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Abstract

Undifferentiated carcinoma (UC) of the pancreas is a rare subtype of pancreatic cancer displaying

no definitive direction of differentiation. UC has been reported as a highly aggressive malignant

neoplasm, with a median overall survival of <1 year, except for several surgical series. On the other

hand, UC tissue sometimes contains non-neoplastic osteoclast-like giant cells (OGCs), and such

cases have been reported to have relatively longer survival. Thus, the World Health Organization

(WHO) classification histologically distinguishes UC with OGCs (UCOGCs) from UC, and UCs were
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subclassified into three subtypes: anaplastic UC, sarcomatoid UC and carcinosarcoma. However,

still less is known about UC due to its rarity, and such situations lead to further difficulties in

treatment for UC. To date, only surgical resection can offer curative treatment for patients with

UC, and no clear evidence for chemotherapy exists for them. However, a retrospective cohort

study and case reports showed that relatively promising results paclitaxel-containing regimens

for treatment of patients with unresectable UC. Furthermore, high programmed cell death protein

1 expression has been reported in sarcomatoid UCs and UCOGCs, and promising responses to

anti-programmed death-ligand 1 therapy have been described in case reports of UCOGCs. Recent

advances in chemotherapeutic agents and molecular technologies are opening up the possibilities

for expanded treatments.

Key words: osteoclast-like giant cells, carcinosarcoma, sarcomatoid undifferentiated carcinoma, anaplastic carcinoma, undiffer-
entiated carcinoma

Introduction

Epithelial malignant tumours of the pancreas are categorized into
exocrine neoplasms arising from exocrine glands and neuroendocrine
neoplasms arising from endocrine glands. Pancreatic cancer (PC) is
classified as an exocrine neoplasm, and it accounts for nearly 90%
of pancreatic neoplasms (1). The prognosis of PC is poor, and Siegel
et al. reported that the 5-year survival rate of PC patients was only
12%, the lowest of all cancer types (2).

Undifferentiated carcinoma (UC) of the pancreas, also known as
anaplastic carcinoma of the pancreas, is a rare subtype of PC. UC
is a neoplasm displaying no definitive direction of differentiation.
Unlike conventional PC (ductal adenocarcinoma), UC is poorly
cohesive and hypercellular, with scant stroma (3). The frequency
of UC in malignant neoplasms of the pancreas varied from 0.3
to 7% in the previous reports (3–6). UC has basically been con-
sidered more aggressive than PC (4, 5, 7). On the other hand,
UC tissue sometimes contains non-neoplastic osteoclast-like giant
cells (OGCs), and such cases have been reported to have relatively
long survival (5, 8). Based on these findings, although UCs were
classified into three subtypes (pleomorphic type, spindle cell type
and anaplastic carcinoma with OGCs) in the Japanese classification
of pancreatic cancer (9), the WHO classification histologically dis-
tinguishes UC with OGCs (UCOGC) from UC. Furthermore, UCs
were subclassified into three subtypes based on recent reports of UC
variants with molecular analysis: anaplastic UC, sarcomatoid UC and
carcinosarcoma (10).

So far, though there have been relatively many case reports of UC
(11), only a few studies have systematically reported its clinical and
molecular features. Such situations lead to further difficulties in our
understanding of UC. However, recent developments in molecular
technologies such as next-generation sequencing open up the pos-
sibility of understanding and treatment for UC. In this review, the
current knowledge of the epidemiology, clinical features, diagnosis,
prognosis, histological findings and treatment of UC of the pancreas
are outlined. Furthermore, the molecular features of UC, which may
lead to new therapeutic strategies for the treatment of them, are
considered.

Epidemiology

The frequency of UC in malignant neoplasms of the pancreas varied
from 0.3 to 7% in the previous reports (3–6). Recent studies reported
that the frequency of UC was 2–3%. The most reliable epidemio-
logical data were reported based on SEER registry data by Clark

et al (4). Of a total 6212 patients with PC, 353 patients (5.7%)
were diagnosed with UC, and 11 patients (0.2%) were diagnosed
with UCOGC. The age-adjusted incidence of UC was 0.027 per
100 000 persons [95% confidence interval (CI), 0.023–0.031]. There
are many case reports of UC. However, epidemiological reports by
Clark et al. indicate that these are biased data, and that the actual
frequency is extremely rare.

In the incidence of UC, no racial difference has been reported
(4), and the median age at diagnosis is around the 1960s, being
slightly more common in male than in female patients. Clark et al
reported that the proportion of male patients with UC was slightly
higher (57.5%) than that of female patients, and the median age at
diagnosis was 67 years, with no significant difference both in sex
and age compared with PC (4). Paal et al. also reported 35 cases
of UC using registry data retrieved from the Armed Forces Institute
of Pathology (7). In their reports, the median age at diagnosis was
62.0 years, and UC showed male predominance (71.4%). Thus, UC
shares characteristics with its counterpart PC. On the other hand,
a younger, female predominance has been reported in UCOGCs.
Muraki et al. reported 38 cases of UCOGCs (8), and the mean age
at diagnosis was 57.9 years, with a range from 29 to 86 years, and
UCOGCs showed slight female predominance (62.9%).

Clinical features

Size and tumour location

Reflecting its highly aggressive behaviour, UC tends to show larger
size. The median tumour size was reported to be 60–90 mm, with
larger tumours than PC (4, 7, 8), but there was no significant
difference in tumour size amongst subtypes of UC (7). The tumour
was less frequently located in the head of the pancreas in UC than in
PC (43.4% vs. 67.5%, P < 0.001) (4).

Symptoms

Due to their large size, UCs are often accompanied by some clinical
symptoms. These symptoms commonly include abdominal pain and
weight loss, but no specific symptoms have been reported in both
UC and UCOGCs. In the report by Paal et al., patients reported
abdominal pain (51.4%), weight loss, loss of appetite (14.3%), nau-
sea and/or vomiting (11.4%), fatigue (5.7%) and diarrhoea (5.7%)
(7). In UCOGCs, Muraki et al. reported that presenting symptoms
included abdominal or back pain (62%), weight loss (38%), nausea
(28%), tarry stool and jaundice (14%) in four patients each and
diabetes mellitus (10%) in three.
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The patients with UC were in poor condition at the time of
diagnosis due to its aggressive behaviour (12). We reported that the
Eastern Cooperative Oncology Group performance status (ECOG
PS) was ≥1 for 80% and ≥ 2 for 20% at the time of diagnosis.

Diagnosis

Tumour markers

Both carcinoembryonic antigen (CEA) and carbohydrate antigen 19-
9 (CA19-9) are commonly used tumour markers for PC. However,
they were mostly not elevated in UC. We reported CEA and CA19-
9 levels in both UC and UCOGCs at an advanced stage (12). The
median [interquartile range (IQR)] CEA and CA19-9 levels were
3.5 (2.0–6.9) and 35.7 (16.4–-556.0) U/ml in UC and 2.1 (1.7–3.1)
ng/mL and 22.8 (5.0–131.0) U/mL in UCOGCs, respectively. Gao
et al. reported 13 patients with UCOGCs (13), and the commonly
used tumour markers of CEA, CA19-9 and AFP were mostly not
elevated. The median (IQR) CEA, CA19-9 and AFP levels were 3.0
(2.4–11.8) ng/ml, 34.0 (11.5–62.0) U/ml and 2.0 (1.2–2.3) ng/ml,
respectively. Notably, on the other hand, NSE levels were elevated
in 66% of patients with UCOGC (median, 23.0 ng/ml; IQR, 21.5–
26.0 ng/ml). On the other hand, other tumour markers such as
DUPAN-2 and Span-1 are known to be useful in the diagnosis of
PC, but there have been no reports of their usefulness for UC.

Radiological modalities

In most cases of UC, computed tomography (CT) is sufficient to
identify the tumour. However, since UC is a variant of PC, it has
similar imaging features to those of PC. Ishigami et al. reported that
multidetector-row CT showed a hypovascular tumour with upstream
main pancreatic duct dilatation (14). On the other hand, due to
its highly aggressive behaviour, haemorrhagic necrosis was present
within tumours. Furthermore, intraductal tumour growth in the main
pancreatic duct and tumour thrombus were often observed, and these
findings may support the imaging diagnosis of UC.

Endoscopic ultrasound-guided tissue acquisition

As previously described, there are no tumour markers or radiological
findings useful for the diagnosis of UC. Thus, pathological exami-
nation is mandatory for diagnosis. One of the reasons why UC is
reported mainly in surgical series is that it is difficult to obtain a
tissue diagnosis of UC preoperatively. Chadha et al. reported the
utility of pathological diagnosis of biopsy specimens in exploratory
laparotomy or from liver metastases (15). However, a less invasive
approach is demanded for the diagnosis of UC.

Recently, advances in diagnostic modalities are facilitating the
diagnosis of pancreatic neoplasms (16–19). This enables us to acquire
more accurate pathological diagnoses of UC even in cases of unre-
sectable disease (12). We reported the clinical courses of advanced-
stage UC patients retrospectively. Of the total 55 patients, 14 (25.5%)
were diagnosed via Endoscopic ultrasound-guided tissue acquisition
(EUS-TA) (20). Currently, EUS-TA is vital for the diagnosis of UC,
especially in the advanced stage.

The diagnosis of UCOGC requires inclusion of OGCs in the
small specimens obtained by EUS-TA. However, EUS-TA is a useful
approach in the diagnosis of UCOGC. Reid et al. examined 15 cases
of UCOGC that underwent EUS-TA, and 6 (40%) could be diagnosed
(21). EUS-TA specimens showed specific components to UCOGC
(neoplastic pleomorphic mononuclear cells, OGCs and spindle cells)
and adenocarcinoma components in the sample. Furthermore, they
reported that immunostaining of specimens obtained by EUS-TA

for the macrophage and monocyte marker CD68 and the epithelial
differentiation marker epithelial membrane antigen (EMA), may help
in the diagnosis. Similarly, the utility of EUS-TA for the diagnosis of
UCOGC has been reported in some case series (22, 23).

Regarding the diagnosis of UC via EUS-TA, the most important
issue is the differentiation of UC from conventional PC. Therefore,
obtaining a tissue sample including neoplastic cells specific to UC,
such as neoplastic pleomorphic mononuclear cells and OGCs, is
fundamental to making a diagnosis of UC with EUS-TA. Newer
endoscopic ultrasound-guided fine needle biopsy (EUS-FNB) needles
potentially allow higher histological yield and enable immunohisto-
chemical staining and even next-generation sequencing (19, 24–26).
The use of EUS-FNB needles may help in the diagnosis.

Prognosis

UC has been believed to be more aggressive than PC (Table 1).
However, there are only a few systematic reports on its prognosis
due to its rarity. Furthermore, these data were based primarily on
surgical series. Considering that it has been reported that ∼80% of
PC patients were diagnosed in unresectable stages (27, 28), these data
were potentially biased. However, most studies reported that median
overall survival (OS) of UC was poor, at <1 year, except for several
surgical series (Table 2). Clark et al. compared the prognosis between
UC and PC in their population-based study (4). The median OS was
3 months in patients with UC and 11 months in patients with PC.
OS was significantly worse for patients with UC than for patients
with PC [hazard ratio (HR), 1.9; 95% CI, 1.7–2.1]. Strobel et al. also
reported a case-control study of surgically resected cases of UC (5). In
their report, there were no significant differences in OS between UC
and PC (7.1 vs. 16.5 months, respectively). However, this is possibly
due to the small sample size.

On the other hand, UCOGCs have been reported to have rela-
tively long survival compared with UC. Strobel et al. compared OS
between UCOGC and UC (5), and survival was significantly longer
for UCOGC patients than for UC patients (2-year OS rate in UCOGC
patients, 57.1%; median OS, 3.3 months in UC patients; P = 0.0477).
Muraki et al. compared OS of UCOGC and PC (8), and the median
OS was significantly longer for UCOGC patients than for PC patients
(7.67 vs. 1.59 years, P = 0.0009).

Meanwhile, the difference in OS was attenuated in the advanced
stage (12, 21). We reported the prognosis of 55 UC patients with the
advanced stage (12). The median OS in all patients with unresectable
UC was 3.95 months, and there was no significant difference in OS
between the UCOGC group and the UC without OGC group (5.36
vs. 3.58 months, respectively). The possible reasons for this poor
prognosis of UC in the advanced stage have been suggested to be poor
response to chemotherapy and publication bias. We also evaluated
prognostic factors for unresectable UC (12), and age, ECOG PS and
C-reactive protein were independent prognostic factors of OS.

Pathological findings

UC is also called anaplastic carcinoma. ‘Anaplastic’ denotes the
characteristics of cells or tissues that have lost their mature or
specialized features, and it is used to describe neoplastic cells that
divide rapidly and show no similarity to normal cells. Thus, UC is
defined as a malignant, epithelial neoplasm displaying no particular
differentiation, such as glandular formation, mucin production or
keratinization. Typically, neoplastic cells are poorly cohesive and
hypercellular, and they have only scant stroma. According to the
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Table 1. Overview of undifferentiated carcinoma

Epidemiology
• The frequency in malignant neoplasms of the pancreas is 0.3–7%
• The median age at diagnosis is around the 60s.
• There is a slight male predominance.

Clinical features
• Tend to show larger size (the median size was reported to be 60–90 mm).
• Slightly more frequently seen in the pancreatic body/tail.
• No specific symptoms are seen.

Diagnosis
• Both CEA and CA19-9 are mostly not elevated.
• CT shows similar imaging features to pancreatic cancer.
• EUS-TA is essential for the diagnosis, especially in the advanced stage.

Prognosis
• UC patients have significantly shorter survival compared with PC patients.
• UCOGCs have been reported to have relatively long survival compared with UC.

Pathological findings
Anaplastic UCs
• Pleomorphic mononuclear cells admixed with bizarre-appearing giant cells with eosinophilic cytoplasm are present.
Neoplastic cells are non-cohesive and lack gland formation.
Sarcomatoid UCs
• Spindle-shaped cells mimicking sarcomas are present.
Rhabdoid UCs
• A rare subtype of sarcomatoid UCs. Neoplastic cells have rhabdoid inclusions.
Carcinosarcomas
• Admixture of both roundish epithelioid cells and spindle sarcomatous cells.
UCOGCs
• Admixture of neoplastic pleomorphic mononuclear cells and multinucleated
OGCs. OGCs are positive for leucocyte markers and considered non-neoplastic.

Molecular features
• Similar to pancreatic cancer, KRAS, TP53, CDKN2A/B and SMAD4 are commonly observed.
Anaplastic UCs
• EMT-related proteins are highly expressed.
Sarcomatoid UCs
• PD-L1 is highly expressed.
Rhabdoid UCs
• Genomic alterations in SWI/SNF complex subunits are frequently observed.
Carcinosarcomas
• Both carcinomatous and sarcomatous components share identical alterations of KRAS and TP53.
UCOGCs
• PD-L1 is highly expressed.

Treatment
• Basically, only surgical resection can offer curative treatment for patients with UC.
• To date, no clear evidence exists for chemotherapy for UC.
Anaplastic UCs
• A retrospective cohort study and case reports indicate that a paclitaxel-containing regimen is a reasonable option for the
treatment of patients with unresectable UC.
UCOGCs
• Promising responses to ICIs for UCOGCs have been described in case reports.

CT, computed tomography; EUS-TA, endoscopic ultrasound-guided tissue acquisition; UC, undifferentiated carcinoma; OGCs, osteoclast-like giant cells;
UCOGCs, UC with OGCs; EMT, epithelial–mesenchymal transition; PD-L1, programmed death-ligand 1; SWI/SNF, SWItch/Sucrose Non-Fermentable; ICIs,
immune checkpoint inhibitors.

WHO classification 5th edition, UC is currently categorized into two
different types: UC (with three subtypes: anaplastic UC, sarcomatoid
UC and carcinosarcoma) and UCOGC (10, 29). The details follow.

Anaplastic UCs

Anaplastic UCs are composed of pleomorphic mononuclear cells
admixed with bizarre-appearing giant cells with eosinophilic cyto-
plasm and lack gland formation. Neoplastic cells are non-cohesive,

and a neutrophilic inflammatory infiltrate may be prominent, with
emperipolesis of neutrophils within the cytoplasm of the cells
(Fig. 1).

Sarcomatoid UCs

On histological examination, sarcomatoid UCs are characterized by
a predominance of spindle-shaped cells, accounting for ∼80% of
the cells without gland formation. These spindle-shaped cells mimic
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Table 2. Summary of prognosis of undifferentiated carcinoma

Author (year) No. of
patients

Median OS Extent of disease Initial treatment

Metastatic Localized
(resectable or
unresectable)

Curative
resection

Chemotherapy/
chemoradio-
therapy

Best
supportive
care

Any subtype
Clark (2012) (4) 353 3 months 204 127 81

(2-year OS
rate, 30.7%)

– –

Strobel (2011) (5) 18 5.7 months 5 13 13
(median OS,
7.1 months)

– –

Imaoka (2021) (12) 55 3.95 months 47
(median OS,
3.95 months)

8a (median
OS,
2.83 months)

0 44 11

Imaoka (2020) (20) 50 4.08 months 44 6 0 50 0
Anaplastic UCs
Strobel (2011) (5) 11 3.3 months – – 8

(median OS,
3.9 months)

– –

Sarcomatoid UCs
Gkountakos (2022) (41) 7 21 months 2 5 5 – –
Rhabdoid UCs
Sano (2014) (30) 6 <3 months 6 0 0 2 4
Carcinosarcomas
Li (2020) (31) 6 14 months 0 6 6 0 0
UCOGCs
Clark (2012) (4) 11 (2-year OS

rate, 50.0%)
– – 10 – –

Strobel (2011) (5) 7 (2-year OS
rate, 57.1%)

– – 5
(2-year OS
rate, 80%)

– –

Muraki (2016) (8) 38 7.67 years 0 38 38 0 0
Luchini (2017) (47) 16 20 months 0 16 16 0 0
Imaoka (2021) (12) 13 5.36 months 10 3a 0 11 2
Gao (2022) (13) 13 13 months 0 13 13 0 0

OS, overall survival.
aAll patients were diagnosed with locally advanced disease.

Figure 1. Representative case of anaplastic undifferentiated carcinoma (UC).

(A) Computed tomography (CT) showing a hypovascular tumour at the

body of the pancreas with upstream main pancreatic duct dilatation. (B)

Tissue sample obtained by endoscopic ultrasound-guided tissue acquisition

showing neoplastic cells, necrosis with neutrophil infiltration. In the high-

powered field, (C) pleomorphic mononuclear neoplastic cells admixed with

bizarre-appearing giant cells with eosinophilic cytoplasm were present.

sarcomas, but they demonstrate epithelial derivation without specific
mesenchymal differentiation.

Rhabdoid UCs. Rhabdoid UCs are a very rare subtype of sarcomatoid
UCs. Much like sarcomatoid UCs, they have abundant pleomorphic

Figure 2. Representative case of rhabdoid UC. (A) CT showing a hypovascular

tumour at the tail of the pancreas. In the surgical specimen, (B) abundant

pleomorphic neoplastic giant cells with rhabdoid inclusion were present.

neoplastic giant cells with abundant eosinophilic cytoplasm (Fig. 2).
However, unlike sarcomatoid UCs, they have rhabdoid inclusions
(30).

Carcinosarcomas

Carcinosarcoma refers to a neoplasm composed of an admixture
of both roundish epithelioid cells and spindle sarcomatous cells.
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Figure 3. Representative case of UC with osteoclast-like giant cells. (A) CT

showing a large tumour at the tail of the pancreas. (B) Tissue sample obtained

by EUS-TA showing a mixture of neoplastic pleomorphic mononuclear cells

and multinucleated OGCs. (C) Multinucleated OGCs were immunohistochem-

ically positive for CD68.

Each component should arbitrarily constitute 30% of the neoplasm
to qualify as carcinosarcoma. Carcinosarcoma is found the most
frequently in the uterus and has also been reported in other organs,
including the pancreas (31).

Undifferentiated carcinoma with osteoclast-like giant

cells

UCOGCs are pathologically characterized by the mixture of neo-
plastic pleomorphic mononuclear cells and multi-nucleated OGCs
(Fig. 3). Neoplastic mononuclear cells have a high Ki-67 prolifera-
tion index. Immunohistochemically, they are positive for epithelial
markers such as CEA, EMA and AE1/AE3, suggesting epithelial
differentiation. On the other hand, OGCs show few mitoses, and
immunohistochemistry shows low positivity for proliferation mark-
ers such as Ki-67. They are also positive for leucocyte markers
CD45 and CD68 but negative for epithelial markers. These findings
suggest that OGCs are not neoplastic but reactive cells derived from
macrophages (histiocytes) (32).

Molecular features

Pathologically, UC is an epithelial tumour that originates from the
pancreas, but the direction of differentiation is unknown. However,
genomic alterations KRAS, TP53, CDKN2A/B and SMAD4 are also
commonly observed in UCs (33–35). Of these, KRAS mutations are
the most frequently observed genomic alterations, in 60–80%. This
fact supports the concept that UCs are subtypes of PC. Molecular
features of UCs are summarized in Table 3.

Anaplastic UCs

Previously, associations between UC and epithelial–mesenchymal
transition (EMT) have been suggested. EMT is a complex pro-
cess by which epithelial cells lose their cell polarity and cell–cell
adhesion via inhibition of E-cadherin, and they gain migratory and
invasive properties of mesenchymal cells. By EMT, cancer cells in
a primary tumour break through the basement membrane with
increased invasive properties and enter the bloodstream through
intravasation. EMT is known to be associated with a poor prognosis
in various cancers, and this fact may contribute to the aggressive
clinical course of UCs. Furthermore, some research suggests that
pleomorphic pathological findings of UC similar to mesenchymal
phenotype are the result of EMT (36). It has been well known that
loss of E-cadherin is frequently observed in UC. Yonemasu et al.
compared UC with PC, and E-cadherin expression was completely
lost in seven of eight UC cases, whereas half the PCs showed strong
reactivity for E-cadherin immunohistochemically (37). Winter et al.
evaluated E-cadherin protein expression by immunohistochemistry Ta
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in pancreatobiliary cancers with a non-cohesive histological phe-
notype, predominantly UC (38). Interestingly, most UCs showed
complete loss of E-cadherin expression, and they were characterized
by either abnormal cytoplasmic accumulation or complete loss of
β-catenin expression, suggesting a deficient adherens junction. They
showed that E-cadherin inactivation via hypermethylation of CDH1,
encoding for E-cadherin, may be involved in the process of dediffer-
entiation in PC, based on its known function as a transmembrane
protein within the adherens junction and its central role in the EMT
of tumour progression. Ishida et al. immunohistochemically assessed
E-cadherin and three other EMT-related proteins, Slug (zinc finger
protein SNAI2), Twist1 (Twist-related protein 1) and Zeb1 (zinc
finger E-box-binding homeobox 1), in resected specimens. Increased
Zeb1 expression and the complete loss of E-cadherin expression
affect the progression of UC through the development of EMT (39).
On the other hand, Mattiolo et al. compared the immunohistochem-
ical expressions of three EMT-related markers (E-cadherin, Snai2
and Twist1) between UC and UCOGCs. They found that EMT was
more frequently activated in UC than in UCOGC (40). Furthermore,
among UCOGCs, EMT was more frequently activated in cases with
PC components.

Sarcomatoid UCs

Advances in sequencing technology have shown that the genomic
profile of sarcomatoid UCs is similar to that of PC. Gkountakos
et al. reported that the most frequently observed genomic mutations
were KRAS (100%), TP53 (90%) and CDKN2A (60%) (41). They
reported that, unlike in PC, SMAD4 mutations were rare (10%), and
KRAS amplification was more frequent in sarcomatoid UCs. Faber
et al. also reported the genomic profiling of sarcomatoid UCs com-
pared with PC patient samples (42). The most frequently observed
genomic mutations were KRAS (86%), TP53 (86%) and CDKN2A
(18%), with similar prevalences to PC. Programmed death-ligand 1
(PD-L1) was significantly highly expressed in sarcomatoid UCs com-
pared with PC (63% vs. 16%, respectively), but there were no signif-
icant differences both in the frequency of microsatellite instability-
high/mismatch repair (MMR)-deficient (2% vs. 1%, respectively)
and tumour mutation burden–high (2% vs. 2%, respectively).

Rhabdoid UCs. Rhabdoid UCs are considered a rare subtype of
sarcomatoid UCs. Unlike UCs and UCOGCs, the rhabdoid subtype
is unique in having a low frequency of KRAS mutation and a high
frequency of KRAS amplification. Agaimy et al. reported that the
frequencies of KRAS amplification and KRAS mutation in this rare
subtype were 38 and 54%, respectively (43).

On the other hand, high frequencies of SWItch/Sucrose Non-
Fermentable (SWI/SNF) chromatin remodelling complex subunit
deficiencies were reported in UCs of the gastrointestinal tract,
especially with rhabdoid features (44). The SWI/SNF complex plays
significant roles in the regulation of gene expression. On the other
hand, alterations in SWI/SNF complex subunits, such as SMARCA4,
SMARCB1 (INI1) and ARID1A (SMARCF1), can cause a loss
of function of the subunit as a tumour suppressor. Furthermore,
SWI/SNF subunits can also be required for tumour maintenance
or even play an oncogenic role in certain disease contexts (45).
Agaimy et al. reported that strong correlation between KRAS
alterations and intact SMARCB1 expression, and loss of SMARCB1
expression correlated with the absence of KRAS alterations (43).
Based on KRAS alterations and immunohistochemical SMARCB1
expression status, they also classified sarcomatoid UCs into two
subtypes: the pleomorphic subtype (KRAS alterations and intact

SMARCB1) and the monomorphic subtype (KRAS wild-type and
loss of SMARCB1). Recently, SWI/SNF complex subunits have been
highlighted as therapeutic targets, and multiple novel agents are
currently being tested in several phase I–II trials (46): tazemetostat
for loss of SMARCB1 (NCT02601950) and berzosertib for ARID1A
(NCT02059265).

Carcinosarcoma

Although carcinosarcoma is composed of an admixture of both
epithelial and sarcomatous components, each component is
immunophenotypically similar to its pure counterpart. Li et al.
reported the result of genomic and molecular analyses of carcinosar-
coma, using laser-captured microdissection both in carcinomatous
and sarcomatous components (31). These two components shared
identical alterations of KRAS and TP53. In addition, the expression
statuses of TP53, ARID1A and KDM6A were consistent between
carcinomatous and sarcomatous tissues. In this study, genomic
and molecular analyses showed the monoclonal origins of the
carcinomatous and sarcomatous components.

Undifferentiated carcinoma with osteoclast-like giant

cells

The results of whole exome sequencing of UCOGCs have been
reported, and the genetic alterations of UCOGCs are quite similar
to those of PC, including KRAS, CDKN2A, TP53 and SMAD4
(47). Despite unique pathological findings of UCOGCs, these results
support the classification of UCOGC as a PC variant and suggest
that somatic mutations are not the determinants of its phenotype.

Recently, a predictive biomarker for immune checkpoint
inhibitors (ICIs), PD-L1, has been highlighted. Currently approved
ICIs target immune checkpoint proteins: cytotoxic T-lymphocyte-
associated antigen 4, programmed cell death protein 1 (PD-1) and
PD-L1. The anti-PD-1 antibody pembrolizumab binds to PD-1 on
the T cells and inhibits the interaction of PD-1 with the PD-L1
expressed on the cancer cells (48). This causes immunosuppressive
signals to T cells to be blocked, which allows T cells to attack cancer
cells. In UCOGCs, Lehrke et al. examined the expressions of PD-L1,
CD3, CD20, CD68 and DNA MMR proteins in 24 patients with
UC immunohistochemically (16 cases were anaplastic UC, 5 were
UCOGCs, 1 was sarcomatoid UC and 5 were rhabdoid UC) (49). In
their comparison with PC, PD-L1 expression was more frequently
observed in UC than in PC (63% vs. 15%, P < 0.05). Of the total
five UCOGCs, four expressed PD-L1. On the other hand, 8.3%
(2/24) UCs were MMR-deficient, and they were positive for PD-
L1, with more than 10% positive tumour cells. Hrudka et al. also
compared PD-L1 expression between UCOGC and PC, and PD-
L1 was significantly highly expressed in UCOGC compared with
PC (76.9% vs. 12.5%, P < 0.001) (50). Among UCOGC patients
with high or low expression levels of PD-L1, the median OS was
5.7 months and not reached, respectively. However, the difference
was not significant mainly due to the small sample size, and high
expression of PD-L1 may possibly impact negatively on survival of
UCOGC patients. On the other hand, high expression of PD-L1 can
potentially be a therapeutic target for ICIs (see Treatment).

Treatment

Surgical resection

Only surgical resection can offer curative treatment for patients
with UC, and surgical resection such as the Whipple procedure,
pylorus-preserving pancreatoduodenectomy, distal pancreatectomy
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or total pancreatectomy is performed depending on the primary
site and extension of the lesion, as in the case of PC. In the
population-based study by Clark et al., pancreatic resection was
an independent prognostic factor for OS (HR = 0.3; 95% CI, 0.2–
0.5; P = 0.001) (4). Strobel et al. also reported the prognosis of UC
based on a surgical database (5). The study showed that curative
resection significantly improved OS compared with palliative
surgery (7.1 vs. 2.2 months, P = 0.0094). This difference was even
more evident in terms of the presence of OGCs, and median OS
in patients with curatively resected UCOGCs was significantly
longer than in those without OGCs (not reached vs. 3.9 months,
P = 0.0104). They also reported that adjuvant chemotherapy was
not associated with longer OS in UC. Recent progress in adjuvant
chemotherapy for PC may potentially benefit such UC patients
treated with surgical resection (51–53), but there is no evidence for
its use.

Chemotherapy

To date, no clear evidence exists for chemotherapy for UC. Fur-
thermore, treatment data for patients with unresectable UC are
lacking, as previous reports were based primarily on surgical series or
registry data. However, a retrospective cohort study and case reports
indicate that a paclitaxel-containing regimen is a reasonable option
for treatment of patients with unresectable UC. We analysed a total
of 50 UC patients treated with chemotherapy (20). The efficacy of
chemotherapy was limited, with an objective response rate (ORR) of
10% and a median progression-free survival (PFS) of 1.84 months for
first-line chemotherapy. However, gemcitabine plus nab-paclitaxel as
first-line chemotherapy showed relatively promising results, with an
ORR of 33.3% and a median PFS of 4.60 months. A paclitaxel-
containing, first-line regimen significantly improved OS compared
with a non-paclitaxel-containing regimen (6.94 vs. 3.75 months,
P = 0.041). After adjustment, use of a paclitaxel-containing regimen
in any line was still an independent predictor of OS (HR, 0.221; 95%
CI, 0.076–0.647; P = 0.006). They also reported that the presence of
OGCs did not affect chemotherapeutic effects. King et al. published
a case report of rhabdoid UC with complete response achieved
by gemcitabine plus nab-paclitaxel after failure of FOLFIRINOX
(54). Wakatsuki et al. also reported a case of complete response
to paclitaxel based on chemosensitivity testing (55). These reports
suggest that gemcitabine plus nab-paclitaxel is a reasonable option
in the treatment for UC.

ICIs have emerged as a new treatment paradigm for patients with
many types of cancer (56, 57). ICIs bind to immune checkpoint pro-
teins or their ligands and block these immunosuppressive signals in
cancer cells (58). Only a limited number of cancer patients have been
shown to derive benefit from ICIs; however, promising responses
to ICIs for UCOGCs have been described in case reports (59, 60).
Although biomarkers for predicting the efficacy of ICIs are not fully
understood, the utility of PD-L1 expression has been demonstrated
in non-small-cell lung cancer (57). Several studies showed high PD-
L1 expression in UCOGCs, and ICIs may potentially benefit such
patients with UCOGCs.

The most problematic issue is treatment for UC. Such rare
cancers are generally under-represented, resulting in delays in the
establishment of treatments, with little progress in research and
development. As a result, UC patients lack access to appropriate
treatment, resulting in poor treatment outcomes (61). However,
because of their rarity, there are few ongoing clinical trials, and
we do not expect any company-led therapeutic developments in the
future. Based on previous retrospective data (20), we are currently

conducting a phase II clinical trial of gemcitabine plus nab-paclitaxel
for UC (jRCTs031220099).

Conclusion

UC of the pancreas is an aggressive epithelial neoplasm with a
poor prognosis, but still less is known about it due to its rarity.
However, recent advances in diagnostic modalities and genomic
sequencing technologies are opening up the possibilities for diag-
nosis and expanded treatments. Deepening our understanding and
accumulating knowledge of UCs are necessary to establish treatment
for them.
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