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Ossification in pancreatic neoplasms: A report of three cases of
neuroendocrine tumor, mucinous cystic neoplasm,
and intraductal papillary mucinous neoplasm
with review of the literature
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Abstract. Heterotopic ossification (HO) is the formation
of mature bone tissues in non-skeletal tissues and has been
reported in various types of neoplasms. The presence of HO
in pancreatic tumors is rare, with only 16 cases reported in
the English literature, and the mechanism of HO formation
remains unclear. In the present study, the 17th to 19th cases of
HO in pancreatic neoplasms were described and the literature
on HO in pancreatic neoplasms was reviewed. Three Japanese
women with pancreatic masses on imaging underwent lapa-
roscopic distal pancreatectomy. The three pancreatic masses
were histopathologically diagnosed as a pancreatic neuro-
endocrine tumor (NET), mucinous cystic neoplasm (MCN),
and intraductal papillary mucinous neoplasm, and HO was
found in all of them. Neither pancreatic NET with HO nor
MCN with HO has yet been reported in the English-language
literature, and to our knowledge, these are the first such
reports. Although rare, the knowledge that various types of
pancreatic tumors, including NETs and MCNs, are associated
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with HO may be useful in daily practice, and the significance
of tumor-associated HO is discussed.

Introduction

Heterotopic ossification (HO) is the formation of mature
bone tissues in non-skeletal tissues (1). HO is classified into
genetic and non-genetic forms. The non-genetic form is
usually associated with trauma or tissue injury and is most
frequently observed in atherosclerotic plaques and soft tissues
surrounding the joint (1,2). Moreover, intra- or peritumoral HO
has been reported in various types of benign and malignant
lesions, including meningiomas, melanocytic nevi (osteo-
nevus of Nanta), epidermal cysts, thyroid tumors and lung
tumors (2-9). The frequency of HO may depend on the origin
or histology of the tumor (6,7,10). HO is relatively common
in papillary thyroid cancer (13%), lung carcinoid (up to 10%),
osteonevus of Nanta (1.56%), and meningiomas (1%) and rare
in others. Although the mechanism of HO formation remains
unclear, it may be related to the tumor microenvironment and
influence tumor behavior (10).

In the digestive system, HO is most frequently observed
in colorectal tumors (10-13). The most frequent benign polyps
with HO were juvenile polyps, followed by tubulovillous
adenomas and traditional serrated adenomas. By contrast, the
most common histological subtype of colorectal carcinoma
with HO was conventional adenocarcinoma, followed by
mucinous adenocarcinoma and serrated adenocarcinoma (10).
The presence of HO in pancreatic neoplasms is rare, with
only 16 patients with pancreatic neoplasms accompanying
HO reported in the English-language literature (14-25). The
most common histological type of pancreatic neoplasm associ-
ated with HO is the solid pseudopapillary neoplasm (SPN),
followed by intraductal papillary mucinous neoplasm (IPMN).
Pancreatic ductal adenocarcinoma (PDAC) and intrapapillary
tubulopapillary neoplasms have rarely been associated with
HO. In the present study, three patients with pancreatic neuro-
endocrine tumor (NET), mucinous cystic neoplasm (MCN),
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and IPMN with HO were described, and the clinicopatholog-
ical features of pancreatic neoplasms with HO were discussed,
as well as the current status of the diagnosis and significance
of tumor-associated HO.

Case report

Patient 1. A 64-year-old Japanese female underwent plain
chest radiography during a medical checkup and was found
to have a nodular shadow in her left pulmonary hilum. Her
medical history included a total hysterectomy for uterine leio-
myoma 31 years prior to presentation. For a close examination,
the patient presented to Osaka Medical College Health and
Science Clinic (Takatsuki, Japan) in July 2020 (as a supple-
ment, the name of this college was changed to Osaka Medical
and Pharmaceutical University in April 2021). The patient
underwent computed tomography (CT), which suggested that
the shadow was of vascular origin and coincidentally detected
a mass measuring 1.5 cm in diameter with calcification in
the pancreatic tail (Fig. 1A and B). The patient was referred
to the Department of Gastroenterology at Osaka Medical
College Hospital (Takatsuki, Japan) for further examination.
As the mass was small and showed no tendency to enlarge,
the patient was followed up for 17 months starting in July
2020. Although tumor size did not increase during this period,
repeat CT showed that the tumor had solidified, suggesting
possible malignancy. Thus, the patient underwent endoscopic
ultrasonography-guided fine-needle aspiration, and patho-
logical examination of the specimen revealed loosely cohesive
clusters of small round cells, suggesting a pancreatic NET.
The patient underwent a laparoscopic distal pancreatectomy
in February 2022.

Histopathological examination of the surgically resected
specimens demonstrated that the tumor was covered by a fibrous
capsule and was well-circumscribed from the surrounding
pancreatic parenchyma. Neoplastic cells showing trabecular or
ribbon-like growth had small round nuclei and inconspicuous
nucleoli (Fig. 2A and B). Necrotic or mitotic cells were not
observed. Immunohistochemical analysis demonstrated that
the neoplastic cells expressed chromogranin A and synap-
tophysin with a Ki-67 labelling index of 1%. Based on these
findings, NET G1 was diagnosed according to the diagnostic
criteria of the World Health Organization Classification
2019 (26). A peculiar finding of the present tumor was the
presence of mature bone tissue, which was composed of
lamellar bone and osteocytes without nuclear atypia within the
fibrosclerotic stroma and with no cartilaginous components
(Fig. 2A and B). The postoperative course was uneventful, and
the patient was free from tumor recurrence for 3 years after
surgery without any treatment.

Patient 2. A 62-year-old Japanese female visited Hokusetsu
General Hospital (Takatsuki, Japan) in May 2022 with a
complaint of epigastric pain and was hospitalized for 10 days
with a diagnosis of acute pancreatitis. Her medical history
included cholecystectomy for cholecystolithiasis ~20 years
prior to presentation, hyperlipidemia and Helicobacter pylori
(H. pylori) infection. CT revealed a cystic lesion measuring
4 cm in diameter with calcification in the pancreatic tail
(Fig. 3A and B), which was suggested to be MCN. The patient

Figure 1. Abdominal plain (A) and contrast-enhanced (B) computed
tomography. A low-density mass with calcification in the pancreatic tail
(white arrows).

Figure 2. Histopathological features of patient 1. (A) The tumor is well circum-
scribed by fibrous capsule from the surrounding pancreatic parenchyma, and
mature bone tissue (black arrows) is noted within the tumor (hematoxylin and
eosin staining, x4). (B) A magnified image of (A). Trabecular and ribbon-like
neoplastic growth composed of neoplastic cells with small round nuclei is
observed. Mature bone tissue with osteocytes (black arrows) is also noted
within the tumor with no cartilaginous components (hematoxylin and eosin
staining; magnification, x100).
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Figure 5. Abdominal plain (A) and contrast-enhanced (B) computed

Figure 3. Abdominal contrast-enhanced computed tomography (A and B) A
tomography. A cystic lesion in the pancreatic tail with calcification

cystic lesion with calcification in the pancreatic tail (white arrows).
(white arrows).
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Figure 4. Histopathological features of patient 2. (A) A well-circumscribed g 200 um
cystic lesion is present, and bone formation is noted in the cystic wall (black
arrows) (hematoxylin and eosin staining, x20). (B) A magnified image of (A).
The cyst is covered by the mucus-containing columnar cells without nuclear
atypia, and ovarian-like stromal cells are present around columnar cells.
Mature bone tissue with osteocytes is also observed within the cystic wall
with no cartilaginous components (black arrows) (hematoxylin and eosin

Figure 6. Histopathological features of patient 3. (A) Proliferation of
the mucus-containing columnar cells without nuclear atypia within the
dilated pancreatic duct (hematoxylin and eosin staining, x40). (B) Ossification
with no cartilaginous components is noted within the sclerotic fibrous
tissue around the pancreatic duct (black arrows) (hematoxylin and eosin

staining, x100). staining, x40).
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was referred to the Department of Gastrointestinal Surgery
at Osaka Medical and Pharmaceutical University Hospital
(Takatsuki, Japan). Laparoscopic distal pancreatectomy was
performed in September 2022.

Histopathological examination of the surgically resected
specimens revealed a well-circumscribed cystic lesion
covered by mucus-containing columnar cells without nuclear
atypia or invasive growth (Fig. 4A and B). Characteristically,
ovarian-like stroma was observed around the lesion (Fig. 4B).
Moreover, mature bone formation with osteocytes was noted
within the cystic wall, with no cartilaginous components
(Fig. 4A and B). Accordingly, MCN with low-grade dysplasia
accompanied by HO was diagnosed. The postoperative course
was uneventful, and the patient was free of tumor recurrence
27 months after surgery without any treatment.

Patient 3. A 71-year-old Japanese female was treated for
diabetes mellitus by her primary care physician for 7 years. For
further evaluation of elevated levels of serum amylase (274 U/l;
range 44-132) and hemoglobin Alc (9.5%; range 4.9-6.0), the
patient was referred to the Department of Diabetes, Metabolism
and Endocrinology at Osaka Medical and Pharmaceutical
University Hospital in November 2022. In addition to diabetes,
her medical history included postoperative cataract, hyperten-
sion, hyperlipidemia, and H. pylori infection. Coincidentally, a
CT scan revealed multiple cystic changes from the pancreatic
head to the tail, and the cystic lesion in the tail was 1.7 cm in
diameter with scattered calcifications (Fig. SA and B). It was
strongly suspected to be an IPMN with high-grade dysplasia or
pancreatic NET, and laparoscopic distal pancreatectomy was
performed in April 2023.

Histopathological examination of the surgically resected
specimens revealed that the main and branch pancreatic
ducts were cystically dilated, and the proliferation of
mucus-containing columnar cells without nuclear atypia or
invasive growth was noted (Fig. 6A). Ossification composed
of lamellar bone and osteocytes without nuclear atypia was
present, with sclerotic fibrosis but no cartilaginous components
around the cyst (Fig. 6B). Accordingly, IPMN with low-grade
dysplasia containing HO was diagnosed. The postoperative
course was uneventful. Multiple cystic lesions in the remnant
pancreas were followed up with periodic CT, and no tumor
progression was noted 20 months after surgery.

Discussion

In the present study, the cases of three patients with pancre-
atic neoplasms and HO were reported. Only 16 patients with
pancreatic neoplasms accompanying HO have been reported
in the English-language literature (14-25), which is considered
rare. The clinicopathological features of the previously reported
cases as well as those of the three present cases are summarized
in Table I. There was a slight female predominance (13 females
and 6 males), with the tail region being the most common
site of occurrence (10 cases in the tail and 9 in the head and
body). Regarding its histology, HO of pancreatic neoplasms
can be observed in benign and malignant forms, as observed in
colorectal tumors (10). HO is observed in benign tumors, such
as IPMN with low-grade dysplasia and MCN with low-grade
dysplasia; low-grade malignant tumors, including SPN and
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NET Gl; and malignant tumors, such as IPMN with high-grade
dysplasia and PDAC. The most frequent histological subtype
of pancreatic neoplasms with HO is SPN (10 of 19 patients),
followed by IPMN (4 patients) and PDAC (2 patients). To
the best of the authors' knowledge, this is the first report of
a pancreatic NET and MCN with HO. The reasons for the
differences in the frequency of HO among histological types
of pancreatic neoplasms remain unclear. The reported cases of
SPN suggest that the presence of HO in the abundant fibrous
stroma reflects a reactive or metaplastic process (14,17). In our
current cases of IPMN, MCN and NET, HO was also observed
adjacent to fibrous components, which may further support the
involvement of the aforementioned process. Alternatively, HO
has been reported in two patients with PDAC (15,24), which
might lead to the hypothesis that HO is associated with prolif-
erative potential. However, HO also occurs in tumors with low
proliferative activity, such as IPMN with low-grade dysplasia,
MCN with low-grade dysplasia, and NET G1, indicating that
the causal relationship between proliferative capacity and HO
remains unclear. Regarding the relationship with prognosis,
Table I may suggest that the presence of HO is not associated
with poor prognosis or is not a prognostic factor; however, there
are limitations to drawing further conclusions.

In daily practice, HO is most likely to be recognized as a
simple calcification on radiographs, as is the case in all three
presentations here, and is therefore underestimated. The
frequency of calcification depends on the histological type;
acinar cell carcinoma (6-50%), NET (30%), pancreatoblastoma
(30%), serous cystic neoplasm (30%), SPN (22%) and MCN
(15%) are relatively common, whereas other types, such as
IPMN and pancreatic ductal carcinoma, are rare. Comparing
the frequency of calcification by histological type of pancreatic
tumor to that of HO, the two are somewhat discrepant and
thus do not appear to be directly related. From a mechanistic
perspective, although not yet fully understood, the activation
of bone morphogenetic protein signaling pathways has been
implicated in HO in some pancreatic tumors, again supporting
the distinction between HO and dystrophic calcification (18,21).
The involvement of BMP in HO formation associated with
tumors has been reported not only in pancreatic tumors but also
in colorectal cancer, pulmonary carcinoid and papillary thyroid
carcinoma (7,9,10). Does it make sense to distinguish HO from
calcifications? One possible significance of HO is its potential as
a prognostic marker for pancreatic tumors. Matsunou et al (14)
reported that SPN cases with ossification and calcification had
fibrotic areas in their centers and showed infiltrative growth
patterns and pleomorphic atypia, indicating that they are aggres-
sive. Nakamura er al (16) also reported a case of SPN with HO,
arguing that this may have a high malignant potential because
of its infiltrating growth pattern. However, the prognostic
significance of HO in SPN has not been established, as this
finding is rare, and recurrence or metastasis in such cases has
not been reported (Table I). HO may also provide clues for the
differential diagnosis of pancreatic tumors, which may require
advances in diagnostic modalities to identify HO accurately.

In conclusion, the present study describes three patients
with pancreatic neoplasms and HO. Although rare, clinicians
should recognize that several types of pancreatic neoplasms
including NET and MCN can accompany HO. Additional
studies, which are based on increased awareness and interest
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in HO and improved accuracy of its identification in diagnostic
imaging, are required to clarify the prognostic significance
and underlying mechanisms of it in pancreatic neoplasms.
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