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Summary Liposarcoma is one of the most common malignant soft tissue neoplasms in adults;
however, few reports of liposarcoma had been described the expression of leukocytosis and
granulocyte-colony stimulating factor (G-CSF). In this report, we present the rare case of a
patient who had de-differentiated liposarcoma and elevated G-CSF levels that resulted in a
leukemoid reaction. The patient was a 65-year-old man who had been lame for one month
due to right thigh swelling. His body temperature was slightly elevated at 38�C and leukocy-
tosis with an elevated white blood cell (WBC) count (41500/mL) was noted. The findings of
computed tomography of the lower extremities indicated the presence of a malignancy. There-
fore, an incision biopsy was performed. Based on the finding of magnetic resonance imaging
(MRI) and the biopsy pathology report, we diagnosed the patient with liposarcoma. Moreover,
the preoperative serum G-CSF level was elevated (261.8 pg/mL). An en bloc excision including
the entire biopsy pathway was performed 5 days after admission. After en bloc excision of the
tumor, WBC count, C-reactive protein (CRP) level, and G-CSF expression decreased. The final
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pathologic report confirmed the diagnosis of de-differentiated liposarcoma. No local recur-
rence or distant metastasis was detected in the follow-up image study, and the patient has
remained asymptomatic 2 years after surgery. The case described here is a rare type of lipo-
sarcoma that produces G-CSF, which in turn, induces leukocytosis. Liposarcoma with elevated
G-CSF levels resulting in a leukemoid reaction may indicate a poorly differentiated cell type
and may be associated with a poor prognosis; however, en bloc excision of the tumor remains
the primary treatment for this type of tumor. Moreover, the WBC count and G-CSF serum level
can be as the tools monitoring the tumor recurrence.
Copyright ª 2013, Taiwan Surgical Association. Published by Elsevier Taiwan LLC. All rights
reserved.
1. Introduction

Liposarcoma, first described in 1857 by Virchow,1 is one of
the most common malignant soft tissue neoplasms in
adults. It usually occurs in the extremities and retro-
peritoneum and is currently classified into five main histo-
logic variants: well-differentiated, dedifferentiated,
myxoid, round cell, and pleomorphic.2 Dedifferentiated
liposarcoma, first described by Evans3 in 1979, has the
characteristics of a well-differentiated liposarcoma as well
as a nonlipogenic dedifferentiated sarcoma-like compo-
nent, and is most frequently noted in retroperitoneal le-
sions.4 Leukocytosis, which refers to the elevation of the
white blood cell (WBC) count above the normal level, is a
sign of inflammation and most commonly results from
infection. Leukemoid reaction is defined as the presence of
leukocytosis involving a WBC count of > 50 � 109/L, along
with a significant increase in early neutrophil precursors.5

Granulocyte-colony-stimulating factor (G-CSF), a growth
factor that stimulates the bone marrow to produce gran-
ulocytes and stem cells, plays a role in the development of
leukocytosis and leukemoid reaction; however, only a few
types of malignancy are associated with G-CSF.6e8 Here, we
present an unusual case of dedifferentiated liposarcoma
with leukemoid reaction due to the elevation of serum
G-CSF.
Figure 1 Computed tomography findings. Precontrast
computed tomography scan of the right hip and upper thigh
showing a large multilobular soft tissue mass, measuring
approximately 13 cm � 13 cm � 20 cm. This mass extended
from the right pelvic floor to the middle third of the right thigh
and involved the entire medial compartment. Obvious fat tis-
sue was noted in the superior portion of the mass, indicative of
a malignant soft tissue sarcoma.
2. Case report

A 65-year-old man without any systemic disease or trauma
history presented to our emergency department with dif-
ficulty in walking for 1 month due to swelling in his right
thigh. Physical examination revealed local heat of the right
thigh without surrounding erythema, and a slightly elevated
body temperature (38�C). The patient had an elevated WBC
count (41.5 � 109/L) with 92.7% segmental neutrophils
(Seg), and a C-reactive protein level of 85.6 mg/L were
found. Computed tomography of the lower extremities
indicated the presence of a malignancy (Fig. 1), and an
incision biopsy was then performed. Magnetic resonance
imaging was performed 2 days after admission, revealing a
large multilobulated tumor, with the superior portion
manifesting with a signal intensity similar to that of fat
tissue. Thus, we diagnosed the patient with liposarcoma
(Fig. 2). The findings of the biopsy pathology report
obtained 2 days after admission confirmed the presence of
liposarcoma. The patient’s WBC count had a left shift to
68.8 � 109/L, with 93.5% Seg and 5% band neutrophils. To
distinguish between leukemoid reaction and chronic mye-
logenous leukemia, leukocyte alkaline phosphatase staining
was performed, yielding a score of 387 (a score < 100 in-
dicates the presence of chronic myelogenous leukemia).
These findings were consistent with a leukemoid reaction.
An elevated G-CSF serum level (261.8 pg/mL) was also
noted. En bloc excision of the tumor that included the
entire biopsy pathway was performed 5 days after admis-
sion (Fig. 3). During surgery, a frozen section procedure
indicated tumor-free margins.



Figure 2 Magnetic resonance imaging findings. (A) Coronal T1 weighted imaging, (B) fat-suppressed T2 weighted imaging, and (C)
fat-suppressed Gd-enhanced T1 weighted imaging revealed a large multi-lobulated soft tissue mass in the right upper thigh. The
superior portion of the lesion indicated a signal intensity similar to that of fat tissue (arrows) without contrast enhancement. The
inferior portion of the mass (arrowheads) manifested as an unspecified soft tissue mass with a low to intermittent T1 signal, a mild
high T2 signal and a moderate degree of heterogeneous contrast enhancement. The tumor abutted on the medial surface of the
right femur without focal bone destruction or intramedullary extension. The femoral neurovascular bundle was displaced laterally
and anteriorly by the mass. The preoperative magnetic resonance imaging diagnosis was liposarcoma.
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2.1. Outcome

After en bloc excision of the tumor, the patient’s WBC
count, C-reactive protein, and G-CSF decreased (Table 1
and Fig. 4). Pathological examination showed the pres-
ence of a well-differentiated lipoma-like component and a
nonadipogenic component with sheets of pleomorphic
spindle cells. Based on these findings, the patient was
diagnosed with dedifferentiated liposarcoma (Figs. 5 and
6). Leukocytosis was resolved 5 days after surgery, with a
WBC count of 8.5 � 109/L and Seg at 65.6%. In addition, G-
CSF serum levels decreased to 98.7 (pg/mL) 8 days after
surgery, and the patient was discharged 2 weeks after
admission. No local recurrence or distant metastasis was
detected during the follow-up MRI study (Fig. 7), and thus
no further chemotherapy or radiation therapy was
required. At the time of this case report, 2 years after
surgery, the patient was asymptomatic with a WBC count of
Figure 3 En bloc excision of the tumor including the entire
biopsy pathway.
6.1 � 109/L, Seg level of 66%, and undetectable serum G-
CSF levels.

3. Discussion

Previous studies have indicated that almost 50% of the
liposarcomas are located in the lower extremities, whereas
33.5% are located in the retroperitoneum.9 In a previous
study of 910 patients with liposarcoma from a single insti-
tution, the percentage of liposarcoma within each histo-
logic subtype was as follows: well-differentiated (46%),
dedifferentiated (18%), myxoid (18%), round cell (10%), and
pleomorphic (8%).9 Dedifferentiated liposarcoma,3 has the
characteristics of a well-differentiated liposarcoma with a
high-grade nonlipogenic dedifferentiated sarcoma-like
component that usually resembles malignant fibrous his-
tiocytoma or fibrosarcoma.10 Dedifferentiated liposarcoma
was most frequently noted in retroperitoneal lesions, fol-
lowed by the extremities.11

Some solid tumors may cause a leukemoid reaction by
producing cytokines, such as G-CSF or gran-
ulocyteemacrophage colony-stimulating factor, which is
also known as a paraneoplastic leukemoid reaction, that
were usually presented at an advanced stage of the dis-
ease, and illustrated by poorly differentiated adenocarci-
nomas, such as lung, gastrointestinal cancers,6e8 more than
the tumors in extremities. We reviewed the presented
literature in PubMed and found eight cases with paraneo-
plastic leukemoid reaction or leukocytosis resulting from
the skin and soft tissue tumor in the lower extremities
(Table 2).12e19 Including the current case in this report, the
tumor sites were as follows: four cases in the thigh, two
cases in the foot, two case in the knee, and one case in the
buttock. The pathologic type of these cases was lip-
osarcoma in two cases, squamous cell carcinoma in two
cases, angiosarcoma in one case, MFH in two cases, spindle
cell sarcoma in one case, and melanoma in one case. Six of
the eight presented case reports described the elevation of
G-CSF or granulocyteemacrophage colony-stimulating



Table 1 Blood data summary.

Days from operation �5 �3 �1 1 5 8 35 2 years

WBC (�l03/mL) 41.5 68.8 N/A 20.3 8.5 N/A 7.1 6.1
Seg (%) 92.7 93.5 N/A 95 65.6 N/A 67.8 66
CRP (mg/L) 85.6 155.8 N/A 109 16.7 N/A N/A N/A
G-CSF (pg/mL) N/A N/A 261.8 N/A N/A 98.7 N/A 0

Figure 4 Changes in white blood cell (WBC) count, C-reactive protein (CRP) level, and granulocyte-colony stimulating factor (G-
CSF) serum levels over time.

Figure 5 Hematoxylin and eosin (HE) staining of the resected tumor. (A) HE stain, 100�; mixture of well-differentiated lipoma-
like component with occasional bizarre-shaped stromal cells (arrow) in variable-sized adipocytes. (B) HE stain, 100�; focally, the
tumor transformed into a non-adipogenic pleomorphic tumor with bizarre-shaped spindle cells in a storiform pattern.
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Figure 6 Hematoxylin and eosin and Cdk4 staining of the resected tumor. (A) Hematoxylin and eosin stain, 400�; pleomorphic
tumor cells admixed with densely packed inflammatory elements. (B) Cdk4 stain, 400�; immunohistochemically, these pleomor-
phic tumor cells are positive for Cdk4.

46 P.-C. Shih et al.
factor. The presented liposarcoma case in the thigh
demonstrated that the liposarcoma cell line (NDDLS-1)
produces interleukin-6 (IL-6) and G-CSF and induces
leukocytosis.12

Most tumors that produce G-CSF are believed to be
poorly differentiated and invasive,20,21 and G-CSF is known
to stimulate tumor cell growth and migration.22 Only seven
cases of liposarcoma with elevated serum G-CSF levels
Figure 7 Magnetic resonance imaging at the 2-year postoperat
suppressed Gd-enhanced T1-weighted imaging revealed mild musc
dence of local tumor recurrence.
resulting in leukocytosis or leukemoid reaction have been
reported (Table 3).11,23e28 Including the current case, the
mean age of these patients was 67 years (range, 50e84
years, 5 men and 3 women). The tumor sites were as fol-
lows: retroperitoneum in four cases, mesenterium in one
case, upper arm in one case, and thigh in two cases. The
pathologic subtype of these liposarcoma cases was dedif-
ferentiated liposarcoma in six cases and pleomorphic
ive follow-up. (A) Coronal T1-weighted imaging, and (B) fat-
le atrophy at the medial aspect of the right thigh without evi-



Table 2 Malignant soft tissue tumor cases with leukemoid reaction or leukocytosis in the lower extremities.

Reference Year Age (y) Sex Tumor
site

Tumor type Max. WBC
count

Elevation
of G-CSF

Prognosis

Asirwatham JE.
et al.

1978 47 Male Thigh Malignant fibrous
histiocytoma

38,000/mL Not
described

21 years after
surgery, still alive

McKee LC. et al. 1985 59 Not
reported

Foot Squamous cell
carcinoma

79,000/mL Not
described

Died

Kato N. et al. 1999 58 Male Foot Squamous cell
carcinoma

57,110/mL Yes Died

Mayumi E. et al. 2001 80 Female Thigh Malignant fibrous
histiocytoma

84,300/mL Yes Died 50 days
after admission

Nara T. et al. 2003 46 Male Buttock Angiosarcoma 113,000/mL Yes Died 55 days after
admission

Simon CC. et al. 2007 65 Female Knee Melanoma 105,000/ml Yes 12 months after
surgery, still alive

Snyder MC. et al. 2010 41 Female Knee Spindle cell
sarcoma

126,700/mL GM-CSF
elevation

12 months after
surgery, still alive
with tumor recurrence

Takashi A. et al. 2011 84 Male Thigh Dedifferentiated
liposarcoma

89,150/mL Yes Died after 4 months

Current case 65 Male Thigh Dedifferentiated
liposarcoma

68,800/mL Yes 2 years after
surgery, still alive

G-CSF Z granulocyte-colony stimulating factor; GM-CSF Z granulocyteemacrophage colony-stimulating factor; WBC Z white blood
cell.
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liposarcoma in two cases. However, to our knowledge, no
reports have described a case of well-differentiated lip-
osarcoma with elevated serum G-CSF levels resulting in
leukocytosis, which suggests that there may be an associ-
ation between leukocytosis due to elevated G-CSF levels
and poorly differentiated tumors.

Two major factors influence the prognosis of lip-
osarcoma: the tumor histologic subtype,29 and tumor site.30

In a study of primary liposarcoma, the dedifferentiated
type had the worst prognosis with a 5-year disease specific
survival rate of 44%, compared with the well-differentiated
type (93%), myxoid type (92%), round cell type (74%), and
pleomorphic type (59%).9 Additionally, retroperitoneal
Table 3 Liposarcoma cases with leukocytosis and increased gra

Reference Year Age (y) Sex Tumor site

Matsumoto M. et al. 1976 57 Female Retroperitonea
Hisaoka M. et al. 1997 69 Male Retroperitonea
Nakamura A. et al. 1998 77 Female Mesenterium

Nasser SM. et al. 2001 63 Male Retroperitonea

des Guetz G. et al. 2004 50 Female Retroperitonea

Sakamoto A. et al. 2007 72 Male Upper arm
Takashi A. et al. 2011 84 Male Thigh

Current case 65 Male Thigh

CT Z chemotherapy; RT Z radiation therapy.
liposarcomas have a worse prognosis than those located in
the extremities.30 Retroperitoneal liposarcoma may have a
deeper location and influence surrounding organs, thus
making the en bloc excision difficult and more likely to
leave unclear margins. Our patient had a dedifferentiated
type of tumor, which is a tumor site associated with a
better prognosis. He only received surgical treatment
without any other adjuvant therapy and was still alive 2
years after surgery. Compared with the other seven
reports,11,23e28 our patient has survived the longest.
Although the association between prognosis and the pres-
ence of liposarcoma with leukemoid reaction remains
nulocyte-colony stimulating factor expression.

Pathologic type Treatment Prognosis

l Pleomorphic N/A Died
l Pleomorphic Surgery Died after 5 months

Dedifferentiated Surgery 7 months after surgery,
still alive

l Dedifferentiated Surgery 22 months after surgery,
still alive

l Dedifferentiated C/T þ
Surgery

Not reported

Dedifferentiated Surgery Died after 3 months
Dedifferentiated Surgery þ

RT
Died after 4 months

Dedifferentiated Surgery 2 years after surgery,
still alive
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unclear, en bloc excision of the tumor is still the primary
treatment.

In conclusion, in the present report we described a rare
case of dedifferentiated liposarcoma with elevated G-CSF
serum levels that resulted in a leukemoid reaction, which
may indicate a poorly differentiated cell type and a poor
prognosis. Moreover, the WBC count and G-CSF serum level
can used be as tools for monitoring tumor recurrence.
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