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Abstract: Carcinosarcoma of the pancreas is a very rare tumor with distinct malignant epithelial and mesenchymal
components. The pathogenesis, however, remains to be further clarified. This is a report on a 44-year old Chinese
woman with a solid tumor in the head of pancreas analyzed on immunohistochemistry, K-ras, and p53 sequence.
On gross inspection, the tumor was grey-white and poorly circumscribed with a bone-like texture component. In
the histology, it was also noteworthy that the heterogeneous features of the tumor were mixed in the same field,
which consisted of adenocarcinoma, sarcoma, and osteosarcoma. Immunohistochemical results have confirmed
that these are three histological components with different phenotypes. Gene mutation analyses confirmed the
heterogeneity, in which the adenocarcinoma component and the sarcoma component did not burden the same
K-ras mutation and p53 mutations as that of the osteosarcoma component. It is gratifying that the woman is still
alive 48 months after surgery. Based on these findings, this case was the first case reported to date of pancreatic
adenocarcinoma combing with sarcoma and osteosarcoma in the same tumor. Furthermore, this case was a unique
pancreatic tumor composed of carcinosarcoma and extraskeletal osteosarcomas. The morphological, immunohisto-

chemical, and genetic findings suggested that the pancreatic tumor was of a multiple clonal origins.
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Introduction

Carcinosarcoma of the pancreas is a very rare
tumor which is defined as a tumor consisting of
two malignant components: epithelial and mes-
enchymal cells. Each of these elements shows
distinct immunohistochemical and ultrastruc-
tural characteristics and the histogenesis of
this tumor is still unclear. Up to now, 28 cases
of pancreatic carcinosarcoma have been
reported [1-25] and only three of them have
shown heterologous mesenchymal compo-
nents [1-2, 9]. Moreover, there has been only
one case reported as pancreatic adenocarci-
noma with osteosarcoma component [9]. In
addition, there was an extraskeletal osteosar-
coma of pancreas recently reported [26]. There
have been only two documented cases of
osteosarcoma arising in the pancreas as of
now. Herein, this report presents a unique case
of pancreatic ductal adenocarcinoma combin-

ing with a sarcomatous component and hetero-
geneous osteosarcoma. The immune-pheno-
type and genotype were clearly different.
Further study of associated morphological
characteristics, immunohistochemical results,
and genetic mutations were analyzed. The rel-
evant cases in literature were reviewed in the
discussion.

Case presentation
Clinical history

The patient was a 44 years old woman and
came to our hospital in May 2013. She com-
plained of discomfort in the upper abdomen.
She showed progressively exacerbated jaun-
dice which manifested icteric skin and sclera,
dark urine, and pale stool. Laboratory tests
showed the following results: alanine amino-
transferase (ALT) was 482.1 U/L (0-40 U/L),
aspartate aminotransferase (AST) was 345.6
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Figure 1. A. Abdominal CT image showing a 3 cm high
density nodositas at the back of pancreatic head. B.
Fresh cut view of the body and head of the pancreas.

U/L (13-35 U/L), total bilirubin was 184.2
mmol/L (3.4-17.1 mmol/L), direct bilirubin was
149.6 mmol/L (0-6.8 mmol/L), and CA-
199>1200 kU/L (<37kU/L). Amylase, lipase
levels, and other tests were within the normal
range. The physical examination did not find
any palpable abdominal mass. Doppler exami-
nation indicated a hypoechoic 2.9 cmx1.6 cm
lesion in the lower segment of the common bile
duct and dilation of hepatic bile ducts. Magnetic
resonance imaging (MRI) and Magnetic
Resonance Cholangiopancreatography (MRCP)
confirmed the nodular lesion in the head of
pancreas. Contrast-enhanced computed to-
mography (CT) showed that the nodular lesion
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was inhomogeneous with a bone like high-den-
sity lesion (Figure 1A).

The patient had no history of smoking or al-
coholism. She underwent the appendectomy
4 years ago and the epiglottic cystectomy
2 years ago. No explicit familial history of can-
cer was found. Subsequently, a radical Whip-
ple pancreatico-duodenectomy was perfor-
med and the specimen was sent to our dep-
artment. The follow up revealed that the pati-
ent was still alive 48 months after of the op-
eration, which was relatively better than me-
an survival time in patients with pancreatic
adenocarcinoma.

Pathological and genetic findings

The resection specimen was composed of par-
tial pancreas, stomach, duodenum, and the
distal common bile duct. In gross examination,
a gray-white irregular tumor was measured as
3.0 cmx2.0 cmx1.6 cm in the head of the pan-
creas. The tumor was inhomogenous and some
portions were as hard as cancellous bone
(Figure 1B). The tumor was poorly circum-
scribed and infiltrated the distal common
bile duct cross pancreas and invaded into the
peripancreatic adipose tissue.

Histologically, it was noteworthy that triphase
histological features were found in the lesion
(Figure 2A), which consisted of ductal adeno-
carcinoma, sarcoma, and osteosarcoma
(Figure 2B-D). The first component was a mod-
erately differentiated ductal adenocarcinoma
which invaded into peripancreatic adipose tis-
sue and the common bile duct wall. The second
component mainly exhibited a fascicular and
storiform growth pattern, which was composed
of pleomorphic spindle cells and was presented
as predominantly with highly cellular areas con-
taining abundant cytoplasm, hyperchromatic
nuclei, and prominent nucleoli. Abnormal cells
with hyperchromatic, poly lobated nuclei, or
multinucleated giant cells were also present
occasionally. The pathological mitotic figures
were about 4-6/10 HPF. The sarcoma compo-
nent was morphologically compatible with a
high-grade sarcoma. The third component was
characterized by a dense proliferation of malig-
nant short spindle-shaped, polygon-shaped,
and small round cells that had atypical and
abnormal nuclei and formed tumor osteoid and
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Figure 2. Histopathological and Immunohistochemical features. (A) A very-
low-power view of the polymorphy lesion (H&E x40). (B-D) Mid-power view
of the triphase histological features (H&E x200). (B) Adenocarcinoma. (C)
Sarcoma. (D) Osteosarcoma. (E, F) Immunohistochemical expression of p53.
(E) and osteonectin (F) in the osteosarcoma area (Envision x400).

bone matrix. There was no vascular invasion
and the specimen margins and adjacent organs
were free of tumor but 3 of 18 peripancreatic
lymph nodes were positive for metastatic can-
cer, the invasive component originated from
adenocarcinoma.

An antibody panel (Table 1) included a serial of
epithelial markers and a serial of mesenchymal
markers used to analyze the phenotype.
Immunohistochemically (Figure 2E, 2F), the
carcinomatous cells were strongly and diffuse-
ly reactive for antibodies to cytokeratin (AE1/
AE3), cytokeratin7, mucini, and Epithelial Me-
mbrane Antigen (EMA) but were negative for
vimentin, CDla, CD10, CD34, CD117, SMA,
desmin, S-100, cytokeratin20, and mucin2,
which was consisted with the adenocarcinoma
originated from pancreatic duct or bile duct.
The spindle cells of the sarcomatous compo-
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nent, on the other hand,
showed strong reactivity for
antibody to vimentin, and
weakly positive to osteopontin
and osteonectin but no reac-
tivity for other antibodies. The
osteosarcoma cells were only
reactive for vimentin, osteo-
pontin, and osteonectin. All
three components showed
positive for p53 but the range
and intensity of the expres-
sion of the three components
were different. The Ki-67 pro-
liferation index in the carcin-
omatous, sarcomatous, and
osteosarcoma  components
were 38%, 24%, and 30%, re-
spectively.

As to the genotype, three dis-
tinct tumor components (ad-
enocarcinoma, sarcoma, and
osteosarcoma) and control
samples (hon-neoplastic pan-
creatic parenchyma adjacent
to the tumor) were archived
separately by laser micro-dis-
sected method and sent to be
analyzed for K-ras and p53
mutations. DNA samples ex-
tracted from the micro-dis-
sected tissues were subjected
to PCR with a pair of specific
primers (Table 2) to amplify exon 1-2 of K-ras
and exon 4-9 of p53 and isolated PCR products
were sequenced bidirectionally. The analysis re-
vealed some identical K-ras (mutation in exon
1) and p53 (mutation in exon 4 and 8) muta-
tions only in osteosarcoma examined (Table 3).
The same gene mutations were not detected
in adenocarcinoma, sarcoma components, and
control samples.

Discussion

Carcinosarcoma is a rare neoplasm when in the
pancreas or other organs. By definition, it is a
biphasic tumor consisting of an intimate admix-
ture of malignant epithelial and mesenchymal
components identifiable on the basis of their
morphological, immunohistochemical, and ul-
trastructural features. There are two main
hypotheses for the genesis of carcinosarcoma.
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Table 1. Results of immunohistochemical findings

Carcinosarcoma rarely occurs in the pan-

Arcinosarcoma

Osteosarcoma

creas and about 28 cases of carcinosar-
coma of the pancreas have been report-

Marker Adenocarcinoma Sarcoma . T :
CK AE1/3 positive negative negative ed (Table 4) in publications, which

) k ) N N includes 7 cases in Chinese papers. The
Vimentin negative positive positive . .

- ) } major cases were of malignant mesen-

EMA positive negative negative chymal component composed of malig-
p53 weakly positive weakly positive positive nant spindle-shaped cells. Besides, it
CK7 positive negative negative also included leiomyosarcoma [1, 2, 10,
CK20 negative negative negative 23], malignant peripheral nerve sheath
mucinl positive negative negative tumor (MPNST) [2], malignant fibrous
mucin2 negative negative negative histiocytoma (MFH) [5, 13, 15, 21], and
EGFR negative negative negative similar to giant cell carcinoma (GCT) of
SMA negative negative negative bone differentiation [3, 4, 14]. Among
CD1a negative negative negative these cases, only three cases showed
cD117 negative negative negative heterologous mesenchymal components
CDh10 negative negative negative [1, 2, 9], namely, chondrosarcoma and
Desmin negative negative negative rhabdomyosarcoma [1], chondroid [2], or
S-100 negative negative negative osteosarcoma [9] features.
CcD34 negative negative negative The combination of osteoclastic giant
Osteopontin negative weakly positive positive cell tumor of the pancreas (OGTP) with
Osteonectin negative weakly positive positive carcinoma was rare. Watanabe et al. [3]
Ki-67 38% 24% 30%

reported an OGTP associated with a

Table 2. Specific primer sequences of KRAS and p53

pleomorphic-type giant cell carcinoma
and an ordinary adenocarcinoma. The
OGTP element was reactive for antibod-

Gene/EXON Specific primer sequences
053 E4 F: TGCTCTTTTCACCCATCTAC
R: GCCAGGCATTGAAGTCTCAT
053.E5 F: GACTTTCAACTCTGTCTCCT
R: ATCAGTGAGGAATCAGAGGC
F: GCCTCTGATTCCTCACTGAT
pS3E6 R: CACTGACAACCACCCTTAAC
D53.E7 F: CCTCATCTTGGGCCTGTGTT
R: CAGTGTGCAGGGTGGCAAGT
053.E8 F: GGACCTGATTTCCTTACTGC
R: GCTTCTTGTCCTGCTTGCTT
053.E9 F: CAAGAAGCGGTGGAGGAGAC

R: ACGGCATTTTGAGTGTTAGA
F: TGTATTAACCTTATGTGTGACA
R: GTCCTGCACCAGTAATATG

F: TGAAGTAAAAGGTGCACTGT
R: TCAATTTAAACCCACCTATAATG

KRAS-E1 (G12-G13)

KRAS-E2 (Q61)

ies to vimentin, matrix metalloproteinase
type 3, and CD68 while the pleomorphic-
type giant cell carcinoma element was
reactive only for epithelial markers,
including cytokeratin, EMA, and etc. The
presence of abundant mitochondria and
lack of desmosomes in the cells from the
OGTP component further emphasized
the mesenchymal nature of these cells.
Similarly, Fischer et al. [4] reported 2
cases in which the pancreatic neoplasms
were composed of an OGTP component
and a glandular component with moder-
ate pleomorphism. However, they proved
the divergent nature of these 2 compo-
nents in only 1 case by immunohisto-
chemistry.

Collision theory implies development of two
independent elements intermingled. Mono-
clonal hypothesis, more widely accepted,
implies a common precursor in the form of
dedifferentiated or pluripotent cells that under-
go divergent differentiation.
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Okamura et al. [9] reported a case of car-

cinosarcoma with a heterologous mes-
enchymal component (osteosarcoma) originat-
ing in an intra-ductal papillary-mucinous carci-
noma (IPMC). It was the first report of the
heterologous pancreatic tumor. Immunohis-
tochemical and gene mutation analyses
revealed that both the adenocarcinoma and

Int J Clin Exp Pathol 2018;11(3):1746-1753
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Table 3. Mutations of KRAS and TP53 genes in each tumor component

Sample Exon Alleles Flanking Sequence Comments
Control KRAS (G12+G13) no mutation

Control p53 EXON4~9 no mutation

Adenocarcinoma KRAS (G12+G13) no mutation

Adenocarcinoma p53 EXON4~9 no mutation

Sarcoma KRAS (G12+G13) no mutation

Sarcoma p53 EXON4~9 no mutation

Osteosarcoma p53 EXON4 C/G AATGCCAGAGGCTGCTCCCC (C/G) CGTGGCCCCTGCACCAGCAG €.215C>G, p.P54R
Osteosarcoma p53 EXON8 A/AG GAGACCGGCGCACAGAGGAAG (A/AG) GAATCTCCGCAAGAAAGGGG  €.860A>AG, p.E287EG

Osteosarcoma

KRAS (G12+G13) G/AG  TAAACTTGTGGTAGTTGGAGCT (G/AG) GTGGCGTAGGCAAGAGTGCCTT ¢.34G>AG, p.G12GS

osteosarcoma expressed TP53 and shared
similar mutation sites of K-ras and p53 genes
as well as the IPMC. Their results indicated that
two different neoplastic components in the
same pancreatic tumor had common origin,
which was same as the IPMC. This case report
provided new insight supporting that carcino-
sarcoma, even with a heterologous mesenchy-
mal component, was consistent with the mono-
clonal hypothesis. In addition, Resch et al. [26]
reported the first case of an extraskeletal
osteosarcomas (ESOS) arising from the pan-
creas. The patient was a 64-year-old man with
an approximately 8 cm partially cystic and par-
tially solid mass in the head of the pancreas.

Although our case was the third reported osteo-
sarcoma occurring in the pancreas in literature,
it was unique in genotype from the other 2
cases above. Immunohistochemical results
had confirmed that the three histological com-
ponents with different phenotypes respective-
ly which were epithelial, mesenchymal, and
osteosarcoma origin. The differential diagnosis
of our case included sarcomatoid adenocarci-
noma, metastatic osteosarcomas, and undif-
ferentiated carcinoma with osteoclast-like
giant cells. The immunohistochemical results
argued against a sarcomatoid carcinoma.
Extensive clinical investigation of the patient,
including PET-CT (positron emission tomogra-
phy computerized tomography) scan, ruled out
the possibility of metastatic osteosarcomas
remotely from other organ. The typical histolo-
gy morphology, especially malighant osteoid
production, would not see an undifferentiated
carcinoma with osteoclast-like giant cells.

The exact cell of origin of carcinosarcoma
remains unknown. Two possible tumorigenic
mechanisms were proposed. One involves 2
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separate and independent clones, proliferating
and merging as a single tumor. The second
tumorigenic mechanism involves a single cell of
origin with subsequent diversion and differen-
tiation into carcinomatous and sarcomatous
pathways. The second mechanism was sup-
ported by Millis [1], Nakano [8], Okamura [9],
Kim [16], and van den Berg [27]. Papers from
Millis, Okamura, and Kim have shown that dif-
ferent areas of tumor all revealed the same
genetic mutations. The K-ras sequence was
analyzed in samples taken from the center of
the tumor (sarcoma-dominant area) and the
duodenum sample was taken as control. Point
mutations were detected at codon 12 and
codon 34 on exon 2 in the tumor sample while
no point mutation was observed in the duode-
num sample. Nakano et al. speculated that
because the K-ras point mutation was not
observed in the normal duodenum sample, one
possibility is that the codon 12 mutation
induced the adenocarcinoma to develop while
the mutation at codon 34 caused the addition-
al sarcomatous change. Van den Berg et al.
also demonstrated identical genetic alterations
in 6 chromosomal loci in the carcinomatous
and sarcomatous components in 2 of the 3
cases they studied. In their third case, 5 of 6
chromosomal loci showed identical genetic
alterations in the carcinomatous and sarcoma-
tous components. Interestingly, the analysis of
gene mutation in our case showed that epithe-
lial and mesenchymal components did not
undergo K-ras and p53 mutations, only the
osteosarcoma component had K-ras and p53
mutations (Table 3). The result is different from
the above. The case was, so far, the only report
of a multi clonal nature of pancreatic carcino-
sarcoma, which also verifies the first hypothe-
sis. Therefore our data are more likely to con-
firm it a collision tumor, i.e., pancreatic sarcoma
with ESOS.

Int J Clin Exp Pathol 2018;11(3):1746-1753
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Table 4. Summary of reported carcinosarcoma of the pancreas

Reference Race Age Max size  Carci- Sarcoma Heterologous Haematogenous Lymph node  Follow-up
(years) (cm) noma differentiation metastases metastases  (months)
Millis [1] White 50 F 8.8 AC Leiomyosarcoma Rr?:gg:;f;:;fg:qa - - +3
Wenig [2] White 67 M 19 MCAC MPNST Chondroid - unknown +15
Polynesian 48 F unknown  MCAC Leiomyosarcoma - - unknown 12
Black 65 F 30 MCAC Leiomyosarcoma - Omentum unknown +9
Watanabe [3] Japanese 76 M 5 AC Similar to GCT of bone - - unknown +3
Fischer [4] German 73 F 10 AC Similar to GCT of bone - - - +2
Darvishian [5]  White 74 M 4 AC MFH - - unknown +4
Yamazaki [6] Japanese 90 M 18 AC Undifferentiat:(r;n :P:lorr?::r(];ljlsc ilflss’pindle shaped ) LLIJ_ :;t EFl‘i:‘iEtZileillanT;lw_;)vrzrr;e H(i,_s;izerﬁlkl;m 1
Barkatullah [7] White 67 F 2.5 AC High grade spindle cell - - - +9
Nakano [8] Japanese 82 F 18 AC Polygonal or short spindle shaped cells - - unknown +13 days*
Okamura [9] Japanese 64 F 3.5 IPMC Malignant spindle shaped and pleomorphic cells Osteosarcoma - - 12
Chmiel [10] Polish 47 M unknown AC Leiomyosarcoma - unknown unknown unknown
Bloomston [11] White 67 F 4 MCAC Malignant spindle shaped and pleomorphic cells - Liver Omentum - +4
Gelos [12] White 61 F 7 AC Spindle cells - - Peripancreatic +11
Shen [13] Chinese 72 F 5 AC MFH - Duodenum - +2
Kim [14] Korea 48 M 35 MCAC Similar to GCT of bone - Liver; Omentum Peripancreatic +4
Oymaci [15] Turkey 66 M 3.5 AC MFH - - Peripancreatic  +20 days&
Kim [16] Korea 77 M 2.2 AC spindle cells - Liver unknown unknown
Lee [17] Korea 24 F 4.7 AC oval to spindle-shaped cells - - Peripancreatic unknown
Shi [18] Chinese 74 F 5 MCAC Spindle cells - - - 6
Mszyco [19] White 85 M 12 AC Spindle cells - Liver unknown 2
Wu [20]** Chinese 66 F 26 MCAC Spindle cells - Liver; Omentum unknown +2
Shao [21] Chinese 55 F 5 MCAC Spindle cells - - unknown +6
Chinese 52 M 6 AC MFH - - Peripancreatic +14
Yin [22] Chinese 49 F 8 AC Spindle cells - - unknown 10
Zhu [23] Chinese 53 F 4 AC Leiomyosarcoma - Duodenum Peripancreatic 20
Xiao [24] Chinese 74 F 5 AC Spindle cells - - unknown 1
Jiang [25]** Chinese 74 M 8 unknow Spindle cells - - unknown unknown
Our case Chinese 44 F 3 AC Malignant spindle shaped and pleomorphic cells Osteosarcoma - Peripancreatic 48

Abbreviations: AC: adenocarcinoma. MCAC: mucinous cystadenocarcinoma. IPMC: intraductal papillary-mucinous carcinoma. MPNST: malignant peripheral nerve sheath tumor. MFH: malignant fibrous histiocytoma. GCT: giant cell tumor. Max
Size: maximal size. F: female. M: male. -: negative. +: Death. *: Died on postoperative day 13 due to disseminated intravascular coagulation. &: Due to postoperative complication. **: Only histological diagnosis.
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Based on the limited literature, we'd like to
summarize these cases of pancreatic carcino-
sarcoma. Female and male incidence ratio was
1.64:1 (18:11) and a median age of onset was
66 years old (range from 24 to 90 years old).
The mean diameter of tumor was 8.5 cm (range
from 2.2 cm to 30 cm). The tumor was located
at pancreatic head (55.2%, 16/29) and tail.
Usually the head of the pancreas were solid
lesions (81.3%, 13/16) and the body and tail of
the pancreas were mostly cystic lesions (69.2%,
9/13). The prognosis of carcinosarcoma of the
pancreas is dismal. Patients in 17 of the 29
cases that we compiled, died of the disease
with a median postoperative survival time of 6
months (range from 0.5 month to 48 month).
Our patient, who has enjoyed a rare long sur-
vival time, is alive and well 48 months after sur-
gery. Follow ups are ongoing.

Conclusion

To the best of our knowledge, this case was the
first case reported to date of pancreatic adeno-
carcinoma combined with sarcoma and osteo-
sarcoma in the same tumor. Although, in the
recent classification of pancreatic tumors, car-
cinosarcoma has been replaced by the termi-
nology of undifferentiated carcinoma. However,
carcinosarcoma might really exit as an entity
regarding this case. Furthermore, the case was
a unique pancreatic tumor composed of carci-
nosarcoma and ESOS. The morphological,
immunohistochemical, and genetic findings
suggest that the pancreatic tumor was of mul-
tiple clonal origins.
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