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Background:  Most radiologists reporting CT colonography (CTC) do not undergo compulsory performance accreditation,
potentially lowering diagnostic sensitivity.

Purpose:  To determine whether 1-day individualized training in CTC reporting improves diagnostic sensitivity of experienced
radiologists for 6-mm or larger lesions, the durability of any improvement, and any associated factors.

Materials and Methods:  This prospective, multicenter cluster-randomized controlled trial was performed in National Health Service
hospitals in England and Wales between April 2017 and January 2020. CTC services were cluster randomized into intervention
(1-day training plus feedback) or control (no training or feedback) arms. Radiologists in the intervention arm attended a 1-day
workshop focusing on CTC reporting pitfalls with individualized feedback. Radiologists in the control group received no train-
ing. Sensitivity for 6-mm or larger lesions was tested at baseline and 1, 6, and 12 months thereafter via interpretation of 10 CTC
scans at each time point. The primary outcome was the mean difference in per-lesion sensitivity between arms at 1 month, analyzed
using multilevel regression after adjustment for baseline sensitivity. Secondary outcomes included per-lesion sensitivity at 6- and
12-month follow-up, sensitivity for flat neoplasia, and effect of prior CTC experience.

Results: A total of 69 hospitals were randomly assigned to the intervention (31 clusters, 80 radiologists) or control (38 clusters, 59 ra-
diologists) arm. Radiologists were experienced (median, 500-999 CTC scans interpreted) and reported CTC scans routinely (median,
151-200 scans per year). One-month sensitivity improved after intervention (66.4% [659 of 992]) compared with sensitivity in the
control group (42.4% [278 of 655]; difference = 20.8%; 95% CI: 14.6, 27.0; P < .001). Improvements were maintained at 6 (66.4%
[572 of 861] vs 50.5% [283 of 560]; difference = 13.0%; 95% CI: 7.4, 18.5; P < .001) and 12 (63.7% [310 of 487] vs 44.4% [187
of 421]; difference = 16.7%; 95% CI: 10.3, 23.1; P < .001) months. This beneficial effect applied to flat lesions (difference = 22.7%;
95% CI: 15.5, 29.9; P < .001) and was independent of career experience (=1500 CTC scans: odds ratio = 1.09; 95% CI: 0.88, 1.36;
P=.22).

Conclusion: ~ For radiologists evaluating CT colonography studies, a 1-day training intervention yielded sustained improvement in
detection of clinically relevant colorectal neoplasia, independent of previous career experience.

Clinical trial registration no. NCT02892721
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Screening for early-stage colorectal cancer (CRC) and
premalignant polyps reduces mortality by approxi-
mately 15% when testing feces for blood (the most
common approach internationally) (1,2). In individu-
als who test positive for fecal blood (by guaiac or im-
munochemical methods), approximately 50% will
have underlying colonic neoplasia (3). A positive fecal

test result therefore requires further investigation, usu-
ally via colonoscopy, with CT colonography (CTC)
used when colonoscopy is not possible (4). In CTC,
multidetector CT scanners are used to produce two-
dimensional and three-dimensional (3D) images of the
cleansed gas-distended colon. CTC has high sensitiv-
ity in the detection of CRC and large polyps (5), and
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Abbreviations

BCSP = Bowel Cancer Screening Programme, CRC = colorectal cancer,

CTC = CT colonography, OR = odds ratio, 3D = three-dimensional,

Summary

One day of individualized training and feedback significantly improved
radiologist sensitivity in detection of 6-mm or larger lesions at CT
colonography.

Key Results

= In this prospective multicenter randomized trial, the intervention
arm (80 radiologists) received 1 day of individualized training on
CT colonography (CTC) image interpretation and showed sus-
tained 16.7% improvement (63.7% [310 of 487] vs 44.4% [187
of 421]) in the detection of 6-mm or larger lesions (polyps and
cancers) at 12 months (2 < .001) compared with 59 radiologists
who received no training.

= Flat lesions were more likely to be detected by radiologists assigned
to the intervention arm (55.0% [458 of 832]) than by radiologists
assigned to the control arm (28.5% [164 of 575], difference =
22.7%; 95% CI: 15.5, 29.9; P < .001).

= The positive effect of training was not associated with prior CTC
career experience (=1500 CTC scans: odds ratio = 1.09; 95% CI:
0.88, 1.36; P = .22).

randomized trials found no significant difference between
colonoscopy and CTC for these clinically important lesions
(6,7). Moreover, meta-analysis found that 3-year cancer
miss rates (sometimes termed postcolonoscopy CRC rate for
colonoscopy or postinvestigation CRC rate for CTC) were
similar for the two tests (8,9).

In many jurisdictions, screening endoscopists undergo
extensive quality assurance training to monitor key perfor-
mance indicators, including adenoma detection rate and
cecal intubation rate; higher adenoma detection rates are
associated with lower postcolonoscopy CRC rates (10).
However, radiologists are not subject to similar stipula-
tions, and the lack of required accreditation for CTC is in
sharp contrast with other screening programs using imag-
ing. For example, accreditation and performance monitor-
ing is mandatory in the UK National Health Service Breast
Screening Programme, delivered via compulsory participa-
tion in Personal Performance in Mammographic Screen-
ing, which requires annual self-assessment and feedback on
mammogram interpretation (11). Worryingly, in the Eng-
lish national Bowel Cancer Screening Programme (BCSP),
the detection rates of CRC and high-risk colorectal polyps
by CTC are only 50% of those achieved with colonoscopy
(12), and missed cancers are twice as common at 3-year
follow-up (13).

Our aim was to mirror the substantial improvements in
mammography screening and colonoscopy achieved by as-
sessment, training, and monitoring (14,15); thus, we hy-
pothesized that radiologists’ diagnostic accuracy for CTC
screening could be improved by individualized training with
ongoing feedback. To test this hypothesis, we performed a
cluster-randomized trial to determine whether 1-day indi-
vidualized training in CTC reporting can improve diagnos-
tic sensitivity of experienced radiologists for 6-mm or larger
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lesions, the durability of any such improvement, and any
variability in CTC reporting sensitivity.

Materials and Methods

Design and Participants
After approval from the University College London Research
Ethics Committee (5967/003) and Health Research Author-
ity (206876), this prospective, parallel-group, two-arm cluster-
randomized superiority trial was conducted according to the
publicly available protocol (16). Eligible participants were con-
sultant radiologists or trainees within 6 months before training
completion who were working in England or Wales and who
routinely reported CTC results. Exclusion criteria were radiolo-
gists working outside these countries or those who could not
complete 12 months of follow-up. Each hospital site consti-
tuted a cluster (Table E1 [online]). Participants provided writ-
ten consent and completed a prerandomization questionnaire
regarding their CTC reporting practice. Cluster randomization
was performed by a statistician (PB.) between April 2017 and
September 2018 using software-generated pseudorandom num-
bers. Randomization was stratified by experience of the first radi-
ologist recruited from each cluster. A cluster-randomized design
was chosen because training individual radiologists at a given
hospital would likely change practice among their colleagues,
potentially contaminating controls. Follow-up was completed in
January 2020.

Data generated or analyzed during the study may be available
from the corresponding author by request.

Intervention

The intervention was an individualized training program for
CTC interpretation with feedback. To assess its effect on di-
agnostic sensitivity, participants interpreted previously unseen
CTC scans before and after randomization. Each participant
interpreted 10 scans at baseline and 1, 6, and 12 months after
enrollment (totaling 40 unique scans).

After baseline assessment, radiologists in the intervention arm
attended a 1-day in-person workshop in which they reviewed 50
teaching scans in a 1:1 or 2:1 ratio with a CTC faculty expert
(Appendix E1 [online]). Requirements for expert faculty were
(a) career experience of more than 3000 CTC scans interpreted,
() a local or national role in CTC education, or (¢) a position
at a tertiary colorectal imaging center. There was no overlap be-
tween workshop teaching cases and test scans. The intervention
group received written feedback on its performance after each of
the four tests with benchmarking against the rest of the sample
(Appendix E2 [online]). We recorded radiologists’ views regard-
ing the training via a postworkshop survey composed of Likert
scales and free text responses (Table E2 [online]). The control
group did not attend the workshop or receive feedback.

CTC Tests

The test sets were chosen to represent the spectrum of luminal
colorectal lesions encountered in screening practice (17). A
50%-70% prevalence of abnormal scans per set was used,
similar to that after positive fecal immunochemical testing
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Figure 1:

(18). Test scans were divided into true-positive results, con-
taining 6-mm or larger lesions (polyps or cancers), and true-
negative results (normal findings). True-positive results were
endoscopically verified and individually scrutinized by three
or more of the CTC faculty experts (A.A.2,, D.B., R.I,, ].M.,
PL.), and consensus was reached through discussion on the
size, colonic segment, conspicuity, and range of axial section
numbers depicting the lesion. Scans for which consensus was
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Flowchart of multicenter cluster-randomized controlled trial. CTC = CT colonography.

not reached were excluded. Lesions of varying conspicuity
were evenly distributed between all four tests. True-negative
findings were scans in which both initial CTC and subse-
quent colonoscopy (or repeat CTC occurring 24 or more
months later) showed no lesion.

We provided anonymized CTC data sets to participants on
DVDs for upload and review at a CTC workstation. Participants
were unaware of the prevalence of abnormalities or any clinical
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information. Participants in both trial arms received the same
test scans at each time point and were asked to complete an elec-
tronic case report form documenting their findings.

Outcomes

The primary outcome was the mean difference in per-lesion
sensitivity (all =6-mm lesions) between trial arms at the
I-month time point. Secondary outcomes were the difference
in per-lesion sensitivity 6 and 12 months after intervention;
the difference in per-scan sensitivity 1, 6, and 12 months after
intervention; the difference in per-scan specificity at all postint-
ervention time points; and radiologist and lesion characteristics
associated with higher sensitivity.

Because any given CTC scan may depict more than one polyp
or cancer, scans were analyzed on a per-lesion and per-scan ba-
sis. For per-lesion analysis, an individual cancer or polyp was
regarded as being detected by the interpreting radiologist if the
correct section number within the prespecified range was stated
along with at least two of the following parameters: (2) lesion
type, () colonic location (within one colonic segment), and ()
size measurement within 50% of the reference standard (5). For

per-scan analysis, we prespecified an index lesion—that is, the
neoplasm with the most advanced histologic characteristics—the
detection of which constituted a true-positive finding. False-posi-
tive findings were also collated via the electronic case report form.

Statistical Analyses

The sample size was based on the primary outcome: difference
in 1-month sensitivity. We assumed sensitivity of 70.0% for
the control arm (19) and regarded a 10.0% increase as being
clinically important. Under the assumption of independent
data, with a 5.0% significance level and 80.0% power, 294
lesions were required per arm. The inflation factor to account
for clustering was taken as 1 + ICC (z-1) (20), where ICC
is the intracluster correlation coefficient and 7 is the number
of positive scans interpreted by each radiologist. Data from
previous CTC reader studies suggested an ICC of 0.09 (21).
At mean prevalence of 60.0% abnormality per test (7 = 6),
this inflation factor was 1.46. Therefore, we required 429 ab-
normal CTC scans, totaling 715 scans (429 abnormal, 286
normal) at the 1-month test, corresponding to 72 radiolo-
gists each reading 10 scans. Accounting for 10.0% dropout,
we aimed to recruit 80 radiologists to
each arm. A previous UK survey identi-

Table 1: Characteristics of Radiologists Included in the Trial fied an average of three CTC-reporting
radiologists per hospital (22). Therefore,
o Control Intervention we anticipated a median cluster size of

Characteristic Group (7 = 59) Group (7 = 80) P Value two, thus aiming to recruit 40 clusters

Report for BCSP 36 (61) 59 (74) 11 per arm.

Career experience 99 Radiologist characteristics were com-
<500 CTC scans 23 (39) 31(39) pared using the x? test. All outcome
500-1499 CTC scans 22(37) 30 (38) analyses were performed using multilevel
215.00 CTIC scans. 14 (24) 19 (24) methods and Stata, version 15.1 (Stata).

Reporting .characterlsncs Two statisticians (PB., S.M.) used a
3D reading perfo.rmed 45 (76) 57 (71) 51 cross-classified model, with radiologist
Mean total rea.d time spent 39 (5-100) 36 (5-80) NA crossed with lesion at the higher level and

on 3D reading (%)* individual measurements at the lowest
Use of computer-aided 46 (78) 58 (72) 46 .

e o level, with separate analyses for each test
Time to report 34 time point, using logistic regression for

<15 minutes 10 (17) 14 (18) ‘ binary outcomes (sensitivity, specificity)

15-25 minutes 40 (68) 46 (58) or Poisson regression for count outcomes

=96 minutes 9 (15) 20 (25) _ (number of false-positive findings). In all

Previous training 34 analyses, the independent variables were
None 11 (19) 8 (10) the study arm (intervention or control)
CTC training workshop 5 (8) 8 (10) and the average outcome at baseline for
(=1 day) each radiologist (included as a covari-
CTC training workshop 43 (73) 64 (80) ate). For the primary outcome, per-lesion
(=2 days) sensitivity, cases with no lesions were
Supervised reporting 5(8) 11 (14) .34 omitted, and the outcome was whether
Reporting with retrospective 13 (22) 15 (19) .70 the lesion was detected. In addition to
review of endoscopic findings the primary analyses, further analyses
CTC fellowship (=3 months) 4 (7) 2(2) 22 were performed for the same outcomes

Note.—Unless otherwise indicated, data in parentheses are percentages that have been using multilevel linear regression. These

rounded to the nearest whole number and may not total 100%. Some radiologists had were performed to obtain the absolute

undergone more than one form of pr?vious CTC training, so the total is greater than difference between arms, considered to

100%. BCSP = Bowel Cancc.r Scre.cmng Programme, CTC = CT colonography, NA = be a more clinically relevant measure

not applicable, 3D = three-dimensional. . . .

. of size of effect. Additional prespecified

* Data in parentheses are the range. . .

analyses were performed using equivalent
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Time Point

Table 2: Differences in Per-Lesion Detection, Per-Scan Detection, and Per-Scan Specificity between the Two Arms at Each Test

Test Time Point Control Group (%)

Intervention Group (%) Odds Ratio*

Per-lesion sensitivity

Baseline—all*

Baseline—all*

Baseline—all*

Per-scan sensitivity!

Per-scan specificity

43.3 (420 of 969)

29.4 (105 of 357)

92.2 (141 of 153)

47.6 (661 of 1387)

Baseline® 43.4 (338 of 779) 49.4 (582 of 1178)
1 month 42.4 (278 of 655) 66.4 (659 of 992)
6 months 50.5 (283 of 560) 66.4 (572 of 861)
12 months 44.4 (187 of 421) 63.7 (310 of 487)

35.2 (180 of 511)

Baseline® 28.9 (83 of 287) 37.3 (162 of 434)
1 month 26.9 (77 of 2806) 59.0 (256 of 434)
6 months 72.2 (177 of 245) 84.0 (316 of 376)
12 months 59.8 (107 of 179) 75.8 (157 of 207)

87.2 (191 of 219)

Baseline® 92.7 (114 of 123) 88.2 (164 of 186)
1 month 91.0 (112 of 123) 80.6 (150 of 186)
6 months 90.5 (95 of 105) 84.0 (136 of 162)
12 months 97.5 (117 of 120) 89.3 (125 of 140)

Difference (%)" P Value
1.37 (0.91, 2.05) 43 (=14, 10.0) 13
1.53 (0.99, 2.39) 6.0 (0.2, 12.3) .06
3.85 (2.54, 5.83) 20.8 (14.6, 27.0) <.001
2.64 (1.79, 3.92) 13.0 (7.4, 18.5) <.001
4.29 (2.41, 7.64) 16.7 (10.3, 23.1) <.001
1.65 (0.93, 2.94) 5.8 (—0.8, 12.4) .09
2.06 (1.07, 3.95) 8.4 (1.1, 15.8) .08
5.67 (3.40, 9.47) 29.0 (21.1, 36.9) <.001
2.05 (1.22, 3.46) 9.9 (2.2, 17.6) .007
8.01 (2.58,27.1) 14.4 (8.2, 20.7) <.001
0.55 (0.23, 1.31) —4.9(—12.0,2.2) .18
0.55 (0.19, 1.58) —4.5(—12.4, 3.3) .27
0.40 (0.19, 0.84) —10.3 (—18.5, —2.1) .02
0.56 (0.21, 1.51) —5.3 (—14.5, 4.0) .26
0.21 (0.06, 0.84) —7.7 (—14.4, —1.0) .03

ratio and difference, data in parentheses are the 95% CIL.
specificity, as appropriate.
sensitivity or specificity, as appropriate.

$ Data only from radiologists who provided further data.

Note.—Differing denominators are a result of the different number of lesions per test and radiologist dropout. For per-lesion sensitivity,
data in parentheses are the number of lesions detected and the total number of lesions, respectively. For per-scan sensitivity, data in

parentheses are the number of index lesions detected and the total number of index lesions, respectively. For per-scan specificity, data in
parentheses are the number of true-negative scans correctly identified and the total number of true-negative scans, respectively. For odds

* Odds ratio calculated as odds of detection in the intervention arm relative to the control arm, adjusted for baseline sensitivity or
T Percentage difference was calculated as the value in the intervention arm minus the value in the control arm, adjusted for baseline

¥ Includes data from all radiologists, including those who took no further part in the trial.

I Calculated by detection of the histologically most advanced (index) lesion.

statistical methods to examine whether the intervention effect
varied depending on radiologist factors (experience, BCSP re-
porting status, and two-dimensional vs 3D reporting) or le-
sion factors (size, morphologic characteristics, and segmental
location). Separately, an interaction between each factor and
the intervention was included in the model and, if significant,
was quantified for each subgroup. P < .05 indicated a signifi-
cant difference.

Results

Participant Characteristics

Among 72 National Health Service clusters, three were outside
England or Wales and thus were excluded. Sixty-nine clusters
were included, comprising 139 radiologists (134 consultants
and five senior trainees; intervention arm: 31 clusters, 80 radi-
ologists; control arm: 38 clusters, 59 radiologists) (Fig 1). Be-
cause of time constraints, recruitment closed before we reached
our target sample number. Eighteen radiologists in the control
arm and 18 in the intervention arm were lost to follow-up be-
fore the primary outcome. Baseline participant characteristics
were well balanced between arms (Table 1). Most radiologists

Radiology: Volume 303: Number 2—May 2022 = radiology.rsna.org

reported scans for the BCSP (68% [95 of 139]), median prior
experience was 500-999 CTC scans, and most reported CTC
scans routinely (median, 151-200 scans per year). Use of 3D
visualization was similar between arms (control, 76% [45 of
59]; intervention, 71% [57 of 80]; P = .51), as was computer-
aided detection (control, 78% [46 of 59]; intervention, 72%
[58 of 80]; P = .46) (Table 1).

A total of 65 lesions were assessed across the four tests, com-
prising 12 cancers (range, 10-60 mm), five serrated lesions
(range, 8-40 mm), and 48 adenomas (range, 6-50 mm); 23
lesions (35%) were flat (height <3 mm) and 46 (71%) were
10 mm or larger. At baseline testing, 1240 CTC scans were
interpreted by 124 radiologists. Individual radiologist sensitiv-
ity varied widely, ranging from 15.8% (three of 19 lesions =6
mm detected) to 89.5% (17 of 19 lesions =6 mm detected),
with a mean sensitivity of 45.8% (8.7 of 19 lesions) and an in-
terquartile range of 35%-58%. Baseline per-lesion sensitivity
was similar between arms (intervention, 47.6% [661 of 1387
lesions] vs control, 43.3% [420 of 969 lesions]; difference =
4.3%; 95% CI: —1.4, 10.0; P = .13) (Table 2) and between
BCSP (48.9% [651 of 1330 lesions]) and non-BCSP (42.9%
[269 of 627 lesions]) radiologists (P = .10) (Table E3 [online]).
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Figure 3: Per-lesion detection of colorectal cancer or lesions & mm or larger at
each test fime point for the control and intervention arms, with corresponding 95%
Cls. Radiologists who dropped out before reaching the 1-month fime point were
omitted from the baseline calculations.

Outcomes

Radiologists randomly assigned to the intervention group
had greater improvement in 1-month sensitivity (66.4% [659
of 992 lesions]) than did radiologists assigned to the control
group (42.4% [278 of 655]; difference = 20.8%; 95% CI:
14.6, 27.0; P < .001) (Fig 2). This beneficial effect persisted at
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Figure 4:  Per-scan specificity (denoted by identification of an index lesion) at
each test fime point for the control and intervention arms, with corresponding 95%
Cls. Radiologists who dropped out before reaching the 1-month fime point were
omitted from the baseline calculations.

6 months (intervention: 66.4% [572 of 861 lesions] vs control:
50.5% [283 of 560 lesions]; difference = 13.0%; 95% CI: 7.4,
18.5; P < .001) and 12 months (intervention: 63.7% [310
of 487 lesions] vs control: 44.4% [187 of 421 lesions]; differ-
ence = 16.7%; 95% CI: 10.3, 23.1; P < .001) (Table 2, Fig

3). Overall, the intervention arm had a 16.5% adjusted mean

radiology.rsna.org = Radiology: Volume 303: Number 2—May 2022
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Table 3: Number of False-Positive Findings at Each Test Time Point

No. of False-Positive

No. of False-Positive
Diagnoses per Case

Time Point Findings Detected Interpretation® Ratio’ Difference* P Value
Baseline—all® 1.51 (1.04, 2.20) 0.07 (0.00, 0.15) .03
Control (7 = 510) 65 0.13 = 0.35
Intervention (7 = 730) 147 0.20 = 0.49
Baselinel 1.83 (1.04, 3.21) 0.10 (0.04, 0.18) .04
Control (7 = 410) 45 0.11 = 0.33
Intervention (7 = 620) 130 0.21 = 0.51
T 1.51 (1.04,2.18)  0.14(0.06,0.21) .03
Control (7 = 410) 51 0.12 £ 0.43
Intervention (7 = 620) 169 0.27 = 0.59
6 months 0.86 (0.62, 1.20) 0.05 (-0.05, 0.14) .37
Control (7 = 350) 66 0.19 * 0.50
Intervention (7 = 540) 143 0.26 = 0.69
12 months 2.05 (1.25, 3.36) 0.16 (0.07, 0.25) .004
Control (7 = 300) 24 0.08 = 0.28
Intervention (7 = 350) 96 0.27 = 0.56

dropout. 72 = number of CT colonography scans.
* Data are mean 6 standard deviation.

number of false-positive findings at baseline.

findings at baseline.

I'Data only from radiologists who provided further data.

Note.—Data in parentheses are 95% Cls. Differing denominators are a result of the different number of lesions per test and radiologist

T Ratio calculated as the number of false-positive findings in the intervention arm relative to that in the control arm, adjusted for the
# Difference calculated as the value in the intervention arm minus the value in the control arm, adjusted for the number of false-positive

$ Includes data from all radiologists, including those who took no further part in the trial.

increase in per-lesion sensitivity relative to baseline during the
three postrandomization test points compared with a 2.3% in-
crease for the control arm.

When considering per-scan sensitivity for the most histo-
logically advanced index lesion, the intervention arm showed
improvement compared with the control arm at 1 month
(intervention: 59.0% [256 of 434 lesions] vs control: 26.9%
[77 of 286 lesions]; difference = 29.0%; 95% CI: 21.1, 36.9;
P < .001), 6 months (intervention: 84.0% [316 of 376 lesions]
vs control: 72.2% [177 of 245 lesions]; difference = 9.9%; 95%
CI: 2.2, 17.6; P = .007), and 12 months (intervention: 75.8%
[157 of 207 lesions] vs control: 59.8% [107 of 179 lesions]; dif-
ference = 14.4%; 95% ClI: 8.2, 20.7; P < .001) (Table 2).

DPer-scan specificity was similar between arms at baseline (in-
tervention: 88.2% [164 of 186 lesions] vs control: 92.7% [114
of 123 lesions]; difference = —4.5%; 95% CI: —12.4%, 3.3%);
P = .27). After training, per-scan specificity was lower in the
intervention arm at all time points (Table 2), with the differ-
ence being significant at 1 month (intervention: 80.6% [150 of
186 lesions] vs control: 91.0% [112 of 123 lesions]; difference =
—10.3%; 95% CI: —18.5%, —2.1%; P = .02) and 12 months
(intervention: 89.3% [125 of 140 lesions] vs control: 97.5%
[117 of 120 lesions]; difference = —7.7%; 95% CI: —14.4%,
—1.0%; P = .03) (Fig 4). During all three postrandomization
time points, the intervention arm had an approximately 4% ad-
justed mean reduction in per-scan specificity relative to baseline,
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compared with a 0.4% increase in the control arm (Table 2). The
number of false-positive findings detected at each time point is
provided in Table 3.

We found no evidence of a significant interaction between
the intervention and radiologist career experience (=1500 CTC
scans: odds ratio [OR] = 1.09; 95% CI: 0.88, 1.36; P = .22)
or lesion size (=20 mm: OR = 2.69; 95% CI: 0.63, 11.5; P =
.35), implying that the intervention was not dependent on either
factor (Table 4). Flat lesions were more likely to be detected by
radiologists assigned to the intervention group (55.0% [458 of
832 lesions]) than to the control group (28.5% [164 of 575 le-
sions]) (difference = 22.7%; 95% CI: 15.5, 29.9; P < .001), as
were nonflat lesions (intervention: 71.9% [1083 of 1506 lesions]
vs control: 55.0% [583 of 1059 lesions]; difference = 11.6%;
95% CI: 4.6, 18.6; P < .001) (Table 5). Details regarding the
influence of 3D visualization, colonic segmental location, and
status as a BCSP radiologist on the efficacy of the intervention
are summarized in Table 5.

In both trial arms, lesion detection was highest in the rec-
tum and lowest in the ascending and transverse colon (Table E4
[online]). In the control arm, radiologists who used 3D visual-
ization for more than 20.0% of their interpretation time had
better detection (OR = 1.48; 95% CI: 1.07, 2.05; P < .03),
but this was not true for radiologists in the intervention arm,
for which 3D interpretation had little effect on detection (OR
=0.96; 95% CI: 0.73, 1.28; P = .33) (Table E4 [online]). The
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intervention benefitted both BCSP and non-BCSP radiologists;
improvements of 15.2% (95% CI: 9.8, 20.6; P < .001) and
20.3% (95% CI: 12.8, 27.8; P < .001), respectively, were ob-
served (Table 5).

‘The postworkshop survey was completed by 97% (71 of 73)
of radiologists in the intervention group. Almost all either agreed
(34% [24 of 71]) or strongly agreed (65% [46 of 71]) that the
workshop provided useful feedback regarding their performance.
All respondents agreed (27% [19 of 71]) or strongly agreed
(73% [52 of 71]) that workshop cases provided additional learn-
ing opportunities, and 99% (70 of 71) would recommend the

workshop to colleagues. Participation motivated 97% (69 of 71)
of radiologists to improve their CTC reporting through inde-
pendent study.

Discussion
Although CT colonography (CTC) is the first-choice radio-

logic test for colorectal cancer (CRC) screening and examina-
tion of symptomatic patients, there is no mandatory testing,
accreditation, or performance monitoring for CTC reporting
in most jurisdictions. This contrasts with processes for colo-
noscopy and other cancer screening programs. To address this

deficiency, we performed a prospective,

multicenter cluster-randomized controlled

Combined)

Table 4: Association between Radiologist or Lesion Characteristics and Study
Group with Lesion-level Detection, Part 1 (All Postintervention Time Points

trial of testing, training, and feedback for
experienced radiologists who routinely in-
terpret CTC scans. In our study, a 1-day

Study Group and Category ~ Detection (%)

Odds Ratio (%)

training workshop and feedback model in-

Both combined
<500 scans
500-1499 scans
=1500 scans

Both combined

55.8 (651 of 1167) 1
56.8 (955 of 1681)
60.5 (683 of 1128)

44.3 (1080 of 2437) 1

0.92 (0.75, 1.12)
1.09 (0.88, 1.36)

<10 mm
11-19 mm 53.9 (953 of 1769) 1.89 (0.54, 6.62)
=20 mm 63.0 (1336 of 2122)  2.69 (0.63, 11.5)

P Value
creased radiologist sensitivity for all 6-mm
22 or larger lesions (CRC and polyps) by
16.7%, an effect that was sustained for 12
months (P < .001). Improved sensitivity
35 after intervention was observed regardless

of lesion morphologic characteristics, with
a 22.7% improvement in detection of flat
lesions (P << .001). Lesion detection in the

Note.— Factor times group interaction P value was .64 for career experience and .25
for lesion size. For detection, data in parentheses are number of lesions detected and
total number of lesions, respectively. For odds ratio, data in parentheses are 95% Cls.

intervention arm was higher across all co-
lonic segments (P < .01 for all except the
descending colon [P < .44]) and did not

depend on previous career experience (ex-

Table 5: Per-Lesion Detection according to Subgroup (All Postintervention Time Points Combined)

Subgroup Control Group (%) Intervention Group (%) Odds Ratio (%)* Difference (%)* P Value
3D reporting
<20% 43.9 (329 of 750) 68.7 (365 of 531) 4.11 (3.04, 5.55) 31.6 (20.3, 42.9) <.001
20%—-49% 48.4 (171 of 353) 67.2 (721 of 1073) 2.67 (1.95, 3.67) 17.9 (6.6, 29.2) <.001
=50% 46.5 (248 of 533) 61.6 (442 of 717) 2.45 (1.82, 3.28) 16.3 (5.5, 27.2) <.001
Morphologic
characteristics
Nonflat 55.0 (583 of 1059) 71.9 (1083 of 1506) 2.46 (2.00, 3.03) 11.6 (4.6, 18.6) <.001
Flat 28.5 (164 of 575) 55.0 (458 of 832) 4.94 (3.63, 6.71) 22.7 (15.5, 29.9) <.001
Segment
Cecum 36.9 (87 of 236) 58.8 (193 of 328) 2.82 (1.84, 4.30) 14.2 (2.6, 25.8) <.001
Ascending colon 25.8 (104 of 403) 53.5 (318 of 594) 4.78 (3.35, 6.83) 25.4 (13.6, 37.3) <.001
Transverse colon 24.6 (42 of 171) 53.4 (126 of 236) 4.64 (2.65, 8.11) 22.7 (11.4, 34.1) <.001
Descending colon 74.3 (26 of 35) 83.3 (45 of 54) 1.53 (0.52, 4.47) 4.1(-9.1,17.2) <.44
Sigmoid 56.7 (284 of 501) 74.9 (531 of 709) 2.72 (2.02, 3.66) 14.5 (4.7, 24.3) <.001
Rectum 70.8 (204 of 288) 78.7 (328 of 417) 1.88 (1.19, 2.98) 7.3 (-3.6,18.1) .007
BCSP reader
No 41.0 (260 of 634) 62.2 (377 of 606) 3.90 (2.91, 5.24) 20.3 (12.8, 27.8) <.001
Yes 48.7 (488 of 1002) 67.1 (1164 of 1734) 2.69 (2.18, 3.31) 15.2 (9.8, 20.6) <.001

Note.—Differing denominators are a result of the different number of lesions per test and radiologist dropout. For the control and
intervention groups, data in parentheses are number of lesions detected and total number of lesions, respectively. For odds ratio and
difference, data in parentheses are 95% ClIs. BCSP = Bowel Cancer Screening Program, 3D = three-dimensional.

* Odds ratio calculated as odds of detection intervention group relative to the control arm, adjusted for baseline sensitivity.

T Percentage difference calculated as the value in the intervention arm minus the value in the control arm, adjusted for baseline sensitivity.
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perience reading =1500 CTC scans: odds ratio [OR] =
1.09; 95% CI: 0.88, 1.36; P = .22) or the use of three-di-
mensional interpretation (OR = 0.96; 95% CI: 0.73, 1.28;
P = .33). The intervention was practical to deliver, lasting only
1 day, and 99% (70 of 71) of participants would recommend
it to their colleagues. Worryingly, before the training inter-
vention, baseline sensitivity among participants was both low
(45.8%) and extremely variable (range, 15.8%-89.5%) regard-
less of prior experience.

Previous studies on CTC reader training and testing have
used novice readers (minimal prior CTC reporting experience)
or fewer than 10 experienced readers rather than large repre-
sentative samples of current practitioners, as we did (23-26).
We recruited from 69 hospitals, representing 49.6% (69 of
139) of English CTC services (27). A prior study evaluating
structured training found that approximately 175 CTC scans
were required for most novice readers to achieve adequate
sensitivity (24). Even so, three of nine readers did not achieve
adequate performance despite prolonged training with more
than 200 scans. Many professional bodies set minimum stan-
dards for CTC training by stipulating a number of studies to
be reported before independent practice and documentation of
annual caseload thereafter (28,29). These minimum standards
are likely of limited value, as individuals achieve competence at
different rates. Indeed, we found no association between career
experience and lesion detection. Use of 1:1 and 2:1 training
focused on individual areas of weakness and supplemented by
written feedback allowed us to target learning needs to each
radiologist, thereby maximizing the relevance of their training.
Although the per-lesion sensitivity of radiologists after train-
ing was 66.4%, lower than previous reports from unselected
screening populations (19), it is similar to the findings of an-
other study of hard-to-detect polyps (30). Our data suggest
that a model of iterated testing with subsequent individualized
feedback and retraining when necessary will permit far supe-
rior sustained performance compared with accumulation of
large caseloads.

Although improved detection rates might be partly offset by
more false-positive referrals for colonoscopy, we found that sen-
sitivity increased disproportionately (16.7% increased sensitivity
vs 7.7% reduced specificity), meaning the net benefit would be
overwhelmingly positive. This is especially relevant because pa-
tients and their doctors value sensitivity gains disproportionately
over a loss of specificity (31).

This study had limitations. First, our test data set was
weighted to reflect the upper end of fecal immunochemical
testing prevalence and to include hard-to-detect lesions. These
scans do not precisely mirror an unselected population, so cau-
tion should be applied when extrapolating our observed higher
sensitivity in this test environment to other settings. Second,
we closed recruitment before reaching our prespecified sample
size, meaning 103 radiologists contributed to the primary out-
come (initial target was 144 radiologists). However, our ob-
served effect size was 1.6 times larger than our a priori expecta-
tion. Third, we experienced moderate loss to follow-up, albeit
relatively little loss before primary end point measurement.
Fourth, 21 more radiologists were randomly assigned to the
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intervention arm than to the control arm, despite attempts to
balance this by including seven more control clusters.

In conclusion, we found that for experienced radiologists
reporting CT colonography (CTC) results, a 1-day training
intervention produced a sustained 16.7% improvement in
the detection of clinically relevant colorectal neoplasia inde-
pendent of career experience, lesion location, or morphologic
characteristics. Originally, we intended to analyze pre- and
posttrial lesion detection rates and positive predictive val-
ues, comparing results across arms, but the COVID-19 pan-
demic prevented this because of the increased workload of
the recruited radiologists. This presents an avenue for future
research. We believe that training and ongoing assessment
should be mandated for practitioners interpreting CTC scans,
and given the improvements we observed among screening
radiologists, it certainly should be mandated within national
screening programs. Such accreditation is already stipulated
for breast cancer screening and would align CTC with colo-
noscopy screening. Our data suggest that radiologists would
welcome this, and previous surveys have found that radiolo-
gists favor accreditation and assessment (22).
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domized Controlled Trial
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Erratum in:
https://doi.org/10.1148/radiol.229007

A sentence was corrected in the discussion. It now is
as follows: Fourth, 21 more radiologists were ran-
domly assigned to the intervention arm than to the
control arm, despite attempts to balance this by in-
cluding seven more control clusters.

This copy is for personal use only. To order printed copies, contact reprints@rsna.org



	radiol.211456
	radiol.229007

