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Most pancreatic tumors are primary, and the majority are ade-
nocarcinomas of ductal origin [1,2]. Although direct invasion of 
the pancreas by adjacent aggressive tumors is often observed, 
pancreatic metastasis from distant primary sites is very rare [1,3]. 
Metastatic pancreatic cancer accounts for less than 2% of all 
pancreatic malignancies [4,5]. Renal cell carcinoma is the most 
common primary tumor to metastasize to the pancreas [4,5]. 
Other common tumors are colorectal cancer, melanoma, breast 
cancer, lung cancer, and sarcoma [4]. Among these, cases of 
metastatic sarcoma to the pancreas are limited [4]. Metastatic 
sarcoma to the pancreas may present a diagnostic and therapeutic 
challenge due to its rarity and the difficulty in distinguishing 
between primary and metastatic tumors based on their radiologic 
features, especially for solitary mass [3,6]. Furthermore, tumors 
located in the body or tail of the pancreas often present with 
no symptoms [3,7]. Therapeutic approaches can vary greatly 
between primary pancreatic cancer and metastatic sarcoma 
[3,4,8-10]. With continued improvements in treatment and 
survival for sarcoma patients, the frequency of detection of 

metastasis to unusual sites is increasing [11]. However, the index 
of suspicion for metastatic sarcoma in the pancreas is still very 
low, and a standard management regimen for metastatic pan-
creatic sarcoma has not been established. Prolonged survival 
after surgery for isolated or resectable pancreatic metastatic 
sarcoma has been reported [10,12-16].

In this paper, we present 12 cases of metastatic sarcoma to 
the pancreas and report their clinical and histologic features. 

MATERIALS AND METHODS

One hundred twenty-four cases of metastasis to the pancreas 
diagnosed by biopsy (n = 49, 39.5%) or surgical resection (n = 

75, 60.5%) at Asan Medical Center between 2000 and 2017 
were reviewed. Only distant metastatic tumors to the pancreas 
were included; adjacent tumors directly extending to the pan-
creas were excluded. Patient medical records were retrospec-
tively reviewed to evaluate clinical presentation, treatment, and 
patient status. Hematoxylin and eosin-stained slides of both 
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primary tumors and pancreatic metastases were reviewed by 
two pathologists (M.L. and K.J.C.). 

Ethics statement

This study was approved by the appropriate institutional re-
view board (2020-0048), and the informed consent was waived.

RESULTS

The primary tumors of 124 patients with pancreatic metasta-
ses included 111 carcinomas (89.5%), 12 sarcomas (9.6%), and 
one melanoma (0.8%). The metastatic carcinomas (n = 111) 
were mainly renal cell carcinomas (n = 50, 40.3%), followed by 
lung cancer (n = 18; eight small-cell carcinomas, five adenocar-
cinomas, three squamous cell carcinomas, and two sarcomatoid 
carcinomas), colorectal cancer (n = 12, all adenocarcinomas), 
gastric cancer (n = 12; six tubular adenocarcinomas, three poorly 
cohesive carcinomas, two mucinous adenocarcinomas, and one 
hepatoid adenocarcinoma), ovarian or fallopian tube cancers (n =  

7; six serous carcinomas and one clear-cell carcinoma), hepato-
cellular carcinoma (n = 4), and other cancers (n = 8). 

Of the 12 sarcoma patients, nine were female and three were 
male, with ages ranging from 20–70 years (Table 1). Among the 
primary lesions, the most common site was bone (n = 4); fol-
lowed by brain, lung, soft tissue (n = 2 for each), uterus, and pul-
monary vein (n = 1 each) (Table 1). Histologically, the sarcomas 
included two World Health Organization (WHO) grade III sol-
itary fibrous tumors/hemangiopericytomas, and one case each of 
synovial sarcoma, malignant solitary fibrous tumor, undifferenti-
ated pleomorphic sarcoma, osteosarcoma, mesenchymal chon-
drosarcoma, intimal sarcoma, myxofibrosarcoma, myxoid lipo-
sarcoma, rhabdomyosarcoma, subtype uncertain, and high-grade 
spindle-cell sarcoma of uncertain type (Table 1). In the case of sy-
novial sarcoma, the presence of an SYT-SSX fusion product was 
confirmed by reverse transcription polymerase chain reaction.

The primary tumor of case no. 8 arose in the medullary cavi-
ty of the metaphysis of the distal femur. The tumor destroyed 
the cortex and extended into the adjacent soft tissue. Clinically, 
osteosarcoma was highly suspected, but neoplastic bone forma-
tion, which is the essential diagnostic feature of osteosarcoma, 
was not observed in either primary or metastatic tumor. Thus, 
we diagnosed it as a high-grade spindle-cell sarcoma of uncer-
tain type.

The median interval between primary sarcoma diagnosis and 
detection of pancreatic metastasis was 28.5 months. In one ex-
ceptional case, a pancreatic metastasis of an osteosarcoma mani-

fested 15 months prior to detection of the osteosarcoma in the 
femur (Table 1). This patient first presented with abdominal 
pain, and abdominal computed tomography revealed a 2.5-cm 
mass-like lesion in the pancreatic tail. Other radiologic work-
up, such as imaging of the extremities, was not performed at 
that time. A 2.7-cm, ovoid, solid mass was identified during 
distal pancreatectomy (Fig. 1A). Microscopy revealed prolifera-
tion of pleomorphic spindle cells, numerous giant cells with in-
filtrative margins (Fig. 1B), high mitotic activity, and focal os-
teoid and bone formation (Fig. 1C). Vascular invasion was also 
identified (Fig. 1D). The tumor was diagnosed as a sarcomatoid 
carcinoma of the pancreas. The patient was hospitalized with 
left leg pain 15 months after distal pancreatectomy. Magnetic 
resonance imaging revealed a 9-cm mass in the left femur with 
fracture and adjacent soft-tissue extension (Fig. 1E). A biopsy 
was performed, revealing histologic features similar to those of 
the pancreatic mass (Fig. 1F). We concluded that the osteosar-
coma of the femur had metastasized to the pancreas, and the 
original diagnosis of sarcomatoid carcinoma of the pancreas was 
incorrect.

Metastatic tumors were located in the body or tail of the pan-
creas (n = 8), the head of the pancreas (n = 3), and throughout 
the entire pancreas (n = 1) (Table 1). Nine cases were single 
masses, and three cases showed multiple masses. Pancreatic tu-
mor size ranged from 2.5–19 cm (median, 2.7 cm) (Table 1). 
Primary lesions and pancreatic metastatic lesions (Fig. 2) showed 
similar histologic features except in one case in which about 
30% of the round-cell components were present in the primary 
myxoid liposarcoma but not in the metastasis. 

Primary tumors from 12 patients had undergone surgical 
resection: two patients with distant metastasis synchronously 
received neoadjuvant chemotherapy, six received postopera-
tive or preoperative radiation therapy, and four received adju-
vant chemotherapy (Table 1). The chemotherapy regimens 
varied, and several combinations of methotrexate, ifosfamide, 
doxorubicin, cisplatin, and etoposide were used. In five patients, 
local recurrence of the primary lesions occurred prior to 
detection of pancreatic metastasis (Table 1). 

After diagnosis of metastatic pancreatic lesions, nine of 12 
patients underwent surgical resection with or without preopera-
tive chemotherapy or radiation therapy. Five cases received post-
operative radiation therapy or chemotherapy (Table 1). Lymph-
node dissection was performed in eight cases, and none of the cases 
showed metastasis to the lymph nodes. After detection of pan-
creatic metastasis, eight patients died between 5–48 months, 
and four patients remained alive from 4–92 months (Table 1). 
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DISCUSSION

Sarcomas preferentially metastasize via the blood rather than 
the lymphatic system, and lung and bone tissue are the most 
frequent sites of metastatic sarcoma [17]. Lymph node metastasis 
is uncommon, but some histologic sarcoma types exhibit high 
metastasis rates via lymphatic drainage, including rhabdomyo-
sarcoma, angiosarcoma, clear-cell sarcoma, epithelioid sarcoma, 
and myxoid liposarcoma [18,19]. In our study, the absence of 
lymph node metastasis in all eight lymph node dissection cases 
suggests that metastatic sarcoma to the pancreas is more likely 
to occur via the blood than the lymphatic system. The connec-
tive interspaces and cavities such as the peritoneum or pleural 

space, in which tumor cells can become entrapped, are also pos-
sible routes of metastatic dissemination [18]. 

Synovial sarcoma metastasizes in approximately 50% of cases, 
and common metastatic sites are the lung and bone [12]. Un-
like other sarcomas, spread to the lymph nodes is not infrequent 
(3%–23%) [12]. For disseminated disease, chemotherapy based 
on adriamycin and ifosfamide is usually attempted. Makino et 
al. [12] suggested that pancreatic metastasis from synovial sar-
coma can be successfully treated by surgical resection in cases of 
solitary pancreatic lesions with no extra-pancreatic metastasis 
and a more than 3-year interval between diagnosis of the pri-
mary tumor and pancreatic metastasis. Only four cases of meta-
static synovial sarcoma to the pancreas have been reported in 

A B

C D

E F

Fig. 1. Primary (A–D) and metastatic (E, F) osteosarcoma. (A) Gross photographs of a distal pancreatectomy specimen bisected along the 
main pancreatic duct. A well-defined 2.7-cm ovoid solid mass is observed in the tail of the pancreas. Metastatic osteosarcoma to the pan-
creas shows infiltrative margins (B) and consists of pleomorphic cells and multinucleated giant cells with bone formation and osteoid stroma 
(C). (D) Vascular invasion is noted. (E) T2-weighted coronal magnetic resonance imaging showing an approximately 9-cm soft tissue mass in 
the left femur (arrows). (F) The primary lesion of the femur shows similar features to the metastatic pancreatic lesion. 
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the literature [5,10,12,20], making our case the fifth. The pa-
tient reported here was also treated by surgical resection. Our 
patient and the two patients described by Makino et al. [12] are 

doing well, without recurrence or distant metastasis for 92 
months, 40 months, and 30 months after surgical resection, re-
spectively. 

A B

C D

E

G

F

H

Fig. 2. Metastatic sarcomas to the pancreas. (A) Synovial sarcoma from the lung with cellular fascicles of uniform spindle cells. (B) World Health 
Organization grade III solitary fibrous tumor/hemangiopericytoma from the brain composed of spindle cells with prominent vascular structure. (C) 
Undifferentiated pleomorphic sarcoma from the tibia with fascicular arrangement of atypical spindle cells. (D) High-grade spindle-cell sarcoma 
from the femur. (E) Intimal sarcoma from the pulmonary vein. (F) Myxofibrosarcoma from the knee showing prominent myxoid stroma and elon-
gated, thin-walled blood vessels. (G) Myxoid liposarcoma from the thigh with abundant myxoid stroma, a delicate, arborizing capillary vascula-
ture, and surrounding lipoblasts. (H) Rhabdomyosarcoma, subtype uncertain, from the uterus showing scattered eosinophilic rhabdomyoblasts. 
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Solitary fibrous tumors/hemangiopericytomas of the central 
nervous system (CNS) show two distinct histologic phenotypes, 
a solitary fibrous tumor phenotype and a hemangiopericytoma 
phenotype [21]. The hemangiopericytoma phenotype has a 
high recurrence rate (75%–90%) and a high rate of distant me-
tastasis (20%–33%), especially to the liver, lung, and bone 
[14,21-24]. Both our cases showed the hemangiopericytoma 
phenotype and were grade III. The metastatic sites of these cases 
were the lung, bone, breast, and pancreas. A total of 18 cases of 
metastasis from the brain to the pancreas have been reported to 
date [14,25]. Interestingly, the interval between diagnosis of 
the primary tumor and development of pancreas metastasis was 
long (5.3–24 years, with a median of 10.13 years) [14,25]. Af-
ter detection of pancreatic metastasis, eight patients died be-
tween 2.6–16 years, and seven patients lived for 3.4–25 years.

Outside the CNS, such as in the soft tissue, pleura, and other 
visceral sites, malignant solitary fibrous tumors showed in-
creased cellularity and mitotic activity (> 4 per 10 high-pow-
ered fields). Metastatic malignant solitary fibrous tumors to the 
pancreas have been reported in two cases, one originating in the 
chest wall [13] and one originating in the kidney [26]. Our 
case originated in the lung.

Osteosarcoma has a high potential for metastasis [27]. The 
high incidence of metastasis is related to its strong propensity 
for early hematogenous spread [15,16,28]. Prolonged survival 
is possible with treatment including multi-centric chemothera-
py and resection of the primary tumor [3,11,15,28]. This result 
is attributed to the delayed appearance of metastasis and in-
creased metastasis incidence at unusual sites [11]. The common 
metastasis sites are the lung, bone, pleura, and liver [3,27,29]. 
Twelve cases of metastatic pancreatic osteosarcoma have been 
reported [3,6,11,15,16,27-32], making our case the thirteenth. 
The median interval between primary osteosarcoma diagnosis 
and development of pancreas metastasis was three years (range, 
-1.25 to 11 years), including our case, which was the first re-
ported case with a pancreatic metastasis diagnosis prior to pri-
mary osteosarcoma diagnosis. Among the eight patients with 
available follow-up information, four who had undergone surgical 
resection of the pancreatic metastasis were alive for 7–13 months. 
Three patients died two weeks, three months, and 18 months 
after pancreatic metastasis development, respectively [3,28,29,32]. 

Mesenchymal chondrosarcoma mainly metastasizes to the 
lungs [33]. Metastasis to the pancreas is extremely rare and has 
only been reported in six cases, making our case the seventh 
[1,10,33-36]. The primary site was extra-skeletal soft tissue 
(thigh, brain, buttock, or femoral vein) in five cases and bone 

(skull) in two cases. Among the four patients with available fol-
low-up information, two were alive 6 years and 10 years after 
surgery for pancreatic metastasis, and two patients died 2 and 4 
years after surgery. 

Myxoid liposarcoma generally has a favorable prognosis. The 
round-cell content is a poor prognostic factor in this disease. 
The most common metastatic site is the abdomen, including 
the retroperitoneum, abdominal wall, and abdominal cavity, 
followed by bone [37,38]. Until now, metastasis to the pancreas 
has not been reported. Our case showed metastasis from the 
thigh to the bone and the pancreas. Microscopy showed round-
cell content of approximately 30% in the primary lesion, but 
not in the metastatic lesion.

Myxofibrosarcoma was first described in 1977 as a myxoid 
variant of malignant fibrous histiocytoma and was reclassified as 
myxofibrosarcoma in 2013 by the WHO [39]. The most com-
mon metastatic site is the lung, followed by the pleura, lymph 
node, bone, and retroperitoneum [40,41]. In this report, a case 
of myxofibrosarcoma in the knee showed metastasis to the pan-
creas. Only two cases of pancreatic metastasis of a myxofibrosar-
coma have been previously reported, although there are some 
papers that present cases of metastatic myxofibrosarcoma with-
out describing the specific metastatic sites [40]. Some studies 
show that adjuvant or neoadjuvant radiation therapy may im-
prove recurrence and metastasis in this indication.

In this study, we present several rare cases of metastatic sarco-
mas to the pancreas. This is the largest reported case series of pan-
creatic metastatic sarcomas to date. Metastatic sarcoma comprised 
10% of pancreatic metastases, which is high given the overall 
sarcoma incidence. Furthermore, pancreatic metastasis may man-
ifest as a primary solitary lesion before detection of the primary 
tumor. Intensive whole-body imaging screening is necessary in 
sarcoma patients, and metastasis should remain a differential di-
agnosis in pancreatic tumors with sarcomatoid features. Recently, 
the efficacy of surgical resection of pancreatic metastases was 
shown for sarcoma [10,12-16] as well as renal cell carcinoma [4]. 
Clinicians caring for patients with sarcoma should be aware of the 
potential for increased survival following surgical resection of the 
metastasis. This study will contribute to a better understanding 
of this unusual clinical circumstance and, thus, may lead to im-
proved diagnostic accuracy and treatment.
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