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ABSTRACT

Objective To assess the safety and quality of baseline
screening colonoscopy in a randomised controlled trial
(RCT).

Methods A population-based RCT with an explanatory
design is ongoing to evaluate the efficacy of colonoscopy
screening in 9751 men and women aged 40-74 years

at average risk of colorectal cancer (CRC) in Japan.
Screening colonoscopies for the intervention group were
performed from June 2009 to June 2017.

Results Of the 4861 participants in the intervention
group, 4495 (92.5%) underwent screening colonoscopy.
The quality of bowel preparation was excellent (34.8%)

or good (45.6%) in 80.4% of cases. The caecal intubation
rate was 99.7% (4483/4495), and the mean (+SD)
withdrawal time was 9.7 (+5.3) min. The adenoma
detection rate (ADR) was 39.4% (1770/4495). A total of
27 participants (0.6%) were diagnosed with CRC, and 266
(5.9%) were diagnosed with advanced neoplasia (AN). In
women, adenomas were more frequently detected in the
proximal colon than in the distal colon (proximal: 18.9% vs
distal: 16.4%, p=0.024), and a similar trend was observed
for AN (proximal: 2.4% vs distal: 1.5%, p=0.045). No
serious adverse events related to screening colonoscopy
were reported, and minor adverse events were observed
in two participants (0.04%).

Conclusions Adequate performance in compliance, ADR,
and safety was confirmed in the intervention arm of the
RCT evaluating the efficacy of screening colonoscopy. The
high quality of screening colonoscopy observed in the trial
suggests its feasibility as a population-based screening
approach.

Trial registration number UMIN000001980.

INTRODUCTION

Colorectal cancer (CRC) is the second
leading cause of cancerrelated death, with
approximately 2.17million new diagnoses
and 1.09million deaths reported worldwide
annually.! Screening for CRC is an essential
public health strategy to reduce CRC-related
mortality. Current CRC screening methods
include stool-based tests and imaging evalua-
tions, such as endoscopy. Several randomised
controlled trials (RCTs) of guaiac faecal

/""" Hiroshi Saito®'?

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The potential efficacy of colonoscopy screening has
been reported in observational studies, but defin-
itive evidence from randomised controlled trials
(RCTs) is still pending.

= Compliance, adenoma detection rate (ADR), and
harms of colonoscopy screening in RCTs with ex-
planatory trial designs remain unclear.

WHAT THIS STUDY ADDS

= Compliance with colonoscopy screening was
92.5%, and the ADR was 39.4%. Minor adverse
events were observed in 0.04% of participants in
this RCT with an explanatory trial design.

= Advanced neoplasia and adenomas were more fre-
quently located in the proximal colon in women.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The high ADR, low adverse event rate, and high
compliance support the feasibility of colonoscopy in
population-based CRC screening and its potential to
inform future public health policy.

occult blood test (gFOBT) screening showed
a13-33% reduction in CRC mortality rates.”™
The faecal immunochemical test (FIT) is
the first choice for stool testing’ because it
has higher sensitivity than gFOBT® and has
demonstrated mortality-reduction effects in
several observational studies.”®

Stool-based screening reduces mortality
through early cancer detection, whereas
endoscopic screening reduces mortality
and incidence by facilitating the removal
of premalignant lesions. Several RCTs have
shown that sigmoidoscopy reduces the CRC
incidence by 18-26% and the mortality by
22-31%."" Colonoscopy is considered more
effective than sigmoidoscopy because it can
examine the entire colon, and several cohort
and case—control studies have reported reduc-
tions in CRC incidence and mortality,'*'
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Nonetheless, colonoscopy incurs high costs and risks
of complications. Therefore, RCTs are necessary to care-
fully assess the balance of the benefits and harms of
colonoscopy screening. Several large population-based
RCTs evaluating colonoscopy are ongoing, though final
results have not yet been reported.” ™ There is insuffi-
cient direct evidence from clinical trials to determine the
most desirable screening method when considering the
benefits and harms. Japanese and European screening
guidelines recommend FIT, but not screening colonos-
copy.® %%

The Akita Japan population-based colonoscopy
screening trial (Akita pop-colon trial) is a population-
based RCT conducted in Japan to evaluate the efficacy
and safety of a screening method that adds a single colo-
noscopy to FIT to mitigate CRC incidence and mortality
rates. In this report, we describe the adherence rate to
screening colonoscopy, baseline characteristics of partici-
pants, quality and safety of colonoscopy, and the sex- and
age group-stratified proportion of the detected lesions.

METHODS

Research design

The Akita pop-colon trial is an ongoing RCT comparing
the mortality rate of CRC between an intervention group,
which receives a one-time colonoscopy and annual FIT,
and a control group, which receives only an annual FIT.
Details of the target population and the trial design
are described elsewhere.®® The primary endpoint is
CRC mortality after a 10-year follow-up. Secondary
endpoints include CRC incidence, sensitivity and speci-
ficity, and harm (pain and adverse events associated with
the screening). As of 2025, the trial is in the follow-up
phase, with data collection for the primary endpoint
ongoing. Final analyses will be conducted after the
planned follow-up period. Participants were men and
women aged 40-74 years residing in a defined area of
Akita Prefecture, Japan. All interventional colonoscopies
were performed at fixed facilities (Kakunodate Hospital
or Akita Red Cross Hospital). FIT had been performed as
a population-based screening in this area, whereas colo-
noscopy had not been conducted. The research protocols
were approved by the ethics committees of the research
organisations, and written informed consent was obtained
from all participants after providing a complete explana-
tion of the study. This study adheres to the CONSORT
and STROBE reporting guidelines (online supplemental
file 2 and online supplemental file 3).

Randomisation

Participant recruitment was conducted at population-
based screening sites. Participants who consented to
enrol in the trial were randomly assigned 1:1 to either
the intervention or control group (figure 1). Partici-
pants assigned to the intervention group were briefed
about colonoscopy at these screening sites. Within
1week of trial entry, the designated colonoscopy facilities

‘ Participants in this trial, n=9751 ‘

‘ Randomized H

Assigned to the intervention group,
n=4876

4’{ Withdrew consent after trial participation, n=15 ‘

Included in the analyses, n=4861 ‘

—

Participants who underwent a screening
colonoscopy, n=4495

Assigned to the control group, n=4875 ‘

No screening colonoscopy, n=366 ‘

Yield of screening colonoscopy
27 (0.6%) Colorectal cancer
266 (5.9%) Advanced neoplasia
1756 (39.1%) Adenoma

Figure 1 Flowchart of screening colonoscopy in the
intervention group.

contacted the participants in the intervention group to
invite them to undergo intervention colonoscopy within
the next 4months and scheduled colonoscopy appoint-
ments. Participants who could not be screened within
4months for any reason were permitted to undergo
screening colonoscopy as an intervention up to 6 months
after study entry. Participants were aware of their group
allocation, as blinding was not possible due to the nature
of the intervention.

Screening colonoscopy
Screening colonoscopy for the intervention group was
performed from June 2009 to June 2017, at no cost to
the participants. The 52 endoscopists who performed
screening colonoscopies for the trial had previously
performed at least 200 colonoscopies and were classified
into three categories based on their experience: 200-499,
500-4999, and >5000 colonoscopies performed. Bowel
preparation was performed using a same-day dosing
regimen following the protocol. The quality was evalu-
ated on a 4-point scale (excellent, good, fair, and poor)
using a modified Aronchick scale.*” All examinations were
conducted using a high-definition video colonoscope. At
Kakunodate Hospital, standard air insufflation was used
until June 2010, and carbon dioxide (CO,) insufflation
was used thereafter. At Akita Red Cross Hospital, all
colonoscopies were performed under CO, insufflation.
Screening colonoscopies in the intervention group were
performed solely for the detection and documentation
of lesions; endoscopic treatment or surgery for neoplastic
lesions larger than 5mm was performed at a later date.
Colonoscopy information, including detected lesions,
was documented in the trial’s dedicated case report form
(CRF). CRF information was electronically coded at the
local data centre and transmitted to the central data
centre for storage.

The lesions were classified into
ries—‘cancer’, ‘adenoma’, and

three catego-
‘others’—based on
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endoscopic diagnosis. Other lesions, including serrated
lesions (hyperplastic polyp, sessile serrated adenoma/
polyp, and traditional serrated adenoma), were noted
in the free-text field. Adenomas measuring more than
10mm or cancers were counted as advanced neoplasia
(AN). The diameter, site, morphological classification,
and pit pattern of all lesions were documented. The
‘proximal colon’ was defined as the region from the
caecum to the splenic flexure, and the ‘distal colon’ was
defined as the region from the descending colon to the
rectum.

The occurrence of adverse events on the screening
day was reported by CRF for all screening colonosco-
pies. Hospitals were required to report adverse events
occurring after the date of colonoscopy to the central
data centre on a dedicated form, immediately for serious
events, and within 30 days of occurrence for minor
events. An adverse event was defined as ‘any untoward
or unintended sign, symptom, or disease that occurred
after the start of the clinical trial’. A serious adverse event
was defined as (1) death, (2) life-threatening event, (3)
requiring hospitalisation (initial or prolonged) for treat-
ment (blood transfusion or surgical procedures), (4)
resulting in disability or permanent damage, and (5)
causing congenital anomaly/birth defect. Mild vagal
reflexes that did not need additional treatment were not
required to be reported as adverse events. Abdominal

Table 1 Baseline characteristics
Characteristics Value, n (%)
Analysis of participants in the intervention 4861
group
Sex
Women 2526 (52.0)
Men 2335 (48.0)
Age at study entry
Mean (SD) 58.8 (9.3)
Median (IQR) 60 (53-66)
40-49 years 885 (18.2)
50-59 years 1311 (27.0)
60-69 years 2040 (42.0)
>70 years 625 (12.9)
History of colorectal cancer screening 3950 (81.3)
Faecal immunochemical test 3510 (72.2)
Total colonoscopy 279 (5.7)
Sigmoidoscopy 62 (1.3)
Barium enema 9(0.2)
Sigmoidoscopy+Barium enema 4 (0.1)
CT colonography 0 (0.0)
Unknown 86 (1.8)
Family history of CRC (first-degree relative) 499 (10.3)

CRC, colorectal cancer.

pain experienced by the examinee immediately after
the screening colonoscopy was assessed using a question-
naire on a 5-point scale: no pain, little, moderate, severe,
and extreme. All examinees were instructed to complete
the questionnaire and return it to the data centre.

Statistical analysis

The proportions of participants per baseline char-
acteristics were calculated, with the denominator
being the total number of participants in the inter-
vention group. The proportions of quality indicators
of colonoscopy and detected lesions were calculated
according to the sex and age group, with the denom-
inator being the number of screening colonoscopy
examinees. The number needed to screen (NNS) for
cancer and AN detection was calculated as the inverse
of each detection rate. The proportion of cancer,
adenoma, and AN detection in the distal or proximal
colon was calculated by sex and age group, and a Fish-
er’s exact test was performed. The adenoma detection
rate (ADR) was calculated for each category of endos-
copist experience.

For all analyses, a two-sided p value less than 0.05
was considered statistically significant. All statistical
analyses were performed using the Statistical Package
for the Social Sciences (SPSS) for Windows, V.28.0
(IBM, Armonk, New York, USA).

Patient and public invelvement
None.

RESULTS

Research population

A total of 9751 participants were enrolled in the trial, and
4876 assigned to the intervention group. In the inter-
vention group, 15 participants withdrew consent after
enrolment, resulting in a final total of 4861 participants
included in the study (figure 1). Baseline characteristics
of the participants in the intervention group are shown
in table 1.

There were 2526women (52.0%) and 2335 men
(48.0%) with a mean age (= SD) of 58.8 (+ 9.3) years.
Among the participants, 81.3% had previously under-
gone CRC screening (88.9% had a FIT, and 7.9% had
a colonoscopy). A family history of CRC in first-degree
relatives was noted in 10.3% of participants.

Screening participation and colonoscopy indicators

Of the 4861 participants in the intervention group,
4495 (92.5%) adhered to the protocol and underwent
a colonoscopy for screening (table 2). The proportions
of men and women who underwent colonoscopies were
91.9% and 93.0%, respectively, with the highest propor-
tion in the 50 and 59 age group (94.6%). The overall
caecal intubation rate was 99.7% (4483 of 4495), and the
mean (SD) withdrawal time was 9.7 (= 5.3) min. Sedative
drugs were administered to 14.4% (648) of the partici-
pants, with midazolam given to 8.9% and diazepam to
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5.7%. Antispasmodic drugs were given to 77.5% (3,484
participants), with butylscopolamine administered to
69.4% and glucagon to 8.1%. Analgesic drugs were given
to 1.1% (48 participants), with pentazocine administered
to 1.1% and pethidine hydrochloride to 0.04% (online
supplemental table 1).

The quality of bowel preparation was excellent in
34.8% and good in 45.6% of the participants, with
more than 80% evaluated as adequate. 52 endosco-
pists performed the screening colonoscopies. 16
(31%) endoscopists had prestudy experience of
200-499 colonoscopies and performed a total of 586
(13.0%) colonoscopies in the trial. 26 (50%) endosco-
pists had experience of 500-4999 colonoscopies and
performed 3174 (70.6%) procedures, while 10 (19%)
endoscopists had experience of 25000 colonoscopies
and performed 735 (16.4%).

Yields of screening colonoscopy
Table 3 shows the lesions detected in the 4495 participants
who underwent screening colonoscopy, categorised by sex
and age group. 27 participants (0.6%) were diagnosed with
CRC during screening. Of these, 11 participants (0.2%) had
lesions in the proximal colon, and 16 participants (0.4%)
had lesions in the distal colon. Colorectal polyps were
detected in 1988 (44.2%), adenomas in 1756 (39.1%), AN in
266 (5.9%), and serrated lesions in 363 participants (8.1%).
The total ADR, combining adenoma and CRC, was 39.4%
(1770/4495). The ADR by endoscopist experience was
as follows: 200499, 40.1%; 500-4999, 37.1%; and >5000,
48.4%. Fisher’s exact test was used to evaluate the difference
in the prevalence of adenomas, ANs, and CRC between the
proximal and distal colon. In total, there was no statistically
significant difference between the proximal and distal colon
for any lesions. However, the results of Fisher’s exact test for
each sex and age group showed that proximal adenomas
were more prevalent in women (proximal: 18.9% vs distal:
16.4%, p=0.024) and in those aged over 70 years (proximal:
35.0% vs distal: 28.4%, p=0.021). Distal adenomas were
more prevalent in the 40-49 years group (proximal: 10.8%
vs distal: 15.7%, p=0.005). Proximal AN was more prevalent
in women (proximal: 2.4% vs distal: 1.5%, p=0.045), while
distal CRC was more prevalent in the 50-59 years group
(proximal: 0.08% vs distal: 0.65%, p=0.039). No other statis-
tically significant differences were found between sex or age
groups. The NNS for CRC was 166.5, and the NNS for AN
was 16.9. Regarding morphological classification, polypoid
and non-polypoid lesions were found in 25.2% and 28.4%
of the participants, respectively. Details of other detected
lesions are shown in table 3.

Adverse events

No serious adverse events related to colonoscopy were
reported within 30 days of the screening. Minor adverse
events occurred in two participants (0.04%). One partic-
ipant experienced severe abdominal pain after comple-
tion of the colonoscopy and underwent an abdominal

X-ray and CT scan to assess the risk of perforation. The
other participant experienced persistent abdominal pain
and visited the emergency room 2days after the colonos-
copy. Both participants showed no other abnormalities
and subsequently recovered. Although several transient
vagally mediated events, such as bradycardia and hypo-
tension, were observed, all participants recovered quickly
after monitoring and did not require additional treat-
ment; therefore, these cases were not reported as adverse
events.

Assessment of endoscopic pain

Pain assessment was conducted among participants
undergoing screening colonoscopy. Questionnaires were
distributed to all 4495 participants, and 4167 (92.7%)
responded by mail at a later date. Among the respon-
dents, 88.6% reported no pain (2,938, 70.5%) or little
pain (754, 18.1%) immediately after the colonoscopy.
Approximately 7.0% of participants reported experi-
encing more than moderate pain (table 2).

DISCUSSION

This report presents the results of screening colonos-
copy performed in the intervention group within an
RCT to evaluate the efficacy of screening colonoscopy.
The compliance of screening colonoscopy was sufficient,
and adverse events were within the predicted range,
indicating the feasibility of colonoscopy as a population-
based screening tool. The difference in mortality rates,
which serves as the primary endpoint, will be assessed at
the end of the trial.

Several large-scale RCTs are ongoing internationally
to evaluate the impact of screening colonoscopy on CRC
incidence and mortality. The Akita pop-colon trial, one
of these trials, is characterised by an explanatory trial
design,”*" where informed consent is obtained from all
participants prior to randomisation, as is typical in stan-
dard clinical trials. Consequently, the compliance rate
for screening colonoscopy in the intervention group was
as high as 92.5%. Although this explanatory trial design
requires more time and effort for informed consent, espe-
cially when conducted on a large scale, it allows for the
evaluation of screening colonoscopy’s efficacy with high
internal validity and a reduced sample size requirement.

Several otherscreening colonoscopy RCTs use amanage-
ment trial design with direct randomisation to the target
population and invitation to colonoscopy for individuals
assigned to the colonoscopy group. Compared with our
trial, the compliance rates for screening colonoscopy are
relatively low (42.0% in the Nordic countries, 24.6% in
Spain, and 35.1% in Sweden), requiring a larger sample
size to detect differences in CRC mortality rates.” * ' 2
The management trial design aids in evaluating the effec-
tiveness of screening colonoscopy due to its external
validity and generalisability to average-risk populations.
These trials and the Akita pop-colon trial have different
objectives and are scientifically complementary. Recently,
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the intermediate results of a trial in the Nordic countries
were reported,” showing no statistically significant differ-
ence in mortality reduction between the colonoscopy
and non-screening groups. One potential reason for this
lack of significant difference is the low compliance rate
of 42% for screening colonoscopy. However, a difference
in incidence was observed at this stage, and further long-
term follow-up results are anticipated.

The ADR of screening colonoscopy has been reported
to be inversely associated with interval cancer inci-
dence.”* The ADR in the Akita pop-colon trial (39.4%
overall, 37.1-48.4% per endoscopists’ experience) and
caecal intubation rate (99.7%) were adequate. This trial
reported the highest ADR (30.7% in Nordic countries,
31.7% in Spain) and caecal intubation rate (96.8% in
Nordic countries, 94.9% in Spain, 95.8% in Sweden)
comparedwith otherscreening colonoscopy RCTs, despite
not setting an a priori quality control threshold.* *' #2 %
There is evidence that ADR is improved with a 9-minute
withdrawal time compared with 6min.”® The sufficiently
long withdrawal time in our trial (mean 9.7 min, median
8min) may have contributed to the improved ADR. These
results are encouraging for accurately assessing the effi-
cacy of screening colonoscopy. Detection and removal
of adenomas through screening reduce CRC incidence,
subsequently leading to a reduction in CRC mortality.‘%7
However, a high ADR also increases the frequency of
surveillance colonoscopy. Future analyses of this and
other trials will reveal whether the impact of CRC on inci-
dence and mortality rates exceeds the increased burden
of surveillance colonoscopies.™

Recent discussions have focused on sex differences in
the prevalence of lesions in the proximal and distal colon,
as well as the efficacy of sigmoidoscopy and colonoscopy.
It has been reported that proximal colon lesions are
more prevalent in women,” and the efficacy of screening
sigmoidoscopy, which only allows observation of the distal
colon, is inferior in women compared with men.” * A
prospective cohort study on colonoscopy, which enables
observation up to the proximal colon, reported similar
mortality reduction effects in women and men.*’ In our
trial, the proportion of AN and adenoma detection in
women was significantly higher in the proximal colon
than in the distal, consistent with the findings of many
previous studies. In contrast, a Nordic trial demonstrated
a higher prevalence of lesions in the distal colon in both
men and women.”" The high detection rate of lesions in
the proximal colon among women in our trial, with its
well-controlled explanatory trial design and high caecal
intubation rate, may provide a valid answer to these
controversies in the future.

No major adverse event was observed in all 4495
screening colonoscopies, and the frequency of minor
adverse events was 0.04%. This proportion is lower than
that reported in other population-based trials (0.13%
in Nordic countries, 0.51% in Spain, and 0.2% in
Sweden)® ® *' * and is considered acceptable. In many
other trials, bleeding associated with polypectomy, which

is performed in conjunction with endoscopy, must also be
included in the number of adverse events. By restricting
screening colonoscopy to observation only in our trial,
we were able to assess the pure harm caused by screening
alone, excluding the effects of treatment. Furthermore,
the lower proportion of sedation use (14.4%) in our trial
compared with that in Spain (96%) and Nordic countries
(22.7%) may have contributed to the lower incidence of
adverse events.

Endoscopic pain may be a barrier to undergoing a
screening colonoscopy. In our trial, 88.6% of participants
reported no or little pain, and 7.0% reported moderate or
greater pain. These figures are comparable to, or slightly
lower than, those reported in the Nordic trial and several
sigmoidoscopy trials.”! ** Sedation is effective in reducing
pain during the examination, and CO, insufflation helps
reduce persistent pain.** ** In our trial, CO, insufflation
was used in 82.5% of participants, and sedation was used
in 14.4%. Screenings by expert endoscopists were limited
to 16.4%, thereby maintaining the generalisability of this
trial. Our findings indicate that acceptable screening
colonoscopy is achievable with CO, insufflation, even
without the active use of sedation.

This report has some limitations. First, the lesions
were reported based on endoscopic diagnosis rather
than pathology. According to the protocol, the screening
colonoscopy in this trial was performed solely to detect
and document lesions, with treatment occurring at a
later date. At the time this study protocol was developed,
endoscopic resection of diminutive adenomatous polyps
(<5bmm) was not strongly recommended in Japan, and
follow-up was considered an acceptable approach due
to concerns about postpolypectomy bleeding and other
adverse events. Therefore, this study adopted a policy of
treating only polyps 25mm. Since lesions <6mm were
not resected, their pathological confirmation was not
possible, and restricting the analysis to treated lesions
would have led to an underestimation of the actual lesion
prevalence. In addition, with the recent development of
Al image analysis technology,” " endoscopic diagnoses
alone are becoming increasingly important, particularly
in cases where immediate histological evaluation is not
performed. Therefore, reporting the prevalence of all
lesions, including those smaller than 5mm, based solely
on endoscopic findings is valuable. Several reports have
documented strong agreements between endoscopic
and pathological diagnoses.*®* In this trial, a magnifying
endoscope was used in 97.4% of cases, and we plan to
evaluate the agreement between the pathological and
endoscopic diagnoses of treated lesions in the future.

Second, the quality of bowel preparation in this trial
may have been slightly lower than in other studies. Good
or excellent preparation was achieved in approximately
80% in our trial, compared with approximately 90% in
the Nordic study and 98.0% in Sweden.”” *' This differ-
ence may be attributed to the fact that we did not use
a split-dosing regimen for bowel preparation but were
limited to a same-day dosing regimen according to the
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research protocol.”’ Poor bowel preparation quality may
lead to false-negative results in lesion detection. However,
this trial setting is appropriate for evaluating the feasi-
bility of future population-based screening, as split-dose
preparation is not always practical when colonoscopy
is conducted widely as a population-based screening
method. Despite this setting, the higher ADR in this trial
compared with other studies suggests that the negative
effects of the same-day dosing regimen on lesion detec-
tion are not critical.

Third, there is the possibility of participant sampling
bias. Participants who were not resistant to screening or
colonoscopy may have been more likely to be sampled.
This bias is unavoidable in a trial with an explanatory
design, as obtaining sufficient explanation and consent
for an RCT involving a highly invasive procedure like
colonoscopy is an essential ethical requirement. When
reporting final results in the future, we may clarify the
characteristics of the trial participant population by
comparing the incidence and mortality rates with those
of non-participant residents in the area.

In conclusion, the Akita pop-colon trial interven-
tion group demonstrated adequate performance in
terms of compliance, ADR, and safety during screening
colonoscopy. This trial, conducted as an RCT with an
explanatory trial design, aims to evaluate the efficacy of
screening colonoscopy. The quality of screening colonos-
copy reported in this study suggests that colonoscopy is
a feasible method for population-based CRC screening
and indicates the likelihood of achieving valid final trial
results after the planned follow-up.
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