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Summary

Background: Current guidelines recommend different screening approaches for indi-
viduals with a family history of Barrett's oesophagus (BO) or oesophageal adenocar-
cinoma (OAC), varying from no screening to screening all individuals with a positive
family history.

Aims: To determine evidence-based risk estimates for individuals with a family his-
tory of BO or OAC

Methods: We systematically searched Pubmed, Embase and Cochrane Library until
October 2020 to identify all studies that reported on the association between family
history and the risk of BO and OAC. Pooled summary estimates of adjusted relative
risks and prevalence of familial BO/OAC with 95% confidence intervals (Cls) were
calculated using a random effects model.

Results: Fourteen studies comprising 16 189 BO/OAC patients were analysed.
Familial clustering was seen in 8.84% (95% Cl: 5.54-13.82) and 4.37% (95% CI:
2.15-8.69) of patients with BO and OAC, respectively (nine studies). Screening first-
degree relatives of BO patients had a diagnostic yield between 12% and 44% for BO
(four studies). However, the yield for high-grade dysplasia and OAC was low (<2%).
Individuals with a positive family history had a higher risk of having BO (aRR 3.26;
95% Cl 1.43-7.40; > = 46%; three studies) and OAC (aRR 2.19; 95% Cl 1.14-4.21;
I? = 48%; five studies) compared to individuals without a family history.
Conclusions: A verified family history of BO or OAC is a strong risk factor for both
BO and OAC. A positive family history could be a clinically meaningful way to identify

high-risk individuals who may benefit from early detection strategies.

As part of AP&T's peer- review process, a technical check of this meta- analysis was performed by Dr Y Yuan. The Handling Editor for this article was Dr Colin Howden, and this
uncommissioned review was accepted for publication after full peer-review.
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1 | INTRODUCTION

During the past 30 years, the incidence of oesophageal adenocar-
cinoma (OAC) has increased up to sixfold in Western countries.>?
With 35 000 new cases in 2018, nearly 50% of the worldwide
cases of OAC occur in Europe and North America.® OAC still has
a poor prognosis with a 5-year survival rate of only 20%, despite
improvements in multimodality therapy.* The vast majority of pa-
tients with OAC present with locally advanced or metastatic dis-
ease, as symptoms of early OAC and its precursor lesions are often
absent or barely distinct from gastro-oesophageal reflux disease
(GERD).!

Barrett's oesophagus (BO) is the major precursor of OAC, in-
creasing the risk of developing OAC by a factor 10-30.>¢ The pop-
ulation prevalence of BO is estimated to be approximately 1%-2%,
which increases to 8%-20% in individuals with long-term GERD.”®
Unfortunately, in daily practice, >90% of patients with OAC never
had prior endoscopy and only a minority of BO patients are currently
diagnosed and under surveillance.” Hence, identifying patients with
BO and early detection of OAC could be potentially helpful in reduc-
ing OAC-related mortality.

As the annual risk of OAC in patients with BO is low (0.1%-0.5%),
the merits of population-based endoscopic screening are controver-
sial. > |t is therefore important to identify individuals at increased risk
for BO and OAC. Already known risk factors for BO and OAC, includ-
ing increasing age, male gender, Caucasian race, smoking, obesity and
GERD, are in this regard helpful.®

Although the vast majority of BO and OAC cases are sporadic
and caused by somatic mutations, several reports of families with
multiple affected relatives suggest that there may be an underly-
ing genetic susceptibility.!** However, as the exact role of genetic
factors in the development of BO and OAC has remained largely
unclear, OAC is not included in familial risk management guide-
lines.*® Clinical guidelines on the other hand suggest a role for en-
doscopic screening in individuals with a positive family history for
BO or OAC.*"'? Until now, recommendations for screening in these
individuals are merely based on expert opinions and on small num-
ber of studies, and consequently recommendations vary between
guidelines.*¢-2°

Precise and valid evidence-based risk estimates for individ-
uals with a family history of BO or OAC are needed to improve
genetic counselling, provide rational advice, develop risk pre-
diction models and to determine appropriate screening strate-
gies. Understanding the association between family history and
oesophageal metaplasia and related neoplasia may also improve
the knowledge on the pathogenesis of BO and OAC and could be
key to identify causal underlying germline mutations. The aim of
this systematic review and meta-analysis was therefore to de-
termine the prevalence of a positive family history in patients
with BO and OAC. We furthermore aimed to assess the preva-
lence and the risk of BO and OAC in individuals with a positive
family history.
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2 | METHODS
2.1 | Search strategy

This systematic review and meta-analysis of studies that investi-
gated the association between a positive family history and risk of
BO and related neoplasia was conducted according to the MOOSE
(Meta-analysis of Observational Studies in Epidemiology) guidelines
and a predetermined protocol (Prospero: CRD42020179348).2
We systematically searched the electronic databases of MEDLINE
(Pubmed), Embase (Ovid Technologies) and the Cochrane Library
from inception to the date of the search (October 2020), without
any restrictions. The search terms included three main categories
and comprised synonyms for ‘BO’ and ‘OAC’, ‘family’ and ‘risk’ in ac-
cordance with previous literature reviews on familial cancer.??23 The
search strategy was performed in collaboration with an experienced
medical librarian. Exact search terms are presented in Table S1.
References of eligible articles and reviews on the topic were manu-
ally searched for additional articles. An additional literature search
excluding the keywords related to family/genetics was performed to
possibly identify studies that only reported family history as second-
ary outcome. We assessed the full text of a randomly selected 5% of

identified articles to determine robustness of our search strategy.

2.2 | Study selection

All identified records were exported to the citation management
program EndNote X8 (Clarivate Analytics) for deduplication. First,
two reviewers (YP and EG) independently screened titles and ab-
stracts. Second, the full text of all included abstracts was assessed
by the same reviewers to determine eligibility of each study. Any
discrepancies between reviewers in both screening phases were
resolved by consensus. Remaining disagreements were resolved
through discussion with a third reviewer (PS).

Studies were eligible for inclusion if they permitted quantitative
assessment of the association between BO and/or OAC defined by
their presence during upper endoscopy and validated by pathology
review and family history for these diseases. A positive family history
was defined as having any type of family history of BO or oesopha-
geal cancer irrespective whether the family history was verified by
assessing medical or pathology reports from reportedly affected rel-
atives. Studies that did not provide the used definition of a positive
family history or used another definition of family history (eg family
history of gastric cancer or GERD) were excluded. Additionally, we
excluded studies that did not describe how assessment of family his-
tory was performed or which relatives were assessed. Studies were
included if they reported the proportion of patients with BO or OAC
that had a positive family history, the proportion of BO and OAC
diagnoses in individuals with a positive family history or a measure
of association (relative risk [RR], odds ratio [OR] or standardised inci-

dence ratio [SIR]), or provided data for their calculation.
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Case reports, reviews, unpublished data and conference ab-
stracts were excluded. Inclusion was not otherwise restricted by
study size, language or study type. We reviewed all included studies
for their independence of their study population. For studies from
the same data source and investigating the same outcome mea-
sure, we included articles that best fitted the relevance to the study
questions.

2.3 | Data extraction and quality assessment

After identifying relevant studies, two authors (YP and EG) inde-
pendently abstracted data on study characteristics and quality,
patient demographics, definitions and assessment of family his-
tory including endoscopic or histological confirmation of affected
relatives, and type of outcome measure onto a standardised form.
Of all included studies, differences between patients with familial
BO/OAC and sporadic cases were also extracted. For each study,
the prevalence of BO or OAC in first-degree relatives was calcu-
lated by dividing the cases by the total patient group at risk, while
the prevalence of a positive family history was calculated by divid-
ing the cases with a positive family history by the total patient
group with BO or OAC. Also, risk estimates (RR, OR or SIR) with
95% confidence intervals (Cls) and potential confounding variables
considered in the analyses were recorded for each study. Adjusted
risk estimates were used if they were adjusted for relevant effect
moderators. Otherwise, unadjusted estimates or raw data were
collected. ORs and SIRs were considered to be equivalent to RRs,
given that the prevalence of BO or OAC among asymptomatic in-
dividuals is relatively low.?*

Risk of bias was assessed using the Quality in Prognosis Studies
(QUIPS) tool, as recommended by the Cochrane Collaboration for
studies of prognostic factors.?>2¢ Quality was analysed based on six
domains: study participation, study attrition, prognostic factor mea-
surement, outcome measurement, study confounding and statistical
analysis and reporting. Studies were classified as either low, moder-
ate or high risk of bias (Table S2). Disagreements in data extraction
and quality assessment were resolved through discussion and con-

sensus and in consultation with a third reviewer (PS).

2.4 | Statistical analysis

The outcomes of this study were pooled prevalences and risk esti-
mates of both BO and OAC based on the presence or absence of a
positive family history for BO or oesophageal cancer. We also as-
sessed the proportion of patients with BO or OAC with a positive
family history of these disorders. We defined familial clustering as
the occurrence of two cases of BO or OAC within one family.
Proportions with 95% Cls were calculated using the method
of Wilson.?’” For all outcomes, we pooled logit-transformed preva-
lences and risk estimates with the corresponding 95% Cls using the

generic inverse variance method with a random effects model.?%%?
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This model incorporates heterogeneity by giving a weight to each
study equal to the inverse of the variance of the effect estimate.
Between-study variance in the random effects model was esti-
mated by a restricted maximum-likelihood estimator (REML).30 The
between-study heterogeneity was quantified with the inconsistency
index (1?) statistic and tested for significance using Cochran's Q-test.
Because this test is underpowered to detect moderate degrees
of heterogeneity, P values <0.10 were defined as indicating the
presence of heterogeneity.®! 1? values >50% indicated substantial
heterogeneity.®!

Given the observational nature of studies and variation in the
effect measures used in individual studies, we anticipated hetero-
geneity in the analyses. To reduce heterogeneity, a stratified meta-
analysis was performed according to used definitions of a positive
family history. To further explore heterogeneity, we performed
pre-planned sensitivity analyses on study-related variables (study
design, study location, verification of a positive family history and
adjustment for certain covariates). Between-study sources of het-
erogeneity were assessed by using sensitivity analyses by stratify-
ing original estimates according to the study characteristics, with P
values <0.05 for differences between subgroups being considered
as statistically significant. To explore a GERD-independent effect of
a positive family history on BO and OAC, we performed sensitivity
analyses of studies that adjusted for GERD symptoms or included
only patients with GERD.

We did not perform an assessment of publication bias and meta-
regression because of the small number of studies (<10) for all effect
estimates. Statistical calculations and transformations for propor-
tional outcomes and risk estimates were performed using R version
4.0.0 (R Foundation for Statistical Computing, Vienna, Austria). For
all tests (except for heterogeneity), P values of <0.05 were consid-
ered statistically significant.

3 | RESULTS
3.1 | Study selection and included studies

Our initial search identified 3030 articles after deduplication. Of
these, 2928 were excluded after screening titles and abstracts, leav-
ing 102 articles for full-text assessment (Figure 1). Eighteen stud-

3249 of which two were

ies met our inclusion and exclusion criteria,
excluded because of overlapping patient populations.*®*” Another
two studies were excluded because the family history of gastric and
oesophageal cancer was combined and no individual data could be
extracted.*®*? The sensitivity analysis on full-text search of 1050
studies on BO and OAC did not reveal additional relevant articles on
family history fulfilling the eligibility criteria (Figure S1). Agreement
between investigators for assessment of study eligibility was good
(kappa statistic = 0.79).°° Our final data set included 14 unique arti-
cles: 9 addressed prevalence of familial BO/OAC, 4 addressed preva-
lence of BO in first-degree relatives and 7 addressed risk of having/
developing BO or OAC.3%%
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FI GURE 1 Flowchart represethlng Database search (October 2020)
literature search and study selection n = 3870
Pubmed: 1762
S Embase: 1500
":E); Cochrane Library: 608
c
5 v
Records after duplicates removed | Additional records identified through
n = 3030 < cross-referencing
n=0
Records excluded
) v n=2928
'g Screening of title and abstract . Reasons:
g n =3030 Basic science articles, case reports, reviews,
N editorials.
Unrelated to BO or OAC.
A4
Full-text assesment Records excluded
n=102 a n=88
Reasons:
- Conference abstract (45)
- Review (3)
= - Commentary (3)
% - No full text available (1)
=) - Case report / case series (4)
m - Wrong index population (4)
- Family history not mentioned (8)
- No description on how FH was obtained (3)
- Wrong family history definition (11)
FH of GORD (6)
FH of GORD (FH of BO and OAC not included|
in the analyses) (1)
v FH of cancer (1)
i o FH of oesophageal disorders (1)
) Studies included FH of OC and gastric cancer combined (2)
e n=14 - Wrong outcome (4)
B - Overlapping data (2)

3.2 | Study characteristics and quality assessment

Study characteristics and quality of included studies are summa-
rised in Table 1; Figures S2 and S3, and Supporting Information File
A. Most of the selected studies were cohort studies (n = 8) and all
were performed in Western countries. Ten studies were performed
in the United States®?384244 and four in Europe.®”***> The index
population consisted of BO (n = 3 studies), OAC (n = 5) and BO and
OAC combined (n = 6). All diagnoses of the 16 189 included index
patients were confirmed using medical records and pathology re-
ports. In all studies including BO patients, BO was defined as >1 cm
segment of salmon-coloured mucosa in the oesophagus combined
with the presence of intestinal metaplasia in biopsies. The most
common used definition of family history was having at least one
first-degree relative with BO or oesophageal cancer. A small major-
ity of studies used confirmed family histories by assessing pathol-
ogy or medical reports of relatives.333%38:3%41.42:45 A|| other studies
assessed family history using self-reports through surveys, inter-
views or medical reports. Of the seven studies addressing the risk
of developing BO or OAC,3%3¢:37:39.4042:43 five studies controlled

for age of persons at risk,36:39:40:42:43

and three for gender of per-
sons at risk.3?4%%2 None of the studies adjusted for family size or

reported whether relatedness of study participants was addressed.

Based on the QUIPS tool, a total of three studies were classified as

low risk of bias.3?424>

3.3 | Prevalence of familial BO and OAC

Nine studies including 1623 BO and 998 OAC patients assessed the
prevalence of having at least one first-degree relative with BO or
oesophageal cancer.323335-37:40:43-45 A family history of BO or OAC
was presentin 1% to 10% of BO or OAC cases, exceptin one study,33
in which a higher prevalence of familial BO (29%) and OAC (17%)
was reported (Figure 2). The overall pooled prevalence of a positive
family history in patients with BO (8.8%; 95% Cl: 5.5-13.8; 2= 76%;
six studies) was higher than in patients with OAC (4.4%; 95% Cl: 2.2-
8.7: I = 75%; seven studies, P = 0.10). Only one study reported the
prevalence of a family history of BO in patients with BO (prevalence:
17.1%; 95% Cl: 8.1-32.7) and four studies reported the prevalence
of a family history of oesophageal cancer in patients with OAC
(pooled prevalence: 2.3%; 95% Cl: 1.3-3.9; I> = 0%). A significant
higher pooled prevalence of familial OAC was found in the three
studies®¥3>* that confirmed the positive family history (10.0%; 95%
Cl: 6.4-15.4; I> = 8%) compared with the four studies®?3¢3740 with
no confirmation of family history (2.5%; 95% Cl: 1.6-3.9; ? = 8%,
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TABLE 1 Baseline characteristics of the included studies

Age
Enrolment Study Index range
Author Year  Country date design population  (y)
Ash®2 2011  United States NS R BO + NS
dysplasia,
OAC
Chak® 2002 United States  1999-2000 CC BO>3cm, 218
OAC,
OGJAC
Chak®* 2004 United States  NS; 3y P BO23cm, NS
OAC
Chak®® 2006 United States  NS;1-4y  CS BO23cm, 218
OAC
Dhillon®¢ 2001 United States ~ 1993-1995 CC OAC 30-79
Jiang® 2014  United States ~ 1992-1997 CC OAC 30-74
Juhasz®® 2011  United States NS P HGD,0AC 219
Kharazmi®’ 2018 Sweden 1958-2015 R OAC NS
Lagergren® 2000 Sweden 1995-1997 CC OAC <80
Mussetto® 2013 Italy 2009 P BO 218
Romero*? 2002  United States 1996-1999 P BO + OAC >18
Rubenstein®® 2020  United States ~ 2008-2011 P CRC 50-80
screenees
(BO)
Tofani** 2019  United States ~ 2006-2016 R Dysplastic NS
BO
Verbeek® 2014 The 2000-2011 CS BO>2cm, Al

Netherlands OAC

PETERS ET AL.

Control Controls FH Typeof Diagnoses FH
group Cases (n) (n) assessment  relative inrelatives confirmed
None 603 — Medical FDR BO, OC No
reports
Interview
Hospital- 58 106 Survey FDR/ BO 23cm, Most
based SDR OAC,
GERD OGJAC
None 62FDR - Endoscopy FDR BO, OAC Yes
None 392 — Survey FDR/ BO>=3cm, Yes
SDR OAC
Population- 293 695 Interview FDR ocC No
based
Population- 147 1297 Interview FDR ocC No
based
None 47 FDR  — Endoscopy FDR BO Yes
Cancer 13.325* NS Registry FDR OAC Yes
database
Population 189 816 Interview FDR ocC No
based
None 18 FDR — Endoscopy FDR BO Yes
Hospital- 100 FDR 100 Endoscopy FDR BO=23cm  Yes
based
GERD
Screening 70 751 Survey AnyFH OC No
based
None 282 - Medical FDR OAC No
reports
None 603 = Survey FDR/ BO or OAC Yes

SDR

Abbreviations: BO, Barrett's oesophagus; CC, case-control study; CS, cross-sectional study; OAC, oesophageal adenocarcinoma; OC, oesophageal
cancer; OGJAC, oesophagogastric junctional adenocarcinoma; FDR, first-degree relatives; FH, family history; GERD, gastro-oesophageal reflux
disease; NS, not stated; P, prospective cohort study; R, retrospective cohort study; SDR, second-degree relatives; +, with or without.

?0esophageal cancer patients.

P < 0.001). The prevalence for familial BO in the three studies that
verified a positive family history33’35’45 was also higher than in the
three studies that did not verify family history®24%44 (10.6%; 95% CI:
3.7-26.6; I* = 90% vs 7.3%; 95% Cl: 5.6-9.3; I = 0%), but this differ-
ence was not statistically significant (P = 0.48).

The study by Chak et al®® was identified as statistical outlier in
the analyses on the prevalence of familial BO. Excluding this study,
however, did not result in a significantly decreased pooled preva-
lence of having a positive family history in BO patients (6.8%; 95%
Cl: 5.7-8.2; P = 0.31), but heterogeneity decreased to 0%.

3.4 | Characteristics of familial BO and OAC

Of the 14 included articles, five studies addressed differences be-
tween patients with familial BO/OAC and sporadic cases. 3234354445
No differences in ethnicity, smoking, alcohol consumption and obe-
sity or body mass index were found. Nonetheless, one study includ-

ing 26 OAC patients showed a significantly lower proportion of

males in the familial OAC group,** whereas the remaining studies
found no differences in gender between sporadic and familial BO/
OAC. Two studies reported a lower age at BO or OAC diagnosis for
patients with familial BO/OAC compared with sporadic BO (mean
age: 58 vs 64 years).®>** This was not found in three other stud-
ies.3*3545 One study showed that familial BO/OAC patients were
younger at onset of heartburn compared with patients without a

positive family history.45

3.5 | Prevalence of BO in first-degree relatives

The prevalence of BO in patients with a family history of BO or
OAC was assessed in four studies in which relatives of familial BO
probands underwent (endoscopic) screening to identify new BO
cases.3*384L42 Aq these studies all used different study popula-
tions and screening methods, we judged that the risk estimates were
too heterogeneous to provide a pooled estimate for the prevalence

of BO and related neoplasia in those with a family history of BO
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(A)

Study FH+ Total
BO with FH of BO

Chak 2002* 6 35
Random effects model 35
Heterogeneity: not applicable

BO with FH of BO

Chak 2002* 4 35
Rubenstein 2020 7 68
Tofani 2019 19 282
Random effects model 385

Heterogeneity: /2 = 0%, t2 = 0.0069, p = 0.44

BO with FH of BO or OC

Ash 2011 29 413
Chak 2002 10 35
Chak 2006 17 276
Verbeek 2014 36 549

Random effects model 1273
Heterogeneity: /2 = 85%, t2 = 0.5881, p < 0.01

Random effects model 1623
Heterogeneity: 12 = 76%, t2 = 0.3195, p < 0.01

(B)

Study FH+ Total
OAC with FH of BO

Chak 2002* 3 23
Random effects model 23
Heterogeneity: not applicable

OAC with FH of BO

Chak 2002* 1 23
Dhillon 2001 5 293
Jiang 2014 1 146
Lagergren 2000 6 189
Random effects model 651

Heterogeneity: /2 = 0%, t2 = < 0.0001, p = 0.39

OAC with FH of BO or OC

Ash 2011 6 182
Chak 2002 4 23
Chak 2006 11 116
Verbeek 2014 3 49
Random effects model 370

Heterogeneity: /2 = 63%, t2 = 0.3559, p = 0.04

Random effects model 998
Heterogeneity: /2 = 75%, t2 =0.7049, p < 0.01

FIGURE 2 Forest plot: proportion of patients with (A) Barrett's oesophagus (BO) or (B) oesophageal adenocarcinoma (OAC) having a
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Prevalence (%) 95% CI Weight
S 1714 [8.10; 32.68] 0%
——mm——— 17.14  [7.91; 33.26] 0%

— 11.43  [4.54; 25.95] 0%
— 1029 [5.08; 19.76] 13.7%
B 6.74 [4.36; 10.28] 17.5%
 a 8.03 [5.58; 11.42] 31.2%
- 702  [4.93; 9.90] 18.4%

= 2857 [16.33; 45.05] 14.3%
—— 6.16  [3.88; 9.64] 17.2%
e 6.56  [4.77; 8.94] 18.8%
—— 9.41 [4.50; 18.66] 68.8%
~— 8.84 [5.54; 13.82] 100.0%

T

0 10 20 30 40 50

Positive family history (%)

Prevalence (%) 95% CI Weight
L 13.04 [4.54; 32.13] 0%
——T——— 13.04 [4.27; 33.55] 0%
———— 435 [0.77; 20.99] 0%
| o 1.71 [0.73; 3.93] 15.4%
— 0.68 [0.12; 3.78] 8.2%
- 3.17 [1.46; 6.75] 16.0%
- 2.27 [1.32; 3.87] 39.6%
- 3.30  [1.52; 7.00] 16.0%
= 17.39 [6.98; 37.14] 13.9%
—— 948 [5.38; 16.19] 17.4%
—— 6.12 [2.10; 16.52] 13.2%
T 7.56 [3.76; 14.64] 60.4%
- 4.37 [2.15; 8.69] 100.0%

0 10 20 30 40 50

Positive family history (%)

family history (FH) of BO or oesophageal cancer (EC). *Not included in the pooled analyses of the total group
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(Table 2). Two studies only screened relatives with GERD symptoms
using standard upper endoscopy or capsule endoscopy followed by
standard endoscopy.***? Of the 100 relatives screened in one study,
12 relatives were diagnosed with BO, of which one (1.0%; 95% ClI:
0.2-5.5) also had OAC.*? The other study did not report on the prev-
alence of high-grade dysplasia (HGD) and OAC in 18 symptomatic
relatives of BO patients.*! The remaining two studies screened all
first-degree relatives of patients with BO and OAC with ultrathin en-
doscopy or standard upper endoscopy.>#%8 In a study including 23
index patients with HGD or OAC and 47 first-degree relatives, 13 rel-
atives (27.7%; 95% Cl: 16.9-41.8) were diagnosed with BO, but none
of the relatives had neoplastic BO.%8 The prevalence of BO seemed
higher in symptomatic relatives compared with asymptomatic rela-
tives (34.3% vs 8.3%; P = 0.09). In the last study, BO was identified in
13(21.0%; 95% Cl: 12.6-32.8) of the 62 relatives of BO/OAC patients
and one relative (1.6%; 95% Cl: 0.3-8.6) was diagnosed with OAC.%*
The prevalence of BO was considerably higher in screened individu-
als with 22 relatives with known BO or OAC than in individuals with
only one affected relative (40.7% vs 5.7%; P < 0.001).

3.6 | Risk of BO and OAC associated with a positive
family history

Subjects with a family history of BO or oesophageal cancer were
three (RR 3.26; 95% Cl: 1.43-7.40; I*> = 46%; P = 0.005; three
studies) and two (RR 2.19; 95% Cl: 1.14-4.21; > = 48%; P = 0.02;
five studies) times more likely to develop BO and OAC compared
with individuals without a positive family history respectively
(Figure 3).3336:37.39404243 Tha risk of OAC in individuals with a

positive family history increased in studies that used a confirmed

PETERS ET AL.

family history definition (RR 3.64; 95%Cl: 2.57-5.14; ? = 14%;
P < 0.001).333%42 sensitivity analyses were performed to investigate
potential sources of heterogeneity (Table 3). Restricting analyses

to studies that accounted for GERD and body mass index,*?43

we
still observed a positive association between positive family history
and risk of BO. No significant association was found between fam-
ily history of oesophageal cancer and risk of OAC (RR 1.87; 95% Cl:
0.86-4.08; I2 = 60%; P = 0.12). There was insufficient information to
perform a pooled analysis on the effect of family history on the risk

of developing dysplasia in BO compared with the general population.

3.7 | Malignant progression in BO associated with a
positive family history

Two studies reported on the effect of family history on the risk of
early neoplasia (including HGD) in patients with BO.3%** None of
the studies adjusted for other known risk factors for development of
neoplasia in BO. Pooled OR for malignant progression was 1.96 (95%
Cl: 0.30-12.82; I* = 84%; P = 0.48).

3.8 | Subgroup analyses

None of the studies considered the effect of demographic charac-
teristics (such as gender and age at diagnosis) on the prevalence of
a positive family history or on the risk of BO and OAC. We could
not perform subgroup analyses according to the number and age
of affected relatives, and the degree of relatedness, as not enough
studies provided data on BO or OAC risks in non-first-degree rela-
tives. Three studies assessed the number of affected relatives in

TABLE 2 Prevalence of Barrett's oesophagus (BO) and oesophageal adenocarcinoma (OAC) in individuals with a first-degree relative with

confirmed BO or OAC

Characteristics of first-degree relatives

Prevalence of

Screening FDRs BO/OAC in
Author population Age (y) Gender Reflux Obesity?® screened Diagnoses BO length (cm) FDRs
Chak Only 1 Mean: 44.6  Male: 43% 77%  43% 35 BO: 2|OAC: 0 LSBO:n=0 5.7% (95% Cl:
20043% affected FDR 1.6-18.6)
>2 affected Mean: 45.3  Male: 55% 78%  30% 27 BO: 10|OAC:1 LSBO:n=5 40.7% (95% Cl:
FDRs 24.5-59.3)
Juhasz Asymptomatic Mean:44.4  Male: 61% 0% Not 12 BO: 1|JOAC:0 LSBO:n=4 8.3% (95% Cl:
2011% FDRs reported 1.5-35.4)
Symptomatic 100% 35 BO: 12|OAC: 0 34.3% (95% Cl:
FDRs 20.8-50.9)
Mussetto  FDRs with Mean: 52 Male: 44% 100%  Not 18 BO: 8|OAC: 0 Mean: 1.3 44.4% (95% Cl:
2013% reflux reported 24.0-67.0)
Romero FDRs with 36% Male: 67% 100%  65% 100 BO: 12|0OAC:1 LSBO:n=8 12.0% (95% Cl:
2002* reflux >50 years 6.9-20.0)

Abbreviations: BO, Barrett's oesophagus; OAC, oesophageal adenocarcinoma; FDR, first-degree relative; LSBO, long-segment Barrett's oesophagus
(BO segment >3 cm).

20besity was defined as a body mass index 227.8 kg/m? in males and 227.3 kg/m? in females.
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(A) Positive No positive

family history family history
Study Events  Total Events  Total OR/SIR 95% Cl Weight
Family history of BO :
Romero 2002 12 100 6 100 — 1.77 [0.57; 5.47] 30.9%
Random effects model S — 1.77 [0.57; 5.47] 30.9%
Family history of oesophageal cancer :
Rubenstein 2020 7 38 61 758 —a— 2.63 [1.07; 6.47] 39.2%
Random effects model —— 2.63 [1.07; 6.47] 39.2%
Family history of BO or OAC
Chak 2002 10 15 25 126 —_ 8.08 [2.53; 25.78] 29.9%
Random effects model —— 8.08 [2.53; 25.78] 29.9%
Random effects model i 3.26 [1.43; 7.40] 100.0%
Heterogeneity: /2 = 46%, t2 = 0.2376, p= 0.16 F ' ' ' '

0102 05 1 2 5 50

Effect size (log scale)

(B) Positive No positive

family history family history
Study Events  Total Events  Total OR/SIR 95% Cl Weight
Family history of oesophageal cancer
Dhillon 2001 5 16 288 972 0.88 [0.26; 3.01] 17.3%
Jiang 2014 1 146 7 1297 : 1.27 [0.16; 10.24] 8.1%
Kharazmi 2018 NA NA NA NA —— 3.60 [2.52; 5.14] 39.3%
Lagergren 2000 6 25 183 980 — 1.40 [0.49; 4.01] 20.7%
Random effects model A 1.87 [0.86; 4.08] 85.4%
Heterogeneity: /2 = 60%, t2 = 0.3408, p = 0.06
Family history of BO or OAC :
Chak 2002 4 9 19 120 — 4.25[1.05; 17.25] 14.6%
Random effects model —————— 4.25[1.05; 17.25] 14.6%
Heterogeneity: not applicable
Random effects model ——— 2.19 [1.14; 4.21] 100.0%
Heterogeneity: /2 = 48%, t2 = 0.2511, p=0.10 FoT ' ' ' '

0102 05 1 2 5 50

Effect size (log scale)

FIGURE 3 Forest plot of the association between (A) Barrett's oesophagus (BO) and (B) oesophageal adenocarcinoma (OAC) and a family
history of the disease using a random effects model stratified by family history definition

familial BO/OAC families.’2°*%> |n familial BO/OAC, 10%*°, 19%°2
and 48%°* of first-degree relatives were reported to be affected.

4 | DISCUSSION

This systematic review and meta-analysis provides evidence that
confirmed familial clustering is seen in 10% of individuals with BO
and OAC. Individuals with a first-degree relative with BO or oesoph-
ageal cancer were three and two times more likely to have BO and
OAC compared with individuals without a positive family history re-
spectively. Interestingly, OAC risk almost doubled in individuals with
a verified family history of BO and OAC. We showed that offering
screening to first-degree relatives of patients with BO or OAC had
a diagnostic yield between 12% and 44% for BO, which is higher
than in the general population (~2%).” However, the yield was low for

HGD and OAC. The number of BO diagnoses increased in relatives

with GERD symptoms and in individuals with 22 affected relatives
according to two individual studies.

Hitherto, one systematic review assessed the association be-
tween BO risk and family history as well as other risk factors.
However, this review devoted a short paragraph on family history
and included only four studies on screening first-degree relatives
of BO patients.’* The authors showed a pooled prevalence of
BO in individuals with a positive family history of 24%. However,
descriptive data on the study populations were not reported, al-
though necessary when applying the results to a specific patient
population and informing relatives about their risk. Furthermore,
this prevalence is probably an overestimation, as studies were
confounded by the inclusion of particularly motivated individuals,
relatives with additional risk factors and multiple individuals from
multiplex families.

Familial clustering of BO and OAC could imply a genetic predis-

position to BO or OAC, but may equally be caused by a common
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TABLE 3 Subgroup analysis: risk of Barrett's oesophagus (BO) and oesophageal adenocarcinoma (OAC) in individuals with a positive

family history

Category Studies (n) RR (95% CI) P value 1% (%) References
Barrett's oesophagus
All studies 3 3.26 (1.43-7.40) 0.005 46 33,42,43
Study design
Case-control 1 8.08 (2.53-25.78) <0.001 NA 33
Cohort 2 2.26(1.12-4.56) 0.02 0 42,43
Study location
United States 3 3.26 (1.43-7.40) 0.005 46 33,42,43
Europe 0 NA NA NA
Verification of BO and OAC in relatives
Confirmed family history 2 3.76 (0.85-16.64) 0.08 70 33,42
Verbal family history (no confirmation) 1 2.63(1.07-6.47) 0.04 NA 43
Adjusted for age 2 2.26 (1.12-4.56) 0.02 0 42,43
Adjusted for gender 1 1.77 (0.57-5.47) 0.32 NA 42
Adjusted for GERD 2 2.26(1.12-4.56) 0.02 42,43
Adjusted for obesity 2 2.26 (1.12-4.56) 0.02 42,43
Oesophageal adenocarcinoma
All studies 5 2.19 (1.14-4.21) 0.02 48 33,36,37,39,40
Study design
Case-control 4 1.55 (0.80-3.00) 0.19 0 33,36,37,40
Cohort 1 3.60 (2.52-5.14) <0.001 NA 39
Study location
United States 3 1.69 (0.57-4.97) 0.34 29 33,36,37
Europe 2 2.57 (1.06-6.24) 0.04 64 39,40
Verification of BO and OAC in relatives
Confirmed family history 2 3.64(2.57-5.14) <0.001 14 33,39
Verbal family history (no confirmation) 3 1.17 (0.55-2.46) 0.69 0 35,36,39
Adjusted for age & 1.92(0.80-4.63) 0.15 71 36,39,40
Adjusted for gender 2 2.57 (1.06-6.24) 0.04 64 39,40
Adjusted for GERD 1 1.40(0.49-4.01) 0.53 NA 40
Adjusted for obesity 2 1.15(0.52-2.56) 0.73 0 36,40

Abbreviations: BO, Barrett's oesophagus; GERD, gastro-oesophageal reflux disease; OAC, oesophageal adenocarcinoma; RR, relative risk.

environmental exposure in family members or a genetic susceptibil-
ity to recognised risk factors such as GERD and obesity.??>° In the
current meta-analysis, adjustment for GERD symptoms attenuated
the risk of BO and OAC associated with a positive family history. This
GERD-dependent effect of family history on BO and OAC was sup-
ported by two case-control studies, which suggested a familial pre-
disposition for GERD in relatives of BO patients.>*>> No differences
in other lifestyle factors between familial and non-familial cases
were found. On the other hand, the reported early age of disease
diagnosis in familial BO/OAC cases compared with sporadic cases
might indicate that relatives share one or more inherited genetic mu-
tations.*5346 This is further supported by multiple case reports and
a study of inheritance patterns in 70 families, which suggested an

autosomal dominant inheritance pattern in familial BO/OAC.*%12:5¢

Although the exact pathogenesis of BO and OAC still needs to be
unravelled, current evidence is in favour of a genetic susceptibility
underlying the observed familial clustering at least in families with
multiple affected relatives.””*® In patients with a less extensive fam-
ily history, shared environmental factors (in particular GERD symp-
toms) may potentially play a more important role.

The current meta-analysis showed that the risk estimate of a pos-
itive family history was lower for OAC than for BO. Although most
studies included in our systematic review considered familial BO and
OAC to be part of the same genetic trait,> familial OAC may at least
to some extent be distinct from familial BO, as a previous study spec-
ulated about the existence of a non-BO pathway to OAC.%C It is also
plausible that individuals with a family history of OAC may undergo

upper endoscopy more often, leading to enhanced detection and
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eradication of early neoplasia. Hence, a positive family history may
have a stronger effect on OAC risk than shown in our meta-analysis.

The future of OAC prevention relies on early detection of BO
or early-stage OAC in high-risk individuals, followed by surveillance
and endoscopic treatment for (dysplastic) BO.®* Current guidelines
recommend different screening approaches for individuals with a
family history of BO or OAC, varying from no screening,20 consid-
ering screening in relatives who also have other risk factors,¢8 to
screening all individuals with a positive family history.’” Our findings
confirm that a verified positive family history is a strong risk fac-
tor for BO and OAC. However, the observed pooled risk estimate is

1,%% which

16,1719

lower than the assumed risk of 12 reported by Chak et a
has become the key reference in most screening guidelines.
In our meta-analysis, this study was actually identified as an outlier.
Although verification of family history was performed, the study by
Chak et al was assessed as moderate risk of bias as it was limited by
a small sample size, including only patients from tertiary hospitals,
and combining BO, OAC and gastro-oesophageal junction adeno-
carcinoma for study outcomes. Additionally, another study showed
that the number of new BO cases identified in a screening program
of asymptomatic individuals with one first-degree affected relative
was comparable to the prevalence in the general population.”%*
Taken together, the results of this meta-analysis do, in our opinion,
not support a strong recommendation to endoscopically screen all
first-degree relatives of patients with confirmed BO or OAC, given
the number of first-degree relatives involved, the relatively low
risk of BO and OAC in these individuals, associated direct and in-
direct costs, and invasiveness and potential complications of upper
endoscopy.%?

However, this review emphasises the need for gastroenterolo-
gists to be aware of familial clustering and highlights the importance
of obtaining a careful family history in all patients with BO or OAC.
Although this systematic review could not conclusively quantify the
higher risk of BO and OAC for individuals with 22 affected first-
degree relatives, individual studies and multiple case reports have
shown an increased risk of BO and OAC in families with multiple
affected relatives, suggesting an underlying genetic aetiology.!%*334
We believe that endoscopic screening of first-degree relatives
should particularly be considered in families with 22 affected indi-
viduals. For individuals with a less extensive family history, endo-
scopic screening could be considered in first-degree relatives with
multiple risk factors, such as age >50 years, male gender, obesity and
GERD symptoms. For these individuals, minimally invasive screening
options could also be considered.$%:63¢4

The strengths of this analysis include a thorough systematic liter-
ature search according to a standardised protocol with well-defined
inclusion criteria. We included all available studies without restrict-
ing analyses based on study design or language. All index patients
had an endoscopic and histological confirmed BO or OAC diagno-
sis. Furthermore, a rigorous evaluation of study quality was per-
formed, and two authors independently completed study selection
and data extraction. Adjusted risk estimates were used to account

for the effect of potential confounders. Finally, sensitivity analysis
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of between-study variation provided insight into data stability of
pooled estimates and heterogeneity.

Some limitations of our study need, however, to be mentioned as
well. First, although we performed the search strategy in accordance

k,2%23 we did not

with previous meta-analyses on familial cancer ris
assess the full text of all studies on BO and OAC, making it possible
that studies that only reported the influence of a family history on BO
or OAC as secondary outcome in the full text may have been missed.
However, our sensitivity analysis and references of eligible articles
and literature reviews did not reveal any additional articles. Second,
results were derived from a combination of cohort and case-control
studies with different study populations and heterogeneous nature
of family history definitions, resulting in substantial heterogeneity in
analyses. Most importantly, only eight studies verified the accuracy
of self-reported data or used objective measures to confirm a pos-
itive family history. Furthermore, five studies only assessed family
history of oesophageal cancer and did not distinguish between ad-
enocarcinoma and squamous cell carcinoma of the oesophagus in
relatives.323¢374043 Third, not all studies were adjusted for potential
confounders, especially the effect of obesity, GERD and family size.
Additionally, some studies combined BO and OAC for study out-
comes and multivariable analyses could therefore not be included.
Fourth, although reported family history is thought to be fairly accu-
rate, controls may have been more likely to underreport their family
history than BO or OAC patients (recall bias).®>%® Fifth, literature
shows that the higher the number of affected relatives with cancer
and the lower the age at cancer diagnosis in relatives, the greater
the risks for an individual to develop cancer.?22%¢” Unfortunately,
few studies reported on age at diagnosis of index patients or on the
affected relatives or adjusted for number of family members. Also,
data on BO and OAC risks for individuals with at least two affected
first-degree relatives or second-degree relatives were limited and no
study reported on the length of the BO segment in relatives. Hence,
we were not able to assess BO or OAC risks according to the age of
the individual at risk, age at diagnosis of the relative(s), degree of
familial relation between the individual and relatives and number of
affected relatives.

This review draws attention to the limited number of well-
designed studies assessing a positive family history as a predictor
of BO and OAC. Future longitudinal studies with well-defined family
history criteria determining the risk of BO and OAC according to the
number and age of affected relatives are needed to provide addi-
tional insight into the impact of family history on BO and neoplastic
progression. Additionally, future research should focus on the un-
derlying mechanisms of familial BO and identifying genetic risk fac-
tors. This could lead to more individualised screening, surveillance,
prevention and treatment strategies for the clinical management of
BO and OAC.

In conclusion, this systematic review and meta-analysis shows
that familial aggregation is observed in a small but important sub-
group of patients with BO and OAC. The currently available ev-
idence identified a verified positive family history as a strong risk

factor for BO and OAC. The review emphasises the importance of
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obtaining a careful family history in all patients with BO or OAC. A
confirmed family history of having at least two affected first-degree
relatives and/or family history combined with other risk factors for
BO and OAC can be used to identify individuals in which (endoscopic)

screening might be considered to prevent OAC-related mortality.
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