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Abstract

Most adenomas and carcinomas of the small intestine and
extrahepatic bile ducts arise in the region of the papilla of
Vater. In familial adenomatous polyposis (FAP) it is the main
location for carcinomas after proctocolectomy. In many cases
symptoms due to stenosis lead to diagnosis at an early tumor
stage. In about 80%, curative intended resection is possible.
Operability is the most relevant prognostic factor. Most amp-
ullary carcinomas resp. carcinomas of the papilla of Vater
develop from adenomatous or flat dysplastic precursor le-
sions. They can be sited in the ampulloduodenal part of the
papilla of Vater, which is lined by intestinal mucosa. They also
can develop in deeper parts of the ampulla, which are lined by
pancreaticobiliary duct mucosa. Intestinal-type adenocarci-
noma and pancreaticobiliary-type adenocarcinoma represent
the main histological types of ampullary carcinoma.
Furthermore, there exist unusual types and undifferentiated
carcinomas. Many carcinomas of intestinal type express
the immunohistochemical marker profile of intestinal mucosa
(keratin 7—, keratin 20+, MUC2+). Carcinomas of
pancreaticobiliary type usually show the immunohistochemi-
cal profile of pancreaticobiliary duct mucosa (keratin 7+,
keratin 20—, MUC2~-). Even poorly differentiated carcino-
mas, as well as unusual histological types, may conserve the
marker profile of the mucosa they developed from. These
findings underline the concept of histogenetically different
carcinomas of the papilla of Vater which develop either from
intestinal- or from pancreaticobiliary-type mucosa of the pa-
pilla of Vater. Molecular alterations in ampullary carcinomas
are similar to those of colorectal as well as pancreatic carcino-
mas, although they appear at different frequencies. In future
studies, molecular alterations in ampullary carcinomas should
be correlated closely with the different histologic tumor types.
Consequently, the histologic classification should reflect the
histogenesis of ampullary tumors from the two different types
of papillary mucosa.
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Introduction

Carcinomas of the papilla of Vater are of special patho-
genetic interest: this valve organ includes the border
between two completely different types of mucosa (Fig.
1). The intestinal mucosa of the ampulloduodenum ad-
joins the mucosa of the ampullo-pancreatico-biliary
duct resp. the common channel. This channel drains the
ampullo-pancreatic duct segment coming from the main
pancreatic duct and the ampullo-biliary duct segment
coming from the choledochal duct. The periampullary
region, including the papilla resp. ampulla of Vater, is
exposed to three different juices. This region is a hot
spot for adenomas and malignant tumors of the small
intestine.!

The histopathology of ampullary carcinomas is of
special classificatory interest. The very special situation
of this border between two different types of mucosa
should be reflected in the classification of these tumors,
as has consequently been done by Kimura et al.? They
subdivided these carcinomas into intestinal-type tumors
and pancreaticobiliary-type tumors. The question of
whether carcinomas from intestinal-type mucosa or
pancreaticobiliary duct mucosa of the ampullary region
develop under different molecular-pathologic condi-
tions has not yet been answered. The possible prognos-
tic and therapeutic implications of such a classification
will have to be worked out in future. The diagnostic
criteria and limitations of such a histogenetically based
classification will be discussed in the following review.

The histopathology of ampullary carcinomas is of
special diagnostic interest: the diagnosis is made on a
few small biopsy specimens and is followed by consider-
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Fig. 1. Diagrammatic illustration of the papilla of Vater.
Ampullo-biliary segment (Ab), ampullo-pancreatic segment
(Ap), ampullo-pancreatico-biliary segment of the common
channel (Ac), ampulloduodenum (Ad). Neighboring struc-
tures are the choledochal duct (Dc), pancreatic duct (Pd),
pancreatic head (Ph), and duodenum (D). Different primary
sites of neoplastic lesions are shown (n)

Fig. 2A,B,C. Undifferentiated carcinoma
expresses apomucin MUCSA C (arrows)
like its intraampullary precursor lesion
(arrowheads; A), but without reaction to
CK7-antibody, in contrast to the precur-
sor lesion (B). Overexpression of p53
protein is seen in the intraampullary pre-
cursor lesion (C). (D, E) Intraampullary
poorly differentiated adenocarcinoma,
expresses apomucin 1, in contrast to the
precursor lesion in the common channel
(D). (E) Note border between in situ car-
cinoma (upper part) and invasive poorly
differentiated carcinoma



H.-P. Fischer and H. Zhou: Pathogenesis of carcinoma of papilla of Vater 303

able therapeutic implications. Inflammatory changes,
fibrosis, regeneratory changes after endoscopic manipu-
lation, hyperplasia, preneoplastic lesions close to carci-
noma, and deeply sited carcinomas under protruded,
non-neoplastic duodenal mucosa make the diagnosis
difficult from biopsy material. One-third of the biopsy
specimens — mostly taken to clear up a stenotic process
— contain neoplastic tissue.? If an “adenomatous” pro-
cess is found in a first series of biopsies, rebiopsies,
excision biopsies, or operative specimens often will re-
veal a carcinomatous process (in one study* in 50%).
The relation of the time and location of precar-
cinomatous lesions to invasive carcinoma plays a central
role in histopathologic diagnosis.

Precursor lesions of ampullary carcinoma

Many ampullary carcinomas develop from preexisting
adenomas or flat preneoplastic lesions. Residual
adenomatous areas can be found in 30% to 91% of
ampullary carcinomas,’ The great frequency range of
carcinoma-associated adenomatous lesions reflects the
difficulties in the morphologic analysis of ampullary
mucosal proliferations, especially from biopsies.

More than 95% of benign ampullary neoplasms are
adenomas of the intestinal type.® They have a tubular,
or villous, or mixed tubulovillous pattern and resemble
closely adenomas of the intestine. Most ampullary ad-
enomas occur sporadically, at a mean age of 65 years.*
They occur about 8 years earlier than ampullary carci-
nomas. The natural course of ampullary adenomas has
been analyzed systematically only in cases associated
with familial adenomatous polyposis (FAP). In one col-
lective of 14 patients with FAP, there was no change in
the grade of dysplasia and no progress to carcinoma at a
mean follow-up time of 6.9 years.” In only 11% of 105
patients in another study, ampullary adenomas showed
a progress in grade of dysplasia at a mean observation
time of 4 years; however, 1 patient had developed an
ampullary carcinoma.® The adenomas in both series had
a tubular architecture with only minimal or moderate
dysplasia. Remarkably, in 4 of 42 patients, a flat tubular
adenoma was found histologically in biopsies from en-
doscopically nonsuspicious mucosa.? In contrast to poly-
poid ampullary adenomas, some precancerous lesions
present as flat or micropapillary dysplasias or carcinoma
in situ (Fig. 2).%° These intraepithelial neoplasias often
involve deeper parts of the ampullary mucosa, distal
bile duct, and main pancreatic duct. Mostly they are
associated with an invasive carcinoma.

Precursor lesions can arise from intestinal-type
mucosa as well as from pancreatic duct-type ampullary
mucosa which lines the common duct as well as the
ampullo-pancreatic and ampullo-biliary segment of the

papilla of Vater. These lesions may conserve the keratin
types and type of apomucin of the mucosa they develop
from and so can be differentiated from each other by
immunohistochemical stainings'® (see below). Carcino-
mas of the pancreaticobiliary type!! and ulcerating car-
cinomas'? often lack precursor lesions.

Carcinoma of the papilla of Vater

Predisposition and incidence

Most carcinomas of the papilla of Vater develop spo-
radically. Cigarette smoke is discussed to be a peristatic
risk factor. Chronic infection by liver fluke is an impor-
tant predisposition for this tumor type (for review, see
reference’). In very young patients’ and in ampullary
carcinomas in twins,'* a genetic predisposition has to be
supposed. Ampullary carcinomas are not infrequently
associated with other primary malignant tumors, espe-
cially carcinomas of the gastrointestinal tract.!” Neurofi-
bromatosis type I seems to be a predisposition not only
for somatostatinomas of the papilla of Vater but also for
ampullary carcinomas.!® The finding of two ampullary
carcinomas in 205 reported cases of Muir-Torre syn-
drome, a condition characterized by the association of
multiple sebaceous tumors and kerato-acanthomas with
internal malignancies, suggests a higher prevalence in
this syndrome than in the general population.'” In FAP,
the ampullary region is the second hot spot for carcino-
mas after the colorectum. Ampullary carcinomas in
FAP usually arise later than colorectal carcinomas,
but at a mean age of 45 years, much earlier than that
for sporadic ampullary carcinomas.!®!® Single cases of
carcinomas of the extrahepatic bile tract and the papilla
of Vater were observed in families with hereditary
nonpolyposis colorectal carcinoma (HNPCC).* How-
ever, the general incidence of ampullary malignancies in
this familial cancer-predisposing disease is very low:
only one extrahepatic cholangiocarcinoma, but not any
ampullary carcinoma, developed in a collective of 252
patients from 22 HNPCC families during a 15-year ob-
servation time.?! In our collective of 285 patients with
HNPCC (collected and analyzed at the Department of
Pathology and the Institute of Human Genetics of Bonn
University) we found only one coincidental ampullary
carcinoma.

Carcinomas of the papilla of Vater are uncommon,
but they occur far more frequently than carcinomas of
the small intestine outside the periampullary region.!610
Of 1545 carcinomas in the region of the head of the
pancreas 8.3% were ampullary tumors.’ The peak age
incidence of sporadic carcinomas is in the seventh and
eighth decades of life. Males appear to be more affected
than females. The male-to-female ratio was found to be
1.48 to 1.6
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Macroscopy

Ampullary carcinomas can be found predominantly at
intraampullary or periampullary sites (Fig. 3), or they
can be mixed intra/periampullary.?? Yamaguchi and
Enjoji** defined three macrotypes of ampullary carci-
noma, based on their appearance from the duodenal
aspect:

e Intramural protruding (intraampullary) type:
polypoid tumors of the common channel without
duodenal luminal component

e Extramural protruding (periampullary) type: poly-
poid tumors protruding through the papilla into the
duodenum

e Ulcerating ampullary carcinomas

Ulcerating carcinomas are usually diagnosed at a higher
tumor stage than protruding carcinomas. They tend to
spread in a lymph- and hemangioinvasive manner and
have affected lymph nodes more than twice as often as
protruding carcinomas at the time of resection.??
Interestingly, genetic alteration seems to influence the
macroscopic growth pattern. Ulcerating carcinomas
are associated more often with the overexpression of
p53 protein than are polypoid carcinomas (67% versus
32%).%

Microscopic classification

Following a proposal of Kimura et al.? Albores-
Saavedra et al.! emphasize the intestinal type and the
pancreaticobiliary type of carcinoma as the main his-
tological types of carcinoma of the papilla of Vater
(Table 1). Furthermore, these authors list unusual histo-
logical types, e.g. mucinous, signet-ring cell carcinomas,
neuroendocrine, and undifferentiated carcinomas.!
Intestinal-type carcinomas resemble carcinomas of the
intestine, whereas pancreaticobiliary-type adenocarci-
nomas resemble carcinomas of the pancreas or extrahe-
patic bile ducts. In a collective from the Memorial
Sloan-Kettering Cancer Center, the intestinal type of
adenocarcinoma comprised 49% and the pancrea-
ticobiliary type 21% of ampullary carcinomas (Table
2).6 Kimura et al.? collected 38 pancreaticobiliary-type
and 13 intestinal-type carcinomas. Also, in our collec-
tive, updated from reference,'’ the pancreaticobiliary
type (44.8%) predominates over the intestinal type
(26.9%) of adenocarcinoma. In the WHO classification,
the intestinal type of adenocarcinoma is characterized as
an “unusual variant” of tumors of the gallbladder and
extrahepatic bile ducts including the ampullary region.’
The considerable differencies in the frequencies of
the different histological types of ampullary carcinomas
make it obvious that there exists a not inconsiderable
percentage of tumors that cannot be related definitively
to the main types of ampullary adenocarcinoma by

Fig. 3A,B. Macroscopic types of ampullary carcinoma. A
Polypous periampullary carcinoma and B predominantly
intraampullary carcinoma

histologic criteria alone. This has to be considered if
histologic classification is taken in account in therapeutic
decisions.

Immunohistochemical characterization

Immunohistochemically, the different types of car-
cinomas can be characterized more objectively:'*!!
Pancreaticobiliary-type adenocarcinomas nearly always
express keratin 7 and lack the intestinal apomucin
MUC2. In a great majority of cases they are negative for
keratin 20. This marker spectrum is according to both
that of the normal pancreaticobiliary epithelium and
that of the epithelium of the peripapillary glands of
the papilla of Vater. Intestinal-type adenocarcinomas
mostly contain keratin 20 and apomucin MUC2, and
often lack keratin 7, similar to the characteristics of the
intestinal epithelium (Fig. 4). Interestingly, also many
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Table 1. Histological classification of tumors of the gallbladder and extrahepatic bile ducts (WHO, 2000),' and of benign and
malignant tumors of the ampullary region (Albores-Saavedra et al.° 2000)

WHO histological classification, 2000! Classification according to Albores-Saavedra et al.®
Adenoma Adenoma
Tubular Tubular
Papillary Papillary
Tubulopapillary Tubulopapillary
Papillomatosis (adenomatosis) Flat carcinoma in situ
Intraepithelial neoplasia (dysplasia and carcinoma in situ) Carcinoma
Carcinoma Usual types
Adenocarcinoma Intestinal-type adenocarcinoma
Papillary adenocarcinoma Pancreaticobiliary-type adenocarcinoma
Adenocarcinoma, intestinal type Unusual histological types
Adenocarcinoma, gastric-foveolar type Papillary carcinoma (noninvasive)
Mucinous adenocarcinoma Invasive papillary carcinoma
Clear-cell adenocarcinoma Mucinous carcinoma
Signet-ring cell carcinoma Signet-ring cell carcinoma
Adenosquamous carcinoma Clear-cell carcinoma
Squamous cell carcinoma Adenocarcinoma with hepatoid differentiation
Small-cell carcinoma Adenosquamous carcinoma
Large-cell carcinoma Small-cell carcinoma
Undifferentiated carcinoma Large-cell neuroendocrine carcinoma
Biliary cystadenocarcinoma Undifferentiated carcinoma

Endocrine tumors and related neoplasms are left out of this comparison

Table 2. Frequency of the main histological types of carcinomas of papilla of Vater in different studies

Intestinal type Pancreaticobiliary
Authors/study No. of cases (%) type (%) Other types (%)
Kimura et al.? 51 25 75
Matsubayashi et al.!! 52 58 42
Memorial Sloan Kettering 140 49 21 30
Cancer Center?®
WHO classification! Unusual
Fischer and Zhou update of' 55 23 44 24

Table 3. Histological types and expression of keratin 7, keratin 20, and of intestinal
apomucin MUC?2 in carcinomas of the papilla of Vater (own cases) (update of'?)

Histological No.of CK7+ CK7—- CK7+ CK7—- Muc2
type (AFIP) cases CK20— CK20+ CK20+ CK20— (+/-)
Intestinal 15 0 10 3 2 8/7
Pancreaticobiliary 24 21 0 2 1 0/24
Adenocarcinoma 5 4 — 1 0 0/5
Mucinous 3 — 1 1 1 3/0
Signet-ring cell 3 — 3 — - 3/0
Papillary 4 3 0 — 1 0/4
Papillary, non-invasive 1 1 — — — 0/1
Total 55 29 14 7 5 14/41
Muc 2 (+/-) 14/41 0/29 12/2 1/6 1/4

Antibody staining in more than 10% of tumor cells was defined as a positive reaction
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unusual carcinomas of the papillary region can be
related to the intestinal type or pancreaticobiliary type
of mucosa. In our collective, most poorly differentiated
carcinomas, as well as most papillary carcinomas,
showed the immunohistochemical pattern of pan-
creaticobiliary duct mucosa (Fig. 4, Table 3). All
mucinous and signet-ring cell type carcinomas in our
collective expressed intestinal apomucin MUC2. The
signet-ring type carcinomas reflected the keratin profile
of the intestinal epithelium. Some carcinomas which
reacted negatively for keratins and apomucin 2 devel-
oped from precursor lesions with a line specific marker
pattern for intestinal or pancreaticobiliary duct mucosa
(Fig. 2).10

Histogenesis of carcinomas of the papilla of Vater

The strikingly correlated expression pattern of two
unrelated types of immunohistochemical markers
(keratins and apomucin 2) in pancreaticobiliary duct
epithelium as well as in pancreaticobiliary-type carcino-
mas (CK 7+, CK 20—, MUC2~) versus intestinal epi-
thelium and intestinal-type adenocarcinomas (CK 7—,
CK 20+, MUC2+) indicates that these different tumor
types develop from two different types of mucosa. A

Fig. 4A,C,E. Periampullary carcinoma of
intestinal type without reaction to CK7-
antibody, in contrast to the ampullary
mucosa (A), stained by CK20-antibody,
similarly to intestinal mucosa (C), and
consisting of complex cribriform glands
(E). (B, D, F) Non-invasive papillary car-
cinoma stained by CK7-antibody (B), but
without reaction to CK20-antibody, simi-
larly to pancreaticobiliary duct mucosa
(D), and consisting of complex branching
papillae and secondary micropapillae (F)

recent topologic analysis of very small ampullary car-
cinomas underlines this histogenetic concept: non-
invasive precursor lesions of intestinal-type carcinomas
consistently involved the ampulloduodenal part of the
papilla or were limited to this region. Intramucosal
parts of pancreaticobiliary carcinomas often skipped
the ampulloduodenum. Apparently they arose in the
deeper parts of Vater’s papilla.!®!!

Interestingly, a relevant part of carcinomas of the
papilla of Vater express the apomucin MUC 5AC.
showing metaplastic gastric and foveolar changes.!*!!
These tumors often bear K-ras-mutations on codon
12. The intramucosal parts of these carcinomas are
found significantly more often in the ampulloduode-
num and the ampullopancreatic duct than in the
ampullobiliary part of the papilla (see Fig. 1). There-
fore, one may speculate that pancreatic juice may have
an influence on the development and morphology of
these carcinomas.!!

Only two studies have attended to the association of
intrapancreatic precursor lesions with ampullary carci-
nomas. In one study, intraductal neoplasias in large pan-
creatic ducts were found in 22% of resected ampullary
carcinomas.? In another series of resection specimens,
2 of 5 ampullary adenomas and 7 of 17 ampullary ad-



H.-P. Fischer and H. Zhou: Pathogenesis of carcinoma of papilla of Vater 307

enocarcinomas were associated with high-grade pancre-
atic intraepithelial neoplasias PanIN.?” Unfortunately,
the exact histologic type of the carcinomas was not re-
ported. Thus, the question of whether, especially, the
pancreaticobiliary type of carcinoma of the papilla is
related to PanIN remains unanswered.

Prognosis and clinical aspects

Size, stage, and operability are the most important prog-
nostic factors. Because ampullary carcinomas become
symptomatic relatively early due to biliary obstruction
and subsequent persistent icterus, about 80% to 90% of
these tumors can be treated by surgery. This is the only
potentially curative treatment. The 5-year survival rate
after resection of ampullary carcinoma is 21% to 61%,
with a mean of 40%. If the tumor is limited to the
mucosa or the sphincter of Oddi, the survival rate is
85% (for review see references 6 and 10). Nodal stage
influences the prognosis: the nodes close to the superior
mesenteric artery are a critical station, because they
drain directly into the paraaortal nodes.”* Ulcerative
macrotype and low grade of differentiation are associ-
ated with a worse course.?*?* Carcinomas without pre-
cursor lesions are associated with a significantly shorter
5-year survival than carcinomas with precarcinomatous
lesions.!? The influence of the histologic tumor type on
prognosis cannot be estimated conclusively. Resected
tumors of pancreaticobiliary type seem to have a
tendentially® or significantly? worse prognosis than
intestinal-type carcinomas. The more aggressive local
spread and significantly more frequent involvement of
lymph nodes were reported to be responsible for the
worse prognosis of pancreaticobiliary-type carcinomas
in the series of Kimura et al.> Comparing the intestinal
and pancreaticobiliary types of adenocarcinomas, we
could not find significant differences in survival times in
our German collective (publication in review process).

Molecular-pathologic findings

Ampullary carcinomas and ductal pancreatic carcino-
mas share similar molecular alterations in K-ras (mostly
point mutations), p53, DPC4 (mutations and loss of
heterozygosity [LOH]), and pI6 (mutations, methyla-
tion, LOH). So pancreatic duct carcinoma and at least a
subgroup of ampullary carcinomas seem to have com-
mon molecular pathways related to tumorigenesis and,
possibly progression of malignancy.”® However, the fre-
quency of K-ras mutations (24%-47% )*3? is consider-
ably lower than that in ductal pancreatic carcinomas
(around 80%) and corresponds roughly to that in
colorectal carcinomas.*** In ampullary carcinomas and
in colorectal carcinomas, K-ras aspartate 13-mutations
were detected more frequently than in pancreatic

carcinomas.’® Molecular alterations of the cell cycle-
modulating p53 protein can be found in about 60% of
ampullary carcinomas.?® The expression of the cyclin-
dependent kinase (CDK-) inhibitor p21/Waf 1-protein
appears to be independent of the expression of p53.3
Other modulators of the cell cycle have been shown to
be expressed at lower levels (p16, p21, p27) or overex-
pressed (cyclin D1, cyclin E), in different amounts, in
ampullary carcinomas,* showing that deregulation of
the G1/S transition is a common event in these tumors.
Even adenomas may show K-ras mutations®?° and
may show the immunohistochemical overexpression of
p53.23 Especially, non-invasive tumor areas of p53-
positive ampullary carcinomas nearly always express
this suppressor protein.’® These findings support the
concept of an adenoma-carcinoma sequence in the
development of most ampullary carcinomas.

In FAP, ampullary carcinomas are mostly associated
with a germline mutation in the adenomatous polyposis
coli (APC) gene on chromosome 5g-. Somatic alter-
ations in the APC gene were found in 17% of European
patients®” and in 47% of a Japanese tumor collective™
independent of FAP. The two groups also differed in
the mutation pattern of the p53 gene. Peristatic and
genetic factors could be responsible for these differ-
ences between these two collectives of tumors from far
different geographic regions. Other chromosome 5 al-
lelic losses in sporadic ampullary adenomas and carci-
nomas were found recently in loci differing from that of
APC, but corresponding to those in gastric carcino-
mas.* The same working group published a 20% rate of
ampullary carcinomas with high levels of microsatellite
instability (MSI-H). These tumors had a significantly
better course® than MS stable carcinomas. The two pa-
tient groups did not differ with respect to individual or
familial predisposition for malignancies.** In a recent
analysis, 8 out of 22 adenomas and 9 out of 32 ampul-
lary carcinomas were categorized as microsatellite
instability-low (MSI-L), with MSI in one to three of
nine dinucleotide markers.* All 93 ampullary neo-
plasms investigated by immunohistochemistry were
found to express the mismatch repair proteins hMLH1
and hMSH?2. MSI does not play an important role in the
carcinogenesis of ampullary carcinoma.*

Carcinomas of the papilla of Vater share molecular
pathologic analogies with colorectal carcinomas as well
as pancreatic carcinomas. In future, these molecular
findings should be correlated more closely with the
different histologic and immunohistologic types of am-
pullary carcinoma, as defined above. Characterization
of these tumors, based on histopathology, immunohis-
tochemistry, and topologic relation to both types of
ampullary mucosa, as well as molecular anomalies, may
help to elucidate their etiology, and to define different
risk profiles.
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