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Abstract

The classification of ampullary adenocarcinoma into intestinal and pancreatobiliary sub-types has been found to be important in
predicting prognosis and determining therapeutic strategy. Due to considerable inter-observer variability in sub-typing based
solely on morphology, higher frequency of poorly differentiated cancers and low incidence of the disease, the histomorphologic
classification of ampullary adenocarcinoma remains one of the grey zones in surgical pathology. Pan-IN is a well recognized
precursor to pancreatic adenocarcinoma. Three studies have shown concurrent Pan-IN in patients with ampullary carcinoma, but
their association with the two sub-types has not yet been reported. Fourteen cases of surgical resection for ampullary adenocar-
cinoma were retrieved from the archives. The cases were classified into two groups based on the presence or absence of
concomitant Pan-IN. All the cases were stained for CK7, CK 20, Villin and CDX 2 and were classified as intestinal or
pancreatobiliary types based on the staining pattern. All the 10 cases with Pan-IN stained negative for CDX2 and were classified
as pancreatobiliary type (p = 0.01). Of the cases without Pan-IN, 3 were classified as intestinal sub-type based on morphology and
CDX2 positivity and 1 was classified as pancreatobiliary type. Concomitant Pan-IN was present in 91% of pancreatobiliary type
of ampullary adenocarcinoma. The grade of Pan-IN did not influence the grade or stage of the adenocarcinoma (p > 0.05). The
co-occurrence of Pan-IN in a high percentage of the pancreatobiliary sub-type and its complete absence in the intestinal sub-type
may serve as a strong differentiator between the two sub-types.

Keywords Pancreatic intraepithelial neoplasia (pan-IN) - Ampullary adenocarcinoma and its sub-types - Pancreatic
adenocarcinoma - CDX2

Introduction

Ampullary carcinomas arise at the confluence of the
pancreatobiliary and intestinal epithelium. These are rare neo-
plasms with an annual incidence of 4 to 6 cases per million
and are 1.5 time more common in men as compared to women
[1, 2]. They comprise less than 1% of all gastrointestinal neo-
plasms [3].

In 1994, Kimura reported two main histological sub-types
of ampullary adenocarcinoma, intestinal and pancreatobiliary

[4].
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Intestinal type adenocarcinoma is the more prevalent sub-
type of ampullary adenocarcinoma [5]. Multiple studies have
shown the clinical and biological behavior of the intestinal
type of ampullary adenocarcinoma to mirror their intestinal
counterparts [6]. On the other hand, the pancreatobiliary type
usually presents with more advanced disease than the intesti-
nal type with higher frequency of perineural invasion [7].
Long-term survival after surgical treatment is significantly
higher in patients with intestinal type than pancreatobiliary
type [8].

Thus classification of ampullary adenocarcinomas is
gaining importance in predicting the prognosis as well as de-
termining the therapeutic strategy.

Isolated histological classification is hindered by inherent
subjectivity and considerable inter-observer variability.
Additionally, undifferentiated or poorly differentiated tumors
cannot be classified based purely on tumor morphology [9].

Multiple immunohistochemical markers of intestinal and
pancreatobiliary lineage have been tried both individually
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and as panels to differentiate the two major histological types
of ampullary carcinomas. Markers that have been extensively
evaluated include CDX2, MUCI1, MUC2, CK7, and CK20.
However, only CDX2 and MUCI were found to be of any
relevance in the confirmation of the histological classification
and prognostic evaluation [10, 11]. Other known markers of
intestinal and pancreatobiliary lineage failed to conclusively
corroborate the sub-type, creating ambiguity in cases with
mixed histological types and poor differentiation [9].

Pancreatic intraepithelial neoplasia (Pan-IN) is a well rec-
ognized precursor to pancreatic adenocarcinoma. Multiple
studies have shown concurrent Pan-IN in patients with ampul-
lary carcinoma. In one study, high-grade intraepithelial neo-
plasia was present in the pancreatic ducts in 22% of resected
tumors [12]. Another study found the incidence of Pan-IN to
be similar between pancreatic adenocarcinomas and ampulla-
ry adenocarcinomas [13]. As yet no study has compared the
association of Pan-IN among the different histological sub-
types in ampullary carcinoma.

Materials and Methods

A retrospective review of our pathology archives was per-
formed to identify all ampullary carcinomas resected between
January 2010 and December 2018 at Mount Sinai Medical
Center. Fourteen cases of segmental resection for ampullary
adenocarcinoma were retreived from the archives.

The slides of all the fourteen cases were re-examined for
presence of PanIN in random section of the pancreas. The
PanIN was graded as per the three tier classification system
as well as the newly proposed two tier classification system.
The cases were classified into two groups based on the pres-
ence or absence of concomitant PanIN.

Immunohistochemical studies were performed in all cases
from representative formalin-fixed paraffin-embedded blocks
using the primary antibody CK7 (Agilent Pathology
Solutions, Santa Clara, CA, USA; clone OV-TL 12/30), CK
20 (Agilent Pathology Solutions, Santa Clara, CA, USA;
clone Ks20.8), CDX 2 (Biocare Medical, Pacheco, CA,
USA; clone CDX2-88) and villin (Cell Marque
Corporation, Rocklin, CA, USA; clone CWWBI), Ventana
Benchmark automated slide stainer, and UltraView
Universal Alkaline Phosphatase Red Detection Kit (Ventana
Medical Systems, Inc., Tucson, AZ, USA). Appropriate pos-
itive and negative controls were run simultaneously.

The stained slides were assessed for presence and absence of
staining for CK7, CK20, CDX2 and Villin. The positively stained
cases were further assessed for pattern and intensity of staining.

Statistical analysis was performed using SPSS version 22.0
software. Chi-square and Fischer exact test were performed.
In view of the small number of cases, N Chi square tests were
performed.
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Results

A total of fourteen cases of ampullary carcinoma underwent
resection at Mount Sinai Medical Center from January 2010 to
December 2018. The age of the patients with ampullary car-
cinoma ranged from 59 to 85 years with a mean age of 72.2
6.6 years. Of these, eight were men and 6 were women. At the
time of resection, two patients had stage 1 disease, three had
stage 2 disease, six had stage 3 disease and three had stage 4
disease. Six cases had lymph node metastasis. On the original
reports, five of these cases had been diagnosed as ampullary
adenocarcinoma, pancreatobiliary type and one as ampullary
adenocarcinoma intestinal type. The reminder of the cases had
been reported as ampullary adenocarcinoma, not otherwise
specified.

On an average, pancreatic parenchyma was present in 5
sections per case. In cases classified as pancreatobilary type,
pancreatic parenchyma was present in an average of 5 sections
whereas in cases classified as intestinal type, an average of 4
sections where found to contain pancreatic parenchyma. This
difference was, however, not statistically significant.

On re-examination of the pancreatic sections for PanIN, ten
cases were found to have concomitant PanIN. In six cases the
PanIN was classified as grade 1, three as grade 2 and one had
grade 3.

On immunohisochemical staining with CK7, thirteen cases
showed positive membranous staining in the tumor cells. The
staining was patchy and focal in four of these cases. The tumor
cells were positive for CK 20 in twelve cases. In seven caes
the CK 20 was patchy and focal and four of theses cases
showed weak staining. The tumor cells were positive for villin
in eight cases. The CK 7, CK 20 and villin staining showed no
correlation with presence of PanIN (p > 0.05).

Nuclear staining for CDX2 was negative in eleven cases
and taken in conjunction with morphology, these were classi-
fied as pancreatobilary type. All the 10 cases with PanIN
stained negative for CDX2 and were classified as
pancreatobiliary type (p =0.01). (Fig. 1).

Of the cases without PanIN, 3 were classified as intestinal
subtype based on CDX2 positivity and 1 was classified as
pancreatobiliary type. Concomitant PanIN was present in 91%
of pancreatobiliary type of ampullary adenocarcinoma. The
grade of PanIN did not influence the grade or stage of the ade-
nocarcinoma (p > 0.05). Thee results are summarised in Table 1.

Discussion

The ampulla of Vater is the junction where three distinct epi-
thelia coalesce: the duodenal, the pancreatic and the biliary.
Thus carcinomas of the ampullary region can show differen-
tiation towards any of the colliding epithelia contributing to
the clinical heterogeniety of these neoplasms [14].
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Fig. 1 Representative cases of (a) Intestinal subtype (20X), (b) Positive CDX 2 in intestinal type (20X), (¢) Pancreatobiliary subtype (20X), (d) Negative

CDX 2 in pancreatobiliary type

Adenocarcinomas comprise 90% of all ampullary malignan-
cies, with other types such as adenosquamous and neuroendo-
crine accounting for the remainder [15, 16].

Two main histological sub-types of ampullary adenocarci-
noma, the intestinal and the pancreatobiliary
(pancreatobiliary) were first described by Kimura et al. in
1994 [5]. Despite the common anatomical location, the two
sub-types differ not only in the histolomorphology of the tu-
mor cells, but are associated with different premalignant le-
sions, have different cellular markers and gene expression,

differ in their mode of spread, and in their interaction with
the extracellular matrix [9]. Thus, both subtypes have distinct
molecular pathogeneses and prognosis. The intestinal type
which are thought to evolve from the adenoma-carcinoma
sequence have better long term survival rates as compared to
the pancreatobiliary type, which are more frequently associat-
ed with perineural invasion and advanced disease [17, 18].

Thus histologic subtying of ampullary adenocarcioma ap-
pears to have significant prognostic and therapeutic implica-
tions. But due to the considerable inter-observer variablity in
isolated morphology based subtyping, higher frequency of
poorly differentiated cancers and low incidence of the disease,
the histomorphologic classification of ampullary adenocarci-
nomas remains one of the grey zones in surgical pathology.

Due to different histogenesis, the two subtypes express
different immunophenotypes and this difference can be
exploited by immunohistochemical analysis. Potential
markers to differentiate the intestinal and pancreatobiliary
subtypes include cytokeratin 7, cytokeratin 20, MUC 1,
MUC 2 and CDX2. Unfortunately, studies investigating these
markers have shown that they are incapable of differentiating
the two subtypes when used induvidually.19 Chang et al. eval-
uated five markers (CDX2, MUC1, MUC2, CK7, and CK20)
as a combination panel for consistency in histological

Table 1 Summary fo results-

Ampullary adenocarcinoma

Age (mean + Standard deviation)

72.2 + 6 years

Man: Women 8:6
Stage 1 2
2 3
3 6
4 3
Cases with lymphnode metastases 6/13
CK7+ 13/14
CK 20 + 12/14
Villin + 8/14
Pancreatobiliary type Intestinal type
Pancreatic sections examined per case 5 4
*CDX2 + 0/11 3/3
*Concomitant PAN-IN 10/11 0/3
PAN-IN grade 1 6 NA
2 3
1
*P-value<0.05
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subtyping. However, they found only CDX2 and MUCI1 to be
useful in the classification and prognostication in three inde-
pendent patient cohorts. In this study, the pancreaticobiliary
type of ampullary adenocarcinoma consistently stained nega-
tive for MUC1 and CDX2 and was associated with worse
outcomes [11]. An independent study in 105 cases of ampul-
lary adenocarcinoma by Ang et al. found that a four marker
panel comprising of MUC1, CDX2, CK20 and MUC?2 facil-
itated a dichotomous classification in 92% of the cases.
Similar to the study by Chang et al., the intestinal subtype
was defined by positive staining for CDX2 and MUCI1 while
the pancreatobiliary subtype was defined by MUCT positivity
in the absence of staining for CDX2 and MUC?2. They found
that immunophenotyping aided in the categorization of 75%
of poorly differentiated adenocarcinomas and 69% of cases
with mixed histologic features as either intestinal or
pancreatobiliary subtype. However 8% of the cases could still
not be classified due to morphological and immunohisto-
chemical ambiguity [10].

More recently, Schueneman et al. proposed and tested a 92
gene panel assay for the classification of ampullary adenocar-
cinoma. They reported the sensitivity of the 92-gene assay and
histomolecular classification to be similar for the intestinal
subtype, however according to this study the 92-gene assay
demonstrated higher sensitivity for the pancreatobiliary sub-
type [19]. In another study, 91 cases of ampullary adenocar-
cinoma were evaluated based on morphology, immunohisto-
chemical panel including CK7, CK20, MUC1, MUC2 and
CDX2 and a 50-gene panel mutational analysis. 20% of the
cases remained ambiguous and could not be classified. This
study concluded that mutational analysis and MUC5AC ex-
pression provide no additional value in the subtyping of am-
pullary adenocarcinomas [20].

Despite, the use of multiple immunohistochemical panels
and molecular assay, the classification of ampullary adenocar-
cinomas remains dubious and inconclusive. In this scenario,
the co-occurence of PanIN in a high percentage of the
pancreatobiliary subtype and its complete absence in the in-
testinal subtype, as found in our study may serve as a strong
differentiator between the two subtypes.

Multiple studies report similar molecular alterations in pan-
creatic adenocarcinoma and pancreatobiliary type of ampulla-
ry adenocarcinoma, hinting at a common evolution [12, 13].
Thus the concomitant presence of PanIN, may help rule out
any uncertainity and reaffirm a pancreatobiliary subtyping in
cases of ampullary adenocarcinomas. This is supported by the
establishment of PanIN as a definite precursor of pancreatic
adenocarcinoma and the identical molecular lanscape of pan-
creatic adenocarcinoma and pancreatobiliary type of ampulla-
ry adenocarcinoma.

Jeong et al. recently published a similar study where they
found high-grade PanINs most commonly in pancreatic can-
cers and high-grade BilINs in distal bile duct cancers.
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According to their study high-grade PanINs were uncommon
in ampullary or duodenal cancers. Thus they conluded that
recognition of high-grade intraepithelial lesions can help iden-
tify the primary origin of periampullary cancers in ambiguous
cases [21]. In our contemporaneous study we expanded upon
the same concept in ampullary adenocarcinoma subtyping by
including all grades of PanIN.

In the time of modern medicine, where morphology needs
constant endorsement by immunohistochemistry and molecu-
lar modalities, the presence of concomitant PanIN may be
used as a stand alone morphological marker for subtyping of
ampullary adenocarcinomas. Not only would this hasten the
diagnosis by eliminating additional testing and dubeity, but
will also prove to be a more economically efficient alternative.
However, in view of the small sample size in our study, the use
of PanIN as a standalone marker needs to be further evaluated
with a larger study population. Selective sequencing of the
pancreatobilary type of ampullary adenocarcinoma and the
concomittant PanIN using laser capture microdissection can
further corroborate these findings by establishing a common
genetic landscape of the two lesions.
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