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INTRODUCTION: Early-onset small bowel adenocarcinoma (EO-SBA) is a rare and poorly characterized entity.

METHODS: This retrospective study conducted on an international multicenter cohort of 208 patients with SBA

aimed at comparing clinicopathologic features of EO-SBA (age younger than 50 years at SBAdiagnosis)

and late-onset SBA (age 50 years or older at SBA diagnosis).

RESULTS: The presence of predisposing pathologic conditionswas significantlymore common in the EO-SBA group

compared with that in the late-onset SBA group (P5 0.003, Fisher exact test; relative risk: 1.50, 95%

confidence interval: 1.20–1.86). This difference is mainly due to the significantly higher prevalence of

celiac disease among patients with EO-SBA.

DISCUSSION: EO-SBA is strongly associated with predisposing conditions, particularly with celiac disease,

highlighting the importance of routine screening for celiac disease in patients with EO-SBA.
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INTRODUCTION
Recent epidemiologic studies have described a worrisome surge in
early-onset gastrointestinal cancer incidence (1). In young patients,
gastrointestinal tumors are usually diagnosed at later stages com-
paredwith the older patients, carrying several implications in terms
of patient management and quality of life. Most of early-onset
gastrointestinal carcinomas are sporadic. However, very few data
are available for early-onset cancers arising in the small intestine
and particularly for nonampullary early-onset small bowel ade-
nocarcinoma (EO-SBA). Although SBA is a rare neoplasm, rep-
resenting ,2% of all gastrointestinal cancers, its incidence has
lately increased in Western countries, with an estimated annual
percentage change of 3.7% in the period 1999–2013 (2) and a 20-
year period increase in incidence of 16% inmen and38% inwomen
(3). SBA is an aggressive neoplasm with a 5-year survival rate of
25% and a median survival rate of 13–14 months (2). Although
most SBA seem to be sporadic, numerous predisposing conditions
have been recognized, including both inflammatory diseases,
i.e., celiac (CeD) and Crohn’s disease (CD), and inherited tumor
syndromes, e.g., Lynch syndrome (LS) and familial adenomatous
polyposis (FAP1) (4). The median age at SBA diagnosis is 69 years
for SBA as a whole, with younger ages reported for SBA related to

Crohn’s disease (CD-SBA) (58 years of age) and to celiac disease
(CeD-SBA) (53.5 years of age) (2,5). Although a non-negligible
fraction (10%) of SBA has been reported to have an onset before 50
years in a Dutch epidemiological investigation (2), no study com-
paring this early-onset subgroup with patients with late-onset SBA
(LO-SBA) has yet been published. To fill this gap, our group de-
cided to perform this study.

METHODS
Adescriptive observational retrospective study (EthicalCommittee
20140003980) was conducted on an international multicenter co-
hort including 208 patients with surgically resected SBA from 31
tertiary referral centers from 3 countries. Following the threshold
used to define other early-onset gastroenteropancreatic carcino-
mas (2,6), we set the cutoff at the age of 50 years, so as to divide our
study population into 2 groups: EO-SBA (age younger than 50
years at SBA diagnosis) and LO-SBA (age 50 years or older at SBA
diagnosis). All cases were reviewed for the following clinicopath-
ologic features: sex, age at SBAdiagnosis, etiology, site, pathological
tumor-node-metastasis stage (according to the eighth edition
American Joint Committee onCancer), histologic grade, histotype,
and mismatch repair (MMR) proteins status, as previously
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Table 1. Clinicopathologic features of the 208 SBA investigated, divided into EO-SBA and LO-SBA

Variable Total (n5 208, 100%) EO-SBAs (n5 41, 20%) LO-SBAs (n5 167, 80%) P value

Age at SBA diagnosis, yr, 6SD 61.6 6 13.9 406 1.0 66.9 6 0.8 ,0.001

Sex, n (%)

Male 129 (62) 20 (49) 109 (65) 0.072

Female 79 (38) 21 (51) 58 (35)

Etiology, n (%)

Crohn’s disease 58 (28) 13 (32) 45 (27) ,0.001

Celiac disease 41 (20) 13 (32) 28 (17)

Lynch syndrome 17 (8) 3 (7) 14 (8)

Familial adenomatous polyposis 1 2 (1) 2 (5) 0

Hereditary breast and ovarian cancer syndrome 1 (1) 1 (2) 0

Sporadic 89 (42) 9 (22) 80 (48)

Any predisposing condition, n (%)

Yes 119 (57) 32 (78) 87 (52) 0.003

No (sporadic) 89 (43) 9 (22) 80 (48)

Any hereditary tumor syndrome, n (%)

Yes 20 (10) 6 (15) 14 (8) 0.240

No 188 (90) 35 (85) 153 (92)

Celiac disease, n (%)

Yes 41 (20) 13 (32) 28 (17) 0.047

No 167 (80) 28 (68) 139 (83)

Tumor site, n (%)

Duodenum 39 (19) 8 (19) 31 (19) 0.459

Jejunum 83 (40) 13 (32) 70 (42)

Ileum 86 (41) 20 (49) 66 (39)

Histotype, n (%)

Glandular 144 (69) 23 (56) 121 (72) 0.173

Mixed-poorly-cohesive-glandular 36 (17) 9 (22) 27 (16)

Poorly cohesive 18 (9) 7 (17) 11 (7)

Medullary 9 (4) 2 (11) 7 (4)

Undifferentiated rhabdoid 1 (1) 0 1 (1)

Histologic grade, n (%)

Low 130 (62) 24 (59) 106 (63) 0.592

High 78 (38) 17 (41) 61 (37)

Stage (AJCC 8th ed), n (%)

I 14 (7) 2 (5) 12 (7) 0.492

II 90 (43) 18 (44) 72 (43)

III 78 (37) 13 (32) 65 (39)

IV 27 (13) 8 (19) 19 (11)

MMR status, n (%)

MMRp 142/207 (69) 28 (68) 114/166a (69) 1

MMRd 65/207 (31) 13 (32) 52/166a (31)

Bold type indicates significant P values.
AJCC, American Joint Committee on Cancer; EO-SBA, early-onset small bowel adenocarcinoma; LO-SBA, late-onset small bowel carcinoma; MMRd, mismatch repair
deficient; MMRp, mismatch repair proficient; SBA, small bowel adenocarcinoma.
aIn 1 case, microsatellite instability status could not be assessed.
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described (7–9). The underlying inflammatory conditions (CeD
and CD) were ascertained/excluded by clinical, serological, radio-
logical, and histologic findings in all patients, while an SBA was
regarded as hereditary cancer syndrome relatedwhenpatientswere
diagnosed with a known inherited tumor syndrome, which was
suspected based on clinical criteria or by histopathologic findings
(MMR deficiency) and confirmed by the identification of specific
germline mutations. Data were described with the mean and SD if
continuous and with counts and percentages if categorical and
compared between groups with the Student t test or the Fisher/x2

test, respectively. A 2-sided P value ,0.05 was considered statis-
tically significant. Bonferroni correction for multiple comparisons
was not applied given the exploratory nature of the study.

RESULTS
The study cohort included 41 (19.7%) EO-SBA and 167 (80.3%)
LO-SBA. Clinicopathologic findings of the 2 groups are summa-
rized in Table 1. Patients with EO-SBA and LO-SBA had a mean
age of 40 years (SD 6 1.0) and 66.9 years (SD 6 0.8) at SBA
diagnosis, respectively. A predisposing condition was identified in
119 (57.2%) cases: 58 CD-SBA, 41 CeD-SBA, 17 LS-related SBA, 2
FAP1-associated SBA, and 1 SBA arising in a patient with hered-
itary breast-ovarian cancer syndrome (harboring the BRCA2
germline mutation c.5645C.A(p.Ser1882Ter)). Predisposing
conditions resulted significantly more frequent in EO-SBA when
compared with those in LO-SBA (78% vs 52%, P5 0.003). Asso-
ciation with CD, CeD, FAP1, LS, and hereditary breast-ovarian
cancer syndrome was found in 13 (32%), 13 (32%), 2 (5%), 3 (7%),
and 1 (2%) EO-SBA and in 28 (17%), 45 (27%), 0, 14 (8%), and
0 LO-SBA, respectively. EO-SBA showed a significantly higher
prevalence of patients with CeD compared with LO-SBA (32% vs
17%, P 5 0.047). Patients with CeD-SBA had a concomitant di-
agnosis of CeD and SBA in 30% of cases with EO-SBA and 10% of
cases with LO-SBA. No significant difference in sex, site, stage,
histotype, histologic grade, and MMR protein status was noted
between the 2 subgroups.

DISCUSSION
To our knowledge, this is the first study to analyze a relatively
large international multicenter cohort of EO-SBA.We found that
predisposing conditions as a whole, and particularly CeD, are
strongly related to EO-SBA. There is evidence showing a shorter
time span between immune-inflammatory disease diagnosis and
SBA development for CeD-SBA in comparisonwith CD-SBA (7).
Of interest, among hereditary conditions–related SBA, we found
a case with a BRCA2 germline mutation, a gene only recently
linked to SBA (10). In this regard, a limitation of this investigation
is that genetic testing for the detection of hereditary tumor syn-
dromes has not been thoroughly performed; thus, we cannot
exclude that the actual prevalence of hereditary syndrome–
associated SBA may be underestimated. However, we performed
universal screening for LS by immunohistochemistry for MMR
proteins in all cases, followed by MMR gene germline test in
MMR-deficient cases withoutMLH1 promoter hypermethylation.
We identified LS in approximately 8% of patients with SBA, a
proportion similar to that reported by Latham et al (11), without
significant difference in LS prevalence between patients with EO-
SBA and LO-SBA. Moreover, we showed an EO-SBA prevalence
approximately 2-fold higher than data reported by Legué et al (2),
an observation that may reflect a still ongoing evolution of SBA
epidemiology.

In conclusion, our study suggests that, in contrast to other early-
onset gastrointestinal cancers, EO-SBAare frequently associatedwith
an immune-inflammatory or hereditary predisposing condition, and
particularly, it stresses the importanceof routine screening forCeD in
patients with a diagnosed SBA at an age younger than 50 years.

ACKNOWLEDGMENTS

We thank all the Small Bowel Carcinoma Consortium Collaborators
for their support: Italy: Camilla Guerini (IRCCS San Matteo Hospital
Foundation, Pavia), Federica Grillo (Ospedale Policlinico SanMartino
University Hospital, Genoa), Paola Ilaria Bianchi (IRCCS San Matteo
Hospital Foundation, Pavia), Nicola Aronico (IRCCS San Matteo
Hospital Foundation, Pavia), Laura Libera (Department of Medicine
and Surgery and Research Center for the Study of Hereditary and
Familial Tumors, Varese), Daniela Furlan (Department of Medicine
and Surgery and Research Center for the Study of Hereditary and
Familial Tumors, Varese), Erica Travaglino (IRCCS San Matteo
Hospital Foundation, Pavia), Gabriella Nesi (Department of Surgery
and Translational Medicine, University of Florence, Florence),
Gianluca Sampietro (ASST Rhodense, Rho Hospital, Milan), Sandro
Ardizzone (Luigi Sacco University Hospital, Milan), Paolo Fociani
(ASST Ovest Milanese, Milan), Roberto Fiocca (Ospedale Policlinico
San Martino University Hospital, Genoa), Giovanni Latella
(Department of Life and Environmental Sciences, University of
L’Aquila, L’Aquila), Fausto Sessa (Department of Medicine and
Surgery, University of Insubria, Varese), Antonietta D’Errico (St.
Orsola-Malpighi Hospital, University of Bologna, Bologna), Deborah
Malvi (St. Orsola-Malpighi Hospital, University of Bologna, Bologna),
Claudia Mescoli (Department of Medicine, University of Padua,
Padua), Massimo Rugge (Department of Medicine, University of
Padua, Padua), Stefano Ferrero (Fondazione IRCCS Ca’ Granda
Ospedale Maggiore Policlinico, Milan), Gilberto Poggioli (St. Orsola-
MalpighiHospital,University of Bologna, Bologna), FernandoRizzello
(St. Orsola-Malpighi Hospital, University of Bologna, Bologna),Maria
C Macciomei (San Camillo-Forlanini Hospital, Rome), Donatella
Santini (St. Orsola-Malpighi Hospital, University of Bologna,
Bologna), Umberto Volta (Department of Medical and Surgical
Sciences, University of Bologna, Bologna), Roberto De Giorgio
(Department of Morphology, Surgery and Experimental Medicine,
University of Ferrara, Ferrara), Giacomo Caio (Department of
Morphology, Surgery and Experimental Medicine, University of
Ferrara, Ferrara), Antonio Calabrò (Department of Experimental and
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