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Background: This analysis of patients in a randomized population-based health services study was
done to determine the effects of faecal occult blood test (FOBT) screening of colorectal cancer (CRC)
in outcomes beyond mortality, and to obtain explanations for potential sex differences in screening
effectiveness.
Methods: In the Finnish FOBT screening programme (2004–2011), people aged 60–69 years were
randomized into the screening and control arms. Differences in incidence, symptoms, tumour location,
TNM categories, non-vital outcomes and survival in the screening and control arms were analysed.
Results: From 321 311 individuals randomized, 743 patients with screening-detected tumours and 617
control patients with CRC were analysed. CRC was less common in women than in men (0⋅34 versus 0⋅50
per cent; risk ratio (RR) 0⋅82, 95 per cent c.i. 0⋅74 to 0⋅91) and women were less often asymptomatic
(16⋅7 versus 22⋅0 per cent; RR 0⋅76, 0⋅61 to 0⋅93). Women more often had right-sided tumours (32⋅0
versus 21⋅3 per cent; RR 1⋅51, 1⋅26 to 1⋅80). Among men with left-sided tumours, those in the screening
arm had lower N (RR 1⋅23, 1⋅02 to 1⋅48) and M (RR 1⋅57, 1⋅14 to 2⋅17) categories, as well as a higher
overall survival rate than those in the control arm. Furthermore among men with left-sided tumours,
non-radical resections (26⋅2 versus 15⋅7 per cent; RR 1⋅67, 1⋅22 to 2⋅30) and postoperative chemotherapy
sessions (61⋅6 versus 48⋅2 per cent; RR 1⋅28, 1⋅10 to 1⋅48) were more frequent in the control arm. Similar
benefits of screening were not detected in men with right-sided tumours or in women.
Conclusion: Biennial FOBT screening seems to be effective in terms of improving several different
outcomes in men, but not in women. Differences in incidence, symptoms and tumour location may explain
the differences in screening efficacy between sexes.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
in the world, with 1⋅4 million new cases diagnosed annually
and 0⋅7 million deaths attributed to the disease1. Key
factors that improve the prognosis are early diagnosis and
complete radical tumour resection. However, CRC is often
asymptomatic in its early stages, and is not diagnosed until
symptoms manifest at a later stage2. Several screening
methods have been implemented to detect CRC at early
stages. These include faecal occult blood testing (FOBT),
endoscopy (flexible sigmoidoscopy or colonoscopy), CT
colonography, and combinations thereof3.

Three population-based prospective randomized con-
trolled studies4–6 and one volunteer-based trial7 found

that colorectal tumours can be detected at an earlier stage
and mortality from CRC reduced with biennial FOBT
screening. Biennial FOBT screening reduces CRC mor-
tality by 18 per cent on average8. Sigmoidoscopy as a
screening method has been found to be more effective than
FOBT in reducing CRC mortality9, but carries a small
but significant risk (0⋅08 per cent) of major complications
owing to its invasiveness10. Data regarding colonoscopy as
a population-based screening method are still lacking, and
results of ongoing trials are pending.

In Finland, a prospective randomized population-based
health services programme on CRC screening was
implemented in 200411, with the primary aim of deter-
mining whether CRC screening by biennial FOBT in
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a population-based programme reduces CRC-specific
mortality. The target population was 60–69-year-old men
and women, and the study expanded gradually as more
regions implemented the programme. By the end of 2011,
it covered 41⋅8 per cent of men and 40⋅6 per cent of women
among all 60–69-year-old individuals living in Finland.
The target age limits were chosen based on an earlier
study11 showing that the incidence of CRC and mortality
from the disease increase notably in Finland after the age
of 60 years. Over 80 per cent of new cases were diagnosed
and more than 85 per cent of CRC deaths occurred in
people aged over 60 years11.

The design of the randomized public health programme
and initial mortality results were published recently12.
In contrast with randomized screening trials4,5,7, no sig-
nificant difference in CRC-specific mortality between
the screening and control arms was found12. However,
CRC mortality was reduced in men in the screening arm
compared with controls, and was increased in women,
although the difference between the sexes was not sta-
tistically significant12. Interestingly, other trials13,14 have
reported a greater reduction in CRC mortality in men
undergoing biennial FOBT compared with women,
whereas another15 reported no sex-based difference. It
remains unclear why men appear to benefit more than
women from CRC screening.

The effects of FOBT CRC screening on many important
but non-vital outcomes remain largely unexplored. These
include radical surgery, emergency surgery, and the need
for chemotherapy and a stoma, which are of paramount
interest to healthcare providers and patients alike. The
main aims of the present study were to explore reasons for
the potential sex difference in FOBT screening effective-
ness and to evaluate the effects of screening on non-vital
outcomes.

Methods

This study was approved by the Ministry of Social Affairs
and Health in 2004 (STM/42/07/2004) on the implemen-
tation of CRC screening in Finland, and the approval was
updated in 2010 by the official authority, the National Insti-
tute of Health and Welfare (THL/619/5.05.00/2010).

The design and details of the randomized public health
programme have been reported previously11. Briefly, the
screening population consisted of 60–69-year-old individ-
uals living in municipalities participating in the organized
CRC screening programme. Data from individuals invited
to participate were retrieved from the Central Popula-
tion Registry, and the population was randomized 1 : 1 into
the screening or control arm stratified by birth year, sex
and residence. The randomized programme commenced in

Population sampling n= 321 311

Randomized n= 321 311

Allocated to screening n= 160 762

Received allocated treatment n= 160 762

Allocated to control n= 160 549

Received allocated treatment n= 160 549

Analysed n= 160 719

Excluded n= 43

 Died before randomization (death

 registered after randomization) n= 43

Analysed n= 160 508

Excluded n= 41

 Died before randomization (death

 registered after randomization) n= 41

Diagnosed with colorectal cancer n= 743 Diagnosed with colorectal cancer n= 617
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Fig. 1 Flow chart of the original study protocol

© 2018 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2019; 106: 436–447
on behalf of BJS Society Ltd.



438 L. Koskenvuo, N. Malila, J. Pitkäniemi, J. Miettinen, S. Heikkinen and V. Sallinen

6·3% 2·4%

2·7%

21·2%

7·8%

n.a. 0·8%

2·4%

29·0%

12·2%

10·6%

Control

33·7%

65·5%

4·7%

4·4% 3·3%

3·3%

22·4%

7·7%

n.a. 0·3%

1·1%

40·9%

7·5%

7·2%

1·61 (1·24, 2·11)

RR (women versus men)

21·0%

78·7%

1·9%

3·7% 3·0%

3·7%

23·3%

6·3%

n.a. 0·0%

1·0%

1·11 (0·87, 1·42)RR (control versus screening)

32·2%

10·3%

13·0%

Screening

30·6%

69·4%

3·7%

3·2% 3·2%

2·7%

26·5%

7·9%

n.a. 0·5%

1·1%

0·98 (0·74, 1·27)

Women Men

36·7%

10·6%

6·6%

1·42 (1·11, 1·81)

21·5%

78·5%

1·1%

Fig. 2 Distribution of colorectal cancer in women and in men in the screening and control arms. Percentages in the large bowel refer to
the following areas: appendix, caecum, ascending colon, right transverse colon, left transverse colon, descending colon, sigmoid colon,
rectosigmoid junction, rectum and anus. Percentages in the middle show proportions of right- and left-sided tumours. n.a., Not
available. Risk ratios (RRs), shown with 95 per cent confidence intervals, relate to the proportion of right-sided cancers

September 2004. Screening was performed with a biennial
guaiac FOBT (Hemoccult®; Beckman Coulter, Krefeld,
Germany), which was sent by mail to the screening group.
If there was any blood in the stool, the person was referred
for a full colonoscopy. The screening letter also contained
advice to seek medical attention if any symptoms were
present. All individuals in the screening group were re-
invited every second year until they reached 69 years of age.
The control population was not contacted at all.

The present study included patients diagnosed with
CRC between the time of randomization and the end of
2011 in both the screening and control groups. Patients
diagnosed with CRC from both study arms were identified
from the Finnish Cancer Registry. The registry collects
population-based data on patients with cancer in Finland
with high coverage (97⋅4 per cent) for CRCs16. Patients

randomized to the screening arm were included in this
group for the analyses regardless of active participation,
because all individuals in the screening arm were sent
the letter and FOBT test. Patients were also included in
their study arms regardless of whether the tumour was
found by screening or in spite of it (symptomatic patient
undergoing colonoscopy even though the FOBT was
negative).

Hospitals treating the patients with CRC were identified,
and copies of patients’ medical records were requested.
The following data were extracted manually: clinical and
pathological UICC TNM stage (7th edition)17; symptoms;
extent of surgery; need for emergency surgery, stoma,
or chemotherapy; and histopathological diagnoses. Rad-
ical surgery was defined as complete tumour removal
with tumour-free margins of more than 1 mm after the
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Table 1 Colorectal cancer diagnoses in 2004–2011 in the randomized population of the Finnish colorectal cancer screening
programme: overall sex and study arm differences, and sex differences by study arm in incidence, tumour characteristics, prevalence,
age at diagnosis and symptoms

Screening Control Overall adjusted analyses‡

Men Women

RR (women

versus

men)† Men Women

RR (women

versus

men)†

RR (control

versus

screening)†¶

RR (women

versus

men)†#

P (women

versus

men)#

No. randomized 79 871 80 891 79 882 80 667

Patients with colorectal
cancer*

442 (0⋅55) 301 (0⋅37) 0⋅67
(0⋅58, 0⋅78)

362 (0⋅45) 255 (0⋅32) 0⋅96
(0⋅72, 1⋅28)

0⋅69
(0⋅62, 0⋅77)

0⋅82
(0⋅74, 0⋅91)

–

Right-sided tumour 95 (21⋅5) 92 (30⋅6) 1⋅42
(1⋅11, 1⋅81)

76 (21⋅0) 86 (33⋅7) 1⋅61
(1⋅24, 2⋅11)

1⋅05
(0⋅88, 1⋅25)

1⋅51
(1⋅26, 1⋅80)

<0⋅001**

Missing 2 0 1 2

Median age at diagnosis
(years)§

63⋅7 63⋅8 – 64⋅1 63⋅8 –0⋅03
(−0⋅50, 0⋅44)§

–0⋅34
(−0⋅80, 0⋅12)§

0⋅151

Cancer histology

Adenocarcinoma 387 (89⋅8) 247 (84⋅3) 0⋅94
(0⋅89, 0⋅99)

314 (89⋅0) 209 (83⋅3) 0⋅94
(0⋅87, 1⋅00)

0⋅99
(0⋅95, 1⋅03)

0⋅94
(0⋅90, 0⋅98)

0⋅004**

Mucinous adenoma 26 (6⋅0) 35 (11⋅9) 1⋅98
(1⋅22, 3⋅25)

25 (7⋅1) 25 (10⋅0) 1⋅41
(0⋅82, 2⋅40)

0⋅97
(0⋅68, 1⋅39)

1⋅70
(1⋅19, 2⋅43)

0⋅004**

Neuroendocrine 10 (2⋅3) 3 (1⋅0) 0⋅44
(0⋅10, 1⋅43)

5 (1⋅4) 8 (3⋅2) 2⋅25
(0⋅76, 7⋅37)

1⋅20
(0⋅55, 2⋅59)

1⋅06
(0⋅48, 2⋅27)

0⋅889

Squamous 5 (1⋅2) 4 (1⋅4) 1⋅18
(0⋅29, 4⋅41)

4 (1⋅1) 5 (2⋅0) 1⋅76
(0⋅47, 7⋅04)

1⋅19
(0⋅47, 3⋅04)

1⋅44
(0⋅57, 3⋅66)

0⋅437

Other 3 (0⋅7) 4 (1⋅4) 1⋅96
(0⋅44, 9⋅90)

5 (1⋅4) 4 (1⋅6) 1⋅13
(0⋅28, 4⋅21)

1⋅53
(0⋅57, 4⋅27)

1⋅43
(0⋅53, 3⋅87)

0⋅469

Missing 11 8 9 4

Symptoms

Intestinal bleeding 106 (24⋅3) 84 (28⋅0) 1⋅15
(0⋅90, 1⋅47)

156 (43⋅3) 90 (36⋅0) 0⋅83
(0⋅67, 1⋅01)

1⋅57
(1⋅34, 1⋅83)

0⋅94
(0⋅81, 1⋅10)

0⋅467

Change in bowel habit 104 (23⋅9) 68 (22⋅7) 0⋅95
(0⋅72, 1⋅24)

132 (36⋅7) 95 (38⋅0) 1⋅04
(0⋅84, 1⋅27)

1⋅59
(1⋅35, 1⋅88)

1⋅00
(0⋅85, 1⋅18)

0⋅974

Total occlusion 6 (1⋅4) 8 (2⋅7) 1⋅94
(0⋅68, 5⋅83)

11 (3⋅1) 4 (1⋅6) 0⋅52
(0⋅15, 1⋅51)

1⋅29
(0⋅63, 2⋅69)

1⋅02
(0⋅48, 2⋅10)

0⋅959

Anaemia 61 (14) 36 (12⋅0) 0⋅86
(0⋅58, 1⋅25)

73 (20⋅3) 54 (21⋅6) 1⋅07
(0⋅78, 1⋅45)

1⋅58
(1⋅24, 2⋅02)

0⋅98
(0⋅76, 1⋅24)

0⋅842

Abdominal pain 60 (13⋅8) 68 (22⋅7) 1⋅65
(1⋅20, 2⋅26)

91 (25⋅3) 76 (30⋅4) 1⋅20
(0⋅93, 1⋅56)

1⋅56
(1⋅28, 1⋅92)

1⋅36
(1⋅12, 1⋅67)

0⋅002**

Other 65 (14⋅9) 44 (14⋅7) 0⋅98
(0⋅69, 1⋅40)

75 (20⋅8) 50 (20⋅0) 0⋅96
(0⋅69, 1⋅32)

1⋅38
(1⋅10, 1⋅75)

0⋅97
(0⋅76, 1⋅23)

0⋅805

No symptoms 163 (37⋅4) 84 (28⋅0) 0⋅75
(0⋅60, 0⋅93)

12 (3⋅3) 8 (3⋅2) 0⋅96
(0⋅38, 2⋅29)

0⋅10
(0⋅06, 0⋅15)

0⋅76
(0⋅61, 0⋅93)

0⋅011**

Missing 6 1 2 5

Values in parentheses are percentage of people with colorectal cancer, except *percentage of people randomized and †95 per cent confidence intervals.
RR, risk ratio. ‡Binomial regression with log-link function, except §difference in medians analysed by quantile regression; adjusted for ¶sex and #study
arm. **Significant at 5 per cent false discovery rate based on Benjamini–Hochberg criterion.

primary surgery. Emergency surgery was defined as a colo-
rectal operation during an emergency admission. Stomas
included both loop and end stomas as well as permanent
or temporary stomas. Chemotherapy included both adju-
vant therapy administered after curative surgery and ther-
apy administered for metastatic CRC. Dates of death were
collected from the Central Population Registry until the
end of 2015. This observational analysis was planned after
the original trial had been completed.

Statistical analysis

Sex differences in incidence, histology, treatments, symp-
toms and laterality were estimated by risk ratios (RRs) using
log-link binomial regression, and in median age at diag-
nosis using quantile regression. These sex differences were
adjusted for study arm. Study arm differences in non-vital
outcomes were also estimated using RRs for all patients,
by sex, and by both sex and tumour laterality (right-sided
versus left-sided). Overall study arm differences in non-vital
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Table 2 Differences between randomization arms in T, N, and M categories by both laterality and sex, by laterality and overall

Right Left

Men Women Men Women

Screening

(n=95)

Control

(n=76)

Screening

(n=92)

Control

(n=86)

Screening

(n=345)

Control

(n=285)

Screening

(n=209)

Control

(n=167)

T category

T≤2 22 (26) 9 (13) 20 (23) 10 (14) 140 (43⋅1) 73 (27⋅2) 71 (39⋅4) 36 (23⋅5)

T>2 63 (74) 59 (87) 66 (77) 61 (86) 185 (56⋅9) 195 (72⋅8) 109 (60⋅6) 117 (76⋅5)

Missing 10 8 6 15 20 17 29 14

RR (control versus screening)*

Sex and laterality stratum† 1⋅17
(1⋅00, 1⋅38)

1⋅11
(0⋅95, 1⋅30)

1⋅28
(1⋅13, 1⋅44)

1⋅33
(1⋅15, 1⋅56)

Laterality stratum‡ 1⋅14
(1⋅02, 1⋅28)

1⋅30
(1⋅18, 1⋅43)

Overall§ 1⋅23
(1⋅15, 1⋅33)

N category

N0 48 (59) 38 (58) 43 (52) 32 (46) 194 (61⋅0) 138 (52⋅1) 94 (54⋅0) 82 (55⋅4)

N≥ 1 33 (41) 28 (42) 39 (48) 37 (54) 124 (39⋅0) 127 (47⋅9) 80 (46⋅0) 66 (44⋅6)

Missing 14 10 10 17 27 20 35 19

RR (control versus screening)*

Sex and laterality stratum† 1⋅04
(0⋅70, 1⋅53)

1⋅11
(0⋅80, 1⋅53)

1⋅23
(1⋅02, 1⋅48)

1⋅05
(0⋅82, 1⋅35)

Laterality stratum‡ 1⋅08
(0⋅84, 1⋅38)

1⋅16
(1⋅00, 1⋅35)

Overall§ 1⋅14
(1⋅00, 1⋅29)

M category

M0 70 (76) 57 (75) 64 (70) 60 (71) 289 (84⋅5) 215 (75⋅7) 173 (82⋅8) 123 (74⋅5)

M1 22 (24) 19 (25) 28 (30) 25 (29) 53 (15⋅5) 69 (24⋅3) 36 (17⋅2) 42 (25⋅5)

Missing 3 0 0 1 3 1 0 2

RR (control versus screening)*

Sex and laterality stratum† 1⋅05
(0⋅61, 1⋅78)

0⋅97
(0⋅61, 1⋅52)

1⋅57
(1⋅14, 2⋅17)

1⋅48
(1⋅00, 2⋅21)

Laterality stratum‡ 1⋅00
(0⋅70, 1⋅41)

1⋅53
(1⋅19, 1⋅97)

Overall§ 1⋅33
(1⋅08, 1⋅62)

Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. †Risk ratio (RR) estimated
separately by sex and laterality for each stage category. ‡RR adjusted for sex and estimated separately by laterality for each stage category. §RR adjusted
for sex and laterality, and estimated separately for each stage category response. A RR above 1 indicates a greater prevalence of the higher T, N or M
category in control versus screening group.

outcomes were estimated with adjustment for T category
(T0–2 or T3–4).

Differences between the sexes in variables described
above were also estimated separately by study arm. Preva-
lence differences between study arms were estimated with
regard to histology, symptoms, laterality and TNM cate-
gories. TNM category analysis was also stratified by sex,
and both sex and laterality. These estimates were adjusted
for sex, laterality, or both where they were not stratified
by these variables. Simple proportions of tumour loca-
tions were computed by sex and study arm. Stratifying by
both sex and laterality, survival was estimated for the study

arms using the Kaplan–Meier method, and differences in
patient survival between the study arms were estimated by
means of hazard ratios (HRs) derived using Cox regression.
Follow-up commenced at the time of diagnosis of CRC and
ended upon death, emigration or on 31 December 2015,
whichever was earliest.

Confidence intervals were estimated for all RRs and
HRs at the 95 per cent confidence level. No estimate was
adjusted for age because age adjustment had no effect.
P values were estimated using two-sided tests for the
main results, unstratified sex differences and all study arm
differences in non-vital outcomes. In addition, multiple
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141 of 733

80 of 433

61 of 300

26 of 93

53 of 338

23 of 92

38 of 208

162 of 605 1·39 (1·14, 1·70)

Risk ratioControl

Non-radical surgery

All

Sex

Men

Women

Men

Right-sided tumours

Left-sided tumours

Women

Right-sided tumours

Left-sided tumours

a  Non-radical surgery

b  Emergency surgery

c  Chemotherapy

Screening Risk ratio P

1·50 (1·16, 1·95)

1·25 (0·92, 1·71)

1·19 (0·75, 1·89)

1·67 (1·22, 2·30)

1·12 (0·68, 1·84)

1·31 (0·88, 1·95)

0·001*

0·002*

0·150

0·451

0·002*

0·660

0·183

98 of 354

64 of 251

25 of 75

73 of 279

24 of 86

0·6 0·8

Control better Screening better

1·4 1·6 1·8 2·0 2·2 2·41·0 1·2

39 of 163

65 of 698

34 of 407

31 of 291

13 of 85

21 of 320

13 of 91

18 of 200

80 of 568 1·51 (1·11, 2·06)

Risk ratioControl

Emergency surgery

All

Sex

Men

Women

Men

Right-sided tumours

Left-sided tumours

Women

Right-sided tumours

Left-sided tumours

Screening Risk ratio P

1·80 (1·20, 2·73)

1·20 (0·74, 1·93)

2·15 (1·20, 4·07)

1·56 (0·91, 2·73)

1·12 (0·55, 2·31)

1·23 (0·65, 2·33)

0·008*

0·005*

0·452

0·013*

0·108

0·747

0·511

50 of 333

30 of 235

23 of 70

27 of 263

13 of 81

0·6 0·8

Control better Screening better

1·4 1·6 1·8 2·0 2·2 2·41·0 1·2

17 of 153

357 of 685

200 of 402

157 of 283

48 of 89

150 of 311

58 of 87

99 of 196

364 of 580 1·20 (1·09, 1·32)

Risk ratioControl

Chemotherapy

All

Sex

Men

Women

Men

Right-sided tumours

Left-sided tumours

Women

Right-sided tumours

Left-sided tumours

Screening Risk ratio P

1·25 (1·10, 1·43)

1·14 (0·99, 1·32)

1·21 (0·94, 1·57)

1·28 (1·10, 1·48)

1·03 (0·83, 1·27)

1·21 (1·01, 1·46)

< 0·001*

< 0·001*

0·068

0·143

0·001*

0·816

0·042

212 of 340

152 of 240

47 of 72

165 of 268

54 of 79

0·8 0·9

Control better Screening better

1·2 1·3 1·4 1·5 1·61·0 1·1

98 of 160

Fig. 3 Effect of faecal occult blood test screening on non-vital outcomes, overall, by sex, and by both sex and laterality: a non-radical
surgery, b emergency surgery, c chemotherapy and d stoma. Risk ratios are shown with 95 per cent confidence intervals for the control
versus screening arms (log-link binominal regression); *significant at 5 per cent false discovery rate based on Benjamini–Hochberg
criterion
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d  Stoma

190 of 697

120 of 411

70 of 286

2 of 82

118 of 327

3 of 87

67 of 199

189 of 576 1·21 (1·02, 1·43)

Risk ratioControl

Stoma

All

Sex

Men

Women

Men

Right-sided tumours

Left-sided tumours

Women

Right-sided tumours

Left-sided tumours

Screening Risk ratio P

1·26 (1·03, 1·55)

1·11 (0·83, 1·48)

1·21 (0·15, 9·84)

1·26 (1·04, 1·53)

0·76 (0·10, 4·49)

1·17 (0·88, 1·54)

0·028

0·028

0·491

0·849

0·021

0·764

0·275

125 of 340

64 of 236

2 of 68

123 of 271

2 of 76

0·6 0·8

Control better Screening better

1·4 1·6 1·8 2·0 2·2 2·41·0 1·2

62 of 158

Fig. 3 Continued

comparisons were taken into account by considering
significant only the results that were accepted at a 5 per
cent false detection rate based on the Benjamini–Hochberg
criterion (BH+). All statistical analyses were performed
using SPSS® version 24 (IBM, Armonk, New York, USA)
or R version 3.4.0 (packages Epi 2.16, quantreg 5.3 and
survival 2.41.3; https://www.r-project.org/).

Results

Between 2004 and 2011, 321 311 people were random-
ized into the screening or control arm. Owing to a delay
between population sampling from the Central Population
Registry and randomization, patients who had died before
the randomization date (43 in the screening arm and 41
in the control arm) were excluded from the analyses. Thus,
there were 160 719 and 160 508 individuals in the screening
and control arms respectively (Fig. 1). The screening par-
ticipation rate (individuals who returned the FOBT) was
69⋅2 per cent (men, 61⋅9 per cent; women, 76⋅3 per cent),
and the proportion of positive FOBT results was 2⋅7 per
cent in women and 4⋅7 per cent in men. The compliance
rate for further colonoscopy was 84⋅6 per cent (proportion
of people with a positive FOBT who actually underwent
colonoscopy).

A total of 743 and 617 CRCs were detected in the screen-
ing and control arms respectively between 2004 and the end
of 2011. Women were less often diagnosed with CRC than
men: prevalence 0⋅37 versus 0⋅55 per cent respectively in the
screening arm and 0⋅32 versus 0⋅45 per cent in the control
arm (RR 0⋅82, 95 per cent c.i. 0⋅74 to 0⋅91; BH+). Women
had more mucinous subtype adenocarcinomas than men:
60 (11⋅0 per cent) versus 51 (6⋅5 per cent) (RR 1⋅70, 1⋅19
to 2⋅43; BH+). Tumours were more often located on the

right side in women than in men (RR 1⋅51, 1⋅26 to 1⋅80;
BH+). The proportion of right- and left-sided tumours did
not differ between the study arms (RR 1⋅05, 0⋅88 to 1⋅25)
(Fig. 2 and Table 1).

Symptoms

Almost none of the patients in the control arm were asymp-
tomatic. There were 247 asymptomatic patients (33⋅6 per
cent) in the screening arm and only 20 (3⋅3 per cent) in
the control arm (RR 0⋅10, 95 per cent c.i. 0⋅06 to 0⋅15)
(Table 1). Women were less often asymptomatic than men
(RR 0⋅76, 0⋅61 to 0⋅93; BH+) but, of individual symptoms,
only the prevalence of abdominal pain was significantly dif-
ferent between the sexes (RR 1⋅36, 1⋅12 to 1⋅67; BH+). The
most common symptom in both study arms was intestinal
bleeding (32⋅4 per cent) followed by a change in bowel
habit (29⋅6 per cent), abdominal pain (21⋅9 per cent) and
anaemia (16⋅6 per cent).

TNM stage

Cancers from the screening arm had a lower T category
(RR 1⋅25, 95 per cent c.i. 1⋅16 to 1⋅35), N category (RR
1⋅14, 1⋅00 to 1⋅29) and M category (RR 1⋅33, 1⋅08 to 1⋅62)
than those from the control arm (Table 2). In subgroup
analyses, left-sided tumours in the screening arm had a
lower T category (RR 1⋅30, 1⋅18 to 1⋅43), N category (RR
1⋅16, 1⋅00 to 1⋅35) and M category (RR 1⋅53, 1⋅19 to 1⋅97)
than those in the control arm, whereas right-sided tumours
had only a lower T category (RR 1⋅14, 1⋅02 to 1⋅28), but
not N or M category in the screening arm. In women, the
only differences between study arms were in the T and
M categories of left-sided tumours. However, men with
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left-sided tumours had higher T, N and M categories in the
control arm, whereas men with right-sided tumours had
only a higher T category in control arm.

Non-vital outcomes

Patients with CRC in the control arm experienced signifi-
cantly more non-radical surgery (26⋅8 versus 19⋅2 per cent;
RR 1⋅39, 95 per cent c.i. 1⋅14 to 1⋅70; BH+), emergency
surgery (14⋅1 versus 9⋅3 per cent; RR 1⋅51, 1⋅11 to 2⋅06;
BH+) and administration of postoperative chemotherapy
(62⋅8 versus 52⋅1 per cent; RR 1⋅20, 1⋅09 to 1⋅32; BH+)
than those in the screening arm (Fig. 3). Controls also had
more stomas, but this was not significant according to the
Benjamini–Hochberg criterion (32⋅8 versus 27⋅3 per cent;
RR 1⋅21, 1⋅02 to 1⋅43). After adjustment for T category
(T0–2 versus T3–4), no significant differences were found
in the rates of non-radical surgery (RR 1⋅13, 0⋅91 to 1⋅41),
emergency surgery (RR 1⋅17, 0⋅85 to 1⋅61), postoperative
chemotherapy (RR 0⋅99, 0⋅92 to 1⋅08) or stomas (RR 1⋅17,
0⋅98 to 1⋅39). In separate analyses of men and women, a
statistically significant improvement in these non-vital out-
comes was observed only in men.

Further subgroup analyses of left- and right-sided
tumours indicated that the findings were restricted mainly
to left-sided cancers. An exception was observed in men
with right-sided tumours, who had emergency surgery sig-
nificantly more often in the control arm compared with the
screening arm (33 versus 15 per cent; RR 2⋅15, 1⋅20 to 4⋅07;
BH+). Significantly more men with left-sided tumours in
the control group than the screening group underwent
non-radical surgery (26⋅2 versus 15⋅7 per cent; RR 1⋅67,
1⋅22 to 2⋅30; BH+) and postoperative chemotherapy (61⋅6
versus 48⋅2 per cent; RR 1⋅28, 1⋅10 to 1⋅48; BH+), and the
stoma rate was increased but not significantly according to
the Benjamini–Hochberg criterion (45⋅4 versus 36⋅1 per
cent; RR 1⋅26, 1⋅04 to 1⋅53).

Survival

Survival was worse in controls than in the screening arm
in men with CRC (hazard ratio (HR) 1⋅31, 95 per cent c.i.
1⋅05 to 1⋅64), but not in women (HR 1⋅07, 0⋅80 to 1⋅45).
Among men, the 5-year overall survival (OS) rates were
68⋅8 versus 61⋅5 per cent in the screening versus control
arms respectively, compared with 70⋅7 versus 71⋅5 per cent
in women. Among men with left-sided tumours, survival
was better in the screening arm than the control arm
(HR 1⋅37, 1⋅06 to 1⋅77), but not in men with right-sided
tumours (HR 1⋅19, 0⋅75 to 1⋅89) (Fig. 4a,b). Five-year OS
rates in men with left-sided tumours were 70⋅0 per cent in

the screening arm versus 62⋅1 per cent in the control arm;
respective rates in men with right-sided tumours were
65 versus 59 per cent. In women, survival was similar in
the screening and control arms regardless of whether the
tumour was located on the right side (5-year OS rate 66
versus 67 per cent respectively; HR 1⋅19, 0⋅73 to 1⋅92) or
left side (72⋅8 versus 74⋅9 per cent; HR 0⋅96, 0⋅65 to 1⋅41)
(Fig. 4c,d). Interestingly, the 5-year OS rate in women both
in the screening and control arms was similar to that of
men in the screening arm (70⋅7, 71⋅5 and 68⋅8 per cent
respectively).

Discussion

These data on biennial FOBT screening are based on the
largest population-based randomized health services study,
covering over 40 per cent of 60–69-year-old people living
in Finland. The analysis revealed several important find-
ings. There were substantial sex differences in laterality,
histology and symptoms. Improvements in non-vital out-
comes were observed in the screening group, but primarily
in men with left-sided CRC. Additional analyses showed
that men with left-sided tumours gained benefits from the
screening in terms of lower TNM stage and better survival.

There are several possible explanations for the observed
discrepancy according to sex. Colorectal tumours in
women were more often located on the right side of
the colon, as has been reported previously18–20. Longer
passage of faecal blood may lower the sensitivity of the
test and produce a false-negative result; this is supported
by the fact that, although screening uptake was higher
in women (76⋅3 versus 61⋅9 per cent), positive results
were less frequent than in men (2⋅7 versus 4⋅7 per cent).
The finding that FOBT screening seemed ineffective in
women could be related to the fact that women had more
right-sided tumours and that screening with FOBT can be
ineffective in detecting early right-sided colonic cancers in
either sex. In addition, more women in the screening arm
were symptomatic (abdominal pain), indicating that they
might be more sensitive to the symptoms of CRC. Men
who may not experience symptoms or who ignore them
might benefit more from screening. It is interesting to
note that even the higher participation rates in women did
not translate into beneficial outcomes, further supporting
the notion that FOBT screening is ineffective in women. It
was also found that screening benefits men with left-sided
CRC across all TNM categories, but among women with
left-sided tumours only the T and M categories were lower
in the screening group versus controls. This could indi-
cate a difference in the biology of tumour dissemination
between men and women. The improvements in survival
and non-vital outcomes in men with left-sided tumours are
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most likely due to lower TNM stage in this subgroup. This
is supported by the finding that the observed differences
disappeared when outcomes were adjusted for T category.
Fewer CRCs were detected in women in both study arms,
which may be attributed to the fact that the incidence
increases with age21 and this increase has been reported
to occur later in women22. Although the set age range
for screening (60–69 years) appears to be sufficient for
substantial improvements for men, women might benefit
from screening at an older age.

The strength of this study is its findings regarding param-
eters that were not investigated in earlier FOBT screening
trials4–7. In addition to survival benefits, it is important to
know the influence of screening on other important mea-
sures, such as stomas, which are associated with reduced
quality of life23 and commonly cause complications (21–70
per cent)24. These were reduced in the screening arm in
men, although the reduction was not statistically signif-
icant according to the Benjamini–Hochberg criterion.
From the point of view of healthcare expenditure, it is also
crucial to determine the proportion of emergency surgery
and the need for postoperative chemotherapy, as both
increase costs and potentially influence patients’ quality
of life. Non-radical and emergency surgery was rarer in
the screening arm than in the control arm among men.
Another retrospective study25 comparing two cohorts
from different eras found a similar reduction in emergency
surgery in patients undergoing CRC screening. In addition
to increased costs, emergency resections have a negative
impact on survival compared with elective resections26,27.

The largest randomized FOBT trials were half the size
of the present randomized health services study on CRC
screening (Nottingham trial, 152 850 individuals; Göte-
borg trial, 68 308; Funen trial, 61 933; Minnesota trial,
46 551)4–7. A meta-analysis8 that included the latest data
from these trials estimated the reduction in CRC-specific
mortality to be 18 per cent, but no reduction in overall mor-
tality was found in an intention-to-treat analysis. The Not-
tingham trial15 reported CRC mortality ratios for men and
women separately and, in contrast to the present authors’
previous finding12, there was no difference between men
and women (RR for screening versus control arm 0⋅90 in
women and 0⋅91 in men). However, the Minnesota trial13

reported that the reduction in CRC mortality was larger
for men than for women.

Tumour location appeared to be the most likely expla-
nation for the sex disparity observed in the present study.
Only men with left-sided tumours had improved survival
and lower TNM categories in the screening arm compared
with the control arm. The Nottingham trial15 reported
similar RRs for screened versus control populations for

CRC mortality in the proximal (to the sigmoid colon)
and distal colorectum (RR 0⋅93 and 0⋅89 respectively),
but both sexes were analysed together. The Funen trial28

revealed that FOBT screening tended to reduce mortality
rates among patients with proximal compared with distal
tumours, but the difference was not significant (P = 0⋅13).
Although most CRCs are left-sided, the present results
suggest that FOBT is ineffective for screening right-sided
tumours.

In addition to the guaiac FOBT used here and in other
trials, the faecal immunochemical test (FIT) has also been
used for CRC screening. FIT has a high specificity, but ran-
domized screening trials of its effectiveness are lacking29.
Therefore, it is not yet possible to compare fully the effec-
tiveness of FOBT and FIT as a screening method. Flexible
sigmoidoscopy has been shown to reduce CRC mortal-
ity by 21 per cent, on average, in randomized screening
trials9. Colonoscopy is recommended if polyps are discov-
ered during sigmoidoscopy in such trials. Thus, patients
with positive sigmoidoscopy findings will require a sec-
ond bowel preparation and two appointments, compared
with one for patients with a positive FOBT. In theory, the
screening method that should improve the outcomes of
patients with right-sided CRC is colonoscopy; however,
this procedure is invasive, more expensive, requires more
healthcare resources and might attract fewer participants
than FOBT. CT colonography might be more favourable
in this regard, but has other specific disadvantages (such as
radiation exposure), and its efficacy as a screening method
has not yet been investigated30. Although randomized tri-
als of colonoscopy for screening are ongoing, no results
have been published to date. As the results of the Finnish
randomized programme using FOBT as the primary test
did not find a difference between arms in CRC-specific or
overall mortality12, CRC screening was stopped in Finland
in 2014. Currently, implementation of more individualized
screening programmes is under consideration.

This study has several limitations. Some of the
screen-detected cancers may have been overdiagnosed,
although it is likely that the proportion of overdiagnoses
is low. In the Minnesota trial31, only 6–9 per cent of
screen-detected cases were estimated to be overdiagnoses.
In the Nottingham trial32, little evidence was found in
support of an overdiagnosis bias. The present data suggest
that roughly 30 per cent of cancers were screen-detected
in the screening arm (difference between proportions of
asymptomatic cases in the study arms, 33⋅6 – 3⋅3= 30⋅3
per cent). Even if 10 per cent of screen-detected cases were
overdiagnosed, this would still represent only 3 per cent
of all cases in the screening arm. Therefore, any bias from
overdiagnosis is likely to be small. Furthermore, estimates
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for sex differences were adjusted for study arm, which
further reduces such bias.

Survival analyses are also affected by lead time bias, the
magnitude of which remains unclear. However, as survival
did not improve significantly in women, even with bias
owing to overdiagnosis and lead time, it is even clearer
that FOBT screening is not beneficial in women. Further-
more, the present study was a retrospective cross-sectional
analysis of patients diagnosed with CRC within the popu-
lation based on a randomized health services study, where
the diagnostic and treatment strategies in different hospi-
tals were not standardized. On the other hand, the study
design was pragmatic, and is thus more likely to represent
real-life clinical care scenarios.

Even though over 320 000 people were randomized and
more than 1300 patients with CRC were analysed, sub-
group analyses might have suffered from lack of statis-
tical power. Many of the effects in women were in the
same direction as those in men, but remained statistically
non-significant. Should there be any significant effect if
larger groups were analysed, the clinical relevance would
still be minor. This is also reflected in the survival curves,
which are identical in the screening and control arms in
women. Survival improvements occurring contemporane-
ously with adoption of the Finnish screening programme
in the municipality were observed in patients with CRC
not invited for screening33. Such an improvement in the
control population would be likely to also translate to
improvements in controls in non-vital outcomes and cancer
stage. Therefore, the control versus screening comparisons
reported here probably understate the effect of the screen-
ing programme on such outcomes.

This investigation of patients with CRC, based on a
large population-based randomized health services study,
found biennial guaiac FOBT screening to be associated
with lower proportions of non-radical surgery, emer-
gency surgery and postoperative chemotherapy, as well as
improved TNM categories and OS, in men. Improvements
were observed mainly in patients with left-sided tumours.
FOBT screening did not appear to be associated with
lower TNM categories or survival among 60–69-year-old
women with CRC. Therefore, screening by different
methods or at different intervals or ages should be con-
sidered among women. The sex discrepancy in outcomes
may be due to factors related to the incidence, symptoms
and location of colorectal tumours.
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