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Abstract

Background Small bowel cancer is not a single entity.
Population-based studies taking into account histological
diversity are scarce. The aim of this study was to report on
their trends in incidence by histology in France over the
past 20 years.

Methods All patients with a small bowel cancer diagnosed
in 15 French administrative areas covered by a registry
from the network of French cancer registries (FRANCIM)
were included. Age-standardized incidence rates were
estimated using the world standard population. Incidence
rates were calculated by gender, age group, histology, and
5-year period.

Results The overall age-standardized incidence rates were
1.46/100,000 inhabitants in men and 0.9/100,000 inhabi-
tants in women. Adenocarcinoma was the most common
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histological type (38%), followed by neuroendocrine
tumors (35%), lymphoma (15%) and sarcoma (12%). Age
at diagnosis and tumor location differed between adeno-
carcinoma and neuroendocrine tumors. The incidence of all
four tumor types increased significantly over the 20-year
period, with the exception of lymphoma in men. The
annual percentage change for neuroendocrine tumors was
3.89% in men and 3.61% in women; for sarcoma, it was
3.38% and 4.08%, respectively. The incidence of adeno-
carcinoma and lymphoma also increased in women with an
annual percentage change of 3.05% and 3.32%,
respectively.

Conclusion Small bowel cancer incidence has increased
over time. This increase occurred with different amplitudes
and patterns in the four major histological types. The
improvement in imaging techniques could partly explain
this increase. It is necessary to determine whether predis-
posing conditions may contribute to this change.

Keywords Small bowel cancer - Histology - Incidence -
Cancer registry - Trends

Introduction

Information on incidence of small bowel cancer is scanty,
mostly due to the fact that it is a rare oncologic condition
especially considering the size of the organ, representing
less than 2% of all digestive cancers. Recent data show that
rates for newly diagnosed small bowel cancer cases have
been rising over the last decades [1, 2]. Yet, epidemio-
logical studies cannot consider small bowel cancers as a
single entity due to clinical and histological diversity.
Trends in incidence of the main histological types (ade-
nocarcinoma, endocrine tumors, lymphoma and sarcoma)
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are thus not well known. Keeping track of trends in inci-
dence can help scientists understand where additional
research is needed to address challenges. Population-based
studies, which accurately record all cases diagnosed in a
well-defined population and thus provide unbiased and
standardized measures, represent the best way to assess
temporal changes in small bowel cancer incidence.

The objective of this study was to describe and model
the evolution of small bowel cancer incidence according to
histology, in France during the past 20 years.

Patients and methods
Data sources

The network of French population-based cancer registries
FRANCIM, together with the biostatistics department of
the Hospices Civils de Lyon, the French Institute for Public
Health Surveillance (Santé Publique France, SPF), and the
French National Cancer Institute (Institut national du can-
cer, INCa) manages a common database of all cancers
diagnosed in well-defined administrative areas called
‘départements’. Quality checks are carried out at both the
registry and at the common database level, according to the
International Agency for Research on Cancer guidelines.
The quality and exhaustiveness of these registries are cer-
tified every 4 years by an audit of the National Institute of
Health and Medical Research (INSERM), the SPF and the
INCa. Cases are notified by many sources: public and
private pathology laboratories, regional databases of the
National Health System, and public and private hospital
discharge databases. French registries do not record inci-
dent cases that are notified by death certificates only. Death
certificates mentioning small bowel cancer and which
escaped the registration process during life were individ-
ually traced back. The few cases which were not traceable
were not registered.

Malignant small bowel tumors (coded as C17 according
to the International Classification of diseases in Oncology,
third revision) diagnosed over the period 1996-2015 in 15
‘départements’ representing 17% of the French population
(Table 1) were extracted from the common French reg-
istries database (N = 2638 cases in men and N = 2095 in
women). Small bowel cancers were categorized regarding
to histology into adenocarcinoma (N = 1740), lymphoma
(N = 671), sarcoma (N = 557 of which 80% were malig-
nant Gastrolntestinal Stromal Tumors) and neuroendocrine
tumor (N = 1597). Rare histologies including eleven cases
malignant melanoma were classified into ‘other’ histology
(N = 28). Cases without histology were classified as ‘NOS’
histology (N = 140). Tumor location was coded as even-
tually described by the practitioners in the medical file. In
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case of overlapping tumor, the most involved location was
assigned. Location was thus classified into: ‘duodenum’
(N =1601), ‘jejunum’ (N = 468), ‘ileum’ (N = 1135) and
NOS (N = 1529). Age was tabulated into “< 60 years”,
“60-69 years”, “70-79 years”; and “> 79 years” classes
and time period from 1996 to 2015 into four 5-year periods.
Person-years at risk were estimated from the general pop-
ulation data provided by the French national institute of
statistics (INSEE), by ‘département’, gender, calendar year
and annual age from 1996 to 2015.

Methodology

The association between categorical covariates was ana-
lyzed using Chi? test. The association between categorical
and continuous covariates was analyzed using one-way
ANOVA. Standardized incidence rates were estimated by
the direct method using the world standard population.
Incidence was modeled overall using a Poisson regression
model adjusted on gender, age and period. It was also
modeled separately by gender and histology except for the
‘other histology’ group. Annual percentage changes in age-
standardized incidence (APCs) were estimated between
1996 and 2015 introducing year of diagnosis as a contin-
uous covariate in the Poisson regression [3]. Among the 15
registries included in the study, 3 recent registries and their
corresponding administrative population were added in
1998 and 2008. A sensitivity analysis was performed by
removing these 3 registries. The results with or without the
3 recent registries provided the same patterns of evolution
and the conclusions were similar (data not shown). The
analyses were performed using STATA, release 15
(STATA, College Station, TX, USA) and a p value smaller
than 0.05 was considered significant.

Results

Characteristics of patients according to histological type
are given in Table 2. Adenocarcinoma was the most
common histological type (37% of cases), preceding
endocrine tumors (34%), lymphoma (14%), sarcoma
(12%), not otherwise specified (3%) and ‘other’ histologic
types (1%). Corresponding mean age at diagnosis was,
respectively, 69.7 years (SD: 13.2), 67.0 years (SD: 12.7),
63.9 years (SD: 18.7), 64.3 years (SD: 14.5), 80.4 years
(SD: 10.7), and 65.3 years (SD: 20.6, p < 0.001). The
proportion of adenocarcinomas was higher among patients
aged 70 years and over (41% vs 33%) whereas the pro-
portion of malignant neuroendocrine tumors was higher
among patients aged less than 70 years (36% vs 31%,
p < 0.001). Not otherwise specified site accounted for 32%
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Table 1 Population-based

‘Département’ covered by a cancer registry Type of registry Population of the ‘département’ in 2015

cancer registries included in the

study Calvados Digestive 687,854
Cote d’Or Digestive 533,147
Doubs General 536,959
Finistere Digestive 907,796
Gironde General 1,548,478
Hérault General 1,107,398
Isére General 1,243,946
Loire Atlantique General 1,365,227
Manche General 499,287
Bas Rhin General 1,116,658
Haut Rhin General 762,607
Saodne-et-Loire Digestive 555,408
Somme General 575,153
Tarn General 386,543
Vendée General 666,714
Table 2 Small bowel cancer Overall Adenocarcinoma NET  Sarcoma Lymphoma Other NOS p Chi®
characteristics according to
histology Overall 4733 1740 1597 557 671 28 140
Sex
Men 2638 39% 33%  10% 15% <1% 2%
Women 2095 34% 35% 13% 13% 1% 4% < 0.001
Age at diagnosis (years)
< 60 1266 31% 35% 16% 18% <% <1%
60-69 1121 35% 38% 12% 12% 1% 2%
70-79 1336 40% 35% 10% 13% <1% 2%
> 179 1010 42% 26% 9% 13% 1% 9% < 0.001
Period of diagnosis
1996-2000 782 39% 31% 9% 18% 1% 2%
2001-2005 1006 36% 31% 14% 15% 1% 3%
2006-2010 1315 37% 33%  13% 14% 1% 3%
20112015 1630 36% 37% 10% 12% 1% 3% < 0.001
Location
Duodenum 1601 67% 14% 5% 8% 1% 5%
Jejunum 468 49% 11% 25% 12% 1% 2%
Tleum 1135 14% 61% 7% 17% <1% 1%
NOS 1529 18% 41% 19% 19% 1% 2% < 0.001

NET neuroendocrine tumors, NOS not otherwise specified

2Qther’ histologies were excluded for Chi® tests

of small bowel cancers. When precise site was known,
duodenum was the most common site (50% of cases),
preceding ileum (35%) and jejunum (15%). The distribu-
tion of tumors by histological type strongly varied
according to location. Among duodenal tumors 67% were
adenocarcinoma, 14% malignant endocrine tumors, 8%
lymphoma, and 5% sarcoma. Among ileal tumors, 61%
were malignant endocrine tumors, 17% lymphoma, 14%
adenocarcinoma and 7% sarcoma. The corresponding

percentages for jejunum were 49% adenocarcinoma, 25%
sarcoma, 12% for lymphoma and 11% for malignant
endocrine tumors.

The overall age-standardized incidence rate was 1.46
per 100,000 in men and 0.90 per 100,000 in women. Age-
specific incidence curves are presented in Fig. 1a. Trends
over time of age-standardized incidence rates are provided
for adenocarcinoma, NET, sarcoma and lymphoma, by
5-year period and by year (annual percentage of change or
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«Fig. 1 Age-standardized incidence rates of small bowel cancer by
age and 5-year period at diagnosis according to histological type and
gender

APC) according to histological type and gender in Table 3
and to histological type in Fig. 1b. The M/F sex ratio
calculated on age-standardized incidence rates varied from
1.39 (sarcoma) to 2.20 (lymphoma). Incidence of malig-
nant endocrine tumors and of sarcoma strongly increased in
men and women over time with an APC varying from 3.38
to 4.08%. Adenocarcinoma and lymphoma similarly
increased only in women. Incidence significantly increased
for each age class for malignant endocrine tumors whereas
it concerned only aged patients for other histological types
(Table 4). For the 140 NOS histology cases, the overall
incidence was 0.07 per 100,000 inhabitants in men and
0.04 in women. It remained stable over time in men and
slightly increased in women (0.02 per 100 000 during the
1996-2000 period to 0.04 during the 2011-2015 period).

Discussion

Incidence of small bowel cancers increased over the
20-year period in France for all four major histological
types, except for small bowel lymphoma in men. This trend
concerned mostly patients aged 70 years and over. The
patterns differed with histology: over the 20-year period,
incidence of small bowel adenocarcinoma increased by
16% in men and by 38% in women and from 64% in men
and 67% in women for neuroendocrine tumors. Informa-
tion regarding trends in incidence of small bowel cancers
by histology in the literature is scarce. To our knowledge,
our results cannot be compared with similar recent pub-
lished population-based European data. Data from the
SEER program showed a slight decrease in incidence for
small bowel adenocarcinoma between 1985 and 2005 [4]
and a strong increase in incidence for neuroendocrine
tumors between 1973 and 2012 [5]. The proportion of
neuroendocrine tumors became the highest among small
bowel cancers, representing 37% of incident cases during
the last studied period. Similar patterns were observed in
the UK, with an increasing neuroendocrine tumor inci-
dence rates from 0 to 85 years of age and older for 8 time
intervals from 1975 to 2012 [6].

Small bowel malignancies occur mainly in males after
the age of 60 years [7, 8]. In our study, the proportion of
adenocarcinoma was higher in patients aged 70 years and
over, while the proportion of malignant neuroendocrine
tumors was higher in patients aged under 70 years of age.
Interestingly, after the age of 70 years, the incidence of
adenocarcinoma increased steadily with increasing age
while the incidence of neuroendocrine tumors decreased

and the incidence of sarcoma and lymphoma stabilized.
Our data show a slight increase over the study period in
small bowel sarcoma, more pronounced in women. A study
involving twenty-six population-based cancer registries in
the United States between 1995 and 2008 showed a similar
trend in incidence with an APC of 2.1% in men and 1.8%
in women [9]. The incidence of small bowel lymphoma
was stable over time in men, but increased in women
without clear explanation concerning this gender
discrepancy.

If increase in incidence was solely due to the spread of
the improvement in diagnostic techniques, this increase
should be uniform according to sex, histology and probably
age group. Therefore, a more common use in everyday
clinical practice of high-resolution imaging and endoscopy
leading to “incidentally” recognized tumors may only
partly explain this pattern. Although NOS sites accounted
for one-third of the small bowel cancers in our study, we
noted that the distribution of tumors by histological type
varied considerably by location. Adenocarcinomas were
predominant in the duodenum (67%) while endocrine
tumors accounted for 61% of malignant tumors of the
ileum. The cause of this propensity for adenocarcinoma to
occur in the duodenum as opposed to the jejunum/ileum
could be related to exposure to high levels of bile in the
duodenum and proximal jejunum [10]. The intestinal
microbiota may also play a role. In the large bowel, the
microbiota can convert bile salts to carcinogenic deoxy-
cholic acid [11]. However, the density of the microbiota is
inversely correlated to the incidence of small bowel ade-
nocarcinoma, suggesting other mechanisms of carcino-
genesis [12], and due to the reduced transit time, the
contact between intestinal cells and xenobiotics or dietary
carcinogens is short. Some dietary factors such as con-
sumption of red meat and smoked food may increase the
risk of small bowel adenocarcinoma, while the consump-
tion of fiber, fruit, vegetables and fish may reduce it
[13, 14]. A meta-analysis suggested that alcohol con-
sumption may increase the risk of small bowel adenocar-
cinoma [15].

Although small bowel adenocarcinomas are most often
sporadic, predisposing diseases have been identified in up
to 20% of cases [16], including genetic syndromes, Crohn’s
disease and coeliac disease. Lynch syndrome is thought to
be responsible for 5-10% of small bowel adenocarcinoma
[17]. The relative risk of developing small bowel adeno-
carcinoma compared to the general population is between
25 and 300 and depends mainly on the type of mutation of
the genes in the mismatch repair system [17]. The esti-
mated cumulative lifetime risk varies between 1 and 4%
depending on the studies [18, 19]. Familial adenomatous
polyposis (FAP) is characterized by the appearance of
multiple colonic but also duodenal adenomas, with a
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Table 3 Small bowel cancer age-standardized incidence per 100,000 inhabitants according to histology and period of diagnosis

‘Women

Men

p*

APC (%)

2001-2005  2006-2010  2011-2015

1996-2000

p*

APC (%)

2011-2015

2006-2010

2001-2005

1996-2000

< 0.001
< 0.001
< 0.001

0.002

05

3.
3.6

0.51
0.57
0.25
0.27

0.51
0.43
0.26
0.19

0.37
0.42
0.28
0.20

0.37
0.34
0.12
0.14

0.011

1.42

0.80
0.87
0.37
0.45

0.76
0.70
0.35
0.45

0.68
0.56
0.30
0.39

0.69
0.53
0.23
0.47

Adenocarcinoma

NET

1
08

< 0.000
0.020

89
3.38
0.65

4.

Sarcoma

3.32

0.457

Lymphoma

Standardization on world standard population

NET neuroendocrine tumors

p* for annual percentage of change (APC)

predilection for ampullary adenomas. The corresponding
cumulative incidence of small bowel disease is 90%. These
adenomas have a tendency to degenerate into adenocarci-
noma in about 4% of cases. Peutz—Jeghers syndrome is
characterized by the occurrence of multiple hamartoma-
tous intestinal polyps, preferably located in the small
bowel that can degenerate into adenocarcinoma with a
relative risk of 520 compared to the general population
[20, 21]. The increased relative risk of small bowel ade-
nocarcinoma in Crohn’s disease has been estimated in
population-based studies to range from 17 to 41 compared
to the general population [22, 23]. In contrast to sporadic
small bowel adenocarcinoma, in Crohn’s disease, this
cancer appears in younger patients (fourth decade of life),
and mainly in the ileal segment. The cumulative risk is
estimated to be 0.2% after 10 years and 2.2% after
25 years of Crohn’s disease evolution [24, 25]. Coeliac
disease is characterized by a lymphocytic infiltrate that
induces immunological disruption and damage to the
epithelial cells that can include premalignant changes and
could increase the risk of both small bowel adenocarci-
noma and T cell lymphoma. The site of these tumors is
mainly jejunal. In a Swedish registry study, the estimated
relative risk of small bowel cancer in patients with coeliac
disease versus the general population was 10 [26]. The
occurrence of small bowel lymphoma could be linked to
poor adherence to the gluten-free diet [27].

Important progress has been made during the last dec-
ade in the histopathologic characterization of gut neu-
roendocrine tumors. Changes over time in coding with the
introduction of ICD10 codes may partly explain that the
increase in neuroendocrine tumors concerned all age
classes. Despite the wide distribution of neuroendocrine
cells in the normal intestine, some issues like tumor his-
togenesis and location needs further clarification. Special
functional or pathologic conditions as chronic inflamma-
tion may locally influence the proliferative and differenti-
ation state of the endocrine cells thus promoting tumor
growth [28].

Lymphoma accounted for 14% of small bowel neo-
plasms in our series and was more frequent in the ileum.
Almost 90% of the primary intestinal lymphoma is of B
cell lineage with very few T cell lymphoma and Hodgkin
lymphoma [29]. Certain histological subtypes have been
noted to have a relative predilection site as mantle cell
lymphoma in terminal ileum, jejunum, as well as
enteropathy-associated T cell lymphoma in jejunum, and
follicular lymphoma in duodenum [30]. Certain risk factors
have been implicated in the pathogenesis of intestinal
lymphoma including microbial pathogens human immun-
odeficiency virus, Campylobacter jejuni, Epstein—Barr
virus, hepatitis B virus, human T cell lymphotropic virus-1,
whereas patients with a history of celiac disease or
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Table 4 Annual per?entage of Adenocarcinoma (%) NET (%) Sarcoma (%) Lymphoma (%)
change by age class in small
bowel cancer, adjusted on < 60 years 1.3 4.1% 22 0.3
gender, according to histology 60-69 years 16 2 gk 29 1.0
> 70 years 2.8% 4.0% 5.7% 3.1%

NET neuroendocrine tumors
*p value < 0.050

inflammatory bowel disease and immunosuppression are at
increased risk of T cell lymphoma [31].

In our study, sarcoma accounted for 12% of small bowel
neoplasms. Gastrointestinal stromal tumors (GISTs) are the
most common mesenchymal neoplasms of the gastroin-
testinal tract. They comprise 85% of all digestive sarcoma
followed by leiomyosarcoma, and rarely liposarcoma,
fibrosarcoma, Kaposi’s sarcoma, angiosarcoma, and clear
cell sarcoma [32]. GIST and other sarcoma may be often
incidentally diagnosed on CT scans. The increasing num-
ber of imaging techniques may partly explain their
increasing incidence.

In conclusion, this study shows that small bowel cancers
incidence increased over a 20-year period in France. This
increase is in itself important public health information.
However, further subtype-specific research is required and
may need international multi-disciplinary collaborations to
disentangle the respective roles of exposition to causative
agents and of improvement in diagnostic techniques in this
epidemiological pattern.
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