0.80) for men vs. 0.75 (95% CI, 0.57 to 
0.97) for women in the annual-screening group, 
0.63 (95% CI, 0.48 to 0.82) vs. 0.92 (95% CI, 0.72 
to 1.18) in the biennial-screening group, and 0.62 
(95% CI, 0.50 to 0.78) vs. 0.83 (95% CI, 0.67 to 
1.04) in the combined screening groups. The in-
teraction between sex and screening, as mea-
sured by the ratio of the relative risk for men to 
that for women, was significant in the biennial-
screening group (P = 0.04 for interaction) but not 
in the annual-screening group or the two groups 
combined (P = 0.30 and P = 0.06, respectively, for 
interaction).

The relative risks of death from colorectal 
cancer among participants who were less than 
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Figure 1. Cumulative Colorectal-Cancer Mortality.

Cumulative colorectal-cancer mortality was assessed on the basis of Kaplan–
Meier estimates, evaluated at monthly time points. Point estimates and 95% 
confidence intervals at 30 years are also shown.
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Cumulative all-cause mortality was assessed on the basis of Kaplan–Meier 
estimates, evaluated at monthly time points. Point estimates and 95% con-
fidence intervals at 30 years are also shown.
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60 years old, 60 to 69 years old, and 70 years or 
older were, respectively, 0.82 (95% CI, 0.59 to 1.14), 
0.58 (95% CI, 0.43 to 0.78), and 0.47 (95% CI, 
0.26 to 0.84) for the annual-screening group 
(P = 0.34 for interaction); 0.90 (95% CI, 0.65 to 1.24), 
0.67 (95% CI, 0.51 to 0.89), and 0.66 (95% CI, 
0.35 to 1.26) for the biennial-screening group 
(P = 0.16 for interaction); and 0.86 (95% CI, 0.65 
to 1.14), 0.63 (95% CI, 0.49 to 0.79), and 0.58 
(95% CI, 0.33 to 1.00) for the combined screen-
ing groups (P = 0.15 for interaction).

Screening of men 60 to 69 years old had a 
strong effect on colorectal-cancer mortality; the 
relative risk of death from colorectal cancer was 
0.46 (95% CI, 0.30 to 0.72) in the annual-screening 
group, 0.42 (95% CI, 0.27 to 0.66) in the biennial-
screening group, and 0.44 (95% CI, 0.30 to 0.64) 
in the combined screening groups. Among men, 
the test for the interaction of age and screening 
was significant in the biennial-screening group 
(P = 0.04 for interaction) and in the combined 
screening groups (P = 0.04 for interaction) but 
not in the annual-screening group (P = 0.26 for 
interaction). No benefit from screening was ob-
served for women less than 60 years old in the 
annual-screening, biennial-screening, or combined 
groups, but there was no significant interaction 
with age for women in these three groups. Com-
parisons based on compliance-adjusted relative 
risks did not change these observations.

DISCUSSION

In the 30-year follow-up of participants random-
ly assigned to annual screening with fecal occult-
blood testing versus controls, we found a 32% 
reduction in the rate of death from colorectal 
cancer, but we did not observe an effect on the 
rates of death from any cause or death unrelated 
to colo rectal cancer. In analyses according to age 
and sex, we found that the reduction in colorec-
tal cancer mortality was larger for men than for 
women in the biennial-screening group (P = 0.04 
for interaction) and that there was a significant 
interaction between age and screening among men 
in the biennial-screening group and in the com-
bined screening groups (P = 0.04 for inter action in 
both analyses). We did not observe a benefit from 
screening among women less than 60 years of age 
overall or at any time point during the follow-up, 
but among women, the test for interaction be-
tween screening and age was not significant.

The reductions in colorectal-cancer mortality 
in the Minnesota Colon Cancer Control Study 
are comparable to those reported in random-
ized clinical trials of screening with flexible 
sigmoidoscopy,13-15 suggesting that fecal occult-
blood testing remains an effective and accept-
able method of screening. Stool-based tests for 
colorectal-cancer screening are an active area of 
current research, with development and testing 
of new stool-based tests.16-18 Stool-based testing 
is being compared with colonoscopy in random-
ized, controlled trials under way in Spain19 and 
the United States (Colonoscopy versus Fecal Im-
munochemical Test in Reducing Mortality from 
Colorectal Cancer [CONFIRM]; ClinicalTrials.
gov number, NCT01239082). In addition, stool-
based screening through the mail has been shown 
to be an effective strategy for screening the ap-
proximately 25% of screening-eligible persons who 
do not seek routine medical care.20 The high ac-
cessibility and acceptability of stool-based tests 
have major public health implications for improv-
ing screening rates, although this approach to 
screening involves more frequent testing than 
does screening with flexible sigmoidoscopy or 
colonoscopy.

Our results are consistent with the updated 
results of the Nottingham trial of fecal occult-
blood testing, which showed a 13% reduction in 
colorectal-cancer mortality after 20 years of fol-
low-up.6 There are important differences be-
tween the two studies. The Nottingham trial 
assessed biennial screening only, had lower 
compliance rates than those in the Minnesota 
Colon Cancer Control Study, and had a lower 
proportion of participants who had a positive 
fecal occult-blood test and underwent subsequent 
colonoscopic examination.

Although our trial did not specifically evalu-
ate the effect of polypectomy, a long-term reduc-
tion in colorectal-cancer mortality that does not 

Figure 3 (facing page). Relative Risk of Death from 
Colorectal Cancer According to Age and Sex.

The relative risks of death are shown for the annual-
screening group (Panel A), the biennial-screening group 
(Panel B), and the two groups combined (Panel C). Esti-
mates and confidence intervals for relative risks are based 
on Kaplan–Meier estimates and Greenwood’s estimate 
of the variance.11 Squares are centered on point esti-
mates, with horizontal bars indicating 95% confidence 
intervals.
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diminish substantially over time is consistent 
with the progression of adenoma to carcinoma 
and provides support for the sustained effect of 
polypectomy. This could reflect both the initial 
removal of precancerous adenomas at colonos-
copy, prompted by a positive fecal occult-blood 
screening test, and the periodic colonoscopic 
surveillance that follows polypectomy. During 
the Minnesota Colon Cancer Control Study, on 
average, 10% of the participants had a positive 
fecal occult-blood test at each screening, and 
83% of these participants underwent a diag-
nostic examination,3,5,7 which most often was a 
colonoscopy, with polypectomy if polyps were 
detected. One would expect that the reduction in 
colorectal-cancer mortality due to the early de-
tection of cancers would be seen in the first 8 to 
10 years and would then diminish. However, the 
long-term reduction in colorectal-cancer mortal-
ity of 33% reported at 13 and 18 years of follow-
up, and persisting in the current study, is consis-
tent with the effect of removing adenomas that 
would have progressed to cancer and death.

More than two thirds of the trial participants 
(71%) died, and this large number of deaths al-
lowed us to study the effect of colorectal-cancer 
screening on all-cause mortality. Despite this, we 
did not observe any reduction or trends in the re-
duction in all-cause mortality between the screen-
ing groups and the control group. Our 95% 
confidence intervals exclude a 1.5% reduction in 
all-cause mortality from screening. However, the 
32% reduction in colorectal-cancer mortality that 
we observed corresponds to only a 0.9% reduc-
tion in all-cause mortality.

We did not observe a benefit of screening 
with fecal occult-blood testing for women less 
than 60 years old, but we also did not observe a 
significant interaction between screening and 
age among women. A reduced benefit for young-
er women is possible and could reflect differ-
ences in the incidence of advanced neoplasia and 
mortality from colorectal cancer among men 
and women. The age-specific cumulative incidence 
rates among women are significantly lower than 
those among men. Regula et al.21 found a lower 
incidence of advanced neoplasia in women than 
in men, and the number needed to screen for 
women 60 to 66 years of age was similar to that 
for men 50 to 54 years of age. Brenner et al.22 
used age-specific and sex-specific data from the 

Surveillance, Epidemiology, and End Results 
registry for the years 2000 through 2003 to cal-
culate 10-year cumulative incidence rates of 
colorectal cancer among men and women at ev-
ery year of age between 50 and 75 years. They 
found that the 10-year cumulative incidence rates 
among men 50, 55, and 60 years of age are 
similar to the rates among women who are 4 to 
6 years older. Also, women may not derive the 
same benefit from screening with fecal occult-
blood testing as men do, because women may 
have proportionally more adenomas and colorec-
tal cancers in the proximal colon.23-25 There may 
be important differences in underlying biologic 
pathways for women, including the sessile ser-
rated adenoma pathway. Finally, the differences 
observed between the sexes may reflect a lower 
adherence to fecal occult-blood testing and colo-
noscopy among women than among men, al-
though, as previously reported,26 compliance with 
screening differed according to age but not sex. 

Updated results from the Nottingham trial 
of fecal occult-blood testing 6 have shown no 
significant interaction between a reduction in 
colorectal-cancer mortality and age or sex, al-
though relative-risk estimates for participants 
60 years of age or older (relative risk, 0.87 [95% 
CI, 0.79 to 0.97]) are lower than for those less 
than 60 years of age (relative risk, 0.96 [95% CI, 
0.85 to 1.10]). More information is needed about 
the benefits of screening in women less than 
60  years of age, especially from randomized tri-
als. Women in this age group constituted one 
third of all screened participants in a large ob-
servational study of colonoscopic screening in a 
community setting.27

Our study has several limitations. First, infor-
mation on vital status and cause of death from 
the National Center for Health Statistics was 
based on death certificates, although studies28 
of central population-based registries in the 
United States have shown good concordance 
between colorectal cancer as the cause of death 
on the basis of the death certificate and as the 
primary cancer site. Also, the sensitivity of the 
NDI approach has been reported to be high.29 
The NDI has been used periodically by the Min-
nesota Colon Cancer Control Study and, as com-
pared with findings from medical-chart review, 
has been shown to be nearly 100% sensitive, 
given adequate lag time. In addition, we previ-
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ously compared cause of death as noted on the 
death certificate with cause as determined by 
the deaths-review committee30 and found a 1.5% 
discrepancy rate, which did not bias the esti-
mates in either direction. The primary disadvan-
tage of the NDI in ascertaining deaths is the 
interval between death and availability of the 
information (approximately 10 to 22 months).

Second, we do not have information on the 
screening history of trial participants after the 
original trial ended. Colorectal-cancer screening 
started to become widespread in the late 1990s, 
several years after screening ended in the Min-
nesota Colon Cancer Control Study. It is possible 
that many participants in the control group have 
undergone screening since then and that many 
participants in the screened groups have not 
undergone subsequent screening. Thus, our results 
show the combined 30-year effect of 11 rounds 
of annual screening or 6 rounds of biennial 
screening plus the effect of unassessed screen-
ing behaviors that occurred after the end of the 
per-protocol screening, as well as colonoscopic 

surveillance for participants who were found to 
have polyps.

Third, we were unable to obtain information 
regarding the location of the cancer in the colon 
and were unable to evaluate mortality with re-
spect to proximal or distal colorectal cancers. 
Finally, we did not have updated information on 
the incidence of colorectal cancer among the par-
ticipants, including the cancer stage at diagnosis.

In conclusion, there is a sustained reduction 
in long-term mortality with colorectal-cancer 
screening, with no observable reduction in all-
cause mortality or in mortality not related to 
colorectal cancer. The reduction in colorectal-
cancer mortality may be greater among men 
than among women.
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