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REVIEW

Genetic risks and familial associations of small bowel
carcinoma
Santosh Shenoy
with increased risks for SBA. These include familial
adenomatous polyposis (FAP), Lynch syndromes (LS),
Juvenile polyposis syndrome, Peutz-Jeghers syndrome,
Crohn’s disease (CD) and celiac disease. Mutations in APC
gene, Mismatch repair genes, STK11 gene, and SMAD4
gene have been implicated for the genetic diseases
respectively. While there are no specific inherited genetic
mutations for CD, genome-wide association studies have
established over 140 loci associated with CD. CpG island
mutations with defects in mismatch repair genes have
been identified in celiac disease. Significant diagnostic
advances have occurred in the past decade and intuitively,
it would seem beneficial to use these advanced modalities
for surveillance of these patients. At present it is debatable
and no clear data exists to support this approach except
for established guidelines to diagnose duodenal polyps
in FAP, and LS. Here we discuss the genetic alterations,
cancer risks, signaling mechanisms and briefly touch
the surveillance modalities available for these genetic
and clinical syndromes. English language articles from
PubMed/Medline and Embase was searched were
collected using the phrases “small-bowel adenocarcinoma,
genetics, surveillance, familial adenomatous polyposis,
lynch syndromes, Peutz-Jeghers syndrome, juvenile poly
posis syndrome, CD and celiac disease”. Figures, tables
and schematic diagram to illustrate pathways are included
in the review.
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Abstract

Core tip: Adenocarcinoma of small intestine (SBA) is a
relatively rare malignancy with poor outcomes due to
delayed diagnosis. Certain genetic and familial diseases are
associated with increased risks for SBA. These include Familial
adenomatous polyposis, lynch syndromes, juvenile polyposis
syndrome, Peutz-Jeghers syndrome, Crohn’s disease and
celiac disease. We discuss the clinical implications of

Adenocarcinoma of small intestines (SBA) is a relatively
rare malignancy with poor outcomes due to delayed
diagnosis. Fifty percent of patients have metastases on
presentation and therefore early detection and treatment
offers the best long term outcomes. Certain genetic
polyposis syndromes and familial diseases are associated
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this aggressive cancer focusing on the genetic and
familial associations, signaling mechanisms and available
diagnostic modalities for surveillance.

scaffolding protein complex, it is a negative regulator of Wnt
signaling pathway (Figure 1).
In the absence of Wnt signaling, cytosolic β-catenin
that is not bound by cell-cell adherens junction is transferred
to the degradation complex consisting of the proteins APC,
axin, casein kinase 1 (CK1) and glycogen synthase kinase
3 (GSK3). CK1 and GSK3 phosphorylate and prime the
unbound β-catenin targeting it for ubiquitination, and
leads it to proteasome to be digested. This prevents
translocation and accumulation of β-catenin into the
nucleus.
Normally nuclear translocation of β-catenin leads to
the expression of genes such as c-Myc and Wnt target
genes: Promoting cell growth, division, proliferation and
differentiation. It also regulates cell-cell adhesion and is
[4,5]
important for tissue formation .
More than 700 mutations of APC gene have been
identified with the classic and attenuated types of FAP.
APC gene mutation leads to production of truncated,
nonfunctional version of this protein. This truncated APC
protein fails to suppress the canonical Wnt/β-catenin
pathways even in the absence of Wnt signaling, results
in unopposed translocation of β-catenin in the nucleus
and stimulates transcription of c-Myc and other Wnt
target genes that leads to the formation of polyps and
[4,5]
predispose to cancers . In addition APC also interacts
with microtubules, loss of APC may lead to mitotic
spindle defects, leading to chromosome abnormalities
when cells divide.
While colorectal polyps and cancer remains the
primary tumors in FAP and advanced surgical techniques
have reduced mortality from colorectal carcinoma, the
leading second primary malignancy in these individuals
is duodenal and small bowel carcinoma. The prevalence
of duodenal adenomas is 50%-90% and these patients
carry a relative risk of 330 for adenocarcinoma or up
to 5% lifetime risk. The risk is highest in periampullary
[9]
adenomas . The adenoma formation is not restricted to
the duodenum but also noted in jejunum and ileum in
50%-75% of the patients. Studies using video capsule
endoscopy (VCE) and balloon-assisted enteroscopy
(BAE) confirm the presence of jejunal and ileal polyps
frequently in FAP, especially with extensive duodenal
[10-12]
polyposis
.
The increased risk for SBA appears to correlate between
the severity of duodenal polyposis and presence of jejunal
[10-13]
polyps
. Scattered case series, report an association of
marked duodenal polyposis, with higher stages of the
[7]
disease on diagnosis and worse prognosis . Spigelman
in 1989 developed an endoscopic scoring system
(stage 1-4) to describe the severity of duodenal polyps
in FAP. Predictors include the number, size, histology
[8]
and the degree of dysplasia . The risk of progression
to adenocarcinoma is associated with the size and
histology of these polyps: 8.3% risk for sub centimeter
polyps to 30% for polyps greater than 2 cm. Tubular
adenoma carries a risk of (14%), increases to (23%)
for tubulo-villous adenoma, and (36%) for villous
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INTRODUCTION
Small intestine comprises majority of the anatomical
length and absorptive surface of gastrointestinal (GI)
tract but accounts for less than five percent of GI tract
[1]
malignancies . According to the seer’s database an
estimated 9410 new small bowel adenocarcinoma (SBA)
cases and 1260 deaths may have occurred in the United
[2]
States in 2015 .
Certain genetic syndromes and familial diseases are
associated with SBA (Table 1). These are a heterogeneous
group of familial polyposis and non-polyposis syndromes,
inflammatory bowel diseases, and autoimmune diseases
with distinct epidemiology, genetics, clinical presentation,
treatment strategies, surveillance and outcomes.
These groups with inherent risk for both small bowel
and colorectal cancers (CRC) have established surveillance
recommendations for CRC but there are no clear guidelines
for surveillance of small bowel cancers. Significant
diagnostic advances have occurred in the past decade and
patients may benefit for small bowel surveillance using
these diagnostic modalities.

Familial adenomatous polyposis
Familial adenomatous polyposis (FAP) is an autosomal
dominant genetic disorder affecting approximately
1:10000 newborns caused by mutation of the APC gene
on the long arm of chromosome 5. Multiple polyps of
the colon and rectum are pathognomic of FAP. Polyps
could be sessile or pedunculated and histology’s may
vary from tubular to villous adenoma. Most patients
develop polyps by second decade and if untreated colon
malignancy by the fourth decade (15% of gene carriers
by age 10 years, 75% by 20 years, and 90% by 30
[3]
years) .
The incidence of small intestinal cancers in FAP is not
clear however the adenoma-carcinoma sequence for
[3-6]
development of cancer is well established . In addition
these patients are predisposed to multiple small bowel
adenomatous polyps usually in the duodenum and
[7,8]
periampullary region .
The pathogenesis of these polyps is due to dysregulation
of the canonical Wnt/β-catenin pathway. The APC protein is
a tumor suppressor, involved in cell adhesion, transduction
and transcription, cell cycle control, maintenance of fidelity
of chromosomal segregation and apoptosis. As part of a

WJGO|www.wjgnet.com

510

June 15, 2016|Volume 8|Issue 6|

Shenoy S. Small bowel carcinoma, genetics, signaling, surveillance
Table 1 Genetic risks and familial associations of small bowel carcinoma
Syndrome

Mode of inheritance

FAP[7,29]

Mutated/associated gene Relative risk (95%CI) Lifetime risk for SBA

Autosomal dominant (AD)

APC

330 (132-681)

3%-5%

HNPCC/
LS[13,14,29]
PJS[31,36,37]

AD

291 (71-681)

1%-4%

AD

MMR (MSH2, MSH6,
MLH1 ,PMS2)
STK11

500 (220-1306)

1.7%-13%

JPS[38,41]

AD

BMPR1A, SMAD4

Unknown

Unknown

Unknown (genome wide studies
have associated 140 loci)
Association with HLA-DQ2,HLADQ8

Unknown

30-60[44-49] (15-609)

2.2% after/25 yr

Unknown

60-80[61-63] (7-240)

< 1%

Crohn’s disease
Celiac disease

Polyps/pathway
Adenomacarcinoma
Adenomacarcinoma
Hamartoma,
adenoma-Ca
Hamartoma,
adenoma-Ca
Dysplasiacarcinoma
Adenomacarcinoma

FAP: Familial adenomatous polyposis; APC: Adenomatous polyposis coli; HNPCC: Hereditary nonpolyposis colorectal cancer; MMR: Mismatch repair
gene; LS: Lynch syndrome; PJS: Peutz-Jeghers syndrome; STK11: Serine threonine kinase; JPS: Juvenile polyposis syndrome; BMPRIA: Bone morphogenetic
protein receptor, type IA; SMAD4: Mothers against decapentaplegic homolog; HLA: Human leukocyte antigen complex.

FAP
APC mutation
Up regulated canonical Wnt-β
Catenin pathway

Sporadic SBA
Epigenetic biallelic MLH1 promoter
methylation,CIMP
Deficient MMR.
MSI phenotype
Downstream activating mutations in KRAS,
Wnt-β Catenin, BRAFV600E pathways.
SMAD4 mutation

LS/HNPCC
MMR germline mutation
(MLH1,MSH2,MSH6,PMS2)
Microsatellite instability
Downstream mutations in KRAS, Wnt-β
Catenin pathways

Normal
Epithelium

Adenoma

Crohn’s disease inflammation
P53 mutation.P53 LOH
Wnt-β catenin pathway
P16 methylation
KRAS mutation

Cancer

JPS
SMAD4 mutation.
BMPR1A mutation.
Deficient TGF- B pathway

PJS
STK11 (LKB1) mutation.
Deficient P53 mediated apoptosis.
Activated mTOR pathways

Dysplasia

Inflammation

Celiac disease
Gluten, α-gliadin
sensitivity. IL-15,
CD4TL activation.
Biallelic MLH1
promoter methylation,
CIMP
Deficient MMR.
MSI phenotype

Figure 1 Schematic drawing of genetic and molecular pathways predisposing to small bowel carcinoma. Wnt: Wingless-type MMTV integration site
family; KRAS: Kirsten rat sarcoma viral oncogene homolog; LOH: Loss of heterozygosity; CIMP: CpG island methylator phenotype; MSI: Microsatellite instability;
BRAFV600E: V-raf murine sarcoma viral oncogenes homolog B; mTOR: Mammalian target of rapamycin; TGF-β: Transforming growth factor β; IL: Interleukin;
CD4TL: CD4 T-lymphocytes.
[7]

[1,14,15]

endoscopy is generally limited for duodenal polyps .
The exact age and interval to begin surveillance upper
endoscopy is still debatable, some authors recommend
annual endoscopy starting after colonic polyps are dia
[17]
gnosed or as early as 15 years of age while other
authors suggest starting at age 25 years and interval

adenomas
. The significance of small bowel polyps
beyond the duodenum is not defined given the fact that
up to 44% of patients with FAP develop extensive (stage
4) duodenal polyps with aging but overall incidence of
[13,16]
cancer is less than 5%
.
Due to this reason gastroduodenal surveillance with
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The pathogenesis of these tumors involves micro
satellites, which are short stretches of DNA with repetitive
sequences of nucleotides and are susceptible to acquiring
errors when MMR gene function is impaired. MMR
genes present on different chromosomes coordinate
the activities of other proteins such as DNA polymerase
that maintain the fidelity of DNA replication and genomic
integrity. MMR system encode for proteins that form
DNA MMR complexes. These correct small insertions or
deletions that may occur during somatic division. Thus
MMR system proofreads and repairs defects that were
overlooked by DNA polymerase.
Cancerous cells with defective MMR gene function
exhibit microsatellite instability. This refers to an incon
sistent number of microsatellite nucleotide repeats
when compared to normal tissue. This phenotype with
a markedly high rate of mutations involving cell-cycle
[17]
regulation increases the risk of malignancy (Figure 1) .
Immunochemistry of the tumor samples are used to
detect the absence of the protein products of mismatch
repair genes. These gene products function as dimers:
MSH2 protein may complex with MSH6 or MSH3 protein,
and MLH1 protein complexes with PMS2 or PMS1 protein.
MSH6 and PMS2 proteins are unstable when unpaired.
A pathogenic variant in MSH2 typically results in loss of
expression of the proteins MSH2/MSH6 and a germline
pathogenic variant in MLH1 results in loss of expression
of the proteins MLH1/PMS2. Germline pathogenic va
riants in MSH6 and PMS2 typically do not result in loss
of MSH2 or MLH1 expression because these proteins are
still present in other pairings.
[25]
LS accounts for 3% to 5% of all CRC
and it is
the commonest inherited colon cancer syndrome. The
average age of malignancy in LS is 44 years, vs 64 years
[3,17]
in sporadic CRC
.
The risk factors for SBA in LS patient’s increase
with age, beginning at 40 years and a tenfold rise by
[26]
the age of 60 . Compared to sporadic SBA in general
population, patients with LS present a decade earlier.
About 10% of patients develop cancers before the age
[27]
of 30 . The lifetime risk for SBA is estimated as 1%-4%
and is greater than 100 fold risk compared to general
[13,14,28]
population
.
In 30%-70% patients with LS small bowel cancer
[29]
may be the primary malignancy to manifest . The
incidence appears higher in MLH1, and MSH2 carriers
[13,29]
compared to MSH6
. Further regional variations
between various registries have been noted for the in
cidence of small bowel cancer. For instance Finnish and
French (HNPCC/LS) patients have lesser incidence of
small bowel cancer compared to Dutch (HNPCC/LS)
[28,29]
patients
.
Most data from series of patients point to adenomacarcinoma sequence comparable to colorectal neoplasia.
Molecular data as described earlier indicate accumulation
of mutations as an inciting event in the development
of small bowel cancers similar to colorectal cancers.
Some authors recommend that patients presenting with
SBA routinely undergo analysis of the MMR phenotype

Figure 2 65-year-old male with familial adenomatous polyposis, previous
total proctocolectomy 35 years ago with ileostomy adenocarcinoma:
Polypoid growth at the ileostomy orifice.

based on severity as suggested by Spigelman grading
[13,18]
system
.
Based on the existing data there are no recom
mendations or guidelines for surveillance of small
bowel beyond the duodenum in FAP. Further research
is required to identify what patients with FAP are at an
[13,19]
increased risk for small bowel carcinoma
.
One unique subset of patients is FAP with ileostomy
and ileoanal pouch carcinoma. Currently prophylactic
restorative proctocolectomy with ileoanal pouch ana
stomosis (IPAA) is the preferred operation in FAP.
Previously total proctocolectomy with end ileostomy was
[20,21]
the operation most often performed for FAP
. These
patients with functioning ileostomies have an inherent
risk for development of ileostomy adenocarcinoma
(Figure 2). Adenomas frequently form in 35% of ileoanal
pouches, examined in FAP who underwent restorative
[22]
proctocolectomy . The risk of developing adenomas
increases with the longevity of these functioning ileostomies.
The estimated risks at 5, 10 and 15 years were 7%, 35%,
75% respectively. This predilection to form adenomas, may
progress to adenocarcinoma. Positive immunostaining of
β-catenin, p53 and frequent occurrence of KRAS mutations
suggests adenoma-carcinoma sequence similar to colorectal
[23]
cancers . The current recommendations for these
patients is periodic clinical and endoscopic examination of
their stomas and pouches with biopsies of any suspicious
[21,24]
lesions
.

LYNCH SYNDROME
Lynch syndromes (LS) are an autosomal dominant genetic
disorder with germline mutations of mismatch repair
genes (MMR): MLH1, MSH2, MSH6 and PMS2. MLH1 and
MSH2 mutation variants represent about 90% of families
with LS; MSH6 variants in another 7%-10% and PMS2
mutation in less than 5%. Germline deletions in EPCAM
(epithelial cell adhesion molecule) inactivate MSH2 in a
[17]
small subset (< 1%) of patients with LS .
Affected individuals carry the risk for colorectal,
endometrial and ovary, genitourinary tract, stomach, hepa
tobiliary, pancreas and small bowel cancers (Figure 3).
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Figure 3 Sixty-nine-year-old male with family history
of Lynch syndrome, jejunal adenocarcinoma,
viewed on small bowel enteroscopy.

[13,28,29]

and screened for LS
. This is especially true for
histological findings of mucinous tumors infiltrated with
lymphocytes and pushing tumor border suggestive of
[29]
MSI phenotype in 75% patients . There are implications
in choosing adjuvant chemotherapy regimen in this
phenotype, as cancers deficient in MMR proteins may be
[30]
resistant to 5-FU based chemotherapy .
Upper endoscopic surveillance is recommended over
the age of 30 years for gastric and duodenal polyps
however at present there are no guidelines for small
[13,14,17,26,28]
bowel cancer surveillance in LS
.

throughout the small bowel, predominantly in the jejunum
and ileum. Patients with PJS are predisposed to multiple
GI tract and non GI tract malignancies which include
breast, ovaries, testicular, pancreas, esophagus,
[34,35]
stomach and non-small cell lung cancers
.
SBA has been known to occur in PJS. Meta-analysis
of SBA in PJS compared to general population indicates
[36]
a relative risk of 520 . The life time incidence for
adenocarcinoma is 1.7%-13% and rises rapidly in
[36,37]
elderly
. Adenocarcinoma originates from both ade
nomas and hamartomas. Intraepithelial neoplasia is
[29,36,37]
observed in the hamartoma lesions
. Due to the
rarity of this condition, current surveillance protocols
are not evidence-based. Endoscopies are performed
more often to detect polyps which may pose a risk for
intussusception, obstruction rather than cancers. Routine
screening is recommended, beginning at age 18 with
[31,35,36]
every 2-3 year interval
. Recent study suggests
surveillance with VCE beginning at the age 8 years and
performed every three years if polyps are detected
at initial examination. With a negative initial exam,
[31]
surveillance should recommence at 18 years .

PEUTZ-JEGHERS SYNDROME
Peutz-Jeghers syndrome (PJS) is an autosomal dominant
condition with mutation in the serine threonine kinase
11 (STK11) genes on the short arm of chromosome 19.
The incidence of PJS is reported to be 1 in 50000 to 1 in
200000 live births. PJS is characterized by melanin spots
on the buccal mucosa and predilection to form multiple
gastrointestinal hamartomas and polyps. These are
scattered throughout the small bowel, predominantly in
the jejunum and ileum.
The STK11 gene (also called LKB1) encodes for
[31]
enzyme serine/threonine kinase 11 . STK11 is a tumor
suppressor gene and associates with TP53 to regulate
[32]
TP53-dependent apoptosis pathways . It also has a
role in cell polarity, cell metabolism and energy home
[33]
ostasis . Inactivation of STK11 is an early event in
the development of hamartoma and adenocarcinoma.
In addition to loss of STK11 function and altered TP53
expression, adenocarcinomas in PJS also demonstrate loss
of heterozygosity (LOH) in 17p and 18q. These deletions
are associated with an increased tendency of disease
dissemination in colorectal cancer. STK11 also exerts its
inhibitory effects by phosphorylating and activating 14
protein kinases, all related to the AMP-activated protein
[33]
kinases (AMPK) . AMPK is an evolutionally conserved
serine threonine kinase and its activation by STK11 leads
to upregulation of signaling through the TSC (Tuberous
sclerosis) complex. This in turn negatively regulates
mTOR pathways. Loss of STK11 activity leads to increased
mTOR activity and characterized by an increased risk of
[31,33,34]
malignancy (Figure 1)
.
Hamartomatous and adenoma polyps are scattered
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JUVENILE POLYPOSIS SYNDROME
Juvenile polyposis syndrome (JPS) is an autosomal
dominant disorder which is characterized by multiple
hamartomatous polyps of the gastrointestinal tract and
is the most common hamartomatous polyp syndromes
with prevalence estimated to be between 1 in 16000
[3,38]
to 1 in 100000
. Juvenile refers to the sporadic
inflammatory hamartomatous polyps of childhood, rather
than the age of onset. Most affected individuals have
[3]
some polyps by age 20 years . Most are benign polyps,
but malignant transformation may occur resulting in
increased lifetime risk for colon (10%-40%) and stomach
(21%) cancers and less commonly involving the small
bowel and pancreas. The lifetime risk of SBA has been
difficult to estimate due to the rarity of the disease and
is also reduced by screening polypectomies. Malignant
transformation occurs through traditional adenoma to
cancer transformation sequence. Multiple genetic alterations
similar to colorectal neoplasia also play a role in neoplastic
[39]
transformation of juvenile polyps .
Two genes, SMAD4, BMPR1A, have been implicated in
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the pathogenesis of polyps in JPS. They encode proteins
for either, transforming growth factor-β (TGF-β) or bone
morphogenetic protein (BMP) signaling pathways. The
SMAD gene on chromosome 18q21.1, adjacent to DCC
(deleted in colon cancer) is a part of the TGF-β signal
transduction pathway. SMAD4 proteins transmit TGF-β
related growth-suppressing signals from cell membranes
to nucleus mediating growth inhibition and apoptosis.
The SMAD4 protein serves both as a transcription factor
[3]
and as a tumor suppressor . More than 60 mutations
in the SMAD4 gene have been implicated in JPS. This
results in the production of a truncated, nonfunctional
protein thereby preventing transmission of TGF-β growth
suppressing signals from the cell surface to the nucleus
(Figure 1) leading to unregulated cell growth and
susceptibility to polyp formation in JPS.
Mutations in BMPR1A on chromosome 10 are found
[40]
in 20% to 25% of individuals with JPS . BMPR1A is
a serine-threonine kinase (STK) type Ⅰ receptor of
the TGF-β superfamily, which when activated leads to
phosphorylation of SMAD4 proteins. Mutations result in
abnormal BMPR1A protein which cannot bind to ligands
in the TGF-β pathway and interferes with the activation
[41]
of the SMAD protein complex .
Given the rarity of this disease there is no data on the
incidence, relative risks, or life time risks of SBA and at
present no guidelines exist for surveillance. Some authors
do recommend upper endoscopy every 3-5 years from
[42]
age 15, and repeated annually if polyps are diagnosed .

higher prevalence in monozygotic twins and the familial
clustering of the disease. A meta-analysis of six twin
studies with a combined set of 112 MZ and 196 DZ twin
pairs reported concordance rates of 30.3% and 3.6%
[51]
respectively . Since 2006, genome-wide association
studies have established over 140 loci associated with CD
risk, however the significance and the contribution to the
[52]
disease risk remains to be defined .
The GI tract is continuously exposed to commensal
internal flora and also pathogenic organisms and other
environmental antigens. The integrity of the mucosal
barrier is maintained by tight junctions occurring between
adjacent epithelial cells and the relative impermeability of
the apical villous epithelium which serves as an important
function in the innate immune system. Complementing
these are other cells such as Paneth cells which secrete
antimicrobial substances such as, lysozymes, cysteinerich defensins, and IgA and goblet cells which secretes
[15,53]
mucus
. These and other intrinsic defense mechanisms
in the intestinal mucosa dilute, limit the adherence and
invasion of commensal and pathogenic microorganisms
and antigens. Alteration of this barrier leads to abnormal
immune response by the effector lymphocytes and
other proinflammatory cytokines leading to a state
of chronic intestinal inflammation and its sequelae.
Inflammatory cytokines produced by the immune system
includes interleukins, chemokines, growth factors, and
extracellular proteases. They interact with cell surface
receptors and subsequently target genes which influence
clonal neoplastic proliferation, angiogenesis and invasion
through the basement membrane. In addition, excessive
formation of reactive oxygen and nitrogen free radicals
are potentially damaging to DNA and the integrity of cell
[15]
surface membranes .
Adenocarcinoma in CD is seen in the effected seg
ments of the bowel which suggests inflammation[45,48,54,55]
dysplasia-carcinoma sequence
. Genetic alterations
occur, which transform dysplastic mucosa to carcinoma.
The prevalence of MSI, APC, DCC gene mutations
are low, one study however showed 43% of patients
with adenocarcinoma in CD carry K-RAS mutations,
and overexpression of p53 gene product in 71% of
[54]
Crohn’s associated carcinoma . Overexpression of p53 is
helpful to elucidate transformation from inflammation to
[55]
dysplasia as inflammation does not overexpress p53 .
A mutational analyses of multiple areas of intestine from
ten patients with CD and intestinal cancer, mutations in
KRAS, CDKN2A (p16), and TP53 that were observed
in tumor cells was also present in non-tumor, and both
nondysplastic and dysplastic epithelium suggestive of a
[56]
field defect in CD .
Another study on 41 patients with CD and small
bowel cancer showed dysplasia association in 50% of
the patients suggesting an inflammation-dysplasiaadenocarcinoma sequence in CD-related SBA, similar to
what is observed in chronic colitis-related colorectal cancer
[55,56]
(Figure 1)
. The rarity of adenocarcinoma in CD makes
mutation studies difficult. Perhaps analysis in multinational
pooled data may reveal more information.

CROHN’S DISEASE
Crohn’s disease (CD) is an autoimmune inflammatory
bowel disease affecting the GI tract with predilection for
small intestine. The prevalence in North America ranges
from 26.0 to 198.5 cases per 100000 persons. The
incidence rates range from 3.1 to 14.6 cases per 100000
[43]
people per year . CD is characterized by transmural
granulomatous inflammation of the small bowel in a
discontinuous fashion and a tendency to form stenosis,
strictures and fistulae. Adenocarcinoma of small intestines
is a rare complication of CD with meta-analysis showing
relative risks reported to be between 30 as 60 (95%CI:
[44-48]
15.9-60.9) compared to the general population
and cumulative risk of 2.2% after 25 years of regional
[48,49]
ileitis
. The risk increases with chronicity of the disease,
young age of onset, male sex, distal small bowel disease
with strictures and fistulae.
CD results from abnormal mucosal immune response
to environmental factors in genetically susceptible hosts.
The granulomatous inflammation comprises of aggregates
of macrophages, lymphocytes, plasma cells, and multi
nucleated giant cells that are formed in response to the
release of inflammatory cytokines such as tumor necrosis
[15,50]
factor
. Etiologies in the pathogenesis of inflammatory
bowel disease include genetic susceptibility, environmental,
microbial factors and their interaction with intestinal
epithelial cells and components of innate and adaptive
immune system. Genetic susceptibility is confirmed with
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Symptoms highly suspicious for adenocarcinoma are
development of a new small bowel stricture refractory
to steroids or maximal medical management or a long
standing quiescent disease with newly diagnosed small
bowel obstruction. These warrant attention without
delay. Compared to adenocarcinoma arising de novo,
adenocarcinoma in CD present at a median age of 48
years, is more common in males, ileum as most common
site and mucinous signet ring cell is more frequently
[57]
seen . Early diagnosis and small bowel resection offers
the best success for long term survival. Unfortunately
majority of adenocarcinoma are diagnosed on postoperative specimens of resected bowel with metastatic
nodal disease noted in 50% and distant metastases
in 40% of patients. At present however there are no
surveillance guidelines to detect SBA in patients with CD
however study investigating the benefit of endoscopic
surveillance of the small bowel lesions greater than 10
[55]
years duration is in progress .

(CIMP), MLH1 inactivation, microsatellite instability
[65-67]
(MSI) and defect in the MMR pathways (Figure 1)
.
Methylation of CpG sites within the promoters of genes
can lead to their silencing. This feature is found in a
number of human cancers. Similar to LS as described
earlier, celiac disease should be considered in the
differential diagnosis in patients presenting with sporadic
[65-67]
SBA, in the elderly, especially with MSI positivity
.
These sporadic and celiac associated tumors however
show CIMP (CpG island methylator phenotype) and
BRAFV600E hotspot mutations that serve to distinguish
them from LS cases.
The risk for adenocarcinoma rises in longstanding,
untreated celiac disease. Symptoms of celiac disease
diagnosed in children and treated with gluten free
diet often improve. This may create a false notion of
having overcome the disease, with resurgence later in
life. Development of new symptoms of weight loss,
abdominal pain, anemia, blood loss, and fever in patients
who were on a gluten free diet should raise suspicion
of neoplastic transformation and should be thoroughly
[59]
evaluated . At present there are no guidelines for small
bowel surveillance for adenocarcinoma or lymphoma in
asymptomatic patients with celiac disease.

Celiac disease
Celiac disease is a chronic inflammatory autoimmune
small intestinal disorder due to gluten sensitivity, an
antigen in wheat, barley, rye and malt. It occurs in
adults and children and effects 1% of the population.
Celiac disease is associated with both human leukocyte
antigen (HLA) and non-HLA genes and with other
immune disorders, notably juvenile diabetes and thyroid
disease. It is genetically associated with individuals
positive for human leukocyte antigen-DQ2 or DQ 8.
Familial aggregation is noted with 70% concordance in
[58]
monozygotic twins . α-gliadin; a component of gluten
is a 33 amino acid peptide sequence and is resistant to
degradation by the proteases in the human intestines.
Immune response to gliadin promotes inflammatory
reaction in the small bowel. Infiltration of the lamina
propria and the epithelium with chronic inflammatory
cells (predominantly CD4 lymphocytes) triggers a
cascade releasing cytokines, interferon-γ, interleukin-15
and metalloproteinases resulting in destruction of
[59,60]
enterocytes, crypt hyperplasia and villous atrophy
.
Patients with celiac disease have an increased risk
for enteropathy associated lymphomas as well as adeno
carcinoma of the small intestine compared to the general
[59,61]
population
. Given the rarity of celiac disease and
adenocarcinoma the true incidence is difficult to ascertain,
however the reported relative risk is increased between
[61-63]
60-80 compared to the general population
. Most
commonly seen in jejunum, the natural history seems
to follow the adenoma-carcinoma sequence as seen
in colorectal neoplasms. Small bowel mucosa in celiac
disease does not show any premalignant field defect or
dysplasia in mucosa adjacent to the adenocarcinoma.
However the mechanism for formation of adenomas in
[64]
celiac disease has not yet been elucidated .
Recent molecular studies have shown that celiac
disease associated adenocarcinomas in the elderly are
characterized by high level of CpG island methylation
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Surveillance modalities for Small
Bowel
The manifestations of small bowel malignancy are
generally nonspecific and often diagnosed in advanced
stages. Fifty percent of patients have metastases at
diagnosis. Mean duration of symptoms before diagnosis
[68]
is 10 mo . Diagnosis is often made with a combination
of diagnostic tests which includes both endoscopy and
radiography. Considerable advances have occurred
in endoscopic techniques with introduction of capsule
endoscopy and balloon assisted endoscopy. Also advances
in both computed tomography (CT) and magnetic
resonance imaging (MRI) enterography and enteroclysis
are playing an increasing role in evaluation of small bowel
diseases.

Endoscopy

Esophagogastroduodenal (EGD) endoscopy with front
and side viewing camera is the standard diagnostic
procedure and is accurate in identifying, biopsy of lesions
proximal to the ligament of Trietz. Push enteroscopy can
visualize the duodenum, proximal jejunum while balloon
assisted enteroscopy (BAE) can visualize the entire small
bowel (Figure 3). However the latter techniques are time
consuming, technically challenging and often requires
[69]
deep sedation or general anesthesia . BAE encompasses
both single and double balloon techniques and can be
performed through the oral or anal route. A complete
small bowel examination can be accomplished in up to
80% of the patients. It carries the advantage of ability
to perform endoscopic interventions such as biopsy,
[69-71]
polypectomy and marking the lesion
. A fewer studies
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utilizing BAE techniques have confirmed the presence of
[10,71,72]
small bowel polyps in patients with FAP
.

with increased risks for SBA. The pathogenesis and
molecular mechanisms for some of these syndromes
are described and the risk varies according to the types
of polyps and polyposis syndromes. Although the overall
incidence of SBA is low the prognosis remains dismal due
to nonspecific symptoms and often a delay in diagnosis.
Intuitively it would seem that use of surveillance modalities
may benefit these patients at higher risk for SBA. At
present it is debatable and there is no data to support this
approach except for established guidelines to diagnose
duodenal polyps in FAP, and LS. Further research,
perhaps multi-institutional study is warranted focusing
on identifying patients who are at risk for small intestinal
adenocarcinoma and on optimal surveillance strategies.

Video capsule endoscopy

Video capsule endoscopy (VCE) has become one of the
most important investigational tools for small bowel
mucosal evaluation. Due to ease of the procedure it
has become a first line tool to detect small bowel ab
normalities in non-obstructed patients for evaluation
of small intestinal diseases such as occult GI bleeding,
suspected CD, celiac disease, small bowel tumors, and
[73]
motility disorders . Most VCE studies show the presence
of small bowel polyps ranging 50%-87% in patients with
[11,12]
FAP
and there are a few case series suggesting the
[74,75]
role of VCE in LS
. A study comparing VCE to MRI
showed the advantage of VCE to detect smaller polyps.
Polyps larger than 15 mm were detected equally in
both groups, whereas smaller polyps were seen much
more often with capsule endoscopy. Polyps that were
smaller than 5 mm were exclusively seen with capsule
endoscopy. However, location of the detected polyps and
determination of their exact sizes was more accurate by
[76,77]
MRI
.
Drawback for VCU include capsule retention, missed
polyps < 1 cm, especially duodenal polyps (due to rapid
[73,78]
transit)
. Using combination of VCE and subsequent
BAE for endoscopic intervention offers an ideal method
of surveillance and treatment in these polyposis syn
dromes, avoiding a laparotomy. The value of such
[13]
approach is yet to be demonstrated .
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