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Epigastralgia ¢ jaundice

Gastroenterology and Hepatology ¢ Oncology

Rare disease

Anaplastic carcinoma of the pancreas (ACP) is a rare type of cancer with an extremely poor prognosis. Hereditary
pancreatitis is a rare autosomal-dominant disease. It progresses to chronic pancreatitis at a young age, increas-
ing the risk of pancreatic cancer.

A 39-year-old woman was diagnosed with chronic pancreatitis at the age of 18 years. The patient was referred
to our hospital for epigastralgia and jaundice. We identified a tumor mass at the head of the pancreas us-
ing contrast computed tomography (CT) and endoscopic ultrasound (EUS) of the abdomen. Tissue biopsy re-
vealed ACP of the spindle cell type. We started the patient on combination chemotherapy using gemcitabine
and nanoparticle albumin-bound (nab) -paclitaxel, but she died 1 month after her first visit. An autopsy re-
vealed a mixture of tubular adenocarcinoma and anaplastic carcinoma. We performed genetic analysis using
DNA samples from the biopsy tissues but did not find mutations in the PRSS1 and SPINK1 genes associated
with hereditary pancreatitis.

The risk of pancreatic cancer generally increases in patients with hereditary pancreatitis after 50 years of age.
However, in this case, the development of pancreatic cancer occurred at a younger age, suggesting the impor-
tance of early detection in such cases. Furthermore, this case suggests that EUS is a useful method for moni-
toring patients with hereditary pancreatitis and the diagnosis of ACP.

Endoscopic Ultrasound-Guided Fine Needle Aspiration ¢ Genetic Diseases, Inborn ¢
Pancreatic Neoplasms ¢ Pancreatitis, Chronic ¢ Adenocarcinoma ¢ Carcinoma, Pancreatic Ductal
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Background

Anaplastic carcinoma of the pancreas (ACP) is a rare type of
cancer known to progress faster than pancreatic ductal ade-
nocarcinoma, causing poor prognosis. According to the World
Health Organization guidelines, ACP is defined as a malignant
epithelial neoplasm in which the main component of the neo-
plasm does not differentiate in a directed manner; thus, it is
classified as an undifferentiated carcinoma [1]. Depending on
the morphology of the cells, ACP can be divided into 3 differ-
ent types: pleomorphic type, spindle cell type, and ACP with
osteoclast-like giant cells.

Furthermore, hereditary pancreatitis is an autosomal-domi-
nant disease that develops acute pancreatitis from early child-
hood and progresses to chronic pancreatitis at a younger age.
Additionally, the risk of pancreatic cancer is high for patients
with hereditary pancreatitis. The existing case reports indicate
that the cumulative mortality rate of pancreatic cancer at the
age of 70 years is in the range of 18.8-40% [2-4]; however, this
patient developed cancer at a much younger age than that of
past cases. As this is the first known case where ACP devel-
oped from hereditary pancreatitis, we report our findings in
the context of the existing literature.

Case Report

A 39-year-old woman visited a clinic complaining of pain in the
epigastric region and jaundice. She was suspected of having
obstructive jaundice due to a tumor in the pancreas and was
referred to our hospital. She had a past history of recurrent
upper abdominal pain since the age of 6 years. At 18 years of
age, she was found to have calcifications in the pancreas and
was diagnosed with chronic pancreatitis. The patient also had
type 2 diabetes and received medications for the same. She
neither consumed alcohol nor smoked. Her family history indi-
cated that her father developed chronic pancreatitis at a young
age and died at 56 years of age. Blood tests indicated a de-
crease in amylase (29 U/L) and lipase (1 U/L) levels, whereas
there was an increase in the levels of hepatobiliary enzymes,
including total bilirubin (14.3 mg/dL), aspartate aminotrans-
ferase (45 U/L), alanine aminotransferase (41 U/L), y-glutamyl
transpeptidase (837 U/L), and alkaline phosphatase (2924 U/L).
Furthermore, we observed an increase in tumor markers, includ-
ing CEA (10.7 ng/mL), CA19-9 (>12000.0 U/mL), and DUPAN-2
(724 U/mL), and HbA1_was high at 10.2%.

A contrast computed tomography (CT) scan of the abdomen
revealed calcification of the pancreas and a poorly marginat-
ed mass of approximately 40 mm in diameter at the head of
the pancreas (Figure1A-1D). Additionally, we observed a low
absorption region during the late arterial phase with a gradual
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contrast effect (Figure 1A-1D). The intrapancreatic bile duct
was displaced due to the tumor mass and the intrahepat-
ic bile duct had enlarged (Figure 1E). We suspected invasion
of the tumor, as the region between the stomach and duode-
num was poorly marginated (Figure 1F). No findings support-
ed distal metastasis in the liver and lungs, and there was no
substantial enlargement of the lymph nodes.

Endoscopic ultrasound (EUS) showed a tumor with unclear
boundaries of approximately 55 mm in diameter with parts
of a low-absorbance region indicating tumor necrosis. We ob-
served a high-absorbance region near the tumor with an acous-
tic shadow, which may be the calcified region of the pancre-
as (Figure 2A). Furthermore, there was an enlargement of the
common bile duct and embolism of the portal vein due to the
tumor (Figure 2B). Contrast enhancement with perflubutane
deeply stained the entire tumor, excluding the areas of tumor
necrosis, which indicated a hypervascular tumor (Figure 2C).

Endoscopic retrograde cholangiopancreatography (ERCP) re-
vealed tumor invasion in the minor duodenal papilla. We de-
tected a stenosis of the lower region of the bile duct about
6 cm in length, and endoscopically placed a covered self-ex-
pandable metal stent (Figure 3).

We performed tissue biopsy of the exposed tumor region at
the minor duodenal papilla. Histopathological analysis revealed
the growth of atypical glandular epithelium, and spindle cells
in the stroma were observed. Immunohistochemistry showed
that the tumor cells were positive for CAM5.2 and AE1/AE3
and negative for vimentin in the epithelial regions. The atypi-
cal cells in the stroma were positive for CAM5.2, AE1/AE3, and
vimentin, but they were negative for desmin, SMA, and S100.
Ki-67 labeling index was high for both epithelial and stromal
regions (Figure 4).

The patient was diagnosed with ACP of spindle cell type by
pathological examination. Contrast computed tomography
showed a tumor 70 mm in size in contact with at least half of
the circumference of the vessel walls of the portal vein and
the superior mesenteric artery. Tumor invasion to the stomach
and the duodenum was observed, but there was no evidence
of lymph node metastasis or distal metastasis. Thus, the lesion
was diagnosed as locally advanced pancreatic cancer (stage
[IA) according to the National Comprehensive Cancer Network
guidelines and the American Joint Committee on Cancer 8"
edition [5,6]. We treated the patient with combination che-
motherapy using gemcitabine (1000 mg/m?) and nanoparti-
cle albumin-bound (nab)-paclitaxel (125 mg/m?) on days 1, 8,
and 15. However, she rapidly became debilitated and suffered
from portal vein embolism due to the tumor, accompanied with
worsening of ascites and edema of the legs. The patient died
1 month after the initial visit to our hospital.
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Figure 1. Findings of the contrast computed tomography (CT) scan of the abdomen. (A) Un-enhanced, (B) arterial, (C) portal, and (D)
delayed CT scans. Gradual contrast effect was observed in areas surrounding the tumor (yellow arrow) with calcification in
the inner region (red arrow). (E) The intrapancreatic bile duct in the pancreas was displaced by the tumor with dilatation
of the intrahepatic bile duct (yellow arrow). (F) The boundary between the stomach and duodenum was unclear, and tumor
invasion was suspected (yellow arrow).
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Figure 2. Endoscopic ultrasound images. (A) Tumor mass consisted of partial low-absorption regions considered to be the areas of
tumor necrosis (yellow arrow) and high-absorption regions with an acoustic shadow considered to be the calcification of the
nearby tumor (red arrow). (B) The common bile duct had expanded, and the tumor obstructed the portal vein (blue arrow).
(€) Contrast-enhancement was achieved with perflubutane.

Figure 3. Endoscopic retrograde cholangiopancreatography images. (A) The tumor invaded the minor duodenal papilla. (B) Stenosis
of the bile duct was visible by contrast-enhancement of the biliary tract (yellow arrow). (C) For the regions of stenosis, a
covered self-expandable metallic stent was placed endoscopically.
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Figure 4. Tissue biopsy of the minor duodenal papilla. Hematoxylin and eosin staining of the tumor under (A) 20x and (B) 40x
magnification. Immunohistochemistry images of (C) AE1/AE3 and (D) CAM5.2 under 20x magnification.

Autopsy revealed an 80x50x40 mm yellowish-white, elastic
hard tumor at the head of the pancreas. A pancreatic stone
of about 10 mm was observed in a cavity continuous with the
pancreatic duct. The tail of the pancreas was almost necrotic,
but there was no obvious tumor infiltration in the periphery
of the necrotic area, which excluded the possibility of degen-
eration due to tumor necrosis. Acinar cells had disappeared
from any region of the remaining pancreatic tissues, in which
fibrosis and aggregation of the islets of Langerhans alone in
the adipose tissue were observed. The tumor had invaded the
portal vein, which expanded upstream from the site of inva-
sion. Histological analysis exhibited the proliferation of the
atypical cells, mainly in the white-colored areas, and invasion
of the tumor mass into the surrounding fat tissue and lymph
nodes. The tumor had 2 main portions: an area of tubular ad-
enocarcinoma and an area of anaplastic carcinoma. In the tu-
bular adenocarcinoma section, there were irregular tubular
structures with varying size and flat or cubic cells. The ana-
plastic carcinoma section had sporadic cellular infiltration with
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marked polymorphism without any binding activity. The cells
were not morphologically uniform. There were mixed spindle-
shaped and polygonal cells. Although the boundaries of the ar-
eas were not clearly defined, anaplastic carcinoma cells were
mainly observed in the duodenum, bile duct, and Vater papil-
la, while tubular adenocarcinoma cells were mainly identified
in the pancreatic body and sites distant from the duodenum.

Immunohistochemistry revealed that cells in the tubular ad-
enocarcinoma area were positive for AE1/AE3 and CAM5.2,
and negative for vimentin (Figure 5A-5D). In contrast, the
cells in the anaplastic carcinoma area were positive for epi-
thelial markers, such as AE1/AE3 and CAM5.2, and vimentin
(Figure 5E-5H). Furthermore, both types of cells were nega-
tive for CD34, desmin, SMA, myogenin, and S-100. In addi-
tion, p53 was highly expressed. A node of about 6x3 mm in
size was found in the upper region of the right lobe of the liv-
er, where liver metastasis was diagnosed. The liver metasta-
sis showed components of anaplastic carcinoma. In contrast,
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Figure 5. Pathological images of the pancreatic tumor during autopsy. (A-D) The area of tubular adenocarcinoma. (A) Hematoxylin and
eosin staining (x40), (B) AE1/AE3, (C) CAM5.2, and (D) vimentin. (E-H) The area of anaplastic carcinoma. (E) Hematoxylin and
eosin staining (x40), (F) AE1/3, (G) CAM5.2, and (H) vimentin.
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Figure 6. Gene analysis. (A-C) PRSS1 gene, (D, E) SPINK1 gene. The PRSS1 gene was negative for all p.N29I, p.R122H, and p.G208A
mutations. The SPINK1 gene was negative for both ¢.194+2T>C and p.N34S mutations.

the greater omentum, lungs, and abdominal lymph nodes did
not exhibit metastasis.

Based on these findings, we determined that the patient had
developed pancreatic head cancer accompanied with anaplastic
carcinoma and a moderately differentiated tubular adenocar-
cinoma. We concluded that the cause of death was circulato-
ry failure from the obstruction of the portal vein and debilita-
tion of the body due to tumor proliferation.
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Additionally, we performed genetic analysis using the DNA
samples from the tissues extracted during biopsy. The PRSS1
gene was negative for all p.N29I, p.R122H, and p.G208A muta-
tions (Figure 6A-6C). There was a mutation in the codon cor-
responding to p.N29l; however, this was likely an artifact of
tissue fixation and not a true p.N29I mutation. Similarly, the
SPINK1 gene was negative for both ¢.194+2T>C and p.N34S
mutations (Figure 6D, 6E).
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Discussion

ACP is a type of carcinoma in which the mechanism of cell dif-
ferentiation is unknown. However, as it frequently displays the
components of pancreatic duct cancer, this carcinoma could be
a type of pancreatic duct cancer. The mechanism for the de-
velopment of ACP is predicted to be the de-differentiation of
pancreatic duct cancer. The following are the proposed charac-
teristics of ACP [7,8]: 1) mutation that leads to a change from
tubular adenocarcinoma to having a sarcomatoid component;
2) characteristics of epithelial cells in spindle cells; and 3) tu-
mor cells positive for epithelial cell markers, such as cytoker-
atins and the epithelial membrane antigen.

In the present case, immunohistochemistry showed that both
epithelial markers (AE1/AE3 and CAM 5.2) and a mesenchymal
marker (vimentin) were positive. This suggests a mechanism
by which epithelial-derived pancreatic ductal carcinoma de-
velops into anaplastic carcinoma through differentiation and
de-differentiation. In addition, p53 gene mutations are report-
edly associated with a poor prognosis [8], and, in the present
case, p53 was highly expressed.

Furthermore, Krasinskas et al reported that normal invasive
pancreatic duct cancer progresses into ACP due to a phenom-
enon called mutant allele-specific imbalance, in which the mu-
tated allele of KRAS is specifically amplified [9]. The accumu-
lation of genetic mutation is necessary for the progression of
normal invasive pancreatic duct cancer to ACP, suggesting that
ACP would be more commonly seen in the elderly. A popula-
tion-based study done in the United States found that the av-
erage age at diagnosis of ACP was 68 years, whereas that in
Japan was 61.5 years [10,11].

However, hereditary pancreatitis is a rare genetic disease that
causes chronic pancreatitis. Gross et al proposed the following
as defining characteristics of hereditary pancreatitis: 1) more
than 3 blood relatives with pancreatitis; 2) development of
the disease at a young age; 3) no other causes of developing
chronic pancreatitis (eg, heavy drinking of alcohol); and 4) de-
velopment of pancreatitis in more than 2 generations in the
family [12]. The European Registry of Hereditary Pancreatitis
and Familial Pancreatic Cancer also defines hereditary pan-
creatitis as chronic or recurrent pancreatitis with no known
causes for the development of the disease and with more than
2 first-degree relatives or more than 3 second-degree relatives
in 2 or more generations who also developed it [2]. The pa-
tient in this report developed chronic pancreatitis at a young
age without any risk factors for developing the disease, such
drinking alcohol; however, her father also developed chronic
pancreatitis at a young age. Thus, the patient was diagnosed
as having hereditary pancreatitis.
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Furthermore, in 1996, the p.R122H mutation of the PRSS1
gene was reported in a family that developed hereditary pan-
creatitis [13]. The PRSS1 and SPINK1 genes were identified as
the causal genes of hereditary pancreatitis [14]. A nation-wide
study in Japan between 2005 and 2014 showed that within the
families that underwent genetic testing, 41% (p.R122H 33%
and p.N291 8%) were positive for the PRSS1 gene mutation,
whereas 36% (p.N34S 22%, ¢.194+2T>C 14%, and p.P45S 1%)
were positive for the SPINK1 gene mutation [15]. The causal
gene was unknown for the remaining families who received
the genetic testing; similarly, we were unable to identify the
causal gene in our patient.

Hereditary pancreatitis is caused by a mutation in the gene
coding for trypsin, leading to unregulated trypsin activity [13].
Most of these patients develop acute pancreatitis before 10
years of age and chronic pancreatitis before 20 years of age.
In addition, the risk of developing pancreatic cancer is high-
er after 50 years of age [16]. The patient in the present study
developed the disease at a much younger age. Histological ex-
amination of the autopsy specimen revealed approximately
equal areas of anaplastic carcinoma and differentiated tubu-
lar adenocarcinoma. It is likely that the differentiated tubular
adenocarcinoma developed given the background of chronic
pancreatitis resulting from hereditary pancreatitis at a young
age before tumor differentiation resulted in anaplastic carci-
noma of the pancreatic duct. This suggests that patients with
hereditary pancreatitis have an increased risk of developing
pancreatic cancer, even at a young age. This case illustrates the
importance of surveillance from young adulthood in patients
with hereditary pancreatitis who developed chronic pancreati-
tis at a younger age. Further accumulation of cases is needed
to determine when to start surveillance and at what frequen-
cy it should be performed. As many patients with hereditary
pancreatitis develop chronic pancreatitis before 20 years of
age, annual screening with imaging modalities may be pref-
erable for patients older than 20 years.

EUS is considered useful for the surveillance of patients with
hereditary pancreatitis who are prone to developing chronic
pancreatitis at a young age. EUS is useful in evaluating chron-
ic pancreatitis because it is suitable for imaging of the main
pancreatic duct and stones. Studies have recently reported
the usefulness of EUS based on the Rosemont classification
for the diagnosis of early chronic pancreatitis [17] and EUS-
elastography [18-20]. EUS has attracted the attention of clini-
cians owing to its excellent spatial resolution and highly de-
tailed examination of the pancreatic parenchyma.

EUS is also useful for the diagnosis of anaplastic carcinoma
of the pancreatic duct. ACP is known to rapidly expand, caus-
ing necrosis and hemorrhage in the inner regions of the le-
sion [21]. Important imaging characteristics include cysts and
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low-absorption regions, indicating hemorrhage and necrosis
of the central region of the tumor. Images of the surround-
ing areas of the tumor display a hypervascular region, a char-
acteristic different from the usual hypovascular region visible
in the images of a normal pancreatic cancer [22]. EUS easily
captures such imaging characteristics, and contrast-enhance-
ment using Sonazoid could enable their clearer identification.
Furthermore, as cases with ACP, such as the one studied here,
often include regions with differentiated tubular adenocarci-
noma, we recommend biopsy from multiple locations to con-
sider the possibility of differing tissue types depending on the
region. Thus, EUS-guided fine-needle aspiration is considered
to be useful for tissue diagnostics.
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Conclusions

We reported a case of ACP that developed from hereditary
pancreatitis. In this case, the progression of pancreatic can-
cer that developed at a young age was rapid. Therefore, it is
the important from an early stage to monitor patients with
hereditary pancreatitis who develop chronic pancreatitis at a
young age. Furthermore, we propose EUS as a useful method
for monitoring hereditary pancreatitis and the diagnosis of ACP.
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