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Acinar cell carcinomas (ACCs) of the pancreas are rare pancreatic neoplasms accounting 
for about 1–2% of pancreatic tumors in adults and about 15% in pediatric subjects. They 
show different clinical symptoms at presentation, different morphological features, different 
outcomes, and different molecular alterations. This heterogeneous clinicopathological 
spectrum may give rise to difficulties in the clinical and pathological diagnosis with con-
sequential therapeutic and prognostic implications. The molecular mechanisms involved 
in the onset and progression of ACCs are still not completely understood, although in 
recent years, several attempts have been made to clarify the molecular mechanisms 
involved in ACC biology. In this paper, we will review the main clinicopathological and 
molecular features of pancreatic ACCs of both adult and pediatric subjects to give the 
reader a comprehensive overview of this rare tumor type.
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Background

Acinar cell carcinomas (ACCs) of the pancreas are very rare pancreatic neoplasms accounting 
for approximately 1–2% of pancreatic tumors in adults and about 15% in pediatric subjects 
(1). Although they are traditionally considered as a single tumor entity, several recent findings 
have demonstrated that they may show different clinical symptoms at presentation, different 
morphological features, different outcomes, and different molecular alterations. This heteroge-
neous clinicopathological spectrum may give rise to difficulties in the clinical and pathological 
diagnosis with consequential therapeutic and prognostic implications. The differential diagnosis 
from ductal adenocarcinomas is generally easy and is mainly based on morphology, whereas the 
distinction from pancreatic neuroendocrine tumors (PanNETs) is more difficult because of some 
similar morphological features. In addition, the differential diagnosis from solid pseudopapillary 
neoplasms and pancreatoblastomas may be problematic. The diagnostic hallmark of ACC is the 
immunohistochemical demonstration of acinar-specific products such as trypsin, lipase, amylase, 
and carboxyl ester lipase (CEL). The molecular mechanisms involved in ACC pathogenesis and 
progression are largely unknown, although in recent years, several attempts have been made to 
better understand the molecular pathology of such rare cancers. In general, the typical abnormalities 
of ductal adenocarcinomas including mutations in KRAS, DPC4, p16, and TP53 genes are absent 
or very rare in ACCs, while the better known pathogenetic mechanism includes abnormalities in 
the APC/β-catenin pathway (1).

http://www.frontiersin.org/Medicine
http://www.frontiersin.org/Medicine/archive
http://www.frontiersin.org/Medicine/editorialboard
http://www.frontiersin.org/Medicine/editorialboard
http://dx.doi.org/10.3389/fmed.2015.00041
http://www.frontiersin.org/Medicine
https://creativecommons.org/licenses/by/4.0/
mailto:stefano.larosa@ospedale.varese.it
http://dx.doi.org/10.3389/fmed.2015.00041
http://www.frontiersin.org/Journal/10.3389/fmed.2015.00041/abstract
http://www.frontiersin.org/Journal/10.3389/fmed.2015.00041/abstract
http://www.frontiersin.org/Journal/10.3389/fmed.2015.00041/abstract
http://www.frontiersin.org/Journal/10.3389/fmed.2015.00041/abstract
http://loop.frontiersin.org/people/65040/overview
http://loop.frontiersin.org/people/243760/overview
http://loop.frontiersin.org/people/238484/overview
www.frontiersin.org


June 2015 | Volume 2 | Article 412

La Rosa et al. Pancreatic acinar cell carcinoma

Frontiers in Medicine | www.frontiersin.org

In this paper, we will review the main clinicopathological 
and molecular features of pancreatic ACCs to give the reader a 
comprehensive overview of this rare tumor type.

Acinar cell carcinoma in Adults

clinical Features
The average age of adult patients is approximately 59 years old 
(range 20–88 years). Males are more commonly affected with a 
male/female ratio of 2:1 (2–4). In the majority of cases presenting 
symptoms are non-specific and include abdominal pain, weight 
loss, vomiting, and nausea, which are related to tumor growth and/
or metastatic spread. Jaundice can be present, but it is much rarer 
than in ductal adenocarcinoma (2, 4). Patients with metastatic 
disease rarely show symptoms due to lipase hypersecretion, 
which include subcutaneous fat necrosis and polyarthralgia 
(5–7). Occasionally, patients, especially when young, may present 
increased alpha-fetoprotein (AFP) blood levels that should be 
considered as a suspicious marker of ACC in the presence of a 
pancreatic mass (8–11). Although most ACCs arise sporadically, 
rare cases diagnosed in the context of Lynch syndrome or familial 
adenomatous polyposis (FAP) have been documented (4, 12–14).

Macroscopy
Acinar cell carcinomas may arise in any portion of the pancreas. In 
a recently reported series in which macroscopic information was 
available for 58 ACCs, 22 tumors were in the head, 2 interested 
the head and the body, 5 the body, 12 the body and tail, 16 the tail, 
and 1 the entire pancreas (4). Tumors are generally large (average 
diameter of 8–10 cm), well circumscribed, and at least partially 
encapsulated. The cut surface generally appears homogeneous pink 
to tan, fleshy, or even friable in consistency (Figure 1). Hemorrhage 
and necrosis can be observed as well as cystic changes. A rare 
variant of ACC, exclusively characterized by variable-sized cysts, 
has been named acinar cell cystadenocarcinoma (15). Invasion of 
the tumor through the capsule is a common finding and in about 
50% of cases infiltration of the duodenum, large vessels, stomach, 
kidney, peritoneum, or spleen can also be observed (1, 4).

Histological Features
At scan magnification, tumors appear highly cellular with a lobular 
architecture and scant fibrous stroma (Figure 2). Necrosis is fre-
quent and in about 1/3 of cases is prominent. These morphological 
features can be useful for the differential diagnosis with the more 
common ductal adenocarcinomas that are generally less cellular, 
and show abundant fibrous stroma without or with focal necrosis 
(16). ACCs may have different histological features, ranging from 
acinar structures similar to normal pancreatic acini to solid growths 
composed of large sheets of poorly differentiated neoplastic cells. 
The acinar architectural pattern (Figure 3A) is characterized by 
cells forming structures resembling normal acini, sometimes with 
minute lumens. Cells are in a monolayer with basally located nuclei 
and have a moderate amount of granular eosinophilic cytoplasm. 
In some cases, the lumens can be dilated resembling glandular 
structures with cells sometimes arranged in multiple layers (glan-
dular pattern, Figure 3B). The trabecular pattern (Figure 3C) is 
characterized by trabecular structures formed by ribbons of cells 

FiGURe 1 | Macroscopic appearance of a well circumscribed and 
large acinar cell carcinoma of the pancreatic head.

strongly resembling the morphology of PanNETs. The solid pat-
tern (Figure 3D) is characterized by large sheets of cells without 
lumens that generally show large nuclei with dispersed chromatin 
and prominent nucleoli. With the exception of the typical acinar 
architecture, the other three patterns of growth may be difficult to 
interpret because they resemble those of other pancreatic neoplasms 
including solid pseudopapillary tumors (SPTs), PanNETs, and 
ductal adenocarcinomas. In these cases, immunohistochemistry is 
mandatory for the correct diagnosis (see the next paragraph). The 
most frequent morphologies are represented by acinar and solid 
growths, although a mixture of patterns can be frequently found 
within an individual ACC. Nuclei are generally uniform and a 
single nucleolus is characteristic. Mitotic rate is variable but gener-
ally high with a recently reported mean mitotic index of 14.63 (4). 
The cytoplasm is abundant, finely granular, and eosinophilic. It also 
contains several zymogen granules, which are periodic acid-Schiff 
(PAS) positive and resistant to diastase digestion (dPAS). In addi-
tion to these histological features, uncommon variants (Figure 4) 
have been described recently including oncocytic, spindle, and 
pleomorphic types (4). These rare variants should be taken into 
account because can give diagnostic difficulties, especially when 
looking at small bioptic specimens. They enter in the differential 
diagnosis with the more common oncocytic PanNETs (17) and 
undifferentiated carcinomas (18). Moreover, clear cell ACCs have 
been described anecdotally and recently observed by us in a liver 
metastasis and by Dr. Mounajjed (Mayo Clinic, Rochester, MN, 
USA) in a primary pancreatic ACC. These very uncommon ACC 
types enter in the differential diagnosis with clear cell PanNETs 
that can be observed sporadically or in association with both von 
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FiGURe 2 | At scan magnification, most acinar cell carcinomas 
appear highly cellular with a lobular architecture and scant fibrous 
stroma. Abundant necrosis (right) is frequently observed. These 
morphological features can help in the differential diagnosis with the more 
common ductal adenocarcinoma that is generally less cellular, shows 
abundant fibrous stroma without or with focal necrosis.
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Hippel–Lindau disease and MEN1 (19, 20). Intraductal dissemina-
tion of ACC, characterized by intraductal polypoid growth, has 
been described (21–23). Interestingly, it has been suggested that 
ACCs showing this peculiar pattern of growth may be associated 
with less aggressive clinicopathologic features (23).

Histological Variant of ACC
Mixed acinar-neuroendocrine carcinomas
About one-third of ACCs shows a significant neuroendocrine 
component (>30%) and these cases are defined as mixed acinar-
neuroendocrine carcinomas (MANECs) (24). The neuroendocrine 
component is very difficult to identify morphologically on H&E 
stained sections and the use of immunohistochemistry employ-
ing antibodies directed against general neuroendocrine markers 
(chromogranin A and synaptophysin) is mandatory (Figure 5). 
However, it is worth noting that the survival rate of patients with 
ACCs and MANECs is the same (4).

Acinar cell cystadenocarcinoma
This rare variant presents as large, encapsulated multicystic lesion, 
measuring up to 25 cm in diameter. This neoplasm is composed 
of acinar and microglandular complexes as well as microcysts and 
macrocysts. The cysts are lined by cells with acinar morphology 
that are immunoreactive for pancreatic enzymes (15, 25, 26).

Mixed acinar-ductal adenocarcinoma
These neoplasms show both acinar and ductal differentiation 
(Figure  6) with prevalence of the acinar component in most 
cases (27). Some display a conspicuous mucinous component 
in association with acinar cells. Others show neoplastic glands 
surrounded by desmoplastic stroma similar to those of ordinary 

ductal adenocarcinoma, combined with a more solid component 
showing acinar differentiation.

Mixed acinar-neuroendocrine-ductal carcinoma
This is a very rare and not well-documented variant of ACC 
with multiple directions of differentiation. Histologically, these 
neoplasms are very similar to mixed acinar-ductal carcinomas: 
the neuroendocrine component was not identifiable histologically 
in the reported cases, but was detected with immunostaining for 
chromogranin A and/or synaptophysin (27, 28).

Ultrastructural Features
Tumor cells often form acinar-like complexes. Tumor cells con-
tain large electron-dense granules (Figure  7), abundant rough 
endoplasmic reticulum, well-developed Golgi complexes, and 
some mitochondria. Small microvilli are found in the apical 
surface. The majority of zymogen granules have a mean diameter 
of 400–500 nm and are homogeneous and round. The zymogen 
nature of these granules has been demonstrated with electron 
microscopy immunocytochemistry using anti-trypsin antibod-
ies (29). A second granule type, the irregular fibrillary granule, 
resembling the zymogen granules of the fetal pancreas has also 
been detected (2).

immunohistochemical Profile
Since the diagnostic hallmark of ACC is the demonstration of 
acinar differentiation, immunohistochemistry plays an indis-
pensable diagnostic role in the demonstration of specific acinar 
cell products. Traditional antibodies used to identify acinar 
differentiation are those directed against trypsin, lipase, amylase, 
and CEL, but it is well known that they significantly differ in 
terms of sensitivity (4, 30, 31). It has recently been suggested that 
the monoclonal antibody directed against the COOH-terminal 
portion of the BCL10 protein (clone 331.3), which recognizes the 
COOH-terminal portion of CEL, is a useful tool for detecting 
ACCs, because it is highly specific and sensitive (31). The BCL10 
immunoreactivity depends on the homology between the amino 
acid sequence 156 and 205 of the BCL10 protein (blast accession 
number: NP_003912.1) and the sequence between amino acid 
564 and 608 of CEL (blast accession number: NP_001798.2) and 
does not depend on the true presence of the BCL10 protein in 
acinar cells (31). The utility in detecting acinar differentiation of the 
antibody directed against the COOH-terminal portion of BCL10 
has been confirmed in further studies on both histological and 
cytological specimens (4, 32).

Among the various available antibodies, amylase is the least 
sensitive despite its wide expression in normal pancreatic acinar 
cells. Although the reason for this is not clear, amylase should not 
be considered as a useful diagnostic marker. In light of this obser-
vation, we suggest avoiding the use of the anti-amylase antibody in 
the diagnostic pathway of pancreatic ACCs, especially when only 
small bioptic specimens are available. Lipase expression, although 
more often found than amylase, is not detected in several cases. For 
this reason, we believe that lipase immunohistochemistry should 
only be included in the panel used to study surgical specimens for 
completeness. Our and other studies show that antibodies directed 
against trypsin and BCL10 (Figure  8) are the best in terms of 
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FiGURe 3 | Acinar cell carcinomas may have different histological 
features. The acinar architectural pattern (A) is characterized by cells forming 
structures resembling normal pancreatic acini, sometimes with minute 
lumens. Cells are in a monolayer with basally located nuclei and have a 
moderate amount of granular eosinophilic cytoplasm. The glandular pattern 
(B) is characterized by proliferation of cells, sometimes arranged in multiple 

layers, forming glandular structures. The trabecular pattern (c) is 
characterized by trabecular structures formed by ribbons of cells strongly 
resembling the morphology of pancreatic neuroendocrine tumors. The solid 
pattern (d) is characterized by large sheets of poorly differentiated cells 
without lumens that generally show large nuclei with dispersed chromatin and 
prominent nucleoli.
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sensitivity (2, 4, 30, 31). In our routine practice, we use both trypsin 
and BCL10 antibodies because it has been demonstrated that 15 
and 4% of ACCs may be BCL10 and trypsin negative, respectively 
(4). In our hands, the simultaneous use of both antibodies allows 
the detection of approximately 100% of ACCs, therefore, avoiding 
the lack of recognition of those cases that only express one of these 
two markers.

Scattered chromogranin A and/or synaptophysin positive neu-
roendocrine cells can be observed in several ACCs (Figure 9A). 
In about one-third of cases, they represent more than 30% of 
neoplastic cells and such ACCs are currently defined as MANECs 
following the criteria proposed in the 2010 WHO classification of 
tumors of the digestive system (24).

In addition to the acinar cell markers described above, ACCs 
may also express cytokeratin (CK) 7 and CK19 (Figures 9B,C) (4, 
33, 34), traditionally known as markers of ductal adenocarcinomas. 
The knowledge that these two CKs can be expressed in at least a 
subset of ACCs should be taken into account during the diagnostic 
pathway for the differential diagnosis with ductal adenocarcinoma 
that should not be considered only on the basis of CK7 and CK19 
immunoreactivity, independently of the morphological context.

Immunoreactivity for PDX1 (Figure 9D), a homeobox tran-
scription factor involved in the regulation of pancreatic develop-
ment, has recently been reported in ACCs (4, 35). This marker 

does not seem correlated with prognosis and it is not a marker of 
ACC when diagnosing a primary pancreatic neoplasm. It may be 
useful in the diagnostic pathway of metastatic lesions to document 
a possible pancreatic origin.

Nuclear expression of β-catenin (Figure 9E) can be found in 
about 10% of ACCs. This confirms that alterations in the β-catenin 
pathway are involved in a subset of ACCs (4, 36, 37). Its expression 
should also be considered for the differential diagnosis with SPTs 
(see the next paragraph).

Although the role of p53 in the tumorigenesis and progression 
of ACCs still remains to be elucidated and p53 nuclear immuno-
reactivity has not been found in some investigations (36, 38, 39), 
we have recently demonstrated that a subgroup of ACCs strongly 
express p53 (Figure 9F). Interestingly, patients with tumors show-
ing more than 50% of p53-positive cells showed a trend of worse 
survival rate than those with tumors lacking or expressing p53 in 
<50% of neoplastic cells (4). However, further studies are needed 
to confirm the prognostic role of p53 expression.

differential diagnosis
The differential diagnosis between ACCs and other pancreatic 
tumor types should be based, first, on morphological features 
and, then, on immunohistochemical analyses, which are useful 
in demonstrating acinar differentiation.
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FiGURe 5 | Mixed acinar-neuroendocrine carcinomas (MAnecs)  
are composed of both acinar and neuroendocrine components  
and each must represent at least 30% of the tumor tissue. The 
neuroendocrine component is very difficult to identify morphologically on 

H&E stained sections (A). The use of immunohistochemistry  
employing antibodies directed against general neuroendocrine  
[(B) chromogranin A] and acinar markers [(c) BCL10] is mandatory for  
the diagnosis.

FiGURe 4 | Uncommon histological features of pancreatic acinar cell carcinomas include oncocytic cells (A), spindle cells (B), pleomorphic cells (c), 
and clear cells (d).
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The differential diagnosis with ductal adenocarcinoma is 
generally easy because of the different morphology of these two 
cancer types. However, in some particular cases of ACC with 
unusual morphology (spindle cell, clear cell, and pleomorphic 
cell variants), the use of immunohistochemistry is mandatory for 
the correct diagnosis. ACCs express acinar markers (trypsin and 
BCL10 are the most sensitive and specific), which are lacking in 
ductal adenocarcinoma. It is worth noting that ACCs may express 
CK7 and CK19, which are not consequently specific indicators 
of a ductal origin. For this reason, the value of CK7 and CK19 
expression in a pancreatic tumor should be evaluated with caution.

The differential diagnosis with PanNETs may be more dif-
ficult because of some morphological similarities between 
ACCs and PanNETs. However, the presence of a high-mitotic 
index, abundant necrosis, clearly evident nucleoli in appar-
ently well to moderately differentiated cells with abundant 
eosinophilic cytoplasm, should give rise to the suspicion of an 
ACC. Immunohistochemistry is useful, but it must be used with 
caution. The use of general neuroendocrine markers including 
chromogranin A and synaptophysin alone may be risky because 
several ACCs show at least scattered neuroendocrine cells, which, 
in 30% of cases, are particularly abundant (MANECs). For this 
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FiGURe 7 | At the ultrastructural level, tumor cells contain large 
electron-dense granules, abundant rough endoplasmic reticulum, 
well-developed Golgi complexes, and some mitochondria.

FiGURe 6 | (A) Mixed acinar-ductal adenocarcinoma is a neoplasm 
showing both acinar (top right corner) and ductal differentiation. 
Neoplastic glands are generally surrounded by a desmoplastic  

stroma similarly to ordinary ductal adenocarcinomas. The acinar 
component is easily identifiable using acinar cell markers including  
BCL10 (B).
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reason, if an ACC is suspected, the demonstration of acinar cell 
products in mandatory.

The differential diagnosis with SPT may be difficult, although 
this tumor is more frequent in females and rarely shows abun-
dant necrosis. SPTs typically show nuclear immunoreactivity for 
β-catenin and strong expression of CD10 that, however, can also 
be found in about 10 and 60% of ACCs, respectively (4, 33). For 
this reason, these two markers should not be used alone but in 
association with acinar-specific ones such as trypsin and BCL10.

Pancreatoblastoma (PB) is a malignant epithelial neoplasm 
showing multiple lines of differentiation including acinar 
differentiation. Consequently, the differential diagnosis with 
ACC may be difficult. The presence of squamoid nests in PB 
is the histological hallmark that distinguishes between the two 
entities.

Acinar cell cystadenocarcinoma needs to be distinguished 
from acinar cell cystadenoma, which is a rare benign cystic 
neoplasm lined by cells showing acinar differentiation. In acinar 
cell cystadenocarcinoma, the epithelium lining the cysts is more 
complex and tumor cells are less well polarized, atypical with a 
well evident single nucleolus. Moreover, areas of solid growth with 
necrosis and infiltration into the stroma support the diagnosis of 
malignancy (40).

In addition to the differential diagnosis with other primary 
pancreatic neoplasms, liver metastases from pancreatic ACCs need 
to be distinguished from primary liver ACCs (41, 42). Since the 
morphological features are identical between the two entities, an 
accurate radiological investigation and intra-operative examination 
are mandatory. It is worth noting that primary liver ACCs are gener-
ally solitary neoplasms, while metastases from pancreatic ACCs are 
generally multiple and associated with metastatic spread outside the 
liver in most of cases (4, 42). This clinical context should be taken 
into account when diagnosing a suspected primary liver ACC.

Molecular Pathology
The molecular mechanisms involved in the onset and progres-
sion of ACCs are poorly known, although in the last 10 years, 
several attempts have been made, using different technical 
methods, to better understand the molecular biology of such 
cancers. The main difficulty in studying the molecular profile 
of ACCs is their rarity and, consequently, the difficulty in col-
lecting a significantly large number of cases. In general, the 
most common molecular alterations of ductal adenocarcinomas 
including mutations of KRAS, TP53, DPC4, and p16 genes 
are absent or rare in ACCs, while losses of chromosome 11p, 
alterations in the APC/β-catenin pathway, and loss of DCC 
expression have been observed in several cases. In the present 
section, we will review the molecular alterations investigated 
in adult ACCs (Table 1).

KRAS Mutations
While KRAS mutations are commonly found in ductal adenocar-
cinomas (43), they are exceedingly rare in ACCs. KRAS mutations 
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FiGURe 8 | Antibodies directed against trypsin (A) and BcL10 (B) are the best in terms of sensitivity in detecting acinar cell carcinoma. The 
immunoreactivity is cytoplasmic and strong.
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have been investigated in 9 studies including 196 ACCs/MANECs 
and they were only found in 2 cases, representing 1% (37, 38, 
43–49).

EGFR Mutations
Mutational analysis of EGFR (exons 18–21) has been investigated 
recently in 57 ACCs and no mutations have been found (48). In 
the same study, EGFR immunoreactivity at the cell membrane 
level was observed in 19/45 (42%) cases. The EGFR status may 
be interesting for the possible use of anti-EGFR-directed therapy. 
However, there is currently not enough data to suggest the possible 
response to this target therapy.

BRAF Alterations
BRAF mutations have been investigated in only two studies 
using either whole-exome sequencing analysis (47) or immuno-
histochemistry with the anti-BRAF V600E antibody (48). BRAF 
mutations were found in two mixed acinar-ductal carcinomas 
and in only 1 out of 17 pure ACCs (47). Among the 42 immu-
nohistochemically investigated ACCs none were positive for the 
anti-BRAF antibody (48). Although BRAF mutations are very rare, 
it has recently been demonstrated that about 23% of ACCs harbor 
rearrangements involving BRAF and RAF1 and the most prevalent 
fusion was SND1-BRAF. Interestingly, SND1-BRAF transformed 
cells were sensitive to treatment with MEK inhibitors (trametinib), 
suggesting a new therapeutic approach to ACCs (49).

p16 Mutation
p16 mutation does not seem to be involved in ACCs, although 
only a few cases have been investigated. Moore and coworkers did 
not find any p16 mutations in 6 ACCs (43). Although these data 
suggest that p16 is not involved in ACCs tumorigenesis, further 
studies enrolling many more cases are needed to finally clarify 
the role of this gene.

DPC4/SMAD4 Alterations
Although traditionally DPC4/SMAD4 mutations have been believed 
to be absent in ACCs, recent investigations have demonstrated 
mutations or truncations of these genes in at least a subset of cases 

using different methodological approaches including mutational 
analysis (43), whole-exome sequencing analysis (47), NGS-based 
genomic profiling (49), and immunohistochemistry (36, 39, 43, 
46). DPC4/SMAD4 mutations were found in 11/59 (18.6%) ACCs/
MANECs (47, 49), while lack of DPC4 immunoreactivity was 
observed in 1 out of 35 (2.8%) cases investigated (36, 39, 43, 46).

TP53 Mutations and p53 Immunohistochemical 
Expression
p53 expression in ACCs was immunohistochemically inves-
tigated for the first time in 1993 by Hoorens and coworkers 
using a polyclonal antibody, which did not identify any nuclear 
immunoreactivity (38). Since then three other studies, using 
the monoclonal DO-7 or DO-1 antibodies, have investigated 
the immunohistochemical nuclear expression of p53, which 
was found in 10/85 (11.7%) cases (4, 36, 39). However, the 
comparison of such investigations is quite difficult because of the 
different antibodies employed, different immunohistochemical 
methods, and different cut-offs used to define a tumor as posi-
tive. We have recently used a very high cut-off (50% of positive 
cells) to consider a tumor as positive. This choice was derived 
from the fact that it has been demonstrated that high cut-off 
of p53 protein expression accurately identifies gene mutation, 
thus consistently reducing false-positive immunoreactivity (4). 
Because the first published papers, mainly based on immuno-
histochemical findings, did not demonstrate p53 alterations, 
it has traditionally been considered that, unlike pancreatic 
ductal adenocarcinomas, ACCs do not harbor TP53 mutations. 
However, after accurately analyzing the seven studies in which 
TP53 mutations were investigated, it clearly appears that it is 
not as rare as believed initially. Indeed, TP53 mutations have 
been identified in 12 out of 133 (12%) ACCs (43, 44, 46, 47, 49, 
51, 52). In addition to mutations, TP53 gene loss has also been 
documented in different studies (43, 49, 52, 53). Interestingly, 
p53 immunoreactivity showed a trend of poor survival (4) and 
the concomitant presence of both TP53 mutations and gene loss 
correlated with a worse prognosis (52). However, further studies 
are needed to clarify the potential role of p53 in the progression 
and aggressiveness of ACCs.
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FiGURe 9 | Acinar cell carcinomas frequently show scattered 
chromogranin A-positive neuroendocrine cells (A), but for the 
diagnosis of MAnec they must represent at least 30% of the tumor 
tissue (see Figure 5). Acinar cell carcinomas may also express cytokeratin 
7 (B) and cytokeratin 19 (c), which are traditionally known markers of  

ductal adenocarcinomas. PDX1 immunoreactivity (d) is observed in  
about 90% of cases, while nuclear positivity for β-catenin (e) in about  
15% of cases. Strong nuclear immunoreactivity for p53 (F) can be  
found in about 30% of carcinomas and its prognostic meaning is not  
clear, to date.
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BRCA2 Alterations
BRCA2 mutations were found in 4/30 ACCs (47, 50). In the study 
by Furukawa et al., the reported BRCA2 mutations were either 
somatic or germline premature termination mutations associ-
ated with loss of the normal wild-type allele and lack of BRCA2 
immunoreactivity. Interestingly, one of these patients presented 
complete remission of liver metastases after cisplatinum-based 
chemotherapy (50). Alterations of BRCA2 including truncation 
and loss were identified in 6/29 and 1/3 ACCs, respectively (49, 
53). In one study, BRCA2 amplification has been found in one out 
of five ACCs (46).

APC/β-Catenin Pathway Alterations
Alterations in the APC/β-catenin pathway have been well-
documented and include mutations of both APC and CTNNB1 
genes. APC mutations have been investigated in 4 studies includ-
ing 99 ACC/MANECs. They were found in eight cases (8%). 
CTNNB1 mutations have been demonstrated in 5/70 (7%) ACC/
MANECs investigated in three different studies (36, 37, 49), 
while abnormal nuclear β-catenin immunoreactivity has been 
documented in 5/39 (12.8%) cases investigated in two studies (4, 
46). However, it has recently been demonstrated that the most 
frequent alterations of the APC gene are mainly due to gene loss 
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TABLe 1 | summary of gene alterations in pancreatic acinar cell 
carcinomas and mixed acinar-neuroendocrine carcinomas described in 
the medical literature.

Gene Mutation Reference

KRAS 2/196 (1%) (37, 38, 43–49)
EGFR 0/57 (48)
BRAF 1/17 (5.9%) (47)
p16 0/6 (43)
BRCA2 4/30 (47, 50)
DPC4/SMAD4 11/59 (18.6%) (47, 49)
TP53 12/133 (12%) (43, 44, 46, 47, 49, 51, 52)
APC 8/99 (8%) (36, 37, 47, 49)
CTNNB1 5/70 (7%) (36, 37, 49)

Gene deletion Reference

TP53 46/187 (25%) (39, 43, 45, 47–49, 52, 53)
BRCA2 1/3 (33%) (53)
APC 12/25 (48%) (37)

Gene Methylation Reference

APC 24/43 (56%) (37)
RASSF1 26/43 (60%) (37)
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and/or promoter hypermethylation rather than APC mutations. 
APC loss and hypermethylation were found in 48 and 56% of ACC/
MANECs, respectively, whereas APC mutations were detected in 
only 7% (37). Interestingly, loss and methylation of APC gene 
were also found in normal appearing non-neoplastic pancreatic 
tissues adjacent to ACCs, suggesting that the “field cancerization” 
phenomenon, which has been described in prostate, head and 
neck, colon, esophageal, lung, and breast carcinomas (54) may 
also exist for pancreatic ACCs (37). Another interesting aspect of 
APC alterations in ACCs is the well-known correlation between 
chromosome instability and loss of APC function, which, being 
involved in mitosis regulation, leads to polyploidy. Interestingly, 
low APC mRNA levels were directly correlated to high frequency 
of copy number alterations and chromosome instability (37, 48).

In addition to these direct evidences, which demonstrate 
the role of APC gene in the pathogenesis of pancreatic ACCs, 
there are additional indirect experimental findings that suggest 
that this gene is involved in the pathogenesis of such carcinomas 
and, in general, in the biology of normal pancreatic acinar cells. 
APC gene inactivation, in pancreatic epithelial cells of mouse 
embryos, induced pancreatomegaly due to selective proliferation 
of acinar cells between birth and 6 months of age (55). Moreover, 
mice constitutively null for functional p53 and heterozygous for 
APC mutations developed dysplastic acinar foci and ACCs (56). 
Whereas in DNA methyltransferase (Dnmt) 1 hypomorphic mice, 
reduced methylation of tumor suppressor genes, mainly APC, leads 
to a reduction of pancreatic ACC development (57).

Chromosomes Abnormalities
The first description of chromosome abnormalities in ACCs was 
reported in 2002 by Abraham and coworkers who described the 
allelic loss of chromosome 11p in 50% of the cases they investigated 
(36). Since then, chromosome gains and losses have been investi-
gated using different molecular approaches including comparative 
genomic hybridization (CGH), fluorescence in situ hybridization 
(FISH), multiple ligation probe amplification (MLPA), loss of 

heterozygosis (LOH) analysis using PCR, and whole-exome 
sequencing analysis (37, 39, 47, 48, 53). From the global analysis 
of the findings reported in the literature, it appears that pancreatic 
ACCs show chromosome instability characterized by high degrees 
of allelic loss and gains. The more frequently involved regions as 
losses included 1p, 3p, 5q, 6q, 8p, 9p, 11, 17p, and 18q, while the 
gained regions mainly were 1q, 7, 8q, 12, 17q, and 20q (37, 45, 
47, 48). Interestingly, a hierarchical clustering of CGH findings 
did not find differences between pure ACCs, cystic ACCs, and 
MANECs indicating that these subtypes have the same cytogenetic 
background. Moreover, although some cytogenetic similarities 
between ACCs and ductal adenocarcinomas have been observed, 
the cytogenetic profile of ACCs is globally different from that 
of ductal adenocarcinomas confirming that these two types of 
exocrine pancreatic cancers are two different entities also in terms 
of cytogenetic alterations (48). Several chromosomal imbalances 
have also been associated with tumor size and metastatic spread 
suggesting a possible role of chromosomal abnormalities in the 
progression and aggressiveness of ACCs. A very recent and inter-
esting finding regards the amplification of c-MYC, located at the 
8q24 locus, which was found in 17% of ACCs, even if its role in 
biological aggressiveness remains to be clarified (48). Loss of 18q 
was one of the most frequent chromosome abnormalities found 
in a recent study on ACC (48). This loss was correlated with the 
loss or significant reduction of deleted in colorectal carcinoma 
(DCC) protein and has been considered as an early step in the 
development of ACCs.

Methylation Profile
Aberrant methylation of CpG islands is a well-known mechanism 
associated with the silencing of cancer-related genes in several can-
cers including pancreatic adenocarcinomas (58, 59) and PanNETs 
(60). In the literature, there is only one study, which, analyzing 
the promoter methylation status of 34 tumor suppressor genes, 
evaluated the methylation profile of ACCs (37). In general, ACCs 
showed low levels of hypermethylation and no tumors character-
ized by concerted hypermethylation at multiple loci were identified 
among 55 ACC/MANECs investigated. Consequently, the so-called 
“CpG island methylator phenotype (CIMP)” described not only in 
colorectal cancers but also in pancreatic ductal adenocarcinomas 
and PanNETs (60, 61) seems not to be present in pancreatic ACCs. 
However, some genes, including RASSF1 and APC, frequently were 
found to be methylated. Interestingly, RASSF1 promoter methyla-
tion was found also in non-neoplastic pancreatic tissues adjacent 
to ACCs (37).

Microsatellite Instability
Acinar cell carcinoma is an unusual tumor found in the context 
of Lynch syndrome with only four cases described in the litera-
ture (12, 13, 62). However, microsatellite instability has been 
evaluated in five different studies since Abraham and cowork-
ers described three unstable ACCs in 2002 (13, 36, 46, 48, 62). 
Microsatellite instability has been investigated in a total of 159 
ACCs and 13 of them (8.2%) were found to be unstable. The 
relationship between MSI and MLH1 methylation has never been 
investigated in pancreatic ACCs. Unstable ACCs did not show 
peculiar morphological features useful for their identification 
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FiGURe 10 | Acinar cell carcinoma in a 1-year-old boy characterized 
by a trabecular growth (A) resembling that of a pancreatic 
neuroendocrine tumor. However, tumor cells are strongly immunoreactivity 
for trypsin (B).

June 2015 | Volume 2 | Article 4110

La Rosa et al. Pancreatic acinar cell carcinoma

Frontiers in Medicine | www.frontiersin.org

(13). It is also worth noting that there are not enough clinico-
pathological data demonstrating a different survival of unstable 
ACCs, compared to stable ones. Furthermore, there are no 
clinical trials suggesting a different therapeutic approach to this 
subset of ACCs to date.

Prognostic Factors
The prognostic meaning of several morphological features, 
immunohistochemical markers, and molecular abnormalities 
has been investigated in recent years. Some markers, including 
vascular invasion, perineural infiltration, CK19 immunoreactivity, 
and p53 expression in more than 50% of neoplastic cells, showed 
a trend of worse survival but not reaching statistical significance 
(4). Other markers such as tumor size, lymph node and distant 
metastases, RASSF1 methylation, and STK11 and TP53 copy 
number alterations were statistically associated with prognosis 
in univariate analysis (4, 37). However, in multivariate analysis, 
only UICC stage proved to be an independent prognostic factor. 
Interestingly, the best prognostic stratification of patients was 
observed by grouping together stage I with stage II, and stage 
III with stage IV, suggesting a simplification of UICC staging for 
pancreatic ACCs (4).

Acinar cell carcinoma in infancy

epidemiology
Exocrine pancreatic tumors including ductal adenocarcinomas, 
ACCs, SPTs, and PBs are rare in children and adolescents. The 
rarity of such tumors has been the cause of the small number 
of cases analyzed in collective studies (63–67). The study with 
the largest number of patients examined the SEER data and 
contained significant demographic and statistical analyses (63). 
The incidence rate of pancreatic tumors in 0- to 19-year-old 
subjects was 0.018/100,000 inhabitants per year (adjusted to 
the 2000 US standard population) in the SEER database, 0.20 in 
the TREP report and 0.018 in a German study (54, 63, 67). The 
incidence rates, age adjusted to the 2000 US standard population 
for tumor histology, were 0.003 for ductal adenocarcinomas, 0.003 
for ACCs, 0.004 for PBs, 0.005 for SPTs, and 0.007 for PanNETs 
(63). From the data reported in three studies, SPTs represented 
the most frequent pancreatic neoplasm in pediatric population 
accounting for 29.8% of the cases, followed by PanNETs (24.7%), 
PBs (23.7%), ACCs (7.2%), ductal adenocarcinomas (7.2%), and 
non-epithelial neoplasms (7.2%) (63–65). From the same studies, 
it appeared that 86.2% of SPTs occurred in females whereas males 
had a higher incidence of ductal adenocarcinomas (71.4%). Of 
the 23 PBs, 16 (69.6%) were diagnosed in patients younger than 
10 years, while 96.5% of SPTs, 71.4% of ductal adenocarcinomas, 
and 54.1% of PanNETs occurred in children 10 years or older. 
Among the 29 cases of pediatric ACCs reported in 20 papers from 
1970 to 2014, there were 18 males and 11 females with an average 
age of 9.57 years (range 3–16 years); 14 carcinomas occurred in 
children 10 years or older.

Localization
Pediatric ACCs may involve any portion of the pancreas but 
are more common in the tail (41% of cases), followed by the 

head (32%), the body (13.5), the body-tail (9%), and the head- 
body (4.5%).

clinical Features
Most cases present with vague abdominal pain or discomfort and 
abdominal swelling or mass. Jaundice is not a part of the usual 
clinical presentation. Some children may have nausea and vomiting 
or mild fever and anemia. It must be underlined that, unlike in 
adult cases, none of the ACC reported in children presented with 
polyarthralgia, panniculitis, or subcutaneous fat necrosis due to 
lipase release by the tumor into the circulation (2). Serum AFP 
levels were elevated in all pediatric cases of ACCs in which it 
was measured (10, 67) and it has been hypothesized that AFP 
production in pancreatic neoplasms is related to acinar differentia-
tion (10). In 3 of 29 pediatric ACCs, the most significant clinical 
manifestation was Cushing’s syndrome due to ectopic production 
of ACTH by tumor cells (11, 68, 69).

Macroscopy
Macroscopically, pediatric ACCs are usually large at the time 
of presentation, with an average diameter of 11.8  cm (range 
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3.2–20 cm). They are well circumscribed, fleshy, pink to tan, and 
generally contain areas of necrosis and/or hemorrhage. Cystic 
variants have been described less frequently (70).

Histological and immunohistochemical Features
Acinar cell carcinomas in children show the same histological 
features and immunohistochemical reactivity of those of adults 
(Figure  10). Among the 29 cases reported in the literature, 22 
were pure ACCs, 4 MANECs, 1 acinar cell cystoadenocarcinoma, 
1 mixed acinar-ductal carcinoma, and 1 mixed acinar-neuroendo-
crine-ductal adenocarcinoma. The cases of ACCs associated with 
Cushing’s syndrome were characterized by a surprisingly scant 
neuroendocrine component weakly immunoreactive for ACTH 
and general neuroendocrine markers including chromogranin A 
and synaptophysin (11, 68, 69).

differential diagnosis
Acinar cell carcinoma in the pediatric population may closely 
resemble a PanNET and has overlapping features with PB and 
SPT. Squamoid nests, absent in ACC, are considered the ele-
ments required for the diagnosis of PB (71). Unlike ACCs that 
show only focal or zonal expression of neuroendocrine markers, 
PanNETs show diffuse expression of these markers and lack the 
expression of trypsin, chymotrypsin, lipase, and BCL10. In cases 
of SPTs lacking the characteristic pseudopapillary structures and 
mimicking ACCs, the immunohistochemical expression of CD10 
and vimentin, the nuclear labeling of β-catenin, and the negativity 
for exocrine enzymes favor the diagnosis of SPT.

Molecular Pathology
The only study examining molecular alterations in ACCs in 
children is by Abraham and coworkers (36): in two pediatric 
cases, no allelic loss of chromosome 11p and no mutations 
in the APC/β-catenin pathway were detected, unlike some 

of the adult cases. High frequencies of both allelic loss of 
 chromosome 11p and mutations in the APC/β-catenin pathway 
were detected in PBs.

Prognosis and Predictive Factors
Metastases have been reported in 41% of the 29 pediatric ACCs 
described in the literature, being loco-regional in 26% of the 
cases and distant in 22%. Patients underwent only surgical 
resection in 43% of cases, surgical resection combined with 
chemotherapy and/or radiotherapy in 36% of cases and pallia-
tive chemotherapy in 21% of cases. After chemotherapy, 45% 
of the patients were alive with no evidence of disease with an 
average follow-up time of 25.5 months (from 3 to 132 months), 
13.7% were alive with disease with an average follow-up time of 
14.7 months, 27.5% died of disease with an average survival of 
34.4 months. The above reported data confirm the suggestion 
that pediatric patients with ACCs may have a better prognosis 
than adults (2).

In conclusion, ACC is a very rare pancreatic neoplasm in 
children that must be distinguished from PanNET, PB, and SPT. 
The clinical evolution of this neoplasm in children seems to be 
better than that observed in adults. Pediatric pathologists should 
consider this neoplasm in the differential diagnosis of primary 
pancreatic masses in children.

Author contributions

All the three authors designed and participated in writing the 
present review.

Acknowledgments

The authors thank Dr. Giovanna Finzi (Department of Pathology, 
Ospedale di Circolo, Varese, Italy) for providing the electron 
microscopy figure.

References
 1. Klimstra DS. Nonductal neoplasms of the pancreas. Mod Pathol (2007) 20:S94–112. 

doi:10.1038/modpathol.3800686 
 2. Klimstra DS, Heffess CS, Oertel JE, Rosai J. Acinar cell carcinoma of the pan-

creas. A clinicopathologic study of 28 cases. Am J Surg Pathol (1992) 16:815–37. 
doi:10.1097/00000478-199209000-00001 

 3. Holen K, Klimstra DS, Hummer A, Gonen M, Conlon K, Brennan M, et al.  Clinical 
characteristics and outcomes from an institutional series of acinar cell carcinoma 
of the pancreas. J Clin Oncol (2002) 20:4673–8. doi:10.1200/JCO.2002.02.005 

 4. La Rosa S, Adsay V, Albarello L, Asioli S, Casnedi S, Franzi F, et al.  Clinicopathologic 
study of 62 acinar cell carcinomas of the pancreas: insights into the morphology 
and immunophenotype and search for prognostic markers. Am J Surg Pathol 
(2012) 36:1782–95. doi:10.1097/PAS.0b013e318263209d 

 5. Burns WA, Matthews MJ, Hamosh M, Weide GV, Blum R, Johnson FB. 
Lipase-secreting acinar cell carcinoma of the pancreas with polyarthropathy. 
A light and electron microscopic, histochemical, and biochemical study. 
Cancer (1974) 33:1002–9. doi:10.1002/1097-0142(197404)33:4<1002::AID-
CNCR2820330415>3.0.CO;2-R 

 6. Radin DR, Colletti PM, Forrester DM, Tang WW. Pancreatic acinar cell carcinoma 
with subcutaneous and intraosseous fat necrosis. Radiology (1986) 158:67–8. 
doi:10.1148/radiology.158.1.3940400 

 7. Kuerer H, Shim H, Pertsemlidis D, Unger P. Functioning pancreatic acinar cell 
carcinoma: immunohistochemical and ultrastructural analyses. Am J Clin Oncol 
(1997) 20:101–7. doi:10.1097/00000421-199702000-00023 

 8. Itoh T, Kishi K, Tojo M, Kitajima N, Kinoshita Y, Inatome T, et al.  Acinar cell 
carcinoma of the pancreas with elevated serum alpha-fetoprotein levels: a case 
report and a review of 28 cases reported in Japan. Gastroenterol Jpn (1992) 
27:785–91. 

 9. Nojima T, Kojima T, Kato H, Sato T, Koito K, Nagashima K. Alpha-fetoprotein-
producing acinar cell carcinoma of the pancreas. Hum Pathol (1992) 23:828–30. 
doi:10.1016/0046-8177(92)90354-6 

 10. Cingolani N, Shaco-Levy R, Farruggio A, Klimstra DS, Rosai J. Alpha-fetoprotein 
production by pancreatic tumors exhibiting acinar cell differentiation: study of 
five cases, one arising in a mediastinal teratoma. Hum Pathol (2000) 31:938–44. 
doi:10.1053/hupa.2000.9075 

 11. Maragliano R, Vanoli A, Albarello L, Milione M, Basturk O, Klimstra DS, et al.  
ACTH-secreting pancreatic neoplasms associated with Cushing syndrome: 
clinicopathologic study of 11 cases and review of the literature. Am J Surg Pathol 
(2015) 39:374–82. doi:10.1097/PAS.0000000000000340 

 12. Karamurzin Y, Zeng Z, Stadler ZK, Zhang L, Ouansafi I, Al-Ahmadie HA, 
et al.  Unusual DNA mismatch repair-deficient tumors in Lynch syndrome: a 
report of new cases and review of the literature. Hum Pathol (2012) 43:1677–87. 
doi:10.1016/j.humpath.2011.12.012 

 13. Liu W, Shia J, Gonen M, Lowery M, O’Reilly EM, Klimstra DS. DNA mismatch 
repair abnormalities in acinar cell carcinoma of the pancreas. Frequency and clinical 
significance. Pancreas (2014) 43:1264–70. doi:10.1097/MPA.0000000000000190 

 14. Seket B, Saurin JC, Scoazec JY, Partensky C. Pancreatic acinar cell carcinoma in 
a patient with familial adenomatous polyposis. Gastroenterol Clin Biol (2003) 
27:818–20. doi:GCB-08-2003-27-8-9-0399-8320-101019-ART87

http://www.frontiersin.org/Medicine/archive
http://www.frontiersin.org/Medicine
http://dx.doi.org/10.1038/modpathol.3800686
http://dx.doi.org/10.1097/00000478-199209000-00001
http://dx.doi.org/10.1200/JCO.2002.02.005
http://dx.doi.org/10.1097/PAS.0b013e318263209d
http://dx.doi.org/10.1002/1097-0142(197404)33:4 < 1002::AID-CNCR2820330415 > 3.0.CO;2-R
http://dx.doi.org/10.1002/1097-0142(197404)33:4 < 1002::AID-CNCR2820330415 > 3.0.CO;2-R
http://dx.doi.org/10.1148/radiology.158.1.3940400
http://dx.doi.org/10.1097/00000421-199702000-00023
http://dx.doi.org/10.1016/0046-8177(92)90354-6
http://dx.doi.org/10.1053/hupa.2000.9075
http://dx.doi.org/10.1097/PAS.0000000000000340
http://dx.doi.org/10.1016/j.humpath.2011.12.012
http://dx.doi.org/10.1097/MPA.0000000000000190
http://dx.doi.org/10.1111/j.1532-849X.2004.04029.x
www.frontiersin.org


June 2015 | Volume 2 | Article 4112

La Rosa et al. Pancreatic acinar cell carcinoma

Frontiers in Medicine | www.frontiersin.org

 15. Colombo P, Arizzi C, Roncalli M. Acinar cell cystadenocarcinoma of the pancreas: 
report of rare case and review of the literature. Hum Pathol (2004) 35:1568–71. 
doi:10.1016/j.humpath.2004.08.004 

 16. Hruban RH, Pitman MB, Klimstra DS. Ductal adenocarcinoma. In: Silverberg 
SG, Sobin LH, editors. Atlas of Tumor Pathology, Series 4. Tumors of the Pancreas. 
Washington, DC: American Registry of Pathology (2007). p. 111–64.

 17. Volante M, La Rosa S, Costellano I, Finzi G, Capella C, Bussolati G. Clinico-
pathological features of a series of 11 oncocytic endocrine tumours of the pancreas. 
Virchows Arch (2006) 448:545–51. doi:10.1007/s00428-006-0154-0 

 18. Hruban RH, Pitman MB, Klimstra DS. Adenocarcinoma variants. In: Silverberg 
SG, Sobin LH, editors. Atlas of Tumor Pathology, Series 4. Tumors of the Pancreas. 
Washington, DC: American Registry of Pathology (2007). p. 165–90.

 19. Singh R, Basturk O, Klimstra DS, Zamboni G, Chetty R, Hussain S, et al.  Lipid-rich 
variant of pancreatic endocrine neoplasms. Am J Surg Pathol (2006) 30:194–200. 
doi:10.1097/01.pas.0000184819.71752.ad 

 20. Fryer E, Serra S, Chetty R. Lipid-rich (“clear cell”) neuroendocrine tumors of 
the pancreas in MEN I patients. Endocr Pathol (2012) 23:243–6. doi:10.1007/
s12022-012-9221-z 

 21. Basturk O, Zamboni G, Klimstra DS, Capelli P, Andea A, Kamel NS, et al.  
Intraductal and papillary variants of acinar cell carcinomas: a new addition to 
the challenging differential diagnosis of intraductal neoplasms. Am J Surg Pathol 
(2007) 31:363–70. doi:10.1097/01.pas.0000213376.09795.9f 

 22. Toll AD, Mitchell D, Yeo CJ, Hruban RH, Witkiewicz AK. Acinar cell carcinoma 
with prominent intraductal growth pattern: case report and review of the literature. 
Int J Surg Pathol (2011) 19:795–9. doi:10.1177/1066896909339912 

 23. Ban D, Shimada K, Sekine S, Sakamoto Y, Kosuge T, Kanai Y, et al.  Pancreatic ducts 
as an important route of tumor extension for acinar cell carcinoma of the pancreas. 
Am J Surg Pathol (2010) 34:1025–36. doi:10.1097/PAS.0b013e3181e2bc11 

 24. Rindi G, Arnold R, Bosman FT, Capella C, Klimstra DS, Klöppel G, et al.  
Nomenclature and classification of neuroendocrine neoplasms of the digestive 
system. In: Bosman FT, Carneiro F, Hruban RH, Theise ND, editors. WHO 
Classification of Tumours of the Digestive System. Lyon: IARC Press (2010).  
p. 13–4.

 25. Cantrell BB, Cubilla AL, Erlandson RA, Fortner J, Fitzgerald PJ. Acinar cell cysta-
denocarcinoma of human pancreas. Cancer (1981) 47:410–6. doi:10.1002/1097-
0142(19810115)47:2<410::AID-CNCR2820470232>3.0.CO;2-D 

 26. Stamm B, Burger H, Hollinger A. Acinar cell cystadenocarcinoma of the pancreas. 
Cancer (1987) 60:2542–7. doi:10.1002/1097-0142(19871115)60:10<2542::AID-
CNCR2820601032>3.0.CO;2-1 

 27. Stelow EB, Shaco-Levy R, Bao F, Garcia J, Klimstra DS. Pancreatic acinar cell 
carcinomas with prominent ductal differentiation: mixed acinar ductal carcinoma 
and mixed acinar endocrine ductal carcinoma. Am J Surg Pathol (2010) 34:510–8. 
doi:10.1097/PAS.0b013e3181cfcac7 

 28. Nonomura A, Kono N, Mizukami Y, Nakanuma Y, Matsubara F. Duct-
acinar-islet cell tumor of the pancreas. Ultrastruct Pathol (1992) 6:317–29. 
doi:10.3109/01913129209061361 

 29. Solcia E, Capella C, Klöppel G. Tumors of the exocrine pancreas. In: Rosai J, Sobin 
LH, editors. Atlas of Tumor Pathology: Tumors of the Pancreas. Washington, DC: 
Armed Forces Institute of Pathology (1997). p. 31–144.

 30. Morohoshi T, Kanda M, Horie A, Chott A, Dreyer T, Klöppel G, et  al.  
Immunocytochemical markers of uncommon pancreatic tumors. Acinar 
cell carcinoma, pancreatoblastoma, and solid cystic (papillary-cystic) tumor. 
Cancer (1987) 59:739–47. doi:10.1002/1097-0142(19870215)59:4<739::AID-
CNCR2820590413>3.0.CO;2-F 

 31. La Rosa S, Franzi F, Marchet S, Finzi G, Clerici M, Vigetti D, et al.  The monoclonal 
anti-BCL10 antibody (clone 331.1) is a sensitive and specific marker of pancreatic 
acinar cell carcinoma and pancreatic metaplasia. Virchows Arch (2009) 454:133–42. 
doi:10.1007/s00428-008-0710-x 

 32. Hosoda W, Sasaki E, Murakami Y, Yamao K, Shimizu Y, Yatabe Y. BCL10 as a 
useful marker for pancreatic acinar cell carcinoma, especially using endoscopic 
ultrasound cytology specimens. Pathol Int (2013) 63:176–82. doi:10.1111/
pin.12045 

 33. Notohara K, Hamazaki S, Tsukayama C, Nakamoto S, Kawabata K, Mizobuchi 
K, et al.  Solid-pseudopapillary tumor of the pancreas. Immunohistochemical 
localization of neuroendocrine markers and CD10. Am J Surg Pathol (2000) 
24:1361–71. doi:10.1097/00000478-200010000-00005 

 34. Hoorens A, Prenzel K, Lemoine NR, Klöppel G. Undifferentiated carcinoma 
of the pancreas: analysis of intermediate filament profile and Ki-ras mutations 

provides evidence of a ductal origin. J Pathol (1998) 185:53–60. doi:10.1002/
(SICI)1096-9896(199805)185:1<53::AID-PATH45>3.3.CO;2-6 

 35. Park JY, Hong SM, Klimstra DS, Goggins MG, Maitra A, Hruban RH. Pdx1 
expression in pancreatic precursor lesions and neoplasms. Appl Immunohistochem 
Mol Morphol (2011) 19:444–9. doi:10.1097/PAI.0b013e318206d958 

 36. Abraham SC, Wu TT, Hruban RH, Lee JH, Yeo CJ, Conlon K, et al.  Genetic and 
immunohistochemical analysis of pancreatic acinar cell carcinoma. Frequent 
allelic loss on chromosome 11p and alterations in the APC/β-catenin pathway. 
Am J Pathol (2002) 160:953–62. doi:10.1016/S0002-9440(10)64917-6 

 37. Furlan D, Sahnane N, Bernasconi B, Frattini M, Tibiletti MG, Molinari F, et al.  APC 
alterations are frequently involved in the pathogenesis of acinar cell carcinoma of 
the pancreas, mainly through gene loss and promoter hypermethylation. Virchows 
Arch (2014) 464:553–64. doi:10.1007/s00428-014-1562-1 

 38. Hoorens A, Lemoine NR, McLellan E, Morohoshi T, Kamisawa T, Heitz PU, 
et al.  Pancreatic acinar cell carcinoma. An analysis of cell lineage markers, p53 
expression, and Ki-ras mutation. Am J Pathol (1993) 143:685–98. 

 39. Rigaud G, Moore PS, Zamboni G, Orlandini S, Taruscio D, Paradisi S, et al.  
Allelotype of pancreatic acinar cell carcinoma. Int J Cancer (2000) 88:772–7. 
doi:10.1002/1097-0215(20001201)88:5<772::AID-IJC14>3.0.CO;2-W 

 40. Hruban RH, Pitman MB, Klimstra DS. Acinar neoplasms. In: Silverberg SG, 
Sobin LH, editors. Atlas of Tumor Pathology, Series 4. Tumors of the Pancreas. 
Washington, DC: American Registry of Pathology (2007). p. 191–218.

 41. Hervieu V, Lombard-Bohas C, Dumortier J, Boillot O, Scoazec JY. Primary 
acinar cell carcinoma of the liver. Virchows Arch (2008) 452:337–41. doi:10.1007/
s00428-007-0556-7 

 42. Agaimy A, Kaiser A, Becker K, Bräsen JH, Wünsch PH, Adsay NV, et al.  Pancreatic-
type acinar cell carcinoma of the liver: a clinicopathologic study of four patients. 
Mod Pathol (2011) 24:1620–6. doi:10.1038/modpathol.2011.127 

 43. Moore PS, Orlandini S, Zamboni G, Capelli P, Rigaud G, Falconi M, et al.  
Pancreatic tumours: molecular pathways implicated in ductal cancer are involved 
in ampullary but not in exocrine nonductal or endocrine tumorigenesis. Br  
J Cancer (2001) 84:253–62. doi:10.1054/bjoc.2000.1567 

 44. Terhune PM, Memoli VA, Longnecker DS. Evaluation of p53 mutation in pan-
creatic acinar cell carcinomas of humans and transgenic mice. Pancreas (1998) 
16:6–12. doi:10.1097/00006676-199801000-00002 

 45. Taruscio D, Paradisi S, Zamboni G, Rigaud G, Falconi M, Scarpa A. Pancreatic 
acinar carcinoma shows a distinct pattern of chromosomal imbalances by com-
parative genomic hybridization. Genes Chromosomes Cancer (2000) 28:294–9. 
doi:10.1002/1098-2264(200007)28:3<294::AID-GCC7>3.0.CO;2-N 

 46. de Wilde RF, Ottenhof NA, Jansen M, Morsink FHM, de Leng WWJ, Offerhaus 
GJA, et al.  Analysis of LKB1 mutations and other molecular alterations in 
pancreatic acinar cell carcinoma. Mod Pathol (2011) 24:1229–36. doi:10.1038/
modpathol.2011.83 

 47. Jiao Y, Yonescu R, Offerhaus GJ, Klimstra DS, Maitra A, Eshleman JR, et al.  
Whole-exome sequencing of pancreatic neoplasms with acinar differentiation. J 
Pathol (2014) 232:428–35. doi:10.1002/path.4310 

 48. Bergmann F, Aulmann S, Sipos B, Kloor M, von Heydebreck A, Schweipert J, 
et al.  Acinar cell carcinomas of the pancreas: a molecular analysis in a series of 
57 cases. Virchows Arch (2014) 65:661–72. doi:10.1007/s00428-014-1657-8 

 49. Chmielecki J, Hutchinson KE, Frampton GM, Chalmers ZR, Johnson A, Shi C, 
et al.  Comprehensive genomic profiling of pancreatic acinar cell carcinomas 
identifies recurrent RAF fusions and frequent inactivation of DNA repair genes. 
Cancer Discov (2014) 4:1398–405. doi:10.1158/2159-8290.CD-14-0617 

 50. Furukawa T, Sakamoto H, Takeuchi S, Ameri M, Kuboki Y, Yamamoto T, et al.  
Whole exome sequencing reveals recurrent mutations in BRCA2 and FAT genes 
in acinar cell carcinomas of the pancreas. Sci Rep (2015) 5:8829. doi:10.1038/
srep08829 

 51. Pellegata NS, Sessa F, Renault B, Bonato M, Leone BE, Solcia E, et al.  K-ras and 
p53 gene mutations in pancreatic cancer: ductal and nonductal tumors progress 
through different genetic lesions. Cancer Res (1994) 54:1556–60. 

 52. La Rosa S, Bernasconi B, Frattini M, Sahnane N, Molinari F, Tibiletti MG, et al.  
P53 alterations in acinar cell carcinomas of the pancreas: new insights into the 
pathogenesis of such rare cancers. Mod Pathol (2014) 27(Suppl 2):451A. 

 53. Dewald GW, Smyrk TC, Thorland EC, McWilliams RR, van Dyke DL, Keefe 
JG, et al.  Fluorescence in situ hybridization to visualize genetic abnormalities 
in interphase cells of acinar cell carcinoma, ductal adenocarcinoma, and islet 
cell carcinoma of the pancreas. Mayo Clin Proc (2009) 84:801–10. doi:10.1016/
S0025-6196(11)60490-4 

http://www.frontiersin.org/Medicine/archive
http://www.frontiersin.org/Medicine
http://dx.doi.org/10.1016/j.humpath.2004.08.004
http://dx.doi.org/10.1007/s00428-006-0154-0
http://dx.doi.org/10.1097/01.pas.0000184819.71752.ad
http://dx.doi.org/10.1007/s12022-012-9221-z
http://dx.doi.org/10.1007/s12022-012-9221-z
http://dx.doi.org/10.1097/01.pas.0000213376.09795.9f
http://dx.doi.org/10.1177/1066896909339912
http://dx.doi.org/10.1097/PAS.0b013e3181e2bc11
http://dx.doi.org/10.1002/1097-0142(19810115)47:2 < 410::AID-CNCR2820470232 > 3.0.CO;2-D
http://dx.doi.org/10.1002/1097-0142(19810115)47:2 < 410::AID-CNCR2820470232 > 3.0.CO;2-D
http://dx.doi.org/10.1002/1097-0142(19871115)60:10 < 2542::AID-CNCR2820601032 > 3.0.CO;2-1
http://dx.doi.org/10.1002/1097-0142(19871115)60:10 < 2542::AID-CNCR2820601032 > 3.0.CO;2-1
http://dx.doi.org/10.1097/PAS.0b013e3181cfcac7
http://dx.doi.org/10.3109/01913129209061361
http://dx.doi.org/10.1002/1097-0142(19870215)59:4 < 739::AID-CNCR2820590413 > 3.0.CO;2-F
http://dx.doi.org/10.1002/1097-0142(19870215)59:4 < 739::AID-CNCR2820590413 > 3.0.CO;2-F
http://dx.doi.org/10.1007/s00428-008-0710-x
http://dx.doi.org/10.1111/pin.12045
http://dx.doi.org/10.1111/pin.12045
http://dx.doi.org/10.1097/00000478-200010000-00005
http://dx.doi.org/10.1002/(SICI)1096-9896(199805)185:1 < 53::AID-PATH45 > 3.3.CO;2-6
http://dx.doi.org/10.1002/(SICI)1096-9896(199805)185:1 < 53::AID-PATH45 > 3.3.CO;2-6
http://dx.doi.org/10.1097/PAI.0b013e318206d958
http://dx.doi.org/10.1016/S0002-9440(10)64917-6
http://dx.doi.org/10.1007/s00428-014-1562-1
http://dx.doi.org/10.1002/1097-0215(20001201)88:5 < 772::AID-IJC14 > 3.0.CO;2-W
http://dx.doi.org/10.1007/s00428-007-0556-7
http://dx.doi.org/10.1007/s00428-007-0556-7
http://dx.doi.org/10.1038/modpathol.2011.127
http://dx.doi.org/10.1054/bjoc.2000.1567
http://dx.doi.org/10.1097/00006676-199801000-00002
http://dx.doi.org/10.1002/1098-2264(200007)28:3 < 294::AID-GCC7 > 3.0.CO;2-N
http://dx.doi.org/10.1038/modpathol.2011.83
http://dx.doi.org/10.1038/modpathol.2011.83
http://dx.doi.org/10.1002/path.4310
http://dx.doi.org/10.1007/s00428-014-1657-8
http://dx.doi.org/10.1158/2159-8290.CD-14-0617
http://dx.doi.org/10.1038/srep08829
http://dx.doi.org/10.1038/srep08829
http://dx.doi.org/10.1016/S0025-6196(11)60490-4
http://dx.doi.org/10.1016/S0025-6196(11)60490-4
www.frontiersin.org


June 2015 | Volume 2 | Article 4113

La Rosa et al. Pancreatic acinar cell carcinoma

Frontiers in Medicine | www.frontiersin.org

 54. Gomperts BN, Walser TC, Spira A, Dubinett SM. Enriching the molecular 
definition of the airway “field of cancerization:” establishing new paradigms for 
the patient at risk for lung cancer. Cancer Prev Res (2013) 6:4–7. doi:10.1158/1940-
6207.CAPR-12-0470 

 55. Strom A, Bonal C, Ashery-Padan R, Hashimoto N, Campos ML, Trumpp A, 
et al.  Unique mechanisms of growth regulation and tumor suppression upon 
APC inactivation in the pancreas. Development (2007) 134:2719–25. doi:10.1242/
dev.02875 

 56. Clarke AR, Cummings MC, Harrison DJ. Interaction between murine germline 
mutations in p53 and APC predisposes to pancreatic neoplasia but not to increased 
intestinal malignancy. Oncogene (1995) 11:1913–20. 

 57. Oghamian S, Sodir NM, Bashir MU, Shen H, Cullins AE, Carroll CA, et al.  
Reduction of pancreatic acinar cell tumor multiplicity in Dnmt1 hypomorphic 
mice. Carcinogenesis (2011) 32:829–35. doi:10.1093/carcin/bgr039 

 58. Omura N, Li CP, Li A, Hong SM, Walter K, Jimeno A, et al.  Genome-wide profiling 
of methylated promoters in pancreatic adenocarcinoma. Cancer Biol Ther (2008) 
7:1146–56. doi:10.4161/cbt.7.7.6208 

 59. Vincent A, Omura N, Hong SM, Jaffe A, Eshleman J, Goggins M. Genome-wide 
analysis of promoter methylation associated with gene expression profile in pancre-
atic adenocarcinoma. Clin Cancer Res (2011) 17:4341–54. doi:10.1158/1078-0432.
CCR-10-3431 

 60. Stefanoli M, La Rosa S, Sahnane N, Romualdi C, Pastorino R, Marando A, et al.  
Prognostic relevance of aberrant DNA methylation in G1 and G2 pancreatic neuro-
endocrine tumors. Neuroendocrinology (2014) 100:26–34. doi:10.1159/000365449 

 61. Ueki T, Toyota M, Sohn T, Yeo CJ, Issa JP, Hruban RH, et al.  Hypermethylation 
of multiple genes in pancreatic adenocarcinomas. Cancer Res (2000) 60:1835–9. 

 62. Lowery MA, Klimstra DS, Shia J, Yu KH, Allen PJ, Brennan MF, et al.  Acinar 
cell carcinoma of the pancreas: new genetic and treatment insights into a rare 
malignancy. Oncologist (2011) 16:1714–20. doi:10.1634/theoncologist.2011-0231 

 63. Perez EA, Gutierrez JC, Koniaris LG, Neville HL, Thompson WR, Sola JE. 
Malignant pancreatic tumors: incidence and outcome in 58 pediatric patients.  
J Pediatr Surg (2009) 44:197–203. doi:10.1016/j.jpedsurg.2008.10.039 

 64. Dall’Igna P, Cecchetto G, Bisogno G, Conte M, Chiesa PL, D’Angelo P, et al.  
Pancreatic tumors in children and adolescents: the Italian TREP project experi-
ence. Pediatr Blood Cancer (2010) 54:675–80. doi:10.1002/pbc.22385 

 65. Shorter NA, Glick RD, Klimstra DS, Brennan MF, Laquaglia MP. Malignant 
pancreatic tumors in childhood and adolescence: the Memorial Sloan-Kettering 
experience, 1967 to present. J Pediatr Surg (2002) 37:887–92. doi:10.1053/
jpsu.2002.32897 

 66. Jaksic T, Yaman M, Thorner P, Wesson DK, Filler RM, Shandling B. A 20-year 
review of pediatric pancreatic tumors. J Pediatr Surg (1992) 27:1315–7. 
doi:10.1016/0022-3468(92)90284-E 

 67. Ellerkamp V, Warmann SW, Vorwerk P, Leuschner I, Fuchs J. Exocrine pancreatic 
tumors in childhood in Germany. Pediatr Blood Cancer (2012) 58:366–71. 
doi:10.1002/pbc.23211 

 68. Illyés G, Luczay A, Benyó G, Kálmán A, Borka K, Köves K, et al.  Cushing’s 
syndrome in a child with pancreatic acinar cell carcinoma. Endocr Pathol (2007) 
18:95–102. doi:10.1007/s12022-007-0018-4 

 69. Matarazzo P, Tuli G, Tessaris D, Verna F, Rabbone I, Lezo A, et al.  Cushing 
syndrome due to ectopic adrenocorticotropic hormone secretion in a 
3-year-old child. J Pediatr Endocrinol Metab (2011) 24:219–22. doi:10.1515/
jpem.2011.100 

 70. Huang Y, Cao YF, Lin JL, Gao F, Li F. Acinar cell cystadenocarcinoma of the 
pancreas in a 4-year-old child. Pancreas (2006) 33:311–2. doi:10.1097/01.
mpa.0000229011.70161.d9 

 71. Klimstra DS, Hruban RH, Klöppel G, Morohoshi T, Ohike N. Acinar cell 
neoplasms of the pancreas. In: Bosman FT, Carneiro F, Hruban RH, Theise ND, 
editors. WHO Classification of Tumours of the Digestive System. Lyon: IARC Press 
(2010). p. 314–8.

Conflict of Interest Statement: The authors declare that the research was conducted 
in the absence of any commercial or financial relationships that could be construed 
as a potential conflict of interest.

Copyright © 2015 La Rosa, Sessa and Capella. This is an open-access article distributed 
under the terms of the Creative Commons Attribution License (CC BY). The use, distri-
bution or reproduction in other forums is permitted, provided the original author(s) or 
licensor are credited and that the original publication in this journal is cited, in accordance 
with accepted academic practice. No use, distribution or reproduction is permitted which 
does not comply with these terms.

http://www.frontiersin.org/Medicine/archive
http://www.frontiersin.org/Medicine
http://dx.doi.org/10.1158/1940-6207.CAPR-12-0470
http://dx.doi.org/10.1158/1940-6207.CAPR-12-0470
http://dx.doi.org/10.1242/dev.02875
http://dx.doi.org/10.1242/dev.02875
http://dx.doi.org/10.1093/carcin/bgr039
http://dx.doi.org/10.4161/cbt.7.7.6208
http://dx.doi.org/10.1158/1078-0432.CCR-10-3431
http://dx.doi.org/10.1158/1078-0432.CCR-10-3431
http://dx.doi.org/10.1159/000365449
http://dx.doi.org/10.1634/theoncologist.2011-0231
http://dx.doi.org/10.1016/j.jpedsurg.2008.10.039
http://dx.doi.org/10.1002/pbc.22385
http://dx.doi.org/10.1053/jpsu.2002.32897
http://dx.doi.org/10.1053/jpsu.2002.32897
http://dx.doi.org/10.1016/0022-3468(92)90284-E
http://dx.doi.org/10.1002/pbc.23211
http://dx.doi.org/10.1007/s12022-007-0018-4
http://dx.doi.org/10.1515/jpem.2011.100
http://dx.doi.org/10.1515/jpem.2011.100
http://dx.doi.org/10.1097/01.mpa.0000229011.70161.d9
http://dx.doi.org/10.1097/01.mpa.0000229011.70161.d9
http://creativecommons.org/licenses/by/4.0/
www.frontiersin.org

	Acinar cell carcinoma of the pancreas: overview of clinicopathologic features and insights into the molecular pathology
	Background
	Acinar Cell Carcinoma in Adults
	Clinical Features
	Macroscopy
	Histological Features
	Histological Variant of ACC
	Mixed acinar-neuroendocrine carcinomas
	Acinar cell cystadenocarcinoma
	Mixed acinar-ductal adenocarcinoma
	Mixed acinar-neuroendocrine-ductal carcinoma


	Ultrastructural Features
	Immunohistochemical Profile
	Differential Diagnosis
	Molecular Pathology
	KRAS Mutations
	EGFR Mutations
	BRAF Alterations
	p16 Mutation
	DPC4/SMAD4 Alterations
	TP53 Mutations and p53 Immunohistochemical Expression
	BRCA2 Alterations
	APC/β-Catenin Pathway Alterations
	Chromosomes Abnormalities
	Methylation Profile
	Microsatellite Instability

	Prognostic Factors

	Acinar Cell Carcinoma in Infancy
	Epidemiology
	Localization
	Clinical Features
	Macroscopy
	Histological and Immunohistochemical Features
	Differential Diagnosis
	Molecular Pathology
	Prognosis and Predictive Factors

	Author Contributions
	Acknowledgments
	References


