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E sophageal adenocarcinoma (EAC) has a 5-year
survival of <20%, but a previous diagnosis of
Barrett's esophagus (BE) is associated with earlier-stage
cancer and improved survival."? The capsule sponge
trefoil factor 3 (TFF3) test is a minimally invasive test that
can be used to detect BE and early EAC.

The Barrett's Esophagus Screening Trial 3 (BEST3) was a
large, pragmatic, multicenter randomized controlled trial
comparing an offer of the capsule sponge TFF3 vs usual care
among the primary care population aged >50 years with
gastroesophageal reflux disease (GERD).> The results showed
that the intervention group had 10x more BE/EAC diagnosed
over 12 months, including some patients with early cancer who
had curative endoscopic treatment. BE was defined as a coded
diagnosis of BE ascertained through anonymous record linkage.
This study aimed to use the BEST3 trial data to identify the
optimal target population to screen for BE and stage 1 EAC
(BE/EAC) to maximize diagnostic yield and minimize harm
from overdiagnosis (Supplementary Methods).

Ethical approval for the BEST3 trial was obtained from
the East of England-Cambridge East Research Ethics Com-
mittee (trial registration ISRCTN68382401). All participants
gave informed consent before any individual-level patient
data were collected and any clinical procedure was done. In
addition, interview participants provided written consent
before participating in interviews.

The trial was registered on the ISRCTN registry, with
registration number ISRCTN68382401, on January 16, 2017.
Registration was prospective before enrolling the first patient.

First, we estimated the number of missed BE/EACs in
usual care (Supplementary Figure 1). We calculated the
number of BE/EACs that would have been found among
TFF3-positive patients if all patients agreed to a confirma-
tory endoscopy because 10 of 231 did not attend (step 1).
Next, we used the data from participants who were TFF3-
negative but who were invited at random for a poststudy
research endoscopy and who had BE/EAC diagnosed (step
2). We used the expected BE/EAC proportion in the inter-
vention arm to compute the expected number of BE/EACs
among usual care (step 3). We deduce that although 13 of
6388 (0.3%) BE/EACs were detected in usual care, we
would have expected 680 of 6388 (10.6%) individuals to
have BE/EAC, suggesting that 98% of BE/EACs are undi-
agnosed (step 4). Assuming all 6388 participants in usual
care were to accept an offer of capsule sponge TFF3 with
the same rate of BE/EAC detected in the intervention arm
(131 of 1654, intention-to-treat analysis),” we would detect
506 cases of BE/EAC, and hence, up to 74% (506 of 680) of
cases of BE/EAC undiagnosed by the current management
pathways could be screen-detected.

Next, we evaluated how best to enrich the population for
screening. Among those who successfully swallowed the
capsule sponge (n = 1654) age (odds ratio [OR], 1.05; 95%

confidence interval [CI], 1.03-1.07), male sex (OR, 2.46;
95% CI, 1.67-3.64), and family history (OR, 1.81; 95% CI,
1.04-3.15) were positive predictors of BE/EAC. There was
no interaction between age and sex (P = .929) or between
sex and family history (P = .804). Using age and sex, we
modeled the probability of a BE/EAC diagnosis among
participants who successfully swallowed the capsule sponge
(Supplementary Figure 24). To target individuals with a 3%
probability of harboring BE/EAC, women aged >60 years
and men aged >50 years could be invited for screening. For
>5% probability, women aged >65 years and men aged
>55 years could be invited, and for a 10% threshold, only
men aged >65 years should be invited because women
never reach 10% probability. Although family history was
predictive, it was only reported in <10% of participants and
had more impact on men (Supplementary Figure 2B and C).
Because of the low prevalence, we did not include family
history in the modeling.

According to the Office of National Statistics, there are 67
million individuals in the United Kingdom with 9.68 million
and 10.19 million male and female individuals, respectively,
between ages 50 and 74 years.” Assuming 20% of adults
have a history of GERD,” we estimate that the size of the
screening population (men and women aged 50-74 years) is
3.98 million. Using the same prevalence of BE/EAC from
BEST3 within the same age group (9.8% male, 4.8% female),
we estimate that 288,040 cases could be detected through
screening. Selecting a >3% probability of harboring BE/EAC
requires screening 3.04 million of prevalence BE/EAC
compared with 2.18 million for >5% and 644,000 for a
>10% probability strategy (Figure 1). Overall, increasing
from 3% to 5% substantially reduces the proportion of in-
dividuals to screen by 45.2% (1.8 million of 3.98 million)
while still detecting 71.0% (204,480 of 288,040) of cases.
Although BE/EAC is a male-predominant disease, increasing
the threshold to 10% (men only) reduces the proportion to
screen by 84% but misses around 72.3% of prevalent cases.
Ultimately, the value of screening will also be reliant on
uptake. In the BEST3 trial, 39% of invitees expressed interest,
but only 25% attended their appointment once exclusion
criteria and availability were considered. A major exclusion
was anticoagulant medication, but this is no longer required

SAuthors share co-senior authorship.

Abbreviations used in this paper: BE, Barrett’s esophagus; BEST3, Bar-
rett’s Esophagus Screening Trial 3; Cl, confidence interval; EAC, esoph-
ageal adenocarcinoma; GERD, gastroesophageal reflux disease; OR,
odds ratio; TFF3, trefoil factor 3.

© 2024 The Author(s). Published by Elsevier Inc. on behalf of the AGA
Institute. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Figure 1. Proposed screening strategy. The reference population (3.98 million, light blue circle) was 20% of adults (men and @14 198
women) aged 50-74 years with GERD, in whom we estimate around 288,040 cases of BE/EAC (using a similar prevalence of 199
BE/EAC in individuals aged 50-74 years as seen in the BEST3 study). The outer black box represents the entire population 200
aged 50-74 years with or without GERD. Screening adul_ts with GERD usin.g a 3% (3.04 njillipn) propability of .harboring BE/ 201
EAC and the estimated prevalence of BE/EAC among this population (left) is compared with increasing the stringency of the
eligible population using a 5% (2.18 million) and 10% (644,000) probability strategy for detecting disease (middle and right). 202
Horizontal red shading shows the cases of BE/EAC that would not be picked up as you move from one strategy to another, 203
although the population to screen (inner colored circles) will decrease. The 5% strategy (middle box), would detect 71% 204
(204,480 of 288,040) of BE/EACs but would substantially reduce the population to screen by 45.2% (1.8 million/3.98 million). 205
Vertical green lines represent approximately 40% asymptomatic patients with BE/EAC that would not be picked up through 206
symptom-based screening. Please note that the circle size is not exactly to scale. BO, Barrett’s esophagus. 207
due to new safety data. Other well-established programs have Overall, this study shows that the current referral stra- ;82
benefitted from a well-advertised endorsement from public tegies identify only a fraction (13 of 680; 2%) of the pro- 210
health agencies to increase uptake. jected BE and stage 1 EACs expected among a reflux 211
The major strength of this study is that the study results population aged >50 years. Further, targeted screening of 212
were not based on assumptions but extrapolations from the individuals with a 5% probability of having BE/EAC could 213
BEST3 randomized data.’ There are several limitations. substantially decrease the population to screen while still 214
First, the BEST3 study was conducted on UK primary care detecting >70% of BE/EACs. A large, randomized screening 215
population and may not be generalizable to other pop- trial (BEST4) in the identified target population will deter- 216
ulations. The number of cases of BE/EAC diagnosed in usual mine whether a nonendoscopic screening approach can 217
care was low, reflecting the low rate of referrals by primary reduce morbidity and mortality from EAC. 218
care physicians, which may not be true for other countries, 219
where endoscopy referral rates may be higher. Second, the .
number of dysplastic BE/EAC in the intervention arm was suPplementary Material 220
small, which may lead to imprecision in our modeling. Third, Note: To access the supplementary material accompanying ;;;
the BEST3 trial only included patients on medication for this article, visit the online version of Gastroenterology at 223
GERD, and studies suggest that approximately 40% of BE/ ~www.gastrojournal.org, and at https://doi.org/10.1053/
EACs are asymptomatic.”” These cases are represented by j.gastro.2024.04.030. ;;2
the shaded area outside the Venn diagram (Figure 1) and 226
will not be picked up through screening using GERD as a W. KEITH TAN 7 Qi3 927
criterion. However, without enriching the population with  Early Cancer Institute
GERD in addition to age and se, it is expected that the 3% Department of Oncology 228
and 5% thresholds for BE/EAC would not be reached. Most ~ University of Cambridge 229
guidelines mandate GERD as a criterion for case finding Cambridge, United Kingdom ;g(l)
because screening all individuals with and without GEBRD 232
would substantlally. increase the bur(.ien of screening. If ROBERTA MARONI 13
res.ources were avallat.)le, 'then scree.mng the entire popu- King's College London Cancer Prevention Trials Unit 34
lation based on age criteria would diagnose a greater pro- -, ar prevention Group 235
portion of BE/EAC cases. Finally, we used the Office of gchool of Cancer & Pharmaceutical Sciences 236
National Statistics database for our population estimates, King’s College London 237
which does not consider the migration of populations within  [nnovation Hub 238
the United Kingdom. Guys Cancer Centre 239
240
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Supplementary Methods

Study Design and Participants

The BEST3 study compared an offer of a capsule sponge
TFF3 test vs usual care in the detection of BE/EAC among
the primary care population.®** Usual care was defined as
the standard management pathway in primary care for
GERD, whereby primary care physicians offer lifestyle
advice, Helicobacter pylori testing, and acid-suppressant
medications, with gastroscopy reserved only for those
with refractory symptoms at the discretion of their primary
care provider.®*** Inclusion criteria were age of >50 years
and having primary care records of prescriptions of acid-
suppressant therapy (proton-pump inhibitor or histamine
2 receptor antagonist) for >6 months in the year before
inclusion in the study. Patients who were on acid suppres-
sion for concomitant use of nonsteroidal anti-inflammatory
drugs were excluded.

A total of 13,222 participants enrolled in BEST3: 6388 in
usual care and 6834 in the intervention arm. Of these, 1654
successfully swallowed the capsule sponge and produced a
sample. Participants with a TFF3-positive result (n = 231)
were invited for an endoscopy, of whom 221 (96%) atten-
ded. Patient demographics and clinical characteristics were
collected during the capsule sponge appointment via a
questionnaire. Follow-up was a weighted average of 12
months, and at the end of the study, a random subset of
participants in both the usual care and those with a negative
TFF3 test were invited for a research endoscopy. The
outcome of BE was defined as a coded diagnosis of BE
ascertained through anonymous record linkage of the
BEST3 participants to the primary care database.

Outcomes

There were several outcomes for this study. The first
was to estimate the proportion of undiagnosed BE or stage 1
EAC in the population with GERD using data extrapolated
from the BEST3 study. Here, we restricted our analysis to
stage 1 EAC given that the biggest impact of cancer
screening is to identify early-stage cancer where endoscopic
treatment could be applied. The second was to identify the
clinical predictors for a diagnosis of BE/EAC and, from this,
to determine the optimal age to screen under different
screening strategies based on a >3%, >5%, or >10%
probability of being diagnosed with the condition. The 3%,
5%, and 10% thresholds were selected through extrapola-
tion from other cancer screening programs, although we
acknowledge that the selection of these thresholds may not
be fully transferrable between different cancer screening
programs. In a recent modeling study, screening for colo-
rectal cancer using a 3% probability threshold could maxi-
mize the benefits of screening and minimize the harms.®® On
the other hand, a 5% probability threshold is consistent

Gastroenterology Vol. m, Iss. m

with the current screening strategy for lung cancer using
annual low-dose computed tomography scans, as recom-
mended by the American Association for Thoracic Surgery.*®
We therefore modeled the relationship between a diagnosis
of BE or EAC and age by sex and analyzed the results ac-
cording to both a 3% and 5% probability threshold. The
10% threshold was arbitrarily selected for comparison
purposes. The third outcome was to arithmetically simulate
the number of expected screen-detectable BE/EAC cases
using our screening criteria and applied to the UK popula-
tion using data from the Office for National Statistics
(ONS).¢”

Statistical Analysis

We calculated the estimated proportion of missed BE/
EAC in the usual care group using the following outputs
from the BEST3 study: (1) the number of BE/EACs diag-
nosed in patients who successfully swallowed the capsule
sponge, (2) the size of the usual care arm, and 3) the
number of BE/EACs that were diagnosed in usual care. We
then estimated the proportion of missed cases that could be
detected by screening if all participants in usual care suc-
cessfully swallowed the capsule sponge. Multivariable lo-
gistic regression was performed to identify clinical
predictors of BE/EAC. As defined in the BEST3 study family
history questionnaire, a positive family history was defined
as the presence of a first or second degree relative with BE
or esophageal cancer. Interaction tests were performed
where appropriate. All covariates with P < .1 on univariate
analysis were included in the multivariable regression. All
tests were 2-sided, and P values of <.05 were considered
statistically significant.

To avoid forcing linear variations of the log ORs with age,
we modeled the relationship between the probability of a
diagnosis of BE/EAC with age and sex by symmetric nearest
neighbor smoothing. We plotted the resulting predicted
probabilities of a BE/EAC diagnosis against ages 50-80
years only due to the small number of BE/EACs diagnosed
beyond 80 years. We identified sex-specific age thresholds
for targeted screening strategies based on a >3%, >5%, or
>10% probability of harboring BE/EAC.

Finally, we performed arithmetic simulation using UK
population-based data from the Office for National Statis-
tics®” to estimate the number of people eligible for screening
relative to the number and proportion of BE/EACs that
could be detected according to these different probability
thresholds. We calculated the numbers needed to screen by
capsule sponge to diagnose 1 case of BE/EAC as the number
of expected BE/EACs divided by the size of the population
to screen. All analyses were performed with Stata version
16 (StataCorp LLC) and R version 4.2 (R Foundation for
Statistical Computing), and the mrunning command was
used for the symmetric nearest neighbor smoothing.*®
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Supplementary Figure 1. Visualization of the arithmetic calculations to estimate the number of missed diagnoses of BE/EAC
in the usual care arm. Note: there were 3 diagnoses of advanced-stage esophageal adenocarcinoma in the usual care arm that
did not contribute to these calculations. EGD, esophagogastroduodenoscopy.

SSU 5.6.0 DTD W YGAST66249_proof m 30 May 2024 m 11:13 am W ce

661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719
720



721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779
780

web 4C/FPO

m 2024

B

~

50 o

A)

RCT Modeling Ascertains Target Screening Population and Yield

x A Males
95% Cl
@ BE/EAC
2 | @ BE with HGD/EAC

Females
95%Cl
@ BE/EAC
@ BE with HGD/EAC

10 4

o
0000.
.

o
o
0o®

o

Probability of a BE/EAC diagnosis (%)

Males

Without Family History

95% Cl
© BE/EAC

|| @ BE with HGD/EAC

With Family History
95% Cl

© BE/EAC

@ BE with HGD/EAC

Probability of a BE/EAC diagnosis (%)

owuw

Age (years) *
Q)

Females

Without Family History

“ 1 9s%a

© BE/EAC
@ BE with HGD/EAC

40

35

With Family History

95% Cl
@ BE/EAC
@ BE with HGD/EAC

30 4

25 o

Probability of a BE/EAC diagnosis (%)

0000°
09

[} . N s e N
go 00 L0080 000000000

0000
o

° o
0© 0000 20
0° w
o ,oD'ioo ®
o o o0 ®"
=5 DO o 10 4
oo =
o) R e —— 5 e — — — — —
YW, 7*(3_(}”40;4 ey e p—— o
e e e e ————— 3 ogggooa‘?vﬁ
o {oo®
T T T T :
50 60 70 80 50 6
Age (years)

0
Age (years)

3.e4

Supplementary Figure 2. Probability of a diagnosis of BE or EAC, estimated using symmetric nearest neighbor smoothing,
with 95% CI. (A) When stratified by age and sex, taking a 5% probability, the starting age to screen men was around 55 years,
whereas for women, it was around 65 years. Women do not reach 10% probability regardless of age. (B) When stratified by
family history, this had a larger influence on men, such that the men with positive family history had a probability of BE/EAC of
>5% even at age 50 years, but the probability of having BE/EAC reaches almost 30% between ages 65 and 70 years. (C) For
women, the influence of family history was less, and those with positive family history seemed to only have an increased
probability of BE/EAC above age 65 years, such that it peaks at around 12% at ages 75-80 years. Positive family history,
however, was only reported in <10% of participants, hence resulting in a wide CI. The age and sex of patients with HGD and
EAC are marked in dark blue and superimposed to BE cases. Note: due to low numbers, we did not include patients aged 80
years or older in the plots. Horizontal dashed lines represent the 3%, 5%, and 10% probabilities, respectively, of being
diagnosed with BE or EAC. HGD, high-grade dysplasia.
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