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Small bowel adenocarcinomas are rare tumours, but their incidence is increasing. Their most common
primary location is the duodenum. The few studies that have collected data regarding small bowel ade-
nocarcinoma are not homogeneous and are widely spread over time. Even though these tumours are
most often sporadic, some predisposing diseases have been identified, among which Crohn’s disease and
genetic syndromes. Early diagnosis of small bowel adenocarcinoma remains difficult despite significant
radiological and endoscopic progress. After surgical resection the main prognostic factor is node inva-
sion; in this case, adjuvant chemotherapy can be expected to be beneficial, although this has not been
established by randomised trials. For metastatic disease, platinum-based chemotherapy seems to be the
most effective treatment. Targeted therapies have not yet been evaluated in this type of cancer.

© 2013 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica

Italiana S.r.l. Open access under CC BY-NC-ND license.

1. Epidemiology
1.1. Incidence

Despite the fact that the small intestine makes up 75% of
the length of the digestive tract and 90% of its mucosal sur-
face area, small bowel cancer is rare, accounting for less than
5% of gastrointestinal cancers [1]. According to the United States
National Cancer Database, the incidence of all small bowel can-
cers in the USA rose from 11.8 cases/million persons in 1973 to
22.7 cases/million persons in 2004 [2]. Similarly, in France, their
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incidence also rose over the 1976-2001 period [3]. Four histological
types of cancer predominate in the small bowel: adenocarcinomas,
neuroendocrine tumours, gastrointestinal stromal tumours and
lymphomas.

Small bowel adenocarcinoma (SBA) accounts for around 40%
of all cancers of the small bowel [2-4]; similarly, neuroendocrine
tumours have roughly the same incidence. In the USA, the inci-
dence of SBA has been estimated to be of 5300 new cases, with
around 1100 deaths per year [5]. The median age at diagnosis
is in the sixth decade of life. According to the EUROCARE data,
the estimated number of annual new cases of SBA in Europe is
3600 [6]. The estimated incidence rate is 5.7 cases per million
persons. In France the estimated incidence of SBA for the period
1989-2001 was 0.31/100,000 for men and 0.23/100,000 for women.
According to the data from the Burgundy cancer registry, the
number of new cases in France can be estimated to be 200 per
year [3].

The duodenum is the most frequently involved segment, with
55-82% of cases, followed by the jejunum (11-25%) and ileum
(7-17%) [2,3,7-10]. The increasing incidence of SBA is mainly due
to the increase in duodenal tumours [11].
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2. Etiopathogenetic factors
2.1. Environmental factors

In contrast to colorectal cancer, studies on the pathogenesis of
SBA are constrained by the rarity of the disease. Alcohol consump-
tion [12] and smoking [13] have been associated with an increased
risk of SBA. Other studies have reported an increased risk of SBA
among the highest consumers of sugar, refined carbohydrates, red
meat or smoked food, while a reduced risk was observed with
higher intakes of coffee, fish, fruit, and vegetables [14,15].

The marked difference between the incidences of SBA and colo-
rectal adenocarcinoma suggests different exposures to carcinogens.
In the small bowel, the contact time between intestinal cells and
xenobiotics or dietary carcinogens is shorter than in the colon,
owing to the shorter transit time. In addition, the proximal small
intestine contains low concentrations of aerophilic Gram-positive
bacteria. The density of the microbiota increases in the distal ileum,
but is still much lower than in the colon, where the microbiota
produces xenobiotic transformation during which bile salts are
deconjugated and dehydroxylated to form desoxycholic acid, which
is a potential tumour promoter [16]. Moreover, the epithelial cells
of the small bowel are equipped with a wide range of microsomal
enzymes, including the benzopyrene hydroxylase, that may protect
them against food-derived carcinogens [17]. Nevertheless, there
is no clear explanation for the differing cancer incidences in the
duodenum and jejuno-ileum.

2.2. Carcinogenesis in SBA

The biology of SBA has been investigated only in a small number
of patients. The main genes involved in colorectal carcinogenesis
have been studied also in SBA (Table 1).

The adenomatous polyposis coli (APC) gene has acquired a trun-
cated mutation in up to 80% of sporadic colorectal cancers, resulting
inaloss of regulation of $-CATENIN that accumulates in the nucleus
as aresult. This mutation is considered to be one of the main trigger-
ing events in colorectal carcinogenesis. The prevalence of the APC
gene mutation in SBA was reported to be rather low: 0/21 [18],
1/15 (8%) [19] and 3/17 (18%) [20]. These data suggest that the
carcinogenesis of SBA differs from colorectal carcinogenesis. Nev-
ertheless, several studies have reported the nuclear accumulation
of 3-CATENIN, most probably due to a gain-of-function mutation in
the B-CATENIN gene rather than a loss of regulation due to the APC
mutation. Abnormal nuclear expression of [3-CATENIN was found
in variable proportions of the cases analysed: 10/21 (48%) [18],
12/61 (20%) [21] and 10/20 (50%) [22]. In another study [28], large
deletions and insertions in the B-CATENIN gene, resulting in sta-
bilisation of the aberrant 3-CATENIN, were found exclusively in
microsatellite stable carcinomas.

Other abnormal protein expressions have been reported in SBA.
Reduced membrane expression of E-CADHERIN was found in 8/21
(38%) cases of SBA [18]. Overexpression of the p53 protein was
detected in the nuclei of 5/21 (24%) [18], 4/15 (27%) [19], 26/62
(42%) [21], and 14/27 (52%) [23] tumours in different series of
SBA cases. A loss of SMAD4 expression was found in 5/27 (18%)
cases [23]. Moreover, abnormal expression of the vascular endothe-
lial growth factor-A (VEGF-A) and the epidermal growth factor
receptor (EGFR) was found in 50/54 (92%) and 36/54 (66%) cases,
respectively, suggesting that this type of cancer could benefit from
a treatment targeting the EGFR and VEGF pathways [24]. A KRAS
mutation has been described in 12/21 (57%) [25] and 21/49 (43%)
of cases [21]. A specific study of 78 duodenal tumours found a
KRAS mutation in 34% of the cases [26]. HER2 expression has been
assessed by immunohistochemistry in 2 studies: in the study of
Overman et al., only one out of 54 (1.7%) tumours expressed HER2

[24]. Similarly, in the AGEO study, HER2 expression was observed
in 2/51 (3.9%) cases, in both cases in the ileum [21].

Inactivation of the DNA mismatch repair (MMR) gene was found
in around 15% of colorectal cancers [27]. A deficient MMR (dAMMR)
can be caused either by a germline mutation of one of the 4 MMR
genes (usually MSH2 or MLH1, and more rarely MSH6 or PMS2) in
the case of Lynch syndrome, or by hypermethylation of the MLH1
promoter in sporadic tumours, especially those occurring in elderly
patients [28]. In SBA, the frequency of the dIMMR phenotype is vari-
able, ranging from 5% to 35% of cases. Sporadic MMR deficiency
was found in only 1/21 (=5%) cases of SBA [18]. In another series
of 89 SBA patients, the frequency of the dMMR phenotype was
16/89 (~18%). In this latter study, immunohistochemistry revealed
a loss of expression of MLH1 in 7/16 dMMR tumours. Amongst the
patients under 60 years of age, the dAMMR phenotype was found in
10/43 (23%) and loss of expression of the MLH1 and MSH2 proteins
was observed with the same frequency [29]. Also, in this study the
frequency of dMMR appeared to be greater in SBA than in colo-
rectal cancer, as well as being higher in young patients, suggesting
that dMMR is more often due to Lynch syndrome in SBA than in
colorectal carcinoma. In another series of 54 SBA patients, a loss of
expression of one of the MMR proteins occurred in 35% of patients.
Loss of MSH2, MSH6, PMS2 and MLH1 was observed in 6%, 11%, 24%
and 26% of patients, respectively. Loss of the MMR protein gen-
erally followed 2 patterns: the loss of the combination of either
MSH2 and MSH6 (when the MSH2 gene was affected) or PMS2
and MLH1 (when the MLH1 gene was affected) [24]. In the AGEO
study, a dMMR phenotype was observed in 14/61 patients (23%),
mainly due to a loss of MLH1 expression [21]. In this latter study,
a trend towards a more frequent dAMMR phenotype was observed
more often in duodenal (9/32) or jejunal (5/18) tumours than in
ileal tumours (0/13) (p=0.07). The characterisation of SBA accord-
ing to genetic and epigenetic alterations was performed in a series
of 37 tumours [30]. A chromosomal instability (CIN) was detected
in 22/37 tumours (59%). A high level of DNA methylation was
found in 16% of the CIN tumours, in 44% of microsatellite instable
(MSI) tumours and in 44% of microsatellite and chromosomal-
stable (MACS) tumours. A KRAS mutation was observed in 55% of
CIN tumours, 0% of MSI tumours and 10% of MACS tumours. A BRAF
mutation was detected in 6% of CIN tumours, 22% of MSI tumours
and 22% of MACS tumours. These findings suggest that SBA and
colorectal cancer could belong to different molecular subgroups
[30].

Taken together, these findings suggest the existence of some
common carcinogenesis pathways shared between SBA and colo-
rectal carcinogenesis. Nevertheless, the APC mutation is less often
observed in SBA than in colorectal cancer, even though the Wnt
pathway is involved through S-CATENIN alteration. Moreover, the
frequency of the dAMMR phenotype appears to differ in the different
SBA series, but it is generally slightly more frequent than in colorec-
tal cancer. Nevertheless, a bias towards an over-representation of
Lynch syndrome patients could be suspected in tertiary care series.
Only a large study based on an unselected cohort will allow for the
assessment of the frequencies of the various biological alterations
involved in SBA carcinogenesis.

2.3. Genetic predisposition

2.3.1. Familial adenomatous polyposis (FAP)

FAP is a consequence of a germinal mutation of the APC gene.
FAP patients are exposed to a very high incidence of colorectal can-
cer at a young age, and SBA is the second most common primary
cancer location. In a pooled registry study of 1255 patients with
FAP, 57 (4.5%) had an upper digestive tract adenocarcinoma. The
primary location was the duodenum in 29 cases (50%), the ampulla
of Vaterin 10 (18%), the stomach in 7 (12%), the jejunumin 5 (8.5%),
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Table 1

Molecular changes in small bowel adenocarcinoma.
Reference Number of Abnormal P53 Abnormal HER2 over- APC mutation KRAS mutation dMMR phenotype

patients 3-CATENIN expression

Wheeler et al. [18] 21 24% 48% - 0% - 5%
Araietal. [19] 15 27% - - 8% 53% -
Blaker et al. [20] 17 - - - 18% - 12%
Aparicio et al. [21] 63 42% 20% 3.9% - 43% 14%
Svrcek et al. [23] 27 52% 7.4% - - - 7%
Overman et al. [24] 54 - - 1.7% - - 35%
Blaker et al. [25] 21 - 24% - 10% 57% -
Planck et al. [29] 89 - - - - - 18%

and the ileum in 1 case (1.7%) [31]. In another study, the relative
risks for duodenal adenocarcinoma or ampulloma in a FAP patient
compared to those in the general population were 330 (95% CI,
132-681; p<0.001), and 123 (95% CI, 33-316; p<0.001), respec-
tively [32]. Even though the risk of duodenal adenocarcinoma in a
FAP patient remained less than 5%, this cancer is nevertheless the
main cause of cancer-related death in patients who have undergone
a coloproctectomy [33,34].

2.3.2. Lynch syndrome

Lynch syndrome is caused by a germline mutation of a DNA mis-
match repair gene, which exposes the patient to various types of
neoplasia, such as colorectal and endometrial cancers; he less fre-
quently ovarian, urothelial, gastric, biliary tract cancers and SBA.
Various levels of increased risk for SBA have been reported for
patients with Lynch syndrome. According to data from a Dutch
study, the relative risk of SBA for a patient with Lynch syndrome
has been estimated to range from 25 in the early phases of the
syndrome [35] to 291 (95% CI, 71-681) in case of an MLH1 muta-
tion and 103 (95% CI, 14-729) in case of an MSH2 mutation [36].
Nevertheless, the lifetime cumulative risk remains low: 0.6% and
1% according to Finnish and French registries, respectively [37,38].
So far, it has not been recommended to screen Lynch syndrome
patients for SBA. However, analysis of the MMR phenotype is
systematically recommended in SBA, because it could reveal the
presence of Lynch syndrome [39,40].

2.3.3. Peutz-Jeghers syndrome

The Peutz-Jeghers syndrome is an autosomal dominant disor-
der due to the STK11 suppressor gene mutation that predisposes
to hamartomatous gastrointestinal tract polyposis. A relative risk
of 520 (95% CI, 220-1306) for SBA was observed in Peutz-Jeghers
syndrome patients [41]. The adenocarcinoma probably originates
from the intra-epithelial neoplasia observed in the hamartomatous
lesion.

2.4. Other predisposing conditions

2.4.1. Crohn’s disease

Crohn'’s disease induces chronic inflammation in every segment
of the digestive tract, and the distal ileum is the most frequently
involved. The chronic inflammation releases cytokines that inter-
act with cell surface receptors and target genes that can promote
carcinogenesis [16]. The increased relative risk of SBA in Crohn’s
disease has been estimated in several population-based studies to
range from 17 to 41 compared to the general population [42,43].
The SBA arises in an inflamed small bowel segment. In contrast
to sporadic SBA, 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 of Crohn’s
disease and 2.2% after 25 years [44]. Another estimation, based
on the extensive SEER database and restricted to patients over 65
years old, identified 923 cases of small bowel cancer and 142,273

controls, and confirmed the increased risk of SBA in Crohn’s disease
(OR=12.07;95% (I, 6.07-20.80; p<0.001). In this study, the preva-
lence of Crohn’s disease in patients with small bowel cancer was
low (1.6%); nevertheless many cases of SBA could have been missed
in the SEER database as the median age of onset of SBA in Crohn’s
disease patients is less than 65 years [45]. Another study suggests
that patients who have undergone a small bowel resection or pro-
longed treatment with salicylate have a lower risk of developing
SBA [46].

2.4.2. Coeliac disease

Coeliac disease is characterised 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 SBA and small bowel lymphoma. A cohort of 235
patients with coeliac disease showed an 8% prevalence of SBA [47].
In a British survey study that included 395 cases of small bowel can-
cer (107 lymphomas, 175 SBAs and 79 neuroendocrine tumours),
coeliac disease was found in 13% of cases of SBA and 39% of cases
of lymphoma; primary location of SBA was usually jejunal [48]. In
a Swedish registry study, the relative risk of SBA in patients with
coeliac disease versus the general population was estimated to be
10[49].

The preliminary results of the French NADEGE cohort that
prospectively included 127 patients with SBA from March 2009 to
September 2010, revealed a genetic syndrome or a predisposing
disease in 20% of the patients: Crohn’s disease (8.6%), FAP (3%),
Lynch syndrome (3%), coeliac disease (1.5%) and Peutz-Jeghers
syndrome (0.8%) (7). These preliminary results indicate that a
predisposing disease or genetic syndrome is considerably more
frequent in SBA than in colorectal cancer.

3. Diagnosis
3.1. Clinical presentation

The clinical presentation and diagnosis of SBA is usually delayed.
The symptoms are initially rather non-specific. In a single-centre
study of 217 patients with SBA, 66% of the patients had abdominal
pain when diagnosed. SBA was usually diagnosed in the context
of an emergency involving an occlusion (40%) or bleeding (24%).
Bowel obstruction was mainly observed in cases of jejunal and
ileal tumour, and less frequently in duodenal tumours (47% vs 34%;
p=0.06) [8]. In this study, diagnoses in the more recent period
(after 1988) were obtained by upper gastrointestinal endoscopy
(28%), surgery (26%), small bowel barium transit (22%), CT scan
(18%), ultrasound (3%) or physical examination (3%). The diag-
nosis was mainly obtained at advanced stages, when 35% of the
patients had synchronous metastases and 39% had tumours with
lymph-node invasion [8]. A similar stage distribution was found
in another study of 129 tumours in which 38% of the patients had
synchronous metastases and 38% had lymph-node invasion [50]. In
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Crohn’s disease, the diagnosis is mainly obtained postoperatively
after resection of an obstructed small bowel segment [44].

3.2. Diagnosis

For SBA, small bowel barium transit has a sensitivity of about
50% [51], and CT scans have an overall accuracy rate of 47% [52,53].
It should be pointed out that in a context of obscure bleeding after
upper and lower endoscopy, a small bowel investigation should
systematically be done. New investigation tools, such as CT entero-
clysis, MR enteroclysis, capsule endoscopy, and enteroscopy now
allow for an extensive exploration of small bowel and should thus
make early diagnosis possible. CT enteroclysis has a sensitivity of
85-95% for the diagnosis of small bowel tumour, and a specificity of
90-96% [51,54]. A study including 150 patients who were clinically
suspected of having a small-bowel neoplasm, and whose previous
upper and lower gastrointestinal endoscopy findings were normal,
underwent MR enteroclysis. The overall sensitivity, specificity, and
accuracy in identifying patients with small bowel lesions were 86%
(190f22),98% (126 of 128), and 97% (145 of 150), respectively. Two
MR enteroclysis examinations yielded false-positive findings, and
3 yielded false-negative findings [55].

Capsule endoscopy allows carrying out a complete small bowel
exploration as an outpatient procedure, however it should not be
performed in a context of sub-occlusion. When it is performed to
explore obscure bleeding, the sensitivity for diagnosing a small
bowel tumour is between 88.9% and 95% and its specificity 75-95%
[56,57]. Double balloon enteroscopy can be used for a wide range
of small bowel investigations. Nevertheless, this procedure is less
convenient than capsule endoscopy, and should be used only if a
biopsy or preoperative tattoo are required [58]. In some cases, how-
ever, enteroscopy can diagnose a small bowel tumour missed by
videocapsule endoscopy [59].

3.3. Other recommended investigations after SBA diagnosis

The French guidelines (www.tncd.org, last updated in 2013)
recommend performing a thoraco-abdomino-pelvic CT scan to
assess distant metastases, and an upper and lower gastrointesti-
nal endoscopy to look for other tumours suggesting a predisposing
genetic disease. A baseline plasmatic carcinoembryonic antigen
(CEA) and carbohydrate antigen (CA) 19.9 assay should be done,
especially in cases of advanced disease, since the levels of these
markers are of prognostic value [60].

In a context of a predisposing genetic disease or Crohn’s dis-
ease, a full small bowel exploration should be performed (with
enteroscanner or capsule endoscopy if there is no small bowel
stenosis) to detect synchronous tumours.

An assay of anti-transglutaminase A antibodies and a duodenal
biopsy are recommended to detect coeliac disease.

Two different tests can be used to detect Lynch syndrome: the
first identifies microsatellite instability by testing 5 microsatel-
lite loci, and the second confirms the lack of expression of 1 or 2
mismatch repair proteins by means of immunohistochemical tech-
niques.

4. Prognosis

SBA carries a poor prognosis at all stages, with a 5-year overall
survival (OS) rate ranging from 14% to 33% [2,3,6,8,10]. The 5-year
OS is correlated to the tumour stage (Tables 2 and 3): 50-60% for
stage I (incidence from 4% to 12%), 39-55% for stage II (incidence
from 14% to 30%), 10-40% for stage III (incidence from 19% to 27%)
and 3-5% for stage IV (incidence from 32% to 46%) [7-10,50,61]. SBA
prognosis appears to be intermediate between those of colon and
gastric cancers, and surgery for complete resection (RO) remains the

Table 2
TNM classification of small intestine adenocarcinomas.

Primary tumour (T)

Tx Primary tumour cannot be assessed

TO No evidence of primary tumour

Tis Carcinoma in situ

T1 Tumour invades the lamina propria,
muscularis mucosa or submucosa.

Tla Tumour invades the lamina propria or
muscularis mucosa

T1b Tumour invades the submucosa

T2 Tumour invades the muscularis propria

T3 Tumour invades 2 cm or less into the

subserosa or into the
non-peritonealized perimuscular
tissue (mesentery or
retroperitoneum?)

T4 Tumour perforates the visceral
peritoneum or directly invades other
organs or structures, including:

- other loops of the small intestine,
mesentery or retroperitoneum by
more than 2cm

- through the serosa into the
abdominal wall

- the pancreas (only for tumours in the

duodenum)

Regional lymph nodes (N)

Nx Regional lymph nodes cannot be
assessed

NO No regional lymph node metastasis

N1 Metastasis in 1-3 regional lymph
nodes

N2 Metastasis in 4 or more regional lymph
nodes

Distant metastasis (M)

MO No distant metastasis

M1 Distant metastasis

From Sobin et al. [82].

2 Note: The non-peritonealized perimuscular tissue for the jejunum and ileum is
part of the mesentery. For the duodenum, it is part of the retroperitoneum in areas
where there is no serosa.

only potentially curative treatment [50]. The frequency of locally-
advanced unresectable cancer is not reported in most of the studies,
however, in the preliminary report of the NADEGE cohort, a locally-
advanced cancer occurred in 5% of the cases [7].

Lymph-node invasion is the main prognostic factor for local
SBA [8,50]; moreover, the number of lymph nodes assessed and
the number of positive lymph nodes are of prognostic value. In
stage Il patients, a positive number of invaded lymph nodes >3
had a worse 5-year disease-free survival (DFS) rate than patients
with 1-2 invaded lymph nodes (37% vs 57%) [62]. For jejuno-ileal
tumours, when 10 or more lymph nodes were examined, the OS
rate increased non-significantly in stage [ (73.2% vs 55.6%, NS) and
significantly in stage I1(61.8% vs 32.9%, p <0.001). Multivariate anal-
ysis identified advanced age, advanced stage, ileal location, the
recovery of <10 lymph nodes, and the number of positive nodes as

Table 3

Tumour stages of small intestine adenocarcinoma.
Stage T N M
0 Tis NO MO
1 T1,T2 NO MO
2A T3 NO MO
2B T4 NO MO
3A Any T N1 MO
3B Any T N2 MO
4 Any T Any M M1

From Sobin et al. [82].
T, tumour; N, nodes; M, metastases; Tis, in situ.
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significant predictors of poor OS [63]. Thus, a curative resection
at an early stage (stages I and II) should systematically include a
regional lymphadenectomy.

Several studies suggest that a duodenal primary tumour has a
worse prognosis than a jejunal or ileal primary tumour [8,9,62].
Other factors for poor prognosis have also been reported: advanced
age, pT4 tumour stage, poorly differentiated tumour, positive
resection margins, lymphovascular invasion and a lymph node ratio
of >10% [9,64,65]. One study has reported 12/74 (16%) second can-
cers after a curative resection, 5 of which could have corresponded
to Lynch syndrome. This high frequency of second cancers justifies
a prolonged follow-up after SBA treatment [66].

In metastatic or locally-advanced SBA treated with chemother-
apy, a retrospective study found that impaired WHO performance
status and an above-normal value of CEA or CA 19.9 were prognostic
factors for poor survival [60].

5. Treatment
5.1. Localised cancer

Complete resection (RO) of the primary tumour with loco-
regional lymph node resection is mandatory. In the context of
posterior invasion, pre-operative treatment should be considered,
and resection reconsidered after 2-3 months of chemotherapy.

In the context of unresectable metastases, primary tumour
resection is not recommended except in an emergency such
as bowel obstruction, perforation or uncontrolled bleeding. If a
multidisciplinary evaluation concludes that the metastases are
resectable, resection of the metastases can consist of either 1 or 2
surgical procedures, possibly with chemotherapy during the inter-
val between the procedures. However, more data are required to
evaluate the value of metastasis resection in SBA.

For duodenal tumours, a Whipple resection should be per-
formed [8] for a tumour in the second segment of the duodenum
or for an infiltrating tumour in the proximal or distal duodenum.
Additionally, resection of the peri-duodenal, peri-pancreatic, and
hepatic lymph nodes should also be performed, as well as resection
of the right side of the coeliac and superior mesenteric arteries. A
duodenal resection alone could be performed for a proximal duo-
denal tumour or a distal duodenal tumour with no infiltration of
adjacent organs [67], despite the fact that this procedure is associ-
ated with poor prognosis [68]. An RO resection is to be preferred,
as R1 or R2 resections are strongly associated with poor prognosis
[69].

For jejunal and ileal tumours, an RO resection with lymph node
resection and jejuno-jejunal or ileo-ileal anastomosis should be
performed. If the last ileal loop or Bauhin’s valve are involved, an
ileocoecal or right hemicolectomy should be performed with liga-
tion of the ileocolic artery so as to allow for lymph node resection.

To date, no standard adjuvant regimen has been defined due
to the lack of randomised controlled trials. The only data available
are those from retrospectives studies. The inability to control for
the various prognostic factors influencing the original decision to
administer adjuvant therapy has been a major limitation of ret-
rospective studies, as the patients who receive adjuvant therapy
tend to be those at greater risk of disease recurrence on basis of the
currently-used prognostic factors.

In a review of the US National Cancer Database, 11% of patients
received radiotherapy with or without chemotherapy mainly for
duodenal primary tumours [9]. Nevertheless, in a retrospective
study of 48 duodenal adenocarcinomas resected with a curative
intent, chemoradiotherapy did not improve survival [68]. The data
available do not establish a clear recommendation for radiotherapy
in R1 or R2 resection or locally-advanced duodenal cancer.

| | |

Noadjuvant Adjuvanttreatment Adjuvant
treatment if pT4 tumour treatment
Noadjuvant treatment
in others cases

Recommended adjuvant treatmentis 12 courses of the FOLFOX regimen

Fig. 1. Treatment for localised small bowel adenocarcinoma after an RO resection
according to the 2013 French guidelines (www.tncd.org).

Several retrospective studies have found no benefit in adjuvant
chemotherapy after potentially curative surgical resections of SBA
[8,64,70,71]. These negative results may be due to the small number
of patients treated, a bias in selecting patients for treatment or an
inadequate chemotherapy regimen.

In a single-centre, retrospective study including 54 patients
treated with an RO resection between 1990 and 2008, 30 (56%)
patients received adjuvant therapy. In multivariate analysis, the
use of adjuvant therapy was found to be associated with an
improvement in the DFS (HR 0.27; 95% CI 0.07-0.98, p=0.05), but
not in the OS (HR 0.47; 95% CI 0.13-1.62, p=0.23). In patients
with a high risk of recurrence (defined as a lymph node ratio
[invaded/without metastasis] >10%), adjuvant therapy appeared to
improve OS (p=0.04), but not DFS (p=0.15) [65]. Despite the lack
of evidence supporting the delivery of adjuvant chemotherapy for
SBA, an analysis in the USA of the National Cancer Database has
shown an increase in the use of chemotherapy from 8% in 1985 to
24% in 2005 [2].

The reported efficacy of fluoropyrimidine and oxaliplatin in
advanced SBA [60,72], and the efficacy of the same regimen in
the adjuvant chemotherapy of CRC have led to the French recom-
mendation of an adjuvant fluoropyrimidine and oxaliplatin-based
chemotherapy after a curative RO resection of a stage-Ill SBA
(www.tncd.org, last updated in 2013). For stage-II tumours, adju-
vant chemotherapy is optional for pT4. Nevertheless, given the
cumulative evidence of poor prognosis for poorly-differentiated
tumours with a resected lymph node number <10, adjuvant
chemotherapy should be discussed in such cases (Fig. 1).

A prospective international phase-III study (the BALAD study),
promoted by the International Rare Cancer Initiative, comparing
observation to adjuvant chemotherapy after RO resection of SBA
should begin soon.

5.2. Metastatic SBA

Very few studies have been published on the type of chemother-
apy used for advanced SBA (Table 4). Most of the studies available
are small, retrospective or involve old chemotherapy regimens.
Overall, they report a median OS of 8-18 months and objective
response rates (ORR) ranging from 5% to 37% [73-78]. Several
retrospective studies suggest that chemotherapy prolongs OS in
patients with advanced SBA [8,74,75], but there is no agreed
frontline regimen owing to the lack of randomised trials. A ret-
rospective comparison of OS, according to whether palliative
chemotherapy was prescribed, showed a significant increase of
survival in treated patient (12 months vs 2 months, p=0.02) [8].
In another series from the registry of British Columbia, patients
who received chemotherapy (n=16) had an OS of 15.6 months,
while patients who did not (n=21) had an OS of 7.7 months [74].
Only few studies compared a specific regimen of chemotherapy to
other protocols. A retrospective study of 44 patients suggests that
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Table 4
Studies evaluating chemotherapy in advanced small bowel adenocarcinoma.

Reference Regimen Number of patients Response rate (%) Progression Overall survival
free survival (months)
(months)
Crawley et al. [73] 5FU 8 37 7.8 13.0
Locher et al. [78] 5FU +cisplatin 20 21 8.0 14.0
Gibson et al. [76] 5FU +doxorubicin + MMC 38 18 5.0 8.0
Zaanan et al. [60] FOLFOX 48 34 6.9 17.8
LV5FU2 10 0 7.7 135
LV5FU2 +cisplatin 19 30 6.0 9.6
FOLFIRI 16 9 4.8 10.6
Overman et al. [79] 5FU +cisplatin 29 41 8.7 14.8
5FU without cisplatin 41 17 3.9 12.0
Overman et al. [72] Capecitabine + oxaliplatin 30 52 113 20.0
Zaanan et al. [81] FOLFIRI (second line) 28 20 3.2 10.5

gemcitabine and irinotecan-based chemotherapy gives better
results than 5FU monotherapy [75]. A retrospective, single-centre
study of 80 patients with metastatic SBA suggested that platinum-
based chemotherapy gave a higher ORR than other chemotherapy
regimens (46% vs 16%; p=0.01) and longer median progression-free
survival (PFS) (8.7 vs 3.9 months; p <0.01), although the median
OS was not significantly different (14.8 vs 12.0 months; p=0.10)
[79]. However, this study did not address the respective risk-benefit
ratios of the different platinum salts (cisplatin, oxaliplatin, etc.),
even though the clinical efficacy and antitumour mechanisms of
these drugs are very different [80]. A prospective phase-II trial
of capecitabine plus oxaliplatin has given interesting results in
patients with advanced small-bowel and ampullary adenocarci-
nomas, with an ORR of 50%, a median time to progression of
11.3 months, and a median OS of 20.4 months [72]. Another ret-
rospective multicentre study evaluated LV5FU2 (n=10), FOLFOX
(n=48), FOLFIRI (n=19) and LV5FU2-cisplatin (n=16) in 93 con-
secutive patients. The median PFS times in patients treated with
LV5FU2, FOLFOX, FOLFIRI and LV5FU2-cisplatin were 7.7, 6.9, 6.0
and 4.8 months, respectively, while the median OS times were
13.5,17.8,10.6 and 9.3 months, respectively. In a multivariate anal-
ysis, the WHO performance status (p<0.0001) and the elevated
CEA (p=0.02) and CA 19.9 (p=0.03) serum levels were the only
variables significantly associated with poor OS. In the subgroup of
patients treated with platinum-based chemotherapy, multivariate
analysis showed that LV5FU2-cisplatin was associated with poorer
PFS (p <0.0001) and OS (p=0.02) than FOLFOX [60]. From the same

o FOLFOX or XELOX

First line oF

Clinical trial with
targeted therapy

FOLFIRI
or
Clinical trial

Second line

FOLFOX: combination of oxaliplatin, Sfluorouracil and leucoverin (60)
XELOX: combination of capecitabine and oxaliplatin (72)
FOLFIRI: combination of irinotecan, 5fluorouracil and lencoverin (81)

Fig. 2. Treatment for metastatic small bowel adenocarcinoma according to the 2013
French guidelines (www.tncd.org).

series, the effectiveness of FOLFIRI in second-line chemotherapy
was investigated in 28 patients who had been treated with plat-
inum salts in first line therapy: the objective response rate was
20% and the disease control rate was 52%, while the median PFS
and OS were 3.2 and 10.5 months, respectively. This suggests that
the FOLFIRI regimen exhibits modest activity as a second-line treat-
ment in patients with advanced SBA after failure of a platinum
salt-based first-line chemotherapy [81].

So far, no data is available for targeted therapy. The oxaliplatin-
based chemotherapy seems to be the best choice, and it is
recommended as a first line treatment by the French guidelines
(www.tncd.org, last updated in 2013) (Fig. 2).

Overall, advanced SBA had a worse prognosis than colorectal
cancer, but a better prognosis than gastric or pancreatic cancer,
with a median OS exceeding 12 months.
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