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INTRODUCTION: Although the9-minutemeanwithdrawal time (m-WT) is often reported to be associatedwith the optimal

adenoma detection rate (ADR), no randomized trials of screening colonoscopy have confirmed the

impact of a 9-minute m-WT on adenoma miss rate (AMR) and ADR.

METHODS: A multicenter tandem trial was conducted in 11 centers. Seven hundred thirty-three asymptomatic

participants were randomized to receive segmental tandem screening colonoscopy with a 9-minute

withdrawal, followed by a 6-minute withdrawal (9-minute-first group, 9MF, n 5 366) or vice versa

(6-minute-first group, 6MF, n 5 367). The primary outcome was the lesion-level AMR.

RESULTS: The intention-to-treat analysis revealed that 9MF significantly reduced the lesion-level (14.5% vs 36.6%,

P<0.001) and participant-level AMR (10.9%vs 25.9%,P<0.001), advanced adenomamiss rate (AAMR,

5.3% vs 46.9%, P5 0.002), multiple adenomas miss rate (20.7% vs 56.5%, P5 0.01), and high-risk

adenomas miss rate (14.6% vs 39.5%, P5 0.01) of 6MF without compromising detection efficiency

(P5 0.79). In addition, a lower false-negative rate for adenomas (P5 0.002) and high-risk adenomas

(P < 0.05), and a lower rate of shortening surveillance schedule (P < 0.001) were also found in 9MF,

accompanyingwith an improvedADR in the9-minute vs 6-minutem-WT (42.3%vs 33.5%,P5 0.02). The

independent inverse association between m-WT and AMR remained significant even after adjusting ADR,

and meanwhile, 9-minute m-WT was identified as an independent protector for AMR and AAMR.

DISCUSSION: In addition to increasing ADR, 9-minute m-WT also significantly reduces the AMR and AAMR of

screening colonoscopy without compromising detection efficiency.

SUPPLEMENTARY MATERIAL accompanies this paper at http://links.lww.com/AJG/C737
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INTRODUCTION
The incidence andmortality of colorectal cancer (CRC) have been
proven to be decreased by screening colonoscopy, whose
inspecting quality is dependent on the adenoma detection rate
(ADR) (1). Nevertheless, ADRs vary greatly among colono-
scopists, and colonoscopy is unable to detect all colorectal lesions
(2). The adenoma miss rates (AMRs) of qualified colonoscopists
are reported to range between 26% and 62% (3), which are main
causes of interval CRCs that occur in the screening or surveillance
interval and contribute to 8%–9% of total CRCs (4,5). Therefore,
several quality indicators, including withdrawal time (WT), are
introduced to improve inspecting quality and reduce missed
adenomas (6).

In 2002, 6–10 minutes was first introduced as the standard for
mean WT of negative colonoscopies (m-NWTs) (7), mainly based
on that 2 colonoscopists with .8-minute m-NWTs showed the
lowest AMRs (8). Afterward, a simple .6-minute indicator was
established for higher ADRs was observed in colonoscopists with
.6-minute m-NWTs vs those with shorter m-NWTs (6,9). How-
ever, subsequent studies further identified a positive association be-
tweenm-NWT and ADR over 6-minute m-NWT, where 9 minutes
were frequently found to be with the optimal ADR (10–13). Com-
paredwith the 6-minutemeanWT (m-WT), we previously reported
that 9-minute m-WT exhibited an improved ADR (14). Neverthe-
less, the findingwas based on the insufficientWTof 9-minute group
and mixed-indication patients whose ADRs varied greatly, whereas
no randomized controlled trials (RCTs) have confirmed the ADR
improvement of 9 minutes in screening population. Moreover, no
trials have been conducted to demonstrate the effect of 9-minute m-
WT on AMR, which is clinically relevant in evaluating colono-
scopists with high ADRs (2,12,15).

Therefore, this screening-colonoscopy based RCT is aimed to
determine the effect of 9-minute m-WT on AMR and ADR.

METHODS
Overview

Thismulticenter trial was initiated by theNational Clinical Research
Center for Digestive Diseases (Shanghai) and National Quality
Control Center of Digestive Endoscopy of China. It was conducted
by 15 gastroenterologists of 11 tertiary hospitals fromMarch 2021 to
December 2021. The trial was approved by the ethics committees of
all participating centers and is registered at ClinicalTrials.gov as
NCT04797065. Informed consent was obtained from all partici-
pants, and all authors had access to the study data and approved the
final version of the manuscript. The related definitions, including
advanced adenomas (AAs), high-risk adenomas (HRAs), and oth-
ers, are illustrated in the Supplementary Materials (see Supple-
mentary Digital Content 1, http://links.lww.com/AJG/C737).

Inclusion and exclusion criteria

Considering the increasing risk of early-onset CRCs and advanced
neoplasia in people aged 40 years or older (16), 40 was selected as
the initiating age of inclusion, which also serves as the starting year
of CRC screening in China, Australia, and other countries (17,18).
Therefore, consecutive asymptomatic population aged 40–75 years
without fecal immunochemical test as the primary screening was
invited to participate. Patients with alarming symptoms and signs
including hematochezia, melena, weight loss or anemia without
specific causes, abdominal mass, and positive digital rectal exam-
ination, indications of surveillance or diagnosis, and therapeutic
colonoscopy for existing lesions were excluded. Other exclusions
included a history of colonic resection or abdominal surgery, sus-
pected or diagnosed CRCs, inflammatory bowel diseases, heredi-
tary CRC syndromes, coagulopathy or receiving antiplatelet or
anticoagulant within 7 days before the colonoscopy, failed cecal
intubation, poor bowel preparation quality (BPQ) with inadequate
Aronchick score in the insertion, pregnancy, severe chronic
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cardiopulmonary and other comorbidities, and refusal to partici-
pate. The details of bowel preparation and withdrawal techniques
are illustrated in the SupplementaryMaterials (see Supplementary
Digital Content 1, http://links.lww.com/AJG/C737).

Randomization and masking

A computer-generated randomized sequence with block design (6
participants per block) was used to assign participants to the
9-minute-first group (9MF) or 6-minute-first group (6MF) at a 1:1
ratio. The randomization lists were stratified by colonoscopists and
were generated by the Center of Clinical Epidemiology (Naval
Medical University) for each center. The opaque and sealed en-
velopes containing random sequence were prepared by the inves-
tigatorswho did not participate in data collection and analysis, and
the randomization ratio and block design were blinded to all
colonoscopists for each center. The envelopes were opened for
colonoscopists only after cecal intubation was confirmed, and
participants were blinded to group allocation. All data were col-
lected by the investigators at each center who did not participate in
data analysis.

Intervention procedures

The 6-minute and9-minutem-WTprotocols as previously described
(14) is adopted for a steady withdrawal speed. Briefly, the colorectum
was classified into 3 segments: right colon, transverse colon, and left
colon, using the hepatic and splenic flexures as the dividing land-
marks. As adopted previously (12), segmental tandem withdrawal
was used to reduce the difficulty and pain of reinsertion and facilitate
the immediate comparisonof twicewithdrawalswhere the landmarks
of anatomical locations were pictured to confirm the same locations
reached. Except for the protocol and pilot trials, colonoscopists were
not given additional specific training or instructions for the 6-minute
or 9-minutewithdrawal andused routine clinical practice.During the
inspection, washing and suctioning were allowed in the 6-minute or
9-minute withdrawal at the discretion of the colonoscopists.

The designated 6-/9-minuteWTwas equallydivided into 3parts
(two-thirdsminutes) for each segmentwithdrawal,with actualWTs
recorded. To remind the WT spent, the timer was set to ring 1
minute before thedesignated endpoint ofWT for each segment (see
Supplementary Figure 1, Supplementary Digital Content 1, http://
links.lww.com/AJG/C737). Any $1-minute violation of prede-
signedWT in each segment led to the exclusion from per-protocol
set. The reinsertion time and related time for biopsy or polypectomy
was subtracted from WT. The colonoscopists adopted the same
inspecting techniques for eachwithdrawal, and the size of the polyp
was estimated using open biopsy forceps or snares. All polyps in-
cluded for analysis were biopsied by forceps or resected by snares,
with histopathology diagnosed by the guidelines of the Fourth
World Health Organization Classification of Tumors, whereas the
optically diagnosed hyperplastic diminutive rectosigmoid polyps
and those detected only in the insertion process were not included.

Outcome measures

The primary outcome measure was the lesion-level AMR, with its
subgroups analyzed. The secondary outcome measures included
advanced AMR (AAMR), ADR, participant-level AMR, advanced
ADR (AADR), and others.

Sample size estimation

According to our finding of pilot trial (3), the lesion-level AMR
was estimated to be 30% in the 6MFand could be halved to 15%by

the 9MF.When calculated with a 2-sided significance of 0.05 and
a power of 80%, the number of adenomas needed to be $132.
With 0.53 adenomas per colonoscopy (APC) (14), 498 partici-
pants were needed. Although we observed a decreased AMR of
9MF in the interim analysis, considering that tandem studieswere
probably inclined to be positive (19) and the increased APC in the
trial, we therefore adopted amore conservativemethod (a 2-sided
significance of 0.01 and a power of 90%) with a 0.74 APC (data
from interim analysis) to estimate sample size, which require
adenomas to be$239 and participants to be$644. Considering
an 8% dropout rate, .700 participants should be invited.

Statistical analysis

Both intention-to-treat and per-protocol analyses were performed.
A planned interim analysis was conducted to assess the rationality
of the used parameters and re-estimate sample size. Continuous
variables were described as the mean with SD and compared using
Student t test, whereas categorical data were expressed as numbers
with percentages and analyzed using the x2 test or Fisher exact test.
The interaction between subgroups and primary comparison was
analyzed by the Mantel–Haenszel test, and adjusted P values with
Bonferroni correction were used for multiple comparisons. The
Spearman rank-correlation coefficient was used to measure the
relationship between the m-WTs and ADR, AADR, AMR, and
AAMRof individual colonoscopists.Multiple linear regressionwas
adopted to identify independent predictors of AMR, whereas
multivariate logistic regressions, including generalized estimating
equations, were used to identify the independent factors of missed
adenomas and AAs. Odds ratios (ORs) or relative risks with 95%
confidence intervals (CIs) are presented, and 2-sided P values
,0.05 were considered statistically significant. All statistical anal-
yseswere performedwith SPSS Statistics 21 (IBM,Armonk,NY) or
R software.

RESULTS
Baseline characteristics

A total of 1,023 participants were invited, and 733 included partic-
ipants were randomized to the 6MF (n5 367) and 9MF (n5 366)
(intention-to-treat set), with excluded participants illustrated in
Figure 1; 7, 13 and 8 participants were excluded from per-protocol
set because of unqualified WT, inadequate BPQ, and incomplete
data, respectively.Thebaseline characteristics,CRCriskprofiles, and
colonoscopy findings between 2 groups were comparable (Table 1,
see SupplementaryTable 1, SupplementaryDigitalContent 1, http://
links.lww.com/AJG/C737). The m-WT and m-NWT of 9MF were
longer in the first withdrawal (9.14 vs 6.18, P, 0.001; 9.10 vs 6.14,
P, 0.001, respectively) and shorter in the second withdrawal (6.15
vs 9.14,P, 0.001; 6.16 vs 9.14,P, 0.001, respectively) than those of
6MF. Similar findings were also found in the m-WTs of the right,
transverse, and left colon (all P, 0.001, Table 1). No adverse events
were found.

Lesion-level detection and miss rate

Table 2 indicates that with 9-minute vs 6-minute m-WT, more
adenomas were detected in the first (0.67 vs 0.46, P 5 0.002) and
second withdrawal (0.27 vs 0.11, P , 0.001), more AAs were
detected in the secondwithdrawal (0.04 vs 0.003,P5 0.01), and the
significant polyps per 6 minutes remained similar in the first
withdrawal (0.45 vs 0.46, P 5 0.79) and increased in the second
withdrawal (0.18 vs 0.11, P5 0.01). 9MF showed lower miss rates
for adenomas (14.5% vs 36.6%, P , 0.001) and advanced
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adenomas (5.3% vs 46.9%, P 5 0.002) than 6MF (Table 2). 9MF
tended to show lower AMRs and AAMRs in all subgroups; no
subgroups showed significant interactions with the WT grouping
(all P . 0.05; see Supplementary Tables 2 and 3, Supplementary
Digital Content 1, http://links.lww.com/AJG/C737). Consistent
lesion-level findings were confirmed in the per-protocol analysis
(see Supplementary Table 4, Supplementary Digital Content 1,
http://links.lww.com/AJG/C737).

Participant-level detection and miss rate

Compared with 6-minute m-WT, 9-minute m-WT improved the
ADR both in the first (42.3% vs 33.5%, P5 0.02) and second with-
drawal (21.8% vs 9.8%, P , 0.001; Table 3). With the 9-minute m-
WT, an increased multiple adenomas detection rate was found in the
first withdrawal (6.3% vs 2.7%, P5 0.02). Compared with 6MF, 9MF
reduced the participant-level AMR (10.9% vs 25.9%, P , 0.001),
multiple adenomas miss rate (20.7% vs 56.5%, P5 0.01), and HRA
miss rate (HMR, 14.6% vs 39.5%, P 5 0.01; Table 3). The ADR
improvement was associated with diminutive (P 5 0.01), flat
(P 5 0.01), and tubular adenomas (P 5 0.02, see Supplementary

Table 5, SupplementaryDigital Content 1, http://links.lww.com/AJG/
C737). Colonoscopists with high ADR in the 6-minutem-WTmight
not benefit fromthe 9-minutem-WT(38.9%vs 40.6%,P50.75,P for
interaction5 0.02), whereas no other subgroups showed significant
interactions with WT grouping (all P . 0.05; see Supplementary
Table 6, SupplementaryDigital Content 1, http://links.lww.com/AJG/
C737). Consistent participant-level findings were also confirmed in
the per-protocol analysis (see Supplementary Table 7, Supplementary
Digital Content 1, http://links.lww.com/AJG/C737).

False-negative rate, rate of shortening surveillance schedule,

and actual-WT analysis

Compared with 6MF, 9MF reduced false-negative rate for adeno-
mas (5.2%vs 11.7%,P5 0.002) andHRAs (2.2%vs 5.0%,P, 0.05)
(Table 3). The rate of shortening surveillance schedule, caused by
lesions detected in the second withdrawal, was significantly lower
in 9MF vs 6MF according to the guidelines of the United States
(7.7% vs 16.1%, P , 0.001) and United Kingdom (0.3% vs 3.8%,
P5 0.001; Table 3). Colonoscopies with$ 9-minute WTs showed a
proportionately lowerAMR(P,0.001) andAAMR(P50.001) than

Figure 1. Flow diagram of participant enrollment and colonoscopy. BBPS, Boston Bowel Preparation Score; WT, withdrawal time.
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Table 1. Clinical characteristics of participants, bowel preparation quality, withdrawal time, and cumulative detection of tandem

colonoscopy

9MF (n5 366) 6MF (n 5 367) P value

Age, yr, mean 6 SD 54.14 6 8.52 53.60 6 8.14 0.38

Sex, men, n (%) 182 (49.7) 173 (47.1) 0.48

BMI, kg/m2, mean 6 SD 24.23 6 3.08 24.32 6 3.00 0.71

BMI $24, n (%) 191 (52.2) 181 (49.3) 0.44

APCS, n (%) 0.82

Average risk 89 (24.3) 96 (26.2)

Intermediate risk 211 (57.7) 209 (56.9)

High risk 66 (18.0) 62 (16.9)

Drinking, n (%) 80 (21.9) 79 (21.5) 0.91

Smoking, n (%) 92 (25.1) 79 (21.5) 0.25

FDR, n (%) 14 (3.8) 14 (3.8) 0.99

Diabetes, n (%) 20 (5.5) 22 (6.0) 0.76

History of aspirin use, n (%) 12 (3.3) 14 (3.8) 0.70

Postcholecystectomy, n (%) 7 (1.9) 9 (2.5) 0.62

Adequate BPQ, n (%) 358 (97.8) 361 (98.4) 0.59

Fair 97 (26.5) 76 (20.7)

Good 261 (71.3) 285 (77.7)

BBPS, mean 6 SD 7.96 6 1.09 8.08 6 1.06 0.13

Time, min, mean 6 SD

Time for the first withdrawal 9.14 6 0.19 6.18 6 0.22 ,0.001

Negative withdrawal time 9.10 6 0.18 6.14 6 0.18 ,0.001

Right colon 3.03 6 0.07 2.03 6 0.07 ,0.001

Transverse colon 3.04 6 0.08 2.05 6 0.10 ,0.001

Left colon 3.08 6 0.11 2.10 6 0.14 ,0.001

Time for the second withdrawal 6.15 6 0.22 9.14 6 0.22 ,0.001

Negative withdrawal time 6.16 6 0.24 9.14 6 0.18 ,0.001

Right colon 2.03 6 0.08 3.03 6 0.07 ,0.001

Transverse colon 2.04 6 0.09 3.05 6 0.09 ,0.001

Left colon 2.08 6 0.11 3.07 6 0.15 ,0.001

Total time for twice withdrawals 15.30 6 0.35 15.33 6 0.40 0.32

Full withdrawal timea 23.41 6 7.73 23.23 6 8.37 0.76

Total colonoscopy time 29.09 6 9.18 29.00 6 9.69 0.89

Cumulative detection rate, n (%)

Polyp 259 (70.8) 238 (64.9) 0.09

Adenoma 174 (47.5) 166 (45.2) 0.53

AA 18 (4.9) 21 (5.7) 0.63

SSL 6 (1.6) 5 (1.4) 0.76

CRSP 24 (6.6) 18 (4.9) 0.34

CRC 2 (0.5) 1 (0.3) 1

6MF, 6-minute-first group; 9MF, 9-minute-first group; AA, advanced adenoma; APCS, Asia-Pacific Colorectal Screening Score; BBPS, Boston Bowel Preparation Score;
BMI, body mass index; BPQ, bowel preparation quality; CRC, colorectal cancer; CRSP, clinically relevant serrated polyp; FDR, first-degree relative with colorectal cancer;
SSL, sessile serrated lesion.
aIncluding time spent for reinsertion and biopsy or polypectomy.

The American Journal of GASTROENTEROLOGY VOLUME 118 | MAY 2023 www.amjgastro.com

EN
D
O
SC

O
P
Y

Zhao et al806

http://www.amjgastro.com


those colonoscopies with shorter WTs; consistent findings occurred
in the proximal (P , 0.001; P 5 0.04) and distal colon (P , 0.001;
P5 0.03, see Supplementary Table 8, Supplementary Digital Content
1, http://links.lww.com/AJG/C737).

Independent predictors for AMR

Allm-WTs of colonoscopists ranged correspondingly during 6–7
or 9–10 minutes (see Supplementary Table 9, Supplementary
Digital Content 1, http://links.lww.com/AJG/C737). The lower
AMRs and AAMRs in 9MF remained significant through the
sensitivity analysis (see Supplementary Table 10, Supplementary
Digital Content 1, http://links.lww.com/AJG/C737). Longer m-
WTs were positively associated with ADR (r 5 0.40, P 5 0.03)
and AADR (r 5 0.41, P 5 0.03) and inversely associated with
AMR (r520.50, P5 0.01) and AAMR (r520.50, P5 0.03);
ADR, APC, adenomas per positive colonoscopy, ADR-plus, and
significant polyps per 6 minutes were also inversely associated
with AMR (see Supplementary Table 11, Supplementary Digital
Content 1, http://links.lww.com/AJG/C737), whereas only
m-WTs (coefficient525.08, P5 0.01) andADR (coefficient5
20.64, P 5 0.002) were the independent predictors of AMR

(see Supplementary Table 12, Supplementary Digital Content
1, http://links.lww.com/AJG/C737).

Independent risk factors for AMR and AAMR

6MF (OR 5 3.02, P , 0.001), individual colonoscopists
(OR 5 1.02–41.13, P , 0.001), inadequate BPQ (OR 5 4.79,
P5 0.01), smaller size (OR5 2.15,P5 0.04), no high-grade dysplasia
(OR5 4.31,P5 0.03), use of antispasmodics (OR5 6.01,P50.001),
and lack of anesthesia (OR5 2.08, P5 0.002) were independent risk
factors of missed adenomas (Table 4). Independent risk or protective
factorsofmissedAAs included6MF(OR539.87,P50.02),proximal
location (OR5 6.48, P5 0.01), smaller size (OR5 4.98, P5 0.02),
advanced age (OR 5 1.25, P 5 0.002), and higher Boston Bowel
Preparation Score (OR5 0.34, P5 0.03) (Table 4).

DISCUSSION
To our best knowledge, the RCT is the first trial to demonstrate a
reduced AMR, AAMR, HMR, and rate of shortening surveillance
schedule with 9MF vs 6MF. With better compliance, the trial
further confirmed an improved ADR and APC in the screening
population (14). Longer WTs might be associated with higher

Table 2. Comparisons of lesion-level detection and miss rate in the intention-to-treat analysis

9MF (n 5 366) 6MF (n 5 367) RR (95% CI) P value

No. of lesions in the first

withdrawal, mean 6 SD

Polyp 1.25 6 1.40 0.90 6 1.13 — ,0.001

Adenoma 0.67 6 1.03 0.46 6 0.78 — 0.002

AA 0.05 6 0.23 0.05 6 0.25 — 0.87

SSL 0.02 6 0.13 0.02 6 0.15 — 1

CRSP 0.07 6 0.27 0.05 6 0.29 — 0.59

CRC 0.005 6 0.07 0.0036 0.05 — 0.56

SP6 0.45 6 0.68 0.46 6 0.76 — 0.79

No. of lesions in the second

withdrawal, mean 6 SD

Polyp 0.23 6 0.56 0.54 6 0.82 — ,0.001

Adenoma 0.11 6 0.37 0.27 6 0.57 — ,0.001

AA 0.003 6 0.05 0.04 6 0.27 — 0.01

SSL 0.0 6 0.0 0.0056 0.07 — 0.16

CRSP 0.01 6 0.17 0.02 6 0.16 — 0.51

CRC 0.0 6 0.0 0.06 0.0 — —

SP6 0.11 6 0.36 0.18 6 0.38 — 0.01

Lesion-level miss rate, n (%)

Polyp 85/544 (15.6) 197/527 (37.4) 0.42 (0.33–0.52) ,0.001

Adenoma 42/289 (14.5) 98/268 (36.6) 0.40 (0.29–0.55) ,0.001

AA 1/19 (5.3) 15/32 (46.9) 0.11 (0.02–0.78) 0.002

SSL 0/6 (0.0) 2/8 (25.0) — 0.47

CRSP 5/29 (17.2) 8/28 (28.6) 0.60 (0.22–1.62) 0.31

CRC 0/2 (0.0) 0/1 (0.0) — —

6MF, 6-minute-first group; 9MF, 9-minute-first group; AA, advanced adenoma; CI, confidence interval; CRC, colorectal cancer; CRSP, clinically relevant serrated polyp; RR,
relative risk; SP6, significant polyps per 6 minutes; SSL, sessile serrated lesion.
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Table 3. Comparisons of participant-level detection and miss rate in the intention-to-treat analysis

9MF (n5 366) 6MF (n 5 367) RR (95% CI) P value

Detection rate in the first withdrawal, n (%)

Polyp 242 (66.1) 193 (52.6) 1.26 (1.12–1.42) ,0.001

Adenoma 155 (42.3) 123 (33.5) 1.26 (1.05–1.52) 0.02

Proximal adenoma 110 (30.1) 81 (22.1) 1.36 (1.06–1.75) 0.01

Distal adenoma 80 (21.9) 60 (16.3) 1.33 (0.99–1.81) 0.06

AA 17 (4.6) 15 (4.1) 1.14 (0.58–2.24) 0.71

SSL 6 (1.6) 5 (1.4) 1.20 (0.37–3.91) 0.76

CRSP 22 (6.0) 15 (4.1) 1.47 (0.78–2.79) 0.23

Multiple adenomasa 23 (6.3) 10 (2.7) 2.31 (1.11–4.78) 0.02

HRA 41 (11.2) 26 (7.1) 1.58 (0.99–2.53) 0.05

CRC 2 (0.5) 1 (0.3) 2.01 (0.18–22.02) 1

Detection rate in the second withdrawal, n (%)

Polyp 65 (17.8) 138 (37.6) 0.47 (0.37–0.61) ,0.001

Adenoma 36 (9.8) 80 (21.8) 0.45 (0.31–0.65) ,0.001

Proximal adenoma 27 (7.4) 47 (12.8) 0.58 (0.37–0.90) 0.02

Distal adenoma 12 (3.3) 39 (10.6) 0.31 (0.16–0.58) ,0.001

AA 1 (0.3) 11 (3.0) 0.09 (0.01–0.70) 0.004

SSL 0 (0) 2 (0.5) — 0.48

CRSP 3 (0.8) 7 (1.9) 0.43 (0.11–1.65) 0.20

Multiple adenomasa 6 (1.6) 13 (3.5) 0.46 (0.18–1.20) 0.11

HRA 7 (1.9) 17 (4.6) 0.41 (0.17–0.98) 0.04

CRC 0 (0) 0 (0) — —

Participant-level miss rate, n (%)

Polyp 17/259 (6.6) 45/238 (18.9) 0.35 (0.20–0.59) ,0.001

Adenoma 19/174 (10.9) 43/166 (25.9) 0.42 (0.26–0.69) ,0.001

Proximal adenoma 16/126 (12.7) 30/111 (27.0) 0.47 (0.27–0.82) 0.01

Distal adenoma 10/90 (11.1) 29/89 (32.6) 0.34 (0.18–0.66) 0.001

AA 1/18 (5.6) 6/21 (28.6) 0.19 (0.03–1.47) 0.10

SSL 0/6 (0.0) 0/5 (0.0) — —

CRSP 2/24 (8.3) 3/18 (16.7) 0.50 (0.09–2.69) 0.64

Multiple adenomasa 6/29 (20.7) 13/23 (56.5) 0.37 (0.17–0.81) 0.01

HRA 7/48 (14.6) 17/43 (39.5) 0.37 (0.17–0.80) 0.01

False-negative rate, n (%)

Adenoma 19 (5.2) 43 (11.7) 0.44 (0.26–0.75) 0.002

AA 1 (0.3) 6 (1.7) 0.17 (0.02–1.39) 0.06

Multiple adenomasa 6 (1.7) 13 (3.6) 0.48 (0.19–1.25) 0.12

HRA 7 (2.2) 17 (5.0) 0.43 (0.18–1.03) ,0.05

CRC 0/2 (0.0) 0/1 (0.0) — —

Rate of shortening surveillance interval by the

second colonoscopy findings, n (%)

USMSTF guideline 28 (7.7) 59 (16.1) 0.48 (0.31–0.73) ,0.001

UK guideline 1 (0.3) 14 (3.8) 0.07 (0.09–0.54) 0.001

European guideline 3 (0.8) 8 (2.2) 0.38 (0.10–1.41) 0.13

6MF, 6-minute-first group; 9MF, 9-minute-first group; AA, advanced adenoma; CI, confidence interval; CRC, colorectal cancer; CRSP, clinically relevant serrated polyp;
HRA, high-risk adenoma; RR, relative risk; SSL, sessile serrated lesion; USMSTF, US Multi-Society Task Force.
aReferring to detecting $3 adenomas.
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ADRs and AADRs, as well as lower AMRs and AAMRs, whose
inverse association (withAMR) remained independent even after
adjusting forADR. 9MFwas the independent protective factor for
the missed adenomas and AAs, which was consistent with sen-
sitivity analysis and actual-WT analysis.

Although 9-minute m-WT were often observed to be of the
highest ADR (10,11,20), inconsistencies still exist (13). Compared
with our trial with insufficient m-WT (8.88 minutes) in 9-minute
group and with mixed-indication population (14), the study further
confirmed the ADR improvement in screening population with ad-
equate m-WTs in all participating colonoscopists. Notably, the
colonoscopists with qualified ADR ($25%) in routine practice also

showed a tendency of ADR improvement (41% vs 34.8%; P for in-
teraction 5 0.62) through a 3-minute prolongation. This improve-
ment is clinically relevant because the risk of interval CRC could be
further reduced from a 35% or higher ADR (1,21,22) without a
“ceiling effect” (22–24) or extra expense (25). Besides, 9-minute m-
WTs were also identified to be positively associated with higher
AADRs,which is supportedbyprevious reports (26,27).However, for
colonoscopists reaching high ADRs ($33.5%) in 6-minute m-WTs,
the benefit of WT prolongation might be limited in ADR. Besides
previous finding (14), the high baseline ADR (33.5%) reached in the
current trialwas comparablewithother reports fromChinese (28,29),
indicating that the adenoma prevalence of Chinese might have in-
creasedalongwith theCRCincidence.The insufficientm-NWT(6.38
vs 4.76) (30), inadequate bowel preparation with 2 L polyethylene
glycol (31), and young population (age range 18–65, mean 50 (31);
age range 18–75; mean 49.5 (30)) might lead to the low-reported
ADRs. Consistently, the latest RCT of Chinese populationwith high-
dose polyethylene glycol andWTalso achieved ahighADR(38.5%vs
33.0%) in relatively young population (age range 35–75, mean 54)
(32). In addition,we also observed an approximately 30%ADR in the
low-risk population (simultaneously with nonhigh CRC risk profile
(33), negative fecal immunochemical test and negative stool DNA
methylation test) in our multicenter community-based screening
study (NCT04786704). Presumably, the Chinese ADR in screening
might be previously underestimated and should be cautiously rede-
fined. In our previous work, the detection rate of sessile serrated
lesions (SSLs) was found to be improved in the per-protocol analysis
(4.0% vs 1.3%, P 5 0.04) but not in the intention-to-treat analysis
(4.0% vs 2.2%, P5 0.15) (14), where the compliance of trial protocol
was suboptimal and only 5 participating centers were able to di-
agnosis SSLs. Therefore, the improvement of SSL detection rate
(SDR) might be greatly influenced by the protocol compliance
and the selection of participating centers, for which we did not con-
firm the improvement of SDR in the conclusion (14). In addition,
because the variation in pathological standards of SSL is great (23)
and the pathological diagnosis of SSL has not reached an extensive
consensus in Chinese medical centers, the SDR in China is relatively
low and variable (14,28,32,34). Therefore, the difference of SDR
might be confounded by pathologists’ factor and random chance
(owning to less precision of the estimates), whichmight contribute to
the comparable SDRs between 2 groups in current trial.

In addition, ADR is not a perfect quality indicator because of the
“one and done” effect (2) and colonoscopists with high ADRs are also
likely tomissmultiple adenomas (2).Despite thewell-establishedADR
standards, interval CRCs still contribute to 8%–9%CRCs (4,5) and are
mainlyoriginated frommissedadenomas (5),whose rate couldbeover
40% for flat lesions (3). Therefore, in addition to ADR, the current
quality measures also put high priority in reducing missed adenomas
(3,5). For thefirst time, the tandem trial demonstrated a reducedAMR
in the 9-minute m-WT and the independent inverse association be-
tween m-WT and AMR even remained after adjusting ADR, in-
dicating that ADR might not be the only mediator of low AMR and
WT should also be monitored to reduce AMR. Moreover, although
9-minute m-WT may not improve ADR of colonoscopists who
reach high ADRs in the 6-minute m-WT, yet it decreased their AMR
(P50.003) andAAMR(P50.01), showing the complementary value
ofWT to ADR inmonitoring colonoscopy quality andweakening the
“one and done” effect (2). Therefore, 9-minute m-NWT is gradually
recommended as an aspirational WT target by the American Gas-
troenterological Association and the American Society for Gastroin-
testinal Endoscopy for the best clinical practice (35,36).

Table4. Independent risk factors ofmissed adenomas andAAsby

multivariate logistic regression

Potential risk factors

Multivariate logistic regressiona

Odds ratio 95% CI P value

For missed adenoma

Grouping (vs 9MF) 3.02 1.81 5.05 ,0.001

COL (vs COL 15 [104])

COL 1 (23) 41.13 17.18 98.50 ,0.001

COL 2 (61) 3.79 0.62 22.95 0.15

COL 3 (73) 4.93 0.83 29.44 0.08

COL 4 (22) 3.81 2.76 5.26 ,0.001

COL 5 (39) 2.42 0.71 8.21 0.16

COL 6 (25) 5.35 2.82 10.16 ,0.001

COL 7 (32) 4.26 1.08 16.77 0.04

COL 8 (26) 3.77 0.92 15.42 0.06

COL 9 (21) 8.10 1.97 33.40 0.004

COL 10 (51) 2.45 0.61 9.77 0.20

COL 11 (23) 1.02 0.35 3.00 0.97

COL 12 (87) 1.36 0.45 4.12 0.58

COL 13 (35) 4.08 1.60 10.40 0.003

COL 14 (111) 1.25 0.21 7.31 0.81

BBPS (vs adequate) 4.79 1.38 16.66 0.01

Size (vs $10 mm) 2.15 1.03 4.49 0.04

Morphology (vs pedunculated) 2.46 0.90 6.69 0.08

HGD (vs yes) 4.31 1.13 16.51 0.03

Use of antispasmodics (vs no) 6.01 2.05 17.63 0.001

Use of anesthesia (vs yes) 2.08 1.30 3.45 0.002

For missed advanced adenoma

Grouping (vs 9MF) 39.87 1.64 971.54 0.02

Location (vs distal) 6.48 1.45 29.01 0.01

Size (vs $10 mm) 4.98 1.32 18.75 0.02

Advanced age (per year) 1.25 1.05 1.49 0.01

Higher BBPS (per score) 0.34 0.13 0.87 0.03

9MF, 9-minute-first group; AA, advanced adenoma; BBPS, Boston Bowel
Preparation Score; CI, confidence interval; COL, colonoscopist; HGD, high-
grade dysplasia.
aThe regression was adjusted for individual COLs through generalized
estimating equations.
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AAs represent higher risks of CRC progression even with more
intensive surveillance frequency (37) and are estimated to progress to
CRCs at a rate of 1% per year (38); their missed diagnosis will falsely
reassure the population of interval CRC risk (39). Notably, 9MF also
decreased the AAMR and no AAs were missed in$9-minute actual
WT.Webelieve thefinding is convincing for followingpoints: (i) 9MF
not only reduced the AAMR of large adenomas, which might be
gamedbyoverestimating size, but also reduced theAAMRof (tubulo)
villous adenomas and high-grade dysplasia; (ii) the missed AAs oc-
curred in 6 colonoscopists of different centers and the difference
remained significant after sensitivity analysis; and (iii) both the mul-
tivariate regression and correlation analysis supported the lower
AAMR in 9MF. Besides, the finding is also supported by the previous
reports with more AAs detected in longer WT (27,40). Nevertheless,
the participant-level AAMR and AADR remained unchanged, pos-
sibly indicating that themissedAAsprobably tend to occurmeantime
withdetectedAAs.Therefore, longerWTsshouldbe recommended in
withdrawal with AAs detected to identify all synchronous advanced
lesions (41). In addition, our finding might also explain the reasons
underlying the independent inverse association between intervalCRC
incidence and m-NWT after adjusting ADR (42); it probably lies in
that 9-minuteWTnotonly improvesADRbut also reduces the rate of
missed HRAs, including AAs, large SSLs, or multiple adenomas,
which cannot be reflected by ADR. Notably, compared with the es-
timated 10% AAMR in the meta-analysis (3), the magnitude of
AAMR might be overestimated by the limited sample size as pre-
viously reported (43,44), which needs more data to accurately de-
termine.Notably, we found the lack of anesthesiawas an independent
risk factor for missed adenomas, which is consistent with the finding
of several latest reports from China and the United States (45,46),
indicating an improved ADRwith sedated colonoscopy vs unsedated
colonoscopy. However, a recentmeta-analysis (47) (not including the
above 2 latest reports (45,46)) reported similar ADRs between pro-
pofol sedation vs opioid/benzodiazepine sedation. Presumably, the
difference of using sedation or not using might actually be the critical
factor, whereas the choice of sedation type would not affect ADR and
inspectingquality (48).The lowerAMRof sedated colonoscopy inour
trial supported the speculation, and further validation is needed.

Our study has several limitations. First, the trial was an open-
label RCT for colonoscopists, and the same colonoscopists
performed tandem withdrawal, which could have introduced sub-
jective bias and Hawthorne effect, whereas such limitation is almost
unavoidable for endoscopic trial. Second, although the validated
segmental tandem withdrawal (12) is beneficial for providing direct
comparisons between twice withdrawals and reducing difficulty and
pain in the reinsertion, the anatomic landmarks of hepatic and
splenic flexuresmight be vague and nontypical for accurate locating,
whereas itmight influence the effect of 9-minuteWTas awhole or in
each colonic segment. Third, the long-term effect of prolongingWT
from6 to 9minutes onCRC incidence is unknown. Finally, although
superiority of 9-minute WT were observed in the Chinese pop-
ulation and the subgroup of over 50-year population, future vali-
dation for Caucasian population in accord with the local CRC
screening strategy is valuable to promote generalizability.

In summary, with 9-minute vs 6-minutem-WT, the RCT is the
first trial to demonstrate a reduced AMR and AAMR, as well as an
improved ADR in screening colonoscopy. Individual colono-
scopists may acquire significant benefits in the ADR, AMR,
AAMR, and HMR from a 3-minute WT prolongation without
compromising detection efficiency. Along with the evidence from
current trial and previous findings (14,42), we suggest that in

addition to ADR, the 9-minuteWT deserves to be considered as a
potential quality indicator to further optimize colonoscopy quality.
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Study Highlights

WHAT IS KNOWN

3 Colonoscopy is reported to miss over one-fourth of adenomas
and almost one-tenth of advanced adenomas.

3 Nine-minute mean withdrawal time (m-WT) was often reported
to be associatedwith the optimal adenomadetection rate (ADR).

3 No randomized trials have confirmed the effect of 9-minute
m-WTon theADRandadenomamiss rate (AMR) in screening
colonoscopy.

WHAT IS NEW HERE

3 When comparedwith the conventional 6-minutem-WT, the study
first demonstrated a reduced miss rate for adenoma, advanced
adenoma, and high-risk adenoma without compromising
detection efficiency in the 9-minutem-WT, along with a lower rate
of shorteningsurveillanceschedulecausedby themissing lesions.

3 For individual colonoscopists, 9-minute m-WT remained lower
miss rates after sensitivity analysis and showed an independent
inverse association with the AMR even after adjusting ADR,
whichalso servedas an independent protective factor formissed
adenomas and advanced adenomas.

3 Nine-minute WT deserves to be incorporated into the current
panel of indicators to optimize colonoscopy quality.
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