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Effect of once-only flexible sigmoidoscopy
screening on the outcomes of subsequent
faecal occult blood test screening

Jeremy P Brown1 , Kate Wooldrage1, Ines Kralj-Hans1,
Suzanne Wright2, Amanda J Cross1 and Wendy S Atkin1

Abstract

Objective: To investigate the outcomes of biennial guaiac faecal occult blood test (gFOBT) screening after once-only

flexible sigmoidoscopy (FS) screening.

Methods: Between 1994 and 1999, as part of the UK FS Screening Trial (UKFSST), adults aged 55–64 were randomly

allocated to an intervention group (offered FS screening) or a control group (not contacted). From 2006, a subset of

UKFSST participants (20,895/44,041 intervention group; 41,497/87,149 control group) were invited to biennial gFOBT

screening by the English Bowel Cancer Screening Programme. We analysed gFOBT uptake, test positivity, yield of

colorectal cancer (CRC), and positive predictive value (PPV) for CRC, advanced adenomas (AAs), and advanced colo-

rectal neoplasia (ACN: AA/CRC).

Results: Uptake of gFOBT at first invitation was 1.9% lower (65.7% vs. 67.6%, p< 0.01) among intervention versus

control group participants. Positivity was 0.4% lower (2.0% vs. 2.4%, p< 0.01) and CRC yield was 0.08% lower (0.19% vs.

0.27%, p¼ 0.14). PPVs were also lower in the intervention versus control group, at 10.3% vs. 12.3% (p¼ 0.44) for CRC,

22.7% vs. 31.4% (p< 0.01) for AA, and 33.0% vs. 43.7% (p< 0.01) for ACN. Among those who refused FS (n¼ 5532),

gFOBT uptake at first invitation was 47.7%, CRC yield was 0.25%, and PPV for ACN was 46.2%. Among FS attenders

(n¼ 15,363), uptake was 72.2%, CRC yield was 0.18%, and PPV for ACN was 27.9%.

Conclusions: Uptake, positivity and PPVof gFOBT screening were reduced following prior offer of FS screening. However,

a quarter of FS screened participants receiving a diagnostic examination after positive gFOBTwere diagnosed with ACN.
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Introduction

In England, a biennial guaiac faecal occult blood test

(gFOBT) screening programme, the Bowel Cancer

Screening Programme (BCSP), began in 2006.1 In addi-

tion, roll-out of a programme of once-only flexible sig-

moidoscopy (FS) screening at age 55 started in 2013.2

Screening for colorectal cancer (CRC), using either

FS or the gFOBT, has been demonstrated to reduce

CRC cause-specific mortality in randomized controlled

trials.3–7 Colonoscopy, FS, gFOBT, and faecal immu-

nochemical tests (FITs) have all been included in var-

ious screening programmes.8 Each screening modality

has a different profile in terms of cost, sensitivity, spe-

cificity, and burden on endoscopy services. FS is more

sensitive than gFOBT and FIT for distal advanced

colorectal neoplasia (ACN).9–15 It is the only screening

modality that has been shown to reduce CRC incidence

in multiple randomized controlled trials.16,17 However,

a single FS does not offer complete protection against
distal CRC. Furthermore, as the maximum reach of FS
is the splenic flexure, proximal colonic neoplasia is only

detected if the findings at FS warrant further investiga-
tion by colonoscopy. Achieving high uptake of either
FS or gFOBT screening is challenging.1,18 The effect of

adding once-only FS to biennial gFOBT screening in
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England has been modelled, with predictions that it
may prevent an additional 10,000 cases of CRC and
2000 deaths by 2030.2 The true impact is not known
and will depend on the uptake, positivity, and yield of
CRC from biennial gFOBT following FS, outcomes
which are uncertain.

We investigated the impact of prior FS on the out-
comes of biennial gFOBT screening using data from
participants of the UK Flexible Sigmoidoscopy
Screening Trial (UKFSST) who were invited to
gFOBT screening through the English BCSP. While
there have been a number of studies examining the per-
formance of FS relative to gFOBT, to our knowledge,
this is the only study to investigate the performance of
biennial gFOBT screening in patients previously ran-
domized to either screening FS or to no screening.

Methods

The UKFSST (ISRCTN28352761), a multi-centre ran-
domized controlled trial of once-only FS screening,3 has
been previously described in detail.3,17,19 Ethics approval
for the trial was obtained from local research ethics
committees. Men and women aged 55–64 were eligible
for the trial if they were registered to a participating GP
practice and did not meet any of the following exclu-
sions: inability to provide informed consent, severe or
terminal disease, history of CRC, adenomas or inflam-
matory bowel disease, life expectancy less than five
years, or sigmoidoscopy or colonoscopy within the pre-
vious three years. Individuals who met these eligibility
criteria were sent information about CRC and FS, and
were asked “If you were invited to have the bowel cancer
screening test [FS], would you take up the offer?”
Individuals who indicated that they would take up the
offer of screening were invited to participate in the trial,
and those who agreed to participate and provided writ-
ten informed consent were randomized in a ratio of 2:1
to either a control group (not contacted), or an inter-
vention group (offered FS). During FS, small polyps
were removed by polypectomy. Participants were
referred for colonoscopy if polyps met any of the fol-
lowing criteria: diameter 1 cm or larger, three or more
adenomas, 20 or more hyperplastic polyps above the
distal rectum, tubulovillous or villous histology, severe
dysplasia, or malignancy.19

As part of the English BCSP, adults aged 60–74 (previ-
ously 60–69) registeredwith aGPpractice are invited every
two years to complete a gFOBT kit (Hema-ScreenVR ),
which includes six windows for two samples from three
separate stools. Participants with a positive gFOBT out-
come (i.e. definitive abnormal) are referred to a specialist
screening practitioner and offered colonoscopy or, in a
small proportion of individuals (typically <3%), another
diagnostic investigation, such as computed tomography

colonography. Individuals with three or more adenomas,
or one or more large adenomas (51 cm), enter colono-
scopic surveillance following polypectomy.20 Due to age
restrictions on gFOBT screening and an extended, rather
than immediate, roll-out of the screening programme, only
a subset of English UKFSST participants were invited to
gFOBT screening. Some individuals aged 75 or older
entered the BCSP, for example, as over-age self-referrals.
These individuals were excluded fromour analyses, as they
are not representative of typical invitees to the screen-
ing programme.

To obtain information on the outcomes of gFOBT
screening in included individuals, the UKFSST cohort
was matched with BCSP data covering the period 1
August 2006 to 3 March 2016. To ensure sufficient
follow-up of at least six months post-invitation, only
invitation rounds where the gFOBT invitation was sent
before 3 September 2015 were included in this analysis.

CRCs were identified either through BCSP data or
in cancer registry data within six months of a positive
gFOBT. Incorporating cancer registry data allowed
identification of CRCs in UKFSST participants who
did not attend diagnostic investigation following posi-
tive gFOBT, who had a diagnostic investigation per-
formed by a private healthcare provider, or where the
diagnostic investigation missed the cancer. Though reg-
istry data were available only up until 31 December
2014, rather than to 3 March 2016, we do not expect
that this will have affected the results considerably, as
in any given year only one or two CRCs not present in
the BCSP data were identified in the registries within
six months of a positive gFOBT. Dates of death up to
31 December 2015 were obtained from the Office for
National Statistics via NHS Digital.

Adenomas were classified as advanced if either
endoscopy or histology data indicated a size greater
than or equal to 10 mm, if villous or tubulovillous his-
tology was present, or if there was high-grade dyspla-
sia. We categorized patients by their most advanced
neoplastic finding. Hence, patients with CRC and
advanced adenomas (AAs) were defined as having an
outcome of CRC. Colonic findings distal to the splenic
flexure were categorized as distal. ACN was defined as
an outcome of AA and/or CRC.

Outcomes of gFOBT screening are presented by
UKFSST randomization status and by compliance with
the offer of FS screening. Uptake at first invitation is
defined as the proportion of invitees who were adequately
screened by gFOBT (i.e. gFOBT outcome of positive
(definitive abnormal) or negative (definitive normal) at
first invitation). Uptake of any gFOBT kit is defined as
the proportion of invitees who were adequately screened
by gFOBT in at least one invitation round.

Test positivity is defined as the proportion of partic-
ipants adequately screened by gFOBT who had a
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positive gFOBT outcome. Yield of CRC is defined as
the proportion of participants adequately screened by
gFOBT who had a positive gFOBT and were diag-
nosed with cancer. Test positivity and yield of CRC
are presented both at first gFOBT screen, and over
all observed gFOBT screening rounds (i.e. the propor-
tion of gFOBT screened participants who tested posi-
tive in at least one screening round; and the proportion
of gFOBT screened participants who were diagnosed
with CRC in at least one round).

We also present the positive predictive values (PPVs)
for CRC, AAs, and ACN, at first gFOBT screen. These
are defined as the proportion of participants attending
diagnostic investigation following a positive gFOBT,
who were diagnosed with the specified outcome.
We excluded registry-only CRC diagnoses from
these calculations, as we did not have diagnostic exam-
ination information for cancers identified outside the
BCSP. In online supplemental tables, we provide PPVs
and yield of CRC stratified by gender, as well as the
stage distribution of CRCs detected at gFOBT screen.
Cancer staging was determined using cancer registry
data and data collected by UKFSST trial staff.

P-values were calculated using Fisher’s exact test.
All analyses were conducted in STATA/IC 13.1.

Results

In the UKFSST, men and women (n¼ 170,432)
were randomly allocated to an intervention group
(n¼ 57,237) which was offered FS, or a control
group (n¼ 113,195) which was not contacted. After
exclusions, there were 57,098 individuals in the inter-
vention group and 112,936 individuals in the control
group, of whom 44,041 (77.1%) and 87,149 (77.2%),
respectively, were recruited in England (Figure 1).

At the initiation of the BCSP, on 1 August 2006,
91.7% (40,389/44,041) of the English UKFSST interven-
tion group and 91.6% (79,870/87,149) of the English
UKFSST control group were alive (Table 1). Survival
was lower among English UKFSST participants who
refused FS (88.1%, 10,866/12,337) than in those who
accepted FS (93.1%, 29,523/31,704) or the control
group. Furthermore, survival was lower in men (89.4%,
57,522/64,328) than women (93.8%, 62,737/66,862).

Between August 2006 and September 2015, 62,392
English UKFSST participants aged 60–74 were invited
to gFOBT screening through the BCSP. This included
20,895 of 44,041 (47.4%) and 41,497 of 87,149 (47.6%)
from the English UKFSST intervention and control
groups, respectively (Figure 1). A lower proportion of
those who refused FS (44.8%, 5532/12,337) were invited
to gFOBT screening than those who accepted FS
(48.5%, 15,363/31,704) or those in the control group.
In comparison with the overall English UKFSST

cohort of 131,190 UKFSST participants, those subse-
quently invited to gFOBT screening were younger
(aged 57.8 vs. 60.0 at randomization) and a higher pro-
portion (52.6% vs. 51.0%) were female (Tables 1 and 2).

UKFSST participants invited to gFOBT screening
from the intervention group were similar, on average, to
those invited from the control group (Table 2). In both
groups, themedian age at first gFOBT invitation was 69.0,
just over half of invitees were women, a median of 10.9
years had elapsed between UKFSST randomization and
first gFOBT invitation, and the mean number of gFOBT
invitations sent over the study period was 2.46.

There were, however, differences among interven-
tion group gFOBT invitees, between those who had
refused and those who accepted FS screening
(Table 2). A greater proportion of women refused FS
than men, and for this reason a higher proportion of
gFOBT invitees who had refused, rather than accepted
FS, were women (57.0% vs. 50.8%). Furthermore, the
average number of invitations sent and the average
number of gFOBT screens were lower among those
who had refused, rather than accepted, FS (2.40 vs.
2.48 invitations, and 1.23 vs. 1.88 screens, respectively).

Uptake of gFOBT screening was lower in the inter-
vention group than in the control group at first invita-
tion (65.7% vs. 67.6%, p< 0.01) and, to a lesser extent,
at any invitation (74.9% vs. 75.8%, p¼ 0.01) (Table 3).
Among intervention group gFOBT invitees, uptake
was lower in those who had refused FS than in those
who had accepted FS, at first invitation (47.7% vs.
72.2%) and at any invitation (58.3% vs. 80.9%).
Uptake of gFOBT screening was marginally lower in
men than women in all studied subgroups.

Of the 62,392 invited to gFOBT screening, 47,100
were screened by gFOBT at least once (Table 4). Test
positivity was lower among intervention group than
control group gFOBT screenees at first gFOBT screen
(2.0% vs. 2.4%, p< 0.01) and at any gFOBT screen
(4.4% vs. 5.0%, p< 0.01). Positivity at first gFOBT
screen was higher in participants who had refused FS
(2.8%) than in participants who had accepted (1.8%).

The yield of CRC in those screened by gFOBT at least
once was lower in intervention group than in control
group gFOBT screenees, at first (0.19% vs. 0.27%,
p¼ 0.14) and at any (0.36% vs. 0.58%, p< 0.01)
gFOBT screen (Table 4). The yield of CRC in participants
who had refused FS was higher (0.25% at first gFOBT
screen, 0.47% at any gFOBT screen) than in those who
had accepted FS (0.18% and 0.34%, respectively). The
difference in yield of cancer between intervention and con-
trol group screenees was greater for distal cancer (0.22%
vs. 0.40% at any gFOBT screen, p< 0.01) than for prox-
imal cancer (0.15% vs. 0.18% at any gFOBT screen,
p¼ 0.48). A greater proportion of cancers were later
stage (Stage III/IV) among those diagnosed at gFOBT
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in the intervention group relative to the control group
(36.8% vs. 27.6% of cancers diagnosed at any gFOBT
screen), though this finding was not significant (p¼ 0.19;
Supplemental Table 1). At first gFOBT screen, 1087 of
47,100 participants tested positive (Table 4) and 950
attended diagnostic investigation (Table 5). Among
those attending diagnostic investigation from the interven-
tion group and the control group, the PPVs for CRC were
10.3% (29/282) and 12.3% (82/668), respectively, and the
PPVs for AAs were 22.7% (64/282) and 31.4% (210/668),
respectively. The PPV for ACN was greatest in partici-
pants who had refused FS (46.2%, 36/78), but even
among those who had received an FS, 27.9% (57/204)
of those attending diagnostic investigation had ACN,
and 10.3% (21/204) had CRC.

The PPV for distal cancer at first gFOBT screen was
lower in the intervention group (7.4%, 21/282) than in the
control group (9.0%, 60/668) diagnostic investigation
attendees (p¼ 0.53). The PPVs for proximal cancer
were very similar in the two groups (3.2% vs. 3.3%,
p¼ 1.0). The PPV for distal ACN was lower in interven-
tion group than in control group attendees (25.5% vs.
35.2%, p< 0.01), as was the PPV for proximal ACN
(9.9% vs. 13.3%, p¼ 0.16). Among intervention group,

participants who had refused FS, the PPV for distal ACN

was 38.5% (30/78), and the PPV for proximal ACN was

11.5% (9/78). Among participants who had received FS,

the PPV for distal ACN was 20.6% (42/204), and the

PPV for proximal ACN was 9.3% (19/204).

Discussion

At gFOBT, test positivity and yield of CRC were slightly

lower among those who had previously been offered, or

had received, an FS. One potential explanation for this is

that prior FS, through the removal of adenomas, reduced

the number of CRCs and adenomas that could be found

by gFOBT screening. Reduced incidence of CRC in

the UKFSST intervention group at 17 years post-

randomization, as reported elsewhere, supports this

explanation.17 Furthermore, as would be expected given

that FS is a screening examination of the distal colon and

rectum, the difference in yield of gFOBT screening in the

UKFSST intervention group versus the control group

was greater for distal than for proximal cancer.
Though the yield of CRC was lower among UKFSST

intervention group gFOBT screenees, gFOBT screening

after FS could still be of potential benefit. However,

Figure 1. Flow chart of UKFSST participants included in analyses.
UKFSST: UK FS screening trial.
*Due to pre-randomization events and duplicates.17
†BCSP: Bowel Cancer Screening Programme.
‡Reasons for no match include death predating BCSP rollout, being above the eligible age for invitation to the BCSP, and emigration.
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given the effectiveness of FS at reducing CRC incidence

for at least 17 years after screening, and given minimal

randomized trial evidence that gFOBT or FIT reduce

incidence, it is likely that extensive faecal testing would

be required to achieve a benefit similar to that accom-

plished already by once-only FS.7,17

Achieving high uptake is crucial to a successful

screening programme. Uptake of gFOBT at first

invite was lower in participants previously offered FS

(65.7%) than in those allocated to the control group

(67.6%) in the UKFSST. While uptake was lower, the

absolute difference was only 1.9%. Furthermore, in

Table 2. Characteristics of English UKFSST participantsa invited to gFOBT screening (n¼ 62,392).

Control group

Intervention group

Overall Screened by FS Refused FS

Total invited to gFOBT screening – n 41,497 20,895 15,363 5532

Sex - n (%)

Men 19,687 (47.4) 9943 (47.6) 7565 (49.2) 2378 (43.0)

Women 21,810 (52.6) 10,952 (52.4) 7798 (50.8) 3154 (57.0)

Age at randomization – years

Median 57.8 57.8 57.7 57.8

Interquartile range 56.4–59.4 56.4–59.5 56.4–59.4 56.5–59.6

Age at first gFOBT invitation – years

Median 69.0 69.0 69.0 69.0

Interquartile range 68.0–69.8 68.0–69.8 68.0–69.8 68.0–69.8

Interval between UKFSST randomization and first gFOBT invitation – years

Median 10.9 10.9 11.0 10.9

Interquartile range 10.0–12.3 10.0–12.3 10.0–12.3 9.9–12.2

Range 8.0–19.1 7.9–18.5 7.9–18.5 8.3–18.1

Number of gFOBT invitations per person

Mean 2.46 2.46 2.48 2.40

95% CI 2.45–2.48 2.44–2.48 2.46–2.50 2.36–2.44

Number of gFOBT screens per person

Mean 1.73 1.71 1.88 1.23

95% CI 1.72–1.75 1.69–1.73 1.86–1.90 1.20–1.26

aAfter exclusions due to pre-randomization events and duplicates.

UKFSST: UK FS screening trial; FS: flexible sigmoidoscopy; gFOBT: guaiac faecal occult blood test.

Table 1. Characteristics of English UKFSST participants.a

Control group

Intervention group

Overall Screened by FS Refused FS

Characteristics of English UKFSST participants at randomization (n¼131,190)

Total in group - n (% of cohort) 87,149 (66.4) 44,041 (33.6) 31,704 (24.2) 12,337 (9.4)

Sex - n (% of group)

Men 42,738 (49.0) 21,590 (49.0) 15,994 (49.6) 5596 (45.4)

Women 44,411 (51.0) 22,451 (51.0) 15,710 (50.5) 6741 (54.6)

Age at randomization

Median 60.0 60.0 60.0 60.1

Interquartile range 57.6–62.5 57.6–62.5 57.6–62.5 57.7–62.5

Characteristics of surviving English UKFSST participants on 1 August 2006 (n¼120,259)

Total - n (% of group) 79,870 (91.6) 40,389 (91.7) 29,523 (93.1) 10,866 (88.1)

Sex - n (%)

Men 38,237 (47.9) 19,285 (47.8) 14,600 (49.5) 4685 (43.1)

Women 41,633 (52.1) 21,104 (52.3) 14,923 (50.6) 6181 (56.9)

Age - n (%)

60–69 48,426 (60.6) 24,304 (60.2) 17,784 (60.2) 6520 (60.0)

70–79 31,444 (39.4) 16,085 (39.8) 11,739 (39.8) 4346 (40.0)

aAfter exclusions due to pre-randomization events and duplicates.

UKFSST: UK FS screening trial; FS: flexible sigmoidoscopy.
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participants who had been offered and had accepted
FS, uptake of gFOBT screening was high (72.2%). In
general, uptake was considerably higher than typically
observed in the BCSP, but this is to be expected given
that only individuals who expressed an interest in
screening were eligible for the UKFSST.1,21

Though uptake was lower than in other groups,
many participants who had refused FS were screened
by gFOBT (uptake of 47.7% at first, and 58.3% at any,
gFOBT invitation). A number of researchers have
examined the uptake of FIT in FS non-responders.
Hol et al.22 offered FIT to 4407 FS screening non-
attenders and found that 25% attended FIT screening.
Similarly, Senore et al.23 found that among 37,691 FS
screening non-responders, uptake of FIT offered six
months following non-response was 19.3%.
Subsequent faecal occult blood testing (either gFOBT
or FIT) could be used to increase screening uptake
above that observed with FS alone.

The differences identified between participants who
had refused and those who had accepted FS may partly
reflect the impact of FS, but may also be due to FS
refusers being a less healthy group (i.e. healthy user
bias).24 Survival was lower, and PPV for ACN from
gFOBT screening was higher, in the FS refusers than
in the control group.

Though the sample size of our study is relatively
large, only a subset of participants tested gFOBT posi-
tive, and only a subset of these had an outcome of inter-
est, such as CRC. The low frequency of events limited
statistical power, particularly for PPVs and yield.

Many UKFSST participants were not invited to
gFOBT screening. Reasons for non-invitation include
mortality, emigration, and being over the eligible age
limit. Differential CRC incidence and mortality due to
FS may have affected, to some extent, the composition
of the intervention and control group invited to
gFOBT screening. However, at gFOBT invitation, the

Table 3. Uptake of gFOBT screening in English UKFSST participants invited to gFOBT screening (n¼ 62,392).

Control group

(n¼ 41,497)

Intervention group

(n¼ 20,895) Difference

p

Intervention group – by uptake

Screened by FS

(n¼ 15,363)

Refused FS

(n¼ 5532)

n % n % % 95% CI n % n %

Screened by gFOBT (i.e. uptake) at first invitation

Overall 28,041 67.6 13,730 65.7 1.9 1.1–2.6 <0.01 11,090 72.2 2640 47.7

Men 13,227 67.2 6502 65.4 1.8 0.7–2.9 <0.01 5408 71.5 1094 46.0

Women 14,814 67.9 7228 66.0 1.9 0.8–3.0 <0.01 5682 72.9 1546 49.0

Screened by gFOBT (i.e. uptake) at least once at any invitation

Overall 31,451 75.8 15,649 74.9 0.9 0.2–1.6 0.01 12,424 80.9 3225 58.3

Men 14,836 75.4 7440 74.8 0.5 �0.5–1.6 0.32 6070 80.2 1370 57.6

Women 16,615 76.2 8209 74.9 1.2 0.2–2.2 0.02 6354 81.5 1855 58.8

UKFSST: UK FS screening trial; FS: flexible sigmoidoscopy; gFOBT: guaiac faecal occult blood test.

Table 4. Outcomes of gFOBT screening in English UKFSST participants who were screened by gFOBT at least once (n¼ 47,100).

Control group

(n¼31,451)

Intervention group

(n¼15,649) Difference
p

Intervention group – by uptake

Screened by FS

(n¼ 12,424)

Refused FS

(n¼ 3225)

n % n % % 95% CI n % n %

Positivity at first screen 768 2.4 319 2.0 0.4 0.1–0.7 <0.01 229 1.8 90 2.8

Yield of CRC at first gFOBT screen

All sites 84 0.27 30a 0.19 0.08 �0.01–0.16 0.14 22 0.18 8 0.25

Proximal 23 0.07 10 0.06 0.01 �0.04–0.06 0.85 7 0.06 3 0.09

Distal 61 0.19 21 0.13 0.06 �0.02–0.13 0.16 16 0.13 5 0.16

Any positive gFOBT 1588 5.0 687 4.4 0.7 0.2–1.1 <0.01 523 4.2 164 5.1

Yield of CRC at any gFOBT screen

All sites 181 0.58 57a 0.36 0.21 0.09–0.34 <0.01 42 0.34 15 0.47

Proximal 56 0.18 23 0.15 0.03 –0.04–0.11 0.48 18 0.15 5 0.16

Distal 125 0.40 35 0.22 0.17 0.07–0.28 <0.01 25 0.20 10 0.31

aOne patient had both a distal and proximal lesion and therefore appears under yield of both distal and proximal cancer.

UKFSST: UK FS screening trial; FS: flexible sigmoidoscopy; gFOBT: guaiac faecal occult blood test.
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two groups were broadly similar on many character-

istics, including age and sex.
Generalizability of our findings to the current

English BCSP is weakened by patient and screening

characteristics unique to the study cohort. Only indi-

viduals who expressed an interest in screening were eli-

gible for UKFSST, and for this reason we would have

expected higher uptake of biennial gFOBT in this

group than in the national BCSP or in other studies.

The average interval between gFOBT screening and FS

was 10.9 years. This is considerably longer than the

current 5-year interval in the BCSP, where FS is

being offered at age 55 and gFOBT screening from

age 60. This longer interval means that there was

more time between screenings for ACN to develop.

UKFSST subjects invited to gFOBT screening were

older than average BCSP invitees, with a median age

at first gFOBT invitation of 69.0. Prevalence of ACN is

known to increase with age.25

While gFOBT has been the test used in the English

BCSP, a different stool test, FIT, is being introduced in

2018. Both gFOBT and FIT are mailed tests for occult

blood in faeces. At low faecal haemoglobin positivity

thresholds FIT is more sensitive than gFOBT, and

uptake of FIT is expected to be slightly higher

than gFOBT.26

Though there are a number of limitations, our study

also has considerable strengths. Randomization

applied in the UKFSST means that, except for

differential attrition, at gFOBT invitation the interven-

tion and control groups should be similar. Another

strength of the study is that by using cancer registry

data, we have been able to check for cancers diagnosed

outside the BCSP diagnosed shortly after a posi-

tive gFOBT.
The findings of this study indicate that the combi-

nation of gFOBT screening and FS could be beneficial

in terms of screening uptake, yield of CRC, and yield of

AAs. FS is highly sensitive for neoplasia located in the

distal colon and rectum, more so than gFOBT or

FIT.9,27–29 However, the ability of FS screening to

detect cancer or adenomas in the proximal colon is

limited and depends on the criteria determining referral

for colonoscopy.30 There is evidence to suggest that the

performance of gFOBT and FIT is also limited in the

proximal colon, with lower sensitivity than for findings

in the distal colon and rectum.31 Given the apparent

limitations of both techniques in detecting proximal

findings, there remains a need for a low cost non-

invasive screening test that is highly sensitive for prox-

imal colon cancer.

Conclusion

Uptake, positivity, PPV and yield of gFOBT screening

were lower among UKFSST participants who had been

offered FS than in those who had not. Among FS

screened participants attending diagnostic investigation

Table 5. Outcomes among those attending diagnostic investigation after positive gFOBT at first screen (n¼ 950).

Control group

(n¼ 668)

Intervention group

(n¼ 282) Difference

p

Intervention group – by uptake

Screened by

FS (n¼ 204)

Refused FS

(n¼ 78)

n % n % % 95% CI n % n %

PPV for CRCa

All sites 82 12.3 29b 10.3 2.0 �2.3 – 6.3 0.44 21 10.3 8 10.3

Proximal 22 3.3 9 3.2 0.1 �2.4 – 2.6 1.00 6 2.9 3 3.9

Distal 60 9.0 21 7.4 1.5 �2.2 – 5.3 0.53 16 7.8 5 6.4

PPV for AAc

All sites 210 31.4 64 22.7 8.7 2.7 – 14.8 <0.01 36 17.7 28 35.9

Proximal 67 10.0 19 6.7 3.3 �0.4 – 7.0 0.11 13 6.4 6 7.7

Distal 175 26.2 51 18.1 8.1 2.5–13.7 <0.01 26 12.8 25 32.1

PPV for ACNd

All sites 292 43.7 93 33.0 10.7 4.1–17.4 <0.01 57 27.9 36 46.2

Proximal 89 13.3 28 9.9 3.4 �0.9 – 7.7 0.16 19 9.3 9 11.5

Distal 235 35.2 72 25.5 9.6 3.4–15.9 <0.01 42 20.6 30 38.5

aPositive predictive value among participants attending diagnostic investigation. Only cancers identified through the BCSP are included in these figures.
bOne patient had both a distal and proximal lesion and therefore appears under PPV of both distal and proximal cancer.
cAdvanced adenomas. Only includes advanced adenomas where it was the most advanced finding (i.e. in cases where colorectal cancer was not found).
dAdvanced colorectal neoplasia: colorectal cancer or advanced adenomas.

FS: flexible sigmoidoscopy; gFOBT: guaiac faecal occult blood test; PPV: positive predictive value; AA: advanced adenoma; CRC: colorectal cancer;

CAN: advanced colorectal neoplasia.

Brown et al. 17



following a positive gFOBT, ACN was found in just
over a quarter of individuals. The findings of this study
indicate that, dependent on cost-effectiveness, a com-
bination of FS and faecal occult blood test screening
might be beneficial.
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