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Abstract
Purpose Primary leiomyosarcoma of the pancreas (PLMSP) is rare. The clinical features and outcomes are still unclear. The
present study aims to identify the clinical features, outcomes, and racial differences of PLMSP.
Methods PLMSP cases reported in Chinese, English, French, and Japanese journals were collected and reviewed. Data from
these reports were summarized and analyzed statistically.
Results In addition to a female patient presented to our department with PLMS, a total of 87 cases reported in the literature were
included in the present study. An equal incidence in gender was observed. The mean age was 53.8 years. Common symptoms
were abdominal pain and abdominal mass. At the time of diagnosis or after a period of follow-up, 37.5% of patients had distant
metastasis and 31.8% of patients had regional organs/vessels invasion. The 5-year mortality rate was 77.8%. The presence of
distant metastasis and the absence of radical surgery are significantly associated with poor outcomes. Regional invasion was
significantly more common in East Asians.
Conclusion PLMSP is an aggressive tumor with a poor prognosis. Radical resection can decrease the mortality of the patients.
Early detection of such tumor is recommended.
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Introduction

Pancreatic cancer is currently estimated as the seventh leading
cause of cancer-related deaths in both sexes worldwide [1].
Primary pancreatic tumors are usually of epithelial origin,
among which the ductal adenocarcinomas are the most com-
mon representing 90% of all pancreatic tumors. However,

mesenchymal tumors are rare and account for 1–2% of all
pancreatic tumors. They can be derived from the connective
fibromuscular, lymphatic, vascular, and neuronal tissues of the
pancreas [2–4].

Leiomyosarcoma is a mesenchymal malignant tumor com-
posed of cells showing distinct smooth muscle features [5].
Primary pancreatic leiomyosarcoma (PLMSP) is extremely
rare and has seldom been reported in the literature.
According to the World Health Organization (WHO) classifi-
cation of soft tumors, the most common location of soft tissue
leiomyosarcoma is the retroperitoneum, including the pelvis
[5]. However, pancreatic leiomyosarcoma is not mentioned in
the WHO classification of tumors of the digestive system ex-
cept for one sentence because of its uncommonness [2]. In
2014, Kim et al. published an article about their 16-year ex-
perience with pancreatic tumors and showed only 1 case of
leiomyosarcoma out of 7129 pancreatic specimens [6].
Nevertheless, the first report of PLMSP was by Ross in
1951 [7].

In this article, we presented a case of leiomyosarcoma in a
65-year-old female and described the main clinical features
along with the management protocol in this condition. In
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addition, we comprehensively reviewed all reported cases in
literature since 1951 until now and statistically analyzed the
available patient characteristics and clinical information relat-
ed to this condition in order to reveal any significant associa-
tion with the incidence and prognosis of this type of tumor.

Methods

Case Presentation

A 65-year-old female known to have type II diabetes mellitus
and hypertension presented to the hospital with a discomfort
and abdominal mass that was increasing in size over the past
4 months. She denied having abdominal pain, dysphagia,
heartburn, nausea, vomiting, constipation, or bloody stool.
She also declared neither loss of appetite nor noticeable
weight loss. The patient was a non-smoker and did not have
a family history of any kind of malignancies.

On examination, abdominal distention with a large mass
appeared to occupy the left upper quadrant. The mass was
irregular in shape, hard, immobile, and non-tender, with no
overlying skin changes. The mass seemed to disappear when
asking the patient to contract her abdominal muscles. There
was no visible jaundice, and the per-rectal examination was
free of any findings.

Laboratory investigations revealed an elevation in
carcinoembryonic antigen to 4.2 ng/ml and an increased eryth-
rocyte sedimentation rate of 37 mm/h. However, the liver
function test, kidney function test, complete blood count,
and urine analysis were within normal levels.

Ultrasound examination showed an irregular mass measur-
ing 7 × 8 cm that was arising from the left colon flexure. The
patient underwent colonoscopy that showed a normal mucosa
with no masses arising from the colon. A CTwith IVand oral
contrast scan was performed and showed a large, lobulated,
poorly enhancing mass that is inseparable from the body and

tail of the pancreas (Fig. 1). Magnetic resonance
cholangiopancreatography was additionally implemented
and revealed a lobulated mass at the vicinity of the body and
tail of the pancreas. No filling defect was identified within the
intra- or extra-hepatic biliary system.

The decision was made to completely remove the tumor
due to its enormous size followed by histopathological stud-
ies. The distal pancreatectomy with splenectomy was accom-
plished successfully. The mass was nodular weighing about
550 g and measuring 15 × 12 × 6 cm. The cut surface was
gray-white with areas of hemorrhage and no grossly evident
necrosis.

Histopathological sections from the mass revealed a spindle
cell tumor confined to the pancreatic capsule and lie approxi-
mately 5.0 mm from the pancreatic parenchymal margin. The
tumor cells displayed abundant eosinophilic cytoplasm and
cigar-shaped nuclei. Prominent nuclear atypia and frequent mi-
totic figures (39/10 HPF) were also identified as microscopic
foci of abrupt tumor necrosis. Immunohistochemical labeling
revealed that the tumor cells were strongly and diffusely ex-
pressing smooth muscle actin (SMA) and desmin. However,
they were negative for CD34, myogenin, c-kit, creatine kinase,
and epithelial membrane antigen (EMA). No lymphovascular
invasion was identified. A diagnosis of grade two PLMSP was
established.

Follow-up after one year, the patient was in good condition
with no signs of local recurrence or metastasis of the tumor on
the CT scan (Fig. 2).

Method of Review

A systematic literature search was applied via MEDLINE and
EMBASE for cases reported in English-language journals. A
similar search was made in the China Knowledge Resource
Integrated (CNKI) database to identify the reported cases in
Chinese journals. “Encyclopédie Médico Chirurgicale”

Fig. 1 A pre-operative CT scan showing a large, lobulated, poorly en-
hancing mass (red star) that is measuring about 11 × 9 × 11 cm and is
inseparable from the body and tail of the pancreas

Fig. 2 A 1-year follow-up CT scan showing no signs of local recurrence
or metastasis of the tumor
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(EMC) and uOttawa Library were used to reach reports in the
French language. Google Translator aided in the translation
process. The primary key words used were “leiomyosarcoma,”
“pancreas and leiomyosarcoma,” and “pancreatic sarcoma.”
Only cases originated from the pancreas were included in the
study. Clinical features and long-term outcomes of these cases
were summarized and analyzed using proper statistical
methods. The complete summary of all cases is provided in
the supplementary table (Suppl. 1).

Statistics

The data were presented as frequency distributions for cate-
gorical variables and mean ± standard error of the mean (SE)
for continuous variables. The data was tested at a significance
level of 0.05%. The Pearsonχ2 test was used to investigate the
significance of the association between categorical variables,
while Student’s t test was applied to examine the significance
level for continuous variables. The logistic regression model,
including all factors, was performed to reveal the significant
factors that contribute mostly to the 5-year mortality rate and
their odds ratios.

Results

Demographics

Wewere able to retrieve 87 cases of pancreatic leiomyosarcoma
from the literature since its first description in 1951. These
included 21 cases reported in Chinese literature, three in
Japanese, four in French, and 59 in the English literatures.
Including our case, we had a total of 88 cases of PLMSP.

The patient demographics and the clinical features of the
PLMSP are summarized in Table 1. The mean age of the
patients with PLMSP was 53.8 years, the youngest patient
was 14 years old and the oldest was 87 years old. The main
clinical features (signs and symptoms) were found to be ab-
dominal pain, abdominal mass, constitutional symptoms, nau-
sea/vomiting, and obstructive jaundice. Other minor symp-
toms included melena, hematemesis, and hemoptysis. In ad-
dition, few cases were incidentally diagnosed.

The tumor size ranged from 1 to 30 cm, with an average of
11.2 cm. About one-third (31.8%) of the cases reported local
invasion to adjacent organs or blood vessels. The distant me-
tastasis was reported in 37.5% of the cases at the time of
diagnosis or after a period of follow-up. Lymph node involve-
ment was reported in one case only. The liver was the most
common organ to be involved in distant metastasis (Table 1).
The radical surgical treatment was reported in more than half
of the cases (60.2%) and included the Whipple operation,
distal pancreatectomy, or complete local excision.

Outcome

Mortality rate (MR) was used as the prognostic tool to mea-
sure the outcome. The MR was measured at 1 year, 5 years,
and 10 years after the diagnosis. The MR at 1, 5, and 10 years
was 36.5%, 77.8%, and 85.7%, respectively. Statistical anal-
ysis showed that the presence of distant metastasis (P < 0.01)
and the absence of radical surgical treatment (P < 0.05) were
the significantly associated factors with the poor outcome
(Table 2). Almost two-thirds (64.3%) of patients who died
within 5 years after diagnosis were among those who did not
undergo radical surgery. In addition, patients with distant me-
tastasis accounted for 64.3% of patients who died within
5 years. Furthermore, after controlling all factors involved in
the study, the logistic regression analysis revealed that patients
with distant metastasis were at 5-fold (P < 0.01) increased risk

Table 1 Demographic information about the primary leiomyosarcoma
of the pancreas

The variables Number Percent (%)
Mean ± SE

Sex

Male 44 51.2

Female 42 48.8

Age (years) 53.8 ± 1.5

Site

Head 37 44.6

Body/tail 42 50.6

Whole pancreas 4 4.8

Clinical features

Abdominal pain 38 43.1

Abdominal mass 34 38.6

Constitutional symptoms 25 28.4

Nausea/vomiting 12 13.6

Obstructive jaundice 9 10.2

Incidentally 8 9.1

Others 8 9.1

Size (cm) 11.2 ± 0.8

Cystic changes 32 36.4

Regional invasion 28 31.8

Distant metastasis 33 37.5

Liver 18 54.5

Lung 5 15.2

Widespread 10 30.3

Race

East Asian 36 40.9

Others 52 59.1

Radical surgery 53 60.2

1-year mortality rate 23 26.1

5-year mortality rate 28 31.8

10-year mortality rate 33 37.5
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of mortality within a period of 5 years compared with patients
without distant metastasis.

Racial Differences

We classified the reported cases into East Asian and non-East
Asian groups. The East Asian group encompassed the cases of
Chinese, Japanese, and South Korean origins and accounted
for 36 (40.9%) cases. Non-East Asian group included the re-
maining cases and accounted for 52 (59.1%) cases. The sta-
tistical analysis showed a significant association between the
East Asian group and the presence of regional invasion when
compared with the non-East Asian group. No other racial
differences were detected (Table 3).

Discussion

To the best of our knowledge, this is the most updated study
that comprehensively reviewed all reported cases in the liter-
ature about the PLMSP. It aimed to investigate the demo-
graphic distribution and the major risk and prognostic factors
associated with this neoplasm. The study showed that distant
metastasis of this tumor is the most important prognostic fac-
tor which was positively associated with the 5-year mortality
rate. However, radical surgery was the treatment of choice to
increase survival and prevent a recurrence. In addition, the
study revealed for the first time the high prevalence of this
type of tumor in the East Asian ethnicity. It also showed a high
incidence of regional invasion, as a complication of this tu-
mor, in the East Asian race compared with other races.

It is impossible to diagnose PLMSP depending on the clin-
ical presentation and imaging only. For example, it usually
appears as a heterogeneous-enhancing lesion under CT
[8–12]. However, the mass appeared as a poorly enhanced
hypo-attenuated lesion in our case. Accordingly, histopathol-
ogy with immunohistochemical investigations is mandatory
for a confirmed diagnosis [9, 12, 13]. The PLMSP appears
histopathologically as intersecting groups of spindle cells. The
nuclei of the tumor cells are characteristically elongated and
blunt-ended [5]. However, this histopathological picture also
raises the suspicion of other differential diagnoses like
liposarcoma, inflammatorymyofibroblastic tumor, fibrosarco-
ma, rhabdomyosarcoma, malignant fibrous histiocytoma, and
gastrointestinal stromal tumor [5]. Immunohistochemical la-
beling plays the critical role in distinguishing leiomyosarcoma
from other tumor types. The most common labeling antigens
in myogenic-origin tumors including leiomyosarcoma are
desmin and SMA [11].

The tumor underwent cystic degeneration in 32 (36.4%)
cases. These cystic changes should not be mistaken with other
pathologies such as pseudocyst [11, 14] or cystadenocarcinoma
[11, 15]. It is important to exclude the secondary involvement of
the pancreas by leiomyosarcoma from the adjacent organ or dis-
tant metastasis. Leiomyosarcoma originating from the stomach,
duodenum, inferior vena cava, and retroperitoneum can invade
the pancreas and appears as PLMSP [16–19]. Also, the pan-
creas can be involved from distant places such as the
uterus and the thigh tissue [20–22]. In order to differenti-
ate secondary from PLMSP, a radiological and/or histo-
logical study should be obtained [6]. It is considered sec-
ondary when the center of the mass is located in the

Table 2 Factors associated with 5-year mortality after the diagnosis of the primary leiomyosarcoma of the pancreas

Pre- and post-operative variables 5-year mortality P value

Yes N (% from total mortality) No N (% from total survival)

Sex NS
Male 18 (64.3) 26 (44.8)

Female 10 (35.7) 32 (55.2)

Age (mean ± SE, years) 57.4 ± 2.4 52.1 ± 1.8 NS

Size (mean ± SE, cm) 11.70 ± 1.4 10.96 ± .96 NS

Site NS
Head 13 (46.4) 24 (43.6)

Body/tail 13 (46.4) 29 (52.7)

Whole pancreas 2 (7.1) 2 (3.6)

Regional invasion 11 (39.3) 17 (28.3) NS

Distant metastasis 18 (64.3)↑↑ 15 (25.0) < 0.01

Absence of radical surgery 18 (64.3)↑ 17 (28.3) 0.02

N number of cases, P probability, SE standard error of the mean
↑↑P < 0.01
↑P < 0.05 more than the expected values (post hoc adjusted residuals)
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peripancreatic soft tissue, or when multiple lesions existed
radiologically [6].

The PLMSP has a high tendency to metastasize
hematologically as well known for the sarcomas [23]. In fact,
distant metastasis was the most important factor to affect the
mortality rate. Patients with distant metastasis are five times
more likely to die of the disease within a period of 5 years
compared with patients without distant metastasis. In all can-
cer types, the presence of distant metastasis promotes the can-
cer into its final stages, as the neoplasm is becoming no more
controllable [23]. Therefore, early detection and treatment are
considered the main crucial factors in the management of
these malignancies.

The treatment modality for PLMSP is mainly by radical
resection of the tumor. This is achieved by either
pancreaticoduodenectomy, if the tumor is in the head of the
pancreas, or distal pancreatectomy, with or without splenec-
tomy, for tumors in the body or tail of the pancreas. Adjuvant
chemotherapy is of unknown significance regarding the
prognosis [12–14, 24]. Another surgical modality is the local
excision which was reported in two cases only. In these two
cases, the safe margins were negative macroscopically and
microscopically [10, 11]. In cases of non-resected tumor,
palliative chemotherapy as doxorubicin-based chemothera-
py or palliative surgical options as gastrostomy were the
choices [25, 26]. Nevertheless, the only treatment procedure
that affects the outcome was the radical surgery. Radical
surgery is, also, the mainstay treatment in other types of
pancreatic cancer as ductal adenocarcinoma [26]. This is
because, from a theoretical point of view, more extended
surgery in cases of pancreatic cancer might improve long-
term survival rates in cases where no tumor is left behind.
However, the drawback is that not every patient is a candi-
date for this type of surgery. Two main factors are limiting

the utilization of this method: the status of the patients and
the degree of the tumor [25]. When the patient is unfit for
surgery due to a chronic medical illness, or when the tumor is
distantly metastasizing, the patient is no longer a candidate
for such surgery.

It seems that PLMSP has a higher tendency to occur in the
East Asian race, as East Asian patients attributed to about 41%
of the reported cases. In addition, the tumor showed a higher
trend of regional invasion in the East Asians compared with
the other ethnicities. Certain malignancies are well known to
occur more frequently in the Asian ethnicity such as gastric
cancer [27]. This variation could be attributed to either genetic
susceptibility or environmental factors.

In conclusion, PLMSP is a rare but grievous type of tu-
mor, which is associated with a high rate of mortality. The
most critical factor associated with this high mortality is the
distant metastasis. However, the radical surgical modality
was found to be the most important prognostic factor in this
tumor. Our review of the literature revealed the high inci-
dence in reported cases of this tumor in the East Asian pop-
ulation. Interestingly, the regional invasion of the tumor was
disclosed to be the most common complication scenario in
the East Asian reported cases. More studies about PLMSP
and its genetic and racial correlations are required to reveal a
more conclusive picture.
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Table 3 Factors associated with racial variation

East Asian N (% from Asian) Non-Asian N (% from non-Asian) P value

Sex NS
Male 15 (41.7) 29 (58)

Female 21 (58.3) 21 (42)

Age (mean ± SE, years) 51.5 ± 11.6 55.4 ± 15.0 NS

Size (cm) 12.5 ± 7.1 10.0 ± 6.3 NS

Site NS
Head 13 (36.1) 24 (51.1)

Body/tail 21 (58.3) 21 (44.7)

Whole pancreas 2 (5.6) 2 (4.3)

Distant metastasis 11 (30.6) 22 (42.3) NS

Regional invasion 16 (44.4) 12 (23.1) 0.01*

5-year mortality 12 (33.3) 16 (30.8) NS

N number of cases, P probability, SE standard error of the mean

*Pearson’s chi-square test of association
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