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Summary
Pancreatic malignant exocrine tumors represent the most important cause of cancer-
related death for pancreatic neoplasms. The most common tumor type in this category 
is represented by pancreatic ductal adenocarcinoma (PDAC), an ill defined, stroma-rich, 
scirrhous neoplasm with glandular differentiation. Here we present the relevant charac-
teristics of the most important PDAC variants, namely adenosquamous carcinoma, col-
loid carcinoma, undifferentiated carcinoma, undifferentiated carcinoma with osteoclast-like 
giant cells, signet ring carcinoma, medullary carcinoma and hepatoid carcinoma. The 
other categories of malignant exocrine tumors, characterized by fleshy, stroma-poor, cir-
cumscribed neoplasms, include acinar cell carcinoma (pure and mixed), pancreatoblas-
toma, and solid pseudopapillary neoplasms. The most important macroscopic, histologic, 
immunohistochemical and molecular hallmarks of all these tumors, highlighting their key 
diagnostic/pathological features are presented. Lastly, standardized indications regarding 
gross sampling and how to compile a formal pathology report for pancreatic malignant 
exocrine tumors will be provided.

Key words: pancreatic cancer, pancreatic ductal adenocarcinoma, PDAC, acinar, solid 
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Introduction

Malignant exocrine tumors of the pancreas represent the most com-
mon pancreatic tumors, with pancreatic ductal adenocarcinoma 
(PDAC) in first place for both incidence and mortality rate. Due to the 
important clinical implications that follow a diagnosis of malignant 
exocrine tumor of the pancreas, pathologists should be aware of the 
most important diagnostic features and hallmarks of this group of 
tumors. 
In this review, we will present this topic starting from the sampling pro-
tocols of pancreatic resection specimens, and arriving to describe the 
most important clinical, macroscopic, histologic, immunohistochemical 
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and molecular characteristics of PDAC, acinar cell 
carcinoma, pancreatoblastoma and solid pseudopap-
illary neoplasm.
The most important aim of this manuscript is providing 
to pathologists a serviceable and practical guideline 
for the correct approach to malignant exocrine tumors 
of the pancreas, which may be encountered during 
routine diagnostic activity. Finally, a schematic list of 
the most important points, which should be described 
in the final pathology report, is provided.

Gross sampling

The pancreatoduodenectomy specimen is one of the 
most challenging surgical samples for pathologists. 
It requires experience and knowledge of anatomical 
landmarks so that adequate information regarding re-
section margins, origin/size of tumor and number of 
lymph nodes is collected (at least 12 lymph nodes per 
specimen according to the recent 2017 UICC/AJCC 
staging handbook) 1.
In patients with resectable PDAC of the pancreatic 
head, a R0 resection (i.e.: tumor-free resection mar-
gins) is a very important prognostic factor 2-5. Howev-
er, R1 resection rates vary greatly between surgical 
series and the prognostic differences between R0 and 
microscopic R1 of the pancreatic neck margin/radial 
margins have not been confirmed by all studies  2-5. 
The main reason for these differences is that for many 
years non-standardized sampling protocols with little 
attention to circumferential margin status have been 
performed. Along this line, sampling protocols for 
pancreatic specimens have been under scrutiny for 
some years as the importance of standardization in 
specimen handling and sample selection have come 
to light 6.
A representative image of gross sampling is provided 
in Figure 1.

Pancreatoduodenectomy specimen handling and 
sampling protocols

Pancreatoduodenectomy specimens may vary with 
regards to which organs/parts of organs are present 
in the specimen such as: the distal portion of stomach 
in Whipple’s procedure (while pylorus preserving pan-
createctomies will only have the duodenal bulb as the 
proximal margin), gall bladder and extrahepatic bile 
ducts, partial or complete venous resections (of the 
superior mesenteric vein or portal vein), which should 
be annotated by surgeons.
Once the specimen is received (ideally fresh speci-
mens for better evaluation and biobanking), the stom-
ach/duodenum/jejunum should be opened along the 

free margin, to aid adequate fixation. A standardized 
sampling protocol may also include circumferential 
margin multicolor inking, which has proven to be a 
potentially important step for resection margin/surface 
identification 7. In the last decade, two main standard-
ized sampling protocols have been proposed, both 
with advantages and disadvantages with regards to 
surface/margin recognition, complexity of cut up, dis-
tinction between tumor origin (pancreatic origin ver-
sus ampullary versus distal cholangiocarcinoma or 
cystic tumors) and lymph node yield. 
The protocol proposed by Verbeke, axially slices the 
specimen perpendicularly to the long axis of the du-
odenum at the ampulla 8. Further slicing is continued 
cranially and caudally, in parallel to the first slice, until 
thin complete sections of all the pancreatic head are 
obtained. The main advantages of this protocol are 
the optimal evaluation of the circumferential margins/
surfaces and an acceptable lymph node yield 9.
The bi-valving protocol according to Adsay involves 
sectioning the specimen in two halves following the 
plane between probes inserted in the pancreatic duct 
and the common bile duct 10. This method of sampling 
is also known as bi-valving. Prior to further section-
ing, the inked pancreatic retroperitoneal margin (or 
superior mesenteric vessel margin) is orange peeled 
and fully submitted for histology with a bread-slicing 
sampling. The bi-valved specimen is then further sec-
tioned (either axially, multi-valved or bread loafed). 
Lymph node harvesting is performed by orange-peel-
ing of the circumferential margins/surfaces and this 
correlates with a high lymph node yield. Further ad-
vantages of this technique are the optimal evaluation 
of primary site of tumor (pancreatic, ampullary or 
common bile duct) and the complete evaluation of the 
retroperitoneal margin.
The pancreatoduodenectomy specimen requires mul-
tiple samples, including a tumor-representative sam-
pling, the relationship of tumor with adjacent struc-
tures (e.g. common bile duct), transection margins 
(pancreatic, common bile duct, gastric/duodenal) and, 
above all in cases of extensive tumor infiltration, the 
circumferential resection margin(s)/surfaces. Attention 
must be paid in the case of resection for precursors of 
pancreatic cancer (e.g.: intraductal papillary mucinous 
neoplasm), in which an infiltration may be very focal, 
thus an extensive sampling is required  11. Along this 
line, an extensive sampling is also of importance in 
the setting of post-neoadjuvant therapy, where a pre-
cise gross definition of tumor boundaries is not often 
recognizable 12.
Among various issues frequently encountered during 
routine sampling activity, the most frequent regard the 
potential misunderstanding about specific nomen-
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clature of circumferential margins/surfaces. Indeed, 
the superior mesenteric vessel margin can be also 
named as uncinate margin; the posterior aspect of the 
head of the pancreas can be intended both as a mar-
gin, behind the pancreatic transection margin, and as 
a surface, towards the duodenum  13. Another possi-
ble issue includes the definition/concept of “positive” 
margin, since it can represent a direct invasion of ne-
oplastic cells on the margin, but can be also defined 
as a distance < 1 mm between tumor cells and the 
margin 14. 

Distal Pancreatectomy specimen handling and 
sampling protocol

Distal pancreatectomy specimens do not present sig-
nificant issues in orientation and landmark identifica-
tion typical in pancreatic head specimens. Indeed, the 
spleen and the pancreatic transection margin permit 

left to right orientation, while the splenic artery and 
vein, which run along the posterior-superior groove of 
the pancreatic body and tail, permit cranial to caudal 
orientation. Inking with different colors is not manda-
tory, but can be useful for distinguishing anterior/pos-
terior surfaces and the superior/inferior aspects. The 
specimen should be sliced in sections, parallel to the 
transection margin. This method permits the identifi-
cation of the distance between the tumor and the tran-
section margin, as well as aspects of adipose tissue 
infiltration and splenic vessels invasion. Lymph nodes 
can be retrieved from the peri-pancreatic soft tissue 
and from the splenic hilum; the most important site for 
lymph node sampling is along the course of splenic 
vessels.

Surgical resections after neo-adjuvant therapy

Surgical resections after neoadjuvant therapy are be-

Figure 1. These images show the different sampling techniques for duodeno-pancreatic head resections. Margins are inked in 
different colors: green - anterior surface; blue - superior mesenteric vein groove; red - uncinate process/medial/retroperitoneal/
superior mesenteric artery margin; black (minimum portion shown) - posterior surface. - Axial Slicing Technique (upper panel): 
(A) initially, a horizontal section perpendicular to the duodenum and passing through the ampulla is performed; (B) parallel 
sections are then obtained; (C) complete section of duodenum with pancreatic head, main pancreatic duct, bile duct and tumor 
(whitish area). The circumferential margins/surfaces are shown with respective colors. - Bi-valving Technique (lower panel): (A) 
the red uncinate process/medial/retroperitoneal/superior mesenteric artery margin is shaved and then bread-sliced and submit-
ted entirely; (B) a horizontal section passing on a plane which passes through the probed bile duct and pancreatic duct is shown. 
Further sections can be parallel (or even perpendicular); (C) complete section of the bi-valved specimen showing the tumour 
(whitish area), which arises from the pancreas and invades the bile duct and the main pancreatic duct.
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coming one of the most frequent scenario in pancre-
atic pathology, above all in specialized centers. These 
resections are often warp and diffusely whitish, with 
tumor area with blurred borders or even not visible. 
In such cases, an extensive sampling should be per-
formed, and in cases of not identifiable tumor areas or 
of small tumor beds, they should be entirely included. 
Sometimes surgical resections include complex ves-
sel resections (e.g.: celiac trunk, splenic-portal-mes-
enteric confluence), which should be correctly isolat-
ed during gross sampling and described in the final 
pathology report 15.

Pancreatic ductal adenocarcinoma

Definition and terminology

Pancreatic ductal adenocarcinoma (PDAC) is the 
most common type of pancreatic cancer 16. It is a ma-
lignant neoplasm composed of infiltrating glands that 
resembles pancreatic ducts. Synonyms include duct 
cell adenocarcinoma, infiltrating duct carcinoma or tu-
bular adenocarcinoma 16.

Clinical and gross features

About two-thirds of PDAC arise in the pancreatic 
head, with the rest affecting equally the body and/or 
the tail of the gland equally. Clinical features include 
back pain, dyspepsia, weight loss and new-onset di-
abetes; jaundice is a symptom typical of pancreatic 
head tumors. Rarely, acute pancreatitis and migrato-
ry thrombophlebitis may be seen in PDAC patients. 
Important risk factors for PDAC are tobacco smoking, 
obesity and alcohol consumption. The highest rates 
of PDAC incidence have been reported among black 
people in the USA. An increased risk for PDAC is al-
so described for patients with chronic pancreatitis and 
diabetes mellitus, and for patients with a previously 
resected PDAC 16,17.
From a macroscopic point of view, PDAC are usually 
a firm and poorly defined whitish mass with irregular 
borders. Usually they infiltrate surrounding structures, 
including peri-pancreatic adipose tissue, the duode-
nal wall, the distal choledocus and the ampulla of 
Vater. Cancers < 2 cm are quite rare (about 10% of 
PDAC) 16,18. The most recent TNM staging system is 
mainly based on tumor size, with pT1 for tumors with 
a diameter ≤ 2 cm, pT2 for tumors ranging from 2,1 
to 4 cm, pT3 for tumors > 4 cm, and pT4 for tumors 
involving celiac axis, superior mesenteric artery, and/
or common hepatic artery, regardless of size 19.

Precursors of pancreatic ductal adenocarcinoma

Precursors of PDAC include: Pancreatic Intraepithe-

lial Neoplasm (PanIN), Intraductal Papillary Muci-
nous Neoplasm (IPMN), Intraductal Oncocytic pap-
illary Neoplasms (IOPN), Intraductal Tubulopapillary 
Neoplasm (ITPN), and Mucinous Cystic Neoplasm 
(MCN) 16,20-23. All these lesions can progress into the 
invasive counterpart, which is represented by PDAC. 
PanIN is a microscopic, non-infiltrative epithelial ne-
oplasm confined to the pancreatic ducts; it can show 
a flat or a micropapillary epithelium  16,20. PanINs are 
classified with a two-tiered grading system: low grade 
and high grade dysplasia PanIN 15,24. Due to their mi-
croscopic nature, PanINs are asymptomatic. Notably, 
high-grade PanINs represent the main precurosor of 
PDAC  16,20. From the molecular point of view, KRAS 
mutations have been described as an early event in 
PanIN formation and PDAC carcinogenesis, as well 
as SMAD4 and TP53 mutations represent late events 
in this model (high-grade PanIN) 16,20-23.
IPMNs are intraductal neoplasms of the pancreas, 
with papillary mucinous epithelium. They are by defi-
nition > 5 mm and can involve Wirsung’s duct (main 
duct IPMN), branch ducts (branch duct IPMN) or both 
(mixed IPMN) 16,20-23. Main duct IPMN present a higher 
risk of malignant transformation and of metachronous 
recurrences compared to branch duct 25,26. Based on 
the type of epithelium, IPMNs can be subdivided into 
intestinal, gastric and pancreatic-biliary; notably, in the 
current WHO classification, IOPN are considered sep-
arately from the other IPMN subtypes  16,20. Similarly 
to PanIN, the dysplasia of IPMN is also classified as 
low- and high-grade. High-grade IPMN can progress 
to invasive PDAC, which can be indistinguishable 
from conventional PDAC, with the exception of colloid 
carcinoma, a distinct PDAC subtype producing abun-
dant extracellular mucin, which originates from intes-
tinal-type IPMN 26-28. From a genetic point of view, the 
most important alterations in IPMN include KRAS and 
GNAS mutations, and microsatellite instability, which 
is more common in the intestinal subtype 16,22,29.
IOPN is a grossly exophytic, intraductal neoplasm 
composed by oncocytic glandular epithelium, which 
is more frequent in females. The most important dis-
tinctive features are the almost exclusive presence of 
high grade dysplasia and the lack of the most frequent 
somatic mutations of IPMN 16.
Macroscopically, the lesions are characterized by 
large, solid or papillary mass, which lack mucin. Mi-
croscopically, the lesion is constituted by complex, 
arborizing papillae, lined by cuboidal cells with eosin-
ophilic granular cytoplasm, filled with mitochondria, 
intracytoplasmic lumen and large nuclei. Almost all 
IOPNs show high grade dysplasia, whereas inva-
sive carcinoma occurs in only 30% of cases. Immu-
nohistochemically, IOPNs show MUC6 and MUC1 
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positivity, with focal positivity for MUC5AC, whereas 
immunostaining for MUC2 and CDX2 is restricted to 
sparse goblet cells. IOPNs lack the common somatic 
mutations of IPMN, like KRAS and GNAS, whereas 
they can show mutations in ERBB4 and the distinctive 
PRKACA/B gene fusions. The 5-year disease-specific 
survival approaches 100%.
ITPN are intraductal neoplasms of the pancreas, with 
a typical tubulopapillary appearance and usually with 
high-grade dysplasia  16. From the histologic point of 
view, ITPN form nodules of back-to-back tubular 
glands, with a large, cribriform architecture; an associ-
ated invasive carcinoma is found in up to 70% of cas-
es 16. From a molecular point of view, ITPN are very 
peculiar, with no KRAS mutations; they show more 
frequently KMT2 and PIK3-pathway gene mutations 
(PI3KCA, PTEN), and a subset of ITPN harbor FGFR2 
fusions 16,20-23.
MCNs are cyst-forming and mucin-producing epithe-
lial neoplasm; they are associated with the presence 
of an ovarian-like sub-epithelial stroma 16,20-23. MCNs 
usually affect middle-aged women and arise in the 
body-tail region of the pancreas. They typically do not 
communicate with the Wirsung’s duct. Similarly to Pa-
nIN and IPMN, the dysplasia of MCN is also classified 
into low- and high-grade. From a molecular point of 
view, KRAS, TP53 and RNF43 mutations are the most 
common mutations in MCN 16,20.
Although there is no useful immunohistochemical 
panel for the diagnosis of PanIN and MCN, for IPMN 
and ITPN there are some mucin-based stains that can 
be of much help in supporting diagnosis and identify-
ing the correct histologic subtype (Tab. I) 16,20.
One of the most difficult challenges in pancreatic pa-
thology regards the identification of foci of micro-in-
filtration originating from precursor lesions. The hall-
mark of an invasive component is represented by the 
presence of desmoplastic stroma around invasive, 
atypical glands. Notably, an important diagnostic pitfall 
is represented by the differential diagnosis between 
mucin extravasation in the periphery of lesions vs. 
true stromal invasion. The assessment of eventual 

micro-invasive areas should be established by experi-
enced pancreatic pathologists or at least discussed at 
a multi-headed microscope. 

Microscopic description with diagnostic hallmarks

Most PDACs are composed of well to moderately dif-
ferentiated duct-like and glandular structures, invading 
the pancreatic parenchyma 16. They are characterized 
by an irregular growth pattern, which is typically as-
sociated with a usually marked desmoplastic stromal 
reaction. Indeed, PDACs exhibit an abundant stroma 
and consequently can be considered as hypocellular 
tumors. A very important feature, which can be easily 
used to discriminate neoplastic/infiltrative glands vs. 
normal ducts is represented by the fact that neoplas-
tic glands are very commonly ruptured with areas of 
epithelial denudation of the gland, while normal ducts 
show a continuous epithelial lining. Histologically, 
PDAC are graded into a 3-tiered system: well, mod-
erate and poorly differentiated PDAC, based on com-
bined assessment of the degree of glandular differen-
tiation, mucin production, mitotic activity and nuclear 
features  16. Representative images of PDAC grading 
are provided in Figure 2, as well as a case of PDAC 
in the neoadjuvant setting, where no grading should 
be applied because it is unreliable due to iatrogenic 
modifications of tissues.
Well-differentiated PDACs are composed of haphaz-
ardly arranged invading and medium-size duct-like 
and glandular structures, with angular or irregular 
shapes  16,30. Neoplastic cells are generally columnar 
or cuboidal, forming a single cell layer with eosino-
philic cytoplasm; the nuclei are round or oval and 
may be even four times larger than non-neoplastic 
nuclei 16,30. This comparison is often feasible since in 
many PDACs some normal ducts are trapped within 
the tumor mass. The nuclear membranes are well-de-
lineated and the nucleoli, which generally are two or 
more, are often prominent; mitoses are not common. 
Lymphatic and blood vessel invasion/embolization, 
perineural infiltration as well as lymph node metas-
tases represent very common findings  16,30. A pecu-

Table I. Immunohistochemical markers for IPMN/IOPN/ITPN classification.
Type of lesion Subtype MUC1 MUC2 MUC5AC MUC6 CDX2

IPMN G negative negative positive negative negative
PB positive negative positive positive negative
INT negative positive positive negative positive

IOPN positive negative positive positive negative
ITPN positive negative negative positive negative

Abbreviations: IPMN: intraductal papillary mucinous neoplasm; IOPN: intraductal oncocytic papillary neoplasm; ITPN: intraductal tubulo-papillary neoplasm; 
G: gastric; PB: pancreatic-biliary; INT: intestinal.

Note: if the positivity of a marker is very intense at the immunohistochemical level and very important for diagnostic purposes, it is indicated in bold.



NEOPLASTIC EXOCRINE PANCREATIC PATHOLOGY 215

liar morphological aspect of lymph node metastasis, 
which is the extra-nodal extension of neoplastic cells 
in the peripheral adipose tissue, has recently been as-
sociated with worse prognosis in many cancer types, 
including PDAC 31-33.
Moderately differentiated PDACs are similar to the 
well-differentiated counterpart: glandular and duct-like 
structures, as well as the cellular and nuclear size, how-
ever, have a greater variation. Usually, tumor glands are 
smaller and neoplastic cells are larger, with more mitot-
ic figures; mucin production appears to be less evident 
compared to well-differentiated PDAC 16,30.
Poorly differentiated PDACs are composed of small 
glands with irregular shape and of individual atypical 
cells; from the architectural point of view, poorly differ-
ential PDAC are densely packed tumors, sometimes 
with an arrangement in solid sheets and nests  16,30. 
Neoplastic cells exhibit pronounced nuclear pleomor-
phism, scanty or no mucin production and high mitotic 
activity. Areas with neoplastic cells organized in small 
aggregates or infiltrating as single elements are com-
mon, and represent so-called PDAC tumor budding, 
strictly correlated with the activation of the process of 

epithelial-mesenchymal transition 34,35.
Some important morphologic features represent true 
diagnostic PDAC hallmarks. They include the irregular 
structural tumor pattern, the abundant desmoplastic 
stromal reaction and the presence of “ruptured” or 
“incomplete” glands  16,30. Furthermore, vascular and 
perineural invasions are both highly diagnostic of an 
infiltrating tumor. Another diagnostic PDAC hallmark 
is represented by neoplastic gland topographic loca-
tion: indeed, the infiltrating malignant glands are of-
ten found in abnormal locations, such as immediately 
adjacent to muscular blood vessels 30,36. This criterion 
is helpful in the differential diagnosis with chronic pan-
creatitis and for supporting the diagnosis of PDAC in 
case of low-atypia (e.g.: in surgical specimens after 
neo-adjuvant therapies, where the degree of cellular 
atypia may be very mild) 16,30.

Variants of pancreatic ductal adenocarcinoma

The 2019 WHO classification distinguishes different 
PDAC variants, which are: adenosquamous carcino-
ma, colloid carcinoma, medullary carcinoma, poor-
ly cohesive carcinoma/signet-ring cell carcinoma, 

Figure 2. (A,B,C) Representative images of the grading system for pancreatic ductal adenocarcinoma: G1 (A, original mag-
nification 20X), G2 (B, original magnification 20X) and G3 (C, original magnification 20X). D) In the setting of neo-adjuvant 
therapy, pancreatic ductal adenocarcinoma should not be graded, due to the unreliability of grading for the iatrogenic modifi-
cations of tissues, including therapy-induced cell atypia (original magnification 20X).
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hepatoid carcinoma, large cell rhabdoid carcinoma, 
undifferentiated carcinoma and undifferentiated carci-
noma with osteoclast-like giant cells 16. Although some 
PDAC variants may show some peculiar macroscopic 
aspects, there are no definitive criteria to provide such 
a distinction by gross examination. At the same time, 
it has to be noted that colloid carcinoma is charac-
terized by large pools of mucin, and undifferentiated 
carcinoma with osteoclast-like giant cells frequently 
shows foci of hemorrhage and/or necrosis. The other 
variants do not display peculiar gross aspects.
From a microscopic point of view, there are some 
specific features that characterize the different PDAC 
variants. Representative images of the most important 
variants are presented in Figure 3.
Adenosquamous carcinoma is composed of signifi-
cant proportions with both ductal and squamous (at 
least 30%) differentiation 16,30. The squamous compo-
nent can also be highlighted with immunohistochem-
istry for p63/p40  34. From a molecular point of view, 
this variant typically harbors KRAS, TP53 and UPF1 
mutations 37,38. The prognosis is very poor 39.
Colloid carcinoma is characterized by the presence of 
large extracellular stromal mucin pools with suspended 

tumor cells composing at least 80% of tumor mass 16. 
This variant usually originates from intestinal-type IP-
MN  27,28. Immunohistochemical markers of colloid car-
cinoma reflect its intestinal profile, with positivity for 
MUC2, CK20 and CDX2 16. From a molecular point of 
view, colloid carcinoma are enriched of GNAS mutations 
(up to 60% of cases) and microsatellite instability 40,41. 
In pancreatic cancer, this alteration can be investigat-
ed with immunohistochemistry for the mismatch repair 
protein MLH1, PMS2, MSH2 and MSH6. In cases of 
doubtful results, MSI-based polymerase chain reaction 
or next generation sequencing should be performed 42.
Medullary carcinoma is a poorly differentiated carci-
noma with limited gland formation, a pushing border, 
a syncytial growth and several tumor-infiltrating lym-
phocytes  41,43. This variant is usually associated with 
microsatellite instability, but a recent study highlighted 
that it can also arise in a hypermutated, non-microsat-
ellite related genetic context, in association with POLE 
mutation 41-44.
Poorly cohesive/signet ring cell carcinoma is com-
posed of at least 80% of individual poorly cohesive 
cells, often with intracellular mucin vacuoles peripher-
ally displacing the nuclei 45.

Figure 3. Representative images of the most relevant pancreatic ductal adenocarcinoma variants. (A) Adenosquamous 
carcinoma (original magnification 20X); (B) colloid carcinoma (original magnification 20X); (C) undifferentiated carcinoma 
(original magnification 20X); (D) undifferentiated carcinoma with osteoclast-like giant cells (original magnification 20X).
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Hepatoid carcinoma is an extremely rare neoplasm, 
defined as a carcinoma in which at least 50% of cells 
display histological and immunohistochemical evi-
dence of hepatocellular differentiation  16,30. They are 
composed of large, polygonal cells resembling those 
of hepatocellular carcinoma. Alpha-fetoprotein, Hep-
par1, CD10 and arginase are useful immunohisto-
chemical markers to support such diagnosis, although 
the main diagnostic criterion remains morphology 16.
Rhabdoid carcinoma is a malignant neoplasm com-
posed of large cells with rhabdoid features; it frequent-
ly harbors KRAS mutations/amplification, and in the 
case of KRAS wild-type, a typical SMARCB1 (INI1) 
immunohistochemical loss has been reported at the 
nuclear level 16,45.
Undifferentiated carcinoma is a malignant epithelial 
neoplasm in which the majority of tumor mass does 
not show any definitive direction of differentiation16. 
Different from conventional PDAC, undifferentiated 
carcinomas are hypercellular tumors. They can be 
stained with cytokeratin (CKAE1/3, CK8/18) and ex-
press an immunohistochemical profile associated with 
an activated epithelial-mesenchymal transition (ex-
pression of vimentin, Twist1 and Snai2, and E-Cad-
herin loss) 16,46,47.
The undifferentiated carcinoma with osteoclast-like 
giant cells variant (UCOGC) is composed by three 
cell types: spindle and/or pleomorphic cells, the real 
neoplastic cells, mononuclear histiocytes and osteo-
clast-like giant cells 16,46-48. Osteoclast-like giant cells 
can show over 20 nuclei each and do not have a ma-
lignant behavior. This variant shows a genetic profile 
very similar to conventional PDAC, and seems en-
riched in SERPINA3 mutations 49. Its unique immuno-
logic microenvironment is dominated by the presence 
of tumor-stimulating histiocytes CD163-positive  50. In 
cases with the absence of an associated PDAC com-
ponent, UCOGC prognosis may be very favorable 
with prolonged/long-term survivals 48-50.

Immunohistochemistry and Molecular Pathology

An unequivocal immunohistochemical panel that can 
be used to discriminate PDAC from other extrapan-
creatic mucin-producing adenocarcinomas does not 
exist. However, some markers may be of help in sup-
porting a PDAC diagnosis. First of all, PDACs express 
the same keratins as the normal pancreatic duct epi-
thelium, such as keratins 7, 8, 18 and 19 16,30; indeed, 
the highest sensibility and specificity is reached by 
the 8-18 cocktail. Keratin 20, a typical intestinal-epi-
thelial marker, is not expressed by PDAC cells, with 
the exception of infiltrating tumors arising from intesti-
nal-type IPMN 51. Among mucins, PDAC cells are usu-
ally stained with IHC for MUC1, MUC4 and MUC5AC, 

but not MUC2, which has a staining pattern very sim-
ilar to Keratin 20 52,53.
PDACs are usually negative for pancreatic exocrine 
enzymes such as trypsin, chymotrypsin and lipase, 
and for the acinar-related marker Bcl-10, as well as 
for neuroendocrine markers, including chromogranin 
A, synaptophysin, CD56 and CD200 16,30,49,54. Regard-
ing “immune-molecular” staining, the DPC4 protein is 
lost in up to 55% of PDACs, and the p53 protein is ex-
pressed in most cases 16,30,49,55. These two IHC mark-
ers may be very useful for the differential diagnosis 
between infiltrating vs. reactive glands.
Regarding molecular pathology, the most important 
alterations that are considered as the main genetic 
drivers of PDAC are somatic mutations affecting four 
key genes: the oncogene KRAS and the tumor sup-
pressors CDKN2A, TP53 and SMAD4  56,57. KRAS is 
the most common mutated gene in PDAC (up to 90-
92% of cases); typical mutations occur in codons 12, 
13 and 61  56-59. Microsatellite instability is a genetic 
alteration that can occur in up to 2% of PDAC; howev-
er, it is more common in colloid and medullary variant 
than in conventional PDAC, where it probably repre-
sents a percentage < 1% of all cases 41.

Differential diagnosis

The most important differential diagnoses for conven-
tional PDAC are summarized in Table II. The first to be 
considered is represented by chronic pancreatitis  30,60. 
From radiologic and macroscopic points of view, chron-
ic pancreatitis may share several features with PDAC. It 
is important to underline that chronic pancreatitis with 
alcoholic or obstructive etiology usually involves the 
pancreas more widely than a neoplastic process, with a 
more rubbery and with a more gritty consistency of the 
parenchyma than in PDAC. From a microscopic point of 
view, the most important aspects to support the distinc-
tion between chronic pancreatitis and PDAC are certain-
ly represented by the presence of vascular and neural 
invasion, and lymph node metastasis. Notably, the fibro-
sis of chronic pancreatitis may mimic the desmoplastic 
reaction of PDAC, and the degree of cell atypia should 
not be used as the most important criterion to rule out 
chronic pancreatitis, where the protracted inflammation 
may generate reactive cell alterations. 
Autoimmune pancreatitis is another potential mim-
icker of PDAC, since it can present as a discrete, tu-
mor-like lesion of the pancreas  61-67. The histological 
hallmarks of autoimmune pancreatitis are represented 
by a dense inflammation centered around pancreatic 
ducts, a cellular fibro-inflammatory stroma with a stori-
form appearance and a diffuse obliterative venulitis 61-

67. A further potentially helpful analysis may include 
an immunohistochemical evaluation of plasma cells 
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and of their IgG4+ sub-population, which is typically 
increased above all in type 1 autoimmune pancrea-
titis 64-67.
Another important differential diagnosis that can be 
encountered during routine diagnostic activity is repre-
sented by reactive glands. From a microscopic point of 
view, the most helpful findings in distinguishing PDAC 
from reactive glands are represented by the location 
and the architecture of glands, in addition to the cyto-
logical aspects  16,30. The presence of “naked” glands 
in fat is a histological hallmark of PDAC, but attention 
must be paid to the fact that the adipose tissue may 
represent the result of adipose involution of normal 
pancreatic parenchyma rather than the true peri-pan-
creatic adipose tissue. In this case, residual neuroen-
docrine islets should be documented in fat tissue. Oth-
er features, that can support PDAC diagnosis are the 
presence of mitotic figures, necrotic luminal debris and 
stromal desmoplastic reaction.
The suggested immunohistochemical analysis to sup-
port a PDAC diagnosis in cases of doubtful histology 
include P53 and DPC4. P53 aberrant staining patterns, 
which are strictly correlated with TP53 mutations, are 
represented by a complete loss of immunostaining or 
by a diffuse nuclear staining in at least 60-70% of tu-
mor cells 49,68. DPC4 aberrant staining pattern, which 
is strictly associated with SMAD4 mutations, is repre-
sented by loss of DPC4 nuclear expression 69.
Rarely, PDAC can exhibit a cystic appearance, thus 
the differential diagnoses include in such cases differ-
ent types of cystic lesions. The cystic appearance may 
represent the macroscopic phenotype of a microscop-
ic epiphenomenon (e.g.: PDAC intraductal coloniza-
tion of a retention cyst or of a congenital cyst). 

Acinar neoplasms

Definition and terminology

Although the acinar component constitutes the vast 
majority of the pancreatic parenchyma, neoplasms 
showing acinar cell differentiation are relatively ra-

re. They include acinar cell carcinoma, along with 
its mixed subtypes (mixed acinar-ductal carcinoma, 
mixed acinar-neuroendocrine carcinoma, mixed aci-
nar-neuroendocrine-ductal carcinoma), and pancre-
atoblastoma  16. In addition to these malignant neo-
plasms, the pancreas may undergo the so-called “ac-
inar cystic transformation”, previously known as acinar 
cell cystadenoma, a non-neoplastic cystic lesion lined 
by acinar and ductal non-atypical cells, with no evi-
dence of recurrence or malignant transformation.

Acinar Cell Carcinoma

Clinical and gross features

Acinar cell carcinomas (ACC) are rare neoplasms, ac-
counting for only 1-2% of all pancreatic neoplasms in 
adults. The median age at ACC diagnosis is 60 years; 
however, it may also rarely affect children. Although 
ACC is predominantly located in the pancreatic head, 
jaudice is a rare symptom. Some patients may devel-
op a lipase hypersecretion syndrome. The ACC patient 
prognosis is poor, with a 5-year survival rate of 25%. 
Grossly, ACC are large, well-circumscribed and solid 
mass, with a homogeneous, fleshy cut surface  70-73. 
Necrotic or hemorrhagic areas may be present. In rare 
instances, the so-called “acinar cell cystadenocarci-
nomas”, gross appearance is entirely cystic. 

Microscopic description with diagnostic hallmarks

Histologically, ACC is a highly cellular tumor, with 
scarce stroma. Tumor cells show granular eosino-
philic, PAS-diastase-positive cytoplasm and relatively 
uniform nuclei with a characteristic single prominent 
eosinophilic nucleolus 16,70-72. Several architectural pat-
terns (acinar, glandular, trabecular and solid), as well 
as the intraductal growth pattern have been described. 
The intraductal growth pattern is generally associated 
with a better prognosis. A representative image of an 
acinar cell carcinoma is provided in Figure 4A.

Immunohistochemistry and molecular pathology

Immunohistochemistry is of pivotal importance to con-

Table II. Most relevant differential diagnoses for pancreatic ductal adenocarcinoma (PDAC), highlighting the histological 
aspect against PDAC diagnosis.
PDAC versus: Useful features versus PDAC

Chronic pancreatitis Ductal lithiasis, dense inflammatory infiltration, no clear signs of infiltrating tumor (e.g.: nodal metastasis).
Autoimmune 
pancreatitis

Marked inflammation with abundant plasma cells concentrated around pancreatic ducts, obliterative venulitis, 
cellular fibro-inflammatory stroma with a storiform appearance An increased numbers of IgG4 plasma cells.

Reactive glands Location of glands (the presence of “naked” glands in fat is very suggestive for PDAC), absence of mitotic 
figures, absence of stromal desmoplastic reaction.

Precursor lesions The presence of a possible infiltrating component, which lacks in non-infiltrating precursor lesions, should be 
excluded through an extensive sampling.
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firm the acinar cell differentiation. Trypsin, chymotrypsin 
and BCL-10 (clone 331.3, recognizing the COOH-termi-
nal portion of carboxil ester lypase) are the most sen-
sitive and specific immunohistochemical markers rec-
ommended for diagnosis. Pancreatic ductal markers, 
such as cytokeratins 7 and 19, as well as hepatocellular 
markers, such as HepPar-1, glypican 3, and alphafeto-
protein, may be expressed by ACC 16,70-72.
Alterations in the Wnt/β-catenin pathway have been 
frequently found, often due to APC promoter hyper-
methylation  74. Microsatellite instability has been de-
tected in about 10% of cases, while an ACC subset 
harbors potentially targetable gene fusions involving 
BRAF or RAF1 42,75.

Differential diagnosis

The main differential diagnoses include: pancreato-
blastoma, pancreatic neuroendocrine neoplasm, solid 
pseudopapillary neoplasm, as well as medullary and 
hepatoid variants of pancreatic ductal adenocarcino-
ma (Tab. III). 

TNM stage is the most important prognostic factor for 
ACC; they are staged with the same TNM staging sys-
tem adopted for pancreatic ductal adenocarcinoma.

Mixed acinar carcinomas

Mixed carcinomas (mixed acinar-ductal carcinoma, 
mixed acinar-neuroendocrine carcinoma, mixed aci-
nar-neuroendocrine-ductal carcinoma) are defined as 
carcinomas composed of two or three different com-
ponents, each constituting at least 30% of tumor vol-
ume 16.
Mixed acinar-neuroendocrine carcinomas account 
for about 20% of ACC (representative images are 
provided in Fig. 4B,  C,  D) Most acinar-neuroendo-
crine carcinomas do not display two morphologi-
cally distinct components, as the neuroendocrine 
differentiation is only recognized by immunohisto-
chemistry. Such mixed acinar-neuroendocrine carci-
nomas do not fit the diagnosis of mixed neuroendo-
crine-non-neuroendocrine neoplasm (MiNEN), and 
should be regarded as a subtype of ACC. Indeed, 

Table III. Histologic and immunohistochemical features helpful in the differential diagnosis of acinar and solid-pseudopap-
illary neoplasms

Tumor type/
subtype

Prominent 
nucleoli

Architectural 
patterns

Squamoid 
nests

Necrosis Stroma
Acinar cell 

marker 
expression

Neuroendocrine 
marker 

expression

Important 
markers for 
diagnosis

Acinar cell 
carcinoma

Yes Acinar, 
glandular, 

trabecular, solid

No Frequent Fibrous, 
scarce

Yes No/focal,
>30% in mixed 

Bcl10, trypsin

Pancreato-
blastoma

Yes Acinar, 
trabecular, solid

Yes Possible Fibrous, often 
hypercellular

Yes Yes, often focal Bcl10, trypsin; 
EMA-CK5-P63 

(SN)
Pancreatic 
NET

Rare Nesting, 
trabecular, 

glandular, solid

No Very rare Highly 
vascular, 
hyalinized

No Yes, diffuse and 
strong

Chromogranin, 
Synaptophysin, 

Ki67
NEC/large 
cell

Frequent Nesting/
trabecular, 
occasional 

rosettes

No Frequent Desmoplastic-
type

No Yes Synaptophysin, 
TP53

NEC/small 
cell

No Diffuse sheets No Frequent Desmoplastic-
type

No Yes Synaptophysin, 
TP53, Rb

Medullary 
carcinoma

Yes Solid, syncytial No Possible Lymphocyte-
rich

No No MMR proteins

Hepatoid 
carcinoma

Yes Trabecular, 
glandular, solid

No Possible Scarce, 
occasionally 
lymphocyte-

rich

No Rare Hep-par1, 
Arginase-1

SPN No Solid, 
pseudopapillary

No Possible Fibrovascular, 
hyalinized

No No/focal β-catenin 
(nuclear), 

CD10, 
Progesteron 

receptor, LEF1, 
Vimentin, 
CD200

Abbreviations: NEC: neuroendocrine carcinoma; NET: neuroendocrine tumor; SN: squamoid nests; SPN: solid pseudopapillary neoplasm; MMR: mismatch repair.
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their prognosis is similar to conventional ACC  72. 
However, rare true pancreatic MiNENs composed 
of separate acinar and neuroendocrine components 
have been reported 76. In such cases, the neuroendo-
crine component should be graded and reported in 
the final pathology report.
Mixed acinar-ductal carcinomas have either mucin de-
posits or a separate component strongly resembling a 
ductal adenocarcinoma, in addition to an acinar compo-
nent. Mixed acinar-neuroendocrine-ductal carcinomas 
have a mixed composite morphology, with an immuno-
histochemical profile supporting the three lines of dif-
ferentiation. Mixed acinar-ductal or acinar-neuroendo-
crine-ductal carcinomas usually have a poor prognosis.

Pancreatoblastoma

Pancreatoblastoma is a rare malignant neoplasm with 
potential multiple lines of differentiation  16. Acinar cell 
differentiation is usually prominent. The median patient 
age at diagnosis is 3-4 years; however, cases in adults 
have been described. Pancreatoblastoma may be as-

sociated with Beckwith-Wiedenn syndrome and familial 
adenomatous polyposis syndrome (FAP), type 1.
Grossly, they are usually large, solid tumors, with soft 
yellowish lobules surrounded by fibrous bands on cut 
surface. Some cases may have a cystic appearance.
Histologically, the neoplasm shows a lobulated ar-
chitecture, with highly cellular lobules separated 
by fibrous hypercellular septa. Most tumor cells are 
morphologically similar to those of ACC and most of 
them express acinar cell markers. The presence of a 
variable number of squamoid nests, composed of ep-
itheliod-to-splindle cells showing squamous differenti-
ation, is the histologic hallmark of the neoplasm and is 
crucial to establish correct diagnosis. A representative 
histologic image is provided in Figure 4E. Neoplastic 
cells within squamous nests may show nuclear clear-
ing and abnormal nuclear or cytoplasmic positivity for 
β-catenin; CD200 may be also positive in the case of 
nuclear β-catenin staining 53,77,78.
Pancreatoblastomas may also express general mark-
ers of neuroendocrine differentiation (including CD200) 

Figure 4. (A) Representative microscopic image of an acinar cell carcinoma, with aspects of intraductal growth (original 
magnification 20X); (B,C,D) Representative images of a mixed neuroendocrine-acinar neoplasm: B: hematoxylin-eosin stain-
ing (original magnification 10X), C: immunohistochemistry for synaptophysin (original magnification 20X), D: immunohis-
tochemistry for trypsin (original magnification 20X); (E) representative histological image of a pancreatoblastoma, including 
a squamous nest, indicated with a black arrow (original magnification 20X); (F) representative microscopic image of a solid-
pseudopapillary neoplasm (original magnification 10X).
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and AFP. Molecular features of pancreatoblastoma are 
loss of 11p and alteration in Wnt/β-catenin pathway 79. 
Pancreatoblastomas may have ad indolent behavior, 
but the presence of metastasis and of a non-operable 
disease represent adverse prognostic factors.

Solid pseudopapillary neoplasms

Definition and terminology

Solid pseudopapillary neoplasm (SPN) of the pan-
creas is a low grade malignant epithelial tumor with 
uncertain cellular differentiation, first described by VK 
Frantz in 1959 80. It is a rare neoplasm, representing 
0.9-2.7% of all pancreatic exocrine tumors  81; none-
theless, it accounts for 30% of all pancreatic neo-
plasms in patients younger than 40 years of age  82. 
SPNs were previously called “tumors” and considered 
to be benign or borderline lesions. They are now de-
fined as malignant due to their demonstrated possibil-
ity to metastasize 83,84.

Clinical and gross features

The vast majority of cases (90%) occur in adolescent 
girls and in young women (mean age 28 years). Cas-
es involving male patients are very rare and tend to 
occur 5-10 years later in life with a more aggressive 
behavior 85,86. SPN is often an incidental finding in pa-
tients undergoing physical examination or imaging for 
other indications. Up to two-thirds of cases present 
with mass symptoms such as abdominal pain, dis-
comfort, dyspepsia, nausea, vomiting or manifesta-
tions related to intratumoral hemorrhage. A small but 
significant percentage of patients present with acute 
hemoperitoneum 83. Tumor markers are generally nor-
mal, and there is no known association with genetic 
or paraneoplastic endocrine syndromes16. Metastases 
occur very rarely, mainly in the peritoneum and liver. 
The diagnosis is confirmed by imaging studies (ultra-
sound, MRI, CT); SPNs appear as well-demarcated 
neoplasms with both solid and cystic components. 
Calcifications are often seen, as well as fluid-debris 
levels 87,88. The long-term prognosis of SPNs after sur-
gical resection is generally excellent.
SPNs may occur anywhere in the pancreas, although 
a slight preference for the body and tail region has 
been reported 89. Direct extension to surrounding or-
gans, such as duodenum, spleen or the portal tract is 
rare but documented 16. SPNs tend to be solitary and 
well demarcated lesions, sometimes well-encapsulat-
ed, with a mean diameter around 10 cm (range: 0.5-25 
cm). On cut sections, they typically show a mixture of 
solid and cystic areas. Solid areas have a characteris-
tic yellow-light brown color and soft consistency, with 

macroscopically visible pseudopapillae; on the other 
hand, cystic areas are often filled with hemorrhagic 
and necrotic debris and may show calcification. Small-
er lesions tend to be entirely solid, while other lesions 
may be completely cystic.

Microscopic description with diagnostic hallmarks

The microscopic features of SPN recapitulate its 
macroscopic appearance, with a mixture of solid, 
pseudopapillary and cystic-hemorrhagic areas. A 
representative histological image is provided in Fig-
ure 4F.
Solid areas are composed of loosely cohesive mono-
morphic polygonal cells admixed with capillary-sized 
blood vessels. In pseudopapillary areas, there is par-
tial detachment of the neoplastic cells; the remain-
ing elements are left to surround the blood vessels, 
therefore forming structures resembling papillae. The 
neoplastic cells are characterized by eosinophilic 
cytoplasm and uniform round-oval nuclei with gran-
ular chromatin, lacking a prominent nucleolus. Small 
PAS-Diastase positive hyaline globules are often 
found within the cytoplasm of the neoplastic cells and 
contain alpha-1 antitrypsin granules. Mitotic figures 
are absent or rare. Multinucleated atypical giant cells 
and nuclear pleomorphism are sometimes present, 
especially in older patients, and are considered to be 
degenerative changes rather than signs of malignan-
cy  90. Foamy macrophages and cholesterol crystals 
are other common degenerative features typical of 
SPNs.
Foci of high-grade malignant transformation with 
high mitotic index may be present, and are associat-
ed with an extremely aggressive behavior 16. Despite 
its well-demarcated macroscopic appearance, SPNs 
may show infiltrative borders, with tumor cells sur-
rounded by non-neoplastic pancreas without a des-
moplastic reaction. The presence of infiltrative borders 
and capsular invasion are associated with local reoc-
currence 91.
Although true tumor necrosis is rare, infarction is not 
uncommon, and can involve the lesion almost entire-
ly. Pools of red blood cells, known as “blood lakes”, 
are typically present at the periphery of the lesion 
and should be distinguished from vascular invasion 
if tumor cells are present within them 83. The stroma 
around the neoplastic cells is usually scant and barely 
visible; when abundant, it may appear myxoid or hya-
line. Calcifications are sometimes seen in the capsule.
Metastatic lesions tend to have the same morpholog-
ic features of the primary tumor; however, a higher 
degree of pleomorphism and mitotic activity may be 
present.
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Immunohistochemistry and molecular pathology

Over 90% of SPNs show nuclear/cytoplasmic expres-
sion of β-catenin, a finding which is often accompa-
nied by loss of membranous expression of E-cadherin. 
The combination of these two markers is considered 
useful in the diagnosis of SPNs  92. Tumor cells are 
frequently positive for vimentin, CD56, neuron-specif-
ic enolase (NSE), alpha-1 antitrypsin, CD99. CD117 
(c-kit) is expressed in up to 50% of cases, in absence 
of KIT mutations 93. Synaptophysin may be focally pos-
itive, while chromogranin A, trypsin, CEA and BCL-10 
are consistently negative.
The key molecular feature of SPNs is the presence 
of somatic point mutations in exon 3 of the CTNNB1 
gene, which encodes β-catenin. Such alterations are 
present in almost all cases and lead to defective phos-
phorylation and degradation of the β-catenin protein, 
which accumulates in the cytoplasm and nucleus of 
the neoplastic cells  84. Mutated β-catenin loses its 
function as an adhesion molecule, an event that could 
probably explain the poor cohesion of neoplastic cells. 
Recent evidences suggested that SPNs with malig-
nant behavior harbor more often inactivating muta-
tions of epigenetic regulators (KDM6A, TET1, BAP1) 
associated with metastatic disease 94.
Mutations in genes typically found in infiltrating duct-
al adenocarcinoma, such as KRAS, CDKN2A and 
SMAD4 have not been reported in SPNs; less than 
5% of cases harbor TP53 mutations 83,95,96. 

Differential diagnosis

The main differential diagnoses are reported in Table 
III.
In case of diffuse cystic degeneration, SPNs may be 
radiologically and macroscopically confused with pan-
creatic pseudocysts. Clinical findings are important in 
distinguishing these two entities, since pseudocysts 
arise more commonly in men with a history of chronic 
pancreatitis, whereas SPNs typically occur in young 
women with no history of chronic disease. Microscop-
ically, pseudocysts are characterized by the absence 
of an epithelial lining and of the classic neoplastic 
SPN cells.
Another important differential diagnosis for SPNs, 
above all in the case of solid appearance, is represent-
ed by well-differentiated neuroendocrine neoplasms. 
In this context, after a careful histologic examination, 
immunohistochemistry may be of great importance 
for completing this challenging distinction. Although 
SPNs and neuroendocrine neoplasm may share the 
positive expression for some markers, such as syn-
aptophysin and CD200  54, at the same time SPNs 
have a distinct IHC profile, including the positivity for 
β-catenin (aberrant nuclear pattern), progesterone-re-

ceptor, CD10, vimentin and are constantly negative 
for chromogranin A (excluding a well-differentiated 
neuroendocrine neoplasm) and BCL-10 (excluding an 
acinar cell carcinoma).

The final pathology report for pancreatic 
malignant/exocrine tumors

The final pathology report for malignant/exocrine tu-
mors of the pancreas should include some important 
points to both support the diagnosis and to permit an 
adequate oncologic staging.
Accordingly to the current TNM staging system, the 
most important information for resectable PDAC is 
represented by tumor size and number of metastatic 
lymph nodes 21. Furthermore, the status of all resec-
tion margins should be reported.
For tumors of pancreatic head, resection margins in-
clude: the pancreatic neck margin, the biliary margin, 
the retroperitoneal margin (posterior lamina) and the 
intestinal margins (one gastric and one intestinal in 
the case of Whipple procedure). Lymph nodes should 
be divided differentiating them into intestinal (duode-
nal), peri-gastric (Whipple procedure), pancreatic-du-
odenal (dividing them in anterior and posterior may 
be helpful, although it is not required by TNM staging 
system), peri-choloedocic and superior mesenteric 
artery lymph nodes (in the retroperitoneal margin). 
Other useful parameters to be reported are represent-
ed by vascular invasion, perineural invasion and adi-
pose tissue infiltration. For PDAC, the grading of the 
tumor and the contemporary presence of dysplastic 
modifications of non-neoplastic ducts (e.g. PanIN, that 
supports the pancreatic primitiveness of the tumor) 
should be reported.
For tumors of the body-tail, the status of pancreatic 
transection margin must be reported. If tumors invade 
the anterior/posterior surfaces, this aspect should be 
mentioned in the final pathology report. Lymph nodes 
should be divided differentiating them into peri-pan-
creatic nodes (ideally identifying postero-superi-
or nodes, which are classically located very closely 
to splenic vessels, and inferior nodes, although this 
distinction is not taken into account by TNM staging 
system) and the lymph nodes of splenic hilus. As for 
tumors affecting the pancreatic head, other useful pa-
rameters to be reported are represented by vascular 
invasion, perineural invasion and adipose tissue in-
filtration. For PDAC, in addition, grading of the tumor 
and the contemporary presence of dysplastic modi-
fications of non-neoplastic ducts (e.g. PanIN, that 
supports the pancreatic primitiveness of the tumor) 
should be reported.
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