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Does the microenvironment drive different development
patterns in distinctly located ampullary neoplasms?
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Abstract
Tumours of the small intestine are rare and most cases of carcinoma arise in the ampullary region. We present the case of a 70-year-old patient with two synchronous
lesions: a villous sessile adenoma of the papilla with a cancerous area, and a flat intraepithelial neoplasia of Vater’s ampulla. The real distinction between these lesions,
morphologically different and growing in two different compartments of the ampullary region, was highlighted by immunohistochemical and molecular biology
results. In fact, the adenoma showed KRAS mutations while the cancer and flat dysplasia were RAS and BRAF wild type and Mismatch Repair proficient. It is
possible to hypothesize: a) that the papillary and ampullary epithelium are differently stimulated by carcinogenic agents if subjected to the action of primary bile acids
in the biliary tree or else exposed to the secondary bile acids in the intestinal lumen; b) that the multifactorial process of cancer driven by the diverse microbioma
influences two different morphological pathways, polypoid villous adenoma and flat intraepithelial neoplasia, as occur in right and left-sided colorectal cancer
development.
The presented case suggests the hypothesis that in the ampullary region different microenvironments can drive different pathways in distinctly located neoplasms.

Abbreviations: CT: Computed Tomography; EUS: echoendoscopy;
MMR: mismatch repair; MSI: microsatellite instability.
Introduction
Tumours of the small intestine are rare, often associated to a
malformation and most cases of carcinomas arise from the mucosa
in the ampullary region [1,2]. Adenomas of the ampullary region may
occur sporadically or in the context of familial polyposis and progress
to malignant lesions in 4% of cases.
The ampullary region is a complex anatomical district composed
of three histologically and physiologically distinct anatomic structures:
the common bile duct and the main pancreatic duct converging in the
papilla of Vater, and the duodenum.
The gut microbiota plays an important role in maintaining
intestinal homeostasis and is particularly burdened when passing from
the stomach to the small and large intestine. Particularly, the right and
left-sided colon are examples of two distinct environments, coexisting
in the same organ, that can differently influence genetic and epigenic
changes of colonic epithelium in tumour development [3,4].
Two different environments are also recognizable in the ampullary
region where the resident gut microbiota contributes to drive two
different metabolically active carcinogenic pathways.

Clinical summary
We present the clinical case of a 70-year-old patient with two
synchronous lesions: a villous sessile adenoma of the papilla with a
cancerous area, and a flat intraepithelial neoplasia of the ampulla with
high grade dysplasia.
The patient had a history of recurrent abdominal pain without
obstruction and jaundice. Echoendoscopy (EUS) revealed a voluminous
lobulated and pedunculated ampullary neoplasm (Figure 1).
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Figure 1. A) Specimen image after pancreaticoduodenectomy and B) related all mount
section HE stained showing both peduncolated tubule-villous adenoma and the Vater’s
ampulla containing the flat intraepithelial neoplasia

The study was conducted in accordance with the ethical guidelines,
and the patient gave his informed consent.

Pathological finding
On bioptic samples, histology showed a villous adenomatous
lesion with severe dysplasia. Preoperative radiology revealed a 4.5 cm
substenosing polypoid lesion not involving the ampulla and duodenal
wall, without metastasis.
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The surgical specimen was sectioned according to axial planes, a
sampling technique that makes macroscopic sections anatomically
equivalent to the computed tomography (CT) images, allowing a direct
comparison with the latter (Figure 2) [5]. The macroscopic sections
showed a polyp with a granular and whitish area at the base and a
diffuse velvety surface extending 2 cm into the ampulla.
Histologically, a pedunculated tubulo-villous adenoma of intestinal
type with severe dysplasia was shown, and mucinous cancer limited to
the mucosa and submucosa not involving the duodenal muscular layer.
Furthermore, in the velvety area of the ampulla, a flat intraepithelial
neoplasia of intestinal type was found, with severe dysplasia. A total of
34 lymph nodes was sampled: 4 were metastatic.
Immunohistochemical staining for p53, CK7, CK19, CK 20, SATB2,
CDX2, Mismatch Repair (MMR) protein and β-catenin was performed.
From the same blocks KRAS, NRAS and BRAF status was assayed by
pyrosequencing. All three lesions were positive for p53, CK20, CDX2
and SATB2 while CK7 and β-catenin did not show any staining. The
strongest positive staining on the flat intraepithelial neoplasia was
obtained with CK19. The papillary adenoma resulted mutated at
codon 12 of the KRAS gene (p.G12S) while the cancer area and the flat
dysplasia were RAS and BRAF wild- type and MMR proficient.

Discussion
Ampullary adenomas can grow anywhere in the ampullary region
and are often found incidentally during upper endoscopy or radiology.
A preoperative diagnosis can obtained by echoendoscopy and biopsy
although as in the large bowel, where endoscopic polypectomy is
feasible, biopsy must not be employed for diagnosis. In ampullary
polyps, too, preoperative biopsy has a high sensitivity in confirming the
presence of adenoma but a poor sensitivity for adenocarcinoma, that
is not diagnosed in 30% of cases [6]. Therefore, the biopsy diagnosis
of adenoma does not exclude a carcinoma at the final pathology
examination.
In our case, radiological diagnosis identified neither the
cancerization of the polyp nor lymph nodes metastasis and histology of
the biopsy did not identify the cancer.
The surgical options for ampullary tumours are standard
pancreaticoduodenectomy or local excision with endoscopic
ampullectomy. The latter, a less invasive treatment with less morbidity,
can be the first line choice in patients with an ampullary adenoma

smaller than 5 cm without clinical, endoscopic and radiological signs
of malignancy [7]. In our case, considering the presence of the cancer
and the lymph nodes metastasis, the surgical approach was the most
appropriate, also in view of the size.
Ampullary polypoid tumours can be of intestinal or
pancreaticobiliary type. The former stain positive to CK7, CK20 and
intestinal differentiation markers such as CDX2 and SATB2 while
the pancreaticobiliary type (morphologically similar to Intraductal
Papillary Mucinous Neoplasms of the pancreatic bile ducts) expresses
CK7 and CK17 [8,9].
The role of the gut microbiota in intestinal disease changes when
passing from the stomach to the colorectum. The extremely acidic
gastric pH is a hostile environment for bacteria while the progressive
increase of bacteria contents develops from the duodenum to the small
and large bowel (passing from 10² bacteria cells /g to 10¹² bacteria cells
/g of tissue) with a positive gradient from the proximal to the distal
colon.
In addition, bile acid exposure, short – chain fatty acids and
mutagenic metabolites also reach significantly higher levels in the distal
colorectum where the higher concentration microbioma is related to
an immune tolerance as compared to the immunogenicity on the right
side [3,10].
In colorectal tumorigenesis, major groups of genetic abnormality
are characterized by inactivation of the APC gene and microsatellite
instability (MSI). Furthermore, genes of the RAS family are found to be
activated by missense mutations in 45% of colorectal neoplasias and for
the serrated pathway, characterized by the BRAF oncogene mutation,
the resulting carcinomas are usually MSI and are more frequently
proximal [4,11,12].
The KRAS oncogene mutation and p53 tumor suppressor gene
are both well recognized genetic aberrations in the classical adenomacarcinoma sequence but are less documented in the development
pathway of flat adenomas, where microsatellite instability was reported
to be infrequent, as in our case showing MMR proficiency [10,13,14].
A prevalence of flat colonic adenomas has been identified in families
with hereditary non- polyposis colorectal cancer in the right side of the
colon, while the protruded type is more frequent on the left [15,16].
Flat adenomas have a lower incidence of major genetic abnormalities
than classical protruded lesions in the adenoma- carcinoma sequence.

Figure 2. A) The arterial phase of CT multiphase exam with iodine contrast medium showing the tubule-villous adenoma developed into the duodenal lumen and the dilatation of main
pancreatic duct and B) the related drafted illustration
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The most significant feature of flat lesions is that they complete the
adenoma – carcinoma sequence along the alternative pathway more
rapidly than occurs in left-sided colorectal tumorigenesis [17].
Thus, the left and right colon are two distinct environments that can
drive the development of different phenotypic and molecular pathways:
the non-polypoid (right) and the polypoid (left). Biliary and pancreatic
secretions are collected and drained through the papilla of Vater into
the duodenal lumen; where conjugated bile acids are deconjugated
by bacteria to produce secondary bile acids. These latter, in classic
mutagenesis tests, are heavily implicated in intestinal carcinogenesis and
their action can enhance mutagenesis through numerous mechanisms
[18,19].
As occurs in the right and left colon, in the ampullary region the
papilla defines the anatomical separation of two microenvironments:
the intestinal lumen and the ampulla; the differences are also related to
the resident microbiota, and epithelial bile acids exposure.
The case presented describes an infrequent association of two
synchronous lesions: a papillary villous adenoma with a cancerous area
and a flat ampullary intraepithelial neoplasia. The two lesions were in
anatomical and biological continuity: both have the same intestinal
phenotype, highlighted by immunohistochemical positivity but they
grew according to two different morphologic patterns.
The KRAS mutation, detected in 30- 40% of patients with
adenoma - carcinoma of the ampullary region, was present only in
the microdissected adenomatous tissue, while the flat adenomatous
neoplasia and the cancer area were wild type for the KRAS and BRAF
genes [20]. This result was to be expected, but further indicates that the
two lesions are different and may have undergone different pathogenic
stimuli which influenced their growth, conditioning not only a distinct
morphology but also a specific molecular development pathway.
As colorectal cancer exhibits differences in incidence, pathogenesis,
molecular pathways and outcome on the right or left side, the presented
case suggests that in the ampullary region different microenvironments
can drive different pathways in distinctly located neoplasms. It is
possible to hypothesize that, the papillary and ampullary epithelium
are differently stimulated by carcinogenic agents when subjected to
the action of primary bile acids in the biliary tree or when exposed to
the secondary bile acids in the intestinal lumen with the contribution
of the resident microbioma, influencing two different morphological
pathways: a polypoid villous adenoma and a flat intraepithelial
neoplasia, supported by different genetic abnormalities.
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